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Foreword 
 
Our purpose in the 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 
2015) is to provide, in these increasingly related areas, a multi-disciplinary forum, to foster 
interdisciplinary communication among the participants, and to support the sharing process of diverse 
perspectives of the same transdisciplinary concepts and principles. 
 
Systemics, Cybernetics and Informatics (SCI) are being increasingly related to each other in almost 
every scientific discipline and human activity.  Their common transdisciplinarity characterizes and 
communicates them, generating strong relations among them and with other disciplines.  They work 
together to create a whole new way of thinking and practice.  This phenomenon persuaded the 
Organizing Committee to structure WMSCI 2015 as a multi-conference where participants may focus 
on one area, or on one discipline, while allowing them the possibility of attending conferences from 
other areas or disciplines. This systemic approach stimulates cross-fertilization among different 
disciplines, inspiring scholars, originating new hypothesis, supporting production of innovations and 
generating analogies; which is, after all, one of the very basic principles of the systems’ movement and 
a fundamental aim in cybernetics.  
 
WMSCI 2015 was organized and sponsored by the International Institute of Informatics and Systemics 
(IIIS, www.iiis.org), member of the International Federation of Systems Research (IFSR). The IIIS is a 
multi-disciplinary organization for inter-disciplinary communication and integration, which 
includes about 4500 members.  Consequently, a main purpose of the IIIS is to foster knowledge 
integration processes, interdisciplinary communication, and integration of academic activities. Based 
on 1) the transdisciplinarity of the systemic approach, along with its essential characteristic of 
emphasizing relationships and integrating processes, and 2) the multi-disciplinary support of 
cybernetics’ and informatics’ concepts, notions, theories, technologies, and tools, the IIIS has been 
organizing multi-disciplinary conferences as a platform for fostering inter-disciplinary communication 
and knowledge integration processes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Multi-disciplinary conferences are organized by the IIIS as 
support for both intra- and inter-disciplinary communication. 
Processes of intra-disciplinary communication are mainly 
achieved via traditional paper presentations in corresponding 
disciplines, while conversational sessions, regarding trans- and 
inter-disciplinary topics, are among the means used for inter-
disciplinary communication. Intra- and inter-disciplinary 
communications might generate co-regulative cybernetic loops, 
via negative feedback, and synergic relationships, via positive 
feedback loops, in which both kinds of communications could 
increase their respective effectiveness. Figure 1 shows at least 
two cybernetic loops if intra- and inter-disciplinary are 
adequately related. A necessary condition for the effectiveness of 
Inter-disciplinary communication is an adequate level of variety 
regarding the participating disciplines. Analogical thinking and 
learning processes of disciplinarians depend on it; which in turn 
are potential sources of the creative tension required for cross-
fertilization among disciplines and the generations of new 
hypothesis. An extended presentation regarding this issue can be 
found at www.iiis.org/MainPupose.   
 

 

Figure 1 



In the specific case of Systemics, Cybernetics and Informatics (SCI), the IIIS is an organization 
dedicated to contribute to the development of the Systems Approach, Cybernetics, and Informatics 
potential, using both: knowledge and experience, thinking and action, theory and practice, for:  
 
a) the identification of synergetic relationships among Systemics, Cybernetics and Informatics, and 

between them and society; 
b) the promotion of contacts among the different academic areas, through the transdisciplinarity of 

the systems approach; 
c) the identification and implementation of communication channels among the different 

professions; 
d) the supply of communication links between the academic and professional worlds, as well as 

between them and the business world, both public and private, political and cultural; 
e) the stimulus for the creation of integrative arrangements at different levels of society, as well as 

at the family and personal levels; 
f) the promotion of transdisciplinary research, both on theoretical issues and on applications to 

concrete problems. 
 
These IIIS objectives have oriented the organizational efforts of yearly WMSCI/ISAS conferences 
since 1995. 
 
On behalf of the Organizing Committee, I extend our heartfelt thanks to:  
 

1. The 731 members of the Program Committee from 58 countries (including the PC members 
of the events organized in its context and jointly with it). Almost all the members of the 
Program Committee are authors or co-authors sessions’ best papers, i.e. papers selected by 
the respective audience as the best paper of the session in which they were presented; 
   

2. The 610  additional reviewers, from 71 countries, for their double-blind peer reviews; and 
 

3. The 227 reviewers, from 49 countries, for their efforts in making the non-blind peer 
reviews. (Some reviewers supported both: non-blind and double-blind reviewing for 
different submissions). 

 
A total of 1318 reviews made by 837 reviewers (who made at least one review) contributed to the 
quality achieved in WMSCI 2015. This means an average of 5.96 reviews per submission 
(221submissions were received). Each registered author had access, via the conference web site, to 
the reviews that recommended the acceptance of their respective submissions. Each registered 
author could also get information about: 1) the average of the reviewers evaluations according to 8 
criteria, and the average of a global evaluation of his/her submission; and 2) the comments and the 
constructive feedback made by the reviewers, who recommended the acceptance of his/her 
submission, so the author would be able to improve the final version of the paper. 
 
In the organizational process of WMSCI 2015, about 221 articles were submitted. These pre-
conference proceedings include about 137 papers that were accepted for presentation from 39 
countries (50 countries taking into account the presentations in collocated events).  I extend our 
thanks to the invited sessions’ organizers for collecting, reviewing, and selecting the papers that will 
be presented in their respective sessions. The submissions were reviewed as carefully as time 
permitted; it is expected that most of them will appear in a more polished and complete form in 
scientific journals. 
 



This information about WMSCI 2015 is summarized in the following table, along with the other 
collocated conferences: 
 
 

Conference 
# of 

submissions 
received 

# of 
reviewers 

that made at 
least one 
review 

# of reviews 
made 

Average of 
reviews per 

reviewer 

Average of 
reviews per 
submission 

# of papers 
included in 

the 
proceedings 

% of 
submissions 
included in 

the 
proceedings 

WMSCI 2015 221 837 1318 1.57 5.96 137 61.99% 

IMSCI 2015 99 354 717 2.03 7.24 48 48.48% 

CISCI 2015 138 568 1234 2.17 8.94 70 50.72% 

TOTAL 458 1759 3269 1.86 7.14 255 55.68% 
 
 
We also extend our gratitude to the invited sessions organizers: Dr. Shigehiro Hashimoto, 
Dr. Natalja Lace, Dr. Oleg Goriachkin, Dr. Jang-Ruey Tzeng, and Dr. Miguel David Rojas 
López, as well as the special track co-chairs and the co-editors of these proceedings, for the 
hard work, energy and eagerness they displayed preparing their respective sessions. We 
express our intense gratitude to Professor William Lesso (1931-2015) for his wise and 
opportune tutoring, for his eternal energy, integrity, and continuous support and advice, as 
the Program Committee Chair of past conferences, and as Honorary President of WMSCI 
2015, as well as for being a very caring old friend and intellectual father to many of us. We 
also extend our gratitude to Professor Belkis Sánchez, who brilliantly managed the 
organizing process. 
 
Our gratitude to Professors Bela H. Banathy, Stafford Beer, George Klir, Karl Pribram, Paul 
A. Jensen, and Gheorghe Benga who dignified our past WMSCI conferences by being their 
Honorary Presidents. Special thanks to Dr. C. Dale Zinn and Professor Jorge Baralt for co-
chairing WMSCI 2015 Program Committee and to professors Andrés Tremante and Belkis 
Sánchez for co-chairing the Organizing Committee.  We also extend our gratitude to the 
following scholars, researchers, and professionals who accepted to deliver plenary 
workshops and/or to address the audience of the General Joint Plenary Sessions with 
keynote addresses.  
 
Plenary Workshop, more details (abstracts and short bios) were included in the Conference 
Program booklet and at http://www.iiis.org/summer2015plenaryevents/ 
 
Professor Emeritus Stuart Umpleby, The George Washington University, USA, Former 
President of The American Society of Cybernetics.  
 
Plenary Keynote Speakers, more details more details (abstracts and short bios) were 
included in the Conference Program booklet and at 
http://www.iiis.org/summer2015plenaryevents/ 
 



Professor Leonid Perlovsky, Northeastern University, USA, Previously Visiting Scholar at 
Harvard, University, USA and Principal Research, Scientist at The Air Force Research 
Laboratory 
 
Professor Shigehiro Hashimoto, Kogakuin University, Japan, Associate to the President 
and Dean of Admissions Center, Doctor of Engineering and Doctor of Medicine Biomedical 
Engineering  
 
Dr. Jeremy Horne, President-emeritus, Southwest Area Division, American Association for 
the Advancement of Science (AAAS), USA 
 
Dr. Karl H. Müller, Director of The Steinbeis Transfer Center New Cybernetics, Vienna, 
Austria and  Professor at the University of Ljubljana, Slovenia 
 
Professor Thomas Marlowe, Seton Hall University, USA,  Department of Mathematics 
and Computer Science, Program Advisor for Computer Science, Doctor in Computer 
Science and Doctor in Mathematics  
 
Dr. Ronald Styron, University of South Alabama, USA, Director of the Quality 
Enhancement Plan  
 
Dr. Robert Cherinka, MITRE Corporation, USA, Senior Principal Information Systems 
Engineer  
 
Mr. Joseph Prezzama, Associate Department Head for the MITRE Corporation’s Tampa 
Operations Office 
  
Dr. Marta Szabo White, Georgia State University, USA, Associate Professor, Strategic 
Management, Director of the Robinson College of Business Honors Program, Director of 
Study Abroad Programs: Transition Economies and Business Mediterranean Style  
 
Dr. Russell Jay Hendel, Towson University, USA, Dept of Mathematics  
 
Dr. Jennifer Styron, University of South Alabama, USA, College of Nursing, Former 
Research Specialist and Distance Education Coordinator at The University of Southern 
Mississippi, USA 
 
Mr. Tom Hull, Florida Polytechnic University, USA, Vice President and Chief Information 
Officer 
 
Professor Wolfgang G. Stock, University of Düsseldorf, Germany, Chair - Head of the 
Information Science Department 
 
Dr. Mario Lamanna, Evoelectronics, Italy and Selex-SI, USA, Senior Scientist 
 



Dr. Houman  A.  Sadri, University of Central Florida, USA, Political Science Department, 
Founder and President of the Information & Policy Analysis Center (IPAC)  
 
Dr. Madelyn Flammia, University of Central Florida, USA, Associate Professor in 
International Technical Communications, Vice President, International Policy and Analysis 
Center 
 
Dr. Tilia Stingl De Vasconcelos, Academia Nova, Austria, University of Applied Sciences, 
Dresden - Study Center Vienna, Information Management, Cross Cultural Communication  
 
Professor Ulrich Schmitt, University of Stellenbosch, South Africa Business School, 
Former IT consultant in London and Basle and  professor and vice president at two 
independent universities in Germany  
 
Professor Osmo Kivinen, University of Turku, Finland, Director of the Research Unit for 
the Sociology of Education (RUSE)  
 
Lecturer Juha Hedma, University of Turku, Finland, For 20 years, researcher at the 
Research Unit for the Sociology of Education (RUSE) 
 
Professor Ya-Huei Wang, Chung Shan Medical University, Taiwan, Research interest: 
adaptive learning, interdisciplinary cooperative learning, complementary learning, etc. 
 
Professor José I. Peláez, Universidad de Málaga, Spain, Director de la Cátedra de Métricas 
y Gestión de Intangibles, Premio Spinoff en Creación de Empresas de base tecnológica, en 
el campo del marketing digital.  
 
Dr. Alvaro Turriago Hoyos, Universidad de  la Sabana, Colombia  
 
Professor Gabriela Vilanova, Universidad Nacional de la Patagonia Austral, Argentina, 
Directora de Proyectos de investigación en el área Ingeniería de Software  
 
Professor Jorge Varas, Universidad Nacional de la Patagonia Austral, Argentina, Co-
Director de Proyectos de investigación en el área Ergonomía Organizacional aplicada a las 
Pymes regionales.  
 
Professor Andres Tremante, Florida International University, USA, The Mechanical & 
Materials Engineering (MME) Department  
 
Many thanks to Drs. Harvey Hyman, Fred Maymir-Ducharme, Dale Zinn, Sushil Archarya, 
Esther Zaretsky and professors T. Grandon Gill, Michael Savoie, Jorge Baralt, Hsing-Wei 
Chu, Mohammad Siddique, Andrés Tremante, Friedrich Welsch, Thierry Lefevre, José 
Vicente Carrasquero, Angel Oropeza, José Ferrer, for chairing and supporting the 
organization of conferences and/or special tracks in the context of, or collocated with, 
WMSCI 2015. We also wish to thank all the authors for the quality of their papers, and the 



Program Committee members and the additional reviewers for their time and their 
contributions in the respective reviewing processes. 
 
Our gratefulness is also extended to the organizations that provided scientific, academic, 
professional, or corporative co-sponsorships. The following are among these organizations: 
 
 

�����������������������������

 
 
Special Thanks to Dr. Jeremy Horne, Dr. Harvey Hyman, and Ms. Molly Youngblood 
Geiger (Google Partners Community Ambassador) for their efforts in helping us with the 
identification of above shown co-sponsors. 
  
We extend our gratitude as well to María Sánchez, Juan Manuel Pineda, Dalia Sánchez, 
Bebzabeth García, Marcela Briceño, Kiesten Loewenthad, and Freddy Callaos for their 
knowledgeable effort in supporting the organizational process producing the hard copy and 
CD versions of the proceedings, developing and maintaining the software supporting the 
interactions of the authors with the reviewing process and the Organizing Committee, as 
well as for their support in the help desk and in the promotional process.  
 
 
Professor Nagib C. Callaos, Ph. D. 
WMSCI 2015 General Chair 
www.iiis.org/Nagib-Callaos  
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ABSTRACT

This work deals with MIMO channel blind identification
method. The proposed solution of the problem implies two
stages. On the first stage, the transmitted signal is coded with
the simple space-time code for each antenna. The space-time
coding allows to represent the received signal as a result of
two-dimensional multichannel convolution of the unknown
image X (the representation of the transmitted signal) and a
set of point spread functions (PSFs, the representation of the
MIMO channel). On the second stage, the noniterative mul-
tichannel blind image deconvolution algorithm, which can
estimate PSFs with the use of few blurred images is shown.
Therefore, the impulse response of the MIMO system can
also be estimated. This approach allows to estimate a MIMO
channel with a minimum set of input data and to use a wide
range of blind image identification algorithms for MIMO
channel estimation.

Index Terms— MIMO channel, space-time block code,
blind image deconvolution, null space algorithm

1. INTRODUCTION

Frequency selective channels can lead to numerous problems
with the estimation of the transmitted messages[1] and cause
the information loss. MIMO systems are widely applied to
frequency selective telecommunication channels[2]; to be
more precise, these are the systems in which the informa-
tion is transferred by multiple transmitters and collected by a
number of independent receivers simultaneously. This kind of
systems is already used in a number of devices, local wireless
networks of IEEE 802.11n standard and WiMAX networks.

Consider MIMO system with L2 transmitting and M re-
ceiving antennas (antenna elements). The properties of the
MIMO channel connecting each transmitted element with
each receiving element can be described by the 1-d impulse
response functions (IRFs) h(l1). These entries form a M×L2

channel matrix H(t).

Thus according to the Fig. 1 and the paper by Rahbar,
Reilly and Manton [3] the received signal would look like:

y(t) =
L1∑

l1=0

H(l1)x(t− l1) + n(t), (1)

where x(t) = (x1(t), · · · , xL2
(t))T is the vector of the

transmitted signals; n(t) - the vector of the noises; y(t) =
(y1(t), · · · , yM (t))T - the vector of the received messages.

Fig. 1. MIMO model with L2 transmitting and M receiving
antennas

The aim of the paper is to estimate the matrix H(l1) up to a
scaling with the use of the blurred vector y(t) of M received
signals with unknown input signals vector x(t), where t =
1, 2, · · · , N and N is the length of the transmitted signals.

2. SPACE-TIME BLOCK CODE

Let the above-mentioned MIMO system possess the simple
space-time block code of the transmitted signals. At present,
space-time coding is a widely used technique [2]. In our case,
the space-time block code usage allows to avoid the quasista-
tionary sources limitation which occurs in the case described
by Rahbar, Reilly and Manton in their paper [3] or other lim-
itations of transmitted signals, which were introduced in the
previous works. For instance, if M = 3 and L2 = 2, H(t) =

1
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h1,1(t) h1,2(t)
h2,1(t) h2,2(t)
h3,1(t) h3,2(t)

, x(t) = (x1(t), x2(t), x3(t))
T , then the

transmission x2(t) and x1(t) are needed in the first time slot
and x4(t) and x2(t) in the second time slot:

X(t) =
[
x2(t) x1(t)
x3(t) x2(t)

]
(2)

Thus (1) might look like (3):

Y(t) =

L1∑
l1=0

H(l1)XT (t− l1) + N(t), (3)

Receiving Y(t) samples, H(l1) can be estimated with the
use of any multichannel image blind identification algorithm;
see, e.g. [4]. To represent (3) in terms of image blind deconvo-
lution we should consider column m = 1, · · · ,M of matrix
Y(t) as L2 rows of 2-d image ymt1,t2 located one-by-one:

ymt1,t2 =
∑
l1

∑
l2

hm
l1,l2xt1−l1,t2−l2 + nm

t1,t2 (4)

Here xt1,t2 =
x1(t)
x2(t)
x3(t)

=
x1(t1) x1(t2) · · · x1(tN )
x2(t1) x2(t2) · · · x2(tN )
x3(t1) x3(t2) · · · x3(tN )

,

h1
l1,l2

=
h1,1(t)
h1,2(t)

, h2
l1,l2

=
h2,1(t)
h2,2(t)

, h3
l1,l2

=
h3,1(t)
h3,2(t)

In other words the result ymt1,t2 of the convolution (4)
equals the result of the convolution (1) if the spatial-time
block code (2) is applied to the signal x(t).

To estimate the PSFs hm
l1,l2 blurred images ym(t1, t2) can

be used or similarly, to estimate the channel matrix H(t) the

received signal Y(t) can be used. In this case, we can employ
our own noniterative method, the so-called Null Space Al-
gorithm, which is based on the common Cross Relation Ap-
proach [5].

3. BLIND IDENTIFICATION ALGORITHM

The solution to the problem indicated above lies within the
fact that the cross relations between each pair of blurred im-
age and PSF is equal to zero [5]. In a polynomial form:

L1−1∑
l1=0

L2−1∑
l2=0

yl1,l2(z1, z2, s1)hl1,l2(s2)−

−
L1−1∑
l1=0

L2−1∑
l2=0

yl1,l2(z1, z2, s2)hl1,l2(s1) = 0 (5)

where, yl1,l2(z1, z2, s) =
M−1∑
i=0

t1−1∑
j1=0

t2−1∑
j2=0

yij1+l1,j2+l2
zj11 zj22 si,

hl1,l2 (s) =
∑M−1

i=0 hi
l1,l2

si, L1, L2 is the size of two-
dimensional IRF known as PSF, M is a number of channels,
t1, t2 is the size of the unknown signal, h0,0,(s), ..., hL1−1,L2−1(s)
are the sought-for polynomials.

Choosing 2L1L2 − 1 different values of formal variables
{z1, z2}, we can formulate 2L1L2 − 1 homogeneous linear
equations for L1, L2 unknown polynomials h0,0,(s), ..., hL1−1,L2−1(s).
In a matrix form, we obtain:

Y1(z1, ...., z2L1L2−1, s1, s2)h(s1, s2) =

=

 y0,0(z1, s2) · · · yL1−1,L2−1(z1, s2) −y0,0(z1, s1) · · · −yL1−1,L2−1(z1, s1)
...

. . .
...

...
. . .

...
y0,0(z2L1L2−1, s2) · · · yL1−1,L2−1(z2L1L2−1, s2) −y0,0(z2L1L2−1, s1) · · · −yL1−1,L2−1(z2L1L2−1, s1)

 ·

·



h0,0(s1)
...

hL1−1,L2−1(s1)
h0,0(s2)

...
hL1−1,L2−1(s2)


= 0 (6)

If the conditions of blind channel identification theorem
are fulfilled, polynomial matrix Y1(z1, ...., z2L1L2−1, s1, s2)
has a rank of 2L1L2 − 1.

In the absence of noise it is easy to get an explicit so-
lution of the homogeneous system of equations (6) because
at least one of its minors Mi(z1, ..., z2L1L2−1, s1, s2),i =

2
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1, ..., 2L1L2-is a number of column, with the rank 2L1L2 − 1
is not equal to zero. Let it be M2L1L2(z1, ..., z2L1L2−1, s1, s2)
, then setting the value of the polynomial as arbitrary, we get
the following nondegenerate system of 2L1L2 − 1 linear
equations with the coefficients on the field of complex num-
bers C:

L1−1∑
l1=0

L2−1∑
l2=0

yl1,l2(zj , s2)hl1,l2(s1)−

−
L1−1∑
l1=0

L2−1∑
l2=0

yl1,l2(zj , s1)hl1,l2(s2) =

yL1−1,L2−1(zj , s1)hL1−1,L2−1(s2),

(7)

where j = 1, ..., 2L1L2 − 1, l1 6= L1−1 or l2 6= L2−1.

Solving (7) with the use of Cramer’s rule, one obtains the
common solution in the form of:

hl1,l2(s1) = (−1)2L1L2−l1−l2−1 Ml(z1, ..., z2L1L2−1, s1, s2)

M2L1L2(z1, ..., z2L1L2−1, s1, s2)
hL1−1,L2−1(s2)

hl1,l2(s2) = (−1)L1L2−l1−l2 ML1L2+l(z1, ..., z2L1L2−1, s1, s2)

M2L1L2
(z1, ..., z2L1L2−1, s1, s2)

hL1−1,L2−1(s2),

l1 6= L1 − 1, or l2 6= L2 − 1, l = l1 + l2L1 (8)

Since hL1,L2−1(s2) is arbitrary, then let it be equal to
(−1)2L1L2 M2L1L2 (z1, ..., z2L−1, s1, s2); the solution of the
system of equations (7) up to the arbitrary complex factor
would look like:

hl1,l2 (s1) = (−1)l Ml (z1, ..., z2L1L2−1, s1, s2) ,

hl1,l2 (s2) = (−1)L1L2+l ML1L2+l (z1, ..., z2L1L2−1, s1, s2) ,
(9)

where l = 0, ..., L1L2 − 1.
It is necessary to mention that we need to find only L1L2

minors, since the analysis of the matrix (6) structure shows
that:

M2L1L2−l (z1, ..., z2L1L2−1, s1, s2) =

= (−1)L1L2 Ml (z1, ..., z2L1L2−1, s2, s1) (10)

Thus, we have obtained the value of the unknown polyno-
mials h0,0 (s) , ..., hL1−1,L2−1 (s) in the points s1 and s2. If
M = 2, then it is enough to estimate all the samples of the
unknown vector channel:

h
(1)
l1,l2

=
s2hl1,l2 (s1)− s1hl1,l2 (s2)

s2 − s1
,

h
(2)
l1,l2

=
hl1,l2 (s2)− hl1,l2 (s1)

s2 − s1
, (11)

where l1 = 0, ..., L1 − 1, l2 = 0, ..., L2 − 1
To obtain the solution for the system of an arbitrary num-

ber of channels, one should make calculations in the ring
C [s1, s2]. Since the solution of the system (6) according
to the formula (9), does not contain an operation of divi-
sion, then one can obtain the solution up to some polynomial
g(s1, s2) ∈ C[s1, s2].

Since the polynomials hl1,l2 (s1) and hl1,l2 (s2) do not
have common factors, then we can find the unknown fac-
tor g (s1, s2), which equals to the greatest common di-
visor of the polynomials Ml (z1, ..., z2L1L2−1, s1, s2) and
ML1L2+l (z1, ..., z2L1L2−1, s1, s2) using, for example, Eu-
clidean algorithm. It is obvious that this algorithm does
not have practical meaning due to unbearable computation
burden.

An alternative solution is to form a system of linear equa-
tions for M values of the polynomial channels

3
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hl1,l2 (s1) , ..., hl1,l2 (sM ).
Let us write down the unknown value in a form of a

vector h (s1, ..., sM ) = (h0,0 (s1) , ..., hL1−1,L2−1 (s1) , ...

..., h0,0 (sM ) , ..., hL1−1,L2−1 (sM ))
T . Then the system of

linear equations in a matrix form would look like:

Y (z1, ..., zr, s1, ..., sM ) =

Y1 (z1, ..., zr, s1, s2) 0
. . .

0 Y1 (z1, ..., zr, sM−1, sM )

× h (s1, ..., sM ) = 0 (12)

where: Y (z1, ..., zr, s1, ..., sM ) is the matrix with the size
(M − 1) r × L1L2M and rank (ML1L2 − 1). r, as it was
shown before, is chosen from the condition (M − 1) · r ≥
L1L2 ·M − 1. The common solution for the channel samples
might be found further according to Lagrange’s formula:

hl1,l2 (s) =

M∑
i=1

hl1,l2 (si)Li (s) (13)

where Li (s) are the Lagrange polynomials which could
be determined by a formula:

Li (s) =

∏M
j=1,j 6=i(s− si)∏M
j=1,j 6=i(si − sj)

(14)

So, in the absence of noise, the algorithm of blind chan-
nel identification is reduced to the estimation of the matrix
null space basis Y (z1, ..., zr, s1, ..., sM ). The conditions of
the vector channel blind identification theorem determine the
single solution of this problem; namely, it is the existence

of one zero eigenvalue and one corresponding eigenvector
up to the complex constant on account of strict equality
rank (Y (z1, ..., zr, s1, ..., sM )) = ML1L2 − 1 .

Thus, this algorithm is called Null Space Algorithm.
The presence of the additive noise in the input matrix

Ỹ (z1, ..., zr, s1, ..., sM ) =
= Y (z1, ..., zr, s1, ..., sM )+V (z1, ..., zr, s1, ..., sM ) creates
the conditions when the rank

(
Ỹ (z1, ..., zr, s1, ..., sM )

)
may

be equal to ML1L2 or less than (L1L2M − 1). In the first
case the null space of the matrix consists only of a null vec-
tor, and in the second case it contains several basis vectors.
Therefore, the objective of blind identification might have no
solution, or the solution might be ambiguous.

As it was mentioned before, in that case we can use
the method of least squares, i.e. as a solution when the
rank

(
Ỹ (z1, ..., zr, s1, ..., sM )

)
= ML1L2 we can take

eigenvector, corresponding to the minimal by module eigen-
value of the matrix
Ỹ
∗
(z1, ..., zr, s1, ..., sM ) Ỹ (z1, ..., zr, s1, ..., sM ):

ĥ (s1, ..., sM ) = arg min
‖h(s1,...,sM )‖=1

(
h (s1, ..., sM )

∗ Ỹ
∗
(z1, ..., zr, s1, ..., sM ) ·

·Ỹ (z1, ..., zr, s1, ..., sM )h (s1, ..., sM )

)
(15)

In that case there is only one solution of the problem and
it minimizes the functional∥∥∥Ỹ (z1, ..., zr, s1, ..., sM ) ĥ (s1, ..., sM )

∥∥∥2
2

with the norm lim-

itation
∥∥∥ĥ (s1, ..., sM )

∥∥∥2
2
= 1.

Since the choice of the number of equations and, there-
fore, the number of rows in the matrix Ỹ (z1, ..., zr, s1, ..., sM )
in our interpretation is arbitrary, then we can choose their
number as strictly equal to (L1L2M − 1). Then
rank

(
Ỹ (z1, ..., zr′ , s1, ..., sM )

)
≤ ML1L2 − 1 is true

on account of linearly independent rows. Herewith, since
r = (L1L2M − 1) / (M − 1) is integer only in special
cases, then we choose r to be the least integer, and r′ so that
(M − 2) · r + r′ = L1L2M − 1. Then,

Ỹ (z1, ..., zr′ , s1, ..., sM ) =

=

 Ỹ1 (z1, ..., zr, s1, s2) 0
. . .

0 Ỹ1 (z1, ..., zr′ , sM−1, sM )


(16)

Now it is possible to solve the problem of vector blind
channel identification with additive noise, using the algo-
rithms of the exact solution of the homogeneous system of
equations.

Herewith, since the null space of the matrix
Ỹ (z1, ..., zr′ , s1, ..., sM ) and
Ỹ
∗
(z1, ..., zr′ , s1, ..., sM ) Ỹ (z1, ..., zr′ , s1, ..., sM ) are equal,

then the solution obtained, for example, with the use of for-

4
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mula (9) and the solution of variational problem (15) are equal
up to the complex factor, and that is a normal pseudo-solution
of the homogeneous system of equations (12).

Thus, we have shown the equivalence of the estimations
obtained by Null Space Algorithm and the estimations ob-
tained by using least square method.

4. SIMULATION

In order to be able to compare the results, the conditions of
Example 1 from the paper [3] are reconstructed. The channel
matrix is shown in the Table 1.

h1,1(t) -0.528 -0.153 0.631 0.942 -0.221 -0.701 0.274 -0.681 h1(l1, 1)
h1,2(t) 0.696 1.952 0.234 -0.938 0.856 1.347 0.341 0.213 h1(l1, 2)
h2,1(t) 0.963 -0.927 -0.085 0.322 -0.963 0.049 -0.614 0.000 h2(l1, 1)
h2,2(t) 0.675 0.056 -0.143 0.180 1.054 0.230 1.704 0.704 h2(l1, 2)
h3,1(t) 0.719 0.538 -1.070 -1.351 0.105 -1.493 0.224 0.144 h3(l1, 1)
h3,2(t) 0.774 0.047 -0.147 -0.381 0.287 -0.047 0.649 0.147 h3(l1, 2)

Table 1. IRFs used in simulation

Null Space algorithm does not demand different disper-
sion of input signals, therefore we have used two different
closely located parts of one white Gaussian source multiplied
by slowly varying sine for two transmitting antennas.

This is the first difference with [3] in the simulation pa-
rameters. The second is the smaller epoch size. In this case,
468 samples per epoch were taken. The space-time block
code (2) was modified for equal transmitting of different sig-
nal parts into:

X(t) =


x2(t) x1(t)
x3(t) x2(t)
x1(t) x3(t)
x2(t) x1(t)
x3(t) x2(t)
x1(t) x3(t)

 (17)

This modification of the space-time block code (2) makes
all data equally use of all 1-d channels. The data was noised
with BSNR 30dB to avoid the positive effects of using mul-
tiple copies of data during simulation. Mean Square Error
(MSE) was estimated according to [3]. Number of epochs
Ne was taken between 1 and 60 that means that from 468 to
468*60 different samples were processed during the estima-
tion of channel matrix H(t). The results of the simulation for
50 Monte Carlo Runs is shown in the Table 2. The source
code of the simulation can be found in [6].

Epochs 1 2 5 20 40 60
BSNR=30dB 0.1215 0.0956 0.0613 0.0264 0.0160 0.0127

Table 2. The MSE of H(t) estimation for the 50 Monte Carlo
Runs

5. CONCLUSION

This paper demonstrates how MIMO systems can be blindly
identified with no practical limitations on the transmitted sig-

nal. The obtained space-time block code can be easily scaled
for any number of transmitting and receiving antennas. The
Null Space Algorithm obtained for blind identification is the
exact solution for a well-known Cross Relation Approach and
can be characterized by only weak limitations on the channels
and signals which are implied by this method.
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Abstract 

 
This paper deals with the method to obtain radar im-

ages with bistatic synthetic aperture radar using broadcasting 

TV signal. Image processing algorithm is explained. Likewise, 

the result of the natural experiment are shown. 

 

 

1. Introduction 

In the past years  the new radar technology based on symbiosis 

synthetic aperture radar and multistatic system are developed 

(MSAR). This system allows detection a coverer object in ar-

ea, determined his coordinate and characteristics. Also we can 

develop a new technology of radiovision a large target in three 

 dimension space.      

All of this produce possibility of building new network radar 

systems used a space, aviation, mobile and ground location 

elements.  

 In broad MSAR most interesting to represent a systems note 

alien source, sometime it may be a not radar systems. For ex-

ample it may be a navigation, space connection, radio and TV-

set systems.  

This way to create a MSAR has a great economic profit as 

some elements of system are building. Also MSAR elements 

will may use a passive that provide a high secrecy of create 

systems. That has a great role for military application. 

 

2. Algorithm  

 The geometrical model of the system is shown on the 

Figure 1. The transmitter here has the coordinates (xt, xr). The 

receiver has the coordinates (yt, zr) and moves parallel to the 

axis 0Y at the speed of V. 

    The transmitted signal can be written as: 

 

                     
ti

tvtv etuts 0

,         (1)
 

   

       

         Figure 1: Geometry model of the bistatic parasitic SAR 

system. 

where      tutv     is the complex baseband of the TV 

signal and 
0

  is the carrier frequency. 

The direct signal on receive:                                                                              

tn

ettutGts
ttj

tv

1

111
10

              (2)                            

where  tn1   is the complex white Gaussian noise in the 

direct channel, and  tG1   is  the real weight function, which 

takes the impact of the receiver and transmitter antenna pattern 

in the direct channel into account. The time delay on the direct 

signal is the following as: 

222

1

1
rtrtrt zzVtyyxx

c
t

        (3) 

The time delay on the reflection signal is the following: 

222
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2

1
,,
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c
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The signal reflected by surface is as follows: 

 

           tn
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where yx,  is the reflection factor, tn2  is the white 

noise in the reflection channel, D - is the reflection region; 

yxtG ,,2  is the real weight function which depends on 

the impact of the receiver and transmitter antenna pattern in 

the reflected channel. 

 Assumption the radar image is a realization of a stochastic 

process, than we can use  a maximum a posterior probability 

(MAP) estimate which following as: 

 

yxpyxtsp

tsyxpyx

yx

yx

,,maxarg

,maxarg,

2
,

2
,             (7)           

Where tsyxp 2,  is a posteriori distribution of  

recovered signal  yxtsp ,2  - likelihood function of 

reflection factor, yxp ,  - a prior distribution of reflec-

tion factor. 

Now assumed that a reflection factor is a Gaussian com-

plex stochastic process with correlation function 

2121 ,,, yyxxB  and expected value equally zero.  

Noise in equipment (5) is a Gaussian complex stochastic pro-

cess with correlation function 21,2
ttBn  and expected val-

ue equally zero also. Than a functional of a posterior distribu-

tion  recorder signal following as: 
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Where  2211

1
,,, yxyxB  is a inverse correlation func-

tion the radar image  and 21

1
,

2
ttBn  is a inverse correla-

tion function the noise. 

We take Frishe differential from reflection factor and equete to 

zero. We  suppose that a equality will be for each 22, yxg : 
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We note that  and 21

0

21

1 2
,

2
tt

N
ttBn . The  

reflecting factor defined as: 
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where  
0

2

N

Q  is the dispersion of the signal;  

The equation obtained is the Fredholm integral equation of the  

 

 

second kind.  

In the last equipment second integral is the ambiguity 

function of the bistatic parasitic SAR: 

 

1
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1 2 1 2 2 1 1 1 1 2 1 1 1 2 1 1 2 1
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One denote  

112121

*

120 ,,,,, dttsyxttsyxtGyx tv              (12) 

Then: 
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If 
21212121 ,,,, yyxxyyxxF  we can follow radar 

image as: 

yxyx ,
1

1
, 0

                                          (14)

 

However in [1,2] showed , that  this function is not a  

 function in range axis and don't used for radar image. The  

unknown estimate can be obtained with the use of iterative 

algorithm of (14). 

One denote: 

D

dydxyxyyxxF 11112121 ,,,,F                   (15)                                                          

Then: 
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However, due to the high computational complexity of the 

above mentioned approach, the authors propose an alternative 

one. For this purpose a non-stationary linear filter is selected,  

so that the closest approximation can be achieved 

21212121 ,,,, yyxxyyxxF . The signal  

reflected on the Earth surface we can denoted as: 

tndxdyyxyxtsts h

D

h

h

22 ,,,      (17)                                                               
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 Let in the field of radar imaging, the most has is typical of the 

VHF band. Then 

.
'

2

'

'
..

2

'

)),,((

)()),,((,,

yxtts

dttthyxttsyxts

h

tvh
               (20)                                         
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Note that in the range of information processing 12 tt  is 

always possible to allocate N  plots of durationT , in which 

the function yxt ,,2  can be considered piecewise con-

stant, then we have the following expression: 
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We use a Parseval's identity for Fourier transform. Then 
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Where jSi  is a spectral density complex TV signal 

envelope on a time interval TiiT 1, . 

jH  is a filter transfer function on a carrier frequency: 

dtethjH
tj 0                       (25)                                                                                        

Assumption. Equipment holding: 

1
jHjSi

                                                  (26)                                                                       

where is a weight function. 

Then: 
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The last expression is obviously an ambiguity  function of  

bistatic SAR, in which as a illumination signal, a sequence of 

pulses with a repetition period. Thus we showed that for the 

compensation of singularities of the ambiguity  function of the 

television signal filtering can be carried out with the adaptive 

equalization curves frequency response. After the filtration the 

Earth surface reflection factor is the following:  

   

11

.

2121

*

12 )()),,((),,(

1

1
,

dttsyxttsyxtG

yx

h

h

         (28)                                       

3. Experiment results 

Experimental work with the BiSAR parasitic on TV 

signal were carried out in the urban area in terms of height dif-

ferences of 40 to 140 m above sea level.  

Figure 2 show radar image from BiSAR system 

based on TV broadcasting  SECAM signals. Pixel pitch 

is 25 25 meter. The car moves on a bridge at a height of 

8-14 m in open television station at 20-35 m / s. The im-

age shows the reflection of some of the high-rise build-

ings. 
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Figure 2: Radar image from BiSAR system based on TV broadcasting signals a)  carrier frequency on 

transmitter signal - 703.25 MHz,  b)  carrier frequency on transmitter signal - 199.25 MHz, c)  carrier frequen-

cy on transmitter signal - 77.25 MHz, d)  Google maps with automobile track. 

1- Two high-rise building; 2 -Electric power transmission 

 

Figure 5 show radar image from BiSAR system using 

DVT-B without a non-stationary linear filter (a) and af-

ter filtration (b) . Because  DVT-B signal has broadcast-

ing 8 MHz  unlike SECAM signal with broadcasting 6 

MHz we can see more target. Also in image a better res-

olution  as compared with image b.
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a) b) 

 

 

 

 

 

 

 

 

 

Conclusion 

This paper shows the feasibility of BiSAR based on TV 

broadcasting signals provide the radar imagery with a 

resolution of 50 -100m in the band up to 20 km in radius 

of 50 km from the television center in several frequency 

bands decimeter and meter ranges. In this work the ter-

rain radar images obtained from a moving vehicle, 

which limits images by site-members, for which the 

condition of the direct signal propagation . Placement of 

this equipment on the aircraft provides overcoming 

these constraints. 
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ABSTRACT 

 

The special VRP problem of transport resources 

allocation for freight transportation companies that 

deliver cargo via FTL business model was considered. 

It was admitted that each real freight transportation 

company operates in a real time and needs to react on 

incoming events adaptively reallocate available 

resources. For this purposes multi agent systems are 

well proved and used in many modern freight 

companies. But it was admitted that there is a 

possibility to improve a quality optimization level by 

using the stable time period during night hours when no 

new events come into the system and there is a time for 

using classic optimization approach in special sub 

problem of finding the initial allocation plan. By using 

expert human real logistic scheduling knowledge for a 

long time period the essential set of limitations to this 

initial allocation plan problem was defined. The 

problem was formalized similar to the classical 

assignment problem of linear programming. Acyclic 

and cyclic cases of the problem were considered. It was 

shown that the acyclic case of the problem could be 

reduced to the assignment problem easily but for the 

cyclic case it requires to exclude important resource to 

order matching condition. Finding the exact solution of 

the initial plan problem was proposed by using the 

Hungarian method, which is well proved exact method. 

It was also shown that this method couldn’t be applied 

in case of real time scheduling, because even in static 

cyclic case it is impossible to support resource to order 

matching condition for next future orders, but it can be 

applied as an addition to the multi agent approach. 

 

Keywords: transportation logistics, VRP, FTL, linear 

programming, the assignment problem, the Hungarian 

method, multi-agent technology. 

 
1. INTRODUCTION 

 

The freight optimization problem (Vehicle Routing 

Problem, VRP), first described in [1], is one of the most 

urgent and important tasks of the modern theory of 

optimization. Classification of optimization 

transportation logistics problems is described in [2, 3]. 

VRP tasks classification and review with proposed 

solutions is also given in [4]. In this paper, the special 

VRP task of trucks to orders allocation for large cargo 

transportation companies that has its own fleet more 

than 30 truck units is formalized and proposed for 

solving. Transportation companies of this kind are 

widespread in countries with a large territory and long 

roads (Russia, USA, Canada, etc.). These companies 

perform an interregional cargo transportation via FTL 

(Full Truck Load) business model. FTL model is 

characterized by the direct customers contracts on a 

whole truck reservation, which eliminates the need to 

take into account the volume of cargo and build 

consolidated routes. This simplification motivates to 

introduce a more accurate method to solve the task 

without using heuristics. Various models of the 

organization of cargo transportation by FTL model are 

given in [5]. In this paper we also take into account the 

time windows of truck arrival to the loading point, so 

the task we are dealing with belongs to VRPTW 

(Vehicle Routing Problem with Time Windows), which 

are explored in [6]. Additionally we consider that some 

orders require only special truck and trailer with 

additional equipment installed: refrigerator, sheathing 

for transportation of tires, lifters, etc. Restrictions on the 

maximum length of the trip is not included, because big 

trucking companies can afford to adaptively change 

drivers during the trip, bringing them to the trucks via 

other transport, such as aircraft. Also there is a need to 

choose most advantageous orders from the set in terms 

of prosecution of the trip, as in general, the number of 

demands exceeds the number of trucks and truck after 

the execution of the order don’t return to the base but 

continue to move to a new order from the previous 

unloading place until it receives the order with 

unloading near its base. That’s because unlike most 

standard VRP applications, where the return to the base 

is obligatory after each trip, in the task we are dealing 

with this condition is not rigidly defined. It generated 

dynamically during the problem solving process. And 

finally we have to keep in mind the real time factor. It 

means that after getting some initial truck to order 

allocation the data are beginning to change over time 

because new orders come in, delays in carrying out the 

previously planned orders happen, some trucks are no 

longer available because of unpredictable maintenance 

work and so on. Considering the task as a real time 

problem, according to [10] orders and resources are 

presented as a network of requirements (orders) and 

opportunities (resources). But in practice it is always 

possible to distinguish some period of time, when the 

network remains stable (no new order appears, none of 

the parameters of an existing one changed, no new truck 

appears and no existing one became unavailable). In 

practice, this happens because at the end of the working 

day transport managers finalize and fix the part of the 

schedule that has to be executed on the next day. By 

this action, they assign some trucks to orders but the 

16

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)

mailto:skobelev@gmail.
mailto:ladalexer@gmail.com
mailto:mayorov@smartsolutions-123.ru


rest part remains unassigned because there is a time for 

making decision. During the night before the next 

working day, there is a time to optimally assign this rest 

part according to some basic optimization criteria. 

Therefore, it means that the global problem of every 

day transport company resource management consists 

of 2 parts:  

Construct initial plan based on available orders, taking 

into account the basic set of criteria. 

Modificate the initial plan according to incoming real-

time events. At this stage, it is necessary to take into 

account the total set of criteria that are usually not 

supported by standard methods. 

For solving the second part of the problem, the multi-

agent technology [7] is used that is well proved 

nowadays. There are good results for their applicability 

to the real transportation companies scheduling, 

described for example in [8] and [9]. In this paper we 

focus on the first part of the problem and develop the 

method of constructing the initial plan of orders to 

trucks assignment, taking into account the most 

significant factors that use humans (heads of logistics 

departments) when they construct it by hand, by 

formalizing these factors in the form of mathematical 

constraints. During the multi-agent system introduction 

[8], we analyze and summarize the empirical 

knowledge of the transportation companies staff that 

was accumulated by them for a long period of time and 

define a set of practical constraints, which can be used 

for the mathematical formulation of the linear 

programming problem: 

Time of arrival at an order loading point, which is 

calculated as the time of a truck release plus the empty 

driving time for the truck, must be less than the right 

edge of the order loading time window, so earlier 

arrival is permissible, but to be late is not acceptable. 

An empty driving time to an order loading point should 

be less than 500 kilometers, taking into account the fact 

that the average speed of trucks accepted as 50 km/h, 

the empty driving time should not exceed 10 hours. 

Truck idle time, which is calculated as the left edge of 

the order loading time window minus empty driving 

time to the order for the truck, must be less than 24 

hours. So if the truck has enough time to drive to the 

loading point, but it additionally has to be idle more 

than a day, such an assignment is not acceptable. 

 

2. THE PROBLEM DEFINITION 

 

Let's assume that we have a set of orders Oi i = 1, N, 

each order is characterized by a geographical point of 

loading and unloading with time window [TOsi; TOfi] 

when point is available. There is a set of resources 

which are trucks with trailers Rj j = 1, M, each resource 

is characterized by its initial location geographical point 

and the time of its release from that location TRfj, 

which corresponds to the previous executed order 

unloading location and time or truck’s base. For any 

truck Rj the empty driving time Dij is known for each 

order Oi. Each order Oi occupies a whole truck Rj with 

trailer that satisfies the order constraints, so the truck Rj 

can match or mismatch to the order Oi. All orders are 

considered as equal that means we can assign order Oi 

to truck Rj or just skip the order Oi without any 

penalties from the order Oi customer (in practice these 

orders will be resold to another external carrier 

company 3PL). The goal of the problem is to assign all 

M resource to orders where the total empty driving time 

will be minimum, with a maximum quantity of assigned 

orders Q and constraints for acceptable assignment are 

fulfilled: 

 

(1) 

 

 

(2) 

 

 

 

3. THE PROPOSED METHOD FOR SOLVING 

THE PROBLEM 

 

For solving the problem, we propose two stages. At first 

stage, we construct the matrix of acceptable 

assignments for defining all possible assignments 

satisfying the given constraints of the problem. At the 

second stage, the matrix is reduced to the classic 

assignment problem, which can be solved by one of the 

linear programming methods. 

 

3.1. Construction of acceptable assignments matrix 

 

We construct the matrix in which the rows correspond 

to order Oi and the columns correspond to resources Rj. 

In each cell that corresponds to OiRj assignment, we set 

empty driving time Dij that takes for the truck Rj to 

move from its current location taking into account its 

release time TRfj to the order Oi loading point, but only 

if the truck Rj matches the order Oi and the condition of 

inequalities system (2) is satisfied, otherwise the cell 

remains empty. 

For clarity, let’s consider examples for the matrix 

construction for the special (acyclic) and general 

(cyclic) problem cases. 

 

3.1.1. Construction of acceptable assignment matrix 

example for the acyclic case 

 

The set of orders with loading points and its time 

windows relative to initial time T0=0 is given in table 1: 

 Loading point TOs TOf 

O1 Moscow 2 4 

O2 Samara 18 22 

O3 Ekaterinburg 38 40 

Table 1: set of orders 

 

The set of resources with initial location point and 

release time relative to initial time T0=0 is given in table 

2: 

 Location point TRf 

R1 Moscow 1 

R2 Samara 6 

R3 Ekaterinburg 12 

Table 2: set of resources 

 

The driving time between each location is given in table 

3: 
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 Moscow Samara Ekaterinburg 

Moscow 1 13 24 

Samara 13 1 9 

Ekaterinburg 24 9 1 

Table 3: driving time between each location 

 

Each resource Rj is considered suitable for order Oi. It is 

also assumed that each order execution time (the time 

that it needs to drive from loading to unloading point) 

exceeds the latest order loading start time. That is why 

we call that case acyclic, because none of the resource 

has time to execute more than one order. For each 

potential assignment Oi to Rj we check satisfaction to 

the condition of inequalities system (2): 

O1R1 

 

O1R2 

 

O2R1 

 

O2R2 

 

O3R1 

 

O3R2 

 

 

O1R3  

O2R3  

O3R3  

 

The system of conditions satisfies to the following 

assignments: O1R1; O2R2; O2R3; O3R2. The acceptable 

assignment matrix for the case is given in table 4: 

 R1 R2 R3 

O1 1   

O2  1 9 

O3  9  

Table 4: the acyclic case acceptable assignment matrix 

 

3.1.2. Construction of acceptable assignment matrix 

example for the cyclic case 

 

In the previous example, we assumed that none of the 

resource has time to execute more than one order, 

because all the orders loading time windows [TOs; TOf] 

were densely allocated, and any order execution time 

always exceeds them. Now we consider the general 

cyclic case where the time windows in the given set of 

orders are widely allocated because we include future 

orders with we know with a high possibility level (e.g., 

orders from regular customers, usually known with 

good accuracy for a week or even a month in advance). 

Therefore, each resource has chance to execute later 

orders after earlier orders execution. It should be clear 

that in this case, location and time of the release for 

each resource would change during the problem solving 

according to Oi unloading points. The acceptable 

assignment matrix will have a different structure. Let’s 

consider how it will happen by another example: 

The set of orders with loading and unloading points and 

its time windows relative to initial time T0=0 is given in 

table 5: 

 Loading point Unloading 

point 

T

Os 

TOf 

O1 Moscow Samara 1 2 

O2 Samara Ekaterinburg 23 28 

O3 Ekaterinburg Moscow 50 52 

Table 5: set of orders 

 

The set of resources with initial location point and 

release time relative to initial time T0=0 is given in table 

6: 

 Location TRf 

R1 Moscow 0 

R2 Samara 0 

R3 Ekaterinburg 0 

Table 6: set of resources 

 

The driving time between each location is given in table 

3. Each resource Rj is considered suitable for order Oi. 

For each potential assignment Oi to Rj we check 

satisfaction to the condition of inequalities system (2) 

and if the assignment is possible, we’ll continue to 

consider the further assignment to the remaining orders 

taking into account the relocation of the resource Rj: 

O1R1 => 

O1R2  

O2R2 => 

O2R3 => 

O3R1  

 

O1R1O2 => 

O1R3  

O2R2O3  

O2R3O3  

O3R2  
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O1R1O2R1O3  

O2R1  

O3R3  

 

The acceptable assignment matrix for the case is given 

in table 7, where the columns O1R1; O1R1O2R1; O2R2; 

O2R3 are presented resources location R1, R2 and R3 

after a possible execution of orders O1, O1 then O2 and 

O2: 

 R1 R2 R3 O1R1 O1R1O2R1 O2R2 O2R3 

O1 1       

O2  1 9 1    

O3     1 1 1 

Table 7: the case acceptable assignment matrix 

 

3.2. The optimal assignment search method 

 

After we found acceptable assignment matrix, we can 

solve the finding initial plan problem by searching such 

resources to orders assignment sequence in the matrix 

in which the total empty driving time for all trucks in 

the sequence will be minimum with the maximum 

quantity of assigned orders (1).  

It can be seen that the assignment matrixes we found in 

the above examples are similar to the matrix, which 

formalizes one of the standard problem of linear 

programming – the assignment problem. As shown in 

[12] for the assignment problem, in some special cases 

(the acyclic case), it is possible to find the exact 

solution, which is the purpose of this work. It is known 

that the assignment problem is solvable in polynomial 

time. There are traditional solving methods for the task 

solution (e.g. Hungarian algorithm [13]) that have an 

asymptotic complexity of O (n3) that is more than 

enough even with a large dimension of the matrix in 

real transportation company cases. 

The assignment problem formulation in terms of linear 

programming is following. Let’s consider O as variety 

of orders which contains N elements and R as variety of 

resources which contains M elements. Variable xij 

represents the assignment of Oi to Rj, taking the value 1 

if the resource Rj is assigned to the order Oi, and 0 

otherwise. D(i,j) is the empty driving time from Rj to 

Oi. The objective function and constraints for the task 

as follows: 

 

(3) 

 

(4) 

 

(5) 

 
(6) 

 

Depending on the number N and M, the equations (4) 

and (5) will be replaced by inequality equations. If M> 

N, then some resources remain unoccupied, otherwise 

some orders will stay unassigned.  

Consider how it is possible to reduce this paper problem 

to the assignment problem and solve it, for example, by 

the Hungarian algorithm. We begin by considering the 

special acyclic class of the problem, as described in 

above example 1, where any order execution time 

exceeds any order loading start time and none of the 

resource has time to perform more than one order. This 

class of the problem is simply reduced to the 

assignment problem, even if we assume that not all 

resources fit all orders and there are some n<=N and 

m<=M where On doesn’t fit Rm. But when we consider 

a general cyclic class of the problem, as described in 

above example 2, where location and release time of 

each truck change during the task definition, it is also 

possible to reduce it to the assignment problem, but in 

that case we have to remove the resource to order 

matching condition, assuming that any truck fits any 

order. Taking this assumption, for reducing to the 

assignment problem we need to convert acceptable 

assignment matrix to a new one, where we’ll generalize 

all possible assignments and won’t consider the 

particular truck to a certain order assignment, so the 

matrix in table 7 will be converted to the matrix in table 

8: 

 R1 R2 R3 RO1 RO2 RO3 

O1 1      

O2  1 9 1   

O3     1  

Table 8: the assignment problem matrix for cyclic case 

 

In the matrix columns after specific resources R1, R2 

and R3, we have columns with undefined resources RO1, 

RO2 and RO3, which correspond to unloading points O1, 

O2 and O3. By using this approach we cannot determine 

which specific resource will arrive at the next order 

loading point, this will be evaluated during the solving 

process. That is why it is impossible to take into 

account the resource to order matching condition for 

these undefined resources, but for the first group 

columns with exact resources, that condition is possible 

to check. When for this matrix the assignment problem 

will be solved by the Hungarian algorithm, for all 

assignments kind a ROiOj, we will evaluate the 

resource, which was previously assigned to the order 

Oi. It is also important to note that before solving the 

matrix by the Hungarian algorithm, the empty rows and 

columns must be excluded from the matrix. Also cells 

with blank values with correspond to unacceptable 

assignments should be filled with large values, greater 

than the maximum value in the matrix. If the calculated 

assignment sequence contains an assignment witch is 

not acceptable, it should be deleted from the sequence, 

leaving the assigned order as not assigned, and the 

resource as free. 

As a result of the problem solving by the described 

above method, we obtain an exact solution, but with the 

assumption that any resource fits any order. To 

overcome this assumption and to obtain an exact 

solution taking into account this condition is not 
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possible. However, based on industrial multi-agent 

planning system use experience [8], it is not necessary, 

because further the initial plan will be converted to 

agent base structure. After that, it will be modificated 

according to real-time events, by using the multi-agent 

approach [7]. If the order agent has received the initial 

assignment to the resource, which is not suitable for it, 

the order agent will adaptively change the resource at 

the other suitable one, taking into account possible 

changes that has happened by this time. 

 

4. COMPUTATIONAL RESULTS 

 

We performed several experiments to test the described 

methods by using the real data from our client 

companies. Each of them uses multi agent system [8]. 

The first one company PROLOGICS [15] has 140 

resources and about 25 new orders per day. The second 

one company MONOPOLY [16] has 300 resources and 

about 76 new orders per day. The third one company 

LORRY [17] has 680 resources and about 240 new 

orders per day. The goal of the experiments was to 

compare multi-agent method, witch is real time 

oriented, with the Hungarian method in the task of 

initial plan construction. We run the system [8] on each 

client data snapshots and stopped it just after the initial 

plan was created. Based on the same data snapshots we 

created assignment problem matrixes and solved it by 

the Hungarian algorithm implementation [18]. For 

getting more clear picture the experimental data was 

snapped from the real client data in a different time 

during working month. It was clustered by the density 

(% of empty cells) in the assignment matrix because in 

general it varies from 5% to 95%. The results of the 

experiments are shown in Table 9. These experiments 

were run on workstation with a 3.4 GHz Intel Core i7-

4770 CPU with 8Gb of RAM under Windows 8.1. 

 

Problem matrix 

N orders  M resources % of empty cells 

25 140 5 

25 140 15 

25 140 30 

25 140 50 

25 140 70 

25 140 85 

25 140 95 

76 300 5 

76 300 15 

76 300 30 

76 300 50 

76 300 70 

76 300 85 

76 300 95 

240 680 5 

240 680 15 

240 680 30 

240 680 50 

240 680 70 

240 680 85 

240 680 95 

Multi-agent method 

N orders  KPI (1) Execution 

time, sec  

25 35 0,014 

25 33 0,016  

25 43 0,012 

25 49 0,009 

25 73 0,005 

25 147 0,004 

25 341 0,003 

76 82 0,6 

76 86 0,5 

76 93 0,4 

76 111 0,3 

76 127 0,2 

76 208 0,12 

76 483 0,052 

240 242 39,91 

240 240 34,99 

240 245 29,91 

240 255 21,8 

240 285 13,29 

240 431 6,97 

240 980 2,66 
 

 

 

 

Hungarian method 

N orders  KPI (1) Execution 

time, sec 

25 34 0,001 

25 32 0,001 

25 41 0,001 

25 47 0,001 

25 68 0,001 

25 144 0,001 

25 339 0,001 

76 77 0,001 

76 81 0,001 

76 92 0,003 

76 106 0,001 

76 123 0,001 

76 199 0,003 

76 472 0,001 

240 240 0,011 

240 240 0,014 

240 241 0,01 

240 246 0,01 

240 273 0,008 

240 414 0,007 

240 934 0,006 
Table 9: the results of computational experiments 
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5. CONCLUSIONS 

 

In this paper, we apply the methods of linear 

programming for a special VRP problem for finding an 

initial plan of trucks to orders allocation in large 

transportation companies with use FTL business model. 

By taking into account the minimum necessary set of 

criteria, which were found based on human empirical 

knowledge, we reduce the problem, with agreed 

assumption, to the assignment problem that has an exact 

solution The Hungarian method. We also found the 

limitations of applicability to this method in case of 

switching to real time scheduling, because even if it is 

used for static cyclic task it is impossible to take into 

account truck matching condition for next future orders. 

Thus, we can conclude, that when shifting to the real 

time trucks to orders allocation, when new orders 

emerges or existing orders change or cancel, classical 

methods won’t be enough, but classical and multi-agent 

approach combination will give a good solution which 

can be applicable in practice. 

The study was supported by the Ministry of education 

and science of Russian Federation (the contract № 

14.576.21.0014). 
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ABSTRACT 

 

The paper presents a software add-on to the traffic analyzer 

Wireshark to calculate the moment characteristics of the 

distribution of intervals between packets. It obtains an analytical 

solution for the average waiting time for queuing type H2/M/1 

Hyperexponential distribution with 2nd order intervals of the input 

stream by solving a Lindley integral equation using the method of 

spectral decomposition. It is shown that in this case, the 

distribution of intervals between the requirements of the input 

flow can be approximated up to its first three moments. 

 

Keywords: traffic analyzer, the wireshark program, numerical 

characteristics of random variables, Lindley equation, the method of 
spectral decomposition 
 

 

1. INTRODUCTION 

 

As you know, queuing theory (TMT) is based on the 

distribution of intervals between applications and input 

service time. In practice, the identification of the 

distribution of the intervals causes big problems and also 

traffic as a random process, tends to be constantly 

changing. Therefore, the feasibility of using the numerical 

characteristics of the distribution of intervals between 

packets. In this paper, for their determination are 

encouraged to use the program Wireshark. 

 

2. DESCRIPTION OF THE PROGRAM WIRESHARK 

 
Wireshark (previously - Ethereal) - a program-sniffer for 

computer networks Ethernet technology and some others, 
having graphical user interfaces Institute. In June 2006, the 
project was re-named by a Wireshark because of problems 
from the market-ing mark [1]. 

Functionality that provides Wireshark, very similar to 
the capabilities of the program tcpdump, Wireshark but has 
a graphical user interface and many more features for 
sorting and filtering information. The program allows the 
user to view all the traffic passing through the network in 
real time, translating the network card into promiscuous 
mode (Eng. Promiscuous mode) (Fig. 1). 

Wireshark - is an application that can "see" the structure 
of a wide variety of network protocols, and therefore allows 
to parse network packet, showing the value of each field 
protocol at any level. As for packet capture library is used 
Pcap, it is possible to capture data only from those networks 
that are supported by this library. However, the program 
Wireshark can work with multiple formats of input data, 
respectively, can open data files captured by other programs 
that enhances capture. 

Features include: 

 deep analysis of hundreds of protocols, with the 

regular addition of new ones; 

 capturing network traffic in real time, followed by 

analysis at any time; 

 standard three-pane packet browser (standard 

package does three regions); 

 Cross-platform: there are versions for most types of 

UNIX, including Linux, Solaris, FreeBSD, NetBSD, 

OpenBSD, Mac OS X, as well as for Windows; 

 Information captured on the network can be viewed 

by using the graphical user interface or by using the 

TTY-mode utility TShark; 

 the most powerful sorting and filtering in the 

industry; 

 a great opportunity to VoIP analysis; 

 Read / Write a large number of file formats capture: 

tcpdump (libpcap), Pcap NG, Catapult DCT2000, 

Cisco Secure IDS iplog, Microsoft Network 

Monitor, Network General Sniffer® (compressed 

and uncompressed), Sniffer® Pro, and NetXray®, 

Network Instruments Observer, NetScreen snoop, 

Novell LANalyzer, RAD-COM WAN / LAN 

Analyzer, Shomiti / Finisar Surveyor, Tektronix 

K12xx, Visual Net-works Visual UpTime, 

WildPackets EtherPeek / TokenPeek / AiroPeek, 

and many other; 

 capture files compressed with gzip, can be unpacked 

immediately; 

 capturing real-time data can be effected via 

Ethernet, IEEE 802.11, PPP / HDLC, ATM, 

Bluetooth, USB, Token Ring, Frame Relay, FDDI, 

and the other (depending on the platform); 
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Fig. 1. Capture of a network traffic Wireshark program 

 
 decoding support for many protocols, including 

IPsec, ISAKMP, Kerberos, SNMPv3, SSL / TLS, 

WEP, and WPA / WPA2; 

 highlighting rules can be applied to the package 

list for quick, in-intuitively analysis; 

 output data can be exported to XML, PostScript®, 

CSV, or plain text. 

 
One of the formats of data export, convenient for 

viewing a CSV (Fig. 2). This file can be opened in any 
text editor or the editor tabular data for analysis and 
calculation of performance. 

However, the traffic can be so intense that process its 
data even in the spreadsheet editor becomes problematic, 
not to mention the fact that the data itself is traffic can be 
stored in more than one file. This article discusses a 
software solution for the calculation of the torque 
characteristics of packet arrival intervals. The main 
advantage of this analyzer is his work on a small scale of 
time (microseconds), in contrast to the same program 
NetFlow Analyzer, which captures packets-per-minute 
rate. 

3. DEFINING MOMENT CHARACTERISTICS OF 

PACKET ARRIVAL INTERVALS 

 
Program developed by the authors, in addition to the 

analyzer allows the retrieval of packet arrival instants of 
time, having isolated the incoming traffic from the entire 
set of data from the program Wireshark. Next, using the 
well-known formulas of mathematical statistics, defined 
moment characteristics of timing. We used the statistics to 
third order, which provides insights into the nature of the 
distribution of intervals. For example, the coefficient of 
variation indicates the difference between the traffic on 
the Poisson flow and, together with asymmetry gives an 
indication of the degree of weight to the tails of 
distributions. 

The average value of the interval between adjacent 
packets 

 


 
N

k
kk tt

N 0
1

1
τ ,    (1) 

where kt  – packet arrival times, N – the number of 

intervals analyzed. 
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Fig. 2. An example of the data exported to the CSV format 
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If a large amount of data is divided into several blocks, 
then these formulas are determined by the average group, 
and then their mean values. 

4. TIME DATA ANALYSIS SOFTWARE AND 

RESULTS 

To calculate the torque characteristics of the program 
has been developed, which, of all the input data file to 
capture network traffic, selects only the data relating to 
the incoming packet and for them calculates intervals and 
torque characteristics. 

Features include: 

 sample timing data packets arrive at said 
host; 

 calculation of time intervals between the 
incoming packet; 

 calculation of torque characteristics for 
intervals received packets; 

 saving time data packets arrive in binary and 
text format; 

 preservation of data packet arrival intervals 
between binary and text format; 

 output and saving torque characteristics in a 
text format; 

The program handles text files containing the data as 
shown in Fig. 2 or similar. 

The program developed two classes (in terms of 
object-oriented programming): 

 TrafficLogParams - stores the packet arrival 
time, their intervals and calculates the torque 
characteristics. Also provides methods for 
storing data in files and download them from 
the files; 

 LogParser - static class that produces an 
analysis of the input file and add data to the 
class TrafficLogParams. 

The main method of the class LogParser receives as 
input the file name and IP-address of the host. Each line of 
the source file is processed and from the selected data on 
the time and two IP-address - the address of the sender 
and the recipient's address. If the recipient field matches 
the host IP-address, then the packet arrival time is added 
to the array of packet arrival times of class 
TrafficLogParams. 

public static TrafficLogParams TextFileParser(string 

fileName, string ip, bool isIncoming) 

{ 

TrafficLogParams log = new TrafficLogParams(); 

StreamReader file = new StreamReader (fileName); 

string[] currentLine; 

int lineNumber = 0; 

int ipIndex; 

if (isIncoming) 

ipIndex = 2; 

else 

ipIndex = 1; 

while (!file.EndOfStream) 

{                 

currentLine = GetDataArray 

(file.ReadLine().Trim()); 
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lineNumber++; 

try 

{ 

if (MinimizeIp (currentLine[ipIndex]) == 

MinimizeIp (ip)) 

{ 

log.AddTime(ParseDouble(currentLine [0])); 

} 

} 

catch (FormatException ex) 

{ 

MessageBox.Show(string.Format("{0}\nСтрока = 

{1}", ex.Message, lineNumber)); 

} 

} 

file.Close(); 

return log; 

} 
 

The second most important class method LogParser 
splits the input string into its constituent elements, 
checking every element belonging to the time format, or 
IP-address, and returns them as an array. 

private static string[] GetDataArray(string input) 

{ 

string[] data = new string[3]; 

string currentValue = ""; 

int symbolIndex = 0; 

int valueIndex = 0; 

while (symbolIndex < input.Length && valueIndex < 3) 

{ 

while (symbolIndex < input.Length && 

(char.IsDigit(input[symbolIndex]) || 

IsSeparator(input[symbolIndex]))) 

{ 

currentValue += input[symbolIndex]; 

symbolIndex++; 

} 

if (currentValue != "") 

{ 

if ((IsDouble(currentValue) || 

IsIp(currentValue))) 

{ 

data[valueIndex] = currentValue; 

valueIndex++;  

} 

currentValue = ""; 

if (valueIndex >= 3) 

{ 

symbolIndex = input.Length; 

} 

} 

while (symbolIndex < input.Length && 

!char.IsDigit(input[symbolIndex]) &&  

!IsSeparator(input[symbolIndex])) 

{ 

symbolIndex++; 

} 

} 

return data; 
} 

The method checks the input symbol on the accessory 
symbol - separator "." Or ",". Such testing is important 
only for the time data, as In some countries, the fractional 
part is separated by a comma (for example, in Russian), 
rather than a point. It is for this reason, when you convert 
a string representation of a number to its equivalent real 
number denoting the time, the standard method is not used 
programming language, and its modification depends on 
the regional settings. 

private static double ParseDouble(string value) 

{ 

if (CultureInfo.CurrentCulture 

.NumberFormat.NumberDecimalSeparator == ".") 

{ 

value = value.Replace(',', '.'); 

} 

else 

{ 

value = value.Replace('.', ','); 

} 

return double.Parse(value); 

} 
When comparing the IP-address of the host with the 

IP-address on the current line of the log file to minimize 
the usual pro-IP-address to the general form. In other 
words, IP-address will be equal 010,014,000,011 
10.14.0.11. 

Authoring program has been analyzed data file on the 

traffic coming to the proxy - server of the university 

almost an hour pickup. The input file contains more than 

2150000 rows, manual processing which is not possible. 

Were obtained after-following results (Fig. 3): 

 
Fig. 3. The result of the analysis program log files 

 

5. RESEARCH OF QUEUING SYSTEM H2/M/1 

 
The data indicate that the analyzed traffic differs from 

a Poisson (coefficient of variation c = 3,43 instead of 1), 

the asymmetry value equal As = 10,25 indicates that the 

distribution of intervals between the packets of traffic 

relates to a heavy-tailed distributions. For example, for 

Poisson flow of As = 2. To calculate the characteristics of 

such traffic requires appropriate mathematical apparatus. 

For the analysis of this traffic in the paper [2], the authors 

proposed the new results for the system H2/M/1. We will 

give the main results from article.  

Consider QS H2/M/1, where H2 designates the 

hyperexponential distribution 2nd order arrival time 

requirements in a density function 
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The Laplace transform of  Eq.(1) has the form 

   
2

2

1

1

λ

λ
1

λ

λ
*







s
p

s
psA ,                            (4) 

and function Eq.(4): 

 





s
sB* .                                                         (5) 

Further, omitting some calculations, we obtain the 

Laplace transform of the density function of the waiting 

time:  
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Using the properties of the Laplace transform, we find 

that the average waiting time is 
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6. PRACTICAL USE OF THE RESULTS 

 

Consider the result Eq.(6) for example, the input 

distribution, with a heavy tail (fig. 3). With the use of the 

Laplace transform Eq.(4) we can determine the initial 

moments of the distribution Eq.(2): 
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Substituting into the results obtained in step 1 from 

the initial moments of the distribution of intervals 

between bursts to determine the unknown parameters of 

the input distribution Eq.(2): 1 , 2  and p, we obtain the 

following system of equations: 
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deciding who will find these options. The solution of 

Eq.(8) in the package Mathcad yields the following 

results: 

p≈ 0.950, 1 ≈ 417.985, 2 ≈ 17.556. 

In case of load of the channel, equal 0.4, intermediate 

parameters: 1c ≈ 10999,4; 2c ≈ -54.655, 1s  ≈135.707 and 

the average waiting time  
310329.5 W . 

For comparison, let us look at the average waiting 

time for an M/M/1 system. In this case, intensity of 

service is equal 196.490  , and the channel loading 

4.0 . 

Then the average waiting time of packets 

31036.1
4.01

196.490/4.0

1

/ 






W . 

Thus the queuing model taking into account the 

distribution and its weight in the tail of the input, gives a 

delay about four times larger than the classical model. 

 

7. CONCLUSION 

 

The results indicate how optimistic are the results 

given by classical M/M/1 system compared to the system 

considered in the case of high H2/M/1 weightiness tail of 

the distribution of the input stream. Therefore, this result 

can be successfully applied in the modern teletraffic 

theory where packet delays in the incoming traffic are 

paramount. 

Note that the distribution, which contains three 

unknown parameters 1 , 2  and p, allows using the 

moment equations to approximate the unknown input 

distribution in the first three moments. 
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ABSTRACT 

 
The paper analyzes different approaches of financing non-

profit organization in case of Russian Federation and aims 

to define whether is it important to optimize structure of 
non-profits’ financial resources. To evaluate this 

proposition we have implemented quantitative analysis of 

interrelation between share of endowment funding, 

governmental funding, non-profits organization mission 

statement fulfillment, personnel productivity, profitability 

ratio of endowment funds and costs of non-profit 

organization functioning and development. We evaluated 

the suggestion that endowment funds affect efficiency of 

non-profit organization performance in case of 

environments with underdeveloped institutions, 

represented by Russia in this paper. Quantitative 
evaluation was performed by means of correlation and 

cluster analysis performed by SPSS Statistics. 

 

Keywords: Non-profit organizations, financial resources, 

optimization, endowment, cost efficiency, fulfillment of 

non-profit mission statement. 

 

 

1.  INTRODUCTION 
 

Non-profit organizations or the so-called “third sector” 
had become one of the most important elements of 

Russian economy within the past decade; as the country 

had come to the state of commercial sector’s sustainable 

development, the role of social oriented companies started 

to increase, thus bringing around the problem of acquiring 

financial resources for the non-profits. In early 1990-s 

Russian society was not prepared to finance non-profits: 

for instance, in 1995 big charity funds in Russia were 

proud to acquire 500 USD per months, while in 2014 

some of them raised 44 million USD during the same time 

period [14] – this growth was due to a several reasons. On 
the one hand, the society realized that a number of social 

problems cannot be solved without citizens’ input; on the 

other hand the state structured the process of acquiring 

financial resources by the non-profits by producing 

incentives for commercial companies.  

 

At the same time Russian non-profits are still very 

depending on government funds: medical treatment was 

mainly financed by the state, and the shift towards 

financing medical treatment by insurance funds which 

happened in 2015 had caused collapse of certain services 
and massive firing [15]. Education and science is also 

more than 50% state-dependent; same is true for social 

services for disabled and other non-profit sectors. At the 

same time non-profits are overregulated by the state – a 

non-profit in average has to provide about 5 times more 

reports to different state officials than a regular 

commercial enterprise. Sill, non-profit sector development 

becomes an important issue in country growth as a 

number of societal needs is not addressed by the state; 

from this point of view it becomes important to evaluate 

possible sources of finance available to non-profits in case 
of Russia, and to define the optimal type of such 

resources. This specific resource is extremely important 

as Russian economic environment is rather turbulent, and 

both companies and non-profits are bound to have a 

sustainable financial model in order to survive [16]. 
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To achieve the stated aim we have performed several 

types of non-profit finance analysis in this paper: from 

content analysis to correlation analysis implemented by 

SPSS Statistics. 

 

 

2.  LITERATURE REVIEW 

 
The role of financial sustainability is evaluated by a 
number of scholars in existing literature, where 

researchers have stated a number of risks that threaten 

non-profits’ financial sustainability. These include risk of 

reliance on external funding resources and streams [22], 

risk of created brand of non-profit [17], competition for 

funding sources [7], risk of providing value for investors 

[5], or risk of failing to connect the goals with such of 

community [22]. Overcoming of these risks is a necessary 

platform for non-profits to achieve their set social goal 

[10], and to gain the result both short-term and long-term 

financial sustainability play equally important role [4], 

thus leading to stakeholder interest in both financial 
model and mission impact [1]. 

 

As it was noted by a number of scholars, non-profit 

organizations are highly dependent on government and 

other external support [3, 21], and their ability of 

fundraising, including fundraising strategies [3]. These 

two are closely related to the level with which non-profits 

address the needs of community [6], and how their 

mission statements fall into the general line of community 

development [17]. To ensure correlation of mission 

statement and fulfillment of community needs non-profit 
organization create their “brands” [11] – but relatively 

often these brands become less efficient as these in 

commercial sector [18].  

 

The other important factor that affects non-profit 

organization’s sustainability is creating identity and 

emphasizing mission drift – the latter influences external 

funders interest to support the organization [2], and 

provides a platform for its marketing plan for fundraising 

[23], aiming to give all the important information to 

community of probable supporters of organization 
mission [20]. Besides clear mission statement which 

addresses societal needs, important for stakeholders, 

funders are continuously in a search for resource 

efficiency of non-profits (especially for financial 

resources efficiency) [9], they pursue clarity not only in 

case of mission and strategy, but also in case of used 

measuring instruments which evaluate performance [24], 

thus leading researchers to the need in evaluation of these 

tools as one of the important factor influencing non-profit 

sustainability and development.  

 

Special attention is paid in literature to non-profit sector 
development in countries with low income levels of 

majority of population. In case of these countries, which 

include Russia, the following factors are considered of 

vital importance for third sector development: (1) 

outcomes should fully meet community expectations or 

provide even more effect than expected [12], (2) non-

profits should foster the culture of giving [5], (3) non-

profits are to provide understanding of “any effort 

matters” [13, 19], (4) new technologies are to be utilized 

by non-profits [23], (5) non-profits should clearly state 

that it is engagement that matters, not the level of income 

[8]. These factors are also to be taken into consideration 

in our study of non-profit sector development in Russia, 
as they play a significant role in achieving financial 

sustainability and optimal resources use in the specific, 

institutionally underdeveloped and turbulent economic 

environment. 

 

 

3. RESEARCH BACKGROUND 
 

In the past years the third sector in Russian economy had 

been growing rapidly – in average, about 9000 new non-

profit organizations are created annually, in addition to 

87000 existing ones [21]. The majority of these is 
educational and medical organizations (43.6%); followed 

by religious and societal-oriented organizations (27.7%), 

while all the other types of non-profits [18]. The most 

significant, in accordance with the literature, are 

governmental-sponsored organizations (see Table 1 for an 

example of main non-profits in the Republic of Tatarstan). 

 

Table 1. The main non-profit organizations in Tatarstan 

[19] 

Organization name Period in 

action 

Number 

of 

annual 

projects 

Total 

funding, 

million 

rubles 

Special economic 
zone “Alabuga” 

Since 2005. 12 14 983 

Innovational park 
“Idea” (South East 
branch)  

Since 2004 2 80 

Industrial part 
“Kamskie Polyany” 

Since 2008 1 948,86 

Volga region 
industrial business 

incubator 

Since 2007 7 46 

Naberezhnye 
Chelny business 
incubator 

Since 2007 49 51 

Technology and 
industrial park 
KNIAT 

Since 2003 10 64 

Technology park 
“IT park” 

Since 2010 125 76,5 

 

As it can be seen from the table, major regional non-

profits are science and technology oriented ones that rely 

mainly of state and regional funding; this situation led to 

increased governmental attention towards such source of 

funding as endowments, as this source is the one used 

mainly in developed countries to support socially 

important services provided by non-profits. 
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In 2008 Russian legislation had provided the platform for 

endowment creation, thus leading to grown amount of 

financial resources coming from this source. Currently 

endowments appear as follows: 59% of the endowments 

support educational institutions, 18% act in the field of 

medical treatment and social services, 14% support art 

and other cultural organizations, 6.5% are active in 

scientific research and development, 2.5% support sport 

activities [13].  
 

These endowments acquire the most significant amount of 

money from a small group of people – in case of 

educational institutions these are institutions’ graduates, 

in case of medical treatment – successful entrepreneurs 

who have the experience with acquiring medical services 

(for example, children with disabilities), understand 

relevant problems and thus are willing to support non-

profits acting in the field. Still, such practices can not be 

considered sustainable, as low amount of funders lead to 

high volatility in opportunities non-profits have – and 

create extra stimulus to rely on government funding.  
 

In the described environment it seems important to 
evaluate factors which define efficiency of non-profits; 

performance in relation to sources of funding, especially 

endowment funds and government spending, which are 

evaluated in this paper by means of correlation and cluster 

analysis to answer the research question regarding 

financial resources optimization of non-profit 

organizations in Russian economy. 
 

4.  MAIN FINDINGS 
 

Within this study we have used the data  from 48 non-

profit organizations active in different socially oriented 

fields: 23 educational organizations, 15 medical 

organizations, 5 religious organizations, 4 social services 

organizations and 1 cultural organization, and each of 

these has the endowment fund. Their performance was 

evaluated throughout 3 years, and average figures were 
used to perform two types of analysis with SPSS Statistics 

software: correlation and cluster analysis. 

 

Correlation analysis 
The results of Pearson correlation analysis of share of 

endowment funding, governmental funding, non-profits 

organization mission statement fulfillment (measured on 

10-point Likert scale by experts), personnel productivity, 

profitability ratio of endowment funds and costs of non-

profit organization functioning and development are 

presented in Table 2. 

 
As it can be seen from the figures, there is a positive 

correlation between share of funds coming from 

endowment, and all there indicators which evaluate non-

profit organization performance quality and efficiency 

(personnel productivity, fulfillment of mission statement 

and costs of non-profit organization functioning and 

development), while profitability of endowment funds has 

no correlation with any of other factors. The other 

interesting finding is that share of government funding 

and endowment funding are interrelated. This result 

indicates that funders tend to invest in non-profits which 
are able to acquire government funding as well. 

 
 

Table 2. Pearson correlation analysis of non-profit organization performance 

 SFE SGE PP FMS PRE CFD 

Correlation coefficient 1 ,842** ,895** ,848** ,174 -,853** 

Sig. (2-tailed)  ,009 ,003 ,008 ,680 ,007 

Share of funding from endowment 
(SFE) 

N 48 48 48 48 48 48

Correlation coefficient ,842** 1 -,716* -,684 ,381 -,697 

Sig. (2-tailed) ,009  ,046 ,061 ,352 ,055 

Share of governmental funding (SGE) 

N 48 48 48 48 48 48

Correlation coefficient ,895** -,716* 1 ,994** ,293 ,984** 

Sig. (2-tailed) ,003 ,046  ,000 ,481 ,000 

Personnel productivity (PP) 

N 48 48 48 48 48 48

Correlation coefficient ,848** -,684 ,994** 1 ,318 -,989** 

Sig. (2-tailed) ,008 ,061 ,000  ,443 ,000 

Fulfillment of mission statement 
(FMS) 

N 48 48 48 48 48 48

Correlation coefficient ,174 ,381 ,293 ,318 1 ,234 

Sig. (2-tailed) ,680 ,352 ,481 ,443  ,578 

Profitability ratio of endowment 
(PRE) 

N 48 48 48 48 48 48

Correlation coefficient -,853** -,697 ,984** -,989** ,234 1 

Sig. (2-tailed) ,007 ,055 ,000 ,000 ,578 ,578

Costs of non-profits functioning and 
development (CFD) 

N 48 48 48 48 48 48

**. Correlation significant at 0,01. 

*. Correlation significant at 0,05. 
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Other results featured in Table 2 are following the 

intuitive path, as they indicate that higher mission 

statement fulfillment arises with higher personnel 

productivity and lower costs of non-profit functioning and 

development.  
 

Also it is important to mention that mission fulfillment is 

positively correlated to share of funding coming from 

endowment, while the correlation is negative (though 

insignificant) in case of government funding share. It 

indicates that endowment funding possibly leads to higher 
efficiency of non-profits. 
 

Due to the fact, that distribution of some factors appeared 
to have left- or right distortion, we have also performed 

non-parametric correlation analysis of the above 

mentioned factors. 

Corresponding results are presented in Table 3, and 

indicate the mainly the same interrelations as Pearson 

correlation analysis: the share of endowment funding in 

total amount of non-profit funds is correlated to personnel 

productivity, fulfillment of mission statement and costs of 

non-profit organization functioning and development. 

 

Strong negative correlation between share of endowment 

funding and costs of functioning and development of non-
profits indicate that higher efficiency in attracting non-

governmental funds leads to better fulfillment of mission 

statement; at the same time, unlike in case of correlation 

analysis, interrelation between share of government funds 

and funds attracted from endowment, disappears – this 

indicates, the a vast amount of funders rely on their own 

evaluation of non-profit organization performance 
 
 

Table 3. Non-parametric correlation analysis of non-profit organization performance 

 SFE SGE PP FMS PRE CFD 

Correlation coefficient 1,000 ,071 ,714* ,643* ,143 -,643* 

Sig. (2-tailed) . ,805 ,013 ,026 ,621 ,026 

Share of funding from 

endowment (SFE) 

N 8 8 8 8 8 8 

Correlation coefficient ,071 1,000 -,071 -,143 ,214 -,143 

Sig. (2-tailed) ,805 . ,805 ,621 ,458 ,621 

Share of governmental 
funding (SGE) 

N 8 8 8 8 8 8 

Correlation coefficient ,714* -,071 1,000 ,929** ,000 ,929** 

Sig. (2-tailed) ,013 ,805 . ,001 1,000 ,001 

Personnel productivity (PP) 

N 8 8 8 8 8 8 

Correlation coefficient ,643* -,143 ,929** 1,000 ,071 1,000** 

Sig. (2-tailed) ,026 ,621 ,001 . ,805 . 

Fulfillment of mission 
statement (FMS) 

N 8 8 8 8 8 8 

Correlation coefficient ,143 ,214 ,000 ,071 1,000 ,071 

Sig. (2-tailed) ,621 ,458 1,000 ,805 . ,805 

Profitability ratio of 
endowment (PRE) 

N 8 8 8 8 8 8 

Correlation coefficient -,643* -,143 ,929** 1,000** ,071 1,000 

Correlation coefficient ,026 ,621 ,001 . ,805 . 

Kendall 

coefficient 

Costs of non-profits 

functioning and 
development (CFD) Sig. (2-tailed) 8 8 8 8 8 8 

Correlation coefficient 1,000 ,119 ,810* ,762* ,190 -,762* 

Sig. (2-tailed) . ,779 ,015 ,028 ,651 ,028 

Share of funding from 
endowment (SFE) 

N 8 8 8 8 8 8 

Correlation coefficient ,119 1,000 -,167 -,286 ,333 -,286 

Sig. (2-tailed) ,779 . ,693 ,493 ,420 ,493 

Share of governmental 
funding (SGE) 

N 8 8 8 8 8 8 

Correlation coefficient ,810* -,167 1,000 ,976** ,095 ,976** 

Sig. (2-tailed) ,015 ,693 . ,000 ,823 ,000 

Personnel productivity (PP) 

N 8 8 8 8 8 8 

Correlation coefficient ,762* -,286 ,976** 1,000 ,143 1,000** 

Sig. (2-tailed) ,028 ,493 ,000 . ,736 . 

Fulfillment of mission 
statement (FMS) 

N 8 8 8 8 8 8 

Correlation coefficient ,190 ,333 ,095 ,143 1,000 ,143 

Sig. (2-tailed) ,651 ,420 ,823 ,736 . ,736 

Profitability ratio of 
endowment (PRE) 

N 8 8 8 8 8 8 

Correlation coefficient -,762* -,286 ,976** 1,000** ,143 1,000 

Sig. (2-tailed) ,028 ,493 ,000 . ,736 . 

Spearman 
coefficient 

Costs of non-profits 
functioning and 
development (CFD) N 8 8 8 8 8 8 

**. Correlation significant at 0,01. 
*. Correlation significant at 0,05. 
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In terms of financial resources optimization our findings 

indicate, that to achieve higher efficiency of financial 

resources, non-profit should be able to attract funds from 

endowment, while governmental funding does not lead to 

better performance.  

 

Cluster analysis 
To further evaluate the findings from correlation analysis, 

we have also performed cluster analysis by using the 

same database. The three clusters we have evaluated can 

be found in Table 4. 

 

Table 4. Cluster analysis of non-profits (final centers of 

the clusters) 
Cluster 

 1 2 3 

Share of funding from 
endowment, % 

33,74 53,55 14,39 

Share of governmental 
funding, % 

34,35 15,43 80,88 

Personnel productivity, 
thousand rubles per 
person 

972,71 2770,23  432,61 

Fulfillment of mission 
statement (0-10) 

7 9 5 

Profitability ratio of 
endowment, % 

8,42 8,70 9,26 

Costs of non-profits 
functioning and 
development, % of funds 
attracted 

19,90 6,11 28,79 

 

The first cluster, “middle non-profits”, features 
organizations that have almost equal funding from 

endowments and government; they have relatively high 

personnel productivity and mission fulfillment, but lack 

efficiency in terms of functioning and development costs. 

32 organizations from our sample belong to this cluster. 

 

The second cluster, “endowment-based non-profits”, 

demonstrates high personnel efficiency, low costs and 

90% fulfillment of mission statement; these organizations 

acquire more than half of the funds from endowments 

and are very efficient. These organizations are quite rare, 

and only 5 from our sample fall into that category. 
 

The third cluster, “government-based non-profits”, 

acquires 80% of funds from the state and is much less 

efficient, then the first two. These organizations are found 

more frequently than endowment-based ones, and 11 

organizations from our sample belong to that cluster. 

These findings appear to be fully in line with existing 

literature on financial resource efficiency in case of non-

profits.  

 

 

5.  DISCUSSION AND CONCLUSIONS 

 
Our research allows development of a number of 

conclusions, which extend existing knowledge on the 

issue of financing non-profits in such specific 

environment as Russia, appears to be. 

 

First, our findings indicate that there is a positive 

correlation between share of funds coming from 

endowment, and all there indicators which evaluate non-

profit organization performance quality and efficiency 
(personnel productivity, fulfillment of mission statement 

and costs of non-profit organization functioning and 

development), while profitability of endowment funds 

has no correlation with any of other factors. This supports 

existing literature by stating that source of funding 

matters for non-profit organizations’ sustainability [11, 

17], and adds value to current knowledge by testing this 

hypothesis for the institutionally underdeveloped 

environment. This conclusion is derived from both 

Pearson and non-parametric correlation analysis. 

 

Second, the cluster analysis had indicated the presence of 
three clusters. The first one, ““middle non-profits”, 

features organizations that have almost equal funding 

from endowments and government; second, 

“endowment-based non-profits”, demonstrates high 

personnel efficiency, low costs and 90% fulfillment of 

mission statement; third, “government-based non-

profits”, acquires 80% of funds from the state and is 

much less efficient, then the first two. As it can be 

derived from this analysis, the most efficient in terms of 

achieving mission statement and use of personnel are 

clusters with relatively high share of funds coming from 
endowments. This adds to existing literature 

understanding of the role financial resources play in non-

profit sector development in transforming economy 

countries 

 

Thus, our research indicates that in order to provide high 

efficiency of non-profits, government should create 

stimulus for endowment development rather than support 

non-profit organization, and the optimal structure of 

financial resources appears when more than half of them 

are coming from endowments. 
 

According to the findings, the main areas of future 

research are derived from the limitations of the study. 

First, our sample limited by only Russian companies, 

thus results might not suit other environments. In future 

we plan to expand our research on other countries, too. 

Second, our sample was even more limited by the sample 

of 48 non-profit organizations, coming mainly from 

educational sector – and this can lead to distorted results. 

Hence, in future our findings are to be tested for the 

bigger sample. 
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ABSTRACT 

 
This paper summarizes the results of research on 

learning content delivery possibilities consolidated 

within a unified model. The research deals with the 

investigation of heterogeneous mobile device 

environments and context aware scenarios in a real 

time situations.   

In order to ensure the effective adaptation of 

learning content, the methods for learner mobility 

support and sensor networks are studied.  

To provide personalization of learning content, the 

technologies of mobile learning systems are discussed. 

Also learner’s learning style features and content 

delivery levels of context-aware learning systems are 

investigated as an important factor for content 

adaptation.  

Analysing generally accepted learning content 

delivery principles, the component and function 

selection for the successful context-aware content 

delivery environment is carried out. As a result, 

unified learning content delivery environment model 

for heterogeneous learning devices is proposed. 

Keywords: Mobile technologies, M-learning, 

Context awareness, Learning design, Learning content 

delivery. 

 

1. INTRODUCTION 
Since nowadays the constant access to digital tools 

and resources both for learners and teachers increases, 

one can observe the transition from traditional teaching 

methods to technology based learning. The interaction 

with digital content takes place more actively in 

learning process, and that urges for elaboration of new 

ways for the delivery of electronic learning content. 

Currently the content developers endeavour to equalize 

the virtual environment to the real world situations, as 

well as they try to improve the opportunities provided 

by the traditional learning thus overcoming various 

restrains persisting in traditional learning.  

The learning environment has become more digital 

and it demands additional digital skills both from the 

learners and from the teachers. However, this allows 

provide learning content in different forms and from 

various sources thus delivering the same content for 

usage in various devices, which makes learning 

process more available. 

Electronic Learning Systems (EMS) was a 

significant centre of digital education ecosystem, but 

nowadays the situation has changed. For example, the 

online learning environment of university can be 

viewed as a combination of many devices and systems 

where on the one side is Learning Management 

System (LMS) of educational institution, but on the 

other – the applications, devices and sites of a learner. 

In the environment between both of these sides the 

institutions can offer other tools – local web sites, 

personal repositories for students and teachers, 

suggestions for the choice of tools and content 

management opportunities, as well as web platforms 

for various projects.  

The challenge is that students and teachers come 

across with constant metamorphosis of public toolbar 

applications available in mobile application stores and 

in the Internet, which offer wide range of highly 

specialized content, mobile opportunities and new 

models of supply, e.g., the subscription of open 

educational resources and content. As the result the 

digital module of educational institution changes from 

one separate management system to heterogeneous 

learning environment, which provides support and 

coordination between various sets of resources and 

services (You & Know, 2012). 
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The aim of this research is to develop context 

aware electronic learning content delivery environment 

model for mobile devices (m-MM). In order to reach 

the aim several tasks were set to develop 

recommendations: 

 for providing mobility of users, 

 on the content processing technologies for content 

delivery environments, 

 about the basic principles for the development of 

intellectual learning content delivery environment. 

 

2. LITERATURE REVIEW 

In order to help in the successful development of 

learning surrounding in the rapidly growing digital 

environment, pedagogues should use various 

approaches. Some educational institutions have 

introduced one mobile device for the standard, e.g, 

iPad, which diminishes the problems related to 

infrastructure and compatibility of available software. 

Another approach is to develop universal type support 

models with portal sites and panels. The third way is to 

unite both aforementioned approaches thus providing 

the usage of infrastructure and collaboration software 

for learners and teachers along with the development 

of modern, universal learning environment’s 

ecosystem for mobile devices. 

The usage of personal mobile devices for 

interaction within the context of learning courses and 

activities creates contextual ecosystem, by means of 

which it is possible to augment both the results of 

learning capacity, and learners’ motivation. There 

were several experiments carried out during the last 

previous years in order to investigate the usage of 

smartphones and tablet PCs in educational institutions 

for the improvement of learning process and results.  

The concept of mobile device context aware 

learning environment’s ecosystem includes three 

significant technological components: 

 universal learning objects; 

 universal learning services, e.g., printing services 

or sharing information in learning environment; 

 ubiquitous learning environment, which ensures 

learning process in a learner’s friendly way.  

By uniting these three technological components, 

such ecosystem can be developed where learners can 

interact with ubiquitous learning environment using 

their mobile devices thus improving their knowledge.  

Universal learning objects in a mobile learning 

ecosystem can be a physical object or a tool, as well as 

conceptual representation such as interactive panels. 

Universal learning objects within the context aware 

environment should provide multimedia information 

using wireless communication technologies, e.g., NFC 

or Bluetooth (Muñoz-organero, Ramírez, & Muñoz-

merino, 2009). 

Due to the increase in the number of mobile 

devices and their variety, also changes the way in 

which users perceive information, get experience and 

interacts with learning materials. Thus, mobile 

learning designers should concentrate on how to use 

and adapt devices in the best suitable way for learner 

and for the needs of learning process, and how to 

migrate activities between various devices. In the 

environment of constantly changing needs and 

contexts, the emphasis should be laid on the supply of 

the right information on the right time in the right 

place. 

One of the main tasks for heterogeneous mobile 

technology learning environments is to provide 

learners with affluent adaptive support for each 

activity. Therefore the learner’s profile and its model 

has a crucial role in storing and updating related 

learner’s information, which is necessary for the 

adaption of learning materials (Graf, 2009). 

The aim of a learner’s model is to identify the 

learner’s characteristics, needs and situations in an 

automated form by detecting learner’s behaviour and 

habits, in order to make automatic conclusions from 

the respective information. In order to frequently 

update learner’s model, all services provide data and 

all services have access to the information stored in the 

student’s model (Schiaffino & Amandi, 2009). 

The authors Dillan un Gabbard has published the 

research (Dillon & Gabbard, 1998) about using 

learning results in the development of navigation paths 

in learning environments. Within the research it is 

concluded that up-to-date technologies most frequently 

has not given impact on learner’s capacity since 

learning management systems unfortunately cannot 

adequately manipulate with learner’s variables 

(learning progress), use them in controlling, as well as 

analyse them. Within this research, the technological 

models were designed for the development of learning 

materials and learning courses’ supply in the learning 

environment, using context aware learning materials’ 

design models, visualization models, innovative 

learning and progress assessment methodology.  

 

3. USER’S MOBILITY SUPPORT DURING 

THE DELIVERY OF LEARNING CONTENT 

The aim of the system and users interaction’s 

model is to enhance the interaction between a user and 

the system providing a successful use of information 

technologies and a solution, which ensures appropriate 

answer or function to the user’s specific needs. The 

long-term aim of the system and users’ interaction’s 

model is to develop systems, which decrease the 

barrier between a person’s intellectual model of what 

is supposed to be accomplished and between the 

system’s capabilities to perform user’s tasks.  
By analysing the interactions between users and 

systems the researchers are interested in the 

development of new design methodologies by 

experimenting with new devices, by developing new 
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software prototypes, by investigating new interface 

paradigms and by developing interaction theories and 

models (Karray, Alemzadeh, Saleh, & Arab, 2008). 

There are such system and user interaction models 

known: knowledge based interaction models (Fischer, 

2001), key-stroke level model (El Batran & Dunlop, 

2014), quality of experience (QoE) model (Mateo, 

Soler, Perez, & Dpt, 2013). Some of the parameters 

have to be collected several times during the 

interaction process, e.g., user’s input indicators in a 

definite time. However, for some of the parameters 

one time is sufficient, e.g., for parameters of screen 

resolution. This function is crucial for the information 

about parameters which are included in the model’s 

design (Mateo & Mart, 2012). 

In the design of context-aware mobile learning 

applications for mobile devices it is necessary to 

analyse influencing factors: 

 linkage of components in context-aware systems, 

 level of user’s knowledge, 

 mutual linkage between components of 

applications and design, 

 compatibility of technologies, 

 common features of contexts (Winters & Price, 

2004). 

Context-aware mobile computing is mainly based 

on the processing of respective context data in 

correspondence with the needs of applications and 

services. In order to solve these issues, the context data 

model for applications and services is needed. 

During the development of mobile applications it is 

crucial to keep in mind that learning process is a 

subjective process since every learner has different 

capability of perception, different learning process and 

learning goals therefore is it not possible to define one 

methodology of learning content development, which 

would be the best (Markiewicz, 2006). 

In order to achieve high choice of mobile learning 

between students, it is crucial to provide the 

opportunity for adaptation and personalisation of 

learning content, based on each learner’s individual 

needs. By providing learning model in mobile learning 

system, these opportunities of adaptation and 

personalisation becomes more functional. 

A learning model can be considered as a 

combination of personalities, as well as factors of 

behaviour and knowledge. Personality’s factor could 

be students’ different learning styles, i.e., each student 

has its own different knowledge acquisition process.  

Many educational theoreticians and researchers 

consider a learning style a significant factor in a 

learning process, and they acknowledge that by 

integrating it in education, learning process could be 

made easier (Paulins, Balina, & Arhipova, 2014). 

Thus, from the theoretical perspective, it can be 

asserted that by including student’s learning style in a 

learning environment, the learning effectiveness can be 

facilitated and enhanced. 

Coffield and his colleagues in their publication 

have mentioned 10 main learning style models. Their 

selection was based on the models’ theoretical 

significance in this field, their wide opportunities of 

usage, as well as their impact on other learning style 

models. Besides, the learning style model’s 

applicability and usage of technologies in learning 

process was considered as significant criteria, 

including adaptability of learning style models into 

existing systems, as well as potential usage in the 

systems (Coffield, Frank; Moseley, David; Hall, 

Elaine; Ecclestone, 2004). 

By integrating learning styles into a mobile 

learning system, it would be possible to change 

learning style for each student separately. Thus also in 

the case of large number of different learning styles it 

is possible to adapt learning courses to the needs of 

individual student (Hone & Mumford, 2006). 

 

4. RESEARCH RESULTS 
During the process of learning content, it is 

necessary to provide various important conditions, 

which could allow linking the learning aims with the 

real time situation. In order to provide it successfully, 

mainly an adequate learning content delivery 

environment should be provided, which would allow 

deliver context aware and intellectual learning 

materials. 

In order to ensure the technological model’s 

development for the content delivery environment, 

firstly, the most significant components and functions 

should be selected, which are necessary for the 

model’s operational process. Additionally it is 

necessary to find an effective way for the learning 

environment to provide adaptivity in correspondence 

with the context of surrounding circumstances and 

learner’s activities. 

A. Components and functions in the process of 

content delivery 

In order to develop a context aware and intellectual 

learning content delivery environment, significant 

conditions should be taken into account: providing of 

learning process and providing the context sensitivity. 

It should be taken into account that the analyses deals 

with the functions, which relates to providing the 

learning environment, but the analyses does not deal 

with the functions, which, although important, are not 

directly related to the learning, e.g., providing data 

privacy and security. In relation to the learning 

process, the following six functions should be ensured: 

 learning environment should provide mobility for 

its users and devices, 

 learning materials and scenarios should change 

dynamically, according to the changes of 

circumstances and learner’s progress, 
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 the delivered content should be aimed at 

pedagogical aim and should be in accordance with 

the definite learning scenarios, 

 information storage and sharing of both materials 

and contextual history, 

 the system should provide adjustability of settings, 

 compatibility and extension of standards. 

Concerning context perception and processing, the 

following four functions should be provided: 

 context perception, 

 context interpretation, 

 context representation and processing, 

 ability to react on context changes.  

It can be concluded that a learning system should 

include in its functionality both the context of 

surroundings and that of the learner. It means that the 

system should be able to store and retrieve information 

during the changes of context. It should be taken into 

account that learning process in itself is a dynamic 

process; therefore, also the tool for the delivery of 

content should be made as a context-dependant. The 

system should be able to process information from the 

surrounding environment and accord it with the 

previously developed context model.  

There are three levels in providing successful 

process. The first level is retrieval of information. That 

information is retrieved, which is related to the 

learning scenarios adaptation for a learner. These are 

parameters, which are related to the learner’s temporal 

information, as well as information, which is retrieved 

from learner’s device. Additionally the system can 

process activities, given by a learner, as well the 

selection of materials, speed of typing, and interaction 

with interface.  

Taking into account, that computing capacity of 

mobile devices is rather limited, as well as that it is 

difficult to perform the development’s structuring in 

levels within the framework of one device, it can be 

assumed that the system should be hierarchical, where 

the adaptation is provided on the server. It means that 

the context’s apprehension takes place on the server.  

The second level is adaptation of learning content. 

Two main steps of content adaptation can be 

distinguished: the selected components transformation 

in various formats and learning content adaptation 

accordingly to the learner’s needs. Also in this level 

the adaptation process should be combined both on the 

server’s side and on the device.  

The content transformation on the server is 

performed in accordance with the saved profiles of 

devices, and after the process of transformation the 

profiles are responsible for the generation and input of 

descriptive information so that the system can later 

provide the necessary semantics.  

The third level is content delivery. The chosen 

learning scenario is performed, as well as its rules 

processed on the basis of the perceived context 

information. During the content delivery process four 

main activities can be performed – to show or hide 

learning activities, to show or hide learning elements, 

to enable or deny the system’s services, to change 

parameters of values.  

In the case of delivery, the adaptation takes place 

during the learning process. It means that the system 

should be able to react quickly, the capacity should be 

unburdened, and the processing mechanism should be 

created which could provide the process successfully. 

B. The Technological Development of Content 

Delivery Environment 

Based on the findings of the research, as well as on 

the defined functionality of content delivery 

environment is it possible to create a technological 

model of content delivery environment. The adaption 

functions, which are included in the model, are based 

on a dynamic design model of context sensitive 

learning content for its ability to adapt the system to 

the real time context situation. 

In order to make it clear about the operation of the 

delivery environment model of context dependent 

content, firstly, all model levels are distinguished, 

which represents six basic levels of the delivery of 

context dependent materials in a heterogenic learning 

environment (Figure 1). 

 
Figure 1. The levels of content delivery 

environment for context dependent content. 

 

Various information sources form the model’s 

lowest level, which provides both the development of 

context information and the delivery of learning 

objects. The ingoing context information is processed 

in the management level, where semantic notion is 

assigned combining it with the system’s ontologies.  

The management level is one of the main levels 

where the system’s intelligence is created. It provides 

the ingoing context processing and output of required 

materials. Altogether, there are 3 activities performed 

in the management level: 

 user’s profile and its context maintenance – the 

information about learner’s learning style, learning 

progress and specific activities; 
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 monitoring of artefacts – the information about 

learning devices, learning objects or services is 

maintained and processed; 

 monitoring of ontologies – it creates the system’s 

ontology, overall perception of the system’s 

context and interpretation of different notions. 

Learning services’ level provides reusability of 

various environments’ functions for the support 

learning activities. Learning scenario can be adjusted 

according to the learner’s context information and 

activities in various devices and applications. Since a 

learner can change applications and devices during 

learning process it is necessary to provide the 

flexibility in all of these access points without the 

disturbance of overall learning experience or 

infrastructure, thus the application and adaptivity level 

is divided in many parts as it is depicted in Figure 2.  

 
Figure 2. Context model of context aware content 

delivery environment 

 

Content delivery environment cannot form 

opinions about a context as such if there is not a 

common context model created, which provides 

mutual interaction. By joining the content creation 

components into a unified mechanism, it is possible to 

create the system’s context ontology, which allows 

design a decision making by combining with the rules 

included in the learning scenario.  

Based on the components defined in this research 

for the delivery of context aware learning content, the 

context model of context dependent content delivery 

was created. The context model’s main components 

are represented although parameters of each context 

dimension were not included since they are depicted in 

the previous researches. Within this model also the 

examples of how context components of one type can 

create context elements of other type are shown, e.g. 

learner’s interests, attitude to learning themes, as well 

as knowledge allow define the competences within the 

current session. 

By summarizing the demands and the defined 

levels of the model, the functions of the delivery 

environment for context aware content were united 

into one model (Figure 3). Firstly, the delivery 

environment of learning content should be provided 

with communication infrastructure, since 

environment’s functionality is divided between the 

client’s device and the server. 

 
Figure 3. The functional model of the delivery 

environment for context aware content 

 

The basic scenario, which is represented in the 

Figure 3 can be performed on a learner’s device – the 

connection in that case is necessary only for the 

context information update and adaptation of learning 

resources after each activity. 

At the beginning of the activity, the system selects 

and chooses resources according to the rules of 

scenario. Before the activity, it is necessary to check 

the availability of services; if the service is not 

available, it has to be activated. Those activities, which 

the system cannot provide fully, should be filtered 

beforehand in order not to disorder learner’s 

experience. 

By adjusting the availability of learning resources 

and services, the activity can be performed, which 

operates accordingly to the defined rules, e.g., it can 

have time limit or limited activities. By performing the 

activity the result can be achieved, which has to be 
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saved in video recordings and brought into accord with 

the accumulated information. If the learning aim is 

reached, a learner can finish the activity; otherwise, the 

delivery scenario continues and the next activity can 

be provided. 

 

5. CONCLUSIONS 

By analysing the content delivery technologies for 

learning content delivery environments, the following 

conclusions were made: 

 both the context perception conditions and 

pedagogical requirements should be taken into 

account in the development of the model of context 

aware learning content delivery environment; 

 by dividing the systems functionality between 

various levels, it is possible to improve the 

system’s performance and extensibility; 

 artificial intellect methods are one of the most 

effective in the case of providing the greatest 

possible system’s automation and its ability to react 

in ambiguous situations. 

The investigation of the learning content delivery 

possibilities in the learning process showed that 

Learning-Assessment-Communication-Analysis model 

creates content on the basis of user’s learning 

effectiveness, assessment and result, but not on the 

time spent for learning.  

The ability to receive data from various sources for 

accomplishing definite tasks and ability to provide 

information in a real time with a correct context is 

crucial in contemporary mobile learning. The delivery 

of adaptive learning scenarios depends on the process 

of scenarios adaptation of dynamic context. 

During the development of the context-aware 

learning content delivery environment model it was 

concluded that for the successful operation of the 

learning content delivery environment model, an 

appropriate communication infrastructure also should 

be provided. Large part of the functionality of learning 

content delivery environment depends on opportunities 

included during the development process. 
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ABSTRACT 

 
Neoclassical economic theory states that the 

growth of the nation primarily is dependent on the 

innovation potential of the country. However, this 

theory is often being refuted by the recent empirical 

research, proving that the innovations are becoming 

more cost-extensive, late in generating return on 

invested capital and not as useful as they used to be. 

The present study researches the effect of 

innovation on the EU member-countries economic 

development, having selected R&D expenses, 

number of patents and number of researchers as 

innovation proxies. 

The results prove that there is a strong 

relationship between the R&D expenses and GDP 

growth as well as the labour productivity, but no 

evidence was found that the number of scientists or 

the number of patents significantly influence 

economic development of the country. 

 

Keywords: R&D expenses, number of patents, 

innovations value added, economic development 

 

 

1. INTRODUCTION 

 

The postulates of the neoclassical growth theory 

that the innovations are one of the major economic 

growth drivers is well-known in the modern 

environment, but lately this theory was questioned 

by a number of researchers (Wang, Gordon, Yang). 

Cobb-Douglas function clearly shows that the 

total output growth is directly influenced by the 

labour and capital inputs as well as the total factor 

productivity (TFP), which can be increased by the 

changes in technology spurred by innovations, 

changes in laws, in trade restrictions, and in 

restrictions on capital flows, etc. Coe et al. (2008) 

empirically prove that R&D capital stocks have 

clear impact on the TFP. 

The inventions of the previous two centuries 

undoubtedly were the main reason for the increased 

standards of living, for economic development at the 

breath-taking speed. Currently the innovations are 

the major determinants of the country‘s 

competitiveness on the global markets.  

However, the law of diminishing productivity 

curve hints that the slowing global growth might 

indicate that the innovations though still large in 

their number cannot substantially influence 

economic development; they often do not add real 

value and may generate negative return on invested 

capital. The diminishing effect on the output of 

R&D departments is well-seen in pharmaceuticals 

industry – the companies tend to spend more time 

and money resources relative to the output than they 

used to. 

Therefore, the ultimate goal of this study is to 

prove or refute the following hypothesis: 

Innovations, as proxied by the R&D expenses in 

% of GDP, number of patents and number of 

researchers, have a value enhancing effect on the 

total countries’ output. 

The authors conducted the cross-country study to 

determine the differences of the population welfare 

and the innovation potential between the countries 

to understand whether R&D investments, number of 

patents and scientists can be considered to be a 

‗secret sauce‘ for the economic development of the 

nation. 

As mentioned before, the authors selected 

independent variables – R&D expenses (RD) in % 

of GDP, number of patents and number of 

researchers. RD is the innovations input – the 

potential cost of the inventions but its main 

shortcoming is the unknown time lag, when the 

investments innovations will be reflected in GDP 

growth. Similar to RD measure is the number of 
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scientists, which is also an ‗investment‘ in future 

innovations. The patents, however, are the 

innovations output, representing the successful 

outcome of the investment, which are supposed to 

be monetized. Though all these measures are 

primarily attributed to the industries, these are 

readily-available data, providing plausible results. 

 

 

2. LITERATURE REVIEW 

 

Famous economists, authors of  the neoclassical 

economic growth theory, such as Solow, Romer 

(1986), Lucas (1988) etc. state in their works that 

the innovations is the main power engine of the 

economic development. Modern scientists 

conducting empirical research have splitted into two 

opposing groups – the ones, who provide the 

evidence to support economic theory, while another 

group of researchers, which refutes the theory, 

saying that innovations are not efficient anymore 

and hardly add value but rather require large 

investments. For example Economist (2013) 

mentions the growing number of researchers and the 

increasing R&D expenses in % of GDP, but also 

quotes Pierre Azoulay of MIT and Benjamin Jones, 

who say that the researchers are less efficient – ―in 

1950 an average R&D worker in America 

contributed almost seven times more to ―total factor 

productivity‖—essentially, the contribution of 

technology and innovation to growth—that an R&D 

worker in 2000 did‖. 

Gordon in his recent NBER publication (2012a) 

expresses concern about the innovations 

development, their usefulness and influence on the 

economic growth, saying that there are six 

headwinds that will drag their growth effect down: 

demography, education, inequality, globalization, 

energy/environment, and the overhang of consumer 

and government debt. He is also sceptical about the 

innovation power to drive the future economic 

growth in his Wall Street Journal article (2012b).  

Changtao Wang (2013) taking patents and 

trademarks registrations as innovation proxies 

claims than innovations might not have a significant 

influence on the economic growth. He states that the 

role of innovation varies across the time periods, 

being very high before World War II and 

diminishing after it, especially in the major world‘s 

innovating nations such as Germany, US and UK. 

Leo Sveikauskas (2007) focusing on the R&D 

efforts in US clearly distinguishes between the 

private and public R&D, providing the evidence that 

privately financed R&D returns are 25%, while state 

financed R&D returns are near zero. 

Patent rights achieve their main aim to increase 

standard of living and therefore, support economic 

growth – evidence proof is provided by Hu and Png 

(2013), who researched 54 manufacturing industries 

in 72 countries. They have concluded that growth in 

the patents-intensive industries is to a large extent 

dependent on the patent rights. Patents have also 

greater effect in higher-income countries. 

Macro-level analysis of Japanese and S. Korean 

cases was made by the Sinha (2008), when he 

concluded that GDP exerts influence on the number 

of patents, while he was not able to determine the 

reverse causality. 

Another Asian economy, Taiwanese, was 

researched by Chih-Hai Yang (2006), who proved in 

his publication that the increase in patenting 

positively influences economic growth, while the 

long-term growth is largely driven by the worldwide 

discoveries. 

 

 

3. RESEARCH DESIGN 

 

The first step in the project is dedicated to the 

discovery of the innovation value-added effect to the 

economy development on macro- and micro-level, 

therefore the present paper provides an overview of 

the European Union member-countries‘ innovation 

potential determinants‘ current status and their 

historical perspective. The key data the authors 

consider are RD investments in % of GDP, number 

of patents and number of researchers. 

Two periods were analyzed: 1. 1996 – 2013 to 

have a complete historical overview; 2. 2003-2013 

to have a more recent overview, which might be 

more relevant to the current situation. 

A number of regression equations were used to 

achieve the study goal of discovering how the 

innovation potential determinants influence GDP 

growth, stock market performance and the 

productivity of the economy, which is described 

hereas labour productivity and total factor 

productivity: 

                               
            ,                                                     (1) 

      - GDP Compound annual growth rate 

(CAGR); 

     - R&D expenses CAGR; 

          - Number of patents CAGR; 

              - Number of researchers CAGR 

(only considered for a shorter period of 2003-2013 

as earlier data was unavailable). 
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The authors account for one year lag for the 

dependent variable versus the independent variables 

to allow a certain time as the effect of the 

investments turning into the monetary benefit is not 

immediate. 

The following list presents other indicators, 

which were used as ‗y‘ in the regressions for the 

same ‗x‘ mentioned above: 

 Labour productivity % - Labour productivity 

(Euro per H worked) compound annual growth 

rate; 

 TFP % - Total factor productivity estimated as 

Tornqvist index CAGR; 

 Stock Index % - Country stock index 

performance CAGR (only considered for shorter 

period of 2003-2013 as earlier data was 

unavailable for all countries). 

TFP was selected for the testing as according to 

the economic theory, this indicator should be 

directly influenced by the innovations. The stock 

market value was added to the selection of the 

dependent variables as it tends to be the leading 

indicator of the nation‘s development and economic 

growth. 

Additionally, the authors considered the 

regression, where per capita data were used for the 

most recent year under review: 

                    
          

                   
 

   
          

                 
                                            (2) 

This equation was used to understand whether 

the welfare of a person, as described by GDP per 

capita, is to a certain extent dependent on the 

number of scientists or the registered patents 

relative the population of the country. 

Three primary sources of information were used 

in the process of research: World Bank, Eurostat 

and the Conference Board Total Economy Database.  

  

 

4. RESEARCH RESULTS 

A. Current and Historical View on State 

Innovation Potential 
R&D investments as defined by UNESCO 

Institute of Statistics are directed to ―creative work 

undertaken systematically to increase knowledge, 

including knowledge of humanity, culture, and 

society, and the use of knowledge for new 

applications‖, which means the investment in the 

development of the nation. It also means that these 

investments are expected to provide monetary 

benefits in the future. 

Figure 1 chart provides a cross-country 

comparison of the R&D expenses relative to the 

country‘s GDP. Top 3 positions are taken by the 

Northern European countries – Finland, Denmark 

and Sweden (if Norway is included with 1.65%, it 

would be in the middle of the sample). 

The lowest amount dedicated to R&D is seen in 

the developing economies (which still have lowest 

GDP per capita among EU members) such as 

Romania, Bulgaria, and Latvia. Greece, obviously 

struggling with the very poor economic conditions, 

is investing in R&D similarly low amount of GDP. 

 
Figure 1. R&D Expenses in % of GDP (2012) 

 

Estonia being a developing country is certainly 

worth mentioning as it obviously pursues a long-

term strategy make as significant investments in 

R&D as France, Belgium and Netherlands. 

Substantial increase in R&D investments in 2011 

and 2012 were made in developing Slovenia, taking 

the country in the top league. 

Figure 2 chart compares the   number of patents 

and researchers relative to the population, while also 

providing the view of the population welfare as 

measured by GDP per capita.  

The lowest number of patents relative to the 

overall country‘s population is exhibited by the 

developed nations with the large population. 

Though developed, Greece, Belgium and Spain are 

attractively different in terms of the number of 

patents, which leads to the need of further 

investigation of the laws regulating patent 

registration procedure. Patent-rich countries relative 

to the population size are rather new EU members – 

Estonia, Lithuania and Slovakia. 

Analysis by the number of researchers relative to 

the population provides the possibility to create 
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clusters once again - developed and developing 

nation, with the latter usually having higher number 

of researchers having some exceptions naturally. 

Top four countries in the number of researchers are 

Romania, Bulgaria, Italy and Poland, followed by 

Latvia and Hungary. 

 

 
Figure 2. Number of patents and number of researchers vs. GDP level (2012) 

 

 

Taking the number of the patents vs. the number 

of researcher, one concludes that according to this 

measure, the most ‗productive‘ nations are the 

researchers from Estonia, Lithuania and Slovakia. 

The least productive, however, are developed 

countries with the extensive research bases – 

Germany and Italy as well as developing Romania. 

The positive trend about the whole sample 

countries is increasing importance of the 

investments in research, applied research and 

experimental development (Figure 3), the growth of 

which exceed the rate of inflation in majority of the 

analyzed countries.  

 Figure 3. RD expenses, number of patents and 

researchers compound annual growth rate (2003-

2012) 

 

Annual growth in the number of scientists is 

similarly observed in all countries under review, 

which is a good sign. To add, the policy-makers on 

the macro and micro-levels have to ensure the 

efficiency of the research and the system overall. 

Unlike growing R&D and the number of 

scientists, in several countries both developing and 

developed patents are in decline – in Ireland, 

Bulgaria, Hungary, Denmark, UK, Slovakia, 

Finland, Sweden.  

 

B. Influence of Innovations on the Economic 

Growth Determinants 
Innovation proxies – R&D expenses, number of 

patents and scientists – were first tested to eliminate 

cross-correlation to avoid multicollinearity problem. 

In both periods the correlation was lower than 50% 

with R&D ratio correlating the least with the 

number of patents and scientists. 

The relationship of independent variables on the 

GDP growth according to the regression results 

appears to be the most significant (table 1) and the 

relationship importance didn‘t diminish in the most 

recent time period as R2 increased from 75.5% to 

77% (table 2). Noteworthy, number of patents 

0

100

200

300

400

500

600

700

800

0

10000

20000

30000

40000

50000

60000

70000

P
o

p
u

la
ti

o
n

/p
at

e
n

ts
, P

o
p

u
la

ti
o

n
/r

e
se

ar
ch

e
rs

G
D

P
 p

e
r 

ca
p

it
a

GDP per capita

Population/patents

Population/researchers

-10%

-5%

0%

5%

10%

15%

20%

25%

RD Expense Dynamics Number of Patent Dynamics Number of Scientists Dynamics

42

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)



growth has a significant inverse relationship. 

Partially this phenomenon is explained by the 

decreasing number of patents in the emerging 

countries such as Bulgaria, Hungary and Romania, 

which all post very high GDP growth on annual 

basis. 

Table 1  

Regressions Statistics (1996-2013) 

 
Coeffi- 

cients t-stat p-value 

Y=GDP%: R Square=75.6%, F = 32.51 

Constant 0.018 2.715 0.013 

RD%  0.571 7.745 0.000 

Nr. of 

patents % -0.328 -3.918 0.001 

Y=labour productivity: R Square=62.4%, F = 

17.43 

Constant -0.002 -0.481 0.636 

RD%  0.321 5.793 0.000 

Nr. of 

patents % -0.151 -2.402 0.026 

Y=TFP%: R Square=8.2%, F = 0.94 

Constant 0.182 0.339 0.738 

RD%  4.950 0.829 0.417 

Nr. of 

patents % -8.480 -1.251 0.224 

 

The similar relationship, but exhibiting lower 

significance, is obtained when labour productivity is 

tested as the dependent variable. Total factor 

productivity, according to the Table 1 results, is not 

dependent on either of the variables. 

Shorter more recent time period increases the 

significance of all the regressions run in the research 

process - strong relationship with GDP and labour 

productivity, while again number of patents and 

number of scientists have inverse relationship, their 

influence becomes insignificant. 

Table 2  

Regressions Statistics (2003-2013) 

 
Coeffi- 

cients t-stat p-value 

Y=GDP: R Square=77.0%, F = 22.33 

Constant 0.018 2.304 0.032 

RD%  0.459 7.262 0.000 

Nr. of 

patents % -0.009 -0.128 0.899 

Nr. of 

scientists % -0.426 -2.993 0.007 

Y=labour productivity: R Square=72.8%, F = 

17.86 

Constant -0.003 -0.684 0.502 

RD%  0.214 6.851 0.000 

Nr. of 

patents % -0.006 -0.173 0.864 

Nr. of 

scientists % -0.037 -0.525 0.605 

Y=TFP%: R Square=21.3%, F = 1.804 

Constant -0.008 -1.584 0.129 

RD%  0.097 2.247 0.036 

Nr. of 

patents % -0.020 -0.401 0.693 

Nr. of 

scientists % -0.036 -0.377 0.710 

Y=stock index%: R Square=22.4%, F = 1.93 

Constant 0.026 1.080 0.293 

RD%  0.223 1.162 0.259 

Nr. of 

patents % -0.128 -0.585 0.565 

Nr. of 

scientists % -0.726 -1.677 0.109 

 

None of the independent variables have a 

significant relationship to the TFP or the local stock 

market.  

Additional regression, which considered per 

capita data, was run on the most recent available 

data (table 3). F-significance of 0.00095 shows that 

the number of patents and number of scientists 

relative to the country‘s population size have a 

significant relationship to the GDP per capita, 

hinting that the higher is the number of patents or 

scientists, the higher is the welfare of the 

population.  

Table 3  

Regressions Statistics (2013): Analysis by per 

capita data 

 

However, one might question the endogeneity of 

the economic indicators – whether it is the 

innovation power that led to the GDP being on the 

high level or whether the country having GDP per 

capita on a decent level can afford excellent 

scientific base. 

 

 

 
Coeffi- 

cients t-stat p-value 

Y=GDP per capita: R Square=46.9%, F = 9.71 

Constant 57837.89 8.801 0.000 

Populatio

n/research

ers  -72.07 -2.970 0.007 

Populatio

n/patents -0.62 -2.541 0.019 
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5. CONCLUSIONS 

 
The results obtained through the graphical 

analysis allowed to make the conclusion that there is 

a very positive trend in increasing R&D expenses, 

which points to the understanding of the society that 

innovations have a significant role in generating 

future benefits and the need to invest in long-term. 

The number of scientists is growing in all sample 

countries, but the number of patents in several states 

show a declining trend, which possibly 

demonstrates the diminishing productivity effect, 

but the statement need a further proof.  

Intensity of R&D investments clustered the 

sample into the developing and developed nations, 

demonstrating that the latter on average invest more 

in R&D on relative basis. In opposite, the 

developing countries often have a higher share of 

researchers in total population than do the 

developed countries. 

The primary goal of the research to test the 

hypothesis whether innovations add value to the 

economic development was achieved when running 

regression for longer period and more recent period 

of the last 10 years. Regressing R&D expenses on 

the GDP growth and labour productivity in time 

periods appeared to be significant. Number of 

patents‘ dynamics and number of researchers‘ 

dynamics did not show any significant relationship 

to the GDP growth (exc. in longer time period 

regression number of patents growth showed 

negative relationship to GDP development). 

Selected as dependent variables, stock market 

growth and total factor productivity, were not 

proved as being depended on any of the innovation 

proxies. 

Additional regression run by the author 

considered the indicators relative to the population 

size. Both variables, population/researchers and 

population/patents have negative relationship to the 

welfare of the nation. 

Based on the above stated, the hypothesis of 

innovations value-adding effect was proved, but not 

on all of the independent variables‘ dimensions.  

A number of challenges faced in this research 

can be considered in the further research on the 

innovation value adding effect. For example, to get 

more objective view on the R&D efficiency and its 

influence on productivity, it would be recommended 

to consider private R&D investments and public 

R&D investments separately in an attempt to 

compare the efficiency of both. The authors 

hypothesize that the private investment by far would 

be more efficient than public investments in R&D.  
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ABSTRACT 

The present article aims to identify and update thematic 

field indices at higher education institutions in Latvia in 

2014. 

To achieve research results, the authors have initially 

performed the content analysis of higher education 

financing in other European countries, as well as 

analysed the existing higher education financing model in 

Latvia and the regulatory legislation. 

The study has been performed in several stages: 1) 

considering the expense items per student; 2) developing 

questionnaires for higher education institutions on the 

basis of expense items; 3) processing the survey data with 

statistical data processing methods, 4) on the basis of the 

survey results, thematic field indices have been defined 

by means of direct calculation. 

Having determined thematic fields and indices applicable 

to them by means of direct calculation, it has been 

concluded that: 1) it is possible to determine expenses of 

each study programme of a higher education institution 

and each thematic field; 2) higher education institutions 

have full autonomy; 3) to ensure a high-quality study 

process it is necessary to systematically upgrade and 

purchase equipment; 4) determining the thematic field 

indices by study programmes, the aspects of regional 

factors should also be taken into account; 5) the number 

of students differs at various study programmes. 

Keywords: Higher Education, Latvia, Tuition Expenses, 

Thematic Fields, Indices. 

1.  INTRODUCTION 

In the recent years, higher education has been ascribed an 

increasingly greater role not only in meeting a broader 

public interest and promoting economic prosperity, but 

also in benefitting each individual on the way to 

improving one’s own material and spiritual world. This is 

evidenced by research conducted by Johnstone, 2005, and 

Yang & McCall, 2014, as well as by other authors [1; 2]. 

The issue of education is also important to those willing 

to study at higher education institutions in Latvia, and it 

is demonstrated by a sharp increase in the number of 

foreign students. However, in this context there is also 

quite a lot of discussion on the future financing of higher 

education institutions from the state budget, as well as on 

the necessity to introduce radical reforms in this area not 

only in Latvia, but also all over the world [3]. 

Consequently, taking into account that expense items per 

student, calculation methodology as well as the 

determination of tuition expense index value in thematic 

fields in Latvia specified in the Regulations of the 

Cabinet of Ministers No. 994 as of 12 December 2006 

“Procedures for the Financing of Institutions of Higher 

Education and Colleges from the Funds of the State 

Budget” were drawn up in 1996 and did not change 

significantly and became obsolete, it is necessary to 

update expense indices for higher education institutions 

[4]. Based on the above-mentioned information, the 

authors see the need to make radical amendments to 

Regulations of the Cabinet of Ministers No. 994, taking 

into account the current situation and the trends in 

financing of higher education institutions in Latvia and 

following the best practices of the countries in and 

outside Europe. 

The present article aims to identify and update thematic 

field indices at higher education institutions in Latvia in 

2014. 

To achieve the goal the authors were used quantitative 

and qualitative methods, including statistical data 

abbreviation. 

2.  LITERATURE REVIEW 

Higher education financing systems are very complex. 

Therefore, financial systems as an integral part of the 
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economic system are essentially empirical, a product of 

the human mind: a set of rules, schemes, arrangement of 

sequential operations. 

Based on the financial systems, higher education 

financing is characterized not only by autonomy of higher 

education institutions in relation to the allocation and use 

of financial resources, it is also considered one of the 

most important mechanisms based on various funding 

sources [3]. For example, in the UK, Germany and the 

Netherlands, the national higher education financing 

system consists of direct and indirect public funding, as 

well as financial support for students, crediting system, 

tuition fees, other funding sources, government funding 

for R&D and other funding for R&D and funding for 

capital investments [5-8]. Consequently, on the basis of 

best practices of other countries, Latvia implements a 

financing model similar to the one used in the European 

countries described above; however, financing allocated 

per student is much smaller. 

Current Higher Education Financing in Latvia 

At present, Latvian higher education institutions and 

colleges are financed on the basis of Regulations of the 

Cabinet of Ministers No. 994 as of 12 December 2006 

“Procedures for the Financing of Institutions of Higher 

Education and Colleges from the Funds of the State 

Budget” [4]. However, these are not the only regulations 

governing the financing of Latvian higher education 

institutions from the state budget; apart from them, there 

are a number of other rules and laws, such as: 

1) The Law on Institutions of Higher Education as of 2 

November 1995 [9]; 

2) The Law on Education as of 29 October 1998 [10]; 

3) The Law on State Social Allowance as of 1 October 

1997 [11]; 

4) The Law on Value Added Tax as of 29 November 

2012 [12]; 

5) Regulations of the Cabinet of Ministers No. 836 

“Regulations of  Educator`s Salary” as of 28 July 2009 

(Minutes No. 50, §64) [13];  

6) Regulations of the Cabinet of Ministers No. 969 

“Procedures for Reimbursement of Expenses Relating to 

Official Travels” as of 12 October 2010 (Minutes No. 52, 

§25) [14]. 

Monthly salary of academic staff is determined on the 

basis of Regulations of the Cabinet of Ministers No. 836 

“Regulations of Educator’s Salary” (as of 28 July 2009, 

Minutes No. 50, 64 §) and Annex 1 to the Regulations of 

the Cabinet of Ministers No. 836 on “The Lowest 

Monthly Salary Rates of Educators, Heads of Higher 

Education  Institutions, Their Deputies and Heads of  

Structural Units” (Regulations of the Cabinet of Ministers 

No. 704) [13; 15]. 

Moreover, in accordance with the amendments to the 

Law on Institutions of Higher Education (as of 2 

November 1995) concerning the proportion of persons 

holding a Doctoral degree elected to academic positions, 

in order to determine the base expenses per student taking 

into account academic staff remuneration, it is 

recommended to use different proportions of academic 

positions from the specified proportions of academic 

positions of the above-mentioned Regulations of the 

Cabinet of Ministers No. 994 “Procedures for the 

Financing of Institutions of Higher Education and 

Colleges from the Funds of the State Budget” (12 

December 2006 (Minutes No. 66, 24§)) [9;4].  

On the basis of Annex 1 to Regulations of the Cabinet of 

Ministers No. 994 “Procedures for the Financing of 

Institutions of Higher Education and Colleges from the 

Funds of the State Budget” as of 12 December 2006 [4],  

in order to allocate the state budget funds, it is necessary 

to take into account the following 30 thematic fields and 

their indices: law, humanities, information and 

communication sciences, business and administration, 

teacher education and educational sciences, personal 

services, transport services, computer science, 

mathematics and statistics, civil engineering, ship 

management, engineering sciences, agriculture, forestry 

and fishing, manufacturing and processing, sports 

organization and management, life sciences, 

environmental protection, architecture, arts, teacher 

education programmes for obtaining a qualification of 

visual arts or music teacher, pharmacy, health and social 

care, veterinary medicine, medical treatment, civil 

defence, music, choreography, arts programmes 

“Audiovisual Media Arts” and “Design”, dentistry, 

military security. 

3.  METHODOLOGY 

In order to determine and update the tuition expense 

indices for thirty thematic fields of Latvian higher 

education institutions, within the research methodology 

the study has been performed in several stages: 

1) The authors have examined in detail base items and 

expenses per student (1st level professional (college) 

study programmes; academic and professional Bachelor 

study programmes; higher education study programmes, 

including academic and professional Master study 

programmes, professional study programmes for 

applicants holding an academic/ professional Bachelor 

degree; Doctoral study programmes); 

2) Based on the authors’ previous studies and industry 

expert method, the authors have developed a 

questionnaire for higher education institutions. The 

questionnaires have been sent to a total of twenty-one 

state higher education institutions and colleges, eighteen 

of which participated in the survey and the results have 

been found valid; 
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3) The survey results have been processed using 

statistical methods of data processing, thus determining 

expenses of each thematic field for different study 

programmes and levels based on the data files submitted 

by higher education institutions (experts of higher 

education institutions) for variable expenses and by 

independent industry experts – for fixed expenses; 

4) Based on the requirements for the calculation of 

expenses per student, the indices of the thematic fields 

have been determined by means of direct calculation. 

Based on the authors’ previous studies on the financing 

of higher education institutions in Latvia, the 

questionnaire included the following variables: N1 –

salary per student a year, N2 – the employer’s national 

social security contributions, N3 – expenses related to 

business trips/official travels per student a year, N4 – 

service fees, N5 – materials, energy resources, water and 

equipment, N6 – the purchase of books and magazines, 

N7 – the purchase of equipment and upgrading expenses. 

Thus, on the basis of the above-mentioned and developed 

regulations, in 2014 the expenses per student were 

determined as follows: N1 + N2 + N3 + N4 + N5 + N6 + 

N7. 

4.  RESEARCH RESULTS 

The calculation of variables per student: 

1. N1 – salary per student a year: 

The academic staff salary was determined on the basis of 

Regulations of the Cabinet of Ministers No. 836 

“Regulations of Educator`s Salary” as of 28 July 2009 

[13] as well as taking into account the proportion of 

academic positions by various study levels according to 

the expert assessment: 

1) College study level (position proportions – expert 

assessment): Professors – 3%, Associate Professors – 5%, 

Assistant Professors – 30%, Lecturers – 37%, Assistants 

– 25%. 

2) Bachelor study level (position proportions –expert 

assessment): Professors – 20%, Associate Professors – 

20%, Assistant Professors – 35%, Lecturers – 15%, 

Assistants – 10%. 

3) Master study level (position proportions –expert 

assessment): Professors – 40%, Associate Professors – 

30%, Assistant Professors – 30%, Lecturers – 0%, 

Assistants – 0%. 

4) Doctoral study level (position proportions –expert 

assessment): Professors – 90%, Associate Professors – 

10%, Assistant Professors – 0%, Lecturers – 0%, 

Assistants – 0%. 

Thus, on the basis of above-mentioned position 

proportions and Regulations of the Cabinet of Ministers 

No. 836 as of 28 July 2009 [13], average annual salary 

of academic staff was established (salary established in 

the Regulations multiplied by position proportions). 

According to the expert assessment, the average number 

of students per member of academic staff is 19 (for 

college, Bachelor and Master study programmes), but for 

Doctoral study programmes – 10 students. Thus, annual 

salary of academic staff per student was determined by 

the average annual salary of academic staff divided by 

the number of students according to the study level.  

In turn, the average monthly salary of non-academic 

personnel in comparison to the salary of academic staff is 

two times smaller  (expert evaluation), observing the 

principle – the number of members of non-academic 

personnel per member of academic staff is 1.5 (expert 

evaluation). 

2.N2 – the employer’s national social security 

contributions: 

According to the Law on State Social Allowances, the 

rate of mandatory national social security contributions in 

2014 was 23.59% [11]; thus, the mandatory national 

social security contributions is determined by the 

calculations of N1 –salary per student a year. 

3. N3 – expenses related to business trips/official travels 

per student a year: 

Expenses related to business trips/official travels were 

determined by the mean values of expert conclusions 

(higher education institutions). The following indicators 

were included in the expenses: daily allowance; the 

average length of the trip, days; accommodation costs for 

one trip, average per day; traveling expenses for one trip; 

registration fee for one trip abroad or in Latvia. As a 

result, the annual business trip related expenses per 

student according to the level of studies were determined. 

4. N4 – service fees: 

Annual telephone service expenses per student: 

1) Fixed monthly charge for one phone, including local 

calls and short messages, was determined on the basis of 

expert conclusions (higher education institutions).  

2) Number of students per phone – expert assessment – 

50 students. 

3) The average price for one minute long international 

call (calls from Latvia, calls from a foreign country to 

Latvia and abroad, receiving calls abroad) – expert 

assessment (higher education institutions). 

4) Annual use of phone, in days, min – expert assessment 

– 240. 

5) Length of conversations per day, in minutes –expert 

assessment – 20. 

Total communications service expenses: 

1) Average annual post service expenses per student – 

expert conclusions (higher education institutions). 
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2) Average annual Internet service expenses per student – 

expert conclusions (higher education institutions). 

Annual real estate tax per student: 

1) Mean value (standard rate for 1m
2
 of land housing 

university buildings) of real estate tax for 1m
2
 per student 

– expert conclusions (higher education institutions). 

2) Per student (m
2
) – expert assessment – 6. 

3) Average number of building floors – expert 

assessment – 4. 

Annual renovation expenses per student: 

1) Routine repairs of 1 m
2
 – expert assessment – 20.00 

EUR. 

2) Capital repairs of 1 m
2
 – expert assessment – 2.00 

EUR. 

3) Emergency repairs of 1 m
2
 – expert assessment – 1.00 

EUR. 

Annual maintenance expenses per student: 

1) Average monthly maintenance expenses for 1 m
2
 of 

premises, including equipment located in it, per student – 

expert conclusions (higher education institutions). 

Average annual E-learning environment provision and 

maintenance expenses per student: 

1) Average annual E-learning environment provision and 

maintenance expenses per student – expert conclusions 

(higher education institutions). 

Annual administrative expenses per student: 

1) Annual administrative expenses (% from the total 

amount) – expert assessment – 8%. 

Other services: 

1) Other services (% from the total amount) – expert 

assessment – 8%. 

5. N5 – materials, energy resources, water and 

equipment: 

Consumed electrical power: 

1) Price of 1 kWh electrical power – according to the 

current rates of JSC Latvenergo. 

2) kWh needed for lighting of 1 m
2
 – expert assessment – 

0.01. 

3) Annually premises must be lighted 6 hours per day, 20 

days per month, 6 months per year, h –expert assessment 

– 720. 

4) kWh needed for 1 hour running of  one computer – 

expert assessment – 0.1. 

5) Annually needed hours for running one computer: 4 

hours per day, 20 days per month, 12 months per year, h 

– expert assessment – 960. 

Heating (7 months): 

1) Monthly heating tariff per student annually, on average 

for 1m
2
 – expert conclusions (higher education 

institutions). 

Annual water supply expenses per student: 

1) Average annual water consumption per student – 

expert conclusions (higher education institutions). 

2) Price of 1 m3 of water – according to the current rates 

of Rīgas Ūdens (Riga Water). 

Annual sewerage expenses per student: 

1) Average annual sewerage usage per student – expert 

conclusions (higher education institutions). 

2) Price of 1 m3 of sewerage – according to the current 

rates of Rīgas Ūdens (Riga Water). 

Annual teaching aids and inventory expenses per student: 

1) Average annual purchase costs of teaching aids and 

materials per student – expert conclusions (higher 

education institutions). 

2) Average annual inventory (furniture) purchase costs 

per student – expert conclusions (higher education 

institutions). 

3) Average annual office supply purchase costs per 

student – expert conclusions (higher education 

institutions). 

6. N6 – the purchase of books and magazines: 

Annual book purchase costs per student: 

1) Number of books needed for one student per year – 

expert conclusions (higher education institutions). 

2) Average price of one study book – expert conclusions 

(higher education institutions). 

3) Average lifespan of books (time of active use of 

information and data), years – expert conclusions (higher 

education institutions). 

Annual magazine purchase costs per student: 

1) Number of magazines needed for one student per year 

– expert conclusions (higher education institutions). 

2) Average price of one magazine – expert conclusions 

(higher education institutions). 

3) Average lifespan of a magazine (time of active use of 

information and data), years – expert conclusions (higher 

education institutions). 

Average annual data base subscription expenses per 

student – expert conclusions (higher education 

institutions). 

7. N7 – the purchase of equipment and upgrading 

expenses 

Equipment upgrading expenses: 
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1) The purchase of equipment for one student per year – 

expert conclusions (higher education institutions). 

2) Equipment upgrading expenses (% from the total 

amount of equipment purchase expenses) – expert 

assessment – 10%. 

On the basis of expenses per student by study 

programmes and study levels acquired through direct 

calculations, as a result: 

1) The total joint index of each study programme by 

study level was determined (college, bachelor, master, 

doctor): 

tji= Tb
field

2014/ Tb2014,    (1) 

where 

tji – joint index of the study level; 

Tb
field

2014 – expenses per student in 2014 based on the 

study level; 

Tb2014 – base funding per student in the prices of 2014 (by 

taking the cheapest study programme expenses as the 

basis in the prices of 2013). 

2) Study level indices have been illustrated according to 

the Regulations of the Cabinet of Ministers [13] and the 

research  previously conducted by the authors: college 

studies – 0.9; Bachelor studies – 1.0; Master studies – 

1.5%, Doctoral studies – 3.0: 

sli = Tbkk2014/ Tblk2014,    (2) 

where 

sli – study level index; 

Tbkk2014 – joint index of the study level in 2014 

calculation; 

Tblk2014 – study level indices according to the Regulations 

of the Cabinet of Ministers and previously researches. 

3) On the basis of joint index and study level indices, the 

levelling of indices was conducted and average study 

thematic field index was determinate. 

Thus, on the basis of the methodology elaborated by the 

authors and the results of the surveys about calculations 

of expenses per student for the thematic fields of studies 

by study levels, having determined thematic field indices, 

the following results were acquired (see Table 1).

  Table 1 

Expenses per student (EPS) for thematic fields and their indices 

Field and Index Expenses per student, EUR 

College Bachelor Master Doctor 

Law (1.013)  1,860.28 2,714.67 5,419.84 

Humanities (1.024) N/A 1,898.43 2,712.69 5,426.34 

Social and Behavioural Sciences (1.014) N/A 1,860.76 2,721.14 5,426.21 

Information and Communication Technologies (1.097) N/A 2,105.61 2,713.41 5,595.27 

Business and Administration (1.049) 1,734.73 2,015.36 2723.51 5,501.97 

Teacher Education and Educational Science (1.500) 2,435.59 2,713.50 4,082.03 8,158.67 

Personal Services (1.501) 2,451.92 2,710.85 4,076.90 8,147.31 

Transportation Services (1.502) 2,445.70 2,719.82 N/A N/A 

Computer Science (1.903) 3,103.31 3,448.03 5,168.32 10,317.88 

Mathematics and Statistics (1.903) 3,100.70 3,441.57 5,164.33 10,336.47 

Civil Engineering (2.497) 4,063.98 4,518.31 6,778.40 13,579.79 

Ship Management (2.503) 4,077.55 N/A N/A N/A 

Engineering Sciences (2.899) 4,720.68 5,247.73 7,863.78 15,746.47 

Agriculture, Forestry and Fishing (1.897) N/A 3,432.08 5,155.59 10,299.62 

Manufacturing and Processing (1.898) 3,097.18 3,433.93 5,150.07 10,304.67 

Sports Organization and Management (1.905) N/A 3,447.87 N/A N/A 

Life Sciences (2.900) N/A 5,241.36 7,879.24 15,751.94 

Environmental Protection (2.899) N/A 5,239.89 7,858.45 15,758.97 

Architecture (3.607) N/A 6,526.60 9,792.50 19,585.98 

Art (3.597) 5,858.13 6,504.45 9,773.23 19,539.36 

Study Programmes for Teachers of Visual Arts or Music (3.594) N/A 6,507.91 9,750.15 N/A 

Pharmacy (3.596) N/A 6,515.23 9758.32 19508.09 

Health and Social Care (3.597) 5,862.36 6,501.95 9,778.24 19,520.80 

Veterinary Medicine (5.065) N/A N/A 13,791.28 27,418.49 

Medicine (4.494) 7,317.55 8,135.64 12,195.77 24,417.19 

Civil Defence (4.496) 7,318.40 8,144.25 12,193.17 N/A 

Arts Programmes “Audiovisual and Media Arts” and “Design” (4.491) N/A 8,119.42 12,211.42 24,370.13 

Dentistry (5.032) 8,274.96 9,054.38 13,565.02 27,404.26 

Music, Choreography (4.494) N/A 8,139.66 12,190.50 24,401.03 

N/A – not available 
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5.  CONCLUSIONS 

Based on the thematic field actualization through direct 

calculations conducted by the authors and determination 

of thematic field indices, it has been concluded that 

through direct calculations it is possible to determine 

study programme and thematic field expenses for each 

higher education institution, however, mean values of 

higher education institutions do not completely 

correspond to the common tendencies of each thematic 

field of studies.  

Likewise, based on the fact that there is a complete 

autonomy in higher education institutions, each higher 

education institution independently plans expenses 

related to the study processes; as a result, each higher 

education institution has different expenses for the same 

expense items. 

In order to ensure high-quality study process, as well as 

the possibility to master a particular study programme, a 

systematic upgrade and purchase of equipment is needed 

depending on the field and offered study programme, that 

is the reason why such dramatic differences between 

study thematic fields exist. In this regard, technological 

equipment needed to ensure high-quality study 

programmes as well as their exploitation expenses should 

be taken into account. 

Determining thematic field indices by study programmes, 

the aspects of regional factors should also be taken into 

account, which is also confirmed by the survey of higher 

education institutions. For example, the same expense 

items are lower in some regions than at higher education 

institutions in other regions and Riga. 

Different number of students in each study programme 

should also be taken into account. For example, for 

mastering certain study programmes apart from studies in 

groups, individual tutorials should also be organised.  
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ABSTRACT 

The aim of the present article is to assess the Latvian 

commercial banks profitability using OLS evaluation 

method. 

In order to achieve the results of the present research, the 

qualitative overview of the scientific literature on 

Ordinary Least Squares (OLS) method has been 

performed. To gain the required data, the authors of the 

present article have analyzed the work of Latvian 

commercial banks and the branches/ agencies of the 

foreign banks, as well as the work of the credit 

institutions registered in the member states of the 

European Economic Area (EEA) and their affiliations 

operating in Latvia in the reporting period of 2006 – 

2012.  

The authors have concluded that H1, H4, H5 and H6 

hypotheses have been completely proven; however, H2 

and H3 hypotheses have been rejected as a result of the 

Pearson correlation since they demonstrated very weak 

correlation, as well as due to a correlation between bank 

indicators, which is also confirmed by the results of 

studies conducted by other scientists. 

  

Keywords: Banks, OLS, Profitability, Latvia 

1.  INTRODUCTION 

The banking system is an important sector influencing 

economic development of any country. Its practical 

significance is determined by its payments and 

settlements function in the national financial system. 

Banks, operating in accordance with the national 

monetary policy, exert control over cash flow, which 

affects their turnover, emissions, including ready cash 

amounts in circulation. Strategically, investors in the 

transition economy pay more and more attention to bank 

profitability and the means to ensure it [2]. In this regard, 

the issue of bank profitability and its analysis are 

important both in microeconomic and macroeconomic 

perspective.  

For example, in their research Lensink and Hermes 

(2004) found out that the entry of foreign banks in the 

local market, to a great extent, depends on the level of 

development of the national economy and bank sector as 

a whole [2]. This fact is also demonstrated by the rapid 

development of the European banking sector that started 

after expansion of the European Union. 

Ordinary least squares (OLS) or linear least squares 

method is based on the unknown parameter estimation in 

a linear regression method, thus forecasting data linear 

approximation.  

Research conducted and the available literature on the 

assessment of bank profitability indicators mainly focus 

on the US and Asian banks, less attention is devoted to 

the European banks, and there are only a few studies 

concerning the situation in Latvia. 

The goal of this article is to evaluate performance 

efficiency of the Latvian commercial banks in the 

reporting period of 2006 – 2012.  

To achieve the goal, the following research methods were 

used: qualitative overview of the scientific literature on 

bank profitability and influenced indicators, including the 

monographic method and descriptive method, as well as 

OLS evaluation method. 

2.  LITERATURE REVIEW 

Banking profitability issues are not only an integral part 

of financial institutions, they become even more topical 

in the transition period or in case of the financial crisis. 

The issue of bank profitability has been widely discussed 

in the scientific literature, it has also been considered in a 

number of theoretical and empirical researches of 

different kind. However, return on average assets 

(ROAA) and return on average equity (ROAE) have 
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always been mentioned among the main indicators 

characterizing bank profitability. 

Bourke (1989) was one of the first who discovered that 

exactly the internal factors of bank profitability, such as 

net income before and after tax against total assets and 

capital and reserves factors, have the greatest impact on 

profitability [3]. Bourke (1989) also stressed that 

profitability is influenced by internal and external factors 

[3]. Kosmidou et al (2006) and Goddard et al (2010), 

hold similar opinion [4; 5]. 

Studies conducted in the USA and Europe demonstrate 

that a great concentration of banks and financial 

institutions surpass profitability [6 – 9]. Ramlall (2009) 

and Sufian and Habibullah (2009) discovered a positive 

relationship between the size of the bank and profitability 

– the larger the bank is, the more profitable it is in 

comparison with a smaller bank, thus demonstrating the 

effect of economy of scale [10; 11]. In contrast, 

Kosmidou (2008) states that a large size of the banks may 

leave a negative impact on bank profitability [12], and 

Luo (2003) and Hannan and Prager (2009) note that small 

banks can earn higher profit because they have lower 

expenses [13; 14]. But Sayilgan and Yildirim (2009) 

maintain that bank liquidity declines along with the 

growth of the number of debtors and interest rate increase 

[15]. 

Other researchers, who address banks profitability, 

discuss positive operational efficiency. Kosmidou (2008) 

states that profitability grows along with the increase of 

the operational efficiency [12], in their turn, Berger et al 

(2010) correlate it with routine practical activities of an 

enterprise [1]. 

Despite difference of opinion, all researchers agree that 

external and internal factors can influence bank 

profitability. For example, Rasiah et al (2010) in his 

research mentions asset portfolio mix, loans and interest 

income, investments, non-interest income earning assets, 

total expenses, operating expenses, personnel expenses, 

liability composition, deposit composition, liquidity 

ratios, capital structure as internal factors influencing 

bank profitability [16]. In turn, Ramlall (2009) mentions 

bank size, operating efficiency, capital, credit risk, 

portfolio composition and asset management [10]. These 

rates are variable and controllable. For example, asset 

quality provides loans to total assets, which can affect 

profitability [17], so the higher the ratio is, the higher is 

portfolio risk. Loans to total assets and total loans are 

usually used as asset quality indicators. Asset size, i.e. 

total assets, is used to determine the size of the bank [18].  

In turn, external factors comprise regulations, inflation, 

interest rates, short and long terms effects of interest rates 

on assets, market share, market growth, bank size. Gul et 

al (2011) mention size, capital, loans, and deposits as 

internal factors influencing profitability of the bank, and 

gross domestic product (GDP) and inflation (INF) as 

external factors [19].  

Researchers, who have performed bank profitability 

assessment on the basis of the OLS method, have applied 

both internal and external indicators. For example, Gul et 

al. (2011) assessed bank profitability using such 

indicators as bank loans to total assets; equity capital to 

total assets; natural log of total assets and total deposits to 

total assets with return on asset; return on equity; return 

on capital employed and net interest margin [19]. 

Wasiuzzaman and Tarmiz (2010), in their turn, used such 

indicators as asset quality, liquidity, operations, capital 

and bank size, based on previous variables in their 

research, they found that there is negative relationship to 

asset quality, but loans to total assets show positive 

relationships [20]. It has to be noted that other scientists 

have used similar indicators to assess bank profitability 

on the basis the OLS method [21 – 23]. 

The Development of the Commercial Banking Sector in 

Latvia  

The development of the financial system in Latvia started 

in 1988, when the banking sector was reorganized [24]. A 

new dual financial system and the re-establishment of 

Latvia’s independence promoted rapid development of 

the banking sector. Starting with 1992 till 1993, 61 banks 

in Latvia received a license for provision of financial 

services [25]. 

According to the data of the ACBL, in the 4
th

 quarter of 

2012 in Latvia banking services were provided by 20 

banks and 9 branches of foreign banks, as well as lending 

institutions or their branches registered in the countries of 

the European Economic Area, which submitted a 

respective application to FCMC [25]. The majority of 

banks operating in Latvia are commercial banks, which 

offer their customers a wide range of banking services.  

3.  METHODOLOGY 

Based on content analysis of scientific literature [26 – 28; 

11; 30; 31], in order to assess bank profitability using 

OLS evaluation method of banking sector in Latvia, the 

authors used some of the most popular and important 

indicators as: 

1) Return on average assets (ROAA) – one of the main 

indicators that characterizes bank profitability. 

Return on average assets = net profits before taxes/ 

assets.  

2) Return on average equity (ROAE) is also one of the 

main indicators that characterize bank profitability. 

Return on average equity = net profits before taxes/ 

equity. 

3) Capital (CA) shows the capital adequacy as well as the 

bank's ability to perform its obligations immediately. 

Capital = equity/ total assets. 
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4) Credit risk (CR) show that there is a possibility that the 

bank's customers not repay they funds. 

Credit risk = loan loss provisions/ net interest revenue 

5) Total loans (TL) provide banking income in the form 

of deposits and liquidity attracted by the loans. 

Total loans = net loans/ total assets. 

6) Net interest margin (NIM) is a performance metric that 

show how successful the bank decisions are based on the 

investment. 

Net interest margin = net interest revenue/ total assets. 

7) Growth of annual gross domestic product (GDP) - 

GDP (in comparable prices)/ GDP, %. GDP growth 

shows the total economic activity, as determined by 

demand and supply of bank loans and deposits, as well as 

the financial services system profitability [32]. 

8) Annual inflation (INF) – changes in consumer prices 

in 12 months on average compared to the previous 12 

months period. Based on increase of the overall rate of 

annual inflation in relation to all the products and 

services can have both positive and negative effects on 

the profitability indicators of commercial banks [33]. 

Based on the selected indicators affecting bank 

profitability and the content analysis of scientific 

literature, the authors put forward several hypotheses: 

H1: NIM can positively influence bank profitability. 

H2: INF can positively influence bank profitability. 

H3: GDP can positively influence bank profitability. 

H4: CR can negatively influence bank profitability. 

H5: CA can negatively influence bank profitability. 

H6: TL can negatively influence bank profitability. 

To calculate bank profitability of Latvian commercial 

banks, the authors used the data from the data base 

Banscope and Central Statistical Bureau of  Latvia for the 

time period from 2006 till 2012, 101 observations in 

total. 

Bank profitability indicators and the hypotheses 

formulated (H1–H6) have been tested using the OLS 

evaluation method. 

4.  RESEARCH RESULTS 

Mean arithmetic values of descriptive statistics, minimal 

and maximal values, and sample error are summarized 

and presented in Table 1. As it can be seen from Table 1, 

mean arithmetic value of ROAE of the Latvian 

commercial banks in the research period is (-)6.42%, 

ROAA is also negative (-)0.83%. In the authors’ opinion, 

one of the main reasons for such results can be the fact 

that the crisis in the Latvian financial system of 2008 has 

had its consequences. Average capital adequacy ratio is 

12.06%, the average credit risk – 60.46%, total loans – 

49.87%, net interest margin – 2.68%, inflation rate – 

5.91% and GDP – (-)0.04.  

 

Table 1 

Profitability Indicators of Latvian Banking Sector According to Descriptive Statistics 

Variable ROAE ROAA CA CR TL NIM INF GDP 

1 2 3 4 5 6 7 8 9 

Mean -6.42 -0.83 12.06 60.46 49.87 2.68 5.91 -0.04 

Min. -131.67 -43.68 4.12 -838.46 0.01 -1.01 -1.10 -17.70 

Max. 67.11 5.80 93.33 718.18 87.53 6.32 15.40 10.00 

Std. dev. 35.00 5.23 11.78 154.26 22.24 1.53 5.46 8.92 

 

To determine the factors that influence bank profitability, 

the correlation analysis has been performed.  

The obtained Pearson correlation data show that the 

correlation coefficient between ROAA and NIM is 0.671 

(medium correlation, Sig.=0.000), the correlation 

coefficient between CA and TL is (-)0.346 (weak 

correlation, Sig.=0.000), between CR and NIM is 0.204 

(weak correlation, Sig.=0.041), suggesting that the 

correlative relationships between the correlation 

coefficients are significant. In turn, the correlation 

coefficient CA and GDP is 0.043 (very weak correlation, 

Sig.=0.667), and between CR and GDP is 0.091 (very 

weak correlation, Sig.=0.367) indicating that the 

correlative relationships between these indicators are not 

significant. Therefore, the authors conclude that the most 

appropriate indicators for inclusion in the regression 

model are ROAA, NIM, CA, CR and TL. 

The data summarized show that correlation coefficient 

between ROAE and CA is (-)0.235 (weak correlation, 

Sig.=0.018), and between ROAE and CR is (-)0.242 

(weak correlation, Sig.=0.015). Considering the 

correlation results obtained, it can be concluded that all 

indicators can be used in the regression model. 

Other authors in their research, for example, Goddard et 

al (2004), performing correlation analysis discovered that 

there is a positive correlation between TL, INF and GDP 

[5], Sufian and Chong (2008) maintained the same about 

CA, TL, GDP and INF [34]. Also the scientists 

performing correlation analysis of bank profitability 

indicators found out that there are weak or very weak 

correlations between bank profitability and internal and 
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external indicators , as well they created regression [35; 

36; 11]. 

On the basis of the previous research by other scholars, 

descriptive statistics and correlation data, the authors 

developed two types of regression analysis models.  

Regression models comprise bank indicators that are 

shown as functions (see functions 1 and 2): 

ROAA= f (NIM,CA,CR,TL)    (1) 

ROAE=f(CA,CR,TL,NIM,INF,GDP)  (2) 

The established statistical data in Table 2 of ROAA 

model demonstrate that the model explains 53.6% (R 

square) of the total variance, while the Durbin-Watson 

statistical coefficient is 1.153. 

Table 2 

ROAA Statistical Indicators (Latvian Commercial Banks) 

Model R R Square Adjusted R Square Std. Error of the 

Estimate 

Durbin-Watson 

1 2 3 4 5 6 

1 0.732
a
 0.536 0.517 2.60261 1.153 

a. Predictors: (Constant), TL, NIM, CR, CA 

b. Dependent Variable: ROAA 

 

Anova analysis of variance shows that this model is 

statistically significant (Sig.=0.000). In order to 

determine the optimal regression equation model, the 

authors also tested model coefficients for statistical 

significance. Table 2 presents the summarized data on 

regression equation coefficients for the first regression 

equation model. 

The data summarized in Table 3 show that the following 

coefficients are statistically significant: NIM 

(Sig.=0.000˂0.05), CR (Sig.=0.025˂0.05), TL 

(Sig.=0.001˂0.05), while the coefficient CA 

(Sig.=0.104˃0.05) is not statistically significant, thus, it 

can be concluded that NIM (positively), CR and TL 

(negatively) can affect ROAA indicator. Thus, it may be 

concluded that NIM can (positively) affect ROAA, which 

testifies to the fact that banks are able to balance their 

interest expenses and the amount of deposits [20]. At the 

same time, CR and TL can (negatively) affect ROAA, 

which indicates that the supervision of the lending risks 

at the banks is weak [37], and/or there is a large weight of 

bad debts [38]. 

Table 3 

Regression Equation Model (ROAA – Latvian Commercial Banks) 

Model Unstandardized Coefficients Standardized 

Coefficients 

T Sig. 

B Std. Error Beta 

1 2 3 4 5 6 

1 

(Constant) -2.270 0.903  -2.513 0.014 

NIM 1.680 0.164 0.734 10.244 0.000 

CA -0.047 0.029 -0.123 -1.640 0.104 

CR -0.003 0.001 -0.162 -2.274 0.025 

TL -0.044 0.013 -0.249 -3.336 0.001 

Dependent variable: ROAA 

 

In turn, the statistical data in Table 4 of ROAE model 

show that the model explains the 19.4% (R Square) of the  

total variance, but Durbin-Watson statistical indicator is 

1.364.

Table 4 

ROAE Statistical Indicators (Latvian Commercial Banks) 

Model R R Square Adjusted R Square Std. Error of the 

Estimate 

Durbin-Watson 

1 2 3 4 5 6 

1 0.441
a
 0.194 0.143 43.90262 1.364 

a. Predictors: (Constant), GDP, TL, CR, INF, NIM, CA 

b. Dependent Variable: ROAE 

 

Anova analysis of variance also shows that this model is 

statistically significant (Sig.=0.002) and in its turn the  

authors tested the model coefficients for statistical 

significance, as it is seen in Table 5. 
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Table 5 

Regression Equation Model (ROAE – Latvian Commercial Banks) 

Model 

 

Unstandardized 

Coefficientss 

Standardized 

Coefficients 

T Sig. 

B Std. 

Error 

Beta 

1 2 3 4 5 6 

1 (Constant) 0.162 16.686  0.010 0.992 

CA -1.313 0.486 -0.272 -2.703 0.008 

CR -0.065 0.024 -0.259 -2.725 0.008 

TL -0.270 0.225 -0.120 -1.203 0.232 

NIM 6.936 2.781 0.239 2.494 0.014 

Dependent variable: ROAE 

 

Considering the regression coefficients of statistical 

indicators (Table 5), they show that the statistically 

significant factors are the following: CA 

(0.008˂Sig=0.05), CR (0.008˂Sig.=0.05), NIM 

(Sig.=0.014˂0.05), while the coefficients of TL, INF and 

GDP are not statistically significant, based on that it can 

be concluded that CA, CR (negatively) and NIM 

(positively) can affect bank ROAE indicator. Negative 

CA value testifies to the fact that bank capital 

management structure is inefficient [38]. 

5.  CONCLUSIONS 

Based on the hypotheses put forward by the authors in 

the methodological part of the article, hypotheses H1, H4, 

H5 and H6 have been completely proven, but hypotheses 

H2 and H3, as a result of the Pearson correlation, were 

excluded from further analysis, since they demonstrated a 

very weak correlation.  

The studies conducted on the issue and the research by 

the authors on bank profitability demonstrate that there is 

correlation among the indicators, however, bank 

profitability can also be affected by various factors, for 

example, lending policies of each particular state and 

concentration of banks. For example, Alexiou and 

Sofoklis (2009) found the correlation between ROAE and 

GDP and also discovered when these data together can 

ensure profitability [39]. The same can be said about 

ROAA and external indicators of bank performance. In 

the literature it has also been discussed that internal 

indicators such as credit risk can influence ROAE. 

Researchers from Tunisia suggest that when there is a 

positive autocorrelation between ROAA and internal and 

external indicators, there is the same correlation with 

ROAE, and they can influence bank profitability. 
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ABSTRACT 

 
The paper analyzes current state of innovation 
development and its influence on business sustainability 
in Russian environment on the basis of data acquired from 
innovatively active region – Republic of Tatarstan. 
Evaluation includes analysis of statistics on regional 
innovative development, performed by means of 
qualitative analysis and evaluation of innovative 
efficiency dynamics, and evaluation of innovation process 
efficiency on business sustainability, performed for a 
sample of Tatartstan companies and evaluated 
quantitatively. Quantitative evaluation was performed by 
means of correlation analysis done with SPSS Statistics 
on a sample of 150 evaluated questionnaires, acquired 
from local companies with a wide range of performance. 
To conclude the research several suggestions on 
managing regional innovation, based on performed 
analysis, are presented. 
 
Keywords: Innovation, Innovation process, Sustainable 
development, Innovation infrastructure, Regional policy, 
Business Sustainability. 
 
 

1.  INTRODUCTION 
 
In the current context of globalization and post-industrial 
economy, the emergence of new information technologies 
that expand intercontinental activities, internationalization 
innovation becomes one of the key factors of business 
development and success. This creates extra challenges 
for development of the national economic systems, which 
are to provide both soft and hard factors to ensure 
changes, appropriate for post-industrial society, in the first 

place - stimulate the innovative component of socio-
economic systems’ development to overcome existing 
risks. These processes are followed by a qualitative 
transformation of the institutional environment, which 
leads to redistribution of property rights and growing 
public sector which implements social innovation.  
 
As literature suggests, ensuring sustainable innovative 
development in highly dependent on creation of effective 
national innovation system, that allows efficient 
transformation of new knowledge into qualitative results: 
conditions, processes, technologies, products, etc. [4]. In 
particular case of Russian innovative development, 
innovation-oriented trend of development is influenced by 
institutions development – hence it becomes important to 
evaluate instruments of state support used in the 
framework of the innovation strategy, focused on the 
formation of the legal and regulatory framework that 
promotes the development of innovation. In this paper we 
tend to evaluate the described process by analyzing 
tendencies of innovational development in the Republic of 
Tatarstan, one of the well-developed regions in Russia in 
terms of innovation support and dynamics. On the basis of 
this analysis we aim to evaluate best practices of this 
region to state optimal instruments for achieving positive 
influence of innovation development on business 
sustainability. 
 
To achieve this goal in this paper we perform both 
qualitative and quantitative analysis to prove hypothesis 
of how innovation development affect business 
sustainability in institutionally underdeveloped 
environment. 
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2.  LITERATURE REVIEW 

 
Research on innovation for sustainable business 
development is widely present in the literature; despite the 
fact that category “innovation” itself is the one that is not 
yet clearly defined. This research begins with Kondratyev, 
who explored the cycles of economic development, and 
proved that significant technological changes appear at 
the beginning of each major cycle, and also concluded 
that the implementation of the research and development 
results into practice is a key factor in acquiring desired 
economic condition [9]. Schumpeter [19] has identified 
innovation as new combinations of resources and 
substantiates, which are used to increase economic 
activity through the creation and implementation of 
innovations. Mensch [14] linked the pace of economic 
growth with the advent of basic innovations, and noted 
that development of industrial enterprises provokes 
innovational activities and hence promotes sustainable 
growth of enterprises, while the exhaustion of the main 
innovations capacity makes businesses unsustainable. 
Ikudzhiro H. and Takeuchi H. [8] outline that a major 
factor in the enterprises’ success is the ability of the 
company as a whole to create new knowledge, 
disseminate it throughout the organization and translate 
into products, services, systems. But all of the above 
mentioned authors agree on innovations influence onto 
business performance. 
 
Evaluation of existing literature which evaluates the 
results on motivation to innovate and its influence on 
company performance and market perspectives of new 
product shows, that the majority of studies are concerned 
with organizational culture and creativity as drivers of 
motivation to innovate and hence drivers of company’s 
innovativeness [13], identification of values and 
assumptions of innovation development [5], the role of 
openness in promoting innovative motivation [20]. The 
problem was also evaluated from managerial point of 
view: the researches investigate the role of learning 
orientation in creation of motives to innovate on 
enterprises’ level [3], and multidimensional nature of 
motivation to innovate [2]. These studies indicate that 
current literature considers innovational development to 
be an important factor of business sustainability in 
turbulent environment. 
 
Analysis of Russian literature indicates lack of studies on 
employee on influence of innovation onto business 
performance. Existing studies pay attention to innovation 
dynamics [10], implement theoretical frameworks of 
innovation process [6], deal with management of 
innovation activity [22] or rank innovative practices and 
evaluate relevant methodology [7] – and almost all of 
these studies avoid use of quantitative data. The reason 
for low interest towards studying innovative performance, 
which is named by the country officials a priority of 
national economy development, can be explained by the 
fact that innovative products provide less than 1% of 

Russian GDP [17], and the tendency is the same for at 
least last 10 years [11]. At the same time, Suslov noted 
that low efficiency of the Russian innovation system is 
directly connected with absence of development synergies 
between regional innovation systems [21]. 
 
In accordance with existing state of art we set the 
following research question: how innovational 
environment influences business sustainability in case of 
Russian enterprises. 
 
 

3. METHODOLOGY AND DESCRIPTIVE 

STATISTICS 
 
The paper approaches research question by means of 
abstract logical and systematic methods of content 
analysis of sustainable development of innovation based 
economy based. To determine key development 
objectives are used: statistical analysis; institutional 
analysis, situational analysis to identify critical situations 
and ways to resolve them.  
 
For the purposes of this paper we have implemented a 
survey on innovation factors in which 150 questionnaires 
were acquired from Tatarstan enterprises, and in 128 it 
was stated that companies had implemented innovation 
recently. The majority of these companies had 
implemented innovation in the past years (see Table 1). 
 
Table 1. Structure of innovation in researched companies 

(type of innovation) 

 Frequency Percent 
Cumulative 

Percent 

Organizational 
innovation 

11 8.6 8.6 

Managerial 
innovation 

26 20.3 28.9 

Technological 
innovation 

91 71.1 100.0 

V
al

id
 

Total 128 100.0  

 
As it can be seen from the Table 1, the majority of the 
surveyed companies had implemented technological 
innovation, for which incentives are created in national 
innovation system. The companies we researched operate 
in local, national and international markets (see Table 2). 
 
Table 1. Structure of innovation in researched companies 

(type of operating market) 

 Frequency Percent 
Cumulative 

Percent 

Local market 42 32.8 32.8 

National market 49 38.3 71.1 

International 
market 

37 28.9 100.0 V
al

id
 

Total 128 100.0  
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As it can be seen from the table, all three major types of 
enterprises were present in our survey.  
 
It is also worth mentioning, that different types of 
respondents were questioned within the survey (see 
Tables 3 and 4 for details). 
 

Table 3. Background of respondents (by education) 

 Frequency Percent 
Cumulative 

Percent 

Engineering 92 71.9 71.9 

Science 3 2.3 74.2 

Management 8 6.3 80.5 

Sales 2 1.6 82.0 

Other 23 18.0 100.0 

V
al

id
 

Total 128 100.0  

 
As it can be seen, the majority of respondents have 
engineering background, thus providing some limitations 
of the study. 
 

Table 4. Background of respondents (by age groups) 

 Frequency Percent 
Cumulative 

Percent 

<25 14 10.9 10.9 

25-30 32 25.0 35.9 

31-40 44 34.4 70.3 

41-50 32 25.0 95.3 

51-60 6 4.7 100.0 

V
al

id
 

Total 128 100.0  

 
Age group distribution of respondents was balanced. Thus 
in evaluation of the results we only are to consider 
limitations provided by respondents’ background. 
 
Acquired quantitative data was evaluated by means of 
SPSS Statistics software. 
 
 

4.  MAIN FINDINGS 
 
Description of Tatarstan as pilot region for sustainable 

innovation 
As it was stated in the introductory section, our research 
was based on the data from Tatarstan. The Republic of 
Tatarstan is one of the most economically developed 
regions of the Russian Federation, which makes a 
significant contribution to its economy. The share of the 
Republic of Tatarstan in the economy is as follows: 
regional share f the gross domestic product of Russia - 
2.9%; of industrial production - 3.8%; of the agricultural 
production - 4.5%; in case of fixed assets - 4.0%; in case 
of retail trade turnover - 3.0%. This region also produces 
6.3% of Russian oil production, more than half of the 
Russian production of polyethylene, 47% of synthetic 
rubber, 30% trucks, 31% of car tires. On volume of gross 
regional product of the republic occupies the 7th place in 
Russian Federation, agriculture - 3rd place, the volume of 

industrial production and investment in fixed assets - 5 
place, construction - 6th place, housing construction, and 
retail trade turnover - 8th place [16]. At the same time this 
region’s model of innovative development is considered 
best practice in Russia, and this is illustrated by the 
growth rate of innovative products in regional economy 
(see Figure 1). 

 
Fig.1 Volume of innovative products produced in 

Tatartan, billion rubles [16] 
 
In 2013, 21% of large and medium enterprises of the 
Republic of Tatarstan were engaged in innovative 
activities – and this is higher than a year earlier. The 
proportion of organizations involved in technological 
innovation in the total number of organizations in 2013 
amounted to 18.7 percent (in 2012 - 16.9 percent). Sales 
of innovative goods, works and services of own 
production in the republic in 2013 has increased in 
comparison with 2012 by 18.3 percent and amounted to 
322,320 million rubles. 
 
The share of shipped innovative products in the total 
volume of goods shipped, works and services of own 
production by organization of industry and services 
increased in comparison with 2012 by 2.7 percent and 
amounted to 21.1 percent. The majority of these 
innovative products and services are produced in 
manufacturing sector, followed by service sector. 
 
Total costs of research and development in Tatarstan 
alone the timeline is present on Figure 2. 
 
As can be seen from the Figure, the volume of domestic 
expenditure on research and development in the Republic 
of Tatarstan in the last decade has been growing with the 
same pace, an increased more than 9 times in 13 years. 
The volume of total (capital and operating) costs of 
technological, marketing and organizational innovation in 
2013 increased by 40 percent compared with 2012 and 
amounted to 64.9 billion rubles – as a result of the policy 
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implemented by regional authorities in creating incentives 
for innovative activity (i.e. technology and industrial 
parks, business incubators, organized search for talent and 
other relevant measures) this indicator the Republic of 
Tatarstan is the third largest after the Krasnoyarsk 
Territory and Samara Region. 
 

 
 

Fig.2 Total investments in research and development in 
Tatartan, billion rubles [16] 

 

Of the total expenditure on technological innovation has 
to 64.4 billion rubles, or 99.3 percent. The shares of the 
costs of marketing and organizational innovations are 
insignificant. 
 
An important element of the regional model of innovation 
management is scientific and industrial zoning, including 
creation of industrial production zone "Alabuga" (and a 
few smaller industrial parks, especially in mono-profile 
cities of the region), formation of scientific and 
educational clusters. At the moment PT has 14 industrial 
parks, including one of the largest on the occupied areas - 
Kama Industrial Park "Master", Technology Park “Idea”, 
5 business - incubators, 6 investment and venture capital 
funds. All of the above mentioned elements of regional 
innovative structure provide a platform for innovative 
development of regional enterprises. 
 
Correlation analysis 
In order to evaluate sustainability of innovative 
enterprises we have performed correlation analysis of the 
data acquired within a survey (see Table 5). As the factor 
of the sample had a normal distribution, we have used 
Pearson correlation to evaluate the results comparing 
innovation process and business sustainability. 
 
 

Table 1. Correlation analysis of enterprises innovation process resource efficiency, quality of government regulation and 
business sustainability indicators 

  FRE LRE IEQ QGR FSC GR 

Pearson correlation 1 ,657** ,797** ,719** ,649** ,625** 

Sign. (2-tailed)  ,000 ,000 ,000 ,000 ,000 

Financial resources efficiency in 
innovation process (FRE) 

N 125 119 115 106 107 102 

Pearson correlation ,657** 1 ,739** ,706** ,798** ,730** 

Sign. (2-tailed) ,000  ,000 ,000 ,000 ,000 

Labor resources efficiency in 
innovation process (LRE) 

N 119 122 115 104 104 100 

Pearson correlation ,797** ,739** 1 ,692** ,752** ,808** 

Sign. (2-tailed) ,000 ,000  ,000 ,000 ,000 

Innovative environment quality (IEQ) 

N 115 115 119 104 105 102 

Pearson correlation ,719** ,706** ,692** 1 ,835** ,715** 

Sign. (2-tailed) ,000 ,000 ,000  ,000 ,000 

Quality of government regulation 
(QGR) 

N 106 104 104 106 102 99 

Pearson correlation ,649** ,798** ,752** ,835** 1 ,800** 

Sign. (2-tailed) ,000 ,000 ,000 ,000  ,000 

Financial stability coefficient (FSC) 

N 107 104 105 102 107 100 

Pearson correlation ,625** ,730** ,808** ,715** ,800** 1 

Sign. (2-tailed) ,000 ,000 ,000 ,000 ,000  

Growth rate (GR) 

N 102 100 102 99 100 102 

**. Correlation significant at 0,01. 

*. Correlation significant at 0,05. 
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In the performed analysis sustainability of enterprises 
development was evaluated by two factors: financial 
stability coefficient as a indicator of long-term financial 
sustainability of the business; and growth rate in terms of 
market share of the company as an indicator of 
sustainable growth. 
 
Our analysis indicates, that both coefficients which were 
used to evaluate sustainability of company performance, 
are strongly correlated with efficiency of resources use 
within an enterprise, and quality of administrative 
procedures and innovation environment. This finding 
supports the findings from existing literature which 
indicate importance of the mentioned factors [1, 15, 18], 
which appear to be true also in Russian environment. 
 
 

5.  DISCUSSION AND CONCLUSIONS 

 
Our research allows development of a number of 
conclusions, which extend existing knowledge on 
innovation process influence onto business sustainability 
in such institutionally underdevelopment environment of 
Russian regions. 
 
First, literature suggests, that focusing on the creation and 
accumulation of own breakthrough innovation becomes 
sustainable if based on partnerships of business, 
government and society, which are supported by 
appropriate infrastructure development (technological 
parks, innovation incubators, centers of prototyping and 
commercialization of technologies and so forth) [15, 21]. 
This thesis is partly supported by our findings, which 
indicate increasing quality of innovation process in 
Tatarstan where relevant infrastructure is developed. This 
adds to existing literature by searching the importance of 
infrastructure in institutionally underdeveloped 
environment. 
 
Second, our correlation analysis had indicated strong 
positive correlation between sustainability of company 
performance, are strongly correlated with efficiency of 
resources use within an enterprise, and quality of 
administrative procedures and innovation environment. 
This quantitative evaluation adds value to existing 
literature by performing relevant analysis in Russian 
environment. 
 
Thus, our research indicates that in order to activate the 
innovative activity of regional enterprises a mechanism 
of infrastructure development should be implemented 
efficiently. It is also necessary to increase support for 
research and inventive activity, stimulation of authors of 
scientific discoveries, inventions, and subjects of 
copyright and related rights. It also seems significant to 
ensure building a coherent system of institutions, 
ensuring effective interaction of scientific institutions and 
commercialization structures, which support regional 

business in development of sustainable innovation based 
model. 
According to the above described findings, the main 
areas of future research are derived from the limitations 
of the study. First, our sample limited by only Tatarstan 
companies, thus results might not be repeated in case of 
other regions of Russia. In future we plan to expand our 
research on other regional environments to compare 
importance of infrastructure support throughout different 
environments.  
 
Second, we have not provided quantitative evaluation of 
innovative environment, and performed only expert 
analysis which was further used for correlation analysis. 
In future research we intend to evaluate regional 
innovation climate and infrastructure by using 
quantitative characteristics instead of expert opinions. 
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ABSTRACT 

Making the observation of export incomes in the 

Balances of Payment (BoP) of the Baltic States it was 

observed that there was no coherency between trends of 

rail and sea transport service income level. This study 

was aimed at the examination of this phenomenon in 

order to understand what causes service income level 

differences and if it influences the competitiveness of 

transit corridors of the Baltic States. A combination of 

statistical methods for data processing was used: 

grouping, extension and graphical representation as well 

as trend analysis.  

It was concluded that total seaport-rail charge level in 

international transportation has an increasing trend, where 

rail service charge level rises faster than that in maritime 

service. Incoherence and duplication of processes, 

inelastic charge regulation as well as uneven capacity 

usage affect the competitiveness of the observed transport 

corridors and are not compensated by market mechanism 

and, therefore, should be taken into account when 

developing strategies for improving transit corridor 

competitiveness.  

Keywords: competiveness of transit corridors, rail 

and sea transport service in Baltic States, logistic chain, 

charge coherency 

1. INTRODUCTION 

The geographical position of the Baltic States gave 

historical impulse for development of sea transit business. 

The share of freight transportation services export in total 

services export according to BoP in 2012 was 50.4% for 

Latvia, 60.2% for Lithuania, for 39.2% Estonia. The 

dynamics of the sea and rail transportation services 

export in the Baltic States are different; but all have had 

an increasing trend in the last decade. This could be due 

to a rapid export growth of neighboring countries in the 

petroleum, petroleum products, coal, fertilizer and other 

goods and the increase in the import of consumer 

products. 

The audit company’s KPMG International [15] made 

a statement that the share of the sea and rail 

transportation services export in the Baltic States in the 

Baltic Sea basin has dropped in the last decade due to the 

progress of Russian seaports where a variety of ambitious 

projects were realized [9]. There are also possible 

changes in transportation directions to other Russian 

basins available. Asa a result, Russian seaports’ capacity 

provided transhipment of 90.0% of metal, 75.5% of coal, 

53.2% of fertilizer, 50.4% of ores and 89.0% of liquids 

[13]. Further development of Russian seaports could 

redirect existing cargo flows to Russian transit corridors 

if the Baltic States’ transit corridor had no competitive 

advantage. Similar conclusions made World Bank’s 

experts [25] in the study on competitiveness of Latvian 

seaports, initiated the Ministry of Transport of Latvia in 

2013. The encouragement of port competitiveness was 

stressed in all Baltic countries; however, there wasn't 

common understanding of what drives transport flows to 

one or other direction. Therefore, diverse compositions of 

factors that determine port competitive ability were 

mentioned in different studies (for instance: [8], [15], 

[26]). 

It is important that exported transportations services 

in observed countries are mostly not single modal, but are 

the parts of international logistic chains that include 

different kinds of services and transport modes both 

inland and out of board. That is why the coherent and 

uniform development of all logistic chain parts and their 

interconnection is relevant. Therefore, the factors of 

competitiveness in the transit corridors could be divided 

in two big categories: (1) analyzing each of the logistics 

chain operator's activities and (2) analyzing the 

functioning of the logistics chain. While sufficient 

attention is given to the first category, the other is not 

currently explored in detail. 

Each state in the Baltic region has its own strategy of 

cooperation with a different extent of integration among 

the partners of a logistic chain and it is still unclear what 

kind of factors force them.  In Estonia, there is a Logistic 

cluster. In Lithuania, there is an international East West 

Transport Corridor (EWTC) project. In Latvia, there is an 

association of transit businesses, which is the less 

integrated form of cooperation among the Baltic States. 

The Latvian Ministry of Transport launched the project to 

create a so-called Latvian single "super expeditor" [19]. 

The initiative was recognized as "unnecessary" and 

"monopoly and corruption stimulated", while several 

players said that the industry really suffered from the lack 

of coordination between ministries and public institutions 

as well as insufficient promotion of the transport and 

logistics services. Therefore, the Ministry’s initiative was 

limited to the "one stop shop" concept of the 

"International Freight Logistics and Port Information 

System" (SKLOIS) [17] aimed at single electronic 

movement of information and documentation flows.  
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This study was aimed at analyzing of the existing 

situation and the options of different forms of logistics 

chain cooperation to provide coherent and competitive 

price level of transit corridors in the Baltic States. 

The execution of this study was affected by the lack 

of statistical data related to the overall approach to 

measure the performance of the transport sector with the 

non-financial indicators, as well as confidentiality of the 

financial data. The work of the analysis is based on the 

authors’ constructions of the available data for rail and 

maritime transportation -  BoP data for maritime and rail 

transport services exports of the Baltic States, extending 

them to the volume of international movement in tones. 

Therefore, the evaluation of conclusions should be made 

in strict connection with the context and assumptions of 

the study.  

A combination of statistical methods for data 

processing was used: grouping, extension and graphical 

representation as well as trend analysis.   

Despite the fact that the strongest competitor in the 

Baltic region is Russia, reliable and comparable statistical 

data of the Baltic region of this state is not available, so 

the authors failed to assess whether the processes that 

have been investigated in the study are relevant to the 

Russian transport sector. Due to Eurostat changes in the 

grouping of cargo in 2008, the retrospective of the 

analysis in Chapter 3 was limited by the period 2008-

2013.  

2. THE RELATIONSHIP BETWEEN TRENDS 

OF INTERNATIONAL RAILWAY AND 

MARITIME REVENUES 

The transport statistics is given mostly in non-financial 

form. It gives a clear picture of the goods carried, their 

quantity and composition, but such prominent figures as 

provided value added and productivity could not be 

inferred due to their combination with the financial 

information of other types of services. The detailed 

information on request is not provided as well, given that 

it is related to few companies only and, therefore, is a 

commercial secret. In this context, the components of the 

rail-maritime service total price were analyzed by 

combining indirect indicators from various sources. 

The analysis was based on data of maritime and rail 

transport services exports, related to the main cargoes 

handled at the ports in tones for maritime transport and to 

international movement loaded in tones for rail transport 

(see Table 1). The findings made in this manner may not 

be comparable (without the assumption of different 

expression) to measure the price level in the countries 

concerned, but they are reliable enough to see the 

resulting ratio of the growth dynamics.  

It could be observed on Figures 1-3 that only 

Lithuania demonstrates coherency between dynamics of 

revenue for both transport modes, but in Latvia and 

Estonia (after clearly tipping point around the time of 

2003 to 2004) the revenue per ton varies from one 

transport mode to another. This variation has different 

manner: the higher revenue per one tone in rail 

transportation was obtained, the lower it was in maritime 

transportation in Latvia and there is the opposite trend in 

Estonia.  

 

 
 

Figure 1. The Relationship between Trends of 

International Railway and Maritime Revenues in Latvia 

Note: Log. – Logarithmic trenline 

Source: Authors’ composition based on Table 1 data 

Statistical analysis showed that determinations 

between maritime transport and rail transport price level 

differ in all observed countries (strong in Lithuania and 

very low in Estonia). There are different kinds of 

relationship (direct in Lithuania, opposite in Latvia and 

none in Estonia) between international railway and 

maritime revenues in all the observed countries.  

So the trends in income redistribution between 

opposing logistic chains are not compensated by market 

mechanism and one or more additional factors should be 

taken into account when developing strategies for 

improving transit corridor competitiveness. 

 

Figure 2. The Relationship between Trends of 

International Railway and Maritime Revenues in 

Lithuania 

Note: Log. – Logarithmic trenline 

Source: Authors’ composition based on Table 1 data 

For understanding possible reasons, an analysis of 

highly quotable sources of literature was used. It was 

found, that researchers emphasize the management 
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reasons of income redistribution: diversity in corporate 

culture, policies and procedures of the strategy of supply 

chain participants [12], a mismatch of the aims and 

objectives [4], lack of cooperation [14], distrust and 

suspicion between the organizations, as well as 

apprehension of information and uncertainty with 

performance measurement systems [5], [18], [3]. There is 

also the economical reason: the market mechanism 

redistributes surplus among logistic chain participants in 

uniform way and under similar conditions, where 

participants with the higher degree of monopolization 

have a higher premium [16].  

 

 

Figure 3. The Relationship between Trends of 

International Railway and Maritime Revenues in Estonia 

Note: Log. – Logarithmic trenline 

Source: Authors’ composition based on Table 1 data 

The above-mentioned sources discuss mainly similar 

logistic chain that is not relevant to the Baltic States’ case 

where multiproduct transportation could be observed. A 

brief overview of the freight transportation trends ([1], 

[10], [11], [13], [21], [22], [24]) in the Baltic Sea region 

shown that: 

− Total cargo flow in Baltic sea region has grown 

significantly in the observed period; 

− The Baltic States’ sea ports have strong competition 

with developing Russian sea ports in the same region. 

Coal and oil cargo traffic have trend to turn to other 

transport modes and other sea basins; 

Specialization trends for Baltic States ports could be 

observed: Latvia in bulk cargoes, Lithuania in dry and 

general cargoes and Estonia in liquid cargoes. According 

to Eurostat the share of coal in Latvian total traffic was 

zero in 2000, but it reached 37% in 2012.  

Each of the observed logistic chains contains a rail 

state monopoly, which is influenced more by national 

policy and less by market mechanism. Microeconomic 

theory states that a monopoly position allows setting 

prices that are higher than the perfectly competitive 

market prices. It could be logical, that if rail charge is 

mostly slowly increasing then competing sea ports are 

compelled to lower their charges. This may cause the 

situation where non-monopolized members of the logistic 

chain become dependent on the monopolized 

"neighbor’s" price level and are forced to set the price, 

which is the gap between market total price and the 

monopolized participant’s price. In Latvia the relative 

revenue reduction in the maritime transport may be 

associated with the increasing share of "cheap" goods.  

These processes could be influenced by charging 

processes in imperfect competition circumstances. Rail 

infrastructure managers are natural monopolists for 

domestic market and olygopolists for transit corridor, port 

infrastructure managers – olygopolists, but operators (rail 

undertakers, stevedoring, etc.) are mostly monopsonists 

(usually deal with a specific product groups and work 

with specific products shippers). From theoretical point 

of view this fact indicates that the Lerner Index [2] 

(relative difference between price and marginal cost) 

should be naturally different from zero for the mentioned 

market stakeholders and its deviation depends on the 

level of market imperfection and the ability of state 

regulation to deal with it. The same Lerner index for 

maritime transport is much closer to the solitary [20] and, 

therefore, the maritime transport has double pressure on 

charges.  

Admittedly, certain charge regulation cannot deal 

with this problem. Firstly due to possibility to control 

only a part of market (related to infrastructure) and, 

therefore if once infrastructure charges were 

administratively reduced, the surplus would be taken over 

by the next logistic chain member with greater 

monopolization position (probably operators and 

stevedores) and the total price level of transit corridor 

would not lower. Secondly, due to asymmetric 

information as publically available data is not enough to 

make accurate calculation for charge regulation. Lastly 

due to lobbying processes taking place in the regulation. 

Thus, the assessment of equitable redistribution of 

margins can be done by evaluating specific projects only 

when the data is fully available. However, this may cause 

a risk of cartelization. 

It can be concluded that the price level of one member 

of the logistics chain changes the price level of other 

members of the logistics chain in one direction only: 

price increases in the more monopolized logistic chain 

part reduce prices of the more competitive part. 

Assessment of trends indicating a potential scenario 

shows that the difference between the price levels of rail 

and sea transport price level will continue to rise in favor 

of rail transport. The existing market mechanism and its 

regulation do not ensure the correction of the situation. 

Taking into account the tendency to transport units with 

the lowest proportion of value-added, it would be 

necessary to improve the logistics chain collaboration 

between participants. Next chapter is dedicated to an 

examination of the possible cooperation mechanisms 

among the members of logistics chain and of the impact 

to the coherent and competitive price level of transit 

corridors.    
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Table 1.  

Export of Services and International Cargo Movement for Rail and Maritime Transport in the Baltic States in 

2003−2012 

 
2003 2004 2005 2006 … 2010 2011 2012 

Export of services (milj EUR) 

Rail 

Estonia 160900 205600 133800 123900 … 102600 88500 123300 

Latvia 129871 134082 172201 182829 … 257320 342302 371512 

Lithuania 65770 75930 60460 74720 … 195800 271480 326980 

Maritime 

Estonia 146200 188400 184300 221200 … 237200 247600 287900 

Latvia 172640 152694 178072 189595 … 101751 76692 94354 

Lithuania 94810 106080 164120 193280 … 377470 486870 529070 

Cargo loaded (ths t) 

Rail international traffic 

Estonia 38798 42812 41195 41961 … 25712 25524 22578 

Latvia 42343 44062 46523 41486 … 44179 53370 54614 

Lithuania 14229 16592 15729 16681 … 19600 24090 22323 

Rail transit traffic 

Estonia 0 0 0 0 … 0 0 0 

Latvia 3683 4568 5704 4840 … 3722 4822 4558 

Lithuania 23783 17156 19194 20197 … 14343 13194 12163 

Main seaports 

Estonia 47048 44808 46546 49998 … 46026 48479 43503 

Latvia 54652 54829 59698 56861 … 58691 67016 72723 

Lithuania 30242 25842 26146 27235 … 37869 42661 41033 

Revenue of export services per tone 

Rail 

Estonia 4,15 4,80 3,25 2,95 … 3,99 3,47 5,46 

Latvia 2,82 2,76 3,30 3,95 … 5,37 5,88 6,28 

Lithuania 1,73 2,25 1,73 2,03 … 5,77 7,28 9,48 

Maritime 

Estonia 3,11 4,20 3,96 4,42 … 5,15 5,11 6,62 

Latvia 3,16 2,78 2,98 3,33 … 1,73 1,14 1,30 

Lithuania 3,14 4,10 6,28 7,10 … 9,97 11,41 12,89 

Note: 2007−2009 are omitted for representation not for analysis 

Source: Authors ‘construction based on BoP and Eurostat 

 

3. AN EXAMINATION OF THE POSSIBLE 

COOPERATION MECHANISMS AMONG THE 

MEMBERS OF LOGISTICS CHAIN. 

Based on micro-economic theory, it may be predicted 

that those members of logistic chain that work in a 

competitive environment might lose their mark-ups in 

the context of the increasing competition between 

transit corridors and trend to serve cargo with low 

added value. Those mark-ups can go down to a 

negative value, and price cuts will continue until the 

price reaches the value of the marginal cost. The 

following price cutting would force attempts to “add” 

weak parts of the logistic chain to more monopolized 

companies or, in situation where this scenario is not 

possible for various reasons, would form an integrated 

structure to redistribute surplus.  

The European Commission in its efforts to 

liberalize the railway sector has determined that 

charging for all current monopolistic objects should be 

performed without discrimination to potential users 

and set at marginal cost level. Exploring such 

regulation in direct way, the surplus of the logistics 

chain with the observed mechanism will move to 

cross-border logistics chain members. As a result, the 

Baltic States probably will lose the added value, which 

according to Doing business indicator [26] is the 

lowest in region at the moment.  

So market regulation could probably work only in 

a case when all logistic chain members are the subject 

of single adjustment and aimed not only at reduction 

of mark up, but have ability to deal with common 

price distortion processes [7]. The market regulatory 

mechanisms must be able to provide similar 

performance to all the logistics chain, regardless of 
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their legal position. It has to act equally on state and 

local government enterprises pricing processes and 

commercial economic activity. Thus, the analysis of 

possible solutions ([23], [6]) of the logistic chain 

control treatment was done by evaluating (using scale

0-1, where 1 is the best possible result) of two 

main conditions: the ability to regulate in effective 

way versus ability to provide regulation. The results of 

the analysis could be observed in Table 2. 

 

Table 2  

The results of analysis and evaluation of regulation mechanism of the logistic chain 

Regulation 

mechanism 

Ability to regulate in effective way Ability to provide regulation 

Association 

− Certain freedom and independence of the 

members;  

− Clear relationships and obligations; 

− May agree on a common process: making a 

marketing research; strategy; lobbying. 

0,6 

− Low cost of networking  

− Cannot provide consolidation if ones can 

reap more benefits than other; 

− Cannot attract a significant amount of 

capital to carry out joint projects. 

0,3 

Cluster 

− Can include outside sector companies, state 

bodies, research institutions, etc.  

− Has an extensive support by European funds.  

− Can take a variety of legal forms for the 

organization. 

0,8 

− Members must ensure fulfillment of 

commitments; 

− Can combine the companies that are 

already involved in other types of 

associations (have other obligations).  

0,8 

Consortium 

− Can provide a specific service;  

− Requires a concerted effort of several 

members; 

− May participate in international tenders.  

0,7 

− Maintain the independence of economic 

activity; 

− Current legal regulation fail to provide 

full examination of this model. 

0,4 

Concern 

− Is in full control of the capital holder; 

− Is contrary to the European Commission's 

policy;  

0,5 

− Connects in the strongest possible way; 

− Provides centralization and unification 

of functions. 

0,9 

Pool 
− Can be recognized as a cartel agreement and 

thus the activity may be prohibited.  
0,4 

− Centralizes financial flows only. 
0,4 

Strategic 

alliance 

− Combining of functions occurs only by 

mutual agreement; 

− Ability to describe limitations related to the 

different legal position of members; 

− Can join also competitors, which can combine 

their efforts in any area. 

0,8 

− Reduces the information risks in 

investment projects and promotes the 

effective use of resources; 

−  Affects competition; 

− The members can keep their existing 

structures and other features of 

independence.  

0,6 

Source: Authors’ composition  

 

Summing the evaluation of different regulatory 

mechanisms, it can be concluded that the best form of the 

adjustment of market imperfections in logistics chain can 

be recognized clusters based on public (state) initiative. 

This instrument is able to provide socially significant 

projects aimed at increasing of the common welfare; to 

increase the investment attractiveness of transit sector; to 

involve in projects related interdisciplinary activities.  

The results of this analysis explain differences in 

coherency of the revenue level in the Baltic States; the 

highest coherency is reached in Lithuania where second 

best regulation mechanism is implemented. In Estonia the 

best mechanism does not work properly due to cluster 

formation around the seaport of Tallinn, therefore the 

surplus is shifted to maritime transport. In Latvia the 

weakest regulation mechanism is explored at the moment, 

therefore incoherence and duplication of processes, 

inelastic charge regulation for monopolized logistic chain 

participants as well as uneven capacity usage affect the 

competitiveness of observed transport corridors and are 

not compensated by market mechanism tehrefore surplus 

is shifted to the monopolized participant of the logistic 

chain. 

4. CONCLUSIONS AND PROPOSALS FOR 

ACTIVITIES 

As a result of the study it could be concluded that total 

seaport-rail charge level in international transportation 

has an increasing trend, where rail service charge level 

rises faster than that in maritime service. The detected 

failures of the logistic chain market are not compensated 

by market mechanism and affect the competitiveness of 

observed transport corridors. The assessment of trends 

indicating a potential scenario showed that the difference 

between the price levels of rail and sea transport price 

level will continue to rise in favor of rail transport. 

Taking into account the tendency to transport units 

with the lowest proportion of value-added, it would be 

necessary to improve collaboration between participants 
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of the logistics chain. The analysis of possible solutions 

showed that the best form of the adjustment of market 

imperfections in transit services logistics chain can be 

recognized clusters based on state initiative, which 

provide a public-private partnership. It would be useful to 

encourage competing transport companies’ participation 

in cluster in order not to distort competition. 
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ABSTRACT 

 

The article is focused on the use of multivariate methods 

for creating the Corporate Sustainability Index (CSI) 

predictive model for measuring sustainability of industrial 

companies according to CZ-NACE, and on comparing 

these methods. The goal of this article is to propose a 

suitable CSI predictive model and to determine which 

financial and non-financial indicators can most influence 

a company tending to sustainability. To determine the 

CSILA predictive model, the Logistic Regression is used, 

and to determine the CSIMDA model, the method of 

Multiple Discriminant Analysis. However, based on the 

theoretical analysis of each method it is necessary to state 

that the methods cannot be unequivocally compared, even 

though each of these methods identified similar 

significant financial and non-financial indicators, 

coefficients and tests, which are interpreted analogically 

in the methods and are created in different ways. The 

results of the comparison of the methods for determining 

the predictive model CSI show that the logistic regression 

seems to be the best, which has a high percentage of 

correctly classified companies based on the calculated 

probability; in this case, the Gini index is also highest. 

The resulting classification of companies into different 

groups in comparing these two methods underwent 

significant changes as opposed to the classification of the 

companies according to the Data Envelopment Analysis 

method. The conclusions of the research of measuring the 

sustainability of the company show that currently - in 

addition to financial indicators - also non-financial 

indicators must be included in predictive models, namely 

the environmental indicator, the social indicator and the 

corporate governance indicator. It means that for the 

companies it has become a necessity to build a unified 

system for measuring sustainability of a company; this 

requirement has been confirmed also by managers of 

companies.  

 

Keywords: predictive models, multivariate methods, 

performance, sustainable corporate performance index, 

financial and non-financial indicators 

 

 

1. INTRODUCTION 

 

The term sustainable development was not used until the 

late 1980s when it appeared for the first time in the 

publication [1], also known as the Brundtland 

Commission Report. The result of the work of the 

Commission established by the United Nations was the 

setting up of the "global agenda for change" in the 

concept and practice of development, when the report 

pointed to the need to re-assess our way of life and 

governance [2]. The aim of national and international 

institutions is to ensure cooperation in individual fields of 

sustainable development, create concepts, indicators and 

models for its measurement OECD, UN, WBCSD, GRI, 

IFAC, and others. 

The theme of composite indicators and the creation 

and validation of quality of life and sustainable 

development indicators at three hierarchical levels 

(global, national and regional) were examined by [3]. 

Another example of a composite indicator can also be the 

Summary Innovation Index used in EU member states to 

evaluate their innovation performance, which is updated 

annually [4]. Most of these authors determine their 

composite indicators at the macroeconomic level. 

To evaluate the financial situation of a company, 

predictive models are used, which consist of a single 

summary indicator - a composite indicator. Predictive 

models therefore rank among summary indexes of 

company evaluation. Their goal is to express the overall 

financial and economic situation of the company using a 

single number. Models are compiled mainly on the basis 

of mathematical and statistical methods, with the use of 

discriminant analysis, logistic or probit analysis, and on 

the basis of practice from the analysis of companies and 

neural networks. The best known multivariate model is 

the Altman Z-Score, then for example the Taffler model, 

the Beerman discriminant function, and the Index of 

Credibility. Mathematical and statistical methods are 

sometimes combined with expert evaluation, by which 

expert systems are created, which provide overall 

assessment of a company using a multi-criteria 

assessment.  

The aim of this article is to use multivariate 

methods for creating the predictive model Corporate 

69

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)



Sustainability Index (CSI) to measure the sustainability of 

a company and their comparisons. The predictive model 

constructed in this way will evaluate the company on the 

basis of a purposefully selected set of non-financial and 

financial indicators. Non-financial indicators are in a 

causal link to the sustainability of the company expressed 

in financial indicators (for example ROE, ROA, ROCE, 

etc.). For creating the predictive model, the Logistic 

Regression a Multiple Discriminant Analysis is used; their 

suitability, accuracy and reliability is assessed. The results 

of the predictive model should allow informing about the 

direction to sustainability or about an unsustainable 

company. 

 

2.  THE CONCEPTUAL FRAMEWORK 

 

Many experts have been engaged in the prognosis of the 

future development of the company, and compiled both 

successful and unsuccessful predictive models. The work 

of American economists Beaver and Altman are 

considered the beginning of scientific work on this topic. 

Since the 60s of the 20th century, countless models were 

created anticipating the financial distress of the company. 

Bankruptcy predictors were not created only at 

universities and research institutions, but also in banks or 

for use by public authorities.  

According to the way of use, company predictive 

models and early warning systems can be divided into 

bankruptcy and credibility models. 

There are foreign bankruptcy models, which use 

various financial ratios and predict insolvency or 

bankruptcy of a company in advance. Among them there 

is, for example, the known model of Professor Altman, Z-

score models [5]. British scientist Richard Taffler 

proposed a model on the basis of Altman’s model for the 

analysis of British companies; this model was 

subsequently supplemented and improved. It uses 80 ratio 

indicators in analyzing bankrupt and solvent companies 

[6].  

In practice, other bankruptcy models are used, 

such as the Beaver profile analysis 1966, the Beerman 

discriminant function, the Springate model, Zmijewski the 

Ohlson model. Bankruptcy models belong to the ex ante 

analysis; its goal is to prolong the current situation into 

the future, predict how the company will develop in the 

next 3 to 5 years, and point out in advance a possible 

threat to financial health.  

Predictive models include, for example, Kralicek 

rapid test, Tamari model, Index of bankrupty, Rudolf 

Doucha’s system of balance analyses, Grünwald index of 

credibility and others. Mr and Ms Neumaier with their IN 

indexes were engaged in the evaluation of financial health 

of Czech companies [7].   

At present, nobody seems to be able to determine 

exactly how many models, whether based on a Logit 

model, Probit model or on multiple discriminant analysis 

have been formed and actively used. Known predictive 

models, which consist also of non-financial indicators, are 

- for example - the model of the assessment of companies 

created by Argenti, or by H. Pollak. 

Authors [8] analyzed the relationship between 

selected indicators and the probability of bankruptcy on 

the data of Portuguese joint-stock companies. The 

analysis included 11 financial ratio indicators, and 2 non-

financial indicators (size and age of the company). 

Among others, they came to the conclusion that there is a 

positive correlation between the size of the company (the 

value of total assets) and the probability of bankruptcy. 

The most widespread system of the evaluation of 

companies by financial and non-financial indicators is the 

Balanced Scorecard (BSC) system by authors [9], or the 

model of the European Foundation for Quality 

Management - EFQM, and the Malcolm Baldrige model. 

In the Czech companies, no known system of 

evaluation using financial and non-financial indicators is 

concretized, but as stated by it is necessary to use also 

non-financial indicators in evaluating the company. 

Predictive models are very often criticized by several 

authors [10], [11], [12] because of their inaccuracy, but 

despite this, they are exploited to the full; on the other 

hand, several authors also came to the conclusion that 

their accuracy is basically sufficient. 

For comprehensive evaluation of the company 

performance using a system of financial and non-financial 

indicators, there is no uniform approach of identification, 

classification, measurement and evaluation; the problem 

is especially the practical use of these systems of 

indicators.  

It seems that to measure the sustainability of a 

company, it could be quite convenient to use the 

knowledge from the construction of predictive models 

evaluating the financial stability of companies, and to use 

the Logistic Regression method and the comparison with 

the Multiple Discriminant Analysis method.  

 

3. REASERCH METHODOLOGY 

 

An important prerequisite for the CSI predictive 

model must be suitability, accuracy and reliability of the 

method and indicators selected. In modelling the CSI 

predictive model of measuring the company 

sustainability, the Logistic Regression and the Multiple 

Discriminant Analysis methods are used. 

 Models of the discrete binary option, which 

Logistic Regression belongs to, is based on the principle 

of regression. The Logit analysis is thus only one of the 

regression techniques, very often used in econometrics; it 

is used to analyze relationship dependencies between 

several explanatory and one explained variable.  

For predicting the bankruptcy of the company, 

Ohlson introduced a Logit model [13].  This Logit model 

also has its downsides. It is mainly its high sensitivity to 

multi-collinearity and outlying or missing values [14]. 

Author [15] created Probit models of probability of 

bankruptcy. There are significantly fewer studies using 

Probit models as compared to Logit models.  
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On the basis of Logistic Regression and on the 

basis of the Logit model in 2010, Altman in cooperation 

with the group RiskMetrics developed Z-metrics models. 

These models are the result of previous development of Z 

score models and responses to the economic crisis and 

predictive ability of the models. They are designed for 

large listed companies, large unlisted companies, and 

small listed companies in the US and Canada, as well as 

for large and small companies outside the US and Canada. 

[16].  

Regression models are used for the specification 

of functional relationships and analyzing dependencies 

between one explained (endogenous) variable and one or 

more explanatory (exogenous) variables. In the regression 

equation, a dependent variable is the function of 

independent variables and of the random component.  

If random variable is marked 𝑦, observed 

quantities 𝑋1,2,…,𝑋k, and random component 𝜀. Then the 

general functional relation for the regression equation can 

be written as follows: 

𝑌 = 𝑓 (𝑋1,𝑋2, … … . . 𝑋𝑘 , 𝜖)                       (1) 

The first phase of determining the predictive 

model CSILA measuring the sustainability of the company, 

the Logistic Regression method is used. The Logistic 

Regression can be used in the case when the dependent 

variable is not continuous to modelling the dependency 

between the explained variable and the explanatory 

variables. If we have a binary dependent variable, which 

assumes values 0 and 1, Y = 1 if phenomenon J occurred 

in the monitored record, and Y = 0 if the non J 

phenomenon occurred. The aim of the binary logistic 

regression is to estimate the probability that the record 

belongs to one of two categories of the dependent 

variable. However, it is not possible to estimate the 

probability of Y = 1, because then the values predicted by 

the equation: 

𝑃(𝑌 = 1) =  𝛼 +  𝛽1𝑋1 + ⋯ +  𝛽𝐾𝑋𝑘                (2) 

 

may not assume values between 0 and 1. The probability 

of the phenomenon, however, can only assume values 

<0;1>. This drawback can be eliminated by replacing the 

probability of the phenomenon with the chance of the 

phenomenon. The chance that phenomenon J occurred is 

expressed in the following equation: 

𝑐ℎ𝑎𝑛𝑐𝑒(𝑌 = 1) = 𝑃(𝑌 − 1)/[1 − 𝑃(𝑌 = 1)]   (3) 

The chance assumes positive values including 

zero. By transforming relation (3) to the natural logarithm 

of the chance whose values assume both positive and 

negative values, so this way resolves the issue of 

predicted values from the equation in relation (2), which 

may assume values from (− ∞;+∞). Logit is defined as 

follows 

logit(Y) =    
lnP(Y=1)

ln (1−P(Y=1)
     (4) 

The regression equation is then as follows 

𝑙𝑜𝑔𝑖𝑡(𝑌) =  𝛼 +  𝛽1𝑋1 + ⋯ + 𝛽𝐾𝑋𝑘                     (5) 

 

For interpretation, probabilities and chances are 

easier to understand, and therefore more suitable than 

logits. [17], [18].  

The second phase deals with the methodical 

procedure for classifying companies by evaluating non-

financial indicators based on non-financial indicators IESGi 

(environmental, social, corporate governance) and 

financial indicators IEcoi by selecting an appropriate 

prediction model CSIMDA using the Multiple Discriminant 

Analysis (MDA) method. 

The general discriminant analysis equation [19].  

Y = a1X1 + a2X2 + …………+ apXp                            (6) 

where a1,… ap are coefficients of discrimination and 

X1,… Xip are selected independent variables that best 

explain the division into groups.  

The third phase is the methodical approach for 

comprehensive classification of companies on the basis of 

the prediction model. Gini index can be calculated using 

the following relation[20].   

    𝐺𝑖𝑛𝑖 = 2 𝑥 𝐴𝑈𝐶 − 1                                           (7) 

 

where AUC (Area Under Curve) is the value under the 

ROC curve. The index assumes values between 0 and 1; 

the more its value is closer to 1, the better the 

discriminant function separates unsustainable companies 

from sustainable companies.  
The basis for the empirical research of economic 

indicators includes both foreign predictive models, but 

also domestic predictive models. The material for 

empirical research into non-financial indicators for 

corporate sustainability measurement came from findings 

from previous research in the years 2011-2014, when 

environmental, social and corporate governance 

performance indicators were determined on the basis of 

theoretical knowledge gained from documents and 

guidelines of international institutions [21].  
 

4. RESULTS AND DISCUSSION 

 
The predictive model CSI of measuring 

sustainability uses a specific probability model, such as 

the Logistic Regression method and the Multiple 

Discriminant Analysis method. The model focuses on a 

representative sample of Czech processing industry 

companies according to CZ-NACE with more than 250 

employees, and with implemented ISO 14 000 or EMAS 

systems. The period analyzed was 2008 - 2013. The 

sample surveyed includes 56 companies with economic 

indicators (the AMADEUS database) and 56 companies 

with non-financial indicators (a survey in the company); 

the companies involved are the companies of processing 

industry according to CZ-NACE Manufacture:  10 - of 

food products, 11- of beverages, 13 - textiles, 20 - of 

chemicals and chemical products, 22 - of rubber and 

plastic products, 24 - of basic metals, metallurgical 

processing of metals, 25 - of fabricated metal products, 

except machinery and equipment, 26 - of computer, 

electronic and optical equipment, 27 - of electrical 

equipment and 28 - of machinery and equipment. A 

research sample consists of 56 companies with economic 

indicators (AMADEUS database) and 56 companies with 

nonfinancial indicators (survey company), research is 

focused on manufacturing companies. 
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The structure of the prediction model CSI 

measuring the company sustainability is based on a 

determined economic indicators IEcoi, and non-financial 

indicators IESGi,, which were established by research in 

2014 [21], [22]. 

Eleven economic indicators IEcoi, are included in 

the predictive model; indicators that show multi-

collinearity are excluded. To increase the statistical 

significance (discriminant capability) of economic 

indicators, an analysis of outliers is carried out, as well as 

the normality of data and correlation between the 

indicators. Economic indicators IEcoi are ratio indicators 

selected from a broad group of indicators used in 

predictive models: the profitability indicators, indicators 

of financial stability, indicators of productivity, and an 

indicator based on cash flows.  
Non-financial indicators of environmental, social 

and corporate governance, the IESGi indicators, enter the 

structure of the predictive model CSI measuring the 

company sustainability. For calculation, 17 ratio 

indicators IESGi are used: seven environmental indicators 

IEnvi, six social indicators ISoci, and four corporate 

governance indicators ICgi, see Tab. 1.  

Table 1 Financial IEcoi, and non-financial environmental, social and corporate governance IESGi indicatos 

The methodical procedure of the first phase of 

the calculation of predictive model CSILA using Logistic 

Regression. 

Hypothesis H0: The use or predictive models for 

measuring sustainability does not contribute to the 

company’s directing towards sustainability. 

 

The first step of the analysis is to decide what 

criterion will be considered as a variable to be explained, 

or how individual groups will be defined. For the use of 

the methods, groups are defined, companies are divided 

into effective and ineffective, and the Data Envelopment 

Analysis method is used. The effective company (Y=1) is 

selected as the variable to be explained (dependent), other 

companies as ineffective (Y=0). When designing a 

predictive model, all financial IEcoi, as well as non-

financial IESGi indicators are included in the analysis. Non-

financial indicators are divided into indicators Iji
+
, whose 

increasing value has a positive impact, and indicators Iji
-
, 

whose increasing value has a negative impact on the 

sustainability of the company. Gradually, indicators are 

phased out starting with the least statistically significant 

ones IEco2, IEco4, IEco6, IEco7, IEco8, IEn2, IEn3, IEn4, IEn5, ISoc1, ISoc3, 

ISoc4, ISoc5, ISoc6, ICg1, ICg2, ICg3, ICg4. After each elimination, 

the logistic regression is recalculated. Based on the 

Omnibus test, we reject hypothesis H0,  Sig.= 0.000. 

According to the Nagelkerke R
2
 test, the model captures 

40.7% variability of the dependent variable. 

The regression equation has the following form: 

𝑙𝑜𝑔𝑖𝑡(𝑠𝑢𝑠𝑡𝑎𝑖𝑛𝑎𝑏𝑖𝑙𝑖𝑡𝑦) = −7,722 + 0,503𝐼𝐸𝑐𝑜1 −
0,559𝐼𝐸𝑐𝑜3 − 4,740𝐼𝐸𝑐𝑜5 − 1,303𝐼𝐸𝑐𝑜9 − 4,559𝐼𝐸𝑐𝑜10 +
0,363𝐼𝐸𝑛1 + 1,309𝐼𝐸𝑛6 + 0,129𝐼𝐸𝑛7 + 0,603𝐼𝑆𝑜𝑐2  

The equation in the case of exposed estimated 

coefficients (using the chance): 

𝑐ℎ𝑎𝑛𝑐𝑒(𝐶𝑆𝐼𝐿𝐴 = 1) = 𝑃 (
𝑠𝑢𝑠𝑡𝑎𝑖𝑛𝑎𝑏𝑖𝑙𝑖𝑡𝑦=1

𝑠𝑢𝑠𝑡𝑎𝑖𝑛𝑎𝑏𝑖𝑙𝑖𝑡𝑦=0
) =

𝑃 (
𝑚𝑎𝑗𝑜𝑟𝑖𝑡𝑦1

𝑚𝑎𝑗𝑜𝑟𝑖𝑡𝑦 0
 )  =   0,000 +   1,654𝐼𝐸𝑐𝑜1 + 0,572𝐼𝐸𝑐𝑜3 +

0,009𝐼𝐸𝑐𝑜5 + 0,272𝐼𝐸𝑐𝑜9 + 0,010𝐼𝐸𝑐𝑜10 + 1,438𝐼𝐸𝑛1 +
3,703𝐼𝐸𝑛6 + 1,138𝐼𝐸𝑛7 + 1,827𝐼𝑆𝑜𝑐2  

Significance tests of individual independent 

indicators based on the Wald criterion show significances 

 Environmental group (j=Envi) Social  group (j=Soc) Corporate governance group 
(j=Cg) 

Economic group 
(j=Eco) 

IEni  -  Environmental indicators ISoci  - Social indicators ICgi  - Corporate governance 

indicators 

IEcoi  - Economic indicators 

IEn1- Non-investment expenditures for 
the protection of the Environment 

/Added value [%] 

ISoc1- Monetary support of local 
community and gifts to municipalities 

/ Added value [%] 

ICg1  - Collective agreement 
 [ano = 0,52; ne = 0,48] 

IEco1- EAT / SF (ROE) 

IEn2-Total emissions to air / Added 
value [t/EUR] 

ISoc2- Number of women / Average 
number of employees [%] 

ICg2 - Reports from 
environmental and social areas 

[ano = 0,64; ne = 0,36] 

IEco2 - EBIT / A (ROA) 

IEn3- Total greenhouse gas emissions / 

Added value [t/EUR] 

ISoc3- Number of terminated 

employments  / Average number of 
employees [%] 

ICg3 - Code of ethics 

 [ano = 0,72; ne = 0,28] 

IEco3 - EAT + IP  / NCL + SF 

IEn4- Total consumption of renewable 

energy /Added value [GJ/EUR] 

ISoc4 - Wage costs / Average number of 

employees[EUR/Number] 

ICg4 -Total financial value of 

remunerations to Board of 

Directors and Supervisory 

Board / Added value [%] 

IEco4 - EBIT / S (ROS) 

IEn5- Total annual consumption of water 

/ Added value [m³/year/EUR] 

ISoc5 -Wage costs / Added value [%] 

 

 IEco5 - SF + NCL / A 

IEn6- Total annual production of waste / 

Added value [t/EUR] 

ISoc6 - Education and training 

expenditures / Added value [%] 

 IEco6 - CF / TL 

IEn7- Total annual production of 

hazardous waste / Added value [t/EUR] 

  IEco7 - VA / OR 

   IEco8 - OR / A 

   IEco9 - TL / SF 

   IEco10 - A / TL 

   IEco11 - VA / CE 

A_Total assets, VA_Value added,  SF_Shareholders Funds, IP_Interest paid, CF_Cash flow, TL_Total liabilities, CA_Current Assets, OR_Operating 
Revenue, T_Turnover, NCL_Non Current Liabilities, S_Sales, St_Stocks,CE_Cost of Employees 
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at the level of 𝛼 = 0,05 only in financial and non-

financial indicators IEco1, IEco3, IEco5, IEco9, IEco10, IEn1,  IEn6, 

IEn7, ISoc2. When assessing values of regression 

coefficients, in this case positive values of coefficients 

indicate a direct dependency between the value of the 

particular indicator and the chance that the company is 

sustainable. The discriminatory power of the model given 

by the category of the dependent variable, “the company 

does not tend to sustainability”, 75.5% of companies are 

classified correctly; 74.7% of the companies are classified 

correctly to the category “the company tends to 

sustainability”. Overall, the model was able to classify 

75.1% at the 95% significance level. 

Methodologically the procedure of the second 

phase of the calculation of the predictive model CSIMDA 

using Multiple Discriminant Analysis. Into the MDA, 

financial IEcoi as well as non-financial IESGi indicators are 

included, which are gradually phased out IEco1, IEco2, IEco3, 

IEco4, IEco5, IEco7, IEco8, IEco9, IEco11,  IEn4, IEn5, ISoc1, ISoc2, ISoc3, ISoc4, 
ISoc5,ISoc6, ICg1, ICg3 ,ICg4 after each elimination, the model is 

recalculated again. Wilks’ Lambda indicates the 

significance of the discriminant function, the model 

explains 76.3% of variability; it is an inversion to the 

cannonical correlation. 

The discriminant function has the following 

form: 

𝐶𝑆𝐼𝑀𝐷𝐴 =  0,019 + 0,179𝐼𝐸𝑛7 − 0,476𝐼𝐸𝑐𝑜10 −
0,399𝐼𝐶𝑔2 + 0,327𝐼𝐸𝑛6 + 0,169𝐼𝐸𝑛2 +  0,183𝐼𝐸𝑛3 −

 0,246𝐼𝐸𝑐𝑜6 + 0,456𝐼𝐸𝑛1  

and explains 70.9% differences between the 

companies in both defined groups. Values CSIMDA < ̶ 
0,588 refer to the belonging of the company to group 0 

“the company does not tend to sustainability”, values 

CSIMDA > 0,523 define the companies in group 1 “the 

company tends to sustainability”. Values CSIMDA from 

interval < ̶ 0,588; 0,523 > do not give clear information 

about the belonging to one of the groups. Financial and 

non-financial indicators IEco6, IEco10, IEn1, IEco2, IEco3, IEn6, IEn7, 

ICg2. enter the prediction model CSIMDA.  

The quality of the models is evaluated using the 

ROC curve and numerical characteristics of these curves, 

see Fig. 1 and Fig. 2. 

 
Figure 1 ROC curve of regression model                                               Figure 2 ROC curve of discriminant model 

 

The area under the curve of the regression model 

AUC = 0.826, Gini = 0.652, of the discriminant model 

AUC = 0.763, Gini = 0.526. Fig. 1 reveals that companies 

tending to sustainability are included out of 83 % (of the 

regression model), but at the same time, out of 35 %, 

companies are also included that do not tend to 

sustainability. Companies tending to sustainability are 

included out of 76 %, but at the same time, 47 % of 

companies are also included, which do not tend to 

sustainability, see Fig. 2. 

In the following Tab. 2, values of prediction 

models according to Logistic Regression and Multiple 

Discriminant Analysis are calculated, including their 

inclusion in the groups for selected companies of 

processing industry according to CZ_NACE for 2011. 

On the selected sample of companies of the 

processing industry according to CZ_NACE, it can be 

deduced that by comparing predictive models CSILA, 

CSIMDA  and including the companies into groups (1 = the 

company tends to sustainability, 0 = the company does 

not tend to sustainability), reclassification occurred even 

when compared with original groups formed by the Data 

Envelopment Analysis method. 

By comparing these methods it can be stated that 

the inclusion of selected companies of the processing 

industry on the basis of estimated probability (in case of 

logistic regression) and the score (in case of discriminant 

analysis), the logistic regression model is able to correctly 

classify most companies 75.1 %, in terms of discriminant 

analysis 70.9 %. Last but not least, the methods can be 

compared using the Gini index. The more its values is 

closer to 1, the better sustainable companies were 

segregated from unsustainable companies; the value for 

the logistic regression is 0.652, for the discriminant 

analysis 0.525. 
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               Table 2 Comparison of predictive models CSILA using Logistic Regression, and CSIMDA using Multiple  

                            Discriminant Analysis  

 
 

It can be stated that the better method is the 

logistic regression - by 0.126. Based on the calculated 

correlation characteristics, it can be stated that the best 

method for measuring sustainability is the logistic 

regression, which has the highest value of the Gini index 

and the greatest percentage of correct classification of the 

companies. 

The results of the predictive models indicate that 

the statistical significance of the impact of non-financial 

indicators is essentially small, corporate governance 

indicators were statistically insignificant. Environmental 

indicators describe the relation to economic indicators; 

this mainly includes the indicator IEnlg1 (Cost of 

environmental investments / Added Value). For the 

classification of companies, environmental indicators are 

decisive: IEnlg6, and IEnlg7 for industrial companies. In 

terms of statistical tests, environmental non-financial 

indicators are significant, and their inclusion substantially 

changes classification of companies in comparison with 

the Data Envelopment Analysis method, see Tab. 2. The 

results show that evaluation to measure the sustainability 

of a company and the corresponding choice of financial 

and non-financial indicators must be determined by the 

purpose for which the assessment is conducted.   

Predictive models for measuring sustainability of 

companies using financial and non-financial indicators are 

necessary, primarily because currently the evaluation 

based on financial indicators is no longer sufficient. These 

findings can be identified also with the results of 

researches [8], [23].  

 

5. CONCLUSIONS 

 

The article deals with the construction of 

predictive models CSI for companies in the sector of 

processing industry according to CZ-NACE. The 

importance of predictive models is important for owners 

and investors - whether the company tends to 

sustainability. Predictive models can influence decision-

making relating to the long-terms strategy of the 

company, and can also show how the company 

approaches the comprehensive performance assessment.   

 Predictive models CSI represent a composite 

indicator, which was constructed using the methods of 

Logistic Regression and Multiple Discriminant Analysis.  

Predicted 

probability

Predicted 

group

Predicted 

Group for 

Analysis 1

Discriminant 

Scores from 

Function 1 for 

Analysis 1

Predicted 

probability

Predicted 

group

Predicted 

Group for 

Analysis 1

Discriminant 

Scores from 

Function 1 for 

Analysis 1

AM 26 1 0,982 1 1 1,008 AF 28 1 0,495 0 1 -0,039

AH 28 1 0,907 1 1 0,455 M 25 0 0,490 0 1 0,144

AT 27 1 0,894 1 1 0,486 AY 13 1 0,468 0 1 -0,138

A 27 1 0,851 1 1 0,355 K 22 0 0,462 0 0 -0,667

J 27 0 0,841 1 1 -0,255 G 25 0 0,401 0 1 -0,265

AR 25 0 0,838 1 1 -0,173 AA 20 0 0,376 0 1 -0,218

D 25 1 0,812 1 1 0,111 BE 27 0 0,355 0 1 0,627

AG 10 1 0,809 1 1 0,367 AD 26 0 0,341 0 0 -0,641

AU 28 1 0,779 1 1 0,993 AB 10 0 0,329 0 1 0,049

X 25 0 0,773 1 1 0,434 U 22 0 0,291 0 0 -1,161

B 24 1 0,751 1 1 0,395 O 25 0 0,260 0 1 0,013

AI 27 0 0,713 1 1 0,585 AP 11 0 0,259 0 1 0,762

R 25 1 0,701 1 1 1,155 AO 11 1 0,195 0 1 1,138

BG 28 1 0,683 1 1 1,196 T 26 0 0,193 0 1 1,179

AL 13 1 0,678 1 1 0,461 S 27 0 0,160 0 1 0,384

AC 28 1 0,674 1 1 -0,176 W 25 0 0,158 0 0 -1,106

Y 11 1 0,672 1 1 1,248 F 27 0 0,113 0 1 0,131

BD 26 1 0,648 1 1 0,049 Q 28 1 0,110 0 1 0,328

AJ 25 1 0,644 1 1 0,125 N 20 0 0,084 0 0 -1,711

AS 28 0 0,600 1 1 -0,096 AV 24 0 0,076 0 0 -0,461

BC 25 1 0,593 1 1 0,986 E 26 0 0,039 0 0 -2,276

P 28 1 0,578 1 1 1,199 AE 25 0 0,036 0 0 -2,486

AQ 28 1 0,535 1 1 -0,166 C 24 0 0,011 0 0 -1,562

*CZ_NACE : 10 - Manufacture of food products, 11- Manufacture of beverages, 13 - Manufacture of textiles, 20 - Manufacture of chemicals and chemical products, 22 - 

Manufacture of rubber and plastic products, 24 - Manufacture of basic metals, metallurgical processing of metals, 25 - Manufacture of fabricated metal products, except 

machinery and equipment, 26 - Manufacture of computer, electronic and optical equipment, 27 - Manufacture of electrical equipment and 28 - Manufacture of machinery and 

equipment.

** Group 1 “the company tends to sustainability ”; Group 0 “the company does not tend to sustainability ”

Logistic Regression Multiple Discriminant 

Analysis

Predicted 

for DEA

CZ_NACECompany Company CZ_NACE Predicted 

for DEA

Logistic Regression Multiple Discriminant 

Analysis
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To confirm the null hypothesis, it was proven that the use 

of predictive models for measuring sustainability of 

companies will not contribute to the tending of the 

company towards sustainability. Based on the results, this 

hypothesis can be rejected. Predictive models were able to 

classify more than 70 % of the companies. The basis of 

predictive models is to determine financial and non-

financial indicators.  

It can be concluded that predictive models for 

measuring sustainability, regardless of using which 

method they were created, will never be able to predict 

the direction of sustainability with probability 1, i.e. 

100%, because they are dependent on what development 

and requirements for financial and non-financial 

indicators there will be in the changing global 

environment. However, if the company implements new 

information into the already created models, it will be 

able to assess the direction of the company towards 

sustainability with sufficient accuracy. 
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ABSTRACT 
 
In every university organizational culture makes ground for 
quality management and is directly connected to development. 
Quality management is an important part of continuous 
improvement of any organization. It is focused on increasing the 
organizations’ effectiveness by setting quality objectives. 
Quality Management has been one of the most applied 
organizational change methods in the last two decades. 
Organizational culture is directly connected with effectiveness 
and performance of the organization – the stronger the 
organizational culture, the more effective is the organization. 
The aim of the paper is to evaluate theoretical aspects of 
organizational culture and quality management, their 
interrelation and impact on continuous improvement and 
development of university. In the result of the research 
interrelation mechanism of organizational culture and quality 
management is determined thus facilitating the identification 
and understanding of underlying factors for organizational 
excellency.  
 
Keywords: Organizational Culture, Quality Management, 
Continuous Improvement. 
 
 

1. INTRODUCTION 
 

Any organization is an open and complex system, which 
consists of many variables and all of these elements closely 
interact with external environmental factors. Reduction of 
competitive advantage is now observed more and more often, 
whereas the ever-changing business environment forces 
organizations to look for more and more efficient working 
methods. It becomes necessary to look for new solutions to 
increase work efficiency and focus on the organization’s 
objectives, including the objectives related to continuous 
improvement of quality, use of new technologies, 
implementation of uniform values, norms and rules system in 
the organization and the organizational culture. The authors 
believe that the development and existence of organizational 
culture is determined by a number of interrelated internal and 
external environmental factors, such as social environment, 
economic situation, character traits of a person, goals, etc. 
Total quality management (TQM) has been one of the most 
applied organizational change methods in the last two decades. 
It is focused on increasing organizations’ effectiveness by 
setting quality objectives. In every university like in every other 
institution organizational culture makes ground for quality 
management and is directly connected to development. In order 
to reach and maintain a certain level of quality, the organization 
must be able to organize itself, but the organization’s ability to 
self-organize is based on the aspects of organizational culture, 
such as the existing beliefs, behavioural norms, values, etc.  
The aim of the research is to describe and analyse the 
interaction between the aspects of “organizational culture” and 

“quality management” by assessing their impact on the 
organization’s operational efficiency, continuous improvement 
and achieving excellence in Riga Technical University (RTU). 
In-depth study was conducted by assessing organizational 
culture aspects in one of the RTU faculties – Faculty of 
Engineering Economics and Management (FEEM). 
In the case of universities, organizational culture is directly 
linked to the development of the university; and the quality 
policy provides a framework for the implementation of the 
strategy – pathways for improving research, study process and 
organizational development, and therefore a significant role in 
achieving organizational excellence is allocated to 
implementation of quality management principles in the 
operations of the university. 
The research has resulted in creating characteristics of 
organizational culture and analysis of the factors that affect the 
development of the organizational culture. Research conducted 
allows developing suggestions for improvement of the RTU and 
FEEM organizational culture, in order to promote creation and 
implementation of the quality management system within the 
framework of the development strategy of the University. 
 

2. THE CONCEPT OF ORGANIZATIONAL CULTURE 
AND ITS NATURE 

 
The concept of organizational culture has many definitions; 
scientists are not unanimous on this matter. However, all 
recognize the profound impact of organizational culture on the 
organization and the processes that take place there.  
A review of the literature on concept “organizational culture” 
reveals that a majority of writers have come to an agreement 
that culture refers to the taken-for-granted values, underlying 
assumptions, expectations, and definitions present which 
characterize organizations and their members.  Most discussions 
of organizational culture [5], [23], [27] agree with the idea that 
culture is a socially constructed attribute of organizations which 
serves as the “social glue” binding an organization together. A 
simplified definition of organizational culture is “the way we do 
things around here”. In this way people in the organization 
define consistent approach in which they perform tasks, solve 
problems, resolve conflicts, treat customers, and treat 
employees or the prevailing ideology that people carry inside 
their heads, thus, culture affects the way organization members 
think, feel, and behave. 
One of the first who studied the concept of organizational 
culture was business consultant C. Handy [10] in his work 
“Understanding Organizations” published in 1976. In that time 
book “Understanding Organizations” offered an extended 
‘dictionary’ of the key concepts – culture, motivations, 
leadership, role-playing, co-ordinating and consultation. 
According to Handy’s model, there are four types of culture 
which an organization follows – Power Culture, Task Culture, 
Person Culture and Role Culture. 
For example E. Schein [26] have suggested that culture is best 
thought of as a set of psychological predispositions that 
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members of an organization possess, and which leads them to 
think and act in certain ways. Schein defines organizational 
culture as: “The pattern of basic assumptions that a given group 
has invented, discovered, or developed in learning to cope with 
its problems of external adaptation and internal integration, and 
that have worked well enough to be considered valid, and, 
therefore to be taught to new members as the correct way to 
perceive, think, and feel in relation to those problems [26].”  
A. Brown [2] stated the definition of organizational culture as 
follows: “Organizational culture refers to the pattern of beliefs, 
values and learned ways of coping with experience that have 
developed during the course of an organization’s history, and 
which tend to be manifested in its material arrangements and in 
the behaviours of its members.” 
According to G. Hofstede [12], culture is the “collective 
programming of the mind, which distinguishes the members of 
one category of people from another.” He relates culture to 
ethnic and regional groups, but also organizations, profession, 
family, to society and subcultural groups, national political 
systems and legislation, etc. Hofstede also divided culture into 
four layers (or four main elements): symbols, heroes, rituals and 
values.  
As to the definitions in the Latvian language, we can mention R. 
Garleja’s [9] definition of culture “Culture in the broadest sense 
is the characteristics of the era, in the narrowest sense – the 
sphere of the person’s spiritual world, knowledge, skills and 
abilities, level of development, global vision and collection of 
knowledge”. Authors agree that culture can be defined as a 
system of norms, laws, abilities, value orientation, beliefs and 
approaches, which conveys information to the society through 
symbols and also performs the representative, directive and 
affective functions. Also this definition can be applied to 
different levels – the state, the individual and the organization. 
Organizational culture is a complex pattern of assumptions 
about the group’s place and function in the world. The values 
and expectations that direct behaviour are learned, based on 
what has worked for and against its welfare in the past. There 
are two complimentary survival functions that drive the 
development of organizational culture [28]. The first survival 
function is adaptation to external change. Experience in 
defending the group and advancing its cause in context creates a 
worldview. The second survival function is the development 
and maintenance of an integrated, stable, internal identity [15]. 
It may be more costly to ignore culture than to deal with it [22].  
A common mistake in organizations desiring to improve is that 
they do not create a common viewpoint regarding where the 
organization is starting and how that differs from an ideal future 
state. Unsuccessful organizations often launch a change 
initiative without considering the need to develop a consensual 
view of the current culture; to reach consensus on what change 
means and does not mean; the specific changes that will be 
started, stopped, and enhanced; the small wins and celebrations 
that are required; the measures, metrics, and milestones required 
for accountability; the requisite communication system needed; 
and the on-going leadership demands faced by organizations in 
the midst of culture change [6].  
Each scientist sees something different in the concept of 
organizational culture – the morale in the organization, special 
ceremonies, feeling of togetherness, etc., but all the authors 
recognize that culture is a necessary potential of organizational 
life. Culture refers to the taken-for-granted values, underlying 
assumptions, expectations, and definitions present which 
characterize organizations and their members. 
To conclude the analysis of the concept of organizational 
culture, the authors deduce that the result of the functioning of 
any organization is a product or service and any organization 

wants to be effective and sustainable. The key resources that 
provide the results are people, finance, raw materials, 
technology, information, etc. However, the organization’s 
operational efficiency, development and existence are 
determined by a number of interrelated internal and external 
environmental factors, including organizational culture, internal 
integration, processes and quality system. Therefore, the authors 
consider it necessary to examine the aspects of quality in the 
process of the organization’s continuous improvement. 
 

3. ASPECTS OF QUALITY AND CONTINUOUS 
IMPROVEMENT  

 
In order to reach and maintain a certain level of quality, the 
organization must be able to organize itself, but the 
organization’s ability to self-organize is based on the aspects of 
organizational culture, such as the existing beliefs, behavioural 
norms, values, etc. 
Total Quality Management (TQM) focuses on a continuous 
improvement process with an emphasis on people and their 
involvement and receptivity to continuous change [1]. Thus, 
TQM is an integrated effort for gaining competitive advantage 
by continuously improving every facet of an organization’s 
activities [19], [20]. ISO [14] defines TQM as a way of 
managing an organization which aims at continuous 
participation and co-operation of all its members in the 
improvement of quality in order to achieve customers’ 
satisfaction, long-term profitability of the organization and 
benefit of its members, in accordance with the requirements of 
society.  
Some researchers have begun to explore quality management as 
a cultural phenomenon rather than a set of tools and techniques 
[7], [3], [24]. The outcomes of some research works have 
reported evidence that successful implementation of total 
quality management depends on the organization’s quality 
culture [6]. This means that unless this was congruent with the 
TQM initiatives, positive outcomes were less likely.  
To survive in a rapidly evolving global market, customers and 
their needs should govern all the activities within the 
organization. For most organizations this will require a change 
in their internal culture. The core concept of TQM that is the 
customer focus linked with a continuous improvement plan that 
is supported by innovation can build a strong culture, which can 
positively improve the organization’s competitiveness and 
performance [13]. 
The implementation of quality management principles and 
programmes seems to require very radical reforms, sometimes 
insurmountable, in basic organizational areas such as culture 
and leadership styles. Some empirical research carried out from 
the point of view of “Organizational Ecology” shows that 
innovations – for TQM this means innovation in organization 
management – affect key organizational aspects such as 
strategy, structure and culture, these being specifically the 
aspects which offer the main risks to survival. There can also be 
some opposition to adopting these innovations, even if their 
expected values are positive for the organization. Other authors 
point out that many organizations will show some resistance to 
trying out basic reforms – even if improvement in 
organizational performance or fulfilment is expected from them 
– either due to their reticence to taking risks, their expectations 
that the strategies followed at present will bear fruit a little later 
or their fear of facing the mess brought about by such change 
[25].  
To ensure the organization’s effectiveness and viability, it is 
necessary to change the view of what is organization and how it 
is managed. The organization is not just a set of different 
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functions whose activities should be coordinated. The 
organization is a system – a set of interconnected and 
interacting elements. Organizations like any other systems face 
a constant need to solve the dilemma – how to change or 
develop and maintain their internal stability [8], [29]. 
I. Lapiņa et al. [17] explain that the company’s economic 
success is based on the overall development of society, and the 
solution of its problems actually creates significant 
opportunities for the organization to enhance its 
competitiveness. 
The organization is a specially designed social system in which 
human activities are consciously coordinated in order to reach 
common goals. As already mentioned, the organization is a 
complex open system, which consists of many variables which 
closely interact with each other (internally) at the same time 
interacting with the external environmental factors. The internal 
environment elements are mainly related to the results of 
management decisions and can be influenced, but in the case of 
the external environmental factors, the organization must be 
able to adapt to them. The organization’s performance and the 
achievement of the objectives depend on the organization’s 
ability to continuously improve and adapt to a particular 
situation. 
Total Quality Management is the company’s philosophy, a way 
of thinking about business objectives, organization, processes 
and people. Successful interaction between “organizational 
culture” and “quality management” is the key factor in the 
achievement of the company’s operational efficiency and 
excellence. TQM implementation leads to changes in 
organizational culture. Therefore, understanding the dominant 
culture of an organization is very important for the successful 
implementation of quality management. 
 

4. RESEARCH METHODOLOGY  
 
The research was conducted on the basis of scientific 
publications review, using logical and comparative analysis 
methods. Organizational culture and quality system in the 
University was analysed using self-assessment tools from 
EFQM (the European Foundation for Quality Management) 
Excellence Model.  
In order to evaluate the organizational culture of the University 
the framework of the research was built using a modified 
version of the Organizational Culture Assessment Instrument 
(OCAI). The OCAI is a validated tool for assessing current and 
preferred organizational culture, based on the Competing 
Values Framework, developed by professors Robert E. Quinn 
and Kim S. Cameron of the University of Michigan [6].  
 

 
 

Figure 1. The Competing Values Framework [4] 

The Competing Values Framework or organizational culture 
types are shown in Figure 1. Cameron and Quinn made four 
quadrants corresponding with the four organizational cultures 
that differ deeply on these two dimensions: 
- Internal focus and integration vs External focus and 

differentiation; 
- Stability and control vs Flexibility and discretion. 
Every organization has its own mix of these four types of 
organizational cultures. This mix is determined by completing a 
concise survey. This assessment is a valid method to examine 
organizational culture and the desire for change.  
In 2014, Riga Technical University conducted an organizational 
culture study using a slightly modified OCAI questionnaire. 
Limitations of the study design and of the data analyses caution 
against making definite conclusions. Limitations also exist with 
regard to external validity.  
Research was conducted at university level at Riga Technical 
University with particular attention to development strategy and 
quality management. The study of organizational cultural 
assessed both the organizational culture of RTU as a whole and 
the organizational culture of FEEM in depth. During the 
research the organizational culture was evaluated and 
characterized by the management and administration 
representatives, who mostly focused on characteristics of 
management and support processes. During the study the 
academic staff was not interviewed. Representative number of 
respondents is calculated on bases of common methodology 
[21]. The general sample is 79 respondents. The calculated 
representative number of respondents is 65 staff members. 
There is no final “best” organizational culture. Only in a 
particular circumstance will one class of culture serve better 
than another. The aim of the research was to characterize the 
existing and define the desired organizational culture type, and 
use the research results to develop a quality management and 
development strategy that would be most appropriate for the 
University. Research was conducted to create suggestions for 
development of the organizational culture, in order to promote 
creation and implementation of the quality management system 
within the framework of the development strategy of the 
University. 
An important aspect was also the opinion of the University 
employees as internal customers about how to effectively build 
the University’s internal communication process, which is an 
important factor for the success of any changes. Parameters of 
the organizational quality management should be defined within 
the framework of the development strategy of the University 
and based on the research related to organizational culture. 
 

5. RESEARCH RESULTS 
 
Organizations have different working environments, work 
attitudes and leadership styles, which influence the 
implementation of the quality management approach. Therefore 
it is important that companies understand their organizational 
culture profiles in order to integrate the quality management 
principles and choose the most appropriate approach for 
strategy development and continuous improvement. 
The authors believe that diagnosing organizational culture with 
the help of the organizational culture diagnostic tools developed 
by Cameron and Quinn – Competing Values Framework and a 
questionnaire for evaluation of the organizational culture 
typologies OCAI – allows identifying the overall image of the 
organizational culture consisting of the key organizational 
culture factors: dominating qualities, leadership in the 
organization, human resources management, organizational 
unity, strategic goals, and criteria of success. The main 
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objectives in outlining this assessment process are to help 
ensure that the organization is clear from the outset regarding 
what its current culture is and why it needs to change.   
Organizational culture can influence how people set personal 
and professional goals, perform tasks and administer resources 
to achieve them. Organizational culture affects the way in which 
people consciously and subconsciously think and make 
decisions and ultimately the way in which they perceive, feel 
and act [11].  
Scholars of organizational culture are of the opinion that basic 
values are formed, internalized and consolidated during the 
company development process or in any of the stages of its life 
cycle. Cameron and Quinn tackle the changes of the 
organizational culture in close connection with its growth [7], 
[4]. In the earliest stages of development, organizations tend to 
be dominated by the Adhocracy Culture, while during the 
development stage it is supplemented by the Clan Culture. 
Increasing the number of workforce and extending the scope of 
activities creates the need to form substructures and increase 
formal control to create unified performance standards, thus 
intensifying the significance of the Hierarchy Culture. Later the 
culture is gradually supplemented by elements of the Market 
Culture, enabling the company to increase its competitiveness. 
The framework of the organizational culture diagnostics 
introduced by the above mentioned scholars “photographs the 
situation”, but does not show how the model identified has been 
formed and what role management has played in the formation 
of the organizational culture model. 
During the stability and ageing stages the organizational 
structure frequently becomes dysfunctional. To avoid this, 
managers should manage organizational culture changes paying 
particular attention to the development of the most important 
employee competencies for a given stage of company life cycle 
[16].   
The overall image of the organization is formed on the basis of 
the determinants of organizational culture: the main 
characteristics, leadership (management), human resource 
management, organizational unity, strategic objectives and 
success criteria. Each alternative shows how the department 
managers and employees of RTU and FEEM have described the 
current situation in the University and the Faculty, and how they 
want to see it in order to ensure that the activities of the 
organization are successful. The profile of the assessment of the 
current and desired organizational culture in RTU and FEEM is 
shown in Figure 2. 
 

 
 

Figure 2. Assessment of the organizational culture in RTU and 
FEEM [created by authors] 

 
Current organizational culture of the University according to the 
respondents’ opinions is more like the Hierarchy Culture. 

Hierarchy oriented cultures are structured and controlled, with a 
focus on efficiency, stability and therefore a significant role in 
achieving efficiency belongs to the leaders of the organization, 
whose personal qualities and skills determine the organizational 
strategy, goals and results to be achieved. The Hierarchy 
Culture is oriented to accurate distribution of power and roles, 
therefore the organization should now focus on the promotion 
of flexibility so that in the case of rapid changes the 
organization could adapt to the developments. 
The desirable organizational culture, according to the 
respondents’ opinions, is a mix of the Clan Culture, which is 
internally focused, characterized as family culture and is 
directed towards mutual relationship between employees, and 
Adhocracy Culture, which is a creative and innovative culture, 
the most significant efficiency criteria are innovation and 
development, risk and creative freedom. 
The most significant efficiency criteria in the Clan Culture are 
unity, human resources development, loyalty, mutual trust. The 
authors believe that the Clan Culture is oriented to support and 
solidarity that enables organizations to achieve operational 
efficiency, based on a strict division of functional roles, so the 
focus should be on coordination of the staff’s activities on 
various managerial levels.  
It can be concluded that employees would like reduction of the 
current Market Culture share – they would prefer more 
orientation to that area of higher education institution’s 
activities which is more focused on innovation and 
development, rather than the performance criteria characteristic 
to the Market Culture (competitiveness, orientation to results 
and profits). 
The next Figure shows the assessment of RTU strategic goals. 
 

 
 

Figure 3. Assessment of RTU strategic goals [created by 
authors] 

 
Upon examining Figure 3, it is concluded that the staff of RTU 
and FEEM believe that the existing RTU strategic goals and 
consequently the strategic goals of FEEM correspond to the 
Hierarchy Culture, which states that the organization 
emphasizes stability, and efficiency, control and precision 
activities are of great importance to it.  
In-depth study revealed that the department managers of FEEM 
believe that the existing RTU strategic goals correspond both to 
the Hierarchy and Market Cultures, the latter states that the 
organization is goal-oriented and focused on success, on 
winning and on increasing competitiveness. The authors believe 
that the department managers of FEEM have assessed the 
strategic goals of RTU according to the RTU goals set for main 
processes.  
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According to the respondents, the desired strategic goals of 
RTU and FEEM correspond to the Clan Culture, which states 
that employees are loyal to the organization, and the 
organization, through its activities, promotes staff development, 
openness and participation.  
In the assessment given by the staff of RTU and FEEM where 
they characterize the strategic goals, the culture that is most 
desired is the Clan Culture, next come the Adhocracy and 
Market Culture in the same proportions. As to the Market 
Culture, the desired in comparison with the current situation 
suggests that the RTU strategic goals should focus on increasing 
the competitiveness, success, goal-orientation and winning.  
The assessment of the current and preferred success criteria for 
FEEM is shown in Figure 4. 
 

 
 

Figure 4. Assessment of the success criteria for FEEM [created 
by authors] 

 
Upon examining Figure 4, it can be concluded that in the 
assessment the current success criteria for FEEM correspond to 
the Hierarchy Culture, which states that the organization makes 
progress thanks to its operational effectiveness. It is important 
to meet deadlines, do precise planning, have low operating 
costs. According to the department managers and employees of 
FEEM, the desired success criteria for RTU and FEEM 
correspond to the Clan Culture, which states that employees are 
loyal to the organization, and the organization with its activities 
promotes staff development, openness, participation. 
If teamwork is effective and the planned goals are achieved, 
then, in order to ensure efficiency in the future, it is necessary to 
pay even greater attention to success factors, including 
cooperation between people. However, if the team cannot 
handle their tasks, if the planned objectives are not met, it is 
definitely worth researching and looking for the factors that 
interfere. 
I. Lapiņa et al. [18] believe that, when talking about the people 
employed by the organization, what is primarily highlighted is 
their knowledge, skills, experience and desire to invest their 
potential in the work process in order to meet the organization’s 
objectives. Thus, the people, regardless of how they are referred 
to within the organization (personnel, staff or human resources), 
are part of the organization, i.e. one of the company’s 
stakeholders. The willingness and ability of the organization’s 
administration to manage these people responsibly and orient 
them to joint value creation describe and determine the 
company’s development strategy and attitude towards the other 
stakeholders. 
The authors note that employee loyalty, understanding of the 
organization’s goals can be achieved by promoting employee 
involvement in various processes and decision-making, thus 
creating employee awareness of how their work relates to the 
organization’s development and achievements.  

People working in such an organization as university have 
shared values and emphasize teamwork. They develop an 
environment focussing on human relationships where managers 
empower their staff and facilitate them to participate and 
commit. In the long term, such a culture will lead to an 
organization focussing on individual development with high 
cohesion and morale. 
The authors believe that higher education is not a market 
product; therefore, in order to improve the organization’s 
performance and competitiveness, to achieve a breakthrough in 
competitiveness, the management and employees of RTU are 
focused on innovation and development, are willing to be 
creative, thus the existing RTU organizational culture 
characteristics change along with the RTU quality policy 
approved in 2011 and development strategy of RTU approved 
in 2014. 
Quality aspects, process approach and continuous improvement 
are now the everyday actuality of the university management. 
The research of the organizational culture revealed that the 
desired changes in the organizational culture are directly linked 
to the direction of the strategic development chosen by the 
University and are in line with the University quality policy. For 
the organization to improve, a greater focus is put on the 
definition of the organization’s goals, stimulation of employees’ 
growth and motivation of the employee performance and work 
culture. 
The University management and employees are ready for 
cultural change that would be focused on innovations and 
development, which is clearly in tune with the RTU strategic 
goals to be achieved. The basic focus of the RTU strategy is to 
provide the implementation of the leitmotif of the National 
Development Plan for 2014 to 2020 – to realize “economic 
breakthrough” in Latvia. Riga Technical University positions 
itself as one of the cornerstones for the development of the 
Latvian economy by providing the training of necessary 
specialists, as well as by developing new products and services 
that serve as the basis for a sustainable growth of Latvia. The 
RTU strategy includes the framework for RTU development in 
the period up to 2020, as well as determines activities to be 
undertaken and sharing responsibilities for the tasks to be 
fulfilled. 
The strategy is based on the three main objectives of the 
University and permeates the five top priorities of the 
University – internationalization, interdisciplinarity, 
organizational, financial and infrastructure efficiency. These 
five horizontal priorities are used by RTU as a prism to view the 
implementation of the objectives and ensure internationally 
competitive high-quality scientific research, higher education, 
technology transfer, commercialization and innovation for the 
Latvian economy and society. 
 

6. CONCLUSIONS 
 
The method of diagnosing organizational culture allows 
organizations to identify the strengths and weaknesses of their 
organizational culture. The authors believe that the 
organizational culture study has made it possible to clarify the 
strengths and weaknesses of the organization’s corporate 
culture, as well as the level of employee satisfaction with the 
current organizational culture, and often also the satisfaction or 
dissatisfaction with the existing internal communication culture.  
There are several reasons for the development of organizational 
culture; the first reason is to improve quality and increase 
flexibility, the second one is the awareness that the main driving 
force behind the organization is the staff. The authors conclude 
that in order to promote the quality management and good 
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organizational governance, more attention should be given to 
the organization’s operating principles and conditions by 
encouraging employees to focus on the organization’s long-term 
interests and common values. 
Interrelation mechanism of organizational culture and quality 
management is determined thus facilitating the identification 
and understanding of underlying factors for Organizational 
Excellency. Excellent organizations achieve and sustain 
outstanding levels of performance that meet or exceed the 
expectations of all their stakeholders. 
The authors conclude that the concept of organizational culture 
cannot be unambiguously defined, but all explanations of the 
concept emphasize that organizational culture is a set of beliefs 
and behavioural norms, a way of thinking, a value system based 
on understanding of various scientific disciplines – philosophy, 
sociology, psychology and management science. Whereas, total 
quality management is the organization’s philosophy, a way of 
thinking about the organization’s objectives, organization, 
processes and people. Successful interaction between the 
“organizational culture” and “quality management” is a key 
factor in the achievement of the organization’s performance 
excellence.  
In order to promote the quality management and good 
organizational governance, more attention should be given to 
the organization’s operating principles and conditions by 
encouraging employees to focus on the organization’s long-term 
interests and common values. According to the authors, the 
organizational culture viewed in the context of quality 
management approach means talking about good governance 
aspects. The authors agree that at the organizational level the 
management forms a system within which the organization’s 
activities are managed, i.e., it is a set of principles and 
conditions under which the organizational goals are set and 
achieved. Within good governance systems the organization is 
stimulated to create added value by acting within a framework 
of clear responsibility and control principles that allow its 
operation to be ethical, predictable, strategic and consistent with 
the long-term interests of the organization’s management and all 
stakeholders – internal and external. 
The organizational culture and the behaviour of the higher 
education institutions in the country are influenced, among 
other factors, by the national culture and the government policy 
on education. Organizational culture is directly connected with 
effectiveness and performance of the organization – the stronger 
the organizational culture, the more effective is the 
organization.  
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ABSTRACT 
 

Intellectual capital became one of the most important 
resources at company, which provides sustainable 
competitive advantage. Despite of this the amount of 
intellectual capital investments is not significant in 
Latvia. The aim of the paper is to describe the factors 
influencing investments in intellectual capital at company 
level. The empirical study is used to obtain information 
by conducting a survey, the results are analysed and 
interpreted using factor analysis. The induction method is 
used to interpret and generalize the survey results, as well 
as various research papers and scientific literature are 
studied and entrepreneurs from certain sectors of national 
economy are interviewed.  
 
Keywords: intellectual capital, intellectual capital 
investments, factors influencing investments, company. 
 
 

1.  INTRODUCTION 
 
The concept of intellectual capital is connected with 
various concepts, such as intangible assets, intellectual 
property, patents, licences etc. At the present time, living 
in knowledge society, intellectual capital could be 
considered as the knowledge which could be transformed 
into value [16].  This transformation requires certain 
conditions, for example, company capabilities to use its 
own knowledge and attract knowledge from external and 
internal environment, and investments. Investments in 
intellectual capital are necessary for knowledge creation 
and accumulation within company, developing 
infrastructure (including business routines) and 
organization culture and by staff training.  
There are different approaches to understanding of the 
concept of investments in intellectual capital. Some 
researchers define this investment as different kinds of 
expenditures: for example, expenditures in R&D [2], [7], 
or expenditures in training, software, reputations, brand, 
and design and business process improvement [1]. But 
the previous study by the authors about the concept of 
intellectual capital investments shows that investments 

and expenditures are not synonyms [21]. Some 
researchers suggest comprehensions for intellectual 
capital investments, which combine financial and non-
financial aspects. Many of these comprehensions include 
company value creation and a competitive advantages 
creation aspect [23], [24]. Innovation is created by 
investments in intangibles. When such investments are 
commercially successful, and protected by patents, they 
are transformed into tangible asset creating corporate 
value and growth [20]. For this particular study we define 
investments in intellectual capital as company 
investments in different intangible assets (software, 
brand, etc.), research and development; business 
processes routines and procedures, and human resources 
for financial and non-financial value creation. 
The main aim of the research is to determine factors 
influencing investments in intellectual capital at 
companies in Latvia.  
The research questions are:  
1) What are the factors influencing investments in 

intellectual capital at an enterprise in Latvia? 
2) What kinds of investments in intellectual capital are 

most important for companies? 
The following research hypotheses are developed by the 
authors: 
H1: One of the disincentives of intellectual capital 

investments is lack of funds. 
H2: Entrepreneurs will invest in intellectual capital, if 

they see financial benefits from these investments. 
To achieve the research aim the following tasks are 
determined: 
1) To determine the most important factors, influencing 

intellectual capital investments in positive or negative 
ways; 

2) To develop a questionnaire for factor determination at 
company level; 

3) To create a data base of respondents; 
4) To collect a certain number of statements and 

interpret results.  
The research was made at company level and as a result 
we determined main factors, which influence company’s 
intellectual capital investments. 
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2.  LITERATURE REVIEW 
 

Studying literature, we found that there are several 
factors influencing an intellectual capital investment, 
which could be divided into different groups: 
1) Internal factors. These factors are under enterprise 

control and the enterprise could change them; 
2) External factors. These factors could influence the 

enterprise and decision making process, but the 
enterprise could not control or change them. 

The authors have grouped the factors influencing 
investments in four groups according their environmental 
and monetary descriptions (see Table 1). 
 

Table 1. Factors influencing investments in intellectual 
capital [created by authors] 

 Non-financial factors Financial factors 

In
te

rn
al

 

- Human resource 
qualification 

- Amount of available 
intellectual capital at 
company 

- Ability to absorb 
investments 

- Understanding of the 
concept of intellectual 
capital investments  

- Unwillingness to invest 
- Management and 

business processes 
organization 

- Organization culture 

- Availability of 
necessary financial 
funds 

- Uncertainty of return 
from investments 

- Accountancy standards 

E
xt

er
na

l 

- Partnership and 
cooperation 

- Protection of 
intellectual property 
rights 

- State support for 
innovation 

- Financial funds and 
tools’ availability for 
entrepreneurship 

- Tax reliefs 
 

The authors determine main internal factors on the basis 
of the previous researches: human resource qualification, 
organization culture, management and business process 
organization, and company ability to absorb investments, 
rate of return from investments’ uncertainty. 
Well-educated and qualified employees encourage new 
knowledge and technology implementation at the 
company. As a result the company invests more in staff 
training program and technology modernization [11], 
[30]. At the same time in some studies it is found that 
investments in training have no significant effect on 
company performance [4]. It means that some companies 
could attract qualified employees and not invest in staff 
training.  
At the present time resources cannot provide a 
sustainable competitive advantage for a company. 
Company needs a smart management and business 
process organization [3], [5], [18], [24].  An effective 
resource management, including intellectual resources, 
could be one of key drivers for value creation at the 
company. Some researchers distinguish synergy and 
multiplier effects between intellectual capital components 
[12], [13]. These effects change intellectual capital 
investments’ influence on the company results. For 

instance, if a company separately invests in technologies, 
there is no significant positive influence on company 
performance.  Companies do not have an optimal assets 
combination very often. There is no balanced structure of 
intellectual capital either. Because of these reasons the 
investments’ influence on enterprise results is not 
positive [26]. Some researchers tested the relationship 
between intellectual capital components in microfinance 
industry in Uganda. They conclude that positive and 
strong relationship exists between human capital, 
structural capital, relational capital and financial 
performance [16]. 
Significant part of company’s management is 
organization culture. For effective investments in 
intellectual capital and higher return from the investments 
company needs to develop organization culture, which is 
focused on knowledge sharing. Such organization culture 
improves an intellectual capital accumulation process at 
company. One of the main tasks for managers is to 
develop certain organization culture, which motivates 
employees, employers and other stakeholders to share 
their knowledge and experience, [10], [18], [19]. 
Management and business process organization, 
including organization culture, impact company ability to 
absorb investments. The intellectual capital investments 
are connected with knowledge flows to company.  The 
knowledge stocks and flows model predicts that 
competitive advantage depends on the continual 
accumulation of relevant knowledge stocks from 
knowledge flows [8], [9]. After a certain point, additional 
investments and knowledge flows may lead to 
diminishing returns and, as a result, firm performance. 
The main task for managers is to make a decision about 
the type and timing of knowledge flows between 
potential flows and existing knowledge stocks [22]. 
Each company expects return from their investments. 
Rate of return from investments in intellectual capital is 
uncertain because of several reasons. One of the reasons 
is that a part of company’s intellectual capital – human 
capital - does not belong to the company. It means that 
company invests in the capital which is not the property 
of the company and the company can lose it and possible 
benefits, too. There are many different methods for 
calculating the rate of return, for example, ROI, profit per 
employee, Value Added Intellectual Capital Index (VAIC 
index), etc. [6], [28], [29]. Most of these methods are 
used for financial benefits calculation, but there is lack of 
methods for non-financial benefits calculations. It could 
be considered as one of the reasons of the uncertainty of 
return from investments in intellectual capital. This factor 
is related to understanding of these investments. Many 
researchers and entrepreneurs consider only financial 
benefits as benefits from investments. 
According to literature review the main external factors 
are: partnership and cooperation, state support for 
innovation, accountancy standards, protection of 
intellectual property rights. 
According to Organisation for Economic Co-operation 
and Development (OECD) report, cooperation 
encourages experience and information exchange and 
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declines each partner costs. The established networks 
increase availability of information, resources and funds. 
In some countries cooperation is not developed because 
of different reasons [27]. 
Some enterprises develop their own research, but some 
use created new knowledge and technologies. For 
example, in Norway the share of enterprises, using ready 
R&D results and the share of enterprises with in-house 
R&D is quite similar. The biggest part of innovative 
enterprises has in-house R&D. 
Companies meet the problem with lack of funds very 
often. Therefore state support for innovation and 
knowledge-based economy could be incentive for 
investments in intellectual capital and further company 
development as well. In different countries governments 
use direct support and indirect support for R&D. For 
example, in Canada indirect support through tax policy is 
bigger, but in Iceland government uses only direct 
support. 
Accountancy standards are one of the factors hinder 
investments in intellectual capital. The valuation of 
intellectual capital investments within accountancy 
framework raises several problems relating to their 
identification, measure and control. According to 
International Accounting Standards Board (IASB) rules, 
the accounting treatment of internally generated 
intangible assets is less rigid but it remains deficient. 
Indeed, IAS 38 (Intangible Assets) details necessary 
stages for the creation of an intangible asset by specifying 
at every stage whether it is possible to predict future 
economic benefits associated with the asset. The 
development phase allows an entity to bring proof of 
existence of an intangible asset’s capacity to generate 
revenue. In this setting, the development costs must be 
capitalized provided such costs compliance with certain 
conditions. These conditions are [15]: (a) the technical 
feasibility of completing the intangible asset so that it 
will be available for use or sale; (b) its intention to 
complete the intangible asset and use or sell it; (c) its 
ability to use or sell the intangible asset; (d) how the 
intangible asset will generate probable future economic 
benefits; (e) the availability of adequate technical, 
financial and other resources to complete the 
development and to use or sell the intangible asset; and 
(f) its ability to measure reliably the expenditure 
attributable to the intangible asset during its 
development. 
Protection of intellectual property rights as a factor 
influencing the investments in intellectual capital hinders 
investments if there is no mechanism for implementation 
of law in the country and consumer culture and income 
are at a low level.  
The literature review results show that the factors 
influencing intellectual capital investment are studied 
from different points of view.  

 
3.  METHODOLOGY OF THE RESEARCH 

 
The research includes not only factors influencing 
investments in intellectual capital, but also covers the 

understanding of the concept of investments in 
intellectual capital and possible benefits from the 
investments at Latvian companies. 
The sample survey is limited by companies, which are 
members of one of two organizations: Business 
Efficiency Association and Latvian Society for Quality. 
The general sample consists of 114 companies; the 
necessary number of respondents for conducted survey is 
88 companies. Representative number of respondents is 
calculated according to general practice [14]. 
The authors select a questionnaire as a research tool for 
research aim achieving. To evaluate each statement about 
factors influencing investments in intellectual capital, 
respondents were offered to use the 4-point Lykert type 
scale. The opportunities for evaluation are: 1 – very 
important, 2 – average importance, 3 – relatively 
important, 4 - not important. 
The questionnaire consists of few sections: 
Section A: respondents’ statements about their 
understanding of the concept of intellectual capital and 
investments in intellectual capital and self-evaluation 
about the amount of the intellectual capital at the 
company (questions 1-4). 
Section B: statements about the importance of different 
kinds of investments in intellectual capital and benefits 
from investment, and self-evaluation about the amount of 
investments at the company (questions 5 – 7). 
Section C: statements about the importance of factors 
influencing intellectual capital investments (question 8). 
Section D: respondent profile (industry, number of 
employees, annual net turnover, location, duration of 
activity) (questions 9-14). 
The following qualitative and quantitative research 
methods have been used: logical and comparative 
analysis, deductive method to interpret the general 
information and link it to specific cases, the statistical 
method to group information and to analyse different 
regularities, the empirical method to obtain information 
by conducting a survey, and the induction method to 
interpret and generalize the survey results. 
The questionnaire results were analysed, using software 
SPSS for factor analysis. 
 
 

4.  RESULTS OF THE RESEARCH 
 
For interrelations determination the authors have made a 
factor analysis based on principal component analysis. 
Factors rotation is based on Varimax method. During 
factor analysis questions with significant correlation are 
selected and the results are shown in Tables 2 and 3.  
Table 2. KMO and Bartlett's Test [created by authors] 

Kaiser-Meyer-Olkin (KMO) Measure of Sampling 
Adequacy 0.658 

Bartlett's Test of Sphericity 

Approx. Chi-square 1385.378 

df 496 

Sig. 0.000 
 

84

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)



Table 3. Total Variance Explained [created by authors] 
Component Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared 

Loadings 
Total % of 

Variance 
Cumulative 

% 
Total % of 

Variance 
Cumulative % Total % of 

Variance 
Cumulative 

% 
1 5,594 17,482 17,482 5,594 17,482 17,482 3,176 9,923 9,923 
2 3,599 11,248 28,729 3,599 11,248 28,729 3,051 9,535 19,458 
3 2,471 7,722 36,452 2,471 7,722 36,452 2,688 8,400 27,858 
4 2,217 6,927 43,379 2,217 6,927 43,379 2,543 7,947 35,805 
5 1,958 6,118 49,496 1,958 6,118 49,496 2,418 7,558 43,363 
6 1,623 5,073 54,569 1,623 5,073 54,569 2,094 6,545 49,908 
7 1,484 4,638 59,207 1,484 4,638 59,207 1,925 6,016 55,924 
8 1,159 3,620 67,110 1,159 3,620 67,110 1,526 4,770 65,616 
9 1,130 3,530 70,640 1,130 3,530 70,640 1,392 4,351 69,967 
10 1,067 3,334 73,974 1,067 3,334 73,974 1,282 4,007 73,974 
11 ,842 2,630 76,604       
… … … …       
32 ,089 ,279 100,000       

Extraction Method: Principal Component Analysis. 
 
KMO and Bartlett’s test results show that adequacy is 
satisfactory. The total number of components is ten, 
which describes relationships among different variables. 
The components rotation results are shown in Table 4. 
The first component (Table 4) describes interrelations 
between company size, operation duration and amount of 
investments in intellectual capital. It can be concluded 
that a company which operates at the market for a long 
period of time, with a big number of employees and 
annual net turnover, invests more in intellectual capital. It 
means that one more factor influencing intellectual 
capital investments could be determined: company size. 
Respondents consider that the most important 
investments in intellectual capital are investments in staff 
training and research and development.  But investments 
in R&D are important for respondents who include R&D 
into the components of intellectual capital. The fifth 
component of rotated matrix shows positive interrelations 
among investments in software acquisition and 
improvement and technology acquisition. These 
investments are important for companies, too. 
Investments in personnel recruitment, staff evaluation 
system development and implementation and staff 
training, staff loyalty as a possible benefit from 
investments and amount of the intellectual capital at 
company are interrelated. It can be concluded, that 
investments in recruitment, training and evaluation do not 
impact the employee’s loyalty at a certain level if 
company has sufficient amount of intellectual capital.  
The authors suppose that companies invest less if they 
have enough intellectual capital for company’s strategy 
implementation and goal achieving. The amount of the 
intellectual capital is evaluated as sufficient at the 
companies which operate in such Latvian regions as Riga 
and Pieriga. 
The most expected benefits from the investments for 
respondents are financial: profit, market share 

enlargement, increase of productivity and profitability, 
increase of company value. Profit and market share 
enlargement are positively interrelated. It means that 
companies believe that on enlarging a market share the 
profit will increase. But some of non-financial benefits 
are considered important, too: staff qualification 
improvement, reputation improvement, partnership 
strengthening. The most important non-financial benefit 
from the investments is customer satisfaction which 
impacts further financial benefits and results. The main 
financial factors influencing investments are availability 
of financial funds at company, financial funds (for 
example, EU funds) availability for companies, state 
support for innovation, tax reliefs. Positive interrelation 
among these factors is observed. These factors impact 
company ability to invest. If company has necessary 
financial resources, such factors as state support and 
different kinds of funds availability are not conclusive for 
decision making about investments.  
Big part of respondents considers that the main non-
financial factors are human resource qualification, ability 
to absorb investments, protection of intellectual property 
rights and understanding of the concept of intellectual 
capital investments. Companies’ statements show that for 
effective results from the investments they need a 
“platform for making investments”. If they have no 
employees with certain qualification, capability to use 
investments, if created intellectual property could not be 
saved for company use and defended from competitors 
and illegal usage, they do not invest, or invest less, or 
investments will not achieve certain results.  These 
factors become more and more relevant in Latvia last 
years because of economic crisis, low wages, and 
migration. At the same time such a factor as 
unwillingness to invest is not relevant for companies.
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Table 4. Rotated Component Matrixa 

Questions Questions short description Component 
1 2 3 4 5 6 7 8 9 10 

Q10 Number of employees at the company 0,895          Q11 Annual net turnover at company 0,854         
Q7 Amount of investments 0,826          

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0,771 
- 0,645 

 

Q14 Duration of  company life 0,749         

Q8_11 Financial funds (for example, EU funds)  
availability for companies  0,888        

Q8_10 State support for innovation  0,869        
Q8_12 Tax reliefs  0,761        

Q8_15 Accountancy standards for intellectual capital 
disclosure  0,587        

Q2_3 Production technology   0,882       
Q2_4 Information technology   0,835       
Q2_5 Sales and communication technology   0,816       
Q5_1 Staff recruitment    0,808      

Q5_3 Staff  evaluation system development and 
implementation    0,716      

Q5_2 Staff training    0,713      

Q6_10 Staff loyalty improvement (result from 
investments)    0,571      

Q8_2 Amount of intellectual capital at company    0,565      
Q5_14 Software acquisition     0,851     
Q5_13 Software improvement     0,799     
Q5_9 Technology acquisition and improvement     0,578     
Q5_11 R&D (as an investment object)      0,810    
Q2_14 Research and results (as intellectual capital part)      0,736    
Q5_12 Patents acquisition      0,678    
Q6_1 Increase of profit       0,808   
Q6_2 Market share enlargement       0,779   
Q2_10 Business routines        0,780  
Q2_6 Licenses        0,631  
Q2_2 Staff experience         0,855 
Q8_5 Cooperation among companies         0,506 
Q3 
 
Q12 

Amount of intellectual capital for company’s 
strategic goal achievement 
Location of the company (region) 

         

         

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization  
a. Rotation converged in 8 iterations. 

 
5.  CONCLUSIONS 

 
The conducted survey covers aspects related to 
investments in intellectual capital: understanding of the 
concept of these investments benefits from them and 
factors influencing these investments. 
The main kinds of investments at company level in 
Latvia are considered investments in staff training and 
R&D. The authors suppose that it could be explained by 
the entrepreneurs’ understanding of the concept of 
intellectual capital and investments. A big part of them 
believe that intellectual capital is employee’s knowledge; 
as a result they define investments in intellectual capital 
as investments in staff training. Some entrepreneurs agree 
with a wider definition of investments, which includes 
company investments in different intangible assets 
(software, brand, etc.), research and development; 

business processes routines and procedures, and human 
resources for financial and non-financial value creation. 
Companies expect different benefits from the 
investments: financial and non- financial. However, most 
of respondents’ expectations are financial benefits such 
as profit, market share enlargement, increase of 
productivity and profitability, increase of company value. 
It approves the second hypothesis of current study. Only 
the customer satisfaction as non-financial benefit is 
considered as very important. The authors could conclude 
that financial and non-financial benefits mentioned are 
interrelated. 
Due to the economic and social situation in Latvia, the 
main factors influencing the decision about investments 
are financial factors, such as availability of financial 
funds (for example, EU funds) at company, state support 
for innovation, tax reliefs. These factors impact company 
ability to use financial resources for investments. At the 
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same time, results show that respondents understand the 
relevance of the non-financial factors for decision 
making. Therefore as main non-financial factor is 
considered human resource qualification, ability to 
absorb investments, protection of intellectual property 
rights. 
The survey results will be used for the development of 
methodology concerning decision making and intellectual 
capital investments at the company level. 
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ABSTRACT 

 

The paper aims to present the results of the study 

on identification of commonality and delineation 

between coaching and other facilitating activities in the 

context on organizational change. Online expert 

interviews were conducted to obtain the data. The 

qualitative analysis of the data was carried out. The 

findings were compared with academic literature.  

The obtained results provide the proof that 

coaching can be used together with mentoring 

supporting the whole process of change in the 

organization. Under coaching program, coaching can 

be combined with consultancy. However, a clear 

delineation has to be between coaching and 

counseling/ therapy. 

 

Keywords: Coaching, facilitating practices, 

organizational change 

 

1. INTRODUCTION 

 
Coaching is still a relatively new professional field 

in Latvia and Lithuania. Under the Global Coaching 

Survey 2008/2009 that define the life-cycle stage of 

coaching for each European country, coaching in 

Latvia is in the pre-introduction phase while coaching 

in Lithuania is in the transition between introduction 

and growth stages.  While awareness of coaching is 

growing, people in Latvia and Lithuania do not fully 

understand the essence of coaching and tend to 

confuse coaching with other facilitating activities, such 

as mentoring, consultancy, counseling, mediation, etc. 

In previous study, the authors examined definitions 

of coaching presented in the literature as well as the 

key words to define coaching that were extracted from 

the experts‟ survey. The study also investigated the 

current state of affairs in the field of coaching in 

Latvia and Lithuania with special emphasis on the use 

of coaching for organisational purposes. Two types of 

analysis give opportunity to define the essence of 

coaching and its role for organizational development 

and change. The analysis of 41 selected definitions 

showed that there is no unified approach to the 
definition of coaching. Content analysis of the experts‟ 

answers about the key words what can be used to 

define the sense of coaching identified that the word 

development is used more frequently to characterize 

coaching.  

The results of this study suggest that coaching is a 

regular, synergic, learning and development, goal-

oriented process. Facilitation is defined as a primary 

aim of coaching. Definitions of coaching presented in 

the literature and experts‟ answers demonstrated a 

basic agreement in the implementation of coaching. 

Both sources considered that coaching is beneficial for 

an individual and organisation. Achieved results and 

personal growth was considered as the key expected 

coaching outcomes. Experts highlighted a lot of 

advantages of the coaching use for individual and 

organisational development, among them the 

opportunity to develop self-awareness. Coaching also 

can stimulate the ability to organize individual‟s 

thinking process more clearly and more structural. In 

respect to organisations, coaching provides a greater 

goal clarity, better alignment with the role in 

organisation that facilitates change in the style of 

management. At the same time experts mentioned that 

it is difficult to predict how effective coaching can be 

because coaching is not homogeneous and it is 

difficult to measure the results of coaching. 

Coaching is not the only facilitating activity that is 

used in organizational context. Besides coaching, other 

facilitating practices are used in organization, 

mentoring, consultancy, counseling, mediation are 

among them. The analysis and comparison between 

coaching and other practices give possibility to apply 

the holistic approach to organizational development by 

means of implementation of the beneficial features of 

all these practices. 

Thus, the aim of the present study is to find out the 

commonality and delineation between coaching and 

other facilitating activities as well as to investigate the 

possibility to combine the activities in the 

organizational context. For these purposes literature 

review and qualitative methods to obtain and analyze 

the data were implemented.   

 

2. LITERATURE REVIEW 

 
Coaching is referred to as the activity that enables 

individuals and teams to achieve results (Evered and 

Selman, 1989) as well as facilitates discovering 

opportunities and creating „a culture of development‟ 
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(Popper and Lipshitz, 1992) to enhance performance 

and efficiency (Orth, Wilkinson, and  Benfari, 1987, 

Burdett, 1998). Implemented in organisations, 

coaching is beneficial for people and organisations 

(Kilburg, 2000). Coaching generates individual‟s 

sustainable behavioural change in working and 

personal life (Zeus and Skiffington, 2000). This 

positive change may result in enhancing the entire 

organisation (Peltier, 2001). 

To identify its distinctive features, coaching is 

compared with other facilitating practices such as 

mentoring, consulting, counseling and mediation. The 

particular individual‟s needs lead to different 

supporting approaches that facilitates people work 

with their needs (Salter, 2014). 

Comparing coaching and mentoring, scholars 

(Garvey, 2011) note that mentoring has a longer-

standing history than coaching, however both practices 

use similar methodology and tools. McCarthy (2014) 

clams that adult learning is a common theory that 

underpins both coaching and mentoring. Despite some 

common features, coaching and mentoring have 

enough differences. Haan, et al.  (2011) state that the 

purpose of executive coaching is not so much to offer 

instant, ready-made solutions, but rather to foster 

learning and change. As it has been stated by 

Kempster and Iszatt-White (2013), a mentor acts as a 

trusted guide guiding a person based on the mentor‟s 

own wisdom, experience and position. The 

relationship between more experienced mentor and 

less experienced individual emphasize experience as a 

key point in mentoring (Baron, Morin, 2010).  In 

contrast, in coaching the emphasis is made on 

providing space and resources to help people consider 

their own issues and arrive at their own solutions. 

Trenner (2013) argues that coaching is not about 

„telling‟ or „advising‟. By contrast, a mentor will 

provide advice and guidance based on their own 

experience. Expertise is a central distinctive feature of 

mentoring and coaching. It is assumed that mentor is 

proficient in a relevant field, while it is not necessary 

to require coach‟s expertise in a relevant industry or 

field, the reason for this is in the main goal of coaching 

to learn and develop (Wycherley, Cox. 2008). 

Even though coaching and consultancy frequently 

operate in the same environment, they have different 

background. Consultancy aims to analyze some 

problem situations and provide with ready-made 

solutions or recommendations. In contact to coaching, 

consultancy does not necessarily aim to provide 

learning (Audet, Couteret, 2012).     

Counseling and psychotherapy are remedial 

interventions. The focus of counseling and 
psychotherapy is on talking and unravelling the past, 

whereas coaching is action-based, future-facing and 

result-orientated (Trenner 2013). Differing from 

therapy, coaching relationships are characterized as 

equal, coach does not have direct power over the 

individual (Bozeret.al, 2013). Moreover, Grand (2004) 

highlights that coaching cannot be considered as a 

replacement for medical and psychological therapy.  

Price (2009) investigated coaching/therapy boundary 

in organizational coaching. The research produced 

some interesting findings about two possible ways of 

development of coaching. Under the first way, 

coaching is developing as a practice that is distinct 

from therapy, in this case, the context of coaching as 

well as its purpose and process has to be clearly 

defined and the therapeutic situations must be 

excluded. The second way “accepts that coaching 

significantly overlaps therapy” (Price, 2009), 

therefore, there is no need to establish a boundary 

between coaching and therapy. It was argued that 

coaches need to practice within the boundaries and 

narrow the context to eliminate the therapeutic issues; 

otherwise coaches should get therapeutic training.  

However, there are some features that unify theses 

practices into facilitating activities. Dialogue is a 

common feature for all facilitating activities. However, 

the nature of dialogue is different. The aim of coaching 

dialogue is to generate client‟s talk with him/herself 

(Cox, 2013). There is no coach‟s attempt to use 

therapeutic model and to switch client‟s thinking in 

other direction (Cox, 2013). 

Listening is used by all facilitating activities. 

However, the aim of listening differs. In coaching, 

listening helps achieve client‟s trust and openness 

(Cox, 2013).     

Coaching is frequently used to complement other 

interventions to enhance their effect and achieve 

sustainable result. Thus, for instance, coaching 

attempts to overcome the gap between skills and 

knowledge acquisition and re-integration back to work 

(Bright, Crockett, 2012).     

 

3. RESEARCH DESIGN 

 
The aim of this study is to explore the views of 

experts in coaching about differences and similarities 

between coaching and other helping activities in 

organisational context, based on their personal opinion 

and professional experience.  

Online interviews were conducted from September 

to December, 2013. For the purposes of the research it 

was decided to focus on the key informants, i.e. 

experienced practitioners in coaching, to generate 

primary data for qualitative analysis. The selection of 

practitioners was based on the following criteria: 

participation in the training programme for coaches, 

work with organisations, and experience in the field of 
coaching for more than 3 years as well as a genuine 

desire to contribute to the research. Based on the 

established criteria, four coaches from Latvia, three 

coaches from Lithuania, one coach from Poland and 
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one coach from Germany took part in the interview.  

The experts from Poland and Germany were invited 

with the aim to trace the tendency of development of 

the subject matter in the countries that might have 

influence on the Baltic countries. 

All most all respondents have graduated from 

accredited coach training programmes; among them 

one interviewee has gained Master‟s degree in 

coaching and another one is working to get this degree. 

All respondents identified that they work at 

organisational level defining their professional 

background as an executive coach, organisation leader, 

HR and training specialist, consultant. The 

practitioners indicated that their average experience in 

coaching is 3-5 years. 

The qualitative analysis of the data was carried out 

by the use of data reduction and analysis. The data 

were systematized under the categories and presented 

in the tables. The findings were compared with 

academic literature to establish an agreement.   

 

4. RESEARCH RESULTS 

 

The questions were devoted to the comparison of 

coaching with other facilitating activities to identify 

how the experts perceive distinguishing features of 

coaching. The coaches were asked to compare 

coaching with mentoring, consulting, training, 

counseling, therapy, mediation. It was coaches‟ choice 

to compare coaching with all above mentioned 

activities or to choose any. As a result,  

 mentoring was compared by all coaches;  

 consultancy was compared by 2/3 of coaches; 

 therapy and counseling were compared by 1/3 

of coaches;  

 mediation were compared by four coaches. 

There is opinion among coaches that the 

delineation of coaching and mentoring is an artificial 

stress, mentor and coach can be still the same person 

(E1), both coaching and mentoring use questioning 

(E2). Nevertheless all coaches mostly focused on the 

differences between coaching and mentoring. The 

point of distinction is experience and knowledge. A 

coach is not giving his own experience of the situation 

to the coachee (E5). Coachee finds the way how to 

solve the problem by himself (E5, E6). Coaching is 

more non-directive (E6) and is more about clients‟ 

view of life (E3). Mentor is more senior (E1) and more 

experienced in some area (E2, E3, E4, E 8), he is 

giving his experience (E5, E7) and has more 

hierarchical relationship with mentee (E8). The other 

point of distinction is process. In coaching, client sets 

the agenda (E6, E7) and with coach‟s support finds the 

solution by him/herself (E5). Coach follows the client 

(E2) because coaching is more about clients‟ view of 

life (E3). In mentoring, the process is directed by 

mentor, the client follows the mentor (E2) because 

mentor is more senior in his experience and skills (E9). 

Mentor expresses his/her opinion about the best way to 

perform the task (E10) and about the ways that should 

be avoided (E3, E5). The experts highlighted that the 

main difference is in the essence of relationship. In 

mentoring, the mentor and the client are partners but 

they still have hierarchical relationships (E9), while 

coaching is more non-directive style (E7). The 

comparison between coaching and mentoring based on 

the experts‟ opinion is presented in Table 1. 

Table 1 

Comparison between coaching and mentoring (based on experts’ opinion) 
 Coaching Mentoring 

Coach Client Mentor Client 

Expertise not defined by experts senior  

more experienced 

 

Process 

 

follows the client 

does not share his/her 

experience; 

helps client find his/her 

solution 

sets the agenda; 

finds the way by 

him/herself; 

shows the path; 

shares experience and knowledge; 

tells what is the best way to do; 

expresses his/her opinion  

follows the 

mentor 

Relationship non-directive more hierarchical  

Commonality The delineation of coaching and mentoring is an artificial stress. 

  Mentor and coach can be the same person. 

Coaching and mentoring use questioning. 

(source: compiled by authors) 

Comparing coaching with consultancy, experts 

mentioned that exploring problem and giving solution 

is the distinction point. Consultants are usually 

engaged as experts to explore the problem in 

organisation and provide the solution. (E2, E3, E4). 

Consultants are experts (E2), they are professionals in 

their sphere (E4). A coach, as a rule, doesn‟t provide 

solutions, he/she uses questioning and other techniques 

to open individual‟s potential to facilitate them finding 

solutions by themselves (E2, E3). By expert‟s opinion 

(E6), nobody can provide efficient advice in the exact 

situation because nobody knows “environment or the 
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obstacles of individual person‟s life or business 

situation”. Getting knowledge or reflection on 

knowledge distinguishes consultancy from coaching 

(E7, E8). The question about knowledge holder 

distinguishes coaching from consultancy. Whereas 

consultant is the knowledge holder, the coachee in 

coaching holds the knowledge and thinks about that 

knowledge and experience (E8).  

However, the mixture of coaching and consultancy 

is possible under certain circumstances (E7). Coaching 

program may be offered at an early stage, and then 

some lack of knowledge may be uncovered. The client 

is sent to seek expert consultation or training and 

finally he/she gets coaching again to reflect on the new 

knowledge. Two experts (E5, E10) consider that 

consulting is similar to mentoring, since the consultant 

as well as the mentor knows what to do in the certain 

situation and provides recommendations. The 

comparison between coaching and consultancy, based 

on the experts‟ opinion, is presented in Table 2. 

Table 2 

Comparison between coaching and consultancy (based on experts’ opinion) 
 Coaching Consulting 

 Coach Client Consultant 

Expertise not defined by experts expert; 

professional in his/her sphere; 

knowledge holder. 

Process 

 

doesn‟t give solutions or advice; 

does not pass the knowledge; 

asks questions to open people potential; 

reflects on the knowledge that coachee 

has already had. 

holds the knowledge; 

thinks about knowledge, experience 

and about a new concept;  

finds solutions themselves. 

 

gives some solutions; 

explores the problem in 

organisation and provides the 

solution; 

knows the tools and what to do 

and tells what to do; 

passes the knowledge. 

Relationship not defined by experts  

Commonality Sometimes you have to mix consulting and coaching (C7) 

(source: compiled by authors) 

Opposite to coaching, mentoring and consultancy 

where the mixture of these activities is possible (E7) 

and coaching methods can be used in mentoring and 

consulting (E3), it needs to be a great delineation 

between coaching and counseling (E1). Counseling is 

going to the psychotherapy (E1). It is not the 

competence of coaches “to go inside a person so deep, 

because we actually do not have this knowledge how to 

get out of it. “We can use some techniques, or specific 

strategies to let person the mind be more opened, but it 

is not as deep as in therapy” (E6).While listening is a 

common point of coaching and counseling, the aim of 

listening is different. As it was mentioned by expert 

(E1), in counseling “there might be a lot of listening to 

be done only, and only empathy to be displayed. There 

might be no talk about what could be different, where 

to be go with it”. Psychotherapist is an expert in this 

field (E3). In coaching the expert of his/her life or 

business is the client. Coach is the expert to explore, 

promote the process, he is responsible for environment 

(E3). The experts highlighted that while in coaching 

the emphasis on the present and future, the talk about 

past can be. However, the aim of this talk is different. 

Coach talks about client past to help the client use the 

positive past experience as a recourse for the present or 

future actions. Past also can be used as a point for 

discussion and understanding about what should be 

done differently (E3).The comparison between 

coaching and counseling / therapy, based on the 

experts‟ opinion, is presented in Table 3. 

 

Table 3 

Comparison between coaching and counseling / therapy  (based on experts’ opinion) 
 Coaching Counseling / therapy 

 Coach Client Specialist 

Expertise is the expert to support, explore, 

and promote the process; 

is responsible for environment; 

is the expert of his/her life,  business or 

question; 

is responsible for result 

expert in this field 

Process 

 

tends to be forward to future 

orientation; 

some techniques can be used to let 

person be more open, but they are 

not as deep as in therapy; 

past positive experience is used to 

understand what had worked in the 

past and what should be done 

differently. 

within a coaching contract there is a 

component of expectation, then an action 

based on it; 

 

may have  only emotional support 

role often looks backwards, what 

happened and what problems 

might be in the past;  

 

Relationship coach and client are equal in their status, but they have completely different form of psychological 
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roles. consultation 

is responsible for what he/she is 

doing with the client 

Commonality Common is listening, The aim of listening is different. Behaviour therapy is quite similar to coaching 

Delineation It needs to be a great delineation between coaching and counseling 

(source: compiled by authors) 

  

Similarities of coaching and mediation are in 

questioning, mediators usually ask a lot of questions to 

find out the reasons, and they also use a lot of coaching 

techniques. However, mediator is not a developer (E2). 

The main difference is in the purpose of the activities. 

The purpose of mediation is to get the agreement 

between two parties who are in conflict (E5, E10). 

Coaching can also deal with conflicts, but this is not a 

preliminary requirement to initiate interaction. 

Coaching helps employer and employees see the 

conflict situation from the outside to decide by 

themselves what is the best solution (E6). 

Therefore, coaching is a process of partnering 

someone in his / her thinking and learning without 

giving advice. This statement may consider as a 

distinctive point between coaching and other 

facilitating activities. It is not the aim of coaching to 

say what the right way is. Coaching is an alliance 

where client is an expert of the matter while coach is 

responsible for the process. A coach is not giving his 

own experience of the situation to coachee; coachee 

finds the way to achieve the goal by himself.  

 

5. CONCLUSIONS 

 
The analysis of experts‟ answers shows the agreement 

between the literature and experts‟ opinion about 

commonality and delineation between coaching and 

other helping activities. The facilitating activities are 

compared under four main categories: expertise, 

process, relationship, and commonality/delineation. 

The use of a common approach to the comparison 

enabled to conduct not only two-sided comparison but 

throughout comparison as well.  

Concerning to expertise category, coaching is 

positioned as an activity where client is an expert in the 

issue and he/she is a knowledge holder. Coach has to 

competent in the techniques and tools to create the 

environment and promote the process. This finding 

aligns with Cox (2013) statement that the coach‟s role 

is to reflect on client‟s experience. Mentoring, 

consultancy, counseling and therapy as opposed to 

coaching, demand the expertise and even qualification 

for the specialists.  

The process that lies in the core of all these 

activities is quite similar; it comprises such 

components as questioning and listening. However, 

experts highlighted that the aim of these components is 

different. The primary aim of listening and questioning  

 

 

 

in coaching is to support the person and help him work 

with his/her thinks, knowledge and experience. The 

same idea is proposed by the scholars (Cox, 2013, 

Trenner, 2013).  

Relationships between coach and client are equal 

and non-directive. Mentoring implies hieratical 

relationships between senior and more experienced 

mentor and less experienced individual. Moreover, in 

counseling and therapy a specialist is responsible for 

all interaction with the client. This conclusion is 

verified by Grand (2004) research in coaching and 

therapy.  

Analyzing commonality and delineation between 

coaching and other helping activities, it was concluded 

that coaching can be used together with mentoring 

supporting the whole process of change in the 

organization. Under coaching program, coaching can 

be combined with consultancy. However, a clear 

delineation has to be between coaching and counseling/ 

therapy. The reason of this delineation is a deep 

psychological intervention which is beyond the 

boundaries of coaching. 
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ABSTRACT 

 
The paper analyzes social entrepreneurship as an indicator 

of emerging network economy, as the type of business 

models used by social enterprises are only sustainable in 

case they are based on networks (as literature indicates). 

To evaluate this proposition we have implemented 
quantitative analysis of interrelation between social 

entrepreneurship activity (the level of it was acquired 

from relevant Global Entrepreneurship Monitor report); 

development of networks (which was viewed as the share 

of rural population, where the strongest networks are 

found), and the level of economic freedom as an indicator 

of of institutional development quality (acquired from 

Heritage foundation report), as the literature suggests that 

social entrepreneurship activity can be found mainly in 

the environments with underdeveloped institutions. 

Quantitative evaluation was performed by means of 
correlation, cluster and graph analysis done with SPSS 

Statistics. 

 

Keywords: Social entrepreneurship, Network economy, 

Networks, Social entrepreneurship activity, Economic 

freedom, Institutions. 

 

 

1.  INTRODUCTION 
 

Managerial research in the past 20 years introduced a 

significant amount of ideas regarding perspectives of 
capitalism itself and efficiency of governance frameworks 

introduced under it in particular, which included criticism 

of capitalism and relevant institutions [5], existing 

limitations for value creation in terms of shared value 

[18], inability to overcome poverty in the current 

circumstances [28], uneven distribution of wealth and 

inter-societal income polarization [17], new trends of 

capitalism arising from networks economy [2]. The 

mentioned scholars produce a common message – 

existing capitalist model appears unable to solve quite a 

number of social problems, and normally does not 

consider societal effects that businesses produce – and 

henceforth misses an important market which is seen as a 

low profitable one [28]. Other scholars mention this 

approach ignores societal opportunity as a business one 

[8], or substitutes shared value creation by 

implementation of socially responsible practices [18]. The 
possibility of changing this pattern is seen by the majority 

of researches as the main reason for social business 

development in the past decade.  

 

Though the concept of social entrepreneurship is already a 

relatively mature one, defined by Dees [4], Drayton [6] 

and Leadbeater [14], followed by a number of others up to 

the date – the origins of this type of business still remain 

unclear, as well as its role in emerging economy. One of 

the main specific features of social entrepreneurship is 

that it becomes profitable only when dealing with big 
amount of customers, and thus majority of social 

businesses operate on BoP level; this identifies an 

intuitive idea that social business would become one of 

the basic elements of the emerging economy of networks.  

 

In this paper we investigate current state of social 

business and the possibility of using this platform for 

network economy creation by quantitative evaluation 

performed with SPSS Statistics. 

 

 

2.  LITERATURE REVIEW 
 

Defining the role of social entrepreneurship calls first for 

the definition of phenomenon itself. As Dacin et al. [3] 

have demonstrated, the literature presents a wide variety 

of approaches to define social entrepreneurship, from 

Waddock and Post [26], Leadbeater [14], Thomson et al. 

[24], Dees [4] and others up to the present. However, as 

Masetti [16] and Dacin et al. [3] indicate, these definitions 

create more confusion than understanding: how social 

entrepreneurs are defined by both scholars (including 
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those mentioned above and supported by Hockerts [11]; 

Roberts & Woods [19]; Yunus, [28]; Zahra et al., [29]; 

and others) and practitioners (Grameen Creative Lab, 

Schwab and Skoll Foundations) demonstrates that social 

entrepreneurship does not truly differ from 

“conventional” entrepreneurship. This absence of 

characteristics specific to social entrepreneurship has 

created the understanding that social entrepreneurship is 

not a specific type of business, in contrast to the 
perspective of Yunus [28] or Dees [4], but rather each 

entrepreneurial activity can be treated as social 

entrepreneurship [20].  

 

The primary characteristics of social entrepreneurship as 

outlined by the scholars and practitioners mentioned 

above are the following: (1) its main goal is to drive 

important societal change (social mission); (2) it implies 

exercising business processes and discipline, innovation, 

and determination in seeking business solutions to social 

problems; (3) it entails the pursuit of economic efficiency; 

(4) it is motivated by strong ethics; and (5) it involves the 
creation of value beyond resources currently under the 

entrepreneur’s control. However, all of these 

characteristics hold for any “conventional” entrepreneur, 

as identified by Schumpeter [21], Kirzner [13], Timmons 

and Spinelli [25], and others. The difference that a social 

entrepreneur seeks to advance a social mission appears 

insufficient to be regarded as a peculiarity, especially 

because entrepreneurs are typically attempting to change 

the world, at least at a local level. However, practitioners 

have outlines some interesting differences: (1) a social 

entrepreneur seeks to solve the problems created by 
institutions, which therefore cannot be solved by these 

same institutions [1]; (2) the business’s objective is to 

overcome poverty or another problem (such as education, 

health, technology access, and environment) that threatens 

individuals and society, not profit maximization [10]; (3) 

social entrepreneurs serve as society’s change agents [22]. 

However, again, these goal and results can be pursued by 

conventional businesses. Determining the definition of 

social entrepreneurship becomes all the more confusing if 

we consider the arguments of Kao [12] and Tan at al. 

[23], who have noted that entrepreneurship itself is not yet 
clearly defined in the literature. Due to that for the 

purposes of this study we are going to see social 

entrepreneurship as a regular one, but using social based 

opportunity. 

 

Analysis of social entrepreneurship practice [1, 10, 22] 

reveals that social entrepreneurship business models are 

sustainable mainly when they are aimed to serve 

relatively wide circle of customers. This fact allowed us 

to propose that social entrepreneurship might appear to be 

a sign of emerging network economy – but to define it 

first we need to outline the contents of network economy 
itself. Network economy is in many cases viewed as 

digital economy [15], but in this paper we follow the path 

of Benkler [2] as an emerging type of global economic 

system based on information and its spreading between 

economic agents. 

 

 

3.  METHODOLOGY 
 

For the purposes of this study we have made a number of 

propositions to acquire quantitative data on social 

entrepreneurship and networks: the level of social 
entrepreneurship activity was acquired from relevant 

Global Entrepreneurship Monitor report [9] where it 

appears as Social Entrepreneurship Activity rate (SEA 

rate); the level of networking activity was viewed as the 

share of rural population [27], since the strongest 

networks, according to existing literature, are found in 

rural areas. Finally, we have evaluated the level of 

economic freedom as an indicator of the quality of 

institutional development, as the literature suggests that 

social entrepreneurship activity can be found mainly in 

the environments with underdeveloped institutions [28]. 

This data was acquired from Economic freedom ranking 
developed by Heritage foundation [7]. The total sample 

included 39 counties which could have been found in all 

three databases for the same time period. 

 

These three types of data were evaluated by means of 

correlation, graph and cluster analysis with the 

instruments of SPSS Statistics software. 

 

 

4.  MAIN FINDINGS 
 
Within this study we have proposed the following 

hypotheses: (1) the level of social entrepreneurship 

activity correlates with share of rural population and level 

of economic freedom; (2) higher SEA rates can be found 

in countries with well-developed networks, (3) higher 

SEA rates can be found in the countries with higher share 

of rural population. 

 

Correlation analysis 
On the first stage of our study we evaluated interrelation 

of share of rural population, level of economic freedom 
and SEA rate of the countries’ sample by means of 

correlation analysis which included both Pearson 

correlation and non-parametric correlation. Non-

parametric correlation was chosen as histograms of main 

variable indicated that all three have a one-peak 

distribution with left distortion, so non-parametric 

analysis results appear to be more reliable (see Table 1). 

 

As it can be seen from the Table 1, there is a statistically 

significant negative correlation between share of rural 

population and the level of economic freedom – which is 

in line with the existing literature [5] and indicates better 
institutional development in case of decreasing share of 

rural population, and vice versa. In this study we state that 

low level of institutional development in the country 
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indicates probable higher spread of networks and hence 

existing basement for network economy. 

 

Table 1. Non-parametric correlation between SEA rate, 

level of economic freedom and share of rural population 
Indicator SEA RP EF 

Correlation 
coefficient 

1,000 -,108 ,208 

Sig. (2-tailed) . ,281 ,062 

SEA rate 

N 49 49 39 

Correlation 
coefficient 

-,108 1,000 -,401** 

Sig. (2-tailed) ,281 . ,000 

Share of 
rural 
population 
(RP) N 49 49 39 

Correlation 

coefficient 
,208 -,401** 1,000 

Sig. (2-tailed) ,062 ,000 . 

T
au

-b
 K

en
d
al

l 

Economic 

Freedom 
(EF) 

N 39 39 39 

Correlation 
coefficient 

1,000 -,158 ,318* 

Sig. (2-tailed) . ,278 ,048 

SEA rate 

N 49 49 39 

Correlation 
coefficient 

-,158 1,000 -,549** 

Sig. (2-tailed) ,278 . ,000 

Share of 
rural 
population 
(RP) N 49 49 39 

Correlation 
coefficient 

,318* -,549** 1,000 

Sig. (2-tailed) ,048 ,000 . 

R
o
 S

p
ea

rm
an

 

Economic 
Freedom 
(EF) 

N 39 39 39 

 

In case of Spearman’s Ro positive correlation is found 

between level of economic freedom and SEA rate; as we 
see that share of rural population is related to economic 

freedom, we can indicate that at least an indirect 

interrelation between SEA rate and share of rural 

population exists. In the methodology section we have 

indicated, that share of rural population is used as 

indicator or network communication; however, Global 

Entrepreneurship Monitor report on social 

entrepreneurship studies this type of business in well-

developed countries, where a share of rural population is 

relatively low, and the networks are mainly Internet-

based. For this type of societies we need the other type of 
indicator, which was not considered – thus we can 

propose that there is interrelation between SEA rate and 

network activities, which is partly supported by analysis 

in Table 1. Thus hypothesis 1 was supported. 

 

Cluster analysis 
To evaluate the stated hypothesis we have performed 

cluster analysis for 39 countries from the sample, based 

on the data described in methodology section. The final 

centre of clusters for 4-element clustering is presented in 

Table 2. These clusters’ centers were acquired during the 

seventh iteration of original data. 
 

Cluster one unites 16 countries with relatively low level 

of rural population and relatively high level of economic 

freedom (this cluster includes Germany, Norway, Russia, 

Malaysia, Italy). Still, the level of SEA is quite low in this 

cluster – in case of well-developed countries due to high 

level of state input into satisfaction of societal needs 

within business models (Norway), and in case of 

underdeveloped countries due to inability to evaluate 

entrepreneurial opportunity based on social need (Russia, 

Saudi Arabia). This one can be called “Friedmanite 

oriented countries”. 

 
Table 2. Cluster centers (final) 

Cluster 
Indicator 1 2 3 4 

SEA rate 2,09 3,51 2,84 4,12 

Share of rural 
population 

24,69 12,71 47,38 86,00 

Economic 
Freedom 

63,15 74,30 60,82 59,90 

 

 

The second cluster features the lowest share of rural 

population and the highest share of economic freedom – 

with quite a high SEA rate. This cluster includes 14 
countries, i.e. US, Netherlands, Switzerland, Republic of 

Korea, Finland, Belgium, Chile and others. These 

countries also demonstrate high level of networking 

activity which is not rural based, and an ability to reveal 

societal opportunity to develop a basement for business 

models. This cluster was indicated as “Developed 

countries”. 

 

The third cluster has a higher share of rural population 

and lower economic freedom level, and unites 8 countries 

including Bosnia and Herzegovina, China, Jamaica, 

Morocco, South Africa. Higher level of networking, 
which in this case appears as a result of rural population 

cooperation, leads to pursuit for societal opportunity to 

start a business, which results is higher SEA rate. This 

cluster is referred to as “Developing countries”. 

 

Finally, the fourth cluster consists of Uganda solely, 

which shows high rate of social entrepreneurship and 

share of rural population with the lowest level of 

economic freedom. Thus, cluster analysis supports our 

second hypothesis. This cluster can be seen as “Boosting 

SEA countries”. 
 

Graph analysis 
Finally, we had to state that the third hypothesis was not 

supported neither by correlation, not by cluster analysis.  

 

As it can be seen from clustering, the highest SEA rate is 

indeed found in the country with higher level of rural 

population, but the next cluster with high social 

entrepreneurship activity consists of well-developed 

countries with a very low share of rural population. Thus 

the possibility of rural population being the driver of 

social entrepreneurship can be rejected on the basis of 
quantitative research, and hypothesis 3 was not supported. 
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It was mentioned above, probably it is the networking 

system of economic agents that drive social 

entrepreneurship activity, and such networks can be found 

in the countries with high level of economic freedom and 

low share of rural population, and networking activity 

there is come from a different origin. 

 

To illustrate the last thesis, we have performed some 

graph analysis which can be seen on Fig.1. As it can be 
seen from Fig. 1, the highest levels of Social 

entrepreneurship activity lie along the line featured in this 

figure. This line indicates, that enterprises are socially 

active if share population of the country is high, but the 

level of economic freedom is relatively low – in this case 

social entrepreneurship seem to be a classical one as 

described by Yunus [28]; they also are socially active in 

case of low level of rural population, but high level of 

economic freedom – in this case social entrepreneurship 

models are again based on networks, but mainly virtual 

ones which appear in well-developed countries among 

urban population.  
 

To finalize our research, we have performed graph 
analysis of SEA rate relation to the level of Economic 

freedom (Fig. 2).  

 

As it can be seen from Fig. 2 , no exact interrelation can 

be found between the level of economic freedom and 

social entrepreneurship activity, which supports existing 

literature that indicates higher enterprise activity of that 

type in case of low developed institutions.  

R square for the linear model of these two factors is equal 

0.56, which means no direct interrelation can be seen. 

Still, the lowest rate of social entrepreneurship activity 

can be found in case of very high economic freedom ratio 

(see outlier on Fig.2). 

 

 

Figure 2. Interrelation of SEA rate and economic freedom 

level 
 

 
 

 

 

Figure 1 SEA Rate on a scale of rural population share and economic freedom level 
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Similar analysis was performed to estimate interrelation 

of SEA rate and share of rural population (see Fig. 3). Its 

results are similar to the one performed above: no direct 

interrelation can be seen; still, the highest level of SEA is 

concentrated where the share of rural population is 

relatively low (except for an outlier which appeared in 

cluster analysis also). Thus we can not state that either 
level of economic freedom or share of rural population 

have a direct impact of SEA rate for the described 

sample. 

 

Figure 3. Interrelation of SEA rate and share of rural 

population 
 

 
All three types of analysis reveal that hypotheses 1 is 

partly supported, hypothesis 2 is fully supported, while 

hypothesis 3 was not supported. 

 
 

5.  DISCUSSION AND CONCLUSIONS 

 
Our research allows development of a number of 

conclusions, which extend existing knowledge about 

social entrepreneurship and its relation to networks, and 

on the issue of their interrelation. 

 

First, our findings indicate that the level of social 

entrepreneurship activity is related to network activity, 

but is not correlated to both share of rural population, 
which was used as an indicator of networks’ power, and 

to the level of economic freedom, though in case of non-

parametric correlation analysis implementation relation 

between the latter exists. In our opinion, this supports the 

findings from existing literature that suggest specific 

origins of social businesses, and enrich these findings by 

quantitative analysis. 

 

Second, the cluster analysis had indicated the presence of 

four clusters. The first one, “Friedmanite oriented 

countries” includes countries with low level of rural 

population; second, “Developed countries”, consists of 

developed countries with high level of social 

entrepreneurship activity; third, “Developing countries”, 

where the SEA rate is relatively low, as well as level of 

economic freedom with a tendency of decreasing rural 

population; fourth, “Boosting SEA countries”, feature 

very high share of rural population and low economic 
freedom rank together with high SEA rate. As it can be 

derived from this analysis, the most active countries in 

terms of social entrepreneurship are either ones with big 

share of rural population and hence the ones having well-

developed rural networks, or countries with highly 

developed urban virtual networks – and thus we found 

relation between network and social entrepreneurship 

activity.  

 

Third, graph analysis has also indicated no relation 

between level of economic freedom and SEA rate, as well 

as between share of rural population and SEA rate; 
however, combination of these two variables seem to 

have an impact on social entrepreneurship activity level. 

This finding alone with the previous one adds value to 

existing literature by providing quantitative proof of 

networks value to development of social 

entrepreneurship.  

 

According to the findings, the main areas of future 

research are derived from the limitations of the study. 

First, our sample was acquired from open sources, and is 

quite limited in case of countries with low developed 
institutions and high share of rural population, which can 

be found in Africa and Asia. Thus in future we would 

like to enlarge our research for the case of these 

countries. 

 

Second, our sample was even more limited by the sample 

of data on economic freedom, which was not available 

for a number of countries from GEM report of social 

entrepreneurship. Due to that our future research should 

include a study of a larger sample of economic freedom 

data, or Doing business ranking can be used for this 
purposes.  
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ABSTRACT 

 
The paper addresses the problem of uncertainty reduction in 
estimation of future company performance, which is a result of 

wide range of enterprise’s intangible assets probable efficiency. 
To reduce this problem, the paper suggests to use quantum 
economy principles, i.e. implementation of Heisenberg principle 
to measure efficiency and potential of intangible assets of the 
company. It is proposed that for intangibles it is not possible to 
estimate both potential and efficiency at a certain time point. To 
provide a proof for these thesis, the data on resources potential 
and efficiency from mid-Russian companies was evaluated 

within deterministic approach, which did not allow to evaluate 
probability of achieving certain resource efficiency, and 
quantum approach, which allowed to estimate the central point 
around which the probable efficiency of resources in 
concentrated. Visualization of these approaches was performed 
by means of LabView software. It was proven that for tangible 
assets performance estimation a deterministic approach should 
be used; while for intangible assets the quantum approach 

allows better quality of future performance prediction. On the 
basis of these findings we proposed the holistic approach 
towards estimation of company resource efficiency in order to 
reduce uncertainty in modeling company performance. 
 
Keywords: Quantum economics, Heisenberg principle, 
Company Performance, Uncertainty, Intangible assets. 
 

 

1.  INTRODUCTION 
 
Measuring company performance has been one of the major 
issues of management theory and practice throughout the period 
of its development, which lead to diverse studies of approaches, 
methods and instruments aiming to reduce uncertainty in 
evaluation of companies’ performance and thus provide higher 
quality of decision making. At the same time the origins of 

uncertainty in socio-economic systems still remain unclear: 
some of the authors claim that uncertainty is the result of 
financial and real sectors misbalance [5], difference in 
institutional development level [8], irrational behavior and 
decision making [1], and a number of other reasons. The 
situation is relevant not only to macrolevel, but for micro- and 

meso level as well: hence estimating company efficiency for a 
forthcoming period becomes a challenge since efficacy and 
efficiency of certain resources remains unclear.  
 

One of the problems that lead to increased uncertainty of future 
company performance is the difference in predicting efficacy of 
different resources – the range of possible efficiency of these 
varies from a relatively small one normal for tangible assets, and 
a wide one that appears in case of intangible assets, especially 
human, organizational or cultural capital. Hence the purpose of 
this research is to suggest a tool to reduce uncertainty in 
measuring company performance by implementing instruments 

from natural sciences that are used to measure discrete 
performance of elements. To achieve this goal we check the 
possibility of using Heisenberg principle to evaluate uncertainty 
of company’s intangible assets performance by using wavelet 
transformation to capture their efficiency and performance. 
 
 

2.  LITERATURE REVIEW 
 

Estimation of uncertainty level in order to improve quality of 
economic and managerial predicting models had for a long 
while been one of the major problems of business research. 
Analysis of existing literature reveals that the main tools used to 
reduce uncertainty in measuring company performance include: 
use of factor analysis and definition of the main factors affecting 
the result variable [15], defining predictors of economic agents’ 

behaviour [9], implementation of smoothing and buffering [14], 
estimation of shocks to define probable uncertainties [12], use of 
appropriate statistical distribution [22] or external forecasters 
[4]. Still, the suggested instruments, as it is proven by mentioned 
authors, can be used only in certain cases – while in the other 
situations they don’t provide any effect in reducing uncertainty. 
 
As mentioned in our previous works [20], analysis of global 
economic system development in last 40 years shows that a 

number of fundamental principles of classical political economy, 
such as, for example, deterministic laws of supply and demand 
[10] do not explain facts provided by empirical evidence. This 
was outlined by a number of researches, who tried to develop an 
alternative model of economic growth on the basis of quantum 
principles [6, 17, 23]; and on the basis of their research we make 
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the following proposal: classical political economy is based on 
deterministic principles, while modern economy has a quantum 
nature – therefore main principles of classical theory are proven 

in modern world only with a certain probability. As all the above 
mentioned statements are considered for macroeconomic level 
of study, we assume the same situation occurs, in our opinion, 
on microlevel as well, but the origins of uncertainty at this point 
of measurement are different. 
 
The main factor of uncertainty on a firm level is possible 
efficiency and efficacy of resource use – the range of their 

efficiency, as indicated by scholars, can be the result of resource 
allocation [13], quality of resource management [3], or ensuring 
productivity [21]. However, though these finding shed lights 
onto possible predictors of company performance, the 
instruments used does not allow to define an approach to reduce 
uncertainty in the majority of cases – thus in this paper we 
evaluate the possibility of using quantum tools to evaluate 
resources’ performance to reduce uncertainty. 

 
 

3.  HEISENBERG PRINCIPLE: AN OVERVIEW AND 
ADAPTION TO ECONOMIC ENVIRONMENT 

 
Heisenberg principle states that “the position and the velocity of 
an object cannot both be measured exactly, at the same time, 
even in theory” [11], and is considered by physicists to be a 

consequence of wave/particle duality that appears on microlevel 
of physical world (an illustration of this principle can be seen on 
Fig. 1). 

 
Fig. 1. Visualization of Heisenberg principle [24] 

 
In physics this principle applies to estimation of position and 
velocity of electron, and an analogue can be found in socio-
economic systems when we try to measure potential (an 
analogue of energy/velocity) and efficiency (actual position) of 

companies’ intangible assets. In this paper we assume that at a 
certain moment of time we can either measure efficiency of 
intangibles, or their potential. This can be formalized in the 
following way (see Eq. 1): 
 
∆p*∆e≥ c      (1) 

 

p – potential of intangible asset (per unit), points; e – efficiency 

of intangible asset, currency units per unit of assets; c – 
constant. 
 

Potential of intangible asset is measured in points as a result of 
expert estimation, unless theory suggests certain units to 
measure intangible’s potential. Definition of the constant 

requires evaluation of big amount of data that had not been done 
up to date, so for the purpose of the study we assume that it is a 
constant, and do not aim to define its value. Thus, we propose 
that in a certain time one can either define the potential of 
intangible in terms of influencing company performance, or its 
efficiency; and this becomes the main reason for high 
uncertainty of intangibles’ performance which leads to low 
quality of predicting models defining company performance. 

 
 

4.  MAIN FINDINGS 
 
To conduct this study we measured performance of tangible and 
intangible assets at 15 companies from mid-Russian region 
during 5 month. The dataset was tested for consistency, and the 
graphs for potential and efficiency for each asset were drawn in 

LabView. As proposed, both potential and efficiency were 
changing throughout the period, but no exact pattern was 
detected (see an example for human resources – an intangible 
asset - on Fig. 2, alone the proposed timeline measured daily). 
Similar results were found for the other types of resources 
investigated in this study. 
 
Based on the results from Fig. 2 we can state that there is high 

uncertainty in potential of human resources. The same type of 
graphs that do not reveal any pattern, were acquired for the other 
types of intangible assets; hence high level of uncertainty was 
estimated for these types of assets.  
 

Methodology: wavelet transform 
In order to estimate the range of efficiency for resources 
performance on the basis of acquired data, we performed 
wavelet transformation on the basis of original signal. 

According to the recommended procedure [2, 7, 16], continuous 
wavelet transform is carried out by convolution of the analyzed 
signal (function) from two-parametrical wavelet function (se Eq. 
2). 
 

*
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is a complex interfaced volume. 

 
The basis of wavelet transform is derived from the mother 
wavelet by means of scaling and shifting (see Eq.3). 
 

,

1
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− 
=  

 

, 
(3) 

 

a – the large-scale coefficient defining the width of a wavelet, b 
– the shift parameter defining the provision of a wavelet on an 
axis t. 
 
Wavelet transform allows to analyze thin structure of signals as 
the mobile time-and-frequency window, which equally well 
marks out low frequency and high frequency signal components 
and thus has a big advantage over the analysis of signal’s local 

features – the latter is absent at Fourier's transformation. 
 

(2) 
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Fig. 2. Waveform graph for human resources potential (averaged on 5-point scale) 
 

 

For the purposes of this study we have chosen Morlet wavelet, 
which has narrow spectral range and considerable duration in a 
time domain (see Eq.4): 
 

)5cos()(
2/2

xex
x

⋅=
−

ψ    (4)
 

 
This mother wavelet suits best the basic purpose of the study as 
it allows evaluating long periods of time and narrow range of 
the basic independent variable. 

 

Results of wavelet analysis 
Produced wavelet analysis of the described database acquired 
form Russian companies, for the efficiency of human resources 
use, acquired with LabView visualization tools, can be seen on 
Fig. 3. 
 

 
 
Fig. 3. Scalogram of human resources efficiency for the chosen 

database 
 

Fig. 3 indicates, that efficiency of human resources is 
concentrated around certain levels, and becomes more intensive 
alone the timeline – this supports the idea of cyclical efficiency 
of resources and suits the findings in Russian literature which 
assume that efficiency of resources use increases by the ends of 
projects (project-based management is the most spread type) 
[17, 18]. For this certain intangible we have the full amount of 
data, as this type of efficiency was measured daily – unlike in 

case of other intangible assets. 
 
The scalogram for organizational resources efficiency after 
wavelet transform can be found on Fig. 4. 
 

 
 
Fig. 4. Scalogram of organizational resources efficiency for the 

chosen database 
 
Fig. 4 indicates a similar behavior of organizational resources, 
which efficiency is again concentrated around certain points 
around timeline – though in this case we had a shorter timeline 
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due to limitations of the study. This findings are also in line 
with the literature [17]. 
 
The two types of assets, featured in Fig. 3 and Fig. 4, are 

intangibles, and for the purposes of this study we have also 
studied behavior of tangible assets alone the same timeline. An 
example of tangible assets efficiency evaluation by using 
wavelet transform can be seen on Fig. 5 (for efficiency of 
technical resources). 
 

 
 

Fig. 5. Scalogram of technical resources efficiency for the 
chosen database 

 
As it can be derived from the figures 3-5, the behavior of 
tangible and intangible assets is different, and efficiency of 
tangible assets, as our analysis had shown, is more predictable, 
and its trends are stable. At the same time, intangible assets 
potential and efficiency have unpredictable patterns (as shown 
on Fig. 2)., but application of wavelet transform allows to 
define trends and hence reduce uncertainty in predicting 

intangible assets efficiency.  
 
Fig. 3 and 4 illustrate that efficiency of intangible assets can be 
achieved (a) under certain circumstances – for example, for 
human resources these can be stimulus programs of a company 
– and (b) exact efficiency and potential can not be defined at a 
certain moment. Unlike in case of tangible assets, which 
efficiency is relatively well-determined (see Fig. 5), intangibles 

tend to differentiate around certain maximum efficiency 
(marked red on Fig. 3 and 4). In case of human resources 
maximum efficiency is achieved for the frequency of 50, while 
for organizational resources the optimal frequency is 30; on the 
other levels efficiency of these resources is much lower – and 
this fact provides indirect proof of a hypothesis that intangible 
assets efficiency can be predicted only as a range, not as a 
determined value. 
 

Heisenberg principle implementation in predicting company 
performance 
Since the possibility of implementing Heisenberg principle to 
define the range of efficiency and potential of intangibles was 
defined by above presented analysis, we propose the following 
way to estimate company resources’ efficiency (see Eq. 5): 
 

KEf = ∑wi*eti +∑wj* eitjψ
2
    (5) 

 

wi, eti – the part of i-th tangible asset in total share of tangible 
assets of all company assets, and its efficiency, 
correspondingly; wj, eitj – the part of j-th intangible asset in total 
share of intangible assets of all company assets, and its 

efficiency, correspondingly; ψ
2 – squared wave function 

defining distribution of intangible assets efficiency during 
certain amount of time. 
 
Implementation of this equation allows defining assets 
efficiency taking into account probability with which intangible 
assets may be used. In accordance with Heisenberg principle, 
alongside the timeline of company performance, probability of 
higher efficiency increases. 
 

Thus Eq. 5 should be implemented in predicting models used by 
the companies to indicate future performance in order to reduce 
uncertainty that appears from uncertain performance of 
company’s intangible assets, while tangible assets can be 
evaluated using traditional tools. As in case of physical idea of 
quantum mechanics, quantum principles in estimation of 
economic systems performance can be used only for the 
elements that demonstrate high level of uncertainty in their 

performance. Such approach would allow reducing risks of 
future company performance estimation by means of higher 
quality prediction models. 
 
 

5.  DISCUSSION 
 

The findings of the paper support existing literature in several 

directions. First, it appeared that the level of efficiency of 
intangible assets is quite unstable alone the timeline, which 
support the results of quantitative evaluation performed by 
different authors on the same research question. In our opinion, 
such behavior is the result of quantum nature of intangible 
assets, since their efficiency can’t be estimated as deterministic 
constant at certain time point, but can be defined only with a 
certain level of probability. Such propositions were made on the 

macroeconomic level by several researchers [6, 10], but our 
research also finds that the same trend is supported on 
microlevel. 
 
Second, we have proven that regular visualization instruments 
does not allow to find the trend in intangible assets 
performances, while wavelet transform indicates such pattern 
exists on a certain level of resource concentration. The 
evaluation carried out for companies’ intangible assets reveal 

that the findings of Russian researcher which insisted on project 
type of company management in this country [17, 18] are 
supported by our results. As research indicates, we have found 
patterns that indicate concentration of intangible assets 
efficiency around the deadlines of micro projects performed in 
the companies from our database; after the end of the project 
concentration remains for a while and than decreases 
substantially. Hence to estimate probable efficiency of 

intangible assets at a certain time point we can define both 
potential and efficiency only with a certain level of probability, 
which again supports the proposed quantum approach to 
estimate intangible assets performance – and this finding fully 
reflects possible implementation of Heisenberg principles for 
the purposes of management studies and company performance 
estimation. 
 

Third, our analysis has also revealed that tangible assets 
demonstrate behavior, different from intangibles (visualized 
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after wavelet transform), and this type of assets in fact does not 
demonstrate the quantum type of behavior, so the tendencies of 
tangible assets efficiency can be predicted by means of regular 
deterministic instruments. This is also in line with existing 

literature that demonstrates good examples of modeling tangible 
assets performance, which is again not the case for intangibles. 
Hence we can state, that development of models that describe 
company assets’ performance should include both deterministic 
modeling and quantum modeling. In this direction our research 
contributes by defining areas where different types of models 
can be implemented.  
 

The fourth problem raised by achieved results is the fact that 
resources efficiency performance can’t be measured at a certain 
time point in case of intangibles – for this type of resources we 
have to state interdependency of resource potential and 
efficiency, but we can only evaluate the probability of certain 
performance, not the exact efficiency. This contributes to the 
existing literature by outlining the limits of deterministic 
modeling on company performance. 

 
 

6.  CONCLUSIONS  
 
Our research indicates dual nature of company resources 
performance, and reveals that efficiency of intangible assets is 
of quantum nature, while efficiency of tangible assets can be 
determined by regular analytical and estimation approaches. 
This finding allowed us to propose an equation which estimates 

the relationship between potential and efficiency of resource use 
in case of intangibles, derived from the Heisenberg principle in 
quantum physics. This paper provides evidence on possibility of 
uncertainty reduction by implementing this principle, which 
leads to higher quality of modeling in case of company 
performance evaluation. 
 
Introduction of proposed approach in the practice of company 

management would provide them with a tool for uncertainty 
reduction in short-term and mid-term prognosis – which is one 
of the important unsolved problems in current management. 
 
 

7.  LIMITATIONS AND FUTURE RESEARCH 
 
The study is based on a short-term study of a limited number of 

companies, all of them a Russian-based. Though the results 
seem to be in line with existing literature, the use of such 
sample can possibly lead to result distortion, and our findings 
might appear to be relevant only to a set of Russian enterprises. 
Thus future research should be focused on testing the proposed 
hypothesis on a larger sample – in turn, this task is quite 
complicated taking into account the number of measurements 
that are necessary for this type of analysis. 

 
The second limitation is derived from the proposition on 
possibility of joining quantum principles and deterministic 
principles in one model – it might appear that there is a certain 
“dividing point” between these two, which is not considered in 
this study despite of its highly probable importance. Hence 
future research should also aim to define such point, which is 
also an important part of uncertainty reduction procedures on a 
company level. 

 
The third direction of future research should be focused on 
evaluation of possible influence that higher quality company 

performance models have on actual enterprises performance. As 
described in literature, there is always a problem whether the 
knowledge on how economic agents are supposed to act is 
actually affecting their performance. In our opinion, this reason 

might one of the most important when we try to evaluate 
uncertainty in intangible resource efficiency, and one of the 
main reasons for appearance of Heisenberg principle in the 
studied area – but this research does not evaluate this possibility 
hence leading to a third important limitation of the study that 
should be eliminated by future research. 
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ABSTRACT 

 

The goal of the paper is to investigate the relationship between 

concentration, competition and efficiency in the Baltic banking 

market. 

 

For the research purposes the authors use financial data of 

commercial banks operating in three Baltic countries extracted 

from BankScope database and statistics on structural indicators 

from the European Central Bank data warehouse. Period of 

seven years – from 2007 till 2013 – is analyzed. 

 

To check the consistency between concentration and 

competition measures, the authors perform a simple correlation 

analysis in SPSS environment. To determine the causal link 

between competition in the banking market and efficiency of 

banks, the express regression analysis is performed. 

 

Market concentration is proxied by Herfindahl-Hirschman 

Index (HHI). To measure competition in the banking sector, 

Lerner index is estimated for individual banks and aggregated 

into the mean value. Efficiency of banking sector is based on 

estimated efficiency scores of individual banks. In turn, 

efficiency of banks is calculated, applying Data Envelopment 

Analysis (DEA) in DEAFrontier software. 

 

The stated research hypotheses are rejected. There is no 

statistically significant relationship between concentration and 

competition in the Baltic banking market. Besides, there is no 

empirical evidence that competition level has an impact on 

overall efficiency of the banking sector.   

 

Keywords: Competition, concentration, efficiency, Baltic 

banks.  

 

1.  INTRODUCTION 

 

Competition in the banking sector can bring significant benefits 

to the market players, national economy and society, but also 

can be a source of a potential instability due to the fact that 

competition forces banks to take more risk. 

 

Recent studies, in turn, support the positive relationship 

between the level of competition and overall stability in the 

banking sector [1][2][3][4]. OECD experts in the report “Bank 

competition and stability” examine  the  interrelationship  

between  banking  competition  and financial  stability,  

considering the experience from the  recent  global crisis.   They 

conclude that “that competition can be both good and bad for 

stability.” [5]  

 

Unambiguous conclusion can be made about the positive effect 

of competition. Among the benefits are increased efficiency of 

production of financial services, the higher quality of financial 

products and the degree of innovation in the sector.[6]  

 

The banking sector of the Baltic States, especially since joining 

the European Union in 2004, has experienced an increased 

competitive pressure from foreign financial institutions. Thus, it 

is crucially important to understand the impact of the 

competition level on the situation in the Baltic banking market. 

 

The current research continues the series of studies aimed to 

measure efficiency of banks in the Baltic banking sector and 

identify the factors affecting the efficiency level. [7][8][9]  

 

This paper focuses on the relationship between competition and 

concentration in the banking sector. Competition is frequently 

measured by concentration ratios. However, many researchers 

argue that concentration ratios are not good proxies for 

competition. This paper investigates the consistency of 

concentration measure - Herfindahl-Hirschman Index (HHI) -

and Lerner index of competition. Besides, the competition-

efficiency link is analyzed. 

 

The goal of the paper is to investigate the relationship between 

concentration, competition and efficiency in the Baltic banking 

market. 
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The following hypotheses are tested in the current study: 

 

H1: There is a statistically significant relationship between 

market concentration and competition level in the Baltic 

banking sector. 

 

H2: Efficiency of the banking sector in the Baltic States is 

influenced by the level of market competition. 

 

Sample data are extracted from BankScope data basis, covering 

the period of 2007-2013. As of 2013, Latvian sample (LV) 

includes 16 commercial banks, Lithuanian and Estonian sample 

– 8 and 9 banks, respectively. 

 

Bank efficiency scores, estimated by means of Data 

Envelopment Analysis (DEA), are aggregated into mean scores 

for banking sector of each separate country. Statistics on 

Herfindahl-Hirschman Index (HHI) is extracted from the data 

warehouse of the European Central Bank (ECB). [10]  

 

The authors did not find any empirical data on Lerner index of 

competition measured for the Baltic banking market. The 

present paper is aimed to reduce this gap in the literature. The 

investigation of the competition-stability link is one of possible 

directions for further studies. 

 

2.  COMPETITION, CONCENTRATION AND 

EFFICIENCY IN BANKING 

 

Competition in the banking sector is frequently measured by 

concentration ratios, such as market share of the largest banks 

(CR3, CR5, CR10) or Herfindahl-Hirschman Index (HHI). 

However, many researchers insist on distinguishing between 

concentration and competition. In 2010, the OECD Competition 

Committee organized a roundtable discussion on competition, 

concentration and stability in the banking sector. One of the 

conclusions made through discussion was that “concentration, 

among other structural indicators, is not a good proxy for 

competition.” A set of other factors should be taken in 

consideration – for instance, market contestability, switching 

costs, size of competitors and customers and etc. [11] 

 

The relationship between concentration and competition in the 

banking market has been investigated in the wide range of 

studies. [11][12][13][14][15] There is empirical evidence of the 

existence [15][16][17] and non-existence [13][18] of the 

relationship between bank competition and concentration.  

 

The results of studies can be largely influenced by the kind of 

measures used by the researchers. The comprehensive overview 

of different ratios employed in measuring bank competition is 

provided by Bikker and Haaf. [19]  

 

Measuring of competition level is based on the structural and 

non-structural approaches. In structural models concentration 

ratios (CR5 ad HHI) are used to describe the relationship 

between competitive performance and market structure. [14] 

Non-structural measures of competition are estimated, applying 

Iwata model [20], Bresnahan model [21] and Panzar and Rosse 

(PR) model [22]. Besides, the researchers use such competition 

measures, as Lerner index [23] and Boone indicator [24].  

 

Table 1 summarizes the information about the competition 

measures used in recent studies. 

 

Table 1. 

Measures of competition used in recent studies 

Source Measures of competition 

Casu, Girardone 2006 

[13] 

PR H-statistics 

Schaek et al. 2006 [1] Lerner index, Boone indicator 

Abbasoğlu et al. 2007 

[18] 

H-statistics 

Maudos, Guevara 2007 

[25] 

Lerner index 

Liu et al. 2010 [26] Lerner index, PR H-statistics 

Andries, Capraru 2012 

[27] 

Lerner index, PR H-statistics 

Pawlowska 2012 [14] Lerner index, PR H-statistics 

Repkova 2012 [28] Lerner index 

Castellanos, Garza-

García 2013 [29] 

Boone indicator 

Park 2013 [15] PR H-statistics, Boone indicator 

Amidu, Wolfe 2013 [3] Lerner index 

Ningaye et al. 2014 [30] Lerner index 

 

The relationship between market structure, competition level, 

bank efficiency and profitability in the banking industry has 

been tested empirically in different regions and applying a wide 

range of different approaches and measures. 

[29][27][31][32][33][34][35] 

 

The earliest contributors to the exploration of the efficiency 

concept were Debreu with his coefficient of resource utilization 

[36], Koopmans with his definition of an efficient point [37] 

and Farrell with his work “The Measurement of Productive 

Efficiency” [38]. 

 

The most frequently applied methods to measure bank 

efficiency are Stochastic Frontier Approach (SFA) 

[39][40][27][41][42][43] and Data Envelopment Analysis 

(DEA) [44][7][8][45][46]. These methods incorporate multiple 

inputs and outputs specific for banking business. Studies on 

application both methods [47][48] yielded significantly 

different efficiency scores of banks. Thus, the question about 

the consistency of results from different papers still remains 

open.  

 

Another important question that is frequently discussed while 

measuring bank efficiency is variables selection. Combinations 

of inputs and outputs differ widely [44][45][46] depending on 

one of three conceptual approaches to the core of banking 

business. Intermediation approach emphasizes the intermediary 

role of banks and treats loans and securities as outputs, but 

deposits, labour and capital as inputs [49]. Production approach 

assumes that banks use capital and labour to produce different 

kinds of banking products [50]. Profitability approach uses 

profit-oriented measures as bank outputs [46]. 

 

The wide range of methods and underlying measures used to 

test competition-efficiency link in banking explains the 

diversity of the outcomes and made conclusions. It means, in 

turn, that the researchers should refer to the previously received 

results with caution. The analysis of data performed for local 

markets should be comprehensive and multidimensional.  
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3.  RESEARCH METHODOLOGY 

 

For the research purposes the authors use financial data of 

commercial banks operating in three Baltic countries extracted 

from BankScope database and statistics on structural indicators 

from the European Central Bank data warehouse. 

 

Period of seven years – from 2007 till 2013 – is analyzed. 

Research sample data is limited by the information available in 

BankScope. For instance, Latvian sample is represented by 16 

banks, while the real number of banks operating in the Latvian 

banking sector in 2013 was 19. Besides, Central Banks of the 

countries are removed from the sample. The analysis is 

performed for each country separately. 

 

To test the first hypothesis about the relationship between 

concentration level and competition and, consequently, to check 

the consistency between concentration and competition 

measures, the authors perform a simple correlation analysis in 

SPSS environment. 

 

Concentration is measured with Herfindahl-Hirschman Index 

(HHI). The HHI is calculated by summing up the squared 

market shares of all companies competing in the market. The 

value of HHI can range between 0 and 10000 (0 and 1). The 

closer value is to 0, the closer market situation to perfect 

competition. Value equal to 10000 indicates a monopolistic 

market. 

 

To measure competition in the banking sector, Lerner index is 

estimated for individual bank and aggregated into the mean 

value. Lerner index is estimated, using the formula (1): 

 

 

                                    (1) 

 

 

where Pit  is the price of banking outputs for bank i at time t, 

            MCit is the marginal costs for bank i at time t.  

 
In turn, MCit is calculated from translog cost function (see 

formula 2). 

 
 

(2) 

 
 

where TC – total costs, 

          Y (output) – total assets, 

          w1 (input 1) – labour price, 

          w2 (input 2) – price of borrowed funds, 

          w3 (input 3) – capital price; 

          k>j. 

 

The coefficients estimated from the cost function (formula 2) 

are used to calculate marginal costs (MC), applying the formula 

(3). 

 

 
          (3) 

 

 

Following the experience of other researchers [25][28], the 

measures needed for the calculation purposes are estimated with 

the formulas from the Table 2.     

 

Table 2. 

Lerner index calculation: procedure and measures 

Measure Calculation 

Pit Total revenues (TR) / Total assets 

TR Interest revenues + non-interest revenues 

TC Interest expenses + Non-interest expenses 

w1  Personnel expenses / Total assets 

w2 Interest expenses / Deposits and short-term 

funding 

w3 Other operating expenses / fixed assets 

 
All the financials summarized in the Table 2 can be directly 

extracted from BankScope data base.  

 

Lerner index estimated for each individal bank denotes its 

pricing power. Based on the theory, Lerner can range between 0 

and 1. However, in the real market situation its value can 

exceed 1 (in case of positive marginal costs) or it can be 

negative. [51]  

 

As for bank efficiency, Data Envelopment Analysis, firstly 

introduced by Charnes et al. [52], was applied. The most 

efficient companies form the efficient production frontier, and 

relative inefficiency of other companies within the reference is 

assessed in comparison with efficient ones. Efficiency score is 

estimated as the ratio of weighted outputs to weighted inputs. 

To find the weights, optimization task is solved for each 

company in order to maximize its efficiency score (see formulas 

4 and 5). 

 

 

                        

                                                   (4) 

 

 

 

 

subject to: 

 

 

 

                                                                   (5) 

 

 

  

 

The maximal efficiency score is equal to 1, and the lower values 

indicate relative inefficiency of analyzed banks.  

 

To test the second hypothesis about the causal link between 

competition in the banking market and efficiency of banks, the 

express regression analysis is performed. Competition is 

proxied by the average value of Lerner index. In turn, the 

efficiency of banking sector is based on estimated DEA scores 

of individual banks.   

 

Input-oriented DEA model under the assumption of Variable 

Returns to Scale VRS) is used. Variables selection for the 

model is based on the intermediation approach. Total deposits 

are treated as a single input, and total loans represent a single 
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output. The calculations are made by means of DEAFrontier 

software. 

 

4.  RESULTS 

 

DEA scores for individual banks in the Baltic banking sector for 

the period 2007-2013 are calculated and the average values are 

summarized in the Table 3. 

 

 Table 3. 

DEA efficiency in the Baltic banking sector 

Year LV LT EE 

2007 0,525 0,899 0,812 

2008 0,638 0,876 0,835 

2009 0,747 0,877 0,791 

2010 0,673 0,862 0,758 

2011 0,659 0,917 0,704 

2012 0,602 0,950 0,553 

2013 0,537 0,925 0,611 

 

The Lithuanian banks demonstrate higher average efficiency, 

compared with Latvia and Estonia. Besides, there is a 

significant decreasing trend observed in the Estonian sample 

data.  

 

Statistics on market concentration in the Baltic banking market 

[10] is presented in the Fig. 1. 

 

2007 2008 2009 2010 2011 2012 2013

LV 1158 1205 1181 1005 929 1027 1037

LT 1827 1714 1693 1545 1871 1749 1892

EE 3410 3120 3090 2929 2613 2493 2483

0
500

1000
1500
2000
2500
3000
3500
4000

Figure 1. Concentration in the Baltic banking market (HHI) 

 

The most concentrated is the Estonian banking market, and the 

less concentrated is the Latvian banking market. According to 

the criteria of the U.S. Department of Justice and the Federal 

Trade Commission [53], the market with HHI above 2500 

points is considered to be a highly concentrated. However, it is 

difficult to compare banking sector in the Baltic States with the 

banking sector of larger countries. The high value of HHI is 

obvious without any calculation, because of small number of 

banks operating in the market. 

 

The estimated values of Lerner index for the period of 2007-

2013 are presented in the Table 4. 

 

Table 4. 

Average Lerner index in the Baltic banking sector 

Year LV LT EE 

2007 0,6381 0,5813 0,6653 

2008 0,7456 0,5380 0,6848 

2009 0,6096 0,6635 0,8776 

2010 0,2611 0,2837 0,3755 

2011 0,3557 0,2595 0,6254 

2012 0,6041 0,3788 0,5413 

2013 0,8671 0,3898 0,7298 

 

The larger is the Lerner value, the higher market power has an 

individual bank. Consequently, the closer Lerner is to 1, the 

closer is the market to a monopoly. Based on the calculation 

results, the Latvian banking sector demonstrates the highest 

values of Lerner index. 

 

To determine the relationship between values of HHI and 

Lerner index in the Baltic banking sector, a simple correlation 

analysis is performed. The results of the analysis for three Baltic 

States are, as follows: 

 

 Latvia: no statistically significant correlation (Pearson ρ = 

0,550, Sig. = 0,200); 

 

 Lithuania: no statistically significant correlation (Pearson ρ 

= -0,021, Sig. = 0,965); 

 

 Estonia: no statistically significant correlation (Pearson ρ = 

0,202, Sig. = 0,664). 

 

The results of the express regression analysis to determine the 

relationship between competition in the market, expressed by 

Lerner index, and the efficiency of the banking sector are 

presented graphically in the Figures 2, 3 and 4. 

 

y = -0.1841x + 0.7332

R² = 0.2455

0,000

0,100

0,200

0,300

0,400

0,500

0,600

0,700

0,800

0 0,2 0,4 0,6 0,8 1
 

Figure 2. Relationship between competition and efficiency 

(Latvian banking data) 

 

R-squared of the model is equal to 0.2455, indicating that 25 per 

cent of the variability in the banking sector efficiency is 

explained by this model. 

 

y = -0.0641x + 0.9293

R² = 0.0969

0,840

0,860

0,880

0,900
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0,960
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Figure 3. Relationship between competition and efficiency 

(Lithuanian banking data) 

 

This model explains only 9 per cent of the variability in the 

banking sector efficiency (R2 = 0.0969). 

115

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)
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Figure 3. Relationship between competition and efficiency 

(Estonian banking data) 

 

Model based on the Estonian sample data explains only 4 per 

cent of the variability in the efficiency of the Estonian banking 

sector. 

 

The received results allow making an unambiguous conclusion 

that there is no causal relationship between Lerner index and 

DEA efficiency in the banking sector of the Baltic States. It 

means, in turn, that the second research hypothesis is rejected. 

 

5.  CONCLUSIONS 

 

The present paper continues the series of studies performed with 

the sample data of the Baltic banking sector.  The overall goal 

of these studies is to fill the information gap in the literature, 

considering the small number of papers on bank performance, 

efficiency and banking market structure, published by the local 

researchers. 

 

The authors of the current research focus their attention on the 

relationship between market structure and bank efficiency, in 

particular on the consistency between concentration and 

competition measures.  

 

Two research hypotheses are tested and the results are, as 

follows: 

 

 H1: There is a statistically significant relationship between 

market concentration and competition level in the Baltic 

banking sector. – Rejected  

 

H2: Efficiency of the banking sector in the Baltic States is 

influenced by the level of market competition. – Rejected 

 

It should be mentioned that the results of the present research 

are preliminary, and the further investigation is needed to 

investigate the problem. First of all, the analysis at the level of 

individual banks should be performed.  Besides, the authors 

used DEA model with only two variables to measure efficiency 

of Baltic banks. The research with application of more 

complicated models can yield significantly different results 

from the present ones. It would be interesting also to test the 

consistency of market concentration and competition measures, 

using CR5 as a proxy of market concentration. 
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ABSTRACT 

 

The current research continues the series of studies aimed to 

analyze the issues in regards to bank efficiency in the Baltic 

banking market.  The goal of the current paper is to empirically 

test the Quiet Life Hypothesis (QLH) and to investigate the 

relationship between market concentration and efficiency in the 

banking sector of Latvia, Lithuania and Estonia. Two QLH-

related hypotheses are stated for the research purposes. 

 

To achieve the established goal, the authors run a multiple 

regression analysis, using efficiency of an individual bank as a 

dependent variable. In turn, independent variables include 

market concentration proxied by Herfindahl-Hirschman Index 

(HHI) and bank-specific measures, such as market share, 

profitability and productivity. 

 

Efficiency scores for individual banks were estimated applying 

Data Envelopment Analysis (DEA). Study is based on the 

sample data of 33 banks operating in the Baltic countries, 

covering the period of 2007-2013 (227 observations). Data 

processing was made with application of DEAFrontier and 

SPSS software. 

 

In the result of the performed analysis the stated hypotheses are 

rejected. Thus, there is no empirical evidence that market 

power, and consequently, market concentration in the Baltic 

banking sector negatively impacts the efficiency of individual 

banks. 

 

Keywords: Quiet Life Hypothesis, banking sector, Baltic 

States.  

 

1.  INTRODUCTION 

 

The very popular topics in the academic environment are related 

to the exploration of two-tailed relationship between bank 

efficiency, profitability and market structure [1][2][3].  

 

In 2004, Latvia, Lithuania and Estonia joined the European 

Union that, consequently, increased a competitive pressure in 

the banking sector. Considering that banks play a crucially 

important role in the financial system of all three Baltic States, 

the impact of increased competition on bank efficiency is an 

area of academic and business interest. 

 

The conceptual approaches to investigation of the relationship 

between market concentration, competition and efficiency are 

based on the following hypotheses: 

 

 Structure-Conduct-Performance (SCP) hypothesis assumes 

the direct positive link between market concentration and 

profitability and negative correlation between concentration 

and competition [4]. 

 

 Efficient Structure Hypothesis (ESH) implies that higher 

efficiency of market leaders determines higher 

concentration [5]. 

 

 Quiet Life Hypothesis (QLH) supports a negative 

relationship between market power and efficiency [6].  

 

There is an empirical evidence for [1][7][8] and against the 

positive relationship between efficiency and competition 

[9][10][11]. The goal of the research is to test the “quiet life 

hypothesis” and, consequently, to determine the impact of 

market concentration on bank efficiency in the Baltic market.  

 

Multiple regression analysis is applied for the research 

purposes. Efficiency of an individual bank is used as a 

dependent variable, while market concentration ratio and bank-

specific variables are used as explanatory factors. 

 

To measure bank efficiency Data Envelopment Analysis (DEA) 

is employed and DEA scores are estimated by means of 

DEAFrontier software.  Herfindahl-Hirschman Index (HHI) is 

used as a proxy for bank market concentration. 

 

The authors’ stated research hypotheses are, as follows: 

 

H1: There is a statistically significant negative correlation 

between market concentration and the efficiency of individual 

banks in the Baltic market. 

 

H2: There is a statistically significant negative correlation 

between market share of individual banks and their efficiency 

scores in the Baltic market. 

 

Testing of the hypotheses is performed on the sample data of 

banking sector of three Baltic States: Latvia (LV), Lithuania 

(LT), and Estonia (EE). Data set covers the period of 2007-

2013. Data processing is conducted in SPSS 20.0 environment. 
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The present paper extends the range of studies aimed to 

investigate bank efficiency related issues in the Baltic banking 

market.    

 

2.  QUIET LIFE HYPOTHESIS IN BANKING 

 

Many researchers make efforts to explore the factors affecting 

bank efficiency or to study the impact of bank efficiency on the 

market situation. The wide range of studies is aimed to test the 

relationship between efficiency and market power of banks.  

 

The Quiet life hypothesis (QLH) developed by Hicks states that 

market power will reduce the pressure towards efficiency [6]. 

Banks with large market share tend to be less efficient, because 

focus their efforts mostly on risk reduction [12].  

 

The stated hypothesis was tested by many researchers in 

different regions. Google Scholar search with the key words 

“quiet life hypothesis” yielded over 190000 papers. Some 

examples of the recent studies are presented in the Table 1. 

 

Table 1. 

Testing QLH in the banking industry 

Source Period Region/ 

Sample  

Result of 

QLH test 

Koetter, Vins 

2008 [13]  

1996-2006 Germany/ 

457 banks 

supported 

Fu, Heffernan 

2009 [14]  

1985-2002 China/ 14 

banks 

rejected 

Maudos, Guevara 

2007 [15] 

1993-2002 EU15 rejected 

Punt, van Rooij 

2009 [16] 

1992-1997 EU/696 

banks 

rejected 

Fang, Marton 

2011 [17] 

1998-2008 SEE/208 rejected 

AL-Muharrami, 

Matthews 2009 

[18] 

1993-2002 Arab 

GCC/ 52 

banks 

supported 

Al-Jarrah, 

Gharaibeh  2009 

[19] 

2001-2005 Jordan/ 16 

banks 

rejected 

Tetsushi et al. 

2012 [20] 

1974-2005 Japan/ 26 

banks 

supported 

Coccorese, 

Pellecchia 2010 

[21] 

1992-2007 Italy/ 714 

banks 

supported 

 

Bank efficiency sometimes is measured by single performance 

ratios, such as returns-to assets (ROA) or returns-to-equity 

(ROE). Relationship between bank efficiency and profitability, 

expressed by traditional performance ratios, was tested 

empirically by many researchers [22][7][23]. However, the 

results of the previously conducted studies are controversial.  

 

Frequently applied method to measure bank efficiency is Data 

Envelopment Analysis (DEA) [24][25][26][27][22]. It becomes 

quite popular in the Baltic States as well [28][29][30]. In 

particular, the study aimed to test the hypothesis about the 

relationship between DEA efficiency and traditional 

performance measures did not reveal a significant correlation 

between DEA scores and ROA [30]. 

 

Different ratios are used also for assessing the level of 

competition in the banking sector. The most frequently 

competition is proxied by concentration ratios, such as CR3 or 

CR5 [31][3][20][32]. These ratios are calculated as a market 

share of 3 or 5 largest banks in the market. Herfindhal-

Hirschman Index - the sum of squared market shares of each 

bank representing the sector – another commonly applied 

measure of competition [33] [34][35][11][20]. Market share of 

banks usually is expressed in terms of assets [30], sometimes in 

terms of loans or deposits [3]. Other measures used as proxies 

for competition in the market are Lerner index of competition 

[17][1][15], H-statistic developed by Panzar and Rosse 

[9][36][37] and Boone indicator [38][8].   

 

3.  RESEARCH METHODOLOGY 

 

Research sample consists of 33 banks operating in the banking 

sector of the Baltic States. The number of banks slightly varies 

over the period of 2007-2013. As for 2013, 9 banks, 8 banks 

and 16 banks represent the banking sector of Estonia, Lithuania 

and Latvia, respectively. Branches of foreign banks are not 

included into the sample. Central Banks of the countries are 

removed from the sample. Besides, a distressed asset 

management company Reverta is removed from the Latvian 

sample. Financial data needed for research purposes are 

extracted from BankScope database. 

 

To achieve the research goal and to determine the relationship 

between market concentration and efficiency in the Baltic 

banking sector, the authors run a multiple regression analysis. 

The analyzed functional relationship takes the following form: 

 

EFFi = f(CONC, SIZEi, PROFITi, PRODUCTIVITYi)        (1) 

 

where 

EFFi is an efficiency score measured for an individual bank in 

each country; 

CONC is a measure of banking market concentration within the 

country;  

SIZEi is a bank-specific measure expressed by the volume of 

total assets; 

PROFITi is a profitability of an individual bank; 

PRODUCTIVITYi is a productivity of an individual bank. 

 

To measure bank efficiency, the authors use Data Envelopment 

Analysis (DEA). The method was introduced in 1978 by 

Charnes et al. [39] and based on the concept of productive 

efficiency. Efficient companies form the efficient frontier, while 

other companies are in the certain distance from this line or 

surface. Measuring this distance allows evaluating relative 

inefficiency of other companies within the reference set. 

Efficiency score is estimated as the ratio of weighted outputs to 

weighted inputs. To find the weights, optimization task is 

solved for each company in order to maximize its efficiency 

score. 

 

The maximal value for DEA score is 1 that indicates 100% 

efficiency. The lower values indicate relative inefficiency of 

analyzed banks. 

 

Specification of DEA model is determined by the following 

characteristics: 

 

 The goal of the optimization task: cost minimization or 

.profit maximization. Thus, there are two types of DEA 

efficiency model based on the orientation: input-oriented 

and output-oriented. 
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 Scale assumptions employed in the model: constant returns 

to scale (CRS) or variable returns to scale (VRS). 

 

 Specification of a conceptual approach to business that 

denotes a combination of model variables (inputs and 

outputs). 

 

In the current research input-oriented DEA model under VRS 

assumption is applied. Selection of variables is based on the 

intermediation approach that treats a bank as an intermediary 

between depositors and borrowers [40]. To run DEA model, the 

volume of bank deposits is used as a single input and total loans 

are treated as outputs.  

 

To measure concentration within the banking sector, the authors 

use Herfindhal-Hirschman Index (HHI). Dynamics of HHI in 

the banking sector of the Baltic States is presented in the Table 

2 [41]. 

 

Table 2. 

HHI in the Baltic banking sector 

  Latvia Lithuania Estonia 

2013 0.1037 0.1892 0.2483 

2012 0.1027 0.1749 0.2493 

2011 0.0929 0.1871 0.2613 

2010 0.1005 0.1545 0.2929 

2009 0.1181 0.1693 0.3090 

2008 0.1205 0.1714 0.3120 

2007 0.1158 0.1827 0.3410 

 

The highest value of HHI over the period of seven years is 

demonstrated by the Estonian banking sector followed by the 

Lithuanian banking sector.  

 

The maximum value of index is equal to 10000 points. The 

lower the index the closer is the market to monopoly. USA 

agencies, for instance, use the following criteria to interpret 

HHI in the market [42]: 

 

 Unconcentrated Markets: HHI below 1500 points 

 

 Moderately Concentrated Markets: HHI between 1500 and 

2500 points 

 

 Highly Concentrated Markets: HHI above 2500 points 

 

It means that Latvian banking sector with HHI values ranged 

between 1000 (0.1000) and 1200 (0.1200) points is considered 

to be low-concentrated despite the fact that more than 60% of 

total banking assets belong to the five largest banks (CR5 = 

64% as for 2013) [41]. In turn, Estonian banking market is the 

most concentrated one. However, dynamical change of HHI 

indicates the growth of competition.  

 

The size of individual banks is measured by the volume of total 

bank assets. We use the natural logarithm of values (lnA) in 

order to increase the consistency among the initial data. 

Profitability of an individual bank is measured by return-on-

equity ratio (ROE) and net interest margin (NIM). Productivity 

of an individual bank is measured by cost-to-income ratio (C/I). 

 

One of the assumptions of the regression analysis is that 

independent variables are not intercorrelated. To define the 

relationship between explanatory factors, correlation analysis is 

performed by the authors in SPSS environment. Concentration 

measure (HHI) was not included into the data set, because it 

represents a market structure as a whole. 

 

Testing of the stated hypotheses is based on the assessment of 

regression coefficients. To confirm the first hypothesis (H1), 

there should be a significant negative correlation between 

efficiency (DEA score) and concentration (HHI). The inverse 

relationship between efficiency and the market share of a bank 

in terms of assets (SIZE, lnA) provides a confirmation of the 

second hypothesis (H2). 

 

4.  RESULTS 

 

Application of DEA model yielded efficiency scores of 

individual banks in Latvia, Lithuania and Estonia. Average 

efficiency scores over the period of 2007-2013 are presented in 

the Figure 1.  

 

 
 

Figure 1. DEA efficiency in the banking sector of the Baltic 

States, 2007-2013 [estimated by the authors] 

 

Lithuania demonstrates the highest efficiency, while Latvian 

banking sector is characterized by the lowest efficiency. This 

fact can be explained not only by the inefficiency of Latvian 

banks in comparison with the neighbor countries. Quoting 

Farrell [43]: “A firm’s technical efficiency is relative to the set 

of firms from which the function is estimated. If additional firms 

are introduced into the analysis, they may reduce, but cannot 

increase the technical efficiency of a given firm.” The number 

of banks in the Latvian banking sector is twice larger than the 

number of banks in Estonia or Lithuania.  

 

The results of the correlation analysis applied for bank-specific 

data of Latvian, Lithuanian and Estonian banks are presented in 

the Table 3, 4 and 5. Statistical significance of the correlation 

coefficients is marked with “*” (correlation is significant at the 

0.05 level) and “**” (correlation is significant at the 0.01 level).

     

Table 3. 

Correlation matrix for bank-specific measures for Latvian 

sample data 

  SIZE NIM ROE C/I 

SIZE 1 -0.193* 0.071 -0.314** 

NIM -0.193* 1 0.445** -0.387** 

ROE 0.071 0.445** 1 -0.530** 

C/I -0.314** -0.387** -0.530** 1 
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There is a strong negative correlation between cost-to-income 

ratio and all other indices. Thus, C/I ratio can be used as a 

single variable only. Besides, ROE has significant positive with 

net interest margin. It means, in turn, that we cannot 

simultaneously use ROE and NIM. Due to the fact that we need 

the variable SIZE for testing our second hypothesis, but it 

correlates with NIM, we choose ROE as a predictor for the 

regression analysis. Thus, the regression equation for Latvian 

sample incorporates DEA score as dependent variable and HHI, 

SIZE (lnA), and ROE as explanatory variables. 

 

Table 4. 

Correlation matrix for bank-specific measures for 

Lithuanian sample data 

  SIZE NIM ROE C/I 

SIZE 1 -0.411** 0.080 -0.513** 

NIM -0.411** 1 -0.268* 0.261* 

ROE 0.080 -0.268* 1 -0.314* 

C/I -0.513** 0.261* -0.314* 1 

 

Based on the results of the correlation analysis on Lithuanian 

sample data, cost-to-income ratio should be excluded from the 

regression model as well. The form of the regression equation is 

the same as for Latvian sample: HHI, SIZE and ROE are 

considered to be predictors. 

 

The results of the correlation analysis performed for Estonian 

sample data (Table 5) yield two combinations of explanatory 

factors for a regression model: HHI, SIZE, ROE and HHI, NIM, 

CI. However, the second combination does not include the 

variable SIZE and it is not analyzed further.  

 

Table 5. 

Correlation matrix for bank-specific measures for Estonian 

sample data 

  SIZE NIM ROE C/I 

SIZE 1 -0.253 0.292* -0.572** 

NIM -0.253 1 0.278 -0.228 

ROE 0.292* 0.278 1 -0.690** 

C/I -0.572** -0.228 -0.690** 1 

 

The regression diagnostics of each model is presented in the 

Table 6. It includes R-squared (R2), adjusted R-squared (Adj. 

R2), F-test of the overall fit (F Sig.) and Durbin-Watson 

statistics (DW). 

 

Table 6. 

Regression statistics 

Sample R2 Adj. R2 F Sig. DW 

Latvia 0.860 0.856 0.000 1.028 

Lithuania 0.980 0.979 0.000 1.913 

Estonia  0.834 0.824 0.000 2.142 

 

For a confidence level of 95 per cent, if „significance F" is less 

than 0.05, then the null hypothesis is rejected (there is a 

statistically significant association between dependent variable 

and independent variables). The significance F for all models is 

equal to 0.000. R-squared is larger than 0.8 in all cases, 

indicating that over 80 per cent of the variability in the bank 

efficiency is explained by these models.  

 

Critical values for Durbin-Watson statistics are determined for p 

= 3 (number of independent factors) and the appropriate number 

of observations for each particular country (n). However, the 

analysis of Durbin-Watson statistics indicates the 

autocorrelation in the residuals for Latvian sample data: DWLV 

(1.028) is lower than its lowest critical value (DL = 1.61). In 

turn, for Lithuanian and Estonian sample data DW is greater 

than its upper critical value: DWLT (1.913) > DU = 1.70; DWEST 

(2.142) > DU = 1.67. Thus, there is no autocorrelation in 

residuals. 

 

Statistics on regression coefficients for three models is 

presented in the Tables 7, 8 and 9. Constant is excluded from 

the regression models. Dependent variable is DEA score.  

 

Table 7. 

Statistics on regression coefficients: Latvian sample data 

Predictors B Sig. VIF 

HHI 217.838 0.196 56.136 

SIZE 2.798 0.035 56.146 

ROE -0.184 0.020 1.017 

 

For HHI variable regression coefficient is not statistically 

significant (p = 0.196 > 0.05). The variance inflation factor 

(VIF) indicates multicollinearity problem (VIF > 10) [44]. 

However, HHI and SIZE are included into the model, assuming 

the positive relationship among them and accepting this 

limitation.  

 

Applying regression analysis for Lithuanian sample data (Table 

8), it yields statistically significant coefficient for HHI and non-

significant coefficients for SIZE and ROE (p > 0.05).  

 

Table 8. 

Statistics on regression coefficients: Lithuanian sample data 

Predictors B Sig. VIF 

HHI 430.411 0.000 69.763 

SIZE 1.040 0.283 70.072 

ROE -0.022 0.217 1.047 

 

Analyzing Estonian sample data (Table 9), only SIZE has 

statistically significant regression coefficient (p = 0.026 < 0.05).  

 

Table 9. 

Statistics on regression coefficients: Estonian sample data 

Predictors B Sig. VIF 

HHI 15.240 0.881 37.454 

SIZE 4.864 0.026 37.796 

ROE 0.276 0.178 1.057 

 

The results of the regression analysis indicate the fact that, 

using selected measures, we cannot reliably predict DEA score 

of an individual bank. Even removing HHI or SIZE from the 

data set, it is possible to overcome the multicollinearity 
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problem, but the regression coefficient for ROE still is not 

statistically significant (see Table 10).  

 

Table 10. 

Statistics on regression analysis (predictors: SIZE, ROE vs. 

HHI, ROE) 

Model 

summary 
Statistics LV LT EE 

 Predictors: 

SIZE, ROE 

R2 0.855 0.970 0.827 

F Sig. 0.000 0.000 0.000 

Coefficients 

Sig. SIZE 0.000 0.000 0.000 

Sig. ROE 0.020 0.166 0.176 

VIF 1.017 1.040 1.033 

Predictors: 

HHI, ROE 

R2 0.854 0.980 0.816 

F Sig. 0.000 0.000 0.000 

Coefficients 

Sig. HHI 0.000 0.000 0.000 

Sig. ROE 0.020 0.260 0.091 

VIF 1.017 1.036 1.024 

 

Probably, using another profitability ratio instead of ROE, the 

quality of the model can be improved. However, it is not the 

purpose of the current research. We have enough empirical 

evidence for testing the stated hypothesis. In all three cases we 

have positive relationship between market concentration and 

efficiency and between market share of an individual bank and 

its efficiency. It means that QLH-related hypotheses H1 and H2 

are rejected. 

 

5.  CONCLUSIONS 

 

The present study was aimed to test Quiet Life Hypothesis 

(QLH) in the Baltic banking market. To achieve the research 

purposes, the author tested two hypotheses and run multiple 

regression analysis in order to investigate the relationship 

between the efficiency of individual banks and two variables: 

concentration level in the market (H1) proxied by HHI and size 

of banks (SIZE) expressed with the natural logarithm of the 

volume of bank total assets (H2). The criteria used to confirm 

the stated hypotheses were the positive regression coefficients 

for variables HHI and SIZE. The analysis was performed on the 

sample data for each country separately.  

 

The regression models did not yield the reliable results due to 

the statistically insignificant regression coefficients in most 

cases. However, based on the signs of regression coefficients it 

is possible to make an unambiguous conclusion that Quiet Life 

Hypothesis should be rejected. There is no evidence of negative 

impact of bank size on its DEA score, as well as market 

concentration does not have a negative influence on bank 

efficiency.  

 

The expansion of the present study, using different DEA model 

specifications (with other input-output combinations) or 

measuring market competition with other ratios, causes a 

significant scientific interest. Besides, the process of predicting 

bank efficiency with bank-specific measures should be 

investigated.  
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ABSTRACT 

 

Since the introduction of iPhone in 2007, many location-based 

services (LBSs) have been created and new LBSs are found every 

day.  This research proposes yet another LBS, which is practical 

and was not found before to the best of authors’ knowledge.  The 

problem is described as follows.  It happens all the times while 

several groups of people are traveling towards a destination, they 

lose contact from each other on the way.  This research tries to 

have the groups travel as closely as possible until they reach the 

destination.  It uses a method of minimum covering ellipses to 

find whether the groups are separated by more than a 

threshold/distance.  If they are, the system will find a convenient 

rendezvous for all groups by using a method of geometric 

median.  After meeting at the rendezvous, the groups reset the 

service and continue their journey.  By using this LBS, travelers 

do not need to worry about losing connections with others.  This 

method can also be applied to the problem of finding a 

convenient meeting place for mobile users. 

 

Keywords: Location-Based Services (LBSs), Mobile/Handheld 

Computing, Geometric Location Methods, Minimum Covering 

Ellipses, Geometric Median. 

 

 

1.  INTRODUCTION 

 

The worldwide PC and mobile phone sales in the past years are 

given in the Table 1 according to various market research reports 

[1].  The number of smartphones shipped worldwide has passed 

the number of PCs and servers shipped in 2011 and the gap 

between them is expected to keep bigger.  The emerging 

smartphones have created many kinds of applications that are not 

possible or inconvenient for PCs and servers, even notebooks.  

One of the best-seller applications is location-based services 

(LBSs) according to the following market research: 

 

 Gartner, a market research company, identified the LBSs are 

one of the top three consumer mobile applications and 

services in 2012.  It also predicted the most popular LBSs 

would be navigation, location search, and friend finder/social 

networks [2]. 

 The global LBS market is expected to grow from $8.12 

billion in 2014 to $39.87 billion in 2019, at an estimated 

growth rate of 37.5%, for the given period according to 

MarketsandMarkets [3].  

 

  

Table 1. Worldwide PC and cellphone sales. 

Year 

Number of Units Shipped (Million) 

Mobile 

Phones 

PCs and 

Servers 
Smartphones 

PDAs 

(without 

phone 

capability) 

Tablet 

PCs 

2002 432 148 — 12.1 — 

2003 520 169 — 11.5 — 

2004 713 189 — 12.5 — 

2005 813 209 — 14.9 — 

2006 991 239 64 17.7 — 

2007 1153 271 122 — — 

2008 1220 302 139 — — 

2009 1221 306 166 — 1 

2010 1609 346 286 — 17 

2011 1775 353 486 — 73 

2012 1746 352 698 — 128 

2013 1806 296 968 — 195 

2014 1879 314 1245 — 227 

  

 

Various location-based services have emerged because of the 

great popularity of smartphones.  A common problem that may 

arise during a party tries to travel to a destination is some groups 

may be lost if the party is divided into several groups.  Many 

times the whole party has to halt, find a place to convene, and 

restart the journey.  It is time-consuming and inconvenient.  This 

research is to automate the procedure and minimize the impact.  

It has the mobile users stay closely while on the move.  Once the 

users are separated by more than a threshold/distance, the system 

will find a rendezvous convenient for everyone.  People then 

meet at the rendezvous and reset the service and restart the 

journey.  The following two major algorithms are used by the 

research: 

 

 Check whether the users stay closely enough by using a 

method of finding minimum covering ellipse.  If the area of 

the ellipse is over a threshold, it means the users do not stay 

closely enough. 
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 Find a rendezvous by using a method of finding the geometric 

median and the Google Place Search API.  The geometric 

median gives the smallest sum of distances from users to a 

meeting location.  However, not all meeting locations are 

convenient for users.  The Google Place Search API is then 

used to find a rendezvous such as nearby landmark or park 

based on the location.  

 

How to have mobile users travel closely is a common problem 

and causes tremendous headache for travelers.  This research 

tries to solve the problem by incorporating several disciplines 

including (i) mobile/handheld computing, (ii) location-based 

services, (iii) databases, and (iv) human behavior recognition.  It 

is worthwhile research.  In addition, this research also finds a 

convenient rendezvous for mobile users to meet after they are 

separated by a distance.  The design and planning show the 

proposed method is effective and convenient, but further 

implementation and testing are required to validate this claim. 

 

The rest of this paper is organized as follows.  Section 2 gives the 

background information of this research including two themes: 

(i) minimum covering areas, and (ii) smallest sum of distances.  

Section 3 introduces the proposed system.  The method of 

minimum covering ellipses used in this research is explained in 

Section 4.  Section 5 gives algorithms of the geometric median, 

which is used to find a rendezvous after the area of the minimum 

covering ellipse is over a threshold.  Some experimental results 

are given in Section 6.  The last section summarizes this research 

and discusses the current status of mobile computing. 

 
 

2.  BACKGROUND AND LITERATURE REVIEW 

 

This research is to build a location-based service using geometric 

location methods.  Therefore, two themes, an LBS architecture 

and related geometric location methods, are discussed in this 

section.    

 

An LBS Architecture 

A location-based service is a service based on the geographical 

position of a mobile handheld device [4].  Two of the LBS 

examples are finding a “best” direction and recommendations of 

nearby events and attractions.  Popular LBS include mapping and 

navigation, search and information, social networking, 

entertainment, and tracking [5].  A nice introduction of LBS 

technologies and standards is given in the articles [6][7]. A 

system structure of location-based services, shown in Figure 1, 

includes five major components: 

 

(a) Mobile handheld devices, which are small computers that 

can be held in one hand.  For most cases, they are 

smartphones. 

(b) Positioning system, which is a navigation satellite system 

that provides location and time information to anyone with 

a receiver. 

(c) Mobile and wireless networks, which relay the query and 

location information from devices to service providers and 

send the results from the providers to devices. 

(d) Service providers, which provide the location-based 

services. 

(e) Geographical data providers, which are databases storing a 

huge amount of geographical data such as information about 

restaurants and gas stations. 

 
 

Figure 1. A system structure of generic location-based services. 

 

 

Related Geometric Location Methods 

This research tries to unite mobile users by using geometric 

location methods [8][9], where geometric locations are physical 

positional information including latitude, longitude, and height.  

Two of the methods, minimum covering areas and smallest sum 

of distances, related to this research are given as follows. 

 

 Minimum Covering Areas:  In order to find whether 

the mobile users stay closely enough, the method of a minimum 

area covering a set of objects is used in this research.  The shapes 

could be ellipses, disks, polygons, etc.  Silverman and 

Titterington [10] used an exact terminating algorithm to find the 

ellipse of smallest area covering a given plane point set V.  Figure 

2 shows the five steps used by them.  Other related research could 

be found from the articles such as [11][12]. 

 

 
 
Finding the Minimum Covering Ellipse 

1. Find the convex hull of V and eliminate all but the extreme point 
VE from further consideration. 

2. Choose a 3-point subset S0 of VE. 
3. If the mth test support set is Sm, check whether each of the 

points of VE lies outside ME(Sm), the smallest generalized ellipse 
that contains Sm. 

3.a If no point lies outside, then Sm is a support set of 
ME(V); exit. 

3.b Otherwise choose v in VE outside ME(Sm) and set 𝑆𝑚
∗ =

𝑆𝑚 ∪ 𝑣. 

4. Find a support set 𝑆𝑚
†

 of ME(𝑆𝑚
⋆ ).  

5. Set Sm+1 = 𝑆𝑚
†

.  Go to Step 3. 
 

 

Figure 2. An algorithm of finding the minimum covering ellipse 

from Silverman and Titterington [10]. 

 

 

 Smallest Sum of Distances:  Once the mobile users 

are separated by more than a threshold/distance, a rendezvous 

convenient for all mobile users is computed.  This research finds 

a rendezvous by using the geometric median, which is the point 

minimizing the sum of distances to the sample points.  Bose, 

Maheshwari, and Morin [13] describe a quadtree based data 

structure that preprocesses a set S of n points so that the sum of 

distances of points in S to a query point q can be quickly 

approximated to within a factor of ε.  Figure 3 shows the 

algorithm, where v is a node of the quadtree on S, cv denotes the 

center of Cv, a hypercube, d(q,cv) is the distance between q and 

cv, and card(v) denotes the number of points of S contained in Cv.  

Lin and Vitter [14] present approximation algorithms for median 

problems by using a new method for transforming an optimal 

solution of the linear program relaxation of the s-median problem 

into a provably good integral solution.  Related methods can be 

found in the articles like [15][16]. 
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COMPUTE-SUM(q,v) 

1.   if v is a leaf or d(q,cv) > lv/ε+lv√d/2 then 
2.      return card(v) · d(q,cv) 
3.   else 
4.      s ← 0 

5.      for v’ ∈ children(v) do 
6.        s ← s + COMPUTE-SUM(q,v’) 
7.      end for 
8.      return s 
9.   end if 

 

 

Figure 3. An algorithm of approximating the geometric median 

from Bose, Maheshwari, and Morin [13]. 

 

 

3.  STRUCTURE OF THE PROPOSED SYSTEM 

 

The proposed location-based service is to have the mobile users 

stay closely while on the move.  It checks whether the mobile 

users are separated by more than a threshold value from time to 

time.  If the threshold value is passed, the system will find a 

rendezvous.  Mobile users then convene and re-start the journey.  

Figure 4 gives the system structure including the following three 

essential entities: handheld devices, the proposed LBS, and a 

geographical database: 

  

 Handheld devices are most likely smartphones including the 

client-side LBS, which provides the user interface and sends 

and receives data to and from the server. 

 The proposed LBS including client and server -side parts, 

where the server-side part is responsible for the heavy 

computation such as finding the minimum covering ellipses 

and geometric median.  

 A geographical database (GDB) is located at the server and 

stores the geographical data.  However, this entity may be 

skipped if Google Place Search API is used.    

 

 
Figure 4. The system structure of the proposed system. 

 

 

The steps below are taken to solve the problem: 

 

1. The mobile users sign up the LBS. 

2. Once sign in, the users send their current locations to the 

service from time to time.  The LBS works on the 

background, so the regular device functions like texting and 

phone calls will not be interrupted. 

3. The next step is activated when the users are separated by 

more than a threshold/distance.  The method of smallest 

covering area is used to find whether the threshold is reached.  

A threshold is represented by the dashed ellipse in the Figure 

4, where all users are on or within the threshold. 

4. If the area of the ellipse is over the threshold, it means a 

rendezvous is needed for users to convene.  The service then 

recommends a rendezvous based on various features such as 

landmarks, distance, and convenience by using the method of 

minimum sum of distances. 

5. The LBS shows the directions between users and the 

rendezvous.  

 

 

4.  MINIMUM COVERING AREAS 

 

This research is to have moving objects stay closely.  Many 

methods can be applied to this application.  One of the methods, 

minimum covering ellipses, is used and introduced in this 

section. 

 

Minimum Covering Ellipses 

One of the minimum covering areas methods, minimum covering 

ellipses [10], is modified and used in this research.  The 

traditional method of minimum covering ellipses is applied to a 

set of fixed objects.  On the other hand, the objects dealt in this 

research are moving objects.  Therefore, the revised algorithm is 

given in Figure 5.  

 

 
 

Minimum Covering Ellipse for Moving Objects 

1. Collect the current locations of the objects. 

2. Use the algorithm of minimum covering ellipses from [10] 

to find a minimum covering ellipse for the objects. 

3. Adjust the covering ellipse if any of the objects moves out 

of the ellipse. 

4. Calculate the area of the ellipse. 

5. If the area is over the threshold, call the next step, finding 

a rendezvous. 
 

 

Figure 5. An algorithm of a minimum covering ellipse for 

moving objects. 

 

 

Figure 6 shows an example of five mobile users and their 

corresponding covering ellipse.  Four of the travelers are on the 

border of the ellipse and one traveler is inside the ellipse.  This 

figure is made easy for readers.  There should have more users 

inside the ellipse in real cases.  

 

 
 

Figure 6. An example showing five mobile users within or on a 

covering ellipse. 

 

 

5.  SMALLEST SUM OF DISTANCES 

 

Many methods can be used to find a meeting place such as 

geographic midpoint [16] among many people.  This research 

tries to find a meeting place with a shortest sum of distances to 

all users.   

Communication 

Communication 

Threshold 

LBS 

User 

User 

User 

User 

Rendezvous 

User 

GDB 

Threshold 

User 

User 

User 

User 

User 
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Geometric Median 

Once the travelers are separated by more than a 

threshold/distance, this research finds a rendezvous based on the 

methods of smallest sum of distances such as geometric median 

[13], which is defined as the point minimizing the sum of 

distances to a set of points.  The rendezvous is then found as a 

nearby landmark of the geometric median by using Google Place 

Search API.  The algorithm is given in Figure 7. 

 

 
 

Nearby Landmark Based on Smallest Sum of Distances 

1. Collect the current locations of the objects. 

2. Use the method of geometric median approximation from 

the article [13] to find the geometric median. 

3. Find a rendezvous by using the Google Place Search API 

based on the found geometric median. 

4. Each device displays a direction between the device and 

the rendezvous by using Google Directions API [18]. 
 

 

Figure 7. An algorithm of finding a rendezvous. 

 

 

Figure 8 shows an example of a rendezvous among five users.  

The rendezvous is a landmark found by using Google Place 

Search [17] nearby the geometric median.  In order to use Google 

Place Search API, developers provide a location, the maximum 

distance from the location you want results from and optionally 

the type of places you want to search for.  The list of supported 

place types include gas stations, parks, restaurants, and shopping 

malls. 

 

 
 

Figure 8. An example showing a rendezvous among five users. 

 

 

6. EXPERIMENTAL RESULTS 

 

This section shows some experimental results of our proposed 

method of uniting mobile users.  A location-based service is not 

attractive if an interactive map is not used.  Therefore, the results 

are generated by using Android SDK (Software Development 

Kit) [20] and Google Directions API (Application Programming 

Interface) [18]. 

Checking How Far Away Users Are Separated  
In order to use this service, users must sign up the service.  

Participated users’ locations are then sent to the server for 

processing from time to time.  Figure 9 shows a screenshot of 

mobile user locations by using the Google Maps API on a user’s 

device, where the locations are sent by the server.  This research 

uses a minimum covering ellipse to discover whether the users 

are far away from others.  If the area of a minimum covering 

ellipse is more than a threshold, the next step of finding a 

rendezvous is activated. 

 

     

 
 

Figure 9. A screenshot showing the user locations. 

 

 

Finding a Rendezvous 

This research tries to unite travelers at a rendezvous based on 

their geometric median, which is the location having a minimum 

sum of distances to all travelers.  The rendezvous can be found 

by using some advanced algorithms like the one proposed by 

Duckham, Winter, and Robinson [18].  However, the Google 

Place Search API has made this function easy by finding nearby 

landmarks such as gas stations and restaurants according to the 

user inputs and current location.  Figure 10 shows the rendezvous 

(the black disk) among five mobile users. 

 

 

 
 

Figure 10. A screenshot showing the markers of users (red) and 

a rendezvous (black circle). 

 

 

A Direction between a User and the Rendezvous 

Finding a direction between two locations is never a trivial task 

because it involves current status of roads.  Fortunately, this task 

has also been made easy by the Google Directions API [19], 

which only requires the two locations to find a direction.  Figure 

11 shows a direction between a user and the rendezvous 

displayed on the user’s device, where the user location is found 

by the GPS (Global Positioning System) and the rendezvous 

location is sent by the server.  Once all users convene at the 

rendezvous, they reset the service and restart their journey 

towards the destination. 

 

 

Threshold 

User 

User 

User 

User 

Rendezvous 

User 

127

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)



 
 

Figure 11.  A screenshot showing a direction from a mobile user 

A to a rendezvous B. 

 

 

7. CONCLUSIONS 

 

A location-based service is a service based on the geographical 

position of a mobile handheld device.  LBSs are popular and 

some of the LBS examples are  

     

 Finding a nearby ethnic restaurant or gas station,      

 Locating people on a map displayed on the devices,  

 Locating a nearby store with the best price of a product, 

 Location-aware mobile advertising,      

 Road or street navigation,      

 Recommending social events in a city, and      

 Traveling route anomaly detection. 

 

The high popularity of LBS is because of some of the following 

reasons: 

       

 Increased apps store usage like Apple’s App Store and 

Google Play,       

 High smartphone and GPS (Global Positioning System) 

device adoption as 1,245 million smartphones shipped 

worldwide in 2014,       

 New hybrid positioning technologies including GPS, cell 

tower signals, wireless internet signals, Bluetooth sensors, 

etc., and       

 High interest in user’s private location information services.   

 

This paper proposes a kind of location-based research for uniting 

mobile users.  Two of the several contributions made by this 

project are 

 

 Two of geometric location methods, minimum covering 

ellipses and geometric median, are studied, enhanced, and 

applied to this research. 

 The proposed application solves the common problem of 

travelers.  By using this application, travelers can easily 

connect to each other without worry. 

 

In addition, human travel behavior is useful and has been applied 

in many applications such as city and street design and planning.  

This research studies various issues related to human travel 

behavior; e.g., what are the frequent routes from location A to 

location B and which part of city has the highest probability of 

travel anomalies?     
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Abstract— A sensor network in agricultural fields is a new
technology to increase agricultural productivity by measuring
important factors for plants such as air temperature, humidity,
illumination intensity, soil moisture, soil temperature etc. The
authors have been studied about some wireless sensor network
systems, and have found that general microcomputer boards do
not have enough performance to realize accurate measurements
and stable wireless communication because they just consider the
stable operation of their own electronic components, and do not
assume practical external sensors and wireless communication
modules. Therefore, a special design of microcomputer boards
for sensor networks is required to develop practical agricultural
sensor network systems. This paper proposes a new type of sensor
network system for agricultural usages. The system consists of
a new developed microcomputer board, a special smartphone
application for data collection, and a data management server.
The developed microcomputer board has special functions for a
charging function from a solar cell to a lithium polymer battery,
a large-current regulator for external electronic components, a
capacitor for power supply stability, real-time clock (RTC), a
power management for external sensors, a SD card support,
and a communication function based on Bluetooth low energy
(BLE). The special application supports BLE communication,
which is a wireless personal area network technology for low-
power communication. It also collects the measurement infor-
mation from a developed microcomputer board within BLE
communication range, and uploads the collected measurement
information to the data management server. The benefit of the
proposed system is accurate measurements with special external
sensors for agricultural usages, and the easy installation of the
microcomputer board by the autonomous operation and the easy
data collection with the smartphone application.

Keywords— Agricultural sensor networks, Arduino based
microcomputer boards, External sensors, Bluetooth Low Energy,
Smartphone application

I. INTRODUCTION

Sensor networks have been focused as a new solution to
improve agricultural productivity. Agricultural producers can
measure valuable information about agricultural field by using

various kinds of sensors and they can collect information
from faraway agricultural fields by wireless communication
technologies. As a result, they control the environment of the
agricultural field according to the measured information [1],
[2].

Air temperature, humidity, illuminance and carbon dioxide
levels are the most important factors for the productivity,
growth, and quality of plants in agricultural fields. Addi-
tionally, soil moisture sensors are also useful devices to
sprinkle the agricultural field with water effectively. Periodical
measurements by sensor networks are required to observe the
environment because these levels change frequently during a
day.

A few sensor devices are generally enough to measure each
agricultural field because each agricultural field has a similar
characteristic. Hence, conventional equipment with data logger
function and cellular communication function seems to be
enough for the application. However, agricultural producers
sometimes have many small agricultural fields. Especially,
Japanese agricultural producers usually have many small fileds
due to the regulation and the cultural practice in Japan. Ad-
ditionally, they should measure each agricultural field due to
the different characteristic of each field. As a result, intelligent
sensor networks specified for agricultural usages are required
for practical agricultural businesses.

Sensor network systems generally employ a multi-hop com-
munication technology to extend an observation area[3], [4].
They consist of a sink node for collecting information and
general nodes for measuring information. Routing protocol
is used to construct routes between the sink node and the
nodes. Therefore, various kinds of routing protocols for sensor
networks have been proposed[5], [6], [7], [8]. The main topic
of the routing protocols in sensor networks is to reduce power
consumption and a simple mechanism for implementation on
small resource devices[9], [10]. These conventional routing
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protocols do not assume the practical situation, where many
small fileds are distributed in a wide area. Therefore, it is
difficult for practical agricultural businesses to employ these
technologies. Additionally, agricultural producers usually work
at each agricultural field. As a result, we think one hop
communication system is one of a solution for agricultural
sensor network systems.

Various kinds of microcomputer boards have been released
recently. However, almost all boards do not implement a
wireless communication module. Additionally, they also do
not consider power consumption by a wireless communication
module even if they have some connectors for the module.
Practical sensor networks generally request a long range
communication function to a wireless communication module.
A long range communication module also consumes much
power comparing to a normal range communication module.
As a result, the authors have confirmed that some conventional
boards may become unstable status and restart repeatedly
when a wireless communication module is active[11], [12].

This paper proposes a new type of sensor network system
for agricultural usages. The system consists of a new devel-
oped microcomputer board, a special smartphone application
for data collection, and a data management server. The devel-
oped microcomputer board has special functions for a charging
function from a solar cell to a lithium polymer battery, a
large-current regulator for external electronic components, a
capacitor for power supply stability, real-time clock (RTC), a
power management for external sensors, a SD card support for
logging, and a communication function based on Bluetooth
low energy (BLE)[13], which is a wireless personal area
network technology for low-power communication. .

We employ ATmega 2560 which is the low-power Atmel
8-bit AVR RISC-based microcontroller combines 256KB ISP
flash memory and 8KB SRAM, and use the Arduino devel-
opment environment for the developed microcomputer board
to realize easy software development. Therefore, developers
can create their own software by the similar manner for
Arduino based microcomputer boards. The charging function
can realize autonomous operations without commercial power
supply in agricultural fields because easy setup is an important
factor in agricultural usages. Therefore, the developed micro-
computer board can measure environment with some external
sensors such as digital temperature sensors, soil moisture
sensors, an air temperature sensor, a humidity sensor and an
illumination intensity sensor periodically.

The special application employs BLE communication to
reduce power consumption. It also collects the measurement
information from a developed microcomputer board within
BLE communication range, and uploads the collected mea-
surement information to the data management server. The
benefit of the proposed system is accurate measurements with

　

　　

　

Fig. 1. Arduino based microcomputer board.

　 　

special external sensors for agricultural usages, and the easy
installation of the microcomputer board by the autonomous
operation and the easy data collection with the smartphone
application.

II. ARDUINO BASED MICROCOMPUTER BOARD

Fig. 1 shows the overview of the developed microcomputer
board. The developed microcomputer board supports various
functions for agricultural usages because agricultural sensor
networks usually employ some external sensors and wireless
communication modules. The following is supported functions
on the board.

• Charging controller
Sensor network boards for agricultural use are required to
work by a battery because some agricultural fields do not
have any consumer electricity. Therefore, the developed
board supports a battery charging function for a Li-Po
battery from a USB port and a solar cell. Additionally,
the charging controller supports a thermometer to control
charging current because the charging function should
consider temperature of a Li-Po battery during charging.

• Regulator
Almost all microcomputer boards employ a normal reg-
ulator for power supply because they do not assume
various external devices. As a result, some boards may
suffer from inrush current of peripheral devices such as a
long distance wireless communication module. Therefore,
the developed board employs a large current regulator
supporting 1A output.

• Capacitor
The developed board may employ special sensors for
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Fig. 2. Circuit design.

　 　

agricultural usages in practical sensor network systems.
Some sensors may require heavy current when they
wake up, and may cause unstable behavior of the board.
Therefore, the developed board has a capacitor for inrush
current to realize stable operations of the board.

• Real Time Clock
Microcomputer boards usually do not have a real time
clock function because almost all applications do not re-
quire accurate time. On the contrary, sensing application
usually requires accurate time to make up the measured
data. Therefore, the developed board has an RTC chip to
supply accurate time to ATmega 2560. The RTC chip is
connected through the I2C interface.

• SD card adapter
Almost all sensing applications for agricultural usages
require reliable measurement of the environment because
the measured information is important data for controlling
the environment and an evidence for growing environ-
ment. The developed board supports a SD card adapter
to save measuring information. The SD card adapter is

attached through SPI because the SD card specification
supports SPI communication. Hence, users can access the
SD card adapter by the conventional SD card library for
Arduino environment.

• Power switch for external sensors
Sensing applications for agricultural usages require pe-
riodic measurement of environment. Additionally, more
than one hour interval is enough to measure the envi-
ronment in practical usages. Therefore, a power switch
for external sensors is an important function to reduce
power consumption because some special sensors con-
sume power during power-on. The power switch is con-
trolled by a digital I/O port of ATmega 2560.

• I2C sensors
Air temperature, humidity, air pressure and illumina-
tion intensity are important factors in agricultural sensor
networks. Therefore, the developed board supports I2C
communication for these sensors. I2C communication is
a bus type interface. Therefore, the developed board can
employ additional sensors supporting the I2C interface.
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Central scans the advertisement packets 
to detect a service
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Fig. 3. Bluetooth Low Energy.

　 　

• Soil moisture sensors
Soil moisture sensors are important in agriculture because
they are useful to realize effective water spray to reduce
consumed water. Additionally, they are also effective to
grow high quality plants. We assume that EC-5 small soil
moisture sensor produced by Decagon.

• Soil temperature sensors
Soil temperature is an important consideration when we
measure soil moisture. We employ digital temperature
sensors because these sensors are installed in soil and
analog type sensors are not suitable due to voltage depres-
sion by a long cable. The developed board communicates
these sensors by one wire communication, that is one of
simple digital communication schemes.

• Bluetooth Low Energy
The developed board supports Bluetooth Low Energy
communication because BLE can reduce consumed
power of the board and can extend the lifetime of the
board. The BLE module is linked through Application
Controller Interface (ACI).

III. SENSOR NETWORK WITH BLE

A. Bluetooth Low Energy

BLE is a short-distance wireless communication standard
using 2.4GHz bands proposed by Bluetooth Special Interest
Group (SIG). It can realize long life operation by low electrical
power consumption. BLE has no compatibility with Bluetooth
3.0 because it is drawn from Wibree. BLE alleviates the
demand of the frequency precision by reducing the amount
of channels from 79 to 40, and reserves three channels with
the use of the advertise channel of the 40 channels. Therefore,
BLE devices can reduce the detection period by checking only
three advertise channels.

Fig. 3 shows the system model of the BLE. The system
comprises of a peripheral and a central. The peripheral offers
an advertising service for the central. Therefore, it broadcasts
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Description

Service

Characteristic

Description

Characteristic

Description

　

Fig. 4. GATT Profile.

　 　

an advertisement message periodically on an advertising chan-
nel. The service of the central is to detect the advertisement
message that indicates offered service by the peripheral and
data communication service as a master device.

Bluetooth 4.0 introduced new Generic Attribute Profile
(GATT) that is put on top of the Attribute Protocol (ATT).
The functions of GATT are to set up common operations
and a framework for the data transported and stored by the
Attribute Protocol. Attributes are formatted as services and
characteristics. Services may contain a collection of character-
istics. Characteristics contain a single value and any number
of descriptors describing in the characteristic value.

Fig. 4 shows the structure of GATT. The top level of the
hierarchy is a profile. A profile makes up for one or more
services. A service makes up of characteristics or references to
other services. Each characteristic is a value and may contain
optional information about the value.

B. iOS Application

Agricultural producers generally visit each agricultural field
to confirm the growing condition of plants everyday. There-
fore, they have enough chance to download the measured
information from the developed microcomputer board by wire-
less communication technologies. Almost all smartphone hard-
wares have WiFi and Bluetooth modules as communication
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interfaces. WiFi is suitable for high throughput performance.
However, it is well known that a WiFi module consumes
considerable power. Therefore, Bluetooth is suitable for the
developed microcomputer board to realize a long life operation
by solar power.

Fig. 5 shows the implementation design of the iOS ap-
plication. The developed application supports the data com-
munication function and the uploading function. The data
communication function uses APIs for BLE in iOS to com-
municate the developed microcomputer board. The uploading
function utilizes HTTP API in iOS to upload the downloaded
data to data management servers. As a result, agricultural
producers can upload the measured data from the developed
microcomputer board to data management servers when they
visit their fields.

C. Signaling

Fig. 6 shows the signaling processes for uploading measured
data from the microcomputer board to the management server
through the smartphone application. The proposed system can
realize data uploading function by the following operations.

1) The microcomputer board starts transmission of BLE
advertisement packets when their condition is satisfied
because the transmission of the BLE advertisement
packets also consumes power.

2) The advertisement packets are transmitted periodically.
The transmission interval depends on battery specifi-

cations because it also affects to the lifetime of the
microcomputer board. The recognition period of the
microcomputer board for the smartphone application de-
pends on the transmission interval of the advertisement
packets.

3) The smartphone application starts receiving of BLE
packets when agricultural producers launch the appli-
cation. It also continues to receive BLE packets until it
receives the BLE advertisement packet.

4) The smartphone application transmits the SCAN REQ
packet to the microcomputer board to start the commu-
nication when it detects a BLE advertisement packet.

5) The microcomputer board replies the SCAN RES
packet to the smartphone application. The application
can recognize the specific information about the micro-
computer board.

6) The smartphone application transmits the CON-
NECT REQ packet to initialize GATT communication.

7) The microcomputer board starts GATT communication
when it receives the CONNECT REQ packet.

8) The smartphone application requests specific character-
istic values by transmitting the READ REQ packet.

9) The microcomputer board replies the requested charac-
teristic values by replying the READ RES packet. The
data transfer process with READ REQ and READ RES
packets is repeated until the transmission of the mea-
sured data is completed.

10) The smartphone application stores the data obtaining
time when it completes the downloading the measured
data from the microcomputer board by transmitting the
WRITE REQ packet.

11) The microcomputer board replies the response by trans-
mitting the WRITE RES packet.

12) The smartphone application terminates the connection
by transmitting the LL TERMINATE IND packet.

13) The microcomputer board goes to sleep mode to reduce
the power consumption.

14) The smartphone application uploads the measured infor-
mation to the data management server by HTTP.

15) The data management server replies the acknowledge-
ment to the smartphone application when it receives the
measured information successfully.

IV. CONCLUSION

This paper has proposed a new type of sensor network
system for agricultural usages. The system consists of a
new developed microcomputer board, a special smartphone
application for data collection, and a data management server.
The developed microcomputer board has special functions for
agricultural usages. Additionally, it also implements BLE com-
munication module as a wireless communication technology.
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Therefore, agricultural producers can collect the measured
information by using the special application on a general
smartphone. The benefits of the developed board are accurate
measurements with special external sensors for agricultural
usages, and the easy installation of the microcomputer board
by the autonomous operation and the easy data collection
with the smartphone application. As a result, we can clarify
the feasibility of Arduino based sensor network systems for
agricultural usages.
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Abstract—Antenna design includes a list of requirements that,
in many cases, might conflict among them. The antenna radiation
pattern, VSWR and impedance are frequently used to design an
antenna; these parameters are specified for a frequency band
or a set of frequencies. An engineer may design an antenna by
trial and error, this process may be simple. However, for most
antennas, the number of variables makes very difficult to easily
meet all goals. Antenna design can be seen as an optimization
problem with an error surface in an N-dimensional space. In
most cases, this error surface is very complex, and genetic
algorithms have previously been used to assist the designer on
this complicated process. We propose a hybrid method using
simulated annealing and Powell’s method in multidimensions.

Simulated annealing is a tool that can be used for optimization,
and thus, for sketching an antenna because initially the surface
error is too complicated for most optimization algorithms.
The second step of the proposed method is called “design
improvement” and focuses on the optimization of the draft that
was created by the use of simulated annealing. It is shown
experimentally that the proposed method outperforms previous
methods used for antenna optimization.

Finally, we illustrate how simulated annealing can be used to
measure antenna performance stability due to errors in the length
or position of each wire in the antenna.

Index Terms—Simulated annealing, artificial intelligence, NEC,
electromagnetic field, design

I. INTRODUCTION

Currently, there are several computer simulators to predict
the behavior of an antenna. Most of these simulators allow the
designer to carry out several tests on an antenna for perfor-
mance evaluation. There are, however, many input variables
involved in this kind of design. In some cases, the solution
of difficult equations is required to attain the desired results,
see [31] and [33], [2], [6], and [7]. This paper introduces a
hybrid algorithm using Artificial Intelligence to optimize and
design an antenna. Specifically, this hybrid algorithm creates
an antenna draft using simulated annealing, second, this draft
is improved using Powell’s method in multidimensions. The
objective function (also known as error function) includes
a wire position error that prevents two or more wires to
be in the same position. Experimental results show that our
method outperforms those methods that are based on Genetic
Algorithms. The proposed method can also be used to assess
antenna performance stability due to inaccuracies in the length
or the position of the antenna elements.

This work was sponsored by DINPO and CONACYT. Corresponding
author: Sergio Ledesma (email: selo@ugto.mx).

This paper is organized as follows. In Section II, background
information about antennas and their characteristics is quickly
reviewed. In Section III, a simple method to create an antenna
draft is presented; the section ends presenting a method to
optimize this draft. In Section IV, simulation experiments are
performed to evaluate and test the proposed method. Finally,
Section VI presents some conclusions.

II. BACKGROUND INFORMATION

Nowadays, the design of an antenna is assisted by computer
simulation software. The Numerical Electromagnetics Code
(NEC) is a computer program that allows the analysis of the
electromagnetic response of antennas made of an arbitrary
structure consisting of wires and surfaces in free space or over
a ground plane, see [4], [29], [10], [22], [23] and [32].

Antenna design can be viewed as the solution of a multidi-
mensional equation. In this case, an error function is defined
using the desired antenna goals. Typically, the variables of this
error function are the antenna parameters. Genetic algorithms
have been previously used to find the global minimum of this
error function, [2], [6], [7]. Most recently, the NASA and
other researchers have been using genetic algorithms to assist
antenna design, see [16], [17], [18], and [5]. Biogeography
based optimization have been used on Yagi-Uda Antenna
Design, see [31]. Other techniques for antenna synthesis and
analysis have been proposed, see [26], [27], [14] and [33].

A Comparison of Genetic Programming with Genetic Al-
gorithms for Wire Antenna Design is presented in [35];
they compare the performance of genetic programming (GP)
against traditional fixed-length genome GA approaches on the
optimization of wire antenna designs. Although the dimension-
ality of the search space is much higher for GP than GA, they
find that the GP approach gives better results than GA for the
same computational effort. Additionally, they find that a more
expressive antenna structure grammar, dramatically, improves
the performance of the GP approach.

III. PROPOSED METHOD

This section describes several key factors in the use of arti-
ficial intelligence to optimize and design antennas. As it will
be apparent by the end of this section, efficient antenna design
requires the combination of several optimization techniques.
Specifically, a hybrid method using simulated annealing (SA)
and the direction set method in multidimensions is proposed
for antenna design. Note that the direction set method (also
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known as Powell’s method) does not require derivatives, in-
stead it requires a one-dimension minimization sub-algorithm
such as Brent’s method, see [28].

A. Simulated Annealing

The method of simulated annealing is a technique that has
attracted considerable attention as suitable for optimization
problems of great scale, particularly those where a desired
global minimum is hidden among many, poorer, local min-
imums, see [3], [28]. The method of simulated annealing
is based on the mechanics present when a liquid freezes
and crystallizes, or when metals cool and anneal, see [8],
[30]. Surprisingly in these cases, nature is able to find the
minimum energy state for a slowly cooled system, see [9].
These principles were incorporated into numerical calculations
in 1953, see [20].

The success of SA depends strongly on how the substance
is cooled down. Particularly, the cooling schedule may be
linear or exponential, and may iterate at each temperature
or increase the number of iterations at a specific temperature
when an improvement occurs, see, [21], [1], and [11]. Thus,
on a linear cooling schedule, SA spends the same amount of
time at each temperature. While on an exponential schedule,
the algorithm spends more time at low temperatures than at
high temperatures.

For antenna design and optimization, the method of SA
creates an initial solution. This solution is created by randomly
placing a specific number of wires of random length in a 3D
space. Right after that, the algorithm randomly perturbs the
wire length and position. Specifically, each wire end of the
antenna structure is defined as a point P (x, y, z) in a 3D space.
Because each antenna wire has two end points P1(x1, y1, z1)
and P2(x2, y2, z2), each wire requires, at the most, the op-
timization of six values, namely: x1, x2, y1, y2, z1 and z2.
Once these values have been perturbed, the performance of the
antenna is evaluated using the NEC software. Then, the error
(measured between the actual antenna performance and a list
of specifications) is computed by means of an error function.

Every time a solution (a set of wires) is perturbed and
evaluated, the algorithm makes a decision about whether or not
the new solution is accepted using the Metropolis algorithm,
see [20].

In some cases, the multidimensional surface described by
the error function has several deep valleys (local minima) that
makes impossible, for most multidimensional minimization
algorithms, to find the global minimum, see [19], [11] and
[13].

B. Powell’s Method in Multi-dimensions

As SA cannot find the global minimum using a number
of function evaluations than can be computed in a reasonable
time, it is very important to combine SA with an efficient
multidimensional minimization algorithm. Two common meth-
ods that do not require derivatives are: the downhill simplex
method of [24], and Powell’s method in multi-dimensions. For
most applications, Powell’s method is faster than the downhill
simplex method, see [28].

Specifically, antenna design can be seen as a multidi-
mensional minimization. First, SA is used to find a global
minimum. Second, Powell’s method is used to refine the
solution found by SA. The advantage of this approach is clear.
SA’s job is to find an approximate solution to the problem. This
can be thought as drafting the antenna. On the other hand,
the objective of Powell’s method is to travel, as quickly as
possible, from this approximate solution to the best solution.
Thus, Powell’s method can be seen as an improving further
step.

C. Objective Function

For antenna design, the objective function must include: the
antenna radiation pattern, its VSWR and its gain. The intent
of the multidimensional minimization algorithm is to reduce
as much as possible the total error E defined as

E = crpErp + cgnEgn + cvswrEvswr + cwpEwp, (1)

where Erp is the radiation pattern error, Egn is the gain error,
Evswris the VSWR error, and Ewp is the wire position error.
Additionally, the constants crp, cgn, cvswr and cwp are the
relative priorities for the specified parameter and are in the
range from 0 to 1. For instance, when crp is one, while cgn,
cvswr and cwp are zero, the minimization algorithm will find
a solution giving all its priority to the radiation pattern goals
without taking into consideration the other parameters. Each
term in Equation 1 will be discussed in detail next.

D. 3D Radiation Pattern Definition

The radiation pattern may be defined as the antenna gain
g(fi, θj , ϕk) at a given direction specified by θj and ϕk in
a 3D space using spherical coordinates for a given frequency
fi. Particularly, each direction may be classified as a receiving
direction or a rejection direction. For antenna design, the error
due to the radiation pattern is defined as

Erp =
1

nfnθnϕ

nf∑
i=1

nθ∑
j=1

nϕ∑
k=1

[y(fi, θj , ϕk)]
2 (2)

where for a receiving direction, the function y(fi, θj , ϕk) is
defined as

y(fi, θj , ϕk) =

{
q, g(fi, θj , ϕk) < gt(fi, θj , ϕk)
0, g(fi, θj , ϕk) ≥ gt(fi, θj , ϕk),

(3)

in contrast, for a rejecting direction, the function y(fi, θj , ϕk)
is defined as

y(fi, θj , ϕk) =

{
0, g(fi, θj , ϕk) < gt(fi, θj , ϕk)
q, g(fi, θj , ϕk) ≥ gt(fi, θj , ϕk),

(4)

where
q = g(fi, θj , ϕk)− gt(fi, θj , ϕk). (5)

Here, g(fi, θj , ϕk) is the actual antenna gain, and
gt(fi, θj , ϕk) is the desired gain (or target) at the direction
specified by θj and ϕk. nf is the number of frequencies.
Note that the values of nθ and nϕ control the radiation pattern
resolution.
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Equation 3 computes the difference between the actual
antenna gain and the target gain only when the actual antenna
gain is less than the target gain. Once the actual antenna
gain is greater than or equal to the target gain the values of
y(fi, θj , ϕk) is zero. On the other hand, Equation 4 computes
the difference between the actual antenna gain and the target
when the actual antenna gain is greater than or equal to the
target gain. Observe than y(fi, θj , ϕk) is zero when the actual
antenna gain is less than the target gain.

For antenna optimization the radiation pattern error may be
computed on a 3D slice or some specific points as suggested
in previous works. However, for antenna design, the radiation
pattern error must be computed taking into consideration
all possible directions as the minimization algorithm must
perceive a perfect 3D image of the radiation pattern. Observe
that computing the radiation pattern error using only the
forward and backward antenna gain (or some regions around
some fixed points) will produce a very unstable error function.
Here the minimization algorithm will not be able to distinguish
among a set of solutions that in fact are equal in the forward
and backward points of the antenna but differ considerably in
other 3D directions.

E. VSWR

The ideal value for an antenna V SWR is one, therefore the
error due to the antenna V SWR is defined as

Evswr =
1

nf

∑
i

[1− v(fi)]
2
, (6)

where v(fi) is the VSWR at a given frequency fi for a specified
antenna input impedance.

F. Gain requirements

The error due to the antenna gain follows a “good enough”
approach and is defined as

Egn =
1

nf

∑
i

G(fi)
2, (7)

G(fi) =

{
g(fi)− gt(fi), g(fi) < gt(fi)
0, g(fi) ≥ gt(fi),

(8)

where g(fi) is the actual antenna gain at frequency fi, and
gt(fi) is the target gain at the same frequency. Here, Equa-
tions 7 and 8 indicate that once the antenna gain has reached
the target gain, the resulting error will be set to zero even if the
antenna gain goes beyond this point. This approach provides
enough flexibility so that the minimization algorithm may be
able to meet other design requirements without compromising
the antenna gain.

G. Wire position error

By this point, it should be clear that the use of suitable
multidimensional minimization algorithm is vital for antenna
design. However, another key factor that will affect consider-
ably any multidimensional minimization algorithm is the shape
of the objective function. Thus, smoothing the error surface as
much as possible will make noticeable results on the quality

of the solution. Although, the objective function must include
all the key elements involved in antenna design, it must be
easy to navigate by the minimization algorithm. Specifically,
the objective function must not have abrupt discontinuities
produced when two wires approach to each other.

Consider two wires Wi and Wj . Note that these can be
seen as line segments. Thus let βij the angle between these
two line segments. Clearly, βij can be calculated using the
cross product. Suppose now that λij represents the distance
from one end of wire Wi to wire Wj . Suppose also that µij

represents the distance from the other end of wire Wi to the
wire Wj . Thus, we define

R(i, j) =

{ 1

e|min(λij,µij |
βij = 0,

0 otherwise
(9)

as the error due to the positions of the wires Wi and Wj .
When βij = 0, the error smoothly increases as the distance
between the two wires decreases. When both wires touched
each other, the error reaches a maximum value of one. When
βij is different to zero, the wires are not overlapped and the
corresponding position error is zero. Finally, Ewp (the error
due to the positions of the wires) is computed as the average
of R(i, j) for all i and j, excluding the values of R(i, j) when
i = j,

Ewp =
2

nw(nw − 1)

nw∑
i=1

nw∑
j=1,i ̸=j

|R(i, j)|, (10)

where nw is the number of wires in the antenna.

IV. SIMULATION RESULTS

The proposed method is a hybrid algorithm based on a
combination of SA and Powell’s method in multidimensions,
we will refer to this method as the “SA+Powell” method.
As it was mentioned earlier, Genetic Algorithms have been
previously used for antenna optimization, the software 4nec2,
that is based on a Genetic Algorithm as described in [34],
will be used to run some simulations; we will refer to this
procedure as the “GA” method.

The antenna design problem (used to run the simulations)
is described as follows: it is required to design a directional
transmitting antenna in the band from 87.5 to 89.5 MHz.
Suppose that the antenna is connected to a transmitter with
an output impedance of 50 Ω, and that the VSWR should be
kept as close to one as possible. Additionally, the antenna must
concentrate its radiation in a beam of 60 degrees of width. The
antenna must have one voltage source connected to one of its
elements called radiator. The antenna must have a minimum
gain of 8 dbd.

All the simulations were performed using a computer run-
ning Microsoft Windows 8 on a Intel (R) Core (TM) i7 CPU
2.93 GHz. The “GA” simulations were carried out using 4nec2
version 5.8.1., a population size of 200 and 30 generations.
The SA simulations had 25 temperatures, a linear cooling
schedule from 100 to 0.1, and 100 iterations per temperature.

137

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)



Z Z

X X

Y Y

GASA+Powell

Fig. 1. 3D radiation pattern for the parallel-wire problem.

A. Parallel wires in a 3D space

The simulation consists of an antenna with six wires; it
is assumed that the active element (the radiator) has variable
length, and that it is located at the origin of a 3D coordinate
system. The remaining five elements (of variable length) are
paralleled to the radiator and can be located anywhere in
the space. Observe that the algorithm must move the passive
elements to the plane X − Y making this problem difficult.
The running time for this simulation was 90 minutes for our
method and 10 hours for the “GA” method. Table I shows
the solution for the problem using the “GA” method. Table II
shows the antenna structure generated by the “SA+Powell”
method. As the z coordinates of the antenna wires of Table I
are not zero, it can be seen that the “GA” method was not able
to place the wires in the plane X − Y . On the other hand, all
the wires in the solution found by the “SA+Powell” method
have z coordinates equal to zero.

TABLE I
SOLUTION OF THE PARALLEL-WIRE PROBLEM USING “GA”

Wire x1 x2 y1 y2 z1 z2 L(cm)
1 0.0 0.0 76.7 −76.7 0.0 0.0 153.4
2 −78.7 −78.7 86.7 −86.7 26.7 26.7 173.4
3 57.3 57.3 69.6 −69.6 −17.6 −17.6 139.2
4 200.0 200.0 65.2 −65.2 −44.5 −44.5 130.4
5 113.9 113.9 35.9 −35.9 5.4 5.4 71.8

TABLE II
SOLUTION OF THE PARALLEL-WIRE PROBLEM USING “SA+POWELL”

Wire x1 x2 y1 y2 z1 z2 L(cm)
1 0.0 0.0 81.4 −81.4 0 0 162.9
2 −73.8 −73.8 82.5 −82.5 0 0 165.1
3 29.4 29.4 75.7 −75.7 0 0 151.3
4 103.5 103.5 72.5 −72.5 0 0 145.1
5 210.2 210.2 65.5 −65.5 0 0 131.0

Fig. 1 shows a 3D radiation pattern comparison, in this
case, the “GA” method was not able to produce an optimum
solution. Fig. 2.a shows the respective V SWR for both
methods. Fig. 2.b shows the gain in dbd for this problem.
It can be seen that in both cases the “SA+Powell” method
outperforms the “GA” method.
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Fig. 2. VSWR and Gain for the parallel-wire problem.
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Fig. 3. 3D power distribution and Radiation pattern for the parallel-wire
problem

Fig. 3.a shows the 3D power distribution for both antennas
and a dipole. It is clear that the “SA+Powell” antenna has a
better 3D directional pattern than the “GA” antenna. Fig. 3.b
shows the radiation pattern for both methods. It can be seen
that both antennas performed similarly when seen only in this
plane.

V. ANTENNA PERFORMANCE STABILITY

When building antennas, sometimes cost constraints make
difficult to obtain a desired accuracy in the dimensions and
positions of the wires. These little errors may influence the
performance of the antenna. In order to assess how perfor-
mance may be affected, we randomly perturb the antenna
dimensions using a uniformly probability distribution with
values in [0 1], that is the maximum dimension error is one
cm. After perturbing the antenna, the value of E is computed
using Equation 1. Thus, we get a set of n values: E1, E2,
E3,..., En. The standard deviation of these values, σE , can be
used to measure how much the perturbation will affect antenna
performance. As the method of SA implements methods for
perturbing an antenna, and for computing its error, an estimate
for the standard deviation of E is straightforward once the
algorithm of SA has been implemented. Fig. 4 shows the
standard deviation of E for the antenna of Section IV-A
as a function of the wire diameter when its dimensions are
randomly perturbed 256 times. From this figure, it can be seen
that this method can be used to measure antenna performance
stability, when changes in antennas dimensions (due to wind
or other external factors) are present.

VI. SUMMARY

We have presented a hybrid method to design antennas.
The proposed method has two steps. The first step, based
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Fig. 4. Antenna performance stability

on Simulated Annealing, can be seen as a drafting step. The
second step is based on Powell’s method in multi-dimensions,
and its main objective is to improve the draft created by SA.
For antenna optimization and design, the SA algorithm can be
straightforward used as the wire coordinates are the variables
to optimize.

The proposed method requires an error or objective func-
tion. This function was computed using four restrictions:
radiation pattern, antenna gain, V SWR and wire position.
The radiation pattern restriction is defined in a 3D space.
Each point in the radiation pattern is defined as a receiving
or rejecting point. The wire position restriction was added to
smooth the surface error for overlapping wires.

An antenna design problem was solved using the “GA”
method and the “SA+Powell” method (proposed in this paper).
For comparison purposes, the V SWR, gain, radiation pattern
and 3D directivity of these antennas were computed. In
all cases, the antenna designed by the“SA+Powell” method
outperformed the antenna designed by “GA”. It was concluded
that the “SA+Powell” method can be used for antenna opti-
mization or antenna design. Computer simulations illustrate
how the proposed method was used to measure antenna
stability due to errors in its construction. Making very easy
to know in advance which antennas will require less accuracy
in their construction, making them cheap to build.
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ABSTRACT 

 
This paper proposes an expanded vector space model using the 
information of ambiguous and disambiguous words in order to 
improve classification accuracy of documents written in 
Korean. Although, vectors used for the vector space model have 
one more axis having the same degree of weight, problems 
occur, when vectors are compared, because no processing is 
conducted for the axis. This paper defines a word becoming the 

axis having the same weight as ambiguous word, and decides 
the ambiguous word by computing mutual information between 
word and field. This paper defines a word resolving ambiguity 
by ambiguous word as ambiguous word, and decides the 
strength of disambiguous word by computing mutual 
information between the words occurring together with 
ambiguous words in the same documents. This paper proposes a 
method to improve document classification accuracy by 

expanding vector dimensions using ambiguous and 
disambiguous words.   
 
Keywords: Author Guide, Article, Camera-Ready Format and 
Paper Specifications. 
 

1.  INTRODUCTION 
Electronic documents are recently inundated along with the 

Internet diffusion. There are various problems to find out the 
documents that users need from a large quantity of documents. 
However, study to classify documents automatically using a 
Personal Computer is required, since search efficiency of 
required documents hugely improves, if documents are well 
classified in advance, due to smaller search scope. 
   For the general method of classification technique, a vector 
space model expressing the information of documents classified 

in each field with vectors is used. Words are used for each axis 
of created vectors, and word’s occurrence frequency is used for 
each axis’ weight. In classifying documents, vectors for newly 
inputted documents are created, similarities are computed by 
inner product with vector in each field, and documents are 
classified into the most similar field. In the created vector, an 
axis exists having the same weight as vectors in the plural 
fields. 
   This paper aims to define a word that becomes an axis having 

the same weight as vectors in various fields as ambiguous word, 
expand vectors along with separate information using 
ambiguous words, resolve ambiguity that the word has, and 
assure classification accuracy. If all ambiguous words are 
expanded, computational cost becomes huge, and therefore, this 
paper reduces the computational cost by expanding vectors only 
for ambiguous words designating various fields. For the 
extraction of an ambiguous word that becomes expansion 

target, the result value is used by measuring mutual information 
[11-15]. For the information to resolve ambiguity, this paper 
actively uses collocation words occurring together with 
ambiguous words within the same documents. A collocation 
word among collocation words that occurs only in one field is 

defined as a candidate word that can become a disambiguous 
word, and vector expansion is conducted using the 
disambiguous candidate word. The axis after expansion 
becomes the frequency of an ambiguous word, and the 
frequency of the ambiguous word that occurs together with the 
collocation word. This paper conducts an experiment and 
evaluates using articles provided by the press in order to 
evaluate the usefulness of the proposed method in this paper.  
Chapter 2 describes a document classification method using the 

vector space model, and Chapter 3 explains the method to 
specify ambiguous words. Chapter 4 describes vector 
dimensions expansion using disambiguous words, Chapter 5 
carries out an experiment and evaluation, and Chapter 6 draws a 
conclusion. 

2.  CLASSIFICATION METHOD BY VECTOR SPACE 
MODEL 

2.1 System Overview 
The overview of an automatic document classification system to 
actualize this study is explained as follows: Automatic 
document classification is categorized into three types of 
processing: keyword extraction module, document information 
creation module and document classification module. Figure 1 
shows the entire system. 

 
Figure 1. Overview of Automatic Document Classification System 

   As shown in the figure above, this paper explains by dividing 
into a case to create classification information and a case to 
classify newly inputted documents from the three processing 
modules. The processing flow is as follows: Create field 

information to be used for classification, and then create 
document data for classification on newly inputted documents. 
Compare the data with the field information created previously. 
By referring to the result, perform final classification. Out of the 
3 types of processing mentioned above, the keyword extraction 
module and document information creation module are used for 
creation of document data for classification and the document 
classification module is used for comparing and classifying 

document information, respectively. And then, the three types 
of processing are described. For keyword extraction, extract an 
important word (keyword) expressing the characteristics of the 
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document most. Here, the important word and keyword are 
regarded as the same one. Keyword extraction is a basic 
technique applied in extensive fields including literature search 
and text editing. Keyword extraction is currently proposed into 

two methods: One is a controlling word mode, and the other one 
is a non-controlling word mode.  Controlling word mode is to 
use controlling word dictionary (thesaurus). The words that can 
be keyword candidate words are prepared within thesaurus 
beforehand, and whether to extract them is decided depending 
on whether the keywords registered with thesaurus exist within 
the target document [5]. Another mode is non-controlling word 
mode, and this method does not use thesaurus, but interprets 

target document as morphology. This method is to divide a 
word according to interpreting method technique level, and 
extract keywords through weight computation including the 
combination of keyword pattern or frequency information in the 
divided morphology.  
   The document information creation part summarizes 
information demonstrating the extracted documents’ 
characteristics using keyword extraction to easily compare the 

information, and creates each document information. Document 
information is basic data used in the literature search, document 
classification and summarized sentence creation processes. 
Literature search is a method searching and selecting data 
having the information one designates in a large quantity of 
data. This is to compare the created document information in 
document classification with previously created classification 
system information. Therefore it is to classify to the direction of 
the best result. There are transposed index and vector 

expression methods in terms of data mode to store document 
information.  
 

2.2 Keyword Extraction 
 
2.2.1 Noun Extraction 
 
When creating vector information, which is document 

information and simultaneously becomes classification 
information, the keyword extraction method is used; however, 
thorough interpretation of inputted document is necessary. 
Figure 2 reveals the keyword extraction process flow proposed 
by this paper, and the processing required for each process is 
explained. 

 
Figure 2. Keyword Extraction Method Using Noun Extraction 

 

1) Extraction Module of Keyword Candidates  
Extract keyword candidates by scanning a document. The 
extracted keyword candidates are arrayed (in the order of 
character code), and entire occurrence frequency is summed up 
from the document. 

2) Stop Word Removing 

Remove words containing stop words in the set of keywords by 
searching a stop words dictionary. 

3) Output Part   
Array the extracted keyword set in the order of frequency, and 

extract keywords. The extraction algorithm of keyword 
candidates, which is the extraction core in the entire processing, 
is presented below: 

� Extraction Algorithm of Keyword Candidates using 
Noun Extraction  
 Keyword candidate character string is set as “string,” 
and the character in the current scanning location is set 
as “ch.” The character string recognized as noun 

candidate word is called “keyword_candidate.”  
� Sequence-1 {Initialization} Set “ch” as the first 

character of a document, and initialize string.  
� Sequence-2 {Judgment of Noun} If ch-contained 

word is a noun, add “ch” to string, and move to 
sequence-4. Otherwise, move to sequence-3. 

� Sequence-3 {Decision of Keyword} If string is two 
or more characters, extract it as a keyword, and then, 

initialize the string. Move to sequence-4.  
� Sequence-4 {Renewal of “ch”} Renew “ch” as the 

next character. If “ch” is at the end of the document, 
close it, when string is empty. Otherwise, close after 
carrying out sequence-3, and then return to sequence-2. 

� Extraction Example 
Example Sentence: The earthquake that occurred in the morning 
of July 17 caused the collapse damage of many houses, centered 
on the southern region of Iran. 

• Sequence-1: Set “7” to “ch,” and initialize string. 

• Sequence-2: Since “7” is a noun, add “7” to the 

string. 

• Sequence-3: Proceed with “ch” to the next character 

“month,” and return to sequence-1. 
   Repeat the same procedure for “1”, “7”, “date” and 
“morning.” Sequence-2 is the keyword candidate character 

string, and therefore, “string = July 17” is extracted. Using the 
same process, the occurrence, earthquake, Iran, southern part, 
centered, collapse of houses and damage are extracted. 

2.2.2 Bigram 
For morphology interpretation, keywords are extracted using 
noun extraction, due to problems of processing time as stated in 
the previous section, and bigram is created from the extracted 
keywords [16-17]. Since most common nouns in Korean consist 
of two syllables, this study used bigram. The advantages of 

bigram are that partial character string concord is reflected to 
similarities, as well as complete concord of keywords, and 
precision is accurate, compared to other methods. For example, 
two character strings, “natural language” and “language 
processing,” they do not affect search result, because the two 
character strings are completely different in terms of complete 
concord; however, they can be reflected to search result through 
concord of two syllable word of “language” in bigram. 

2.3 Creation of Document Information 
Document information is the data used basically, when a large 
quantity of document data is processed. Document information 
is mainly used for literature search [7], professional search [4] 
and document classification [6]. Such methods are described in 
brief as follows: Literature search is a method to search and 
select data having self-designated information from the set of a 
large quantity of data including many books or papers in the 

past. Figure 3 demonstrates the literature search process 
schematically.  
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Figure 3. Conceptual Diagram of Document Search 

   For example, a user, who is a searcher, thinks that he/she 
wants to look for a book or a paper concerned with the method 
to process natural language. This is called search intention. The 
set of documents including past documents or papers that 

becomes the search target. Information search system processes 
by finding suitable information for user’s search intention by 
combining the intention with the document set. What becomes a 
problem, here, is the combination of search intention with 
document. It is not easy to combine them in their original form. 
The reason is because it is not easy for a Personal Computer to 
precisely recognize user’s search intention created with natural 
words within the document set. To solve this problem, 
document information is used. Without combining their original 

forms of search intention and documents, documents can be 
extracted through combination by granting data for relay, 
namely document information. 
Table  1. Document and Index Term 

 Index 
Term 1 

Index 
Term 2 

Index 
Term 3 

Index 
Term 4 

Doc. 1 1 1 1 0 

Doc. 2 0 1 1 1 

Doc. 3 1 0 1 1 

Doc. 4 0 0 1 1 

 
   Document classification means to conduct classification to the 
direction of good results of comparison between created 
document information and pre-created classification 
information. Document classification using document 
information can be described as follows: There are transposed 
index method and vector space method for data mode to store 
document information. Transposed index method is a standard 

data mode. In many cases, keyword search is carried out with 
the transposed index method. Queries in the transposed index 
method generally consist of index terms and logical 

operators ) , ,( ¬∨∧ .  These logical operators have standard 

meanings, respectively. Logical multiplication, T2T1∧ , 

means that two words, T1 and T2 , must exist in a document 

in two ways. In contrast, logical addition T2T1∨ , requests 

that it will be good, if the document exists in either side of two 

words, T1 and T2 . Negative T)(¬  means the word T  does 

not exist in the document. For example, let’s think of “I want 
to look for books or papers on natural language processing,” an 
example of query mentioned above, again. In this example, 

methodprocessing language natural ∧ is a query to 

this searching system. Illustrating another complex example, the 
query expression is as follows, when one wants to look for 
context sensitive grammar on languages other than Korean, or 

something on learning of context-free grammar: 

learning)grammar) free-context

grammar sensitive (contextKorean)(

∧

∨∧¬
 

 
Table 2. Expression Example of Transposed Index 

 Doc. 1 Doc. 2 Doc. 3 Doc. 4 

Index Term 1 1 0 1 0 

Index Term 2 1 1 0 0 

Index Term 3 1 1 1 1 

Index Term 4 0 1 1 1 

 

   In the document set that becomes search target, the index term 
set representing document details is allocated per document. 
The specific allocation method will be mentioned later, and in 
this section, let’s assume index terms are allocated beforehand 
as shown in Table 1. In this table, “1” indicates an index term is 
allocated in a document, and “0” means an index term is not 
allocated in a document.   
   Transposed index method is to create transposed index terms 

beforehand, and carry out combination operation with queries in 
high speed by referring to the table. Here, transposed index term 
indicates that document and index terms have been transposed 
as shown in Table 1, and that which index term occurs in which 
sentence. Table 2 demonstrates this.   
   An example using the transposed index: Computation of a 

document suitable for 2 term index 1  term index ∧ is to 

compute the logical multiplication of row vector on each index 

term as shown in the following expression:  

][Document1 1000  term2 index  1-term index

Document2]  ,[Document1  1100  term2 index

Document3]  ,[Document1  1010  term1 index
                                     

∧

 
   More complex queries can be solved through the following 
process. Another example is, (Index term 1 � Index term 2) � 
� Index term 4. 
 

][Document1 1000  term4 index  term2) index  term1 (index

][Document1  1000  4 
]4,3,2[  0111  4   

                       

 Document3] Document2, ,[Document1 1110        term2 index  term1 index
Document2] ,[Document1 1100 term2 index                         
Document3] ,[Document1 1010  term1 index                         

¬∧∨

¬

∧

termindex
DocumentDocumentDocumenttermindex

   What needs to be noticed here is that documents suitable for 
queries can be extracted in high speed with only row vector on 
the index terms occurring to queries in terms of the method 
mentioned above. In the example above, the numbers of index 
terms and documents are all four, which become actually huge 
number in either side. Therefore, a huge table can be created for 
transposed index, but some of them are referred to, when 
allocation documents are computed on queries.  
   Explanation on vector mode document information can be 

presented as follows: The vector mode document information is 
closely combined with a vector space, which is one of various 
methods for search. The vector space method is one of 
expanded modes of the transposed index method described 
above. It is to prioritize the documents concerned by weight to 
index terms, and output them. The method is a search method 
that can process in quite high speed. The vector space method 
expresses documents and queries as vector mode document 

information by unifying the documents and queries, and finds 
similar documents by defining similarities between the 
documents and queries. 
   Vector mode document information consists of linear 
independent vectors, can be expressed as the sum of keywords 
corresponding to vectors by multiplying evaluation value of 
queries. The evaluation value of query is the value used to 
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evaluate mutual weight between queries. The much used value 
indicates keyword occurrence frequency in a document, or 
normalized value by dividing the frequency by all occurred 
keyword number’s frequency. Information of a document 

having t index terms can be expressed as shown in Formula (1) 
using vector.   

∑
=

=

t

1i

  iiVaD ……………… (Expression 1) 

   Where, ia  is the value on keyword’s index term iK . If 

presented evaluation value is used or simply existence or 
nonexistence is expressed, the value will be 1 in the case of 

existence, and 0 in the case of non-existence. iV  is the vector 

corresponding to the keyword concerned. 
   The vector created as above can be viewed in a different angle 
as follows: If all vectors are assumed to be composed of just 0 

or 1, the vectors consist of the sign sequence of 0 and 1. Adding 
a vector to a new keyword is to add a new linear independent 
vector, and is to set one value of sign sequence of 0 and 1 from 
0 to 1 anew. Therefore, vector mode document information can 
be considered to be the same as mapping that corresponds a 
keyword to each beat in the each beat sequence.  
   An example of the process that creates vector mode document 
information in a document having several index terms can be 
presented below: As a result of keywords extraction in a 

document, such keywords as natural language, document 
classification and keyword are assumed to be extracted, and 
each frequency is assumed 5, 2 and 7. Let’s assume that vectors 
corresponding to each keyword is V2, V3 and V5. Where, if 
vector information just considers whether keywords exist or not,   

54321 10110D VVVVV ⋅+⋅+⋅+⋅+⋅=  

However, only frequency information is considered,   

54321 70250D VVVVV ⋅+⋅+⋅+⋅+⋅=  

   And, if vector information is regarded as beat sequence, and if 
each vector matches with beat number, the beat sequence of the 
vector created in the former case can be (0 1 1 0 1), and that 
will be (0 5 2 0 7) in the latter case. 
   This paper uses the vector mode as a method to express 
document information. The reason is that the vector mode has 
an advantage, through which document information can be 

processed as set theoretical method. Because the vector mode 
can have document information or classification information as 
beat sequence, it is easier to process with logical operator (AND, 
OR) in terms of programming, and processing time for 
comparison or tabulation can be reduced. Such a method can be 
a huge advantage in a method to store character string and index 
number. 

2.4 Document Classification 
This paper actively reflects vector mode document information 

to classification results, and then explains the concept. As stated 
in the previous section, vector information of some document 
data can be indicated in Expression 2 mentioned above. For 
classified document information, the same vector information as 
shown in Expression 3 can be used. The vector information of 
documents can be demonstrated in the following Expression:  

 ∑
=

=

t

1i

  iiVaD ……………… (Expression 2) 

∑
=

=

t

1i

  iiVqQ ……………… (Expression 3) 

 
Figure 4. Vector Representation of Documents 

   In the above expressions, coefficient iq  is the same as α  in 

the previous expression. In the simplest case, when index term 

iT exists, regarding a query, the coefficient will be 1, otherwise, 

it will be 0. In a more complex case, an indicated value is 

inputted for the importance of index term iT  on classified 

document Q . For example, the value will be occurrence 

frequency or normalized value of the occurrence frequency 
divided by total frequency. Figure 4 shows an example of 
document expression in a two dimensional vector space. 
   As such, this paper expresses the meaning of document using 
vector’s linear combination, and proves that comparison or 

classification of documents is possible with vector operation. 
Although, two vectors’ similarities in a vector space are defined 
in various types, this study uses the cosine value of the two 
vectors’ angle. 

αcos   yxyx =⋅  ………………  (Expression 4) 

   Where, x  indicates the length of a vector, α  demonstrates 

the angle of vectors. When using the similarities, the similarities 
of document information D and query Q can be expressed as 

shown in following expression:  

jij VVQQDQDsim ⋅=⋅= ∑
=

   ),( 

t

1  j i,

iα … (Expression 5) 

   To simplify, this study assumes that vectors V corresponding 

to t keywords lies at right angles to the keywords. In this case,  





=

≠
=⋅

j  i when1,

j i when 0,
  ji VV  

Therefore, ) ,( QDsim  is simplified by the following 

expression. 

iQDsim q  ),( 

t

1  i

i∑
=

= α  …………………. (Expression 6) 

   However, inner product is affected by the size of vector; 
therefore, similarities based on the inner product are normalized 
by using the cosine value of the angle made by two vectors. 
Namely, the two vectors’ cosine value is taken, instead of inner 

product. If the normalized similarities are ) ,( ' QDsim , the 

similarities can be expressed as in the following expression. 

Q  

Q) sim(D,
) ,( ' 

D
QDsim =  ……………. (Expression 7) 

   If a vector is used in document classification study, 
similarities comparing classification information with document 

information can be defined. The two types of information 
become more similar, as the angle made by document data 
vector Q and classification information vector D is smaller in 
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terms of cosine similarities. Figure 5 presents the morphological 
analysis of classification technique.   
Table  3. Vectors Having Same Weight 

 word 1 word 2 

document 1 10 10 

[field 1] 10  5 

[field 2] 10 15 

 
Table 4. Computation of Mutual Information 

 word 1 word 2 

[field 1] 10  5 

[field 2] 10 15 

 

 
Figure 5. Morphological Analysis of Document Classifier 

   The method to use document classification is to create 

classification data, based on the data created by human’s 
classification in advance, and is to create newly inputted 
document’s information, and compute similarities with 
classification data. The higher the value, the closer to the field 
concerned. 

 
Figure 6. Vectors Having the Same Weight Axis 

3.  DECISION OF AMBIGUOUS WORD 
3.1 Definition 
In document classification by the vector space model, document 
data is expressed as vectors having term weight and frequency 
as axis. Document classification is carried out by computing 
similarities between vectors. However, if weights in the vector 
axis, which can be classification information, are same, a 

disadvantageous case occurs. Let’s think of the case like Table 
3. Let’s assume that table 3 above is classification information, 
and vectors in the fields 1 and 2 are prepared, and document 1 is 
inputted as target document. Figure 6 expresses each vector in a 
vector space. Similarities of document 1 and each field can be 
computed as follows:  

981.0)[Field2] ,1( 

949.0)[Field1] ,1( 

=

=

Documentsim

Documentsim
 

   From the result, document 1 is the document on field 2, of 
which similarity value is relatively big, and thus, it will be 
classified into field 2. Although, there is no problem, if 
document 1 is concerned with field 2, if some details on field 1 

are described, the classification result is wrong. When taking a 
notice of word 1 in the fields 1 and 2, the weights of the word 1 
become same, and therefore, the word 1 can be ambiguous 

information between field 1 and field 2. When vector 
comparison is made without processing anything on such a 
result, wrong result can be outputted.  
   This paper defines a word having the same degree of 

information in the plural field [6] (In this case, field 1 and field 
2), such as word 1 as exemplified in this paper, as ambiguous 
world. For the ambiguous word, ambiguity is resolved by 
expanding vectors using other information, and document 
classification technique is improved. In the following section, 
more detailed description on how to decide ambiguous word is 
presented. 

3.2 Sequence to Decide Ambiguous Word 
The ambiguous word was defined above, and the more the 
words used as the axis of field vector are, the higher ambiguous 
word occurrence ratio is. Therefore, time to expand a specific 
vector of an ambiguous word takes more, and the computation 
cost of ambiguous word matching becomes higher. If 
ambiguous word is decided as a word to extract each classified 
field, and the vector is expanded on a specific ambiguous word, 
computation cost can be hugely reduced. The sequence on the 

decision of ambiguous words is as follows:   
� Decision Sequence and Algorithm  

• [Sequence 1] Compute mutual information between 

classified fields and occurring words.  

• [Sequence 2] Regard a word with high mutual 

information in each field as a word limiting %α  of 

the number of occurring words in each field, and 

then extract ambiguous candidate words.  

• [Sequence 3] Extract the word occurring in the 

plural fields among the ambiguous candidate words 
as final ambiguous word.  

 
   An ambiguous word expanding a vector is regarded as 
limiting plural fields [6]. As for the method to find words 
limiting field, a method which human selects can be considered 
at first. However, document classification handles a large 
quantity of documents, and human’s efforts are needed greatly. 

Also, differences occur on the words selected by individual 
humans (or by workers). As the measure indicating related 
degree of field and word, mutual information can be used [7]. If 
the probability that field C and word T occur is P(C) and P(T), 
and if the probability that field C and word T occur by 
collocating is P(C, T), the mutual information of field C and 
word T, MI(C, T), can be defined like the following expression:     

P(T) P(C)

T) P(C,
log )T ,( =CMI  ……………. (Expression 8) 

Words Occurred of Frequency Total

C Field in Occurred Words of Frequency
 T) (C, P

Words Occurred of Frequency Total

T Word of Frequency Occreence
 (T) P

Words Occurred of Frequency Total

C Field in Occurred Words of Frequency Total
 (C) P

=

=

=

  The value of mutual information has the following three 
characteristics by the relevance of field C or word T: First, if 
field C and word T show proper correlation, P(C, T) > P(C) 
P(T) occurs and MI(C, T) > 0 is resulted. Second, when there is 
no meaningful relation between field C and word T, P(C, T) � 
P(C) P(T) occurs, and MI(C, T) � 0 is resulted.  Third, when 

field C and word T are in reverse relation, and has negative 
correlation, P(C, T) < P(C) P(T) occurs, and thus MI(C, T) < 0 
is resulted. Table 4 shows an example of mutual information 
computation, when a vector is given.  
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a. Total frequency of occurring words = 40 
b. Occurrence frequency of word 1 = 20. Occurrence 

frequency of word 2 = 20 
c. Total frequency of word occurring in field 1 = 15 

d. Total frequency of words occurring in field 2 = 15 
Now, calculate mutual information, MI (field 1, word 1).  

25.0
40

10
 1) word 1], ([field P

375.0
40

15
 1]) ([field P

5.0
40

20
 1) (word P

==

==

==

 

Therefore,   

415.0
0.375  0.5

0.25
log )1 word ],[field1( =

×

=MI  

When Computation is made in the same manner, the following 
results are obtained: 

263.0 2) word 2], MI([field

322.0- 1) word 2], MI([field

568.0- 2) word 1], MI([field

=

=

=

 

   Next, a decision on whether to decide such a word group (set) 
as ambiguous candidate words is required by judging what rank 
of words having higher mutual information values limit the 

specific field. As a measure to solve it, this paper sets threshold 
(α ). The number of words occurring in each field is different 

in each field, and therefore, there occurs a problem that most 
words in the field, where the number of occurring words is 
small, are allocated as ambiguous words, if words having higher 

mutual information from the highest to α th word are set to 

be ambiguous candidate words. Consequently, there is a need to 
decide the number of ambiguous candidate words in each field 
with the same ratio. As for thresholdα , the α th words of the 

words occurring in the concerned field among those having 
high mutual information in each field are extracted as 
ambiguous candidate words. Figure 7 shows the example of 
being selected as ambiguous words. 

 
Figure 7. Example of words Selected as Ambiguous Words 

   In Figure 7, compute each word’s mutual information in each 
field including soccer, basketball and baseball. We should 
arrange in the order of higher value. In the figure, width line is 
the location showing threshold, and the words above the line 
become ambiguous candidate words. [Soccer] Offside 
occurring in this field actually occurs only in soccer, and 

therefore, it is not selected as an ambiguous word. In a similar 
way, the words such as free throw and home run that do not 
occur as ambiguous candidate words in only one field are not 
selected as ambiguous words. From the example, the words 
extracted as ambiguous words are “shoot” selected in the soccer 
and basketball fields, and “league” selected as ambiguous 

candidate words in the soccer and baseball fields. Each 

ambiguous candidate word is selected as a word having 
ambiguity that can designate various fields, namely, as an 
ambiguous word. 

4.  CONCLUSION 
This paper has researched accuracy improvement of documents 
by applying the mutual information of ambiguous and 
disambiguous words to the vector space model. Although, a 
vector used for the vector space model has one more axis 
having the weight of the same degree, a problem occurs, when 
vectors are compared, because no processing was made to the 
axis in the existing method. 
   This paper defines words becoming the axis having the same 

weight as ambiguous words, and decides ambiguous words by 
computing mutual information between a word and a field. This 
paper defines a word resolving ambiguity having ambiguous 
words as a disambiguous word, and computes mutual 
information and decides a disambiguous word among the words 
occurring in the same document together with ambiguous 
words. To reflect information having ambiguous words resolved 
by disambiguous words to vector comparison, this paper sets 

the ambiguous word axis as an ambiguous word that 
simultaneously occurs in ambiguous and disambiguous words.  
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ABSTRACT 

 

Simulating global illumination has received significant attention 

in computer graphics research for many years. Many effects 

provide important visual cues that help viewers understand 

spatial relationships, and drastically improve the realism of a 

rendered scene, such as diffuse inter-reflection, caustics, 

refractions and soft shadows. For many real-time applications, 

computing global illumination in real time is significant 

importance. This paper proposes an algorithm combining 

reflective shadow maps, screen space ambient occlusion and 

percentage closer filtering for realistic image synthesis. Our 

method changes sampling patterns and accumulates the results of 

previous frames to improve the quality. In order to achieve high 

performance, this paper modified the reverse re-projection 

technique to converge information during camera movement. 

Finally, the proposed method is demonstrated with various 

experimental results. The performance is also shown to be good 

for large-scale scenes at interactive frame rates. 

 

Keywords: Global Illumination, Shadow Maps, Ambient 

Occlusion, Indirect Illumination, Reflective Shadow Maps, 

Virtual Point Lights. 

 

 

1.  INTRODUCTION 

 

Global illumination provides visual cues for synthesizing 

photorealistic images. However, these cues are complex light 

interactions with a huge computational cost. Recently, with the 

rapid development of graphics hardware computation power, it 

has become possible to use global illumination to render scenes 

in real time. To date, indirect illumination in real-time has been 

sufficient for use in games, however rendering complex and large 

scenes is still a major challenge. Fortunately, image-space global 

illumination, which uses a deferred shading process, decouples 

the scene geometry and prevents the execution of shading for 

hidden surfaces. Shadow is also an important element in the 

enhancement of realism in computer graphics. In recent years, 

many real time shadow algorithms have been proposed for both 

hard and soft shadows. 

 

This paper not only provides a method for one-bounce indirect 

illumination, but also one for ambient occlusion, increasing 

realism without costly visibility computation. Our method uses 

reflective shadow maps, which can efficiently create virtual point 

lights for single-bounce diffuse indirect lighting. This paper also 

modifies the simple screen space ambient occlusion (SSAO) 

algorithm in a full screen. Furthermore, percentage closer 

filtering is used to generate anti-aliased shadows. In order to 

reduce banding and noise artifacts, the sampling patterns are 

changed for each frame, and accumulate the required information 

per pixel over time using a history cache in the screen space. 

Finally, reverse re-projection caching is applied to achieve 

significantly improved performance. 

 

This paper also provides a multi-pass rendering algorithm 

running on the GPU. The proposed rendering architecture is 

based on the deferred shading pipeline. First, G-buffer and 

reflective shadow maps store the information from the view of 

the camera and the light source, respectively. Furthermore, 

information of per pixel at time step t-1 is stored in the cache. 

Second, cached data is detected, whether the camera moves or 

not, using the world positions of the camera view. If an occlusion 

is detected, the re-computation of the current results is combined 

to obtain the final image. Otherwise, the previous data in the 

history cache is checked, converged or not. Third, when the 

required information in the history cache is converged. The 

previous data is combined with the current direct lighting result. 

On the other hand, the current scene geometry is rendered by 

changing the sampling patterns, and accumulating these with 

previous data. 

 

The main contributions of this paper are the following:  

1) Our algorithm is based on the deferred shading pipeline to 

avoid the expensive calculation of global illumination for 

hidden surfaces. 

2) A novel idea of reusing information from previous frames for 

the expensive calculation of global illumination. 

3) The cached data is accumulated using a special confidence 

value for updating the history cache to resolve banding and 

noise artifacts. 

4) The real-time rendered result consists of combined reflective 

shadow maps, screen space ambient occlusion and 

percentage closer filtering for realistic image synthesis. 

 

 

2.  RELATIVE WORKS  

 

Global illumination is an extensively studied and research topic 

that has been developed over a long period [17]. A fundamental 

difficulty in global illumination in computer graphics is the high 

computational burden. This section briefly reviews work on 

investigations about ambient occlusion, indirect lighting and 

temporal coherence. 

 

2.1 Ambient Occlusion 

Conventional soft shadow and ambient occlusion [7] effects are 

accurately computed by distributed ray tracing. However, this 

approach is expensive, involving tens to hundreds of rays per 

pixel. The concept of ambient occlusion volumes [6, 8, 16] is 

similar to that of shadow volume. Shadowing of ambient light is 

referred to as ambient occlusion, which gives perceptual clues of 

curvature and enhances the geometry features of a scene. Bunnell 

146

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)



 

[2] computes the ambient occlusion using disk-based occluders, 

producing high quality results. However, this method has a very 

large pre-processing step for dynamic objects, and the per-vertex 

occlusion algorithm reveals a linear interpolation artifact. Crytek 

[9] first developed a screen space ambient occlusion approach 

used in the PC game Crysis. It sparsely samples visibility rays 

against the scene depth buffer and produces plausible results. 

Shanmugam and Arikan [21] described an approach that splits 

the ambient occlusion problem into high and low frequency 

elements. One uses an image-space method on nearby objects, 

while the other generates coarse ambient occlusion using 

spherical proxies on distant occluders. Bavoil et al. [1] proposed 

Image-Space Horizon-Based Ambient Occlusion which 

computes ambient occlusion by comparing the horizon angles 

between a sampled point and a surface point. Timonen et al.  [22] 

presented an SSAO method that allows the obscurance effect to 

be determined from the entire depth buffer for each pixel. 

Nalbach et al. [10] proposed a deep screen space to overcome all 

these problems while retaining computational efficiency.  

 

2.2 Virtual Point Lights 

Keller [5] introduced “instant radiosity” that can approximate the 

indirect illumination of a scene using a set of virtual point lights 

(VPLs). Virtual point lights (VPLs) are emitted from light 

sources, bouncing off surfaces in a manner determined by the 

reflectance properties of the material. Dachsbacher and 

Stamminger [3] extended a standard shadow map to a reflective 

shadow map storing lighting information. All the pixels of a 

shadow map are considered to be indirect light sources. The 

imperfect shadow map is based on the observation shadows that 

are produced by indirect lighting tend to be blurred [14]. 

Accordingly, a low-resolution shadow map is rendered from each 

VPL, and pull-push is performed to fill the holes of a rough 

shadow map. These imperfect shadow maps are then used to 

solve the occlusion problem associated with conventional VPLs. 

Ritschel et al. [15] represented the surface of the scene as a 

hierarchical point-based scene, and projects these points onto 

each viewing position to obtain indirect lighting information. 

Yang et al. [23] constructed per-pixel linked lists in order to 

implement real-time indirect shadows on the GPU. Dong et al. [4] 

clustered VPLs into a small number of virtual area lights (VALs), 

thus reducing the number of shadow maps. The above methods 

all show that accurate visibility between VPLs and surface points 

is not necessary for indirect illumination, because human vision 

is slightly sensitive to the correctness of indirect shadows. 

 

Although the above screen space global illumination algorithms 

have several advantages such as computation that is independent 

on scene complexity, their avoidance of execution for hidden 

surfaces, and their simple implementation, there is a lot of 

potentials for quality and speed improvements exploiting 

temporal coherence.  

 

2.3 Temporal Coherence Methods in Rendering 

Temporal coherence describes the correlation or the predictable 

relationship of contents between adjacent moments in time. In 

general, there is very little difference in the shading computation 

between two consecutive frames. Therefore, re-computing 

everything each frame is wasteful. The key to utilizing temporal 

coherence is the means by which previously computed 

information is stored and reused. Scherzer et al. [18] and Nehab 

et al. [11] independently proposed a technique called reverse re-

projection cache. The idea is to store previous shading results in 

a screen buffer, and then project the current pixel to the previous 

frame. By comparing the stored depth with the current depth, it 

can be determined whether the pixel was visible in the previous 

frame. This special framework has been used for a variety of 

rendering applications, like anti-aliased hard shadows [18, 11], 

real-time soft shadows [19, 20], motion blur and stereoscopic 

rendering [11]. 

 

In summary, our algorithm uses reflective shadow maps to 

simulate one bounce indirect illumination, and screen space 

ambient occlusion to enhance the realizes of a scene by adopting 

the idea of reverse re-projection cache in order to avoid 

redundant re-calculation, and to provide high quality images. 

 

 

3. ALGORITHM 

 

This paper proposes a novel idea of reusing the cached 

information of previously rendered frames to enhance screen 

space global illumination algorithms, such as reflective shadow 

maps and standard screen space ambient occlusion. In addition, 

our algorithm is based on a deferred shading pipeline. By taking 

advantage of temporal coherence, high quality images that take 

into account single bounce indirect illumination, ambient 

occlusion and soft shadows can be displayed in real time. 

 

3.1 Temporal Coherence 

When using temporal coherence, two important issues must be 

concerned. One relates to how previously computed data are 

stored, while the other relates to how the stored data are 

efficiently retrieved. On graphics hardware, the buffer represents 

the textures, and stores them in the texture memory. Therefore, 

cache history is efficiently maintained on the GPU. In addition, 

some necessary data is required for determining whether the 

current pixel was visible in the previous frame. The world-space 

positions are stored in the history cache. The re-projection is 

performed using a fragment shader. Formally, let 𝑊𝑡 denote the 

world-space position of the pixel stored in G-buffer at time step 

t. Let 𝑃𝑡−1  and 𝑉𝑡−1  symbolize the projection matrix and the 

view matrix at time step t-1, respectively. Consequently, for 

static geometry, the following transformation can obtain the clip-

space coordinates 𝐶𝑡−1 at time step t-1: 

𝐶𝑡−1  =   𝑃𝑡−1 ∗ 𝑉𝑡−1 ∗ 𝑊𝑡                           (1) 

Then, a normalized device coordinate 𝑁𝑡−1 is obtained using the 

perspective division. In order to obtain the correct texture 

coordinate 𝑡𝑒𝑥 𝑡−1, the 𝑁𝑡−1 is mapped into the range [0, 1]. Here, 

𝐻𝑡(𝑡𝑒𝑥𝑡) is the buffer values of the texel at time step t. Therefore, 

the corresponding world-space position is calculated at time step 

t-1 and stored in the history cache: 

𝑊𝑡−1  = 𝐻𝑡−1(𝑡𝑒𝑥𝑡−1)                              (2) 

Finally, dis-occlusion detection determines whether the pixel at 

time step t was visible at time step t-1. Accordingly, the 

Euclidean distance is computed between 𝑊𝑡  and 𝑊𝑡−1 , and 

compared with a threshold 𝜀: 

‖𝑊𝑡 − 𝑊𝑡−1‖ ≤ 𝜀                                (3) 

If the distance is greater than the threshold, the pixel is not 

present in the last frame, and there are no previous data for safe 

reuse. Figure 1 shows that the lower the threshold is, the more 

invisible pixels appear. Fig. 1(a) shows the case before a 

translation, and Fig. 1(b) shows the case after a translation to the 

left with ε=0.1. Fig. 1(c) shows the case after a translation to the 

left with ε=0.01. The increased number of invisible pixels will 

impact the performance. 

147

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)



 

 
(a) 

 
(b) ε= 0.1 

 
(c) ε=0.01 

Figure 1: Dis-occlusion detection (invisible pixel is red) 

 

The previous data is efficiently obtained using the reverse re-

projection technique. A sampling pattern with a small number of 

samples is rotated. Additionally, sampled positions are jittered in 

order to generate slightly different results for storage in the 

history cache of each frame. Second, a high quality image is also 

obtained by recursively accumulating the results. The various 

sampling patterns may capture different information. The 

confidence value is estimated from previous frames by 

calculating the difference between the cached result at time step 

t-1 and the current result as follows: 

𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 =1 − 
𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑒( ‖𝑋𝑡−1 − 𝑋𝑡‖ )

1+𝑏𝑖𝑎𝑠
                (4) 

where 𝑋𝑡−1  is the per-pixel value obtained by the reverse re-

projection technique, and saturate means clamping the specified 

value within [0,1]. The bias value is user-specified in order to 

avoid a zero condition of the confidence, and adjusted to achieve 

the quality. The final result is forecasted without variance by 

Equation (5): 

𝑋𝑝 = (𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒)𝑋𝑡−1 + (1 − 𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒)𝑋𝑡       (5) 

The confidence value is used as a weighting factor for estimating 

the percentage of the value between two consecutive frames. 𝑋𝑝 

is the predicted value. The confidence value is a weighting factor 

employed to avoid excessive time being expended on finding an 

acceptable value for the weight. 

 

3.2 Screen Space Ambient Occlusion 

Screen Space Ambient Occlusion (SSAO) is one popular method 

for approximating global illumination. Two world-space data are 

computed with G-buffer from eye's view. One is the world-space 

positions, and the other is the world-space normal vectors. For 

every visible point p, if the sampled point q on the occluding 

surface is close to it, there are fewer photons around it. The 

attenuation parameter is important for avoiding the common 

SSAO artifact on the border of an object. Consequently, the 

ambient occlusion at a point p with a surface normal �⃗�  is: 

AO(𝑝, �⃗� ) = 
1

𝑘
∑

max (𝑛 ⃗⃗  ⃗  ∙  𝑝𝑞𝑖⃗⃗⃗⃗⃗⃗  ⃗ ,0)

D(𝑑)

𝑘
𝑖=1               (6) 

D(𝑑) = 1.0 + a𝑑 + b𝑑2                     (7) 

where 𝑞𝑖  is the i-th sample around the surface point p, D(d) 

denotes the attenuation function, constant 1.0 is used to avoid 

singularity, and then 𝑑  is the distance between 𝑞𝑖  and p. In 

addition, a and b are user-specified parameters for controlling the 

effect of the attenuation with distance. In order to achieve higher 

performance, the following equation is used to partition the view 

frustum proposed by Zhang et al. [24]: 

𝑆𝑖    = 𝑛𝑒𝑎𝑟 (
𝑓𝑎𝑟

𝑛𝑒𝑎𝑟
)
𝑖

𝑚⁄

                                  (8) 

where 𝑆𝑖  is the i-th sample around the surface point p per 

direction, 𝑚 denotes the number of samples per direction, 𝑛𝑒𝑎𝑟 

is the minimum distance from surface point p in the screen space, 

𝑓𝑎𝑟 is the maximum distance from surface point p in the screen 

space, and |𝑓𝑎𝑟– 𝑛𝑒𝑎𝑟| is the sampling range in the screen space. 

Therefore, a better sampling pattern is constructed according to 

Equation (8). Finally, the image is blurred in order to reduce the 

noise as another image-space ambient occlusion technique. 

However, the operation of blurring will impact the performance.  

 

However, many samples obtain better screen space ambient 

occlusion results may not be a wise choice for real time 

applications. Therefore, another idea could amortize the cost of 

sampling. First, the reverse re-projection is used to obtain the 

previous ambient occlusion value 𝐴𝑂𝑡−1 . Second, before 

perturbing the sampling pattern per pixel, the sampling direction 

is rotated with fixed angle 𝜃, and the sampling range is slightly 

scaled. The current ambient occlusion 𝐴𝑂𝑡  is then computed. 

Third, the difference between the previous and current ambient 

occlusions is calculated according to Eq. (4). Finally, Eq. (5) is 

used to accumulate 𝐴𝑂𝑡−1  and 𝐴𝑂𝑡  by taking the difference 

value as a weighting factor. Note that the value is limited to the 

number of sampling pattern rotations in order to determine 

whether the results are already converged or not. Figure 2 shows 

SSAO with 32 samples per pixel. Figure 2(a) shows noise 

artifacts using SSAO without accumulating cached information. 

Figure 2(b) displays fewer noise artifacts using SSAO with 

accumulating cached information. Figure 2(b) also maintains the 

details of the objects 

 

    
(a) without cached information (b) with accumulating cached 

information 
Figure 2: Comparison of two SSAOs 

 

3.3 Indirect Illumination  

Reflective shadow mapping is a virtual point light (VPL) based 

method [3]. It uses the observation that all one-bounce indirect 

illumination is caused by surfaces that are directly illuminated 

from the actual light source. Therefore, each pixel in the shadow 

map can be considered as a VPL that illuminates the scene. A 

standard shadow map is extended by storing more lighting 

information such as world space positions, world space normal 

vectors, depth and reflected radiant flux. The following equation 

calculates the contribution of a VPL q at a surface point p: 

Ip = Φq 
max (0,  Np ∙D)max (0,   Nq ∙(−D))

‖q−p‖2                     (9) 

D  =  
q−p

‖q−p‖
                                        (10) 

where Ip  denotes the irradiance at a surface point p, Np  is a 

normal vector of p, Nq is a normal vector of VPL q, Φq is the 

radiant flux of q and D represents a unit vector between p and q.  

 

Since original RSMs ignore the occlusion for indirect light 

sources, in some special cases this may lead to very inaccurate 

results. Both world space positions and depth information are 

used to approximate VPL visibilities. The unit vector D is 

calculated between the surface point p and VPL q according to 

Eq. (10). Next, the same manner is used to sample again 

according to Eq. (8) along the direction of vector D. Let si be an 

ith tested sample, and Zt(si)  represent the depth value of the 

sample si  in visual space. Finally, as the standard shadow 

mapping, the contribution of VPL q is determined by comparing 

the depth values Zt  and ZG . If Zt  >  ZG , then the visibility 

weighting factor V(𝑞)  is zero. By multiplying Eq. (9) and 
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weighting factor V(𝑞) together, the enhanced results are obtained. 

Note that this method is not the correct calculation of visibility, 

and it will introduce performance overhead. However, in our 

experiments, it approximately halves the frame rate. 

 

Since the computational cost of indirect illumination is very 

high, the number of VPL samples is limited. In our 

experiments, the number of samples, no more than 512, is 

suitable for real-time applications. However, if there are few 

samples are few, the banding artifacts will appear, as shown 

in Figure 3. Fig 3(a) is darker than the Fig 3(b); the banding 

artifacts in Fig 3(a) are more apparent than Fig 3(b). Fortunately, 

this disgusting unattractive artifact is removed eliminated by 

accumulating the cached information. First, the past previous 

value of one-bounce indirect illumination value 𝐈𝐭−𝟏  is 

computed by using reverse re-projection. Next, the sampling 

pattern is rotated to generate the current indirect illumination 

𝐈𝐭. The difference between 𝐈𝐭−𝟏 and 𝐈𝐭 is calculated by Eq. (4). 

Finally, 𝐈𝐭−𝟏  and 𝐈𝐭 are combined using Eq. (5). Therefore, 

the final result is converged.  

 

    

(a) 512 samples (b) 1024 samples 

Figure 3: Direct illumination with indirect illumination 

 

3.4 Fake Soft Shadow 

In general, percentage closer filtering is extended to obtain 

soft shadows by taking no less than 49 samples. However, 

this still leads to a slight banding artifact. Cached shadow 

values are used to improve the quality of the shadows. The 

sampling pattern is rotated and scaled to generate slightly 

different shadows. Their different values are then used as 

weighting factors in order to accumulate the shadow values.  

 

The past previously shadow value 𝑺𝒕−𝟏 per pixel is accessed 

from the history cache. Before computing the new shadow 

value 𝑺𝒕 per pixel, the sampling pattern is rotated and the size 

of the pattern is scales scaled for each frame. Afterwards, the 

difference between them is computed according to Eq. (4). 

The difference value is used as a weighting factor to avoid 

spending excessive time to finding an acceptable weight 

value. The weight value is used to accumulate the shadow 

values 𝑺𝒕−𝟏 and 𝑺𝒕. Figures 4 show the comparisons. Fig 4(a) 

has more apparent aliasing than Fig 4(b).   

 

    

(a) without accumulating cached 

information 

(b) with accumulating cached 

information 
Figure 4: Shadows (Both images use 49 samples) 

 

 

 

4. IMPLEMENTATION AND EXPERIMENT RESULTS 

 

Our system is developed on openGL and GLSL. All results are 

rendered in 512 × 512 on a PC with an Intel Core i7 930 CPU 

2.8GHz, 8G RAM and an NVIDIA GeForce GTX 480 video card. 

Multiple render targets (MRT) is used to avoid multiple 

rendering passes for the generation of G-buffer and RSMs. All 

tested scenes are static, using one-bounce indirect illumination 

with 512 VPLs on half resolution in order to increase the 

rendering performance. The full resolution indirect illumination 

is interpolated by testing the four surrounding low-resolution 

samples of each pixel. All the results of our SSAO are rendered 

with 32 samples. 

 

In order to achieve a high frame rate, our method reuses the 

converged results from SSAO, one-bounce indirect illumination 

and soft shadows by caching them in the buffer. Furthermore, it 

gradually accumulates the reconstruction error when the reverse 

re-projection obtains the cached information. This problem is 

caused by re-sampling the discrete data. One-to-one pixel 

mapping is difficult, and the most common solution is bilinear 

interpolation, which is directly supported by modern graphics 

hardware. However, cached results are reused over several 

frames, and the bilinear interpolation will lead to over-blurred 

results. A refresh strategy is therefore necessary [12]. The screen 

is divided into a grid of n tiles, and a non-repeated tile is 

randomly selected to be updated. The region of a tile in SSAO 

implementation is 64 × 64 pixels. The region of a tile in one-

bounce indirect illumination is 16 × 16 pixels, and the region of 

a tile in shadow implementation is 64 × 64 pixels. On the other 

hand, the shading results are discontinuous on the borders of the 

refreshed regions. Fortunately, they are too obscure to influence 

the visual perception of the results. In addition, there is no 

remarkable performance increase required for the PCF soft 

shadows; only depth comparisons are required. Nevertheless, the 

advantage of temporal coherence improves the shadow quality. 

 

Figure 5 shows the indirect illumination results combined with 

direct illumination. Figure 5(b) using the cached information 

exhibit less banding artifacts than Figure 5(a) without cached 

information. Figure 6 demonstrates the pseudo soft shadows 

computed using the PCF technique with 49 samples, and 

compares them with the results that use the cached information 

to improve the quality. Figure 7 describes the final converged 

results composed of ambient occlusion, one-bounce indirect 

illumination and direct illumination.  

 

    

    
(a) without cached 

information 

(b) with accumulating cached 

information 

Figure 5: The images in the column (b) exhibit fewer banding 

artifacts than those in the column (a) 
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(a) 49 samples/pixel (b) 49 samples/pixel + cached 

data 

Figure 6: Comparison of the PCF soft shadows with 49 samples 

 

Table 1 shows the performance of various scenes in Figure 7 with 

and without reusing past information stored in the history cache. 

All the scenes have the same camera path. Three measures are 

evaluated: the average SSAO timings, one-bounce indirect 

lighting and the final combined results. The results of SSAO 

without cached information exhibit annoying noise artifacts. A 5 

x 5 Gaussian blur is applied in order to remove them in about 0.5 

milliseconds. Note that the G-buffer of the camera view is re-

computed for each frame. The results take advantage of temporal 

coherence, and are not only high quality, but also exhibit great 

performance. Figure 8 shows the converged results of large 

scenes and the frame rates. The performance of Figure 8 is also 

compared with and without using the cached information of 

previous frames. Our approach also works well for large-scale 

scenes. 

 

 

5. CONCLUSIONS AND FUTURE WORK 

 

This paper proposes a novel approach that utilizes temporal 

coherence to enhance screen space global illumination 

algorithms such as reflective shadow maps and screen space 

ambient occlusion. Our algorithm is based on the deferred 

shading pipeline in order to avoid the expensive calculation of 

global illumination for hidden surfaces. The cached data is 

accumulated using a special confidence value to update the 

history cache in order to avoid banding and noise artifacts. The 

experimental results demonstrate that both quality and 

performance can be improved by reusing previous results. The 

screen space global illumination is rendered in real time with 

reusing cached information by taking advantage of temporal 

coherence. 

 

However, our method has some limitations. The light source and 

the objects of the scene must be static. Otherwise, each frame 

could be recomputed. Our method only can handle one-bounce 

diffuse indirect lighting. In future work, our method could be 

extended for dynamic scenes. For example, the effect of global 

illumination changes whenever an object moves. Therefore, a 

means of efficiently determining which regions of the screen 

have to be recomputed is a difficult problem to address. Even 

though a movement mask can be created by rasterizing the 

bounding volumes of moving objects, this still does not 

completely resolve the problem. One of the reasons for this is that 

if the scene object is large, its projection might cover a large 

portion of the movement mask, and more pixels will then have to 

be updated. Another is reason is a case in which the pixels in 

screen are influenced by the moving objects. Finally, over blurred 

results will occur since the cached results are reused over many 

frames. Consequently, a novel refresh manner should be 

investigated to maintain the improved accuracy of the reused 

result. 

Table 1: Comparison of the performance for different scenes 

 

Scene 

(faces) 

 

Reuse 

data 

SSAO One-bounce 

Indirect 

lighting 

SSAO + 

Indirect 

lighting + 

direct lighting 
Blur 

 

fps 

Yes/No Y/N VPLs fps Total fps 

Venus 

(43,357) 

Yes N 206 512 51 46 

No Y 170 512 34 31 

Dragon 

(6,514) 

Yes N 426 512 73 63 

No Y 280 512 43 38 

Bunny 

(69,451) 

Yes N 147 512 46 41 

No Y 130 512 32 28 

Buddha 

(100,000) 

Yes N 102 512 34 31 

No Y 89 512 26 23 

 

 

 

 

 

 

Venus (43,357 faces) 

 

 

 

 

 

 
Dragon (6,514 faces) 

 

 

 

 

 

 
Bunny (69,451 faces) 

 

 

 

 

 

 
Buddha (100,000 faces) 

(a) (b)  (c) 

Figure 7: The four difference scenes are computed using our 

approach.  (a) Direct Lighting, (b) Direct Lighting + SSAO, (c)  

Direct Lighting +SSAO+Indirect Light 
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(a) Sponza scene (66,450 faces).  

 

 
 

 
(b) Sibenik scene (75,284 faces).  

 

 
 

 
(c) the conference room (331,179 faces) 

Figure 8: Direct + Indirect illumination + SSAO, The performance 

of the scene rendered using cached information is, for the most part, 

better than the results that do not use cached information 

No reuse data 

Reuse data 

No reuse data 

Reuse data 

No reuse data 

Reuse data 

151

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)

http://dl.acm.org/author_page.cfm?id=87658873057&coll=DL&dl=ACM&trk=0&cfid=622852772&cftoken=43964975
http://dl.acm.org/author_page.cfm?id=81351607404&coll=DL&dl=ACM&trk=0&cfid=622852772&cftoken=43964975
http://dl.acm.org/author_page.cfm?id=87658882957&coll=DL&dl=ACM&trk=0&cfid=622852772&cftoken=43964975
http://dl.acm.org/author_page.cfm?id=81548925656&coll=DL&dl=ACM&trk=0&cfid=622852772&cftoken=43964975


Using Statistical Properties to Enhance Text Categorization 
 

Ziad OSMAN  
 Electrical Engineering Department, Beirut Arab University 

Beirut, Lebanon 
 

and 
 

Rached ZANTOUT 
Electrical and Computer Engineering Department, Rafik Hariri University 

Beirut, Lebanon 
 
 
 

ABSTRACT 
 

Statistical properties extracted from text are useful in many 
areas. Knowing who authored some text or knowing the 
category of a text is among the uses of collecting such statistics. 
In this paper, language-independent properties of text are 
studied using two categorized corpora of news articles. It is 
observed that the properties do not depend on the corpus or on 
its size. Several interesting properties are identified which 
enable minimizing the training set for an intelligent 
categorization system. Some other applications for such 
statistics could be to compare the information content and rate 
of new information between different corpora as well as to 
enhance the categorization of text.   
 
Keywords: Statistical Properties, text categorization, text 
mining, data mining. 
 
 

1.  INTRODUCTION 
 
Statistical properties of text such as word count and N-Grams 
have been studied thoroughly in order to enhance Natural 
Language Processing (NLP) operations. One of the main 
applications of NLP is text categorization. Knowing the 
language of a text or knowing to which categorical hierarchy a 
text belongs, are two applications of text categorization. 
Humans have a remarkable ability to categorize text in 
predetermined categories. It is believed that humans rely on 
language and text properties to be able to do such a 
categorization. Among such properties, ancient Arabs used 
character frequency for cryptographic purposes [1]. In [2], 
Arabic entropy was studied. It was found that the first order 
entropy was 4.21, the second order entropy was 3.77 and the 
third order entropy was 2.49. The corpus used in the study was 
60 newspaper articles which contained 64,000 characters spread 
between 10,897 words. Those entropies make Arabic more 
redundant than other languages. The ability to classify text into 
categories is useful in many applications [3]. A computer which 
is able to do such a classification would be able to retrieve 
information faster and more efficiently, identify topics better 
and filter texts in a more efficient way. Even search results 
would be faster and sorting files can then be done in real time. 
 
In section 2 the literature is reviewed to introduce similar work. 
In section 3 the methodology used to collect the statistics from 
the corpora is described. The actual numbers are presented 
using tables and figures. In section 4, the point of separation 
from linearity is presented as a tool to help researchers decide 
whether their corpus size is enough. In section 5 the results of 

sections 3 and 4 are analyzed to explore the importance of 
distinct blocks, their numbers as well as the point of separation 
from linearity. In section 6, the paper is concluded with a 
summary of the work and suggestions for future research. 
 

2.  LITERATURE REVIEW 
 

The most important concept in being able to classify text is the 
ability to quantify the similarity between two different texts. In 
[4] the theory of distance between texts was developed, it was 
then used in [3], [5] and [6] to be able to identify the author of 
an article based on a corpus of articles of known authors. An 
accuracy of 90% was achieved using decision trees to classify 
Arabic text in [7]. The properties of the corpus had an effect on 
the accuracy. Decision trees, when complemented with Support 
vector machines (SVM), K-Nearest Neighbor, and Naïve Bayes 
classifiers had better performance as reported in In [8, 9 and 
10]. Naïve Bayes classifiers alone resulted in an average 
accuracy of 62.7% as reported in [11]. Association rules alone 
had an accuracy of 74.41% in [12]. Developing their own 
distance-based classifier, authors in [13] reported 62% recall 
and 74% precision. Light stemming helped statistical methods 
raise their accuracy to 98% in [14]. However, stemming 
deteriorated the results for text categorization in [15]. SVM 
alone produced an F-measure of 88.11 in [16]. However, in [1] 
SVM was reported to give an accuracy of 68.65% while C5.0 
was reported to give an accuracy of 78.42%.  
In [17] three known stemmers namely Khoja, Light Stemmer, 
and n-Gram were used with the Naive Bayesian algorithm to 
classify texts. A Macro F1 average of classification of 0.83 was 
reported. A hybrid approach was used in [18] that produced 
superior results to those reported in [17]. Stemming was used as 
a pre-processing step to breakdown words into roots and stems.  
In [19], a feature reduction method was proposed. This method 
was used in [20] to enhance the effectiveness of Neural 
Networks and Support Vector Machines in Arabic text 
classification. Neural networks were reported to be superior to 
Support vector. Dictionary-lookup stemming was found to be 
better than root-based stemming and light-stemming in 
conjunction with ANN classifiers. Moreover, it was reported 
that for SVM classifiers, light stemming is better than root 
based stemming and dictionary-lookup stemming methods.  
WordNet was used in [21] for document classification. The 
multivariate chi-square test was used to reduce dimensionality. 
Using WordNet ameliorated the macro-averaged F1 value. In 
[22], The Bag-of-Words (BOW) was used with the Bag-of-
Concepts (BOC) to perform text categorization. The corpus 
used was a collection of Wikipedia articles. In [23], Wordnet 
was used to discover concepts in texts. Those concepts were 
used with SVM, Decision trees, and kNearest Neighbors to 
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classify texts. Including concepts was proven to produce better 
results on two different corpora especially for SVM. 
 
 

3.  STATISTICAL PROPERTIES OF TEXT 
 
Two large corpora (BBC and CNN) were used in order to get 
properties of text [24]. Each corpus consisted of articles 
classified in five categories (Business, Entertainment, Science, 
Sports, World News). Table 3.1 shows the number of articles 
for each category.  All articles in each category were processed 
to produce a list of distinct (none repeated) blocks (dblocks) in 
the category. Blocks were chosen to be either 4 or 6 or 8 bytes 
long.  
Table 3.2 shows the results for category Science for both BBC 
and CNN and also the percentage of the ratio dblocks/blocks for 
that category.  It is clear that by increasing the block size (4, 6, 
8 Byte) the number and relative percentage of dblocks increase. 
 
 Table 3.1 Number of articles per category 

 Business Entert. Science Sports W.News 

BBC 296 122 232 219 1,489 
CNN 836 474 526 762 1,010 

 
Table 3.2 Blocks vs. Dblocks for the Science category 

Blocks vs. 
Dblocks BBC SCIENCE CNN SCIENCE 

Blocks 985,344 2, 205,952 

DBLOCKS 
(4 Bytes ) 

10,697 
(1.08%) 

18,615 
(0.84%) 

1.299180e+04 

DBLOCKS 
(6 Bytes ) 

56,965 
(5.78%) 

92,520 
(4.19%) 

6.668773e+04 
DBLOCKS 
(8 Bytes ) 

154,685 (15.7%) 
 

1.834589e+05 
279,422 (12.67%) 

 
Figures 3.1 and 3.2 represent graphs of blocks vs. dblocks for 
the category Science for BBC and CNN, respectively for 
different size blocks. The curve for larger number of blocks is 
always above the curve for smaller number of blocks. This 
means that the number of distinct blocks increases with the size 
of the block.  The increase in the number of distinct blocks 
(Dblocks) will start tapper off when more blocks are introduced 
to the corpus, because of the language redundancy.  The 
following tables 3.3 and 3.4 show the blocks versus the dblocks 
for the rest of the categories with different block sizes of 8 
bytes, 6 bytes and 4 bytes. It is clear that the number of the 
dblocks and their percentage with respect to the blocks go down 
with the decrease in block size as seen previously in table 3.1.  

 
 

 
 

 
Table 3.3 Blocks vs. Dblocks for Business 
and Entertainment categories 

Blocks vs. 
Dblocks 

BBC 
BUSINESS 

CNN 
BUSINESS 

BBC 
ENTER. 

CNN 
ENTER. 

BLOCKS 1,246,177 4,260,399 671,531 
 

2,342,238 

DBLOCKS 
(4 Bytes ) 

10,857 
(0.87%) 

23,000 
(0.53%) 

8,992 
(1.33%) 

20,606 
(0.88%) 

DBLOCKS 
(6 Bytes ) 

57,730 
(4.63%) 

120,015 
(2.81%) 

45,036 
(6.7%) 

107,106 
(4.57%) 

DBLOCKS 
(8 Bytes ) 

157,952 
(12.67%) 

345,379 
(8.1%) 
1.847e+05 

109,345 
(16.28%) 

349,232 
(14.19%) 

1.712709e+05 
 

Table 3.4 Blocks vs. Dblocks for the Sports  
and World News categories 

 
Going below 4 byte in block size is not beneficial because, even 
though lower number of dblocks will result of that, the 
distinction between categories will be not possible.  Such a 
behavior is evident from both corpora which indicate that this 
property is independent of the corpus and is rather a linguistic 
property.   
 
 

4.  POINT OF SEPERATION FROM LINEARITY 
 
The point of separation from linearity (POSFL) is a measure of 
when the blocks added to the corpus will start to saturate the 
dblocks. This point is calculated by first finding the 9th degree 
polynomial equation fit for the blocks versus dblocks and then 
differentiating the equation, through the use of MATLAB. This 
will yield in a graph similar to the one shown in Figure 4.1. 
This figure resembles that of the transfer function of a low pass 
filter. A horizontal line at 0.707 of the maximum vertical value 
will cross the curve at the point of separation from linearity.  

Blocks vs. 
Dblocks 

BBC 
SPORTS 

CNN 
SPORTS 

BBC 
WORLD 

CNN 
WORLD 

BLOCKS 979,308 3,460,922 6,543,954 4,736,957 

DBLOCKS 
(4 Bytes ) 

8,569          
(0.87%) 

14,345  
(0.41%) 

16,520 
(0.35%) 

15,838 
(0.24%) 

DBLOCKS 
(6 Bytes ) 

47,021 
(4.8%) 

89,716 
(2.59%) 

111,780  
(1.71%) 

101,109 
(1.54%) 

DBLOCKS 
(8 Bytes ) 

123,784 
 (12.64%) 

300,397 
(8.68%) 

1.565e+05 

409,742  
(6.26%) 

3.499e+05 

353,562 
(5.4%) 

Figure 3.1 BBC Science blocks vs. dblocks for different block sizes. 

Figure 3.2 CNN Science blocks vs. dblocks for different block sizes. 
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The POSFL defines where the number of new blocks starts to 
taper off which means that not much new information is being 
added. This means that the articles before the point of 
separation are representative of the category and can be used to 
train a system to classify new text. 
Tables 4.1 shows that the POSFLs for the Science category and 
the dblocks are proportional, as the number of dBlocks 
increases the percentage of POSFL/Blocks increases. 
 
Table 4.1 POSFL for different block sizes for  
the Science category 
POSFL BBC SCIENCE CNN SCIENCE 
BLOCKS 985,344 2,205,952 

DBLOCKS (4 Bytes ) 5845, 0.59% 25,008, 1.13% 

DBLOCKS (6 Bytes ) 17,844, 1.81% 36,065, 1.63% 

DBLOCKS (8 Bytes ) 27,643, 2.8% 59,736, 2.7% 

 
Figures 4.2 and 4.3 show the differential of the 9th degree 
polynomial fit of the dblocks versus blocks data for BBC 
Science and CNN Science for different block sizes. 
 

 
 

 

 
Tables 4.2 and 4.3 show a similar trend as seen in table 4.1, for 
the other categories. 
 
Table 4.2 POSFL for different block sizes for the Business 
and Entertainment categories 

POSFL BBC BUS CNN BUS BBC 
ENTER. 

CNN 
ENTER. 

BLOCKS 1,246,177 4,260,399 671,531 2,342,238 
DBLOCKS 
(4 Bytes ) 

6,098, 
0.49% 

47,940, 
1.125% 

1,879, 
0.28% 

27,981, 
1.19% 

DBLOCKS 
(6 Bytes ) 

24,082, 
1.932% 

65,499, 
1.53% 

11,226, 
1.67% 

40,951, 
1.75% 

DBLOCKS 
(8 Bytes ) 

42,978, 
3.44% 

101,160, 
2.37% 

14,838, 
2.21 

79,026, 
3.73% 

 
Table 4.3 POSFL for different block sizes for the Sports and 
World News categories 

POSFL BBC 
SPORTS 

CNN 
SPORTS 

BBC 
WORLD 

CNN 
WORLD 

BLOCKS 979,308 3,460,922 6,543,954 4,736,957 
DBLOCKS 
(4 Bytes ) 

2,168, 
0.22% 

28,998, 
0.83% 

60,623, 
0.92% 

38,998, 
0.82% 

DBLOCKS 
(6 Bytes ) 

18,181, 
1.85% 

46,913, 
1.35% 

84,534, 
1.29% 

63,003, 
1.33% 

DBLOCKS 
(8 Bytes ) 

50,814, 
5.19% 

67,051, 
1.93% 

12,2710, 
1.87% 

88,173, 
1.86% 

 
Figures 4.4 and 4.5 show the POSFL trend for BBC and CNN 
for different categories versus block size. 

 
 

 
 
 
The change in the blocks size has an effect on the position of 
the point of separation from linearity and on the percentage of 
distinct blocks. The trend in figures 4.4 and 4.5 is increasing 
with the increase of the block size. 
 

 

Figure 4.2 CNN Science POSFL determination. 

Figure 4.2 BBC Science differential for different block sizes 

Figure 4.3 CNN Science differential for different block sizes. 

Figure 4.4 BBC categories POSFL for different block sizes. 

Figure 4.5 CNN categories POSFL for different block sizes 
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5.  ANALYSIS 
 

When choosing the BBC and CNN Science blocks to be of the 
same value ( in this case the lower value of 985,344 blocks of 
BBC Science) , as shown in table 5.1, the numbers of dblocks 
for CNN Science is always higher than those for BBC Science 
regardless of the block size. 
 
Table 5.1 Blocks vs. Dblocks for the Science category having 
the same number of blocks 

Blocks vs. Dblocks BBC 
SCIENCE 

CNN 
SCIENCE 

Blocks 985,344 985,344 
DBLOCKS (4 Bytes ) 10,697 12,991 
DBLOCKS (6 Bytes ) 56,965 66,687 
DBLOCKS (8 Bytes ) 154,685 183,458 

 
This also evident in Figure 5.1 which shows the trend of 
dblocks versus blocks for the same number of blocks (985,344 
blocks) for BBC and CNN Science using 8 byte block size. The 
CNN Science curve is always above that of the BBC Science 
curve for all block values. 
 

 
 
 

 
The trend is always there even for other categories, choosing 
the lower value of blocks as a common value for BBC and 
CNN, as shown in tables 5.2 and 5.3 for the 8 byte block size. 
 Even when the BBC blocks are originally more than the CNN 
blocks like in the case of the World News category (6,543,954 
versus 4,736,957) CNN has always a higher number of dblocks 
compared to a similar sized corpus from BBC. This shows in 
Figure 5.2 for both BBC and CNN having the same number of 
blocks, in this case it is 4,736,957 blocks versus dblocks with 8 
byte block size.  The CNN curve is always higher than that of 
the BBC curve. 
 
 
Table 5.2 Blocks vs. dblocks for the Business and 
Entertainment categories having the same number of blocks  

 

 
 
 

 
This means that CNN articles introduce more new information 
per article than does BBC. This could also mean that writers in 
CNN have a wider variety in their writing styles compared to 
writers in BBC. 
 
Table 5.3 Blocks vs. dblocks for the Sports and World News 
categories having the same number of blocks 

 
 

6.  CONCLUSIONS 
 

In this paper statistical properties of text were proven to possess 
several interesting characteristics. It was observed that there 
was a direct relationship between the number of distinct blocks 
in text belonging to a category and the point of separation from 
linearity. It was also observed that a small fraction of the blocks 
that are contained in text in a specific category is representative 
of the whole category. This means that only a small fraction of 
the blocks in a text are required to train a system to classify text 
correctly. It was also observed that different corpora can be 
compared to find out which one has more new information 
using the distinct blocks. It was also observed that as the size of 
the block increases, the number of distinct blocks increases 
also. 
 
Future work should focus on quantifying the above observations 
with actual analysis of the text to prove the conclusions. Work 
should also be done on corpora from different languages to 
study the effect of the entropy of the language on the distinct 
blocks and point of separation from linearity. Furthermore, an 
effort should be done to check the distinct blocks of each 
category and compare distinct blocks between categories. It 
would be interesting to determine the percentage of blocks 
which are specific to a category and how this percentage grows 
with the size of the category. The distinct blocks of each 
category should be used in a text categorization system to  
compare the performance of a system which used distinct 
blocks with the performance of more traditional systems. 
Finally, it would be interesting to see whether the above 
conclusions and observations are still valid if, instead of using 
blocks of bytes, blocks of words are used. 

Blocks vs. 
Dblocks 

BBC 
SPORTS 

CNN 
SPORTS 

BBC 
WORLD 

CNN 
WORLD 

BLOCKS 979,308 979,308 4,736,957 4,736,957 

DBLOCKS 
(8 Bytes ) 

123,784 
 156,522 349,978 353,562 

 

Blocks vs. 
Dblocks 

BBC 
BUSINESS 

CNN 
BUSINESS 

BBC 
ENTER. 

CNN 
ENTER. 

BLOCKS 1,246,177 1,246,177 671,531 
 

671,531 
 

DBLOCKS 
(8 Bytes ) 157,952 184,741 109,345 171,275 

Figure 5.1 BBC and CNN Science blocks vs. dblocks for 8 
byte block size 

Figure 5.2 BBC and CNN World News blocks vs. dblocks for 
8 byte block size 
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ABSTRACT 

 

Missing data and non response problem is a 

usual difficulty of particular concern in medical 

and social science data base. Dealing with non-

response can be a difficult matter and it is 

important to apply adequate missing data 

methods to obtain valid inference. In this paper 

we analyse the performance of the data 

imputation and a new fuzzy imputation 

approach is proposed using ordered weighted 

average operators and linguistic quantifiers. 
 

Keywords: Missing data, OWA Operators, 

linguistic quantifiers. 

 
1 INTRODUCTION 

 

Missing data is a very common problem in real 

datasets and different methods to solve this 

problem have been developed. A simple and 

common strategy is to ignore missing values, 

thus reducing the size of the useful dataset. The 

experience in databases has demonstrated the 

dangers of simply removing cases (listwise 

deletion) from the original data set, and deletion 

can introduce substantial biases in the study, 

especially when missing data is distributed in a 

not random way. Missing data values may be 

frequent in data collection efforts, such as social 

surveys or scientific experiments, as well as in 

system data archives. This can be attributed to 

numerous factors, which include non-response 

from the sample of the study or malfunction of 

data collection devices. 

 

By non-response we mean that the required data 

is not obtained for all elements, which are 

selected for observation. Generally, a 

distinction is made among non-response unit, 

i.e. the failure of a sample member to respond a 

non-response item where it is failed to obtain 

some required information from individual 

sample members and missing data from a 

traditional databases. The first unit non-

response occurs if it is not possible to interview 

certain sample members or if sample members 

did not want to take part in the survey. On the 

other hand, non-response item occurs if the 

interviewer fails to ask a question, does not 

record the answer or the sample member 

refuses to answer a question or does not know 

the answer. Missing data can appear in several 

cases, i.e. hardware problems, human error and 

software problems. There are several ways of 

dealing with non-response and missing data 

problems. For non-response unit weighting 

methods are usually applied. There is a range of 

missing data methods to compensate the non-

response item, such as available case method, 

imputation methods, weighting methods and 

model-based procedures such as maximum 

likelihood estimation. For missing data, 

imputation and weighting methods are used. 

157

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)



Overviews of such methods are given in [4, 8, 

3]. 

  

Some simple methods that are commonly used 

to handle non-response and missing item are 

listwise or case deletion, pairwise deletion and 

available case analysis which only are focused 

on observed cases [1, 3]. Although these 

methods are sometimes applied by social 

scientists, they have several failures which have 

been reported [8 ,1]. Such methods are usually 

found not adequate to compensate for non-

response bias, in particular when estimated 

parameters may only be valid under strong 

assumptions about the mechanism that 

generated the missing values. In addition, 

variance estimation may not be straightforward 

and relationships between variables may be 

distorted. In this sense, the imputation of 

missing data is an area of statistics which has 

attracted much attention in the last decades and 

many different strategies have been developed 

to handle this problem. 

 

Regardless of the method to be used, the 

aggregation operator plays a main role in the 

whole process. This work studies OWA 

operators, due to they has been shown as one of 

the most effective options for their use in 

aggregation information problems [5, 6], thanks 

to the specific properties that they satisfy [9] 

and because they are able to represent fuzzy 

concepts using the semantics of the operator 

and linguistic quantifiers [6]. 

 

The paper is structured as follows. In section 2, 

the imputation methods are briefly introduced; 

in section 3, the OWA operators and the 

semantic of aggregation are defined, in section 

4, the use of OWA operators for recovery data 

is proposed. Finally the conclusions are 

exposed. 

 

2 IMPUTATION METHODS 
 

Imputation is a method to fill in missing data 

with effective values producing a complete data 

set. A distinction may be made between 

deterministic and stochastic (or random) 

imputation methods. Given a selected sample, 

deterministic methods always produce the same 

imputed value for units with the same 

characteristics. However, stochastic methods 

may produce different values. Usually, 

imputation makes use of a number of auxiliary 

variables that are statistically related to the one 

in which non-response item occurs by means of 

an imputation model [8]. The main reason for 

carrying out imputation is to reduce non-

response bias, which occurs because the 

distribution of the missing values, assuming it 

was known, generally differs from the 

distribution of the observed items. When 

imputation is used, it is possible to recreate a 

balanced design so that procedures used for 

analysing complete data could be applied in 

many situations. Rather than deleting cases that 

are subject to non-response item the sample size 

is maintained resulting in a potentially higher 

efficiency than case deletion. Imputation 

usually makes use of observed auxiliary 

information for cases with non-response item, 

maintaining a high precision [8]. However, 

there might be negative impacts if imputed 

values are treated as real values. To estimate the 

variance of an estimator subject to imputation 

adequately, special adjustment methods are 

often necessary to correct to increase the 

variability due to non-response and imputation. 

It is also possible to increase the bias by using 

imputation, e.g. if there is a poor relationship 

between known and unknown variables.Under 

imputation let Y be the vector of imputed and 

observed values in the univariated case, such 

that  










0

1

i

I

i

ii

i
rfory

rfory
y  

with i is in sample s and 
I

iy denotes the 

imputed value for non-respondent i. For the 

multivariate case the notation H·1, H·2, …, H·k is 

similarly used to denote the imputed vectors in 

H, or in short (Hobs, H·mis). Let   be the 

parameter of interest in the population, e.g. a 

mean or a regression coefficient, which is a 

function of the data in the population, and ̂  an 

estimator of   based on the sample in the case 

of full response, such that ˆ ˆ( )H  . An 

estimator of the form ·
ˆ ˆ( , )obs misH H  is 

obtained by applying imputation in the case of 
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non-response, called the imputed estimator. The 

aim is to define an approximately unbiased and 

efficient estimator by choosing an appropriate 

imputation method. 

  

Another important aspect of an imputation 

method is its robustness under misspecification 

of underlying assumptions, such as assumptions 

about the imputation or the non-response 

model. When choosing among imputation 

procedures it is important to consider carefully 

the type of analysis that needs to be produced. 

In particular, it should be distinguished if the 

goal is to produce efficient estimates of means, 

totals, proportions or other official aggregated 

statistics, and also a complete micro-data file 

that can be used for a variety of different 

analyses. Practical questions concerning 

implementation and computing time, and also 

the availability of variance estimation formulae 

are other issues that might be considered when 

choosing an imputation method. Further 

evaluation criteria of imputation methods are 

described in Chambers (2003). 

 

Undoubtedly, imputation should be applied 

cautiously and the analysts of the completed 

data set should be fully warned of the potential 

dangers created by the imputation. It is very 

important to reduce the impact of imputed data 

over the whole of database.  

 

Simple Imputation Methods. There are a 

number of different approaches to imputation. 

Deductive methods impute a missing value by 

using logical relations between variables and 

derive a value for the missing item with high 

probability (GSS, 1996). The method of 

(unconditional) mean imputation imputes the 

overall mean of a numeric variable for each 

missing item within that variable. A variation of 

this method is to impute a class mean, where 

the classes may be defined based on some 

explanatory variables. The distribution of 

survey variables are compressed, and also 

relationships between variables may be 

distorted; they are considered the handicaps of 

the procedure mentioned before (Kalton, 1983; 

Lessler & Kalsbeek, 1992). Although such 

simple imputation methods are commonly used 

in the social sciences (Jinn & Sedransk, 1989; 

Allison, 2001) they are not usually adequate to 

handle the missing data problem, using more 

sophisticated methods instead 

 

Regression Imputation. Another broad class of 

methods for imputing missing data is regression 

imputation (Kalton & Kasprzyk, 1982; Lessler 

& Kalsbeek, 1992). Predictive regression 

imputation (also called deterministic regression 

or conditional mean imputation), involves the 

use of one or more auxiliary variables, in which 

the values are known for complete units with 

missing values in the variable of interest. A 

regression model is fitted that relates yi to 

auxiliary variables xi, i.e. the imputation model. 

The predicted values are used for imputation of 

the missing values in Y. Linear regression is 

normally used for numeric variables; however 

for categorical data, logistic regression may be 

used. A potential disadvantage of predictive 

regression imputation is the distortion of the 

shape in the distribution of the variable Y and 

the correlation between variables, which are not 

used in the regression model. The distortion is 

particularly disturbing if the tails of the 

distribution are being studied. It might also 

artificially exaggerate the statistical association 

between Y and the auxiliary variables. 

 

Hot Deck Imputation Methods. Many 

approaches have been developed in a way that 

assign the value from a record with an observed 

item, the donor, to a record with a missing 

value on that item, the recipient. Such 

imputation methods are referred to as donor or 

hot deck methods, setting *

I

j i
y y

 for some 

donor respondent i* with 
* 1

i
r 

 and 
0jr 

 

(Kalton & Kasprzyk, 1982; Little, 1986; Lessler 

& Kalsbeek, 1992). This matter involves the 

consideration of how to select the best donor 

value. This is important if components of the 

data are skewed or show certain features, such 

as truncation and rounding effects, often the 

case for social science data; and also if the 

estimation of distributional quantities is of 

interest. Under hot deck imputation the imputed 

values will have the same distributional shape 

as the observed data (Rubin, 1987). Hot deck 

method requires a reasonably large sample. 
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Nearest-Neighbour Imputation. Nearest-

neighbour imputation, also called distance 

function matching, is a donor method where the 

donor is selected by minimising a specified 

distance. This method involves the definition of 

a suitable distance measure, where the distance 

is a function of the auxiliary variables. The 

observed unit with the smallest distance to the 

nonrespondent unit is identified, and its value is 

substituted for the missing item according to the 

variable of concern. An advantage of the 

nearest neighbour imputation is that observed 

values are actually used for imputation. Another 

advantage may be that if the cases are ordered 

for example geographically it introduces 

geographical effects. However, it should be 

noted that the outcome could depend on the 

chosen order of the file. 

 

Repeated Imputation: Multiple and Fractional 

Imputation. Only single value imputation has 

been discussed, so far, where one value is 

imputed for each missing item. It is also 

possible to use repeated imputation. Thus some 

values are assigned for each missing item, by 

repeating a random imputation method several 

times. If imputation is carried out by repeating a 

single imputation method, such as regression or 

hot deck imputation, it is referred to as 

improper multiple imputation (Binder & Sun, 

1996), which essentially is the same as 

fractional imputation. Variance estimation 

under single value or fractional imputation may 

be more difficult than under multiple 

imputation. 
 

3  OWA AGGREGATION 
 

The process of information aggregation appears 

in many applications related to the development 

of intelligent systems. Aggregation is seen in 

neural networks, fuzzy logic controllers, vision 

systems, expert systems and multi-criteria 

decision aids. In [9] Yager introduced a new 

aggregation technique based on the Ordered 

Weighted Averaging (OWA) operators. These 

OWA operators can provide for aggregations 

lying between the logical or and and. Yager 

defined an OWA operator of dimension n as a 

mapping : nF R R with an associated n 

vector  1 2, , ,
T

nW w w w such that  0,1iw   

and  
1

1
n

i

i

w



.  

Furthermore  1 2

1

, , ,
n

n j j

j

F a a a w b


   where bj 

is the jth largest of the ai. 

 

The weights used in the OWA operator are 

usually calculated from a functional form of the 

linguistic quantifiers. In the context of 

aggregation processes, linguistic quantifiers are 

used to indicate a fusion strategy.  

 

This interpretation can be seen as a fuzzy 

concept referred to the quantity of elements of a 

considered reference set. The results of this 

aggregation process must represent the 

semantic of the linguistic quantifier. 

 

The semantic of the operator also depend of 

the selected OWA operator. We can work with 

different families of OWA operator [9] for 

instance, MA-OWA operator uses the 

cardinality of the elements to model a majority 

semantic [5]. 

 

4 OWA IMPUTATION 
 

The OWA operators and linguistic quantifiers 

can be used to indicate a fusion strategy to 

guide the process of aggregating the database 

values. The results of this imputation process 

represent the semantic of the linguistic 

quantifier producing a fuzzy imputation 

method. 

 

The application of the OWA operators in the 

imputation techniques area is easy and it does 

not imply substantial modifications of 

traditional methods. The change consists in 

modify the aggregation operator used in the 

imputation for the corresponding OWA 

operator (IOWA, neat OWA, etc.).  

 

In order to show the advantages of these 

strategies we are going to solve a typical 

missing data problem in medical databases and 

compare a traditional method with the new 

OWA imputation.  
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Let be a medical database, for instance, on 

cancer. The data set includes demographics, 

therapeutic and recurrence-survival information 

from around 3.700 patients with an operable 

invasive type of cancer diagnosed in different 

hospitals. A common percentage of missing 

data for this type of database is 8%. We need to 

solve the missing data problem in a row of the 

medical database where the possible values for 

each item are into the scale: [0 1 2 3 4 5 6 7 8 9 

10] which represent, for example, a linguistic 

assessment about the visual importance of the 

tumour. The values supported by the selected 

column and their proportions are shown in table 

1. 

 
Table 1. Cardinalities of the elements to aggregate  

Value Cardinality Proportion 

10 993 26.99 % 

9 0 0 % 

8 844 22.94 % 

7 862 23.43 % 

6 0 0 % 

5 0 0 % 

4 0 0 % 

3 0 0 % 

2 0 0 % 

1 0 0 % 

0 980 26.64 % 

 

The application of the mean imputation 

produces the value:  1 6.17

n

i

i

x

n

 


 

Clearly this result is under the majority of 

values in the database due to the 73.36 % of 

cells have a value higher or equal than 7. If the 

MA-OWA operator is used the produced result 

is: 

   1 2 1 2

1 1

, , , , , , 7.5
n n

MA n i i i n i

i i

F a a a w b f b b b b
 

      

Where the importance i is calculated using a 

distance function with value of proximity equal 

to one, for this case, the cardinality for each 

value is: 

1

( , )
n

i i j

j

dist a a


 ;



 


otherwise

aaif
aadist ji

ji
0

11
),(  

 

Table 2. Cardinalities with the distance function. 

Value Cardinality 

10 993 

8 844+862 

7 862+844 

0 980 

 

In this example is easy to observe how the most 

representative value is between 7 and 8. Using 

linguistic quantifiers and the fusion methods, 

we can change the final aggregation results in 

function of the appropriate majority semantic.  

 

To improve the produced result, the medical 

experts propose modify the order of the values 

in the original data set (initially ordered by 

personal identification number) using the 

following parameters: 

 Age of the patient 

 Histological grade 

 Tumour size 

 

In this case, a nearest neighbour imputation is 

the proposed method with a range of  125. 

Now, the news cardinalities for imputation are 

showed in table 3. 

 
Table 3. Cardinalities of the elements to aggregate  

Value Cardinality Proportion 

10 85 34 % 

9 0 0 % 

8 54 21.6 % 

7 37 14.8 % 

6 0 0 % 

5 0 0 % 

4 0 0 % 

3 0 0 % 

2 0 0 % 

1 0 0 % 

0 74 29.6 % 

 

Then the cardinalities using the previous 

distance function are showed in table 4. 
 

Table 4. Cardinalities with the distance function  

Value Cardinality 

10 85 

8 54+37 

7 37+54 

0 74 
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The imputation value 

is:  10,8,7,0 7.99MAF  , and  the classical 

mean imputation produces: Mean (10, 8, 7, 0) = 

6.16. Again, the majority value is more 

representative than the mean value.  

 

The imputation method with OWA operator, 

due to the nature of the data, behaved in the 

desirable way. On having known the 

philosophy of the method, bearing in mind the 

opinion of the majority and minority; and 

provided that the data has great range of 

variation for some items, the OWA behaved 

stable and with a relative error proportional to 

the percentage of missing data. 

 

5 CONCLUSIONS 
 

This work discusses the problem of missing 

data and defines the traditional imputation 

methods to compensate missing data and item-

non-response problem in database systems. 

When applying imputation it is important to 

consider the type of analysis and the type of 

estimator. In particular, it should be 

distinguished if the goal is to produce unbiased 

and efficient estimates of means, totals, 

proportions and official aggregated statistics or 

a complete micro-data file that could be used 

for a variety of different analyses and by 

different users. 

 

In this work, a new imputation approach related 

to a linguistic quantification and OWA 

operators is presented as a valid option to 

include the semantic of the quantifiers in the 

aggregation process associated to the 

imputation methods. This new method presents 

the benefit of a simple imputation method based 

in average operator and the advantage of using 

linguistic information to model the estimation 

through linguistic quantifiers. The final 

example illustrates the new approach and shows 

how the fuzzy methods are applied to solve the 

missing data problem in typical database 

systems. 
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ABSTRACT 

 

The main objective of this proposal is to present a general 

architecture for intelligent systems based on Web Based 

Education (WBE). WBE is one of the most important research 

areas, and it enables new forms of teaching / learning for many 

people around the world. This paper outlines a proposal for a 

WBE architecture using software components, software design 

patterns, Multi-Agent Software, Semantic Web and IEEE 1484 

LTSA architecture. The software components provide to the 

proposal three fundamental advantages: complexity reduction, 

change management, and reusability. Software design patterns 

provide a robust architecture allowing us better management of 

change throughout the project’s life cycle. The Multi-Agent 

Systems are software modeling social entities, in our proposal 

the teacher is modeled, that run multiple teachers’ activities and 

allow a high degree of tailoring at runtime for students. The 

WBE architectures uses Web Technologies that permit 

acquisition of information, automation of persistence and 

retrieval and integrate different Views about the Learner. 

 

Keywords: Architecture, Intelligent System, Multi-Agent 

System, Semantic Web, WBE and IEEE 1484 LTSA. 

 

 

1.  INTRODUCTION 

 

A Software architecture is a blueprint for the system and the 

project, and is essential in the Software Engineering; an 

excellent design can decrease the errors in software 

developments, permitting a detailed design, and a superior 

coding. The software systems are constantly growing in 

complexity, regardless of their domain, so it should have a 

general design architecture, where the intelligent systems would 

be included also, the accomplishment  of a software will be 

determined by the software architecture. 

 

The intelligent systems increases personalized learning. Del 

Peso and De Arriaga debate intelligent e-learning systems using 

ontologies. The process permits automatic updating of the 

Knowledge Bases occupied in intelligent e-learning systems, to 

improve communication among Knowledge Bases [1]. 

 

The problem of simulating intelligent systems has divided into 

subsets of specific areas. One of these areas are called software 

agents and Multi-Agent System (MAS). MAS are loosely 

coupled networks of problem solvers, collaborating to solve 

problems, beyond the individual capabilities. The problem 

solvers are called agents; Jennings & Wooldridge give one of 

the widely accepted definition of agent: “An agent is a 

computer system, situated in some environment, which is 

capable of autonomous actions in this environment in order to 

meet its design objectives” [2].  

 

MAS allow us to build distributed applications to create 

artificial social systems. Some of the most outstanding 

characteristics of software agents are: autonomy, proactivity 

and communication. 

 

WBE is a very important area of research and development, 

with innovative forms of learning for many people, independent 

of the place and time, removing barriers. Very promising at 

first, but in practice, the integration of multiple technologies can 

be complex, to create the appropriate solution to different needs 
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and situations. The WBE emphasizes on personalized learning, 

learner centered approach, and the model to develop online 

courses [3]. The WBE community faces as enhance 

interactivity in the teaching / learning process. 

 

Component Based Software Development (CBSD) is a new 

paradigm, putting to the Software Engineering into a new level, 

developing software based on component assembly. 

 

The components allow complexity reduction, change 

management, and reusability, allowing the separation of content 

and navigation of educational materials, enabling 

configuration/sequencing dynamic at Run-Time, and make 

possible to tailor the course to the Learner’s needs at Run-Time 

[4]. 

 

Change management throughout the project life is one of the 

biggest challenges that have the developers; one of the best 

ways to manage change is through a high-quality design that 

allows managing changes and adaptations easily. The Software 

Design Patterns (SDP) allow to manage better the change, 

because are solutions to known problems, upgraded over time, 

to build enhanced architectures.  

 

SDP are solutions to common problems, enabling us to code 

enhanced architectures, enhancing maintenance and reuse, 

allowing us to manage change better. The SDP allow us to build 

large and complex projects with better design structures. For the 

reasons expressed above us use SDP. 

 

 

The Semantic Web is a movement to create layers of metadata 

in formats to automate processing, integrating, and reasoning. 

The Semantic Web is a way of programming that transforms 

distributed, confusing, and enormous data into real solutions, 

giving to the metrics a new meaning, transforming the Web in a 

Web of data.  

 

The applications can add semantics through programming 

instructions, but there is no a standard to add semantics. The 

metadata vocabularies are called ontologies, these permit 

representing and sharing knowledge based on a specific 

vocabulary, for the interchange of knowledge, using a specific 

communication protocol. The Semantic Web has a key 

objective, gives a formal definition to data, so that applications 

will be able to automate processing. 

 

The IEEE 1484 LTSA standard architecture for Learning 

Management Systems (LMS) supported education, learning and 

training that describes the system design and the components of 

these systems. The IEEE 1484 LTSA is a standard recognized 

internationally [5-8]. 

 

 

2.  GENERAL ARCHITECTURE 

 

2.1 Design patterns 

 

The SDP are guides for common problems, simplifying changes 

in complex programs, and reduce the changes. The founding 

principles of design patterns are: “Favor object composition 

over class inheritance” and “Program to an interface, not an 

implementation”. 

 

The software flexibility needs to manage dependency; our code 

as far as possible should not depend on a specific 

implementation, because this may change over time. The client 

dependency frequently conducts to unexpected results. The 

interfaces decoupled the code from the implementation, 

enabling changes in the implementation. Composition allows 

reusability. 

 

The SDP are usually organized in three sections: creational, 

structural, and behavioral. The creator patterns separate objects 

from their creation, the separation is accomplished using 

encapsulation. The structural patterns offer flexibility for 

applications, use classes and object to build larger structures, 

using interfaces, abstract classes, derivative classes, inheritance 

and composition. The behavioral patterns build an interaction 

between classes and objects with distribution of responsibility. 

The behavioral patterns use classes, object and the 

communication between them, with a well-defined division of 

labor, where tasks are encapsulated and used by classes, and 

assignment of responsibilities between objects. 

 

2.2 Implemented patterns 

 

In previous developments have been used SDP [9-12], 

improving previous architectures, implemented the following 

Software Design Patterns: Composite, Factory Method, 

Template Method, Decorator, Command, Model-View-

Controller (MVC), Observer Singleton, Interceptor, and 

Command. We have two main patterns: Composition and MVC. 

 

2.2.1 Client side patterns 

 

The Composite pattern allows us to build complex components 

based on simpler components at Run-Time, building composite 

components for content/evaluation. The Factory Method patter 

allows to separate objects from their creation. The Template 

Method pattern is a set of actions to complete an objective, 

determining a set of steps and locking the sequence, allowing 

changes via inheritance. The Decorator pattern provides 

responsibilities to an object without adding these 

responsibilities to the class.  The Command pattern allows a 

client to make requests to an object without making 

suppositions about the request. 

 

2.2.2 Server side patterns 

 

The MVC pattern is a pattern complex with multiple patterns, 

dividing the application in three parts: Model, View and 

Controller, improving reuse and maintenance, allowing to build 

complex applications. The Observer pattern permits to keep 

updated the View and the Model within the MVC pattern. The 

Singleton pattern guarantees an instantiated object of a class 

with a unique global access to the object, optimizing the use of 

resources. The Command pattern allows a client to make 

requests to an object without making suppositions about the 

request [13]. 

 

The Interceptor pattern allows to expand a processing cycle, 

adding new processes, the key points of the pattern are: 

modifications are transparent and automatic; the code blocks do 

not have to know the blocks added or changed, permitting 

additional services without the architecture has to be changed. 

The interceptor pattern is a way to expand a standard processing 

cycle, adding new processes. The Intercept pattern in the 
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proposal allowed us to improve the architecture enabling: 

flexibility and extensibility. 

 

The Command pattern permits to a client to make requests to an 

object without supposition about the request, allowing us to 

improve the architecture, encapsulation behavior in a portable 

object, decoupling methods and classes with the behavior 

required, the dynamic behavior is created using command 

objects and assigning them to callers at Run-Time. The 

Command pattern is based on the encapsulation. The commands 

are executed invoking execute method with the command 

object, delegating the behavior, and hiding the class that 

implements the behavior. The pattern has a key feature; a 

command object can be assigned dynamically. The 

implementation of the Command pattern was made in the 

navigation component on client side. The Figure 1 shows the 

General architecture for intelligent systems based on WBE, 

showing all design patterns implemented on the client side and 

server side.

 

 
Figure 1. General architecture for intelligent systems based on WBE. 

 

3.  Web 3.0 

 

The World Wide Web Consortium (W3C) defines Web 3.0 as: 

"The Semantic Web provides a common framework that allows 

data to be shared and reused across application, enterprise, 

and community boundaries" [14]. Tim Berners-Lee used the 

term for a Web of data that can be processed by machines [15]. 

 

3.1 JENA 

 

Jena is an open source Semantic Web framework based on Java; 

it provides an Application Programming Interface (API) to read 

data from and write to the format called Resource Description 

Framework (RDF). The RDF is represented as a model; it can 

be sourced with data from files, databases, etc. Queries to the 

model are made through SPARQL Protocol and RDF Query 

Language (SPARQL) [16]. 

 

Jena is used along entire proposal to build the different modules 

for Web 3.0, providing services to make the information 

processable by computers. 

 

3.2 FOAF ontology 

 

Friend Of A Friend (FOAF) is a project dedicated to linking 

people and information by means of the Web. FOAF has three 

kinds of network: social networks of human collaboration, 

friendship and association; representational, with information 

networks that use Web based linking to share individually 

published descriptions. FOAF provides an approach in which 

different Web sites can express different sections of the people, 

and by which users can retain some control over their 

information in a non-proprietary format [17]. 

 

An ontology is a specification of a domain of knowledge; 

FOAF ontology is used in our proposal to depict learners, their 

relations, activities, institutions, and organizations. The FOAF 

student profiles are automatically added as instances in our 

ontology. 

 

The FOAF ontology works with Semantic Web module, the 

proposal is implemented mainly using the Java SE Downloads 

[18], and JENA Semantic Web Framework [16]. The JENA is a 

programmatic environment based on RDF, Resource 

Description Framework Schema (RDFS), Web Ontology 

Language (OWL) and SPARQL Protocol and RDF Query 

Language (SPARQL), and has a rule based inference engine; 

both use the Java programming language [16]. 

 

3.3 RDF persistence 

 

The RDF persistence was built using the JENA framework and 

Intelligent Reusable Learning - Components Object Oriented 

(IRLCOO) components; these were developed by Peredo et al. 

[19]. The model is transformed in a specific format based on 

FOAF. The proposal builds a RDF file with Learner’s metrics, 
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enabling in our proposal machine-readable pages describing 

Learners, their activities online and their relations with other 

Learners, and with Semantic Web automatic processing. JENA 

and IRLCOO components provide the RDF storage and 

retrieval. The Knowledge Bases represent our set of information 

accessed, described and processed ontologically in our 

proposal; these are sets of Learner’s facts of its experience 

online, captured via IRLCOO components. 

 

The FOAF module builds the model to describe learners, with 

individual information, and relationships, building a knowledge 

base based on social attributes, instantiated with data of each 

learner and their relations using the JENA framework based on 

FOAF model. The FOAF ontology includes social information 

that FOAF module shares and combines. It includes learner’s 

information collected using Learner Agent and IRLCOO 

components, supplying to the proposal with social information. 

The FOAF module loads the ontology and instance data, 

retrieving sets of social information from our Web application 

using SPARQL. 

 

The proposal uses the JENA reasoner to infer social information 

from models based on the FOAF ontology. The Web 

application completes inference via the inference engine based 

on JENA framework, that enable infers information based on 

knowledge bases. The Web application collects learner’s scores 

from different modules. 

 

3.4 Software agents 

 

The proposal supports the standard called Advanced Distributed 

Learning (ADL) - Sharable Content Object Reference Model 

(SCORM) [20], and has developed different modules through 

the years. 

 

The proposal is based on the IEEE 1484 architecture – LTSA. 

The IEEE 1484 LTSA is an architecture for Learning 

Management Systems (LMS) supported education, learning and 

training. The IEEE 1484 LTSA standard is recognized 

internationally [5-8].  

 

Agents inside the IEEE 1484 architecture – LTSA, replace the 

processes; the implementation was based on the frameworks: 

JADE, JADEX, and Webbridge [21-22].                         

 

The software agents are an important, and have been growing in 

acceptance in business applications.  Multi-Agent System 

(MAS) are used in a wide variety of applications, but to apply 

the Agent Oriented Programming (AOP) model is not easy, 

given that a significant number of problematic that must be 

resolved. The Java Agent DEvelopment (JADE) framework 

allows to concentrate on the programming of agents, JADE is 

perhaps the most popular middleware to implement the AOP 

[21]. JADE Extension (JADEX) framework allows writing 

rational agents based on Belief-Desire-Intention (BDI) model, 

based on eXtended Markup Language (XML) and the Java 

programming language [22]. The beliefs of the agents based on 

JADEX are stored objects in a belief base, representing its 

knowledge about the world. The Goals represent the 

motivations of agents, to accomplish the goals that are executed 

in plans. JADEX uses the XML file called Agent Definition 

File (ADF), and Java classes for the construction of MAS. 

JADEX Webbridge allows to combine agents and Web, 

enabling a better combination between agents and a Web 

application using a Web interface. Webbridge implements the 

MVC pattern for Web applications. 

 

The MAS have the following agents: Learner, Virtual Coach, 

Coach, Evaluation and Delivery. The Learner agent gathers 

information about the Learner, and serializes triples in RDF via 

the IRLCOO components, serializing the Learner's information 

in knowledge bases, and this information depicts the Learner's 

behavior, enabling us to build knowledge based on the existing 

knowledge via inferences using inference engine. The Coach 

agent contributes with dynamic and personalized feedback at 

Run-Time automatically to the Learners, based on metrics 

collected on data bases and knowledge bases (Learning 

Resources and Learner Records), and their progress. The Coach 

agent is an assistant for the real Coach, supporting him in his 

basic responsibilities daily, and keeping track of students with 

low performance of their learning goals. The Evaluation agent 

constantly reviews the results of the students comparing them 

with their goals, in order to take corrective actions. The 

Delivering agent reconfigures dynamically the sequence of 

course according to the student's goals. Figure 2 shows the 

Multi-Agent System previously described of the proposal.
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Figure 2. Proposed Multi-Agent System.

 

4.  CONCLUSIONS 

 

The proposal depicts the use of advanced technologies in order 

to serve as a model for the incorporation of these technologies 

in their learning platforms, in order to improve the tailoring of 

virtual environments for students.  The Semantic Web 

technologies and ontologies allow to represent and share 

knowledge based on a common vocabulary with a specific 

format, permitting reuse the knowledge model, and separating 

domain specific business logic from the program itself. 

 

The proposal improves the architecture IEEE 1484-LTSA, 

incorporating Semantic Web technologies, ontologies, and 

software agents. The Web 3.0 is the next step in the 

development of Web applications, transforming large amounts 

of information without meaning, into real solutions. 

 

The Semantic Web technologies allows serialization and 

automatic retrieval of the information, given us a better view 

about student progress via Coach Agent. The use of ontologies, 

and Knowledge Base layer allowed the inference of information 

via the inference engine, which allowed us additional 

information about student of an automatic way. 

 

The components allow reduce complexity, change management, 

and reusability, educational materials were directly benefited,  

separating content from navigation, allowing 

configuration/sequencing dynamic at Run-Time, and make 

possible to tailor the course to the Learner’s needs at Run-Time. 

 

 

 

The key limitation of the current proposal is given by the 

context dependency of the components, which depend on the 

adobe flash player plugin, for object-oriented programming of 

the client side, and therefore software patterns on client side. In 

the areas of future work, we must work on the application of 

more software design patterns in the proposal, take greater 

advantage of the JENA framework, and include more 

ontologies in the proposal. The collected information can help 

teachers improve their decision making, allowing more 

advanced students to move at their own pace, and the teacher 

can focus on the less advanced students. 
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ABSTRACT 

 

Field-programmable gate arrays (FPGAs) which have many 

advantages are used in various devices. Use of the FPGAs is 

not only prototyping and verification of circuits but also an 

important part of the commercial products. A CPU of 

hardcore is required in the FPGAs. But it has a problem with 

the architecture of the CPU is limited. The method of 

solving these problems is developing a system on a chip 

(SoC) which is equipped with FPGAs and a customized 

CPU. From the view point of ease of design and shortening 

a design period, development techniques on a 

register-transfer level (RTL) using a standard cell library are 

essential. On the other hand, applying this method without 

using a design technique has a problem in terms of 

throughput. In this paper, a connection block for routing 

using wave-pipeline technique is proposed to solve the 

throughput problems. This block is evaluated, and it is 

shown that it is useful for wave pipeline operation. 

 

Keywords: Connection Block, Field-Programmable Gate 

Arrays, Delay Time Equalization, Wave-Pipelines, IPS, 

Reconfigurable Circuits.  

 

1. INTRODUCTION 

 

Field-programmable gate arrays (FPGAs) that easily 

achieves specialized circuits by using hardware description 

languages (HDLs) are used for various devices. Usage of 

the FPGAs is not only prototyping [1] and verification of 

circuits [2] but also an important part of the commercial 

products [3]. Using FPGAs has advantages as follows: 

� Easy change of circuits 

� Can be verified in circuits 

� Significant reduction of development time 

� Cost reduction of a small number of products 

Furthermore, a central processing unit (CPU) core is 

built into some FPGAs. On the CPU is capable of running 

an operating system (OS) such as Linux. The OS running 

enables the managements of task, memory, file control and 

peripherals. After that, because an application software can 

share the interface by the provision of an application 

programming interface (API), the software development 

becomes easy. 

Architecture and micro-architecture of the CPU built into 

the FPGA chip is determined by the FPGA manufacturer, 

and the FPGA users cannot customize it. As customizable 

CPU by the FPGA users, a soft-core CPU is used. This CPU 
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works on FPGAs, which is disadvantageous in terms of 

operating frequency and power consumption than the CPU 

built into the FPGA chip. 

The method of solving these problems is developing a 

system on a chip (SoC) which is equipped with FPGAs and 

a customized CPU. In particular, from the view point of ease 

of design and shortening a design period, development 

techniques on a register-transfer level (RTL) using a 

standard cell library is essential [4-7]. Conventional FPGAs 

is developed at the RTL. Therefore, FPGAs developed by 

the RTL is more disadvantageous than conventional FPGAs 

in the point of a throughput. 

Wave-pipeline technique [8-10] is used as a design 

method to improve the throughput of circuits on FPGAs 

[11]. The technique leads pipelined operations without 

using registers. Therefore, the advantage that power 

consumption doesn't increase is possessed. This technique 

achieves high-speed pipeline operations by reducing the 

difference between the maximum delay time and the 

minimum delay time. However, the use of the connection 

blocks in FPGAs has the problem that the delay time 

difference extends. 

In this paper, a connection block for routing in 

wave-pipeline operations is proposed for the purpose of 

solving this problem. The use of this block achieves that to 

reduce the significant impact delay time difference in high 

throughput in wave-pipelined operations. Furthermore, the 

connection block has to be developed in the RTL. Therefore, 

developed algorithm is required to be applied to the RTL 

design. In this paper, the development procedure of this 

block is shown. 

 

2. CONNECTION BLOCKS ON FPGAS 

IMPLEMENTED IN THE RTL DESIGN 

 

   A connection block is used to connect routing wires and 

logic blocks. Transistors are used in conventional FPGAs as 

the switch of the connection block. In the FPGAs that we 

design using standard cells, the switch of the connection 

block is a selector. 

This block is developed by using the development 

environment and the standard cell library shown in Table 1. 

Figure 2 shows the connection block that we have 

developed in the RTL. This is the results of the logic 

synthesis using the logic synthesis tool and the standard cell 

library in Table 1. This block is not applied equalization of 

delay time. Therefore, there is a problem that the delay time 

varies greatly depending on the routing path. 

 

 

 

Table 1.  Design environments 

 

OS Cent OS 5.9 x86 

CPU Intel Core 2 Duo E6600 (2.4GHz) 

Memory 2 GBytes 

Logic 

synthesis 

Synopsys Design Compiler  

H-2013.03-SP2 

Technology Rohm 180 nm C-MOS 

Standard cell 

library 

Tamaru/Onodera Lab. of Kyoto 

Univ. [12]  

 

 

SELSELSEL

SELSELSELSEL

SELSELSEL

SELSELSEL

F

X3

X2

X1

RI(3) RI(0)RI(1)RI(2)

RO(3) RO(0)RO(1)RO(2)
 

 

Figure 1.  A connection block developed in the RTL 

design. 
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Figure 2. A connection block developed by the RTL design. 

 

Six selectors are used in the route from RI(2) of the 

input port to X1 of the output port shown in Figure 1. 

Reason for such a route is to secure the three signal lines. 

Thus, if the route uses the connection block developed in 

RTL, the route should use a minimum of three selectors 

of the vertical column. As a result, each of the delay time 

of the signal lines shown in Figure 1 is significantly 

different. The difference is shown in Table 2. The delay 

time difference further expands by multiple use this 

connection block. 

 

Table 2.   Delay time difference of Figure 2 

 

Routes Delay times [ns.] 

RI(0) -> X3 0.27 

RI(1) -> X2 0.87 

RI(2) -> X1 1.76 

 

 

3. DELAY TIME EQUALIZATION 

 

The authors adjust delay times in buffer insertions in 

order to reduce the delay time difference. Previous study of 

the connection block for wave-pipelined operations is being 

conducted by us in [7]. This study is needed to timing 

adjustment in wave-pipelined circuit designs. Meanwhile, 

this paper is the study to reduce the delay time difference of 

the routing. 

In this delay adjustment, standard cells with a buffer or 

inverter are used. The specific development procedure is as 

follows: 

� The delay times of each path are examined using a 

logic synthesis tool 

� The delay time difference of each path is calculated 
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� Delay time adjustment circuits in accordance with 

the insertion of delay time elements are made based 

on the delay time difference 

� Delay time adjustment circuits are inserted into the 

connection block 

 

 

 

Delay elements are inserted into the respective X1 and 

X2 of output ports shown in Figure 3. Each delay time is 

calculated based on the output delay time of the X1. Insert 

buffers created based on this calculation is shown in Figure 

4. The delay times of the delay elements are given in Table 

3. 

 

All of these are possible to run on Design Compiler of 

Synopsys. In other words, the design of the connection 

block in based on the equalized delay time can be made 

automatically by creating a script on the CAD. This is 

essential in the development of FPGAs by the RTL. 

 

Table 3.   Delay times of Figure 4 

 

Delay elements Delay times [ns.] 

Inserted to X3 1.10 - 1.26 

 

 

(a) 

 

 

(b) 

 

Figure 4.  Delay elements (a) Inserted to X3 (b) 

Inserted to X2. 

 

 

SELSELSEL

SELSELSELSEL

SELSELSEL

SELSELSEL

F

X3

X2

X1

Buffers for timing 
adjustment

RI(3) RI(0)RI(1)RI(2)

RO(3) RO(0)RO(1)RO(2)
 

 

Figure 3.  Delay elements inserted into the 

connection block. 

 

Connection Block
Delay Elements  

Figure 5. A connection block for delay time equalization. 
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Inserted to X2 0.50 - 0.66 

 

 

4. EVALUATIONS  

 

The connection block for delay time equalization in 

wave-pipelining developed in this study is shown in figure 5. 

Using the development environment of table 1, the delay 

times of each path are calculated. The delay times of each 

route are shown in Table 4.  

These results reveal that the different delay time is 

reduced to approximately 1/5. Since these results are a delay 

time difference per block, actual circuits are further 

expanded the delay time difference. 

 

Table 4.   Delay time difference of Figure 5 

 

Routes Delay times [ns.] Delay type 

RI(0) -> X3 1.42 Minimum 

RI(1) -> X2 1.42 Minimum 

RI(2) -> X1 1.70 Maximum 

 

 

5. CONCLUDING REMARKS 

 

It is imperative for circuits on FPGAs that are developed 

by RTL to increase the throughput of the routing. In this 

paper, delay equalizations of the connection block for the 

FPGAs were performed in order to increase the throughput 

of wave-pipelined operations. The delay time difference of 

this connection block was confirmed by using 0.18um 

C-MOS technology. The delay time difference is reduced to 

1/5 of the previous state of delay equalizations. That is, the 

delay time difference of the routing for connecting between 

the logic blocks is reduced, it becomes possible to increase 

the throughput of circuits on the FPGA. 

In future research, the proposed algorithm is described as 

a script for the synthesis tool. As a result, the connection 

blocks for delay equalization are implemented by an 

automated design. 
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ABSTRACT 

 

The global dynamic computable general equilibrium (CGE) 

model is both developed on the base of the GTAP (Global 

Trade Analysis Project) model and calibrated to describe 

functioning and interaction of the Customs Union countries 

(Kazakhstan, Russia, and Belarus) with each other and with the 

European Union, the US, China, and the Rest of the World. The 

developed model is tested for the possibility of its practical 

application by three techniques. The results of macroeconomic 

analysis are presented for retroperiod and the results of scenario 

analysis for mid-term forecast period; particularly the effects of 

imposing sanctions among trade partners are evaluated. On the 

base of the model by methods of the parametric control theory, 

it is evaluated the possibility of conducting coordinated optimal 

economic policy both within the framework of the Customs 

Union (CU) and within the framework of the CU countries and 

their main trade partners. 

 

Keywords: Economic Union, Computable General Equilibrium 

Model, Testing the Model, Parametric Control, Economic 

Growth. 

 

 

1.  INTRODUCTION 

 

The need for new adequate tools for macroeconomic analysis 

and implementation of effective economic policy both in the 

framework of regional unions and in the world economy is 

keenly emphasized by recent global economic and political 

crisis. 

 

Possible way of searching the development of effective 

measures in the field of economic policy is to use 

macroeconomic (including multi-country) models belonging to 

the class of computable general equilibrium models [1, 2, 3]. It 

should be noted that the models used for macroeconomic 

analysis and evaluating the versions of economic policy, are 

verified mainly on the test sample by estimating the quality of 

retroprognosis [4], and are not subjected to various testing for 

the possibility of their practical application. 

 

The robustness methods, proposed in the automatic control 

theory, do not cover requirements of keeping the qualitative 

picture of the phase portraits of dynamical systems and the 

qualitative picture of the mappings defined by the model given 

its small (in some sense) disturbances. 

 

The recently developed theory of parametric control offers 

effective tools to test the mathematical models for the 

possibility of their practical application, as well as methods of 

making recommendations in the field of economic policy, 

taking into account the effects of uncontrollable economic 

factors [5, 6]. 

 

In this paper, one of the versions of the dynamic GTAP model 

(standard global CGE model) [3] is developed (by including in 

it the general processes of the banking sector and the processes 

of formation and service of government debt in each Region) to 

describe the operation and interaction of the CU countries both 

within the economic union and with the EU, the US, China, and 

the Rest of the world (hereinafter the Model). 

 

The developed Model after calibration was tested for the 

possibility of its practical application. On its base by the 

techniques of the parametric control theory, it is demonstrated 

the possibility of conducting macroeconomic analysis, in 

particular it is evaluated the effect of imposing sanctions by the 

EU, the US, the Rest of the world, and Russia. It is derived the 

estimates of the optimal values of instruments of regional and 

global economic policies aimed at economic growth and 

reducing disparities of economic development of the Regions. 

 

 

2.  THE MODEL 

 

2.1. General Features of the Model 

The Model describes interaction of the functioning economies 

of seven Regions (countries): Kazakhstan, Russia, Belarus, the 

EU, the US, China, and the rest of the world. 

 

Economy of each Region in the Model includes 16 producer 

sectors (producing 16 corresponding products) and consumer 

agents: Households and Government. Each Region has its 

banking sector as well. 

 

The Model compared to the baseline variant of the GTAP 

model [3], is developed by including into it: 

 

− Descriptions of the banking sectors, through the processes 

of money supply, deposits of Households and Producers, 

loans of Households and Producers taking into account 

exogenous setting of the interest rate. 

− Descriptions of forming and service of government debts 

of the Regions. 

 

The developed informative description of the functioning of 

interacting seven Regions contains statements of the 

optimization problems of producer and consumer agents (with 

the relevant first order conditions), the equations describing the 

rules for agents’ behavior, balance ratios and auxiliary 

equations [3]. 
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2.2. Mathematical Model and its Solutions 

The model, derived on the base of the developed informative 

description, is generally represented by the following system of 

relations, composed of two subsystems. 

 

1) Subsystem of differential equations, linking dynamic 

endogenous variables 𝑥1(𝑡) values for two consecutive years: 

 

𝑥1(𝑡 + 1) = 𝑓1(𝑥1(𝑡), 𝑥2(𝑡), 𝑢(𝑡), 𝑎(𝑡)).          (1) 

 

Here 𝑡 = 0, 1, … , 𝑛 − 1 is a number of year, discrete time; 

𝑛 = 18; 𝑡 = 0 corresponds to the year 2001; 

𝑥1(𝑡), 𝑥2(𝑡) are vectors of endogenous variables of the system. 

𝑥𝑖(𝑡) ∈ 𝑋𝑖(𝑡) ⊂ 𝑅𝑚𝑖, 𝑖 = 1, 2, 𝑚1 = 198, 𝑚2  =  164752. 

𝑥1(𝑡) vector coordinates include shift parameter values 

(technological coefficients) of CES production functions for 

GVA of sectors, labor and capital supplies for sectors, 

government debt amount in Regions. 𝑥2(𝑡) vector coordinates 

include values of all endogenous variables of the model 

(demands and supplies for various goods, prices and others), 

excluding those in 𝑥1(𝑡); 

𝑢(𝑡) ∈ 𝑈(𝑡) ⊂ 𝑅𝑞 is vector function of controllable (regulated) 

parameters. Coordinate values of this vector correspond to 

various governmental economic policy instruments, for 

instance: various tax rates, government spending shares, 

required for consumption and others. In below mentioned 

parametric control problem 𝑃𝑟𝑊: 𝑞 = 388; 

𝑎(𝑡) ∈ 𝐴 ⊂ 𝑅𝑠 is vector function of uncontrollable parameters. 

Coordinate values of this vector characterize various external 

and internal social and economic parameters: production 

function coefficients and aggregation function coefficients, 

amounts of minimum product consumption by consumers and 

others. Further in the paper in parametric control problem 𝑃𝑟𝑊: 
𝑠 = 12117; 

𝑋1(𝑡), 𝑋2(𝑡), 𝑈(𝑡), 𝐴 are compact sets with nonempty interiors, 

𝑋1(𝑡), 𝑋2(𝑡) sets determine phase constraints, 𝑈(𝑡) sets specify 

constraints on control of solving parametric control problems on 

the basis of the Model; 𝑋𝑖 = ⋃ 𝑋𝑖(𝑡)𝑛
𝑡=1 , 𝑖 = 1, 2; 𝑈 =

⋃ 𝑈(𝑡)𝑛−1
𝑡=0 ; 𝑓1: 𝑋1 × 𝑋2 × 𝑈 × 𝐴 → 𝑅𝑚1 is differentiated 

mapping. 

 

2) Subsystem of algebraical equations (relatively unknown 

𝑥2(𝑡)), describing the behavior and interaction of agents in 

different markets during the selected year, in particular the first 

order conditions of optimization problems of agents, rules of 

Governments behavior, Globe agent, balance and auxiliary 

equations: 

 

𝑓2(𝑥1(𝑡), 𝑥2(𝑡), 𝑢(𝑡), 𝑎(𝑡)) =0.        (2) 

 

Here 𝑓2: 𝑋1 × 𝑋2 × 𝑈 × 𝐴 → 𝑅𝑚2 is differentiated mapping. 

 

Computable Model Eq. (1), (2) given known values of 𝑢(𝑡) and 

𝑎(𝑡) functions for each time 𝑡 determines the values of 𝑥(𝑡) 

endogenous variables, corresponding to the equilibrium price of 

demand and supply in goods and factors markets within the 

respective algorithm of its solution, implemented in 

GEMPACK IDE [7]. 

 

2.3. The Model Calibration 

The Model calibration is made on the base of the statistical 

database for the Model, the core of which is the tables of the 

GTAP base [8]. Calculation of the exogenous variables values 

in the model for the time values since 2001 till 2013 is carried 

out according to the technique, described in [6]. As the result 

the calibrated Model exactly reproduces the statistical data from 

GTAP and other sources used in its calibration. To get the basic 

calculation of the Model till 2018, the values found for all its 

exogenous parameters were extrapolated to the forecast period 

2014-2018. 

 

 

3.  TESTING THE MODEL FOR THE POSSIBILITY OF 

ITS PRACTICAL APPLICATION 

 

Testing the Model for the possibility of practical application of 

the calibrated Model was carried out by three techniques. 

 

3.1. Estimation of Stability Indicators of the Mapping, 

Defined by the Model [5] 

In these experiments as the stability indicator was taken an 

indicator, equal to the maximum percent numbers of the change 

in values of all endogenous variables of the model for the 

chosen time value (2001 to 2010) compared to the basic variant 

when changing the model input parameters within the ball with 

radius 1% centered at the basic point of the model parameters in 

relative values. 

 

Here as input parameters were considered all possible tax rates 

of the model for 2001, and as output variables – GDP, exports, 

imports, government debts of all Regions in the model for the 

current year (2001 to 2018). The estimation results of stability 

indicators of the Model are presented below in Table 1. All the 

mentioned in Table 1 stability indicators estimates do not 

exceed 8.21, which characterizes the Model stability (in the 

sense of stability indicators) in the calculations until 2018 as 

sufficiently high. 

 

Table 1. Stability indicators values (in %) 

Year 2001 2002 2003 2004 2005 2006 

Indicator 0.64 1.03 1.34 1.81 2.32 2.88 

Year 2007 2008 2009 2010 2011 2012 

Indicator 3.03 3.59 3.48 3.45 4.59 3.98 

Year 2013 2014 2015 2016 2017 2018 

Indicator 6.00 5.98 5.49 7.26 8.06 8.21 

 
3.2. The Numerical Estimate of the Stability (in the Sense of 

[9]) of Smooth Mappings, Defined by the Model on the Base 

of the Algorithms Developed [6] 

In the computational experiments conducted it was studied a 

number of mappings, defined by transformations of values of 

exogenous parameters of the Model (tax rates) into the 

calculated values of its endogenous variables for the chosen 

year. 

 

As the domains of these mappings were used parallelepipeds in 

the spaces of corresponding tax rates in the Regions of the 

model with the boundaries defined by ±50% deviation of the 

exogenous parameters from their baseline values. The results of 

these experiments showed the absence of critical points of these 

mappings in their respective domains and their stability in all 

experiments. 

 

3.3. Conducting a Number of Counterfactual Scenarios for 

2009-2012 

In particular, in the scenario with 10% decrease in the effective 

rates of VAT and taxes on income and 10% increase in 
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government consumption in each country of the Customs 

Union, there was an increase in GVA of each sector in the 

appropriate country ranging from 0.15% in 2009 to 2.97% in 

2012 in comparison with the observed data. 

 

The results of this experiment are consistent with the provisions 

of macroeconomic theory, which indicates an adequate response 

of the Model to the change in these exogenous parameters. 

 

 

4.  MACROECONOMIC ANALYSIS ON THE BASE OF 

THE MODEL FOR RETROPERIOD AND 

PERSPECTIVE (MID-TERM) PERIOD 

 

To the macroeconomic analysis in the period since 2001 till 

2018 were subjected: 

 

− Dynamics in nominal dollar terms of such NEA indicators 

and indicators of the budgets of seven Regions in the 

model as GDP (and GDP per capita as well), household 

consumption, government consumption, exports, imports, 

government revenues, government debt; 

− Dynamics in nominal USD terms of indicators of 16 

sectors of all seven Regions; 

− Rates of all abovementioned indicators and etc. 

 

As an example, below in Figure 1 is given calculated GDP per 

capita values in three Model Regions and the Customs Union 

for retrospective and perspective periods. 

 

 
Figure 1 – GDP per capita in Kazakhstan (KZ), the Customs 

Union (CU), the European Union (EU), and the Rest of the 

World (ROW) in USD, in current prices. 

 

Within the framework of macroeconomic analysis based on the 

Model it was analyzed the impact of imposing sanctions by the 

EU, the US, the Rest of the World, and Russia on the economy 

of Regions in the model at the sectoral level. 

 

Due to the analysis of the Model’s baseline forecast (without 

sanctions) and “negative” scenario, in which restrictions 

introduced in 2014 on international trade among the above 

Regions would remain until 2018, the following results were 

obtained. 

 

For example, in the Russian Federation as compared to the 

baseline forecast, GVA will decrease across all sectors of the 

economy, except Education and Production of construction 

materials. The most significant decline in GVA will occur in 

industries such as Production and transmission of electricity, 

gas and hot water (by 0.66% in 2014) and Mining (by 0.6% in 

2014). Russia's GDP will decrease by 0.48% in 2014. By the 

year 2018 (compared to the basic variant) decline of Russia's 

GDP will reach 1%, sectors’ GVA will decline by 1.33% to 

0.16%. GVA growth also happens only in Education and 

Production of construction materials by 0.97% and 0.13%, 

respectively. 

 

The effect of these sanctions on the economies of other Regions 

is negligible. The greatest negative effect will experience 

Belarusian economy – the decline in GDP by 0.3% by 2018 

compared to the basic variant. 

 

 

5.  STATEMENT AND SOLUTION OF SOME 

PARAMETRIC CONTROL PROBLEMS BASED ON THE 

MODEL 

 

A number of parametric control problems was formulated and 

solved within the framework of estimating optimal values of 

economic policy instruments of Regions of the Model for 2014-

2018 [5]. We give informal definition of such nine 𝑃𝑟𝑖 problems 

of economic policy directed to the economic growth and 

reducing regional development disparities. Hereinafter indices 

𝑖, 𝑗 =  1, … , 7 correspond to the Region number: 

1 - Kazakhstan, 2 - Russia, 3 – Belarus, 4 – US, 5 – China, 

6 - European Union, 7 – the Rest of the World. 𝐶𝑈 index 

corresponds to the Customs Union, 𝑊 – world economy. 

 

Statements of 𝑷𝒓𝒊 parametric control problem. To find for 

each 𝑃𝑟𝑖 problem, based on the basic variant of the Model, the 

control parameter values (effective tax rates on producer 

revenues (Corporate Income Tax), sales tax (VAT), and 

customs duties; government spending shares, which are for 

consumption) for 2013-2018, those provide the maximum 𝐾𝑖 

criterion value Eq. (4)-(6) given appropriate constraints on 

control instruments (±10% from their baselines) and constraints 

Eq. (3) on some endogenous variables. 

 

In these problems, the variant with sanctions until 2018 was 

used as the basic variant. 

 

For 𝑃𝑟𝑖, (𝑖 = 1, … , 7) problems, control parameters are the 

mentioned government policy instruments in 𝑖-th Region, for 

𝑃𝑟𝐶𝑈 problem – in three countries of the Customs Union, and 

for 𝑃𝑟𝑊 problem – in all seven Regions of the Model in 

aggregate. 

 

The constraints on endogenous variables in the Model in 𝑃𝑟𝑖 

problems are as follows. 

 

𝐶𝑃𝐼𝑟(𝑡) ≤  𝐶𝑃𝐼𝑗̅̅ ̅̅ ̅̅ (𝑡), 𝐺𝐷𝑟(𝑡) ≥ 𝐺𝐷𝑟
̅̅ ̅̅ ̅(𝑡), 

  𝑄𝑉𝐴𝑃𝑟(𝑡) ≥ 𝑄𝑉𝐴𝑃𝑟
̅̅ ̅̅ ̅̅ ̅̅ ̅(𝑡), 

 𝑟 = 1, … , 7, 𝑡 = 2014, … , 2018.          (3) 
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Here 𝐶𝑃𝐼𝑟(𝑡) is consumer price level in the Region 𝑟 with 

parametric control; 𝐺𝐷𝑟(𝑡) is an amount of government debt in 

the Region 𝑟 with parametric control; 𝑄𝑉𝐴𝑃𝑟(𝑡) is GDP per 

capita in the Region 𝑟 with parametric control; sign “ ̅ ” 

denotes basic values of corresponding indicator (without 

parametric control). 

 

In stated problems the criterion 𝐾𝑟, (𝑟 = 1, … ,7) characterizes 

the average GDP rate value (in current USD) in the Region 𝑟 

for the period 2013-2018: 

 

𝐾𝑟 =
1

5
∑ 𝑇𝑄𝑉𝐴𝑟(𝑡)2018

𝑡=2014 ,             (4) 

 

where 𝑇𝑄𝑉𝐴𝑟(𝑡) is annual GDP rate in the Region 𝑟 in the year 

𝑡. 

 

𝐾𝐶𝑈 and 𝐾𝑊 criteria of 𝑃𝑟𝐶𝑈 and 𝑃𝑟𝑊 problems characterize 

correspondingly the average GDP rate value in the Customs 

Union and World economy (in current USD), as well as relative 

deviations in GDP per capita in the Model Regions from GDP 

per capita in the United States (the Region that has the highest 

value of GDP per capita among all of the Model Regions) for 

the period 2013-2018: 

 

𝐾𝐶𝑈 =
1

5
∑ 𝑇𝑄𝑉𝐴𝐶𝑈(𝑡)2018

𝑡=2014 −  

1

5 ∑ 𝜀𝑟
3
𝑟=1

∑ (𝜀𝑟 ∑ |
𝑄𝑉𝐴𝑃𝑟(𝑡)−𝑄𝑉𝐴𝑃4(𝑡)

𝑄𝑉𝐴𝑃4(𝑡)
|2018

𝑡=2014 )3
𝑟=1 ;         (5) 

 

𝐾𝑊 =
1

5
∑ 𝑇𝑄𝑉𝐴𝑊(𝑡)2018

𝑡=2014 −  

1

5 ∑ 𝜀𝑟
7
𝑟=1 𝑟≠6

∑ (𝜀𝑟 ∑ |
𝑄𝑉𝐴𝑃𝑟(𝑡)−𝑄𝑉𝐴𝑃4(𝑡)

𝑄𝑉𝐴𝑃4(𝑡)
|2018

𝑡=2014 )7
𝑟=1 .      (6) 

 

Here 𝑇𝑄𝑉𝐴𝐶𝑈(𝑡), 𝑇𝑄𝑉𝐴𝑊(𝑡) are correspondingly annual GDP 

rates of the Customs Union and World economy in the year 𝑡; 

𝑄𝑉𝐴𝑃𝑟(𝑡) is GDP per capita in the Region 𝑖 in the year 𝑡; 𝜀𝑖 is 

weight coefficient, its value is  𝜀𝑖  = 1 for less developed 

Regions (Belarus, China, and the Rest of the World),  𝜀𝑖  = 0.1 

for high- and mid-developed Regions (US, EU, Kazakhstan, 

and Russia). 

 

The formulated 𝑃𝑟𝑖 problems were solved by numerical 

procedure using provided by GAMS optimization algorithm. 

The results of their solution in the forms of increments in the 

average GDP value in Regions for 2013-2018 (in percentage 

relative to the baseline) are given in Table 2. 

 

Table 2. Increments in average GDP values of Regions for 

2014-2018 in the result of nine parametric control problems 

solution (in percentage). 

Problem Region number 𝑖 
1 2 3 4 5 6 7 

𝑃𝑟1 2.90 0.39 0.12 0.04 0.10 0.01 0.00 

𝑃𝑟2 0.46 1.92 0.23 0.12 0.14 0.02 0.01 

𝑃𝑟3 0.17 0.27 2.22 0.00 0.01 0.01 0.00 

𝑃𝑟4 0.09 0.11 0.02 2.41 0.04 0.15 0.11 

𝑃𝑟5 0.12 0.18 0.05 0.01 1.54 0.21 0.13 

𝑃𝑟6 0.31 0.39 0.32 0.27 0.22 1.52 0.10 

𝑃𝑟7 0.21 0.39 0.25 0.09 0.26 1.02 2.05 

𝑃𝑟𝐶𝑈 3.16 2.46 2.41 0.16 0.16 0.02 0.01 

𝑃𝑟𝑊 3.58 2.72 3.10 3.08 1.87 1.68 2.74 

 

The analysis of Table 2 shows that in the problem 𝑃𝑟𝑖, (𝑖 =
1, … , 7, 𝐶𝑈, 𝑊), the parametric control approach at the level of 

all Regions (𝑃𝑟𝑊 problem) as well as at the level of three 

Customs Union countries (𝑃𝑟𝐶𝑈 problem) gives greater effects 

for each separate Region in comparison with parametric control 

at level of each separate Region (𝑃𝑟𝑖 problems, (𝑖 = 1, … , 7)). 

 

Moreover, by solving 𝑃𝑟𝑊 problem, it was obtained the 

smooting of economic development of Regions, characterized 

by decrease in relation of maximum GDP per capita to 

minimum one among all Regions by 2.32% in 2018 compared 

with the variant without control, by 5.13% in 2018 compared 

with 2013. It was also obtained an increase in GDP per capita 

indicator in 2018 compared with 2013 by 42.2%, 52.4% and 

38.8%, correspondingly for Belarus, China, and the Rest of the 

World (less developed Regions). 

 

GDP per capita increase in whole world is 3.37% compared 

with the variant without control. Quadratic mean value of 

deviations of GDP per capita in all Regions from GDP per 

capita in the US in 2018 decreased by 3.98% compared with the 

variant without control. 

 

Figure 2 presents the result of 𝑃𝑟𝑊 problem solution – diagrams 

of GDP per capita for China – the Region with the lowest GDP 

per capita value among all Regions of the model (in USD in 

current prices) without control and with parametric control. 

This increase in China is 5.15% to 2018 compared with the 

basic variant. Similar (but with less effect than 𝑃𝑟𝑊) results 

were obtained from solving 𝑃𝑟5 problem as well. 

 

 
Figure 2 – GDP per capita in China before and after solving 

𝑃𝑟𝑊 problem in USD, in current prices. 

 
The analysis of presented results of the problem Pri solution 

shows high potential of parametric control approach to make 

recommendations for coordinated optimal government 

economic policy at the global level and at the level of regional 

economic union. 

 

 

6.  CONCLUSION 

 

1) The global dynamic computational general equilibrium 

model (belonging to the class of the GTAP models) is 

developed and calibrated to describe functioning and 

interaction of the Customs Union countries with the US, 

China, the European Union, and the Rest of the World. 
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2) The model constructed is tested for the possibility of its 

practical application. 

3) The possibility of conducting the macroeconomic analysis is 

demonstrated on the base of the Model. 

4) The effectiveness of application of the parametric control 

theory is shown for estimating the optimal values of the 

economic policy instruments in the sphere of economic 

growth and reducing regional development disparities. For 

example, implementation of the solution of 𝑃𝑟𝐶𝑈 problem 

by using found optimal values of the public policy 

instruments (tax rates on producer revenues, sales tax and 

customs duties; government spending shares, which are for 

consumption for 2013-2018) in Customs Union countries 

can increase their GDP by 2.72-3.10% compared with the 

basic variant. 

5) The proposed parametric control approach (on the base of 

the respective constructed CGE models from the GTAP 

class of models) can be recommended to the countries of the 

rest economic unions for conducting effective coordinated 

economic policy. 
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abstract

Ventilation systems are used in order to provide an appropri-
ate temperature inside buildings. For this reason, convection
heat transfer is achieved by fans and extractors to produce
wind flows. Nevertheless, fans are loud in operation, there-
fore passive or active mechanisms are used to reduce the
noise level inside buildings. However, passive mechanisms
are costly and need big space to be fixed around the ven-
tilation system to absorb noise compared to Active Noise
Control (ANC).

ANC systems are being employed to avoid big costs and
space requirements. Accordingly, strategies and algorithms
for active noise reduction were analyzed, implemented and
tested experimentally in this paper for applications in duct
ventilation systems. Algorithms implemented were simu-
lated by Matlab software. Piezo actuator was utilized as an
active element of ANC system during experimental testings.

Keywords: Active Noise Control, Filter X Least Mean
Square, Hybrid Algorithm.

1. introduction

Ventilation systems are needed in many offices and build-
ings so as to achieve a pleasurable environment for people
who work or live inside. Notwithstanding, noise pollution,
which is produced by fun motors, is the disadvantage of
using ventilation systems [2]. For this reason, loud sound
wave is canceled by a wave with same frequency and oppo-
site amplitude, this property is applied in many transport
systems [9], ANC is applied to prevent external noise signals
affecting the performance of the driver and crew. This objec-
tive is also found in several intelligent headphones [1]. The
mining industry also requires ANC [9] for hearing health
care of workers, who work with noisy motors. Currently,
ANC is widely investigated in smartphone applications, in
order to increase their functionality in noise control [7], [2].

Simulated and experimental tests of an adaptive con-
troller designed for a prototype ventilation system are shown.
The characteristics of the adaptive controller achieves atten-
uation of sound signals produced by the ventilation system
and external disturbances which affect the control system.

The system designed has a quickly response in finding ap-
propriate weights for the filter representing the system be-
havior. A ventilation system prototype was described by
author [2] for testing of designed algorithms.

2. active noise control ANC

Fig. 1 shows the system model identification proposed by
[3]. The estimation of an unknown plant P(z) is achieved
using an adaptive filter W(z) was proposed by [3]. The adap-
tive filter is flexible according to the change of the weights
to be assigned. After system identification, it is possible to
design some kind of adaptive controller. In order to get the
attenuation of the undesired noise signal, Least Mean Square
(LMS) is defined as a procedure to obtain the error between
the output and reference signal by a successive correction of
the filter weights [2].

 
 
 
 

X(n) +  

  d(n) -  e(n)  

 

  

 

 

 

 y(n) y’(n) 

Unknown Plant P(z) 

Adaptive Filter W(z) S(z) 

LMS 

Figure 1. Simple ANC scheme proposed by authors [3].

The error is given by the equation 1. That equation is
achieved from the figure (1), which means a feedforward
analysis in the system with the plant transfer function P(z)
through the secondary path S(z) and the filter W(z). The
system is analyzed in Z transform, because it will be pro-
cessed by a computer. The primary path is the acoustic
response calculated from the reference sensor to the error
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sensor, that means transfer function P(z). On the other hand,
the secondary path S(z) is the transfer function calculated
from the filter output to the error sensor.

E(z) = [P(z)− S(z)W(z)]X(z) (1)

FXLMS algorithm

The filter that properly adjust the error with the reference
signal X(Z), is known as Filter X Least Mean Square (FXLMS).
This filter avoids instabilities caused by the presence of the
transfer function S(Z) of the secondary path FXLMS filter
[3] and [5]. Equation 2 shows the error signal through the
FXLMS algorithm in which d(n) is the desired signal, S(n) is
the impulse response of the secondary path transfer function
applied at time instant n, w(n) and X(n) are the coefficient
and signal vectors of the filter W(z), ξ(n) is the mean square
cost function, * denotes linear convolution [3].

e(n) = d(n)− S(n) ∗ [wT(n)X(n)] (2)

Then the error output of adaptive filter is given by equa-
tion 3 [3].

ξ̂(n) = e2(n) (3)

It is usual that the secondary path signal is distorted
when high noise level is introduced in low frequencies. The
solution is to modify the cost function in order to constrain
the adaptive filter weights, as was proposed by the authors
in [3] and shown in equation 4 that represents a leaky
FXLMS algorithm, γ is weight in the control, ω(n) and X(n)
are the coefficient and signal vectors of the filter W(Z), ξ(n)
is the mean square cost function, e(n) is the error, µ is step
size, as is analyzed by authors [3].

ε̂(n) = ε2(n) + γωT(n)ω(n) (4)

in which

ω(n + 1) = νω(n) + µx
′
(n)e(n) (5)

ν = 1− µγ (6)

and the Leakage Factor is inside the range 0 < ν < 1 .
Leakage factor has information of stabilizing effect of the
system.

Feedforward and feedback FXLMS algorithm

Feedforward algorithm works with the estimated signal
in order to get a good compensation with the secondary path
signal, Fig. 2. The feedback FXLMS ANC algorithm works
with the error signal directly to achieve a better estimated
signal. On other hand, the hybrid feedforward/feedback
FXLMS ANC algorithm has the advantage of a quick re-
sponse by the filter adaptation.
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LMS 
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Figure 2. Block diagram Feedforward Adaptive Predictor
[3].

Feedback FXLMS ANC algorithm works with the error
signal directly to achieve a better estimated signal, as can
be seen in Figure 3. On other hand, the hybrid feedfor-
ward/feedback FXLMS ANC algorithm has the advantage
of a quick response by the filter adaptation.
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Figure 3. Block diagram single channel Feedback [3].

Hybrid controller

The use of feedback and feedforward controller (hy-
brid algorithm, which is represented in Figure 4), for ANC,
achieves to keep the system controlled in presence of ex-
ternal disturbances. However, the time it takes to generate
the estimated signal to attenuate the primary signal (noisy
wave) will be longer than the time needed by the feedfor-
ward controller, but shorter compared to the time needed by
feedback controller.
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Figure 4. Block diagram for hybrid algorithm [3].

3. simulations

It is necessary to identify the system in order to design con-
trol algorithms for ANC, because of System identification
provides coefficients to design adaptive control algorithm
using the FXLMS filter. These algorithms, for simulations in
this paper, was designed analyzing the codes of the authors
Mr. Chernukhin and [7].

Simulation identification error is shown in figure 5, which
was obtained by FXLMS algorithm execution, in order to
generate adaptive coefficients.

Figure 5. Identification error.

Feedforward, feedback, and hybrid (feedfor-
ward/feedback) algorithms were designed and simulated
in order to analyze their properties for ANC (reference
algorithms designed by Mr. Chernukhin and [7]). Analysis
for feedback and hybrid algorithms were described in [2].

For every simulation test, the primary signal was a sine
wave with 3 kHz and 88.17 dB, and sampling frequency
of 15 kHz. Additive White Gaussian Noise (AWGN) was
added to the input signal, with 20 dB as Signal to Noise Ra-
tio (SNR) for the purpose of to emulate a noisy sound wave.
The SNR value was chosen by analyzing the amplitudes of
the sinusoidal signal and the actual signal. It was observed
that the simulation error during system identification had a

settling time of 0.06s and filtered signal decreased its SPL in
12.99 dB.

Sound waves are usually described using Sound Pressure
Level(SPL) value in dB. Therefore, electrical signal analyzed
in algorithms should be expressed in SPL terms, in order to
obtain an uniform units conversions between electrical and
acoustic values [2].

Feedforward, feedback, and hybrid (feedfor-
ward/feedback) algorithms were designed and simulated
in order to analyze their properties for ANC (reference
algorithms designed by authors Mr. Chernukhin and [7]).
Inquiry for feedback and hybrid algorithms were described
by [2].

Figure 3 shows execution results of ANC feedforward
algorithm, the settling time was 0.07 s, which was analyzed
from the noise residue curve. The simulation algorithm tries
to create a control signal, that should be more similar possi-
ble to the input signal, as it was shown in Figure 3. Finally
the output signal decreased its SPL in 23.22 dB [2].

Figure 3. Simulation of feedforward ANC algorithm.

Figure 4 shows a zoomed view of Figure 3, in time range:
0.070s to 0.077s, with the purpose of to show that estimated
control signal should be more similar to primary signal; with
the aim to attenuate it [2].
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Figure 4. Feedforward ANC algorithm, amplified view.

Execution results, from ANC feedback algorithm, are
shown in figure 5. The settling time was 0.5 s, which is
analyzed from the noise residue curve; the output signal
decrease its SPL in 10.39 dB.

Figure 5. ANC using feedback algorithm.

Figure 6 shows execution results of ANC using hybrid al-
gorithm, the settling time was 0.4 s, that is analyzed from
the noise residue curve; the output signal decrease its SPL
in 16.02 dB.

Figure 6. ANC using hybrid algorithm.

Simulation results related to the noise signal attenua-
tion for feedforward, feedback and hybrid algorithms were
summarized in table 1 by [2], in which is shown that feedfor-
ward algorithm had shorter settling time in comparison to
other algorithms as well as bigger SPL attenuation. However,
hybrid algorithm had not short settling time, but feedback
algorithm had longer settling time; nonetheless, hybrid algo-
rithm was more stable to signal disturbances [2].

Algorithm Decrement SPL (dB) Settling time (s)
Feedforward 23.22 0.07
Hybrid 16.02 0.4
Feedback 10.39 0.5

Table 1. Algorithms comparison

4. experiments

Experimental tests were accomplished by using adequate
instrumentation and implementation of algorithms for feed-
forward control designed by Mr. Chernukhin. Nevertheless,
characteristic curves response of the system was obtained
by sinusoidal input signals, before the initial experimental
tests. The input signals let to recognize the ranges of work
where the control algorithms were operating properly, for
some amplitude and frequency values [2].

In [2] is explained that for input signal amplitude 0.03V
had a different behavior from the other two cases (0.02V and
0.01V as amplitude), which may not provide useful system
information to generate an appropriate control signal. For
this reason, the signal amplitude 0.02V maintained a similar
behavior to changes in supply voltage, it increased in SPL
when increased the supply voltages. Therefore, the value of
0.02V amplitude excitation signal at a frequency of 3 kHz
was chosen from tested frequency range [2kHz to 5Khz], and
voltage providing from power supply should be 2V. That is
described by curves (characteristic curves) shown in figure
7.

Figure 7. Characteristic curves with 0.02V amplitude and
2V, 3V and 4V of Power Supply.

Topology for ANC in the ventilation system is repre-
sented in Figure 8. Feedforward control algorithm was exe-
cuted by ADWIN system. Also the personal computer was
involved in the ANC process for analyzing and visualization
of every signal [2].
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Figure 8. Topology of ANC for the experimental tests.

Information received from the reference microphone is pro-
cessed by ADWIN system, it executes the control algorithm
in order to generate an estimated signal, that is as similar
as possible to the measured signal. The estimated signal
is emitted by the loud speaker, which seeks to mitigate
the primary signal, depending on a correct location of its
phases. The difference of both signals (error) is measured
by the error microphone, this signal is sent to ADWIN sys-
tem to optimize the generation of the estimated signal [2].
Loudspeaker chosen were piezoelectric, by cause of their
frequency range contains the available frequencies analyzed
from characteristic curves identification [2].

FXLMS was used to identify the system and to find
adaptive coefficients, that were used to execute the control
algorithm. The best range of values chosen, in order to get
ANC of the system described by [2], were: Sinusoidal input
signal with 0.02V of amplitude at 3kHz, 2V proportioned by
power supply to energize the system.

The identification algorithm to be executed by ADWIN
was designed by the author [2], this code was executed with
different frequencies values, in order to analyze the perfor-
mance of the identification algorithm; Notwithstanding, the
primary signal and estimated signal were displaced in 90
degrees approximately. After the system identification a
feedforward control algorithm was adopted from algorithms
designed by Mr. Chernukhin which was implemented for
using with ADWIN. Settling time in the system was 0.45
s, when ANC by feedforward algorithm was executed in
frequency range value identified, also the sound signal decre-
ment 8.15 dB as is shown in Figure 9 and Figure 10 [2].

Figure 9. Experimental control error.

Figure 10. Primary signal and output signal.

Table 2 summarize the range of values analyzed from
the characteristic curves in which is shown the best settling
time and noise reduction (in dB).

Frequency (kHz) decrement SPL (dB) Settling time (s)
2 4.07 0.43
2.5 5.83 0.53
3 5.84 0.040
4 4.95 0.037
5 9.58 0.018

Table 3. Identification results

Table 3 shows this range at 3 kHz (in this frequency value
was identified the char- acteristic curves, showed in figure
7), settling time in the system was 0.45 s, when ANC by
feedforward algorithm was executed, also the sound signal
decrement 8.15 dB as is shown in figures 9 and 10.
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Frequency (kHz) Decrement SPL (dB) Settilng time (s)
2 1.6 11.3
2.5 7.66 3.67
3 8.15 0.45
4 10.47 0.33
5 2.10 9.33
Table 3. Control algorithm comparison at 2kHz, 2.5kHz,

3kHz, 4kHz,5kHz of primary signal frequency

5. suggestions

It is suggested to design an online model in order to identify
the system by FXLMS algorithm, as an internal function of
the main algorithm. The error signal may be defined as an
output condition with dependence of changes in the step
size µ, which is explained by [2].

The adaptive coefficients could be obtained, by the al-
gorithm proposed, before to control loop. The criterion to
optimize this process depends of the time assigned to exe-
cute the LMS as a function inside the main of the algorithm.
The objective of this algorithm is to calculate the adaptive
weights online, periodically repeating the system identifica-
tion process inside of the main algorithm. The algorithm is
executed till the condition, predefined by user, is not satis-
fied; this condition could be determined by desired error as
a function of the changes in step size [2].

6. conclusions

Characteristic curves were found to define the best range of
work to estimate the antinoise signal, for which reason the
primary signal was measured by the system.

Piezoelectric loudspeakers were used as anti noise actu-
ator, because of their range of work contains the available
frequency range obtained in characteristic curves identifica-
tion, which is [2 kHz to 5 kHz].

A ventilation system prototype described by [2] was used
in order to design ANC algorithms, that were simulated by
Matlab and compared with experimental responses of proto-
type designed.

Feedforward algorithms and strategies for ANC were
designed, implemented and experimentally tested for the
prototype of the duct ventilation system based on the algo-
rithms implemented by Mr. Chernukhin, [2] and [7].

Feedforward, feedback and hybrid algorithms were de-
signed with regard to simulate ANC [7] and [2].
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ABSTRACT

Smart grid and distributed generation based on re-
newable energy applications often involves the use
of information and communication technology (ICT)
coupled with advanced control and monitoring algo-
rithms to improve the efficiency and reliability of the
electrical grid and renewable generation systems. One
technology of early implementation due to its environ-
mental impact is the photovoltaic (PV) system where
the electrical energy generation is related with the
amount of solar irradiation and thus the angle of
incident sun’s rays on the surface of the panels. This
article introduces an integration of ICTs to improve
the efficiency of a bi-axial solar tracking system for PV
power applications. To generate the references for the
digital control of azimuth and elevation angles a Global
Positioning System (GPS) by satellites is used which
enables to acquire the geographic coordinates of the
sun in real time. As a total integration of the system a
communication platform based on the 802.15.4 protocol
for the wireless sensor networks (WSNs) is adopted for
supervising and monitoring the PV plant.

Keywords: Information and communication techno-
logy (ICT), global positioning system (GPS), wireless
sensor networks (WSNs).

1. INTRODUCTION

The International Energy Outlook 2013 predicts that
he energy consumption will increase 56 % by 2040 in
reference to 2010. Moreover, strong investment driven
by an energy policy promoted by the Kyoto Protocol
which has forced ratifying countries to reduce their
emissions of greenhouse gases (GHG) in the recently
approved second period from January 2013 to 31 De-
cember 2020, has oriented the research effort in elec-
tricity generation from renewable energy (RE) sources.
In this context, PV systems are currently considered
as one of the most useful natural energy sources due
to their continuous cost reduction of manufacturing,
fast technological progress, requiring very little main-
tenance and pollution-free [1]–[3]. However, the power
output of PV cells depends on many factors, these
include the operating temperature, weather conditions,
irradiance and angle of incidence of the solar radiation
[4]. In order to overcome these drawbacks, maximum
power should be extracted from these systems using a
physical tracking to obtain the maximum power point
tracking (MPPT). A taxonomy of the MPPT techniques

applied to PV power system can be found in [5]. Physi-
cal tracking involves aligning the PV system, so that to
be orthogonal to the sun’s rays throughout the day in
order to receive maximum solar radiation [6]. Several
methods have been implemented and evaluated to
keep the PV systems orthogonal to the sun’s rays. An
ideal solar tracker must ensure that the PV cell is
oriented properly, compensating for both changes in
the elevation angle of the sun (throughout the day) and
latitudinal offset of the sun (during seasonal changes)
and changes in azimuth angle. It has been reported in
the literature that for certain geographical positions
can be produced up to 40 % extra power per year using
a solar tracker system. The solar tracking systems are
usually classified in two categories: passive, introduced
by Finster in 1962 as a completely mechanical solution
and active, that presented a mechanism with an auto-
matic electronic control system. A classification of the
methods above can be found in [7]. Active trackers can
be in turn classified by the type of electronic control
which drives the movement: in the analog type the
control is generated based on the information of a
sensor that detects the position of the brightest point in
the sky, while in the digital case, the control is executed
by a microprocessor which through a control algorithm
determines the optimal position of the structure to
maximize the efficiency of the PV systems [8], [9]. In
both cases, the sun’s position is usually detected by
two light-dependent resistor (LDR) sensors that are
normally located at both ends of the surface of the
photovoltaic panel. In the digital case, the resultant
signals from the sensors are fed into an electronic
control system that operates a low-speed DC motor
to rotate the PV panels via a speed reduction sys-
tem. This is a simple and inexpensive solution, but
unfortunately it is not a major technique for practical
applications where weather conditions are variable or
when fast changes occur in the irradiance conditions
due to partial shading [10], [11]. This article introduces
a novel design of a bi-axial solar digital tracking sys-
tem for PV power applications, using an information
and communication technologies (ICTs) to improve the
efficiency of the photovoltaic system. To generate the
reference (in azimuth and elevation angle) for the
digital control algorithm a Global Positioning System
(GPS) by satellites is used which enables to acquire
the geographic coordinates of the sun in real time.
For control and monitoring purposes is used a wireless
sensor networks (WSNs) based on 802.15.4 protocol, as
shown in the block diagram of Fig. 1.
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Fig. 1. Block diagram of the proposed bi-axial solar tracking system based on ICTs.

This paper provides a background material about the
integration of information and communication tech-
nologies on renewable energy applications, particularly
on photovoltaic systems and is organized as follows.
Section 2 introduces the experimental platform des-
cription. Section 3 discusses the control strategy ap-
plied to the motors in order to achieve the MPPT, and
is presented experimental results to analyzed the per-
formance of the position control algorithm in elevation
and azimuth axis. Next, the main experimental results
of the global system are discussed in Section 4. Finally,
concluding remarks are summarized in Section 5.

2. EXPERIMENTAL PLATFORM

Simultaneous PID controller hardware consists of a
dsPIC33FJ128MC802 microprocessor family manufac-
tured by Microchip. A High/Low side LM5100 driver
from Texas Instruments has been used to generate the
gate signals for the IR2110SPBF and IRLB3034PBF
MOSFET manufactured by International Rectifier.
Freewheeling schottky diode MBR20200CT from ON
Semiconductor has been connected in parallel con-
figuration with the MOSFET devices in order to
protect the switching device from being damaged
by the reverse current of an inductive load. In
order to vary the elevation angle a linear actua-
tor of the series SM4S900M3C3 manufactured by
SAT CONTROL d.o.o. is used, which is manufactured
with stainless steel tubes and spindle and high carbon
steel to be able to withstand a dynamic load of 8,000 N.
The supply linear motor voltage is 24 V DC and it
allows a maximum current of 5 A. The motor shaft
is coupled to a high resolution rotary encoder E6A2-
CWZ3C series, with a resolution of 200 pulses per
revolution (ppr) used in this application to measure
the displacement of the linear actuator that is related
to the displacement of the structure in elevation angle.
Then, to change the azimuth angle a 12 V DC motor is

used and it coupled to a speed reduction system with
a reduction ratio of 1:70,000, as for the previous case.
The motor shaft is coupled to a high resolution incre-
mental encoder (E6B2-CWZ6C series with a resolution
of 400 ppr) to measure the position of the structure in
azimuthal axis. The linear and azimuth motors are fed
through an H-Bridge driver used to generate two inde-
pendent PWM signals based on the Locked Anti-Phase
(LA) technique. The proposed mechanical design has
been modeled previously using a mechanical design
software, SolidWorks. The weight of the structure is
approximately 800 kg and it has an overall dimension
of 7,000 mm × 5,400 mm × 1,250 mm. The structure
supports 24 PV modules of the ZDNY-100C36 series.
The main advantage of the proposed topology is its
lower resistance to the wind force compared to the
conventional solution. It allows using lighter-weight
dimensioning parts, which results in the benefit of
the motors to be used in this application, especially
when taking into account the power required to move
the structure. The different components used in the
implementation of the bi-axial solar tracking system
for PV applications have been manufactured by using
materials that comply with international standards
of wind loads according to ISO 4354 specification.
The reference for the control system (in azimuth and
elevation angle) is provided by the P03/3-ModbusGPS
weather station. This device measures temperature,
wind speed and brightness (eastern, southern and
western sunlight). Moreover, it recognizes precipitation
and it receives the Universal Time Coordinated signals
(UTC) as well as the site coordinates via an inte-
grated GPS receiver. The direction of the sun (azimuth)
as well as its height (elevation) are calculated with
the above details and then it is transmitted to the
main computer wirelessly by a pair of series-2 XBees.
Moreover, the references input to the control algorithm
(azimuth and elevation angle) are transmitted using a
pair of series-1 XBee Pro’s.
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Program for the dsPIC33F controller board was cre-
ated by using MPLAB Integrated Development En-
vironment (IDE) v8.89. In order to analyze the per-
formance of the PID control algorithm a graphical
user interface (GUI) environment was created by using
Microsoft Visual C++ 2010 Express IDE.

A. Elevation motor model
Electrical and mechanical parameters of the eleva-
tion motor have been measured experimentally, using
standard tests in order to represent the mathemati-
cal model in the state-space, considering a sampling
frequency of 19.5 kHz and assuming that the transfer
function (TF) is preceded by a zero order hold (ZOH).
The TF in discrete time can be written as follows:

xe(k+1|k) = Aexe(k|k) + Beue(k|k), (1)

ye(k|k) = Cexe(k|k), (2)

where ue is the input voltage, xe = [Vse, ωe]T is
the state vector, Ae and Be are matrices that define
the dynamics of the linear motor that for this set
of state variables using the canonical form of control
representation are defined as:

Ae =

[
1.952314938166575 −0.952378714704760

1 0

]
, (3)

Be = [1 0]
T
, (4)

Ce = [0.009456745359447 0.009304185583616] . (5)

B. Azimuthal motor model
In the same way as for the previous case, the mathe-
matical model of the azimuth motor can be written as
follows:

xa(k+1|k) = Aaxa(k|k) + Baua(k|k), (6)

ya(k|k) = Caxa(k|k), (7)

where ua is the input voltage, xa = [Vsa, ωa]T is the
state vector, Aa and Ba are matrices that define the
dynamics of the azimuthal motor that for this set of
state variables are defined as:

Aa =

[
1.959704907964181 −0.959755299777461

1 0

]
, (8)

Ba = [1 0]
T
, (9)

Ca = 1 × 10−4 [0.758665307052543 0.748348332271132] .
(10)

3. CONTROL STRATEGY

In order to control the position of the structure, an
Ideal-Proportional Integral Derivative (Ideal-PID) con-
trol algorithm has been implemented. The main advan-
tage of the Ideal-PID control approach is its low com-
putational burden to carry out the control. The perfor-
mance of the Ideal-PID can be also modified by varying
the three control variables. In the proposed scheme the
Ideal-PID controller computes an error value as the
difference between a measured variable (the structure
position obtained by the encoder sensors) and a desired
set-point (the sun’s position obtained from the GPS
by the weather station). The controller attempts to
minimize the error by adjusting the process control
inputs using the scheme shown in the block diagram
of Fig. 2.

The discrete implementation can be obtained from the
block diagram using approximations for first-order to
derivatives by backward finite differences [12]. Thus
the integral and derivative terms can be discretized
with a sampling time ∆t, as follows:

MVk = KP ·

(
ek +

1

TI
· ∆t ·

k∑
i=0

ei +
TD

∆t
· (ek − ek−1)

)
,

(11)
where KP , TI , TD and ek represents the proportional
gain, integral and derivative time, and the error, res-
pectively. Algorithm 1 shows the pseudocode Ideal-PID
control algorithm, where the control effort is applied
to the azimuth and elevation motors at each sampling
time in terms of duty cycle.

Algorithm 1 Ideal-PID position controller.
// Set initial values
Ik−1 := 0;
ek−1 := 0;
// Set position references form the GPS
Input : SVk := ReadGPS();
while t = ∆t do

// Read encoder values
PVk := ReadEncoder();
// The position error is calculated
ek := SVk − PVk;
// The integral term is calculated
Ik := Ik−1 + KP · ek · ∆t/TI ;
// Total control term is calculated
MVk := KP · ek + Ik + (KP · TD/∆t) · (ek − ek−1);
// Variables are stored
ek−1 := ek;
Ik−1 := Ik;
t := 0;
// Control effort is applied
Output: AppliedPWM(MV );

end

An interval control mode for small displacements have
been applied simultaneously to the elevation and azi-
muth motors in order to evaluate the efficiency of the
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Ideal-PID

Fig. 2. Ideal-PID position controller.

{ {K T T
P
, ,

I D
}= 20, 0.6, 0.3} Experimental results

(a) Elevation motor

{ {K T T
P
, ,

I D
}= 20, 0.6, 0.3} Experimental results

(b) Azimuthal motor

Fig. 3. Position step response for small displacements.

Ideal-PID control algorithm. Ideal-PID position control
was performed under a PWM frequency of 19.5 kHz
and the values of proportional gain, integral and
derivative times (KP = 20, TI = 0.6, TD = 0.3) have been
calculated initially using the Ziegler-Nichols method
and have been subsequently adjusted by heuristic rules
to obtain an acceptable dynamic response. Figure 3 (a)
shows the multi-step response of the linear motor
for small displacements. This figure shows that the
proposed Ideal-PID position control implemented has a
good dynamic response considering parameters in the
time-domain tests as rise time (around 3 s), settling
time (around 5 s) and overshoot and steady-state error
(near zero).

1.0 0.6

(a) Elevation motor

1.0

(b) Azimuthal motor

Fig. 4. Position step response for medium displacements.

Moreover, Fig. 3 (b) shows the multi-step angle res-
ponse of the azimuthal motor, where it can be seen
that the dynamic response converges to the reference
values with steady-state error (near zero).

Figure 4 shows the experimental results for
medium displacements and for different values
of proportional gain, integral and derivative time
(KP = 20, TI = 1.0, TD = 0.6). As can be seen in
Fig. 4 (a) (for the case of the lineal motor) and
Fig. 4 (b) (for the case of the azimuthal motor) the
multi-step response converges to the reference values
with steady-state error (near zero), even if it is
considered medium displacements.
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Fig. 5. Experimental results measured on Feb. 05, 2015.

4. EXPERIMENTAL RESULTS

The control strategy was tested in the 2.4 kW bi-axial
tracking system, taking variables of elevation and azi-
muth sun’s angles provided by the P03/3-ModbusGPS
weather station as the position references. The Ideal-
PID position control was performed under a PWM
frequency of 19.5 kHz (data was sampled every 1 s)
and using the following values of gains for the PID
algorithm KP = 20, TI = 0.6, TD = 0.3, which have
been tuned by heuristic rules to obtain an acceptable
dynamic response. Figure 5 (a) shows the azimuth
and elevation references of the sun measured on Feb.
05, 2015. A comparative analysis of efficiency has
been performed between the proposed bi-axial tracking
system (BS) and the fixed system (FS) considering the
same electrical connection scheme and load conditions.
In both cases the photovoltaic panels have been con-
nected to a 200 Ω ± 10 % test load. The total power
generated was quantified in 5-minute intervals under
no-ideal weather conditions (slightly cloudy) for both
topologies (bi-axial and fixed system). The FS was
positioned with an elevation angle of 25.2972 degrees
(which is the same as the site’s latitude where was
implemented the bi-axial solar tracking system) and
the azimuth was zero degree to get it oriented in north-
south direction.

Voltage and current values have been measured using
identical FLUKE 87V series multimeters and subse-
quently the measured values have been used to cal-
culate the generated power. As shown in Fig. 5 (b),
the bi-axial solar tracking system yielded higher power
and lower degradation of the power than the fixed
system within the 1 h of testing. The results show that
the proposed bi-axial solar tracking system introduces
an average improvement of 25 % compared with the
results obtained from a fixed solar system.

Moreover, Fig. 5 (c) shows the brightness measurement
by the weather station for east, south and west direc-
tion. It can be seen from Fig. 5 (c), especially in the
power analysis region, as the variability of brightness
affects the performance of the bi-axial and the fixed
system. From this figure it can be quantified that the
performance decreased close to 25 % (from a maximum
of 2,000 W to 1,500 W) and 15 % (from a maximum of
1,400 W to 1,200 W). According to the ZDNY-100C36
manufacturer’s data sheet, the maximum efficiency
can be obtain under the Standard Test Condition (STC)
considering 1,000 W/m2 of irradiance, solar spectrum
of Air Mass (AM) 1.5 and module temperature at
25 ◦C. Fig. 5 (d) shows the environmental temperature
evolution, where it is possible to observe how in the
power analysis region the temperature increase from
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36.5 ◦C to a maximum near to 40 ◦C. This increase
in the temperature produces a decrease of the total
power generated due to at higher temperatures the
semiconductor cell is able to deliver higher current,
however, its voltage will drop. From Fig. 5 (c) and
Fig. 5 (d) it can be seen that even with constant
intensity of solar radiation and temperatures rising,
the maximum PV power output falls, i.e. the efficiency
of photovoltaic energy transformation decreases, as can
be seen in Fig. 5 (b).

5. CONCLUSION

The field of renewable energies has experienced a
substantial growth in the last decades in which the
photovoltaic application has been one of the most
active research areas due to the costs reduction and
increment of efficiency. Research has been recently
conducted worldwide and numerous interesting deve-
lopments have been reported in the literature from
several complementary aspects to maximize the effi-
ciency and extract the maximum power from the PV
systems. In this paper a novel design of a bi-axial
solar tracking system using ICTs has been proposed
to improve the efficiency of the photovoltaic system
implementing the Ideal-PID control of the structure
in order to achieve the optimal position of the PV
modules perpendicular to the sun’s rays in real time.
Finally, experimental results have been measured in
order to evaluate the proposed system and control
performance with respect to the fixed solar system.
The comparative analysis of efficiency shows that the
performance in terms of generated power from the
bi-axial solar tracking system can be quantified (in
average) in the order of 25 %, showing a tendency to
increase when a drastic azimuth change of the sun
occurs.
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ABSTRACT 

 

In recent, to overcome the monitoring area limits of fixed 

surveillance systems moving systems that utilize small UAVs 

have been studying. In this paper, we propose a moving 

surveillance system that is able to operate a real monitoring on 

the narrow or small area where buildings stand close together. 

Based on the experimental results about the pre-planned 

simulation path, we founded the proposed system shows some 

efficiency performances. 

 

 

Keywords: Surveillance, Moving, Small UAVs and Narrow 

Area. 

 

 

1.  INTRODUCTION 

 

In recent, studies for utilizing multiple UAVs to detect, 

recognize, and track objects.[1-3] Also planning, simulation and 

control of activities of small UAVs have been presented.[4-6] 

And surveillance and trajectory are very important factors in 

fields of small UAV’s applications.[7-8] When a fire or an 

occasional accident is happened in a narrow specific area 

between buildings, we are faced with necessity of a system to 

be able to observe and monitor the scene immediately. If we get 

the real-time information related to the scene, we can cope with 

the situation immediately and easily. In order to represent a 

variety of information for the scene, two small UAVs are 

needed and one of them is for reconnaissance and the other is 

for surveillance, and also, an integrated user interface system 

composed of map marking, image displaying, and graphical 

viewing modules. Especially, in case of occlusions that the 

reconnaissance vehicle is behind a building and it is not 

observed, we cannot inspect the states such as the position or 

the direction of the vehicle. Therefore, a graphic system to 

present the situation graphically is necessary. This system 

calculates the azimuth and the elevation angle from the latitude, 

longitude, and altitude data of the surveillance UAV and 

indicates the current location of the surveillance UAV using the 

calculated angle data.[9] And if we mark the current position on 

the presentation map in real time, we can visually detect and 

monitor the surveillance UAV in the behind of the building. 

Also if we use the images from the reconnaissance UAV that is 

hovering at high position on air and interlink with the integrated 

visual system that is composed of the graphic system, the 

representation map, and the image display system, we will be 

able to detect and manage the accidental or suspicious situation. 

In this paper, we illustrate the background, structure, and 

operations of our proposed system and present the experimental 

results. 

 

 

2.  BACKGROUND 

 

2.1 Mission Planner  

There is an efficient simulation tool to be able to test the pre-

palled flight path before the real flight experiment and it is 

Mission Planner provided by Microsoft. This Mission Planner is 

a ground control station for small UAV like a quad-copter. 

Using this Mission Planner we can setup, configure, and tune 

the related vehicle for optimum performance and also it is 

possible to plan, save, and load autonomous missions into the 

autopilot with simple point-and-click way-point entry on 

Google map, and then we can download and analyze the 

mission logs created by the autopilot. In this study, we used this 

mission planner to simulate the pre-flight operation in a narrow 

area on Google map and to earn an simulated flight path and the 

related flight data before implementing our surveillance system. 

Figure 1 shows an example of the waypoint autopilot planning 

using Mission Planner. 

 

 
Figure 1.  An example of the waypoint autopilot planning using 

Mission Planner 
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2.2 Small Flight Vehicles 

To compose our surveillance system we need two small 

vehicles - one is for reconnaissance and the other is for 

surveillance. These fly simultaneously at low and high position 

from ground. The reconnaissance vehicle moves along the pre-

defined path and operates the reconnaissance mission using two 

cameras equipped in the forward and under directions on itself. 

The surveillance vehicle detects the operational situation of the 

former vehicle at more high position using the under directional 

camera. To operate these missions we used two AR Drones 2.0 

provided by Parrot Company. Figure 2 is the appearance of the 

small UAVs – A. R. Drone 2.0 – used to experiments of this 

paper. 

 

 

Figure 2. Appearance of the small UAVs, A.R. Drone 2.0 

 

2.3 Graphical Direction Viewer 

If the reconnaissance vehicle is to be positioned behind one of 

the buildings and it gets out of the visual area, we cannot detect 

the vehicle's current situation. But if the azimuth and elevation 

angles are calculated from the flight information - altitude, 

longitude, and latitude and are presented in the graphics system, 

the vehicle's current situation can be graphically presented. This 

graphic direction viewer is made by the graphical language - 

Open GL. 3.0. Figure 3 represents the procedure of modeling 

the graphic viewer to show the direction angles. 

 

 
Figure 3. The procedure for modeling our graphic viewer to 

show the reconnaissance vehicle’s direction angles. 

 

2.4 Marking Map 

In order to compare the simulation path and the real 

experimental result path we need a map for marking the paths. 

Portal companies such as Google or Daum provide the mark-

possible APIs to facilitate this, and they also provide the road 

and satellite image map to mark the paths. We used these maps 

provided from Daum. 

 

 

3.  SURVEILLANCE SYSTEM 

 

Figure 4 shows schematically the organization of the 

surveillance system proposed and implemented in this paper. 

 

 
Figure 4. Structure of the proposed surveillance system 

 

As figure 4 illustrates, the surveillance system has fairly simple 

missions of seven modules as follows.  

 

1) Vehicle 1 

Vehicle 1 has a mission to carry out reconnaissance and it 

moves along the pre-defined path on a narrow area buildings 

stand close together. Also it takes a picture the front scenery at 

the current location using a camera equipped on itself and 

transmit the image to the control station on the ground.  

 

2) Vehicle 2 

Vehicle 2 has a mission to keep watch the flight situation of the 

vehicle 1. it prevents for vehicle 1 to come into conflict with 

buildings or obstacles. And also it takes a picture downwards to 

the ground with the vehicle 1 and transmits the image from the 

under directional camera to the control station. And it receives 

the modified path information from the ground station and then 

modifies its path not to conflict with the buildings or obstacles. 

 

3) Flight Data Sender 

This module sends the simulated path data to the vehicle 1 so 

that it flies according to the paths and also sends the modified 

path data to change its path.  

 

4) Image Displayer 

This module takes a role to display the images transmitted from 

the two vehicles. We can look how things stand on ahead using 

image from vehicle 1 and detect the state of the vehicle 1 using 

the image from vehicle 2. 

 

5) Map Marker 

Map Marker shows the flight path operated from starting point 

to the current point on the road and the satellite maps. By using 

this map marker we can realize the current location of the 

vehicle 1. 

 

6) Graphical Direction Viewer 

This module is necessary to assume the location of vehicle 1 

and detect the direction toward vehicle 2. The azimuth and the 

elevation angles are calculated by the fight data - longitude, 
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altitude, and latitude - transmitted from it while vehicle 1 is 

flying. Figure 5 is a coordinate system to calculate the two 

directional angles from the flight information using equation (1).  

 
Figure 5.  Coordinate system to calculate the direction angles  

 

 

 

(1) 

                     (1) 

Here indicate indexes for latitude, longitude, 

altitude respectively. 

 

7) Ground Monitoring Station 

This station sends the simulated path data to vehicles, gathers 

the flight and image data from the vehicles, calculates the 

direction angles, modifies the path data and sends it to vehicles, 

and makes a continuous view and displays the images.  

Figure 6 shows the mission diagram of the proposed system 

using the six modules. 

 

 
Figure 6. Mission diagram of the proposed surveillance system 

 

 

4.  EXPERIMENTS AND RESULTS 

 

4.1 Experiments 

We ran the following experiment procedure to test the 

performance of the proposed system. 

 

1) Install a simulation flight path from the Mission Planner and 

operate the craft along the path and extract the flight data such 

as longitude, altitude, and latitude. 

2) Operate the two vehicles through the simulated path using 

the flight information extracted from Mission Planner. 

3) display the flight and image data transmitted from the two 

vehicles on the road and satellite image viewer. 

4) Simultaneously, represent the directional angle 

characteristics on the graphic viewer. 

 

In order to show the flight data, the operating path, images, and 

direction angles in same time, we have to synchronize these 

data in time. The flight data is extracted at frequency of 5 Hz 

and the images are of 30 Hz, and we synchronized these 

different frequencies to the image rate of 30 Hz. And we shared 

these two different types of data to two processors and 

processed their missions. The related diagram and the pseudo 

code are presented figure 7 and 8 respectively. 

 

 
Figure 7. Block diagram for processing the flight and image 

information. 

 

 
Figure 8. Pseudo code for sharing the flight and image data  

 

4.2 Results 

Figure 9 shows the simulation path drawn by the flight data 

from Mission Planner, and it represents a narrow area where 

several buildings are close to each other. 

 
Figure 9. Simulation path extracted from Mission Planner 

194

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)



 

Figure 10.  GUI of the proposed surveillance system 

 

Figure 10 shows the results of using the proposed system with 

two flight vehicles and it presents GUI of our system that 

simultaneously represents the experimental results such as road 

map, satellite map, the current state image of the vehicle 1 shot 

from the camera of vehicle 2, and the graphical direction angle. 

In image viewer, the small circles reveal the current location of 

the vehicle 1. And the vehicle paths are marked on the road map 

and satellite image map. In this figure, we could found that 

these paths are fluctuated and was far out the simulated path 

greatly and this maybe because their values from GPS are 

slightly changed according to time and location. 

 

 

5.  CONCLUSIONS 

 

In this paper, we present the moving surveillance system that be 

able to carry out reconnaissance and maintain surveillance at 

narrow and small area using two small flight vehicles. Although 

the small vehicles are very sensitive to wind, we found the 

possibilities that the moving surveillance mission has an 

effective advantage in the field of surveillance based on the 

experimental results. In future, we will study object tracking 

using reconnaissance vehicle and interconnect it with this 

system. 

 

6.  ACKNOWLEDGEMENT 

 

This research was supported by Basic Science Research 

Program through the National Research Foundation of 

Korea(NRF) funded by the Ministry of 

Education(No.2014R1A1A2056434) 

 

 

 

 

 

 

 

 

 

 

7.  REFERENCES 

 

[1]  K. Patel, J. Barve, “Modeling, Simulation and Control 

Study for The Quad-Copter UAV”, 9th International 

Conference on Industrial and Information Systems, 2014. 

[2]  H. S. Shin, M. J. Thak, “Nonlinear model control for 

multiple UAVs formation using passive sensing”, 

International journal of Aeronautical Space Science, vol. 12, 

no. 1, pp. 16-23,  2011. 

[3]  W. B. Dunbar, R. M. Murray,  “Model predictive control of 

coordinated multi-vehicle formations”, 41st IEEE 

Conference of Decision Control, vol. 4, pp. 4631-4636. 

2002. 

[4]  H. Yu, K. Meier, M. Argyle, R. W. Beard, “Cooperative 

path planning for target tracking in urban environments 

using unmanned air and ground vehicles “, IEEE/ASME 

Transactions on Mechatronics, 2015. 

[5]  K. Patel, Barve,”J. Ivari, "Modeling, simulation and control 

study for the quad-copter UAV”, 9th International 

Conference on Industrial and Information Systems, 2014. 

[6]  G. Chmaj, H. Selvarai, “Distributed Processing 

Applications for UAV/drones: A Survey”, Advances in 

Intelligent Systems and Computing. 2015. 

[7]  J. Fargeas, P. Kabamba, P. Girard, “Cooperative 

surveillance and pursuit using unmanned aerial vehicles and 

unattended ground sensors”, Sensors(Switzerland), 2015. 

[8]  J. Apeltauer, A. Babinec, D. Herman, T. Apeltauer, 

“Automatic vehicle trajectory extraction for traffic analysis 

from aerial video data “,  International Archives of the 

Photogrammetry, Remote Sensing and Spatial Information 

Sciences, 2015. 

[9] Y. J. Seo, D. W. Lee, “Test of UAV Tracking Antenna 

System Using Kalman Filter Based on GPS Velocity and 

Acceleration”, Journal of The Korea Society for 

Aeronautical and Space Sciences, vol 39, no. 9, pp. 883-888, 

2011. 

195

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)

http://www.scopus.com/record/display.url?eid=2-s2.0-84908399248&origin=resultslist&sort=plf-f&src=s&st1=surveillance+uav&sid=1310A5DA77FC99D6D64EB0E4D898749C.fM4vPBipdL1BpirDq5Cw%3a380&sot=b&sdt=b&sl=50&s=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%3e+2009&relpos=0&relpos=0&citeCnt=0&searchTerm=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%26gt%3B+2009
http://www.scopus.com/record/display.url?eid=2-s2.0-84908399248&origin=resultslist&sort=plf-f&src=s&st1=surveillance+uav&sid=1310A5DA77FC99D6D64EB0E4D898749C.fM4vPBipdL1BpirDq5Cw%3a380&sot=b&sdt=b&sl=50&s=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%3e+2009&relpos=0&relpos=0&citeCnt=0&searchTerm=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%26gt%3B+2009
http://www.scopus.com/record/display.url?eid=2-s2.0-84908399248&origin=resultslist&sort=plf-f&src=s&st1=surveillance+uav&sid=1310A5DA77FC99D6D64EB0E4D898749C.fM4vPBipdL1BpirDq5Cw%3a380&sot=b&sdt=b&sl=50&s=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%3e+2009&relpos=0&relpos=0&citeCnt=0&searchTerm=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%26gt%3B+2009
http://www.scopus.com/record/display.url?eid=2-s2.0-84924226145&origin=resultslist&sort=plf-f&src=s&st1=surveillance+uav&sid=1310A5DA77FC99D6D64EB0E4D898749C.fM4vPBipdL1BpirDq5Cw%3a380&sot=b&sdt=b&sl=50&s=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%3e+2009&relpos=10&relpos=10&citeCnt=0&searchTerm=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%26gt%3B+2009
http://www.scopus.com/record/display.url?eid=2-s2.0-84924226145&origin=resultslist&sort=plf-f&src=s&st1=surveillance+uav&sid=1310A5DA77FC99D6D64EB0E4D898749C.fM4vPBipdL1BpirDq5Cw%3a380&sot=b&sdt=b&sl=50&s=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%3e+2009&relpos=10&relpos=10&citeCnt=0&searchTerm=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%26gt%3B+2009
http://www.scopus.com/record/display.url?eid=2-s2.0-84906569383&origin=resultslist&sort=plf-f&src=s&st1=surveillance+uav&sid=1310A5DA77FC99D6D64EB0E4D898749C.fM4vPBipdL1BpirDq5Cw%3a380&sot=b&sdt=b&sl=50&s=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%3e+2009&relpos=7&relpos=7&citeCnt=0&searchTerm=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%26gt%3B+2009
http://www.scopus.com/record/display.url?eid=2-s2.0-84906569383&origin=resultslist&sort=plf-f&src=s&st1=surveillance+uav&sid=1310A5DA77FC99D6D64EB0E4D898749C.fM4vPBipdL1BpirDq5Cw%3a380&sot=b&sdt=b&sl=50&s=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%3e+2009&relpos=7&relpos=7&citeCnt=0&searchTerm=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%26gt%3B+2009
http://www.scopus.com/record/display.url?eid=2-s2.0-84921308578&origin=resultslist&sort=plf-f&src=s&st1=surveillance+uav&sid=1310A5DA77FC99D6D64EB0E4D898749C.fM4vPBipdL1BpirDq5Cw%3a380&sot=b&sdt=b&sl=50&s=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%3e+2009&relpos=3&relpos=3&citeCnt=1&searchTerm=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%26gt%3B+2009
http://www.scopus.com/record/display.url?eid=2-s2.0-84921308578&origin=resultslist&sort=plf-f&src=s&st1=surveillance+uav&sid=1310A5DA77FC99D6D64EB0E4D898749C.fM4vPBipdL1BpirDq5Cw%3a380&sot=b&sdt=b&sl=50&s=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%3e+2009&relpos=3&relpos=3&citeCnt=1&searchTerm=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%26gt%3B+2009
http://www.scopus.com/record/display.url?eid=2-s2.0-84921308578&origin=resultslist&sort=plf-f&src=s&st1=surveillance+uav&sid=1310A5DA77FC99D6D64EB0E4D898749C.fM4vPBipdL1BpirDq5Cw%3a380&sot=b&sdt=b&sl=50&s=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%3e+2009&relpos=3&relpos=3&citeCnt=1&searchTerm=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%26gt%3B+2009
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=56566688300&zone=
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=56566719000&zone=
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=56566143900&zone=
http://www.scopus.com/record/display.url?eid=2-s2.0-84925349737&origin=resultslist&sort=plf-f&src=s&st1=surveillance+uav&sid=1310A5DA77FC99D6D64EB0E4D898749C.fM4vPBipdL1BpirDq5Cw%3a380&sot=b&sdt=b&sl=50&s=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%3e+2009&relpos=15&relpos=15&citeCnt=0&searchTerm=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%26gt%3B+2009
http://www.scopus.com/record/display.url?eid=2-s2.0-84925349737&origin=resultslist&sort=plf-f&src=s&st1=surveillance+uav&sid=1310A5DA77FC99D6D64EB0E4D898749C.fM4vPBipdL1BpirDq5Cw%3a380&sot=b&sdt=b&sl=50&s=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%3e+2009&relpos=15&relpos=15&citeCnt=0&searchTerm=TITLE-ABS-KEY%28surveillance+uav%29+AND+PUBYEAR+%26gt%3B+2009


Proposal to Develop a Software Tool for Positioning and Protection of Confidential 

Information in a Mobile Phone 

 
Dmitry MIKHAYLOV  

 National Research Nuclear University MEPhI (Moscow Engineering Physics Institute) 

Moscow, 115409, Kashirskoe highway 31, Russian Federation 

 

Igor ZHUKOV  

 National Research Nuclear University MEPhI (Moscow Engineering Physics Institute) 

Moscow, 115409, Kashirskoe highway 31, Russian Federation 

 

Leonid LUKYANENKO  

 National Research Nuclear University MEPhI (Moscow Engineering Physics Institute) 

Moscow, 115409, Kashirskoe highway 31, Russian Federation 

 

Alexander BORUCHINKIN 

National Research Nuclear University MEPhI (Moscow Engineering Physics Institute) 

Moscow, 115409, Kashirskoe highway 31, Russian Federation 

 

Nikolay SYCHOV 

National Research Nuclear University MEPhI (Moscow Engineering Physics Institute) 

Moscow, 115409, Kashirskoe highway 31, Russian Federation 

 

Mikhail FROIMSON 

National Research Nuclear University MEPhI (Moscow Engineering Physics Institute) 

Moscow, 115409, Kashirskoe highway 31, Russian Federation 

 

Alexander ZUYKOV 

National Research Nuclear University MEPhI (Moscow Engineering Physics Institute) 

Moscow, 115409, Kashirskoe highway 31, Russian Federation 

 

and 

 

Igor DUSHA 

National Research Nuclear University MEPhI (Moscow Engineering Physics Institute) 

Moscow, 115409, Kashirskoe highway 31, Russian Federation 

 

 
ABSTRACT 

 

The issue of mobile security and private information protection 

is of great interest nowadays as mobile devices store private 

information, give access to on-line banking or business 

information. That is why this paper is devoted to developing the 

software tool for protection a mobile phone and information 

from illegal actions of the third party and particular in case 

when the mobile phone is stolen or lost. The proposed software 

allows determining owner’s location and remotely deleting 

confidential information or blocking the mobile phone. Control 

of the program is realized with the help of commands in SMS-

messages. The program works in the background. It 

automatically runs after restart. 

 

Keywords: determination of the coordinates, deletion of the 

confidential information, remote phone locking. 

 

1.  INTRODUCTION 

 

As mobile devices are getting an integral part of our 

everyday life they store and process data that can be of great 

importance for the user. Modern mobile phones have high 

functionality and are used to access the Internet for e-mailing, 

social networking, playing online games, watching movies and 

listening to music, finding your location and routing, etc. A 

smartphone can store many data that may be breached by theft 

or data leakage. Another problem with the development of 

mobile Internet and means of wireless communication is 

tracking. Both – criminals and mobile service providers can 

secretly track all the movements and activities of the mobile 

phone owner. [1-3] 

Because of wide functional opportunities, it is possible to 

store more information (not necessarily confidential) in a 

smartphone. Of course, this information needs to be protected 

from illegal access as a result of theft or loss [4-7]. 

Consequently, it is necessary to develop a software product, 

protecting a mobile device from illegal actions of the third 

party. 

Existing antivirus software is effective for protection of 

mobile devices [8-10]. However, such software can be useless 

in case of phone loss or phone theft. In this situation, other 

means will be effective. For example: Gao Yongqing et al. 

propose a smart phone anti-theft solution based on locking SIM 

(Subscriber Identification Module) card of mobile device. By 

the use of software algorithm, it is possible to find stolen mobile 

phone and protect critical information [11]. Although the 
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solution mainly consists of software components, it also 

comprises a hardware component. 

Apple Inc. successfully tastes remote phone locking in 

notebooks. This option allows remotely locking all functions in 

the device in case of loss or theft. Now phone owners can 

download such program in app stores. However, this locking is 

easy to circumvent. It is enough to reset or reflash the mobile 

phone. Build-in “kill switch” function allows destroying all data 

and files at IMEI (International Mobile Equipment Identity) 

number. It prevents the entry of important information into the 

wrong hands and makes work with stolen device impossible. 

[12] However, in this situation valuable data can be forever lost 

for the phone owner.  

Another approach is considered in [13]. A map-matching 

algorithm based on mobile phone locations considering the 

factors of distance, angle and travel expense is presented. 

Chowdhury et al. tell about a remote phone controller based on 

controlling a mobile phone by another device that can be either 

a normal or a smart phone [14]. 

Ruutu et al. describe a trial location system for mobile 

phones based on the observed time difference location method 

[15]. In [16] authors tell how Apple and Google track the 

movement of their users. Navigation without GPS (Global 

Positioning System) is considered in [17] and an organization 

Wi-Fi tracking system is presented in [18]. 

These ways of location do not exclude opportunities of 

mistake in case of determination the coordinates of a mobile 

station. These mistakes can be determined by such signal 

distortions as fading or noise and obstacles in the signal path. 

Park et al. propose the closest analogue to the proposed 

security software – a MAC (Media Access Control) based 

remote lock and wipe system through the message push 

notification to protect against the private data disclosure when 

the phone is lost or stolen [19]. It protects from denial-of-

service attacks and checks the messages length. However, it 

cannot give comprehensive data protection on the stolen device. 

Thus, it is necessary to develop the software tool, which can 

compensate disadvantages of existing solutions and ensure data 

protection in case of phone loss or phone theft. Authors of this 

paper propose the software tool for positioning and protecting 

confidential information in the mobile phone from illegal 

access. 

 

2.  PROPOSED SOFTWARE 

 

Android OS (operating system) was chosen for developed 

application as the mobile OS because of its popularity. The 

main peculiar features of Android are multitasking (for 

example, iPhone OS under 7 version does not allow working 

with several applications simultaneously except for music 

playing; starting with 7 version opportunities of simultaneous 

working are very limited) and using Java programming 

language. 

The developed software tool has the following 

opportunities: 

 remote telephone positioning with the help of special 

SMS; 

 if SIM-card is replaced without authorization (illegally), 

new phone number will be send to owner is SMS and the 

mobile phone will be locked; 

 remote locking and deleting all information from the 

mobile phone by the way of sending special SMS. 

Some schemes of owners and user (for example, a child or a 

male…) interactions we can see in the Figure 1. 

The opportunity of remote positioning is a very convenient 

function. You can know without phone call where the phone 

owner is. Moreover, in case of phone theft you can determine 

the location of a thief or take necessary measures (for example, 

go to the police). 

 

Fig. 1 – Scheme of interaction «Owner – malefactor» and 

«Parent – child» 

There are many ways for positioning of mobile phones: 

using data of an operator network [20], an integrated GPS 

module [21], Internet services (for instance, ip2location.com for 

determination of the coordinates by IP address), using Wi-Fi 

and so on. Moreover, there is a method for determination of the 

coordinates by means of the mobile phone. Such method 

implies obtaining coordinates by the way of manually setting or 

using other method of obtaining coordinates. Further, the device 

tracks the location by itself with the help of gyroscope and track 

the movement with the help of accelerometer. Thus, the device 

can calculate its coordinates at any time. However, this method 

is not used because it is necessary to constantly calculate 

coordinates and request data from accelerometer and gyroscope. 

It leads to rapid battery discharge. The most popular ways of 

tracking are data of the operator network and GPS. 

The first method can be used for working with any mobile 

phone. That is why this method was chosen for developed 

software. What is more, it is necessary to notice that it is 

possible to write software for determination of the coordinates 

at J2ME (Java) language for a simple phone (not smartphone). 

The interpreter of J2ME is built into many modern mobile 

phones (but functional is limited, i.e. there is no opportunity to 

work invisibly and in the background). 

What is more, mobile operators do not make public 

information about their cell towers location. Therefore, it is 

impossible to request your coordinates from mobile operator. 

However, there are “Yandex maps” and “Google maps” 

services. They are on-line services and programs for mobile 

phones, which allow determining the user’s location, finding 
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routes, getting information about traffic congestion and so on. 

The function of coordinates` determination works in any phone 

even without build-in GPS. Owners of mobile phones with GPS 

(if they use “Google Maps” or “Yandex Maps”) can report their 

location to the server at pleasure.  

Technical values of a base stations correlate with these 

coordinates: 

 MMC – country code (for Russian Federation – 250); 

 MNC – network code (MTS – 01, MegaFon – 02, Beeline 

– 99 and so on); 

 LAC – local area code (plurality of base station serviced 

by one controller); 

 CellId (CID) – Identifier, which consists of base stations 

numbers and a sector [22].  

Thus, there is a very convenient service for positioning of a 

mobile phone. What is more, the second method of positioning, 

based on data from GPS/A-GPS sensors, is also used. 

As to accuracy of positioning, GPS-module allows getting 

more accurate coordinates at the distance of 20 m in good 

conditions [23]. The range of values is 200-300m in the city 

(i.e. in areas with a dense network of base station) [24]. It is not 

critical. 

The opportunity of remote deletion of confidential 

information from a mobile phone is a very useful function. The 

deletion of information is a high-priority task in case of theft (if 

malefactors got the phone illegitimately). 

The remote locking of a mobile phone is also necessary in 

this case. Only owner of the mobile phone knows the unlock 

code. Thus, malefactors stay disarmed. 

These three means (getting coordinates, deleting 

confidential information and remote phone locking) allow 

preventing the using of the mobile phone by malefactors. 

Moreover, it will give more chances for malefactors 

apprehending. 

The program can be shared on the following modules: 

 setting module; 

 optional change setting module; 

 informational module; 

 command execution module. 

Informational module catches events, which are necessary 

for the applications: catches incoming SMS, voice calls, and 

checks, that the event is a command. In case this event is a 

command, it is transmitted into the command execution module, 

and this event is deleted from the history of the mobile phone 

(SMS from the list of incoming messages and information about 

incoming calls from the history of calls are deleted as well). In 

case this event is not a command, it is returned to the operation 

system for further processing. 

The setting module stores program settings. This module 

stores information, which is necessary for program working and 

correct interacting with a user. It stores: 

 SIM-card identifier; 

 action (there is a text correlating with each command); 

 command type (open/close). 

A program user can change settings remotely with the help 

of SMS or additional graphic application – optional change 

setting module. This application allows changing different 

settings into the main application. After deleting of graphic 

application special settings for the main application remain 

unchanged. 

The application is developed in two variants. The first way 

is described earlier. The second way is when auxiliary 

application is integrated into the main application. The icon of 

this application is not displayed. However, this application will 

be run and displayed if we enter the special code (in the type of 

*#9999999999#*) in the application for number dialing. The 

code can be changed in setting of the application. 

The example of remains SMS command, changing the text 

of the command for sending coordinates of the device, where 

“get gps” is a new command for getting coordinates, is: 

*.SMS_Cmd_ch_GPS:*get gps*: 

Command execution module implements commands, 

obtained from informational module. 

The program works in the background and has no 

application icon, displayed in the start menu. The application 

can be found among processes of the device. It is automatically 

run after restart of the device.  The algorithm of program 

working is represented in Figures 2-4. 

Application initialization

Waiting for events

Availability of action for 

events

Begin

Getting the current processed 

events

Command processing

NoYes

Returning events into OS

Fig. 2 – Algorithm of program working 

Save device identificator

Sending message about 

SIM-card chanhing

The first start of theprogram

Begin

Device locking

Registration of event 

receivers

No Yes

End

SIM- Card is changed
Yes

No

 

Fig. 3 – Program initialization 
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Deletion the SMS 

command from the 

history

Receiving 

GPS/A-GPS 

coordinates

Commant 

type

Begin

Deletion the call from 

the history

Send the SMS to a specified 

phone number 

End

Command

Receiving 

data from 

the network 

of telecom 

operator

SMS 

command

Call 

command

Command through 

the Internet

Lock the screen Unlock the screen

Generate SMS with a status 

of command execution

Generate SMS with obtained 

data

Change 

setting

Delete all data 

from user’s device

Command for 

working with data

Copy data Delete data

Delete all 

application data

Copy data to 

closed application 

folder 

Copy data to a 

remote server

Fig. 4 – Commands execution

When the program is run for the first time, it saves SIM-

card identifier (IMSI) and starts «waiting» for incoming events. 

Three types of commands control the program. You can 

adjust the performance of certain events (the default sending 

information about the location) when you call on the device 

with the specified extension number. For each action of the 

program, you can set the SMS command. Thus, the application 

will make the necessary actions. 

SMS commands can be of two types: covert and overt. 

Covert (close) commands are hidden from the user and deleted 

from the device, wherein the action is provided by this 

command. Overt (open) command is not deleted and displayed 

to the user as a normal SMS. Open commands are usually 

commands containing plain text, which in reality can be sent to 

the device, but it contains enough rare words or combinations 

thereof. The advantage of this type of commands is that they 

cannot be seen by analyzing incoming messages in general and 

those displayed in the history. In addition, the program can 

query the server and receive commands via the Internet when 

the Internet access is present.  

In this case, commands for real owners are sent through a 

special form of Web server. The program does not respond to 

other normal SMS. 

After receiving the command, the analysis is performed. If 

it is a positioning command, it receives the information about 

the location of base stations for mobile operator and, if it is 

possible, GPS / A-GPS, and transfers these data to the 

configured phone number and waiting for the next command. 

If the command of confidential information is obtained, all 

data from covert (close) folder of the application or all data 

from the device are deleted to prevent gaining access of 

malefactors.  

The opposite command allows saving the data. The data in 

the mobile phone can be important. Therefore, users can save 

them. In contrast to existing analogues, the application allows 

saving data in its own protected folder (access is impossible 

without Root rights).  

What is more, data is encrypted using a password obtained 

with the command storing data that allows protecting data even 

in case of having Root access rights in the device.  
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The password is not stored in the application. Therefore, the 

malefactor has no opportunity to decrypt the data. Moreover, 

there is a command to load the data to a remote server program. 

It allows owner restoring the data in case of loss of the device. 

If the command of phone locking is obtained, the mark 

about phone locking will be written in settings (to lock the 

device during the restart), and the device will be locked. 

In case of blocking command reception it is marked in 

settings that the phone is locked (to produce a subsequent 

reboot lock) and the phone is locked. The malefactor will see 

only the blocked window. This window overlaps other windows 

and cannot be removed by going to the main menu by pressing 

Home button. 

If the phone is restarted after receiving the locking 

command, this phone will be locked again. If SIM-card is 

changed, the device will be locked as well, and SMS with new 

number of SIM-card will be sent to owner.   
 

3.  TESTING 

The process of new program testing is presented below. 

For positioning of the mobile phone owner sends an SMS 

with a special text on this phone. In response, an SMS comes 

with GSM network data: MCC; MNC; LAC; CID (and GPS, if 

data are available). 

Getting this information, the user makes a request for 

service "Yandex Maps" to get the coordinates: 

http://mobile.maps.yandex.net/cellid_location/?cellid=5410

1&operatorid=01&countrycode=250&lac=6315 

 

 
 

In accordance with latitude and longitude, the device owner 

determines the location of the mobile phone using the service 

«Google maps»/«Yandex maps»: 

http://maps.google.com/maps?q=55.8606061,37.4908968 

 

Fig. 5 - Using «Google maps» for positioning of the mobile 

phone 

 

During testing, the software accurately determines the 

location of the "stolen" device in 65 of 65 cases (for each 

message request the owner got the correct coordinates of the 

device). 

 

4.  CONCLUSIONS 

 

This paper presents the idea of software development for 

positioning and protecting confidential information when the 

mobile phone is lost or stolen. The software can remotely lock 

the phone, track its location and delete all data from the device. 

However, user can save necessary data. 

The proposed solution can be used to improve existing 

information protection means, remove the vulnerabilities and 

ensuring more thorough protection from intruders. 

In the future, authors plans to complete the software 

development, debugging and testing. It is expected that the 

software will work more effective and have greater 

functionality than the existing analogues. 

 

5.  REFERENCES 

 

 [1] Mikhaylov D.М., Zhukov I.Y. Protecting mobile phones 

from attacks. Edited by Iwashko А.М. М.: Foylis, 2011. – 

192 с.: fig., ISBN 978-5-91860-010-8. 

[2] Shukia, D., Kumar, R., Phoha, V.V., Serwadda, A. Beware, 

your hands reveal your secrets! Proceedings of 21st ACM 

Conference on Computer and Communications Security, 

CCS 2014; Scottsdale; United States; 3 November 2014 

through 7 November 2014. Pages 904-917. 

[3] Mikhaylov Dmitry, Zhukov Igor, Starikovskiy Andrey, 

Kharkov Sergey, Tolstaya Anastasia, Zuykov Alexander. 

2013. Review of Malicious Mobile Applications, Phone 

Bugs and other Cyber Threats to Mobile Devices. 

Proceedings of 2013 5th IEEE International Conference on 

Broadband Network & Multimedia Technology (5th IEEE 

IC-BNMT 2013), November 17-19th 2013 Guilin, China. 

Pages 302-305. 

[4] Taenam Cho; Jae-Hyeong Kim; Hyeok-Ju Cho; Seung-

Hyun Seo; Seungjoo Kim. 2013. Vulnerabilities of android 

data sharing and malicious application to leaking private 

information. Fifth International Conference on Ubiquitous 

and Future Networks (ICUFN). Pages: 37 – 42. 

[5] Mulliner, C.; Liebergeld, S.; Lange, M.; Seifert, J.-P. 2012. 

Taming Mr Hayes: Mitigating signaling based attacks on 

smartphones. 42nd Annual IEEE/IFIP International 

Conference on Dependable Systems and Networks (DSN). 

Pages: 1 – 12.  

[6] Stirparo, Pasquale; Fovino, Igor Nai; Taddeo, Marco; 

Kounelis, Ioannis. 2013. In-memory credentials robbery on 

android phones. World Congress on Internet Security 

(WorldCIS). Pages: 88 – 93. 

[7] Woo Bong Cheon; Keon ilHeo; Won Gyu Lim; Won Hyung 

Park; Tai Myoung Chung. 2011. The New Vulnerability of 

Service Set Identifier (SSID) Using QR Code in Android 

Phone. International Conference on Information Science 

and Applications (ICISA). Pages: 1 – 6. 

[8] D.M. Mikhaylov, A.V. Zuykov, M.I. Froimson, A.S. 

Smirnov. Development of the Protection System Against 

Malicious Software. 6th International Conference on 

Knowledge Management and Information Sharing (KMIS), 

21-24 October 2014, Rome, Italy. Pages 161-170. 

[9] Fu-Hau Hsu; Min-Hao Wu; Chang-Kuo Tso; Chi-Hsien 

Hsu; Chieh-Wen Chen. 2012. Antivirus Software Shield 

Against Antivirus Terminators. IEEE Transactions on 

Information Forensics and Security, (Volume: 7, Issue: 5). 

Pages: 1439 – 1447. 

[10] Dube, T.E.; Raines, R.A.; Grimaila, M.R.; Bauer, K.W.; 

Rogers, S.K. 2013. Malware Target Recognition of 

200

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)

http://mobile.maps.yandex.net/cellid_location/?cellid=54101&operatorid=01&countrycode=250&lac=6315
http://mobile.maps.yandex.net/cellid_location/?cellid=54101&operatorid=01&countrycode=250&lac=6315
http://maps.google.com/maps?q=55.8606061,37.4908968


Unknown Threats. IEEE Systems Journal, (Volume: 7, 

Issue: 3). Pages: 467 – 477. 

[11] Gao, Yongqing; Zhou, Chunlai; Shang, Dan. A Smart 

Phone Anti-theft Solution Based on Locking Card of 

Mobile Phone. International Conference on Computational 

and Information Sciences (ICCIS), 2011. Pages: 971 – 974. 

[12] Simon Hill. Why don’t we have kill switches in 

smartphones?AndroidAuthority.com,March 4, 2014. URL: 

http://www.androidauthority.com/samsung-remembers-

secret-success-351440. 

[13] Wang, J.; Wang, D.H.; Chen, S. Map Matching Algorithm 

Based on Mobile Phone Location. International Conference 

on Intelligent Computation Technology and Automation 

(ICICTA), 2011 (Volume: 1). Pages: 676 – 679. 

[14] Chowdhury, Mahfuzulhoq; Imteaj, Ahmed; Patwary, 

Kamrul Hossain; Chowdhury, Sulogna. Remote phone 

controller: An application to control smart phone. 9th 

International Forum on Strategic Technology (IFOST), 

2014. Pages: 105 – 108. 

[15] Ruutu, V., Alanen, M., Gunnarsson, G., Rantalainen, T., 

Teittinen, V.-M. Mobile phone location in dedicated and 

idle modes. The Ninth IEEE International Symposium on 

Personal, Indoor and Mobile Radio Communications, 1998. 

(Volume: 1). Pages: 456 – 460. 

[16] Mikhailov D.M., Zuikov A.V., Zhukov I.Y., Beltov A.G., 

Starikovskiy A.V., Froimson M.I., Tolstaya A.M. Research 

of  vulnerabilities of Apple and Google mobile devices. 

Scientific and technical journal «Special equipment and 

link», №6 November-December 2011. Moscow, 2011. Pp. 

38-40 

[17] Premchaiswadi, W.; Romsaiyud, W.; Premchaiswadi, N. 

Navigation without GPS: Fake location for mobile phone 

tracking. 11th International Conference on ITS 

Telecommunications (ITST), 2011. Pages: 195 – 200. 

[18] Mingkhwan, A. WI-FI Tracker: an Organization WI-FI 

Tracking System. Canadian Conference on Electrical and 

Computer Engineering, 2006. Pages: 231 – 234.  

[19] Kyungwhan Park; Gun Il Ma; Jeong Hyun Yi; Youngseob 

Cho; Sangrae Cho; Sungeun Park. Smartphone remote lock 

and wipe system with integrity checking of SMS 

notification. IEEE International Conference on Consumer 

Electronics (ICCE), 2011. Pages: 263 – 264. 

[20] Shtanko N.N. Method for determining the location of the 

subscriber in GSM networks//Papers of the conference 

"Digital signal processing and its application» («DSPA-

2007"). - 2007. - Pp. 171-173. 

[21] Naberezhny Alex. Tell me your cell, and I will tell you 

where you are. "PC World», № 01, 2008. 

[22] StepanIlyin. Navigation without GPS: how to define your 

position with the help of IP, GSM / UMTS and Wi-Fi. 

Hacker Magazine, 2009. URL: 

http://www.xakep.ru/post/48378. 

[23] Anuchin O.N., Yemelyantsev G.I. Integrated systems of 

orientation for marine objects, edited by 

V.G.Peshehonova.2nd edition, St. Petersburg SSC RF-CRI 

«Elektropribor», 2003, 390p. 

[24] Oleg Yudin. Mobile phone: friend or enemy? Information 

portal of Information Technologies Center "ORBIT-

UNION", 13 October 2010. URL: http://os-

info.ru/enziklopedia-brzopasnosti/sotovyj-telefon-drug-ili-

vrag.html. 

 

 

 

 

201

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)



 

Strategies for the Development and Analysis of Functional Safe  

Automotive Mechatronic Systems 

 
Stephan REINHOFER, Markus ERNST, and Jürgen FABIAN  

Institute of Automotive Engineering, Graz University of Technology 

Graz, 8010, Austria 

 

 

 
ABSTRACT 

 

Ongoing advances in mechatronic components and power 

electronics help to improve control systems within automotive 

applications. New developed or designed components enable 

more efficient system architectures and control. The 

management of several parameters of future drive architectures, 

such as high torque and power output, high system efficiency, 

low mass, low energy consumption, very low exhaust gas 

emissions, and low costs is essential for future propulsion 

concepts. Based on these development trends, mechatronic 

systems within automotive engineering are gaining more and 

more importance. 

At the same time, quality and safety requirements become 

challenging for automotive manufacturers as well as their 

suppliers regarding the decrease of default risk and increase of 

component reliability in a high degree. Therefore, safety-

relevant aspects in the development of modern mechatronic 

systems have to be considered thoroughly. The high number of 

technical properties and complex connections of mechatronics 

systems in the development of modern vehicles are very 

challenging for state-of-the-art analysis methods. For this 

reason, new and innovational safety concepts are required, to 

optimize existing safety concepts using conventional 

components and methods in combination. 

This paper includes a detailed comparison of different analyzing 

methods, to identify systematically and random failures, as well 

as safety standards, such as IEC 61508 (Functional Safety of 

Electrical/Electronic/Programmable Electronic Safety-related 

Systems) and ISO 26262 (Road vehicles – Functional safety), 

which requires a classification in ASIL (Automotive Safety 

Integrity Level). To fulfil nowadays safety standards for 

complex mechatronic systems, several different analysis 

methods have to be applied. Only the connection of any safe 

fault recognition with a safe fault reaction enables a system to 

avoid harmful consequences. Regarding product development, 

there is an ongoing change from routine tests (durability tests) 

to testing selected parts of a safety function (fault injection 

tests). How action is taken is changing, with a trend towards a 

further development of IT tools, supporting functional safe 

systems holistically, including hazard and risk assessment, 

integrated system analysis of systematic and random failures, 

and hardware metrics. The publication closes with an overview 

of a functional safety concept and presents an outlook to future 

trends of safety systems analysis. 

 

Keywords: Failure Mode and Effects Analysis FMEA, Failure 

Tree Analysis FTA, IEC 61508, ISO 26262, Automotive Safety 

Integrity Level ASIL, Fail Operational, Automotive 

Mechatronic Systems, Drive Architectures. 

 

 

 

1.  INTRODUCTION 

 

The increasing amount of electronic components and use of 

electro-mechanical actuators in the automotive sector raises the 

reliability and system integrity needs. As removing mechanical 

back-up systems is more and more considered, safety related 

electronic structures must be designed to work in any 

circumstances. As failure rates for electronic components are 

higher than for mechanical, the skill lies in creating reliable 

structures out of less reliable elements. Redundancy in software 

and hardware are the keys to overcome reliable issues from 

single point failures. A combination of these approaches allows 

a creation of an architecture, which can deal with a restricted 

number of failures. 

The use of electronic components in safety related systems in 

automotive is steadily increasing. In order to achieve an equal 

or higher safety level as with pure mechanic components, these 

components are designed with a fail-safe redundancy level. 

Fail-safe signifies that the component is transferred into an 

active or passive safe state when a failure occurs. In case of a 

passive safe state, all concerning interfaces are silenced in order 

to exclude any interferences of peripherals or other functions. 

Fail-safe on one hand, protects the remaining system from 

disturbance, but on the other hand the availability of the 

component suffers from this technique. Dependent on the 

implemented function by the component, the function might 

have a very high priority for the system therefore the 

availability of it is essential [1]. 

For driving assistance systems, electronic components are 

essential parts which allow fast controlling of the actuators. The 

state of the art for saving assistance functions is fault tolerance 

at fail-safe level. On assumptions that the average driver can 

control the car without the assistance systems, the fail-safe level 

is completely appropriate. Considering that the younger 

generation never had experienced driving without electronic 

assistance systems and are completely accustomed to it, 

increasing the fault tolerance level to fail-operational is 

recommended [2]. 

The origin of fail-operational architectures lies in aeronautic 

engineering. Aviation needed technical implementations which 

provide functionality under any circumstances during the whole 

flight. Different from other industry sectors, failure in safety 

critical functions could not be solved with transition to a safe 

state. As the safe state of an airplane is reached when it is 

landed, sending functions which keep the plane operational 

while flying to a silent state do not increase the safety of the 

plane. Strategies needed to be applied to keep vital functions 

operational on any cost. Precautions had to be made in order to 

reduce the risk of losing essential functions to an acceptable low 

level. These precautions were the implementation of 

redundancy in order to achieve operational behavior, even after 

several failures of the same item [3]. 
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2.  COMMON STRATEGIES 

 

Whether a fail-operational level or a fail-silent level of fault 

tolerance is required, redundancy is mostly the key of 

implementing it. A classic distinction into software and 

hardware related areas leads to following strategies: 

 Static Hardware redundancy 

 Dynamic Hardware redundancy 

 Static Software redundancy 

 Dynamic Software redundancy. 

 

A. Static Hardware redundancy 

The most widespread hardware method is static redundancy 

combined with a majority voting, also called M-n-Systems. 

Within this method, critical elements of a safety related item are 

multiplied. They are fed with the same inputs and provide, if 

functionally correct, the same output. To determine if an output 

is correct or not, all outputs from the elements are fed to a voter. 

The voter then compares the outputs of the multiplied elements 

and assumes that the output given by the majority is the correct 

one. Only the result of the majority voting is forwarded to the 

item which needs the information. Possible wrong outputs are 

suppressed as long as not the majority of the elements deliver 

wrong outputs at the same time. Elements, which deliver wrong 

outputs several times, can be masked and excluded from the 

voting. In this case, a degradation of the fault-tolerance level 

takes place, as depicted in Fig. 1 [4]. 

 

 

Fig. 1.  Static redundancy topologies for Electronic Control 

Units (ECU) including a Voter: (a) Duo-Duplex provides fail-

silent level, (b) TMR stays operational after one ECU failing 

and (c) Duo-Duplex activates has passive backup unit and 

therefore too stays operational after one failure [5]. 

 

Depending on the required tolerance level of the application, 

critical elements are doubled, tripled or quadrupled to stay 

operational after one, two or even three failures of the same 

item. In principle, any amount of elements and majority number 

is possible in M-n-Systems, where m describes the limit needed 

for the majority, and n the amount of elements used. The 

minimum set for majority voting, a 2 out of 3 system, is also 

called Triple Modular Redundancy (TMR) and can still operate 

after one element fails. After one failure, TMR degrades to a 

Duplex System where the Voter only compares the outputs of 

the elements instead of a majority voting. If both outputs are 

equal, a correct state of the elements is assumed. The Duplex 

system needs to shut down when another element fails, since 

there is no guarantee if the remaining single element gives right 

values or not. Through a plausibility check it is possible to 

proof, if the value is within a realistic range. Element failures 

which manipulate output values to a level that normally could 

occur as well and are therefore not detectable. In safety related 

applications, this insecurity cannot be accepted [5]. 

A weak spot of M-n topologies are occurring failures in the 

voter itself: if the voter fails, the whole item fails. To overcome 

this situation, a Duo-Duplex system with two independent items 

can be used. Also topologies that triple the voter, so called 

triple-triple redundancy, are a promising way of overcoming 

voter failures [6]. 

 

B. Dynamic Hardware redundancy 

A downside of M-n systems is the simultaneously outwearing 

of parallel elements and the increasing power consumption with 

every added element. The redundant elements are running for 

the same amount of time and experience the same extend of 

ageing. An approach to improve the unnecessarily outwearing is 

given by a dynamic reconfiguration strategy. This strategy has 

only one element running at a time operating and the other 

redundant elements are shut down (cold standby). A fault 

detection system has to monitor the operating element whether 

its function is correct or not. If the element fails, a sleeping 

redundant element is turned on and replaces the defect one. This 

of course, takes some reconfiguration time which is a critical 

factor for the system recovery. Another crucial factor is the fault 

detection routine by itself since this system works only as good 

as its fault detection does. Using fail-silent elements, which do 

not give any output when an internal failure occurs, simplifies 

the fault detection [4]. 

 

C. Static Software redundancy with n-version 

programming 

N-version programming is an analogue approach in software as 

M-n systems implementation in hardware. Several code routine 

alternatives are programmed independently for the same 

specification. The main and the alternative software are 

executed simultaneously, their outputs are compared, and only a 

correct value is forwarded. To supply independence, other 

programming teams, other software languages and other 

compilers are used. This increases the costs, complicates 

documentation and servicing of the item. Analogous to the 

hardware, this diversity concept protects the software from 

systematic failures. Only failures in the specification are not 

covered [4], [6]. 

 

 

D. Dynamic Software redundancy with recovery 

blocks 

Recovery blocks are a dynamic redundancy concept in 

software. Within a recovery block, several code alternatives 

realizing the same function are offered, as in n-version 

programming. Instead of running all alternatives 

simultaneously, only one at a time runs and its output is 

checked afterwards by an acceptance test. If the acceptance test 

detects an error, the previous state is restored and the next code 

alternative is chosen. When there are no more alternatives left, 

the whole software item fails. As a protection against failures 

resulting from transient hardware failures, the same code 

alternative can be repeated. 

Problems may arise through intercommunication of a running 

code alternative with other processes outside the recovery block 

followed up by a failed acceptance test. Other processes need to 

be informed about the corrupted outcome of the process and 

their received data, otherwise corrupted data is assumed to be 

correct, which leads to a distribution of the failure within the 

system, as shown in Fig. 2 [6]. 
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Fig. 2.  A fault tolerant recovery block, containing several code 

alternatives, an acceptance test and a recovery mechanism to 

roll back and switch the code routine according to [6]. 

 

3.  FAULT TOLERANT ARCHITECTURES 

 

The presented redundancy strategies from the former section 

shall now be taken into account to form an economic fault 

tolerant architecture for automotive purposes. At first, related 

work of a fault tolerant break-by-wire architecture is presented 

which build a basis for further progress. A generic architecture 

and an assessment procedure shall be developed which 

implements fault tolerance for a specific time interval and with 

reduced performance. 

 

Electric vehicle architecture 

In [7], Purnendu Sinha and Vinod Agrawal first introduced a 

generic architecture of an electric vehicle system and afterwards 

converted it into a fail-operational architecture. With the help of 

a fault tree analysis, critical points of the architecture are 

enlightened and empowered with redundancy. 

 

 

Fig. 3.  Basic electric vehicle system according to [7]. 
ECU - Electronic Control Unit       EPB - Electric Parking Brake 

EMB - Electro-mechanical Brake 

RESS - Rechargeable Energy Storage System 

FL - Front left tire        FR - Front right tire 

RL - Rear left tire        RR - Rear right tire 

The basic architecture can be seen in Fig. 3 and consists out of: 

 a motor 

 a high voltage battery and super caps building a 

Rechargeable Energy Storage System (RESS) 

 an Electronic Control Unit (ECU) which handle the 

energy management and vehicle motion 

 Electro-mechanical brakes (EMB) 

 Electric Parking Brakes (EPB) on the front tires 

 and Sensors for steering angle, pedal positions, 

parking position, vehicle and wheel velocity. 

 

The fault tree analysis declared the rechargeable energy storage 

system, the electric parking brake and electro-mechanic break 

parts as most important functions of the architecture which 

should therefore be operational after one (single point) failure. 

As the ECU controls both braking functions, a doubling of the 

same is inevitable. Each ECU is given a separate bus 

connection to a parking break, ensuring that one parking brake 

is still controllable after one failure of the ECU. The EMBs of 

the Front-Left (FL) and the Rear-right (RR) are controlled by 

ECU 1 while the friction brakes of the Rear-left (RL) and the 

Front-right (FR) tire are controlled by ECU 2. If one ECU is 

failing, regular braking is still available with less performance 

and the diagonally partitioning keeps the vehicle from skidding. 

To prevent termination of controlling due to power loss, the 

RESS is doubled and added with redundant connection to the 

power electronics and to each ECUs. The connection bus to the 

sensors is also considered essential for a correct execution of 

the ECUs and is equipped with a redundant FlexRay dual 

channel (see Fig. 4) [7]. 

 

 

Fig. 4.  Fail-operational electric vehicle system according to [7]. 
ECU - Electronic Control Unit       EPB - Electric Parking Brake 

EMB - Electro-mechanical Brake 

RESS - Rechargeable Energy Storage System 

FL - Front left tire        FR - Front right tire 

RL - Rear left tire        RR - Rear right tire 

 

In the revised architecture (Fig. 4), the power electronics and 

the motor are still sources for single point failures. Because of 

this, the authors of [7] proposed another architecture alternative 

where additionally the motor and the power electronics are 

divided into 3 independent units to increase the availability of 

the vehicle. From a safety point of view, the viewed architecture 
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in Fig. 4 is sufficient since braking functions are ensured with 

the redundant connection between the ECUs and the RESS. Due 

to the considered hazard scenarios of this architecture approach, 

the correct function of the ECU and the correctness of its inputs 

and outputs sources clearly stay in the focus. To complement 

the fail-operational behavior of the braking functions, a closer 

examination on the EMB found in [8] is performed. 

 

Hydraulic braking compared to electro-mechanical 

braking 

The transition from hydraulic brake actuators to EMBs with no 

mechanical back-up system inherit some benefits. The hydraulic 

system can now be completely dropped which releases space 

and system weight, thus increasing the overall system 

performance. Additionally, mounting non-hydraulic actuators 

allows an easier and faster assembly into the host car. The 

challenge for electric braking is the required reliability: brake 

actuators have to work in any case. While hydraulic actuators 

have been proven to be highly reliable over decades, electronic 

components tend to have higher failure rates than pure 

mechanical ones. To omit losing brakes, EMBs need to be 

realized with fail-operational capacity, recommended as at least 

TMR [8]. 

In the previous exposed architecture, each tire is equipped with 

a EMB which could be assumed as quadruple redundancy of 

brake actuators. Keeping in mind that breaking with only one 

functional EMB will lead to a loss of stability and 

controllability, an assumption of a TMR with restriction is more 

realistic. With the demand of at least two diagonally placed 

EMBs for braking without losing stability, the structure can 

only cope with a second failing EMB as long as the remaining 

actuators are diagonally aligned. 

 

4.  SUMMARY AND OUTLOOK 

 

The exposed architecture and further examination of the EMB 

are building a good basis for improving and creating a fail-

operational architecture with respect to the costs. Sensors are 

the next object to be considered as they supply the electronic 

with environmental values. Critical assessment off components 

will tell which strategies improve the safety and which enhance 

the availability. 

Implementing fail-operational behavior only for a restricted 

amount of time could lower the requirements for redundant 

elements. Also a degradation of performance in case of failures 

should lower the required capacity of a backup element. A 

procedure which identifies the required extends of fail-

operational behavior in the application with regards to time and 

performance is essential to apply these concepts and needs to be 

developed first. While these concepts mainly aim on the 

reduction of additional costs caused by higher redundancy level, 

an impact on weight and space might also be observable. 
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ABSTRACT 

 

The application of virtual worlds can be advantageous in many 

academic subject areas. This technology has gained attention 

over the last several years as both a method of instruction, (e.g., 

eliciting student engagement) and as a form of online social 

interaction. Despite the potential for this medium, there are 

many untapped uses; specifically, in the computer ethics area. 

In this paper, we discuss our previous work in using virtual 

worlds for ethical case studies, the potential to use the open 

areas of virtual worlds for ethical study and observation; and, 

provide feedback on students’ perceptions of how this 

technology could impact their ethical decision-making. In 

addition, we discuss our future plans to use virtual worlds for 

additional ethical research. 

 

Keywords: Virtual World Ethics, Second Life, Ethics Case 

Studies 

 

 

1.  INTRODUCTION 

 

A virtual world is a 3-dimensional representation of a world or 

scene that can be acted upon by its users through some form of 

representation, known as an Avatar. Virtual technologies allow 

for three-dimensional simulations, many of which do not 

require specialized VR headsets or additional equipment to use, 

as these simulations can be viewed on one’s home computer. 

Interacting with these technologies has become a normal 

extension for some, used as a tool to socialize, conduct business 

and even learn. Due to the graphical and 3D nature of many of 

these applications, their usefulness goes beyond entertainment 

value alone. Virtual worlds and 3D spaces have been used for 

an array of educational purposes over the last several years 

[6][9]. This also includes the use in the general education 

curriculum in some schools as a vehicle for research and social 

exploration [3]. There have also been a growing number of 

available 3D environments that have emerged for a vast array of 

purposes and intended target users and age groups [7]. As this 

technology continues to grow in popularity, so will the 

possibilities of their use.  

 

In our application of virtual worlds, we have focused on Second 

Life in particular. Second Life (SL) is a 3D virtual world 

created by Linden Lab with approximately 36 million registered 

users and nearly 700 sq. miles of virtual landmass [8].  Second 

Life was chosen as our virtual world platform due to our 

familiarity with the environment, the size of the virtual world 

and availability to use the software in the computer labs. The 

client software and account creation is free for its users. Users 

in SL can choose most any type of representation in which to 

interact within the environment, which is dynamic and can be 

changed. SL users or “residents” can also build objects, 

maintain a residence, open a virtual business and make money 

by means of the virtual currency of the Linden dollar.  Also, 

interactive objects and other designs can be created and also 

linked to other applications using the Linden Scripting 

Language (LSL). Having the possibility of flexibility and 

interactivity makes the platform well suited for an array of 

projects and experiments.  

 

Virtual worlds allow for educators to provide students with an 

engaging and interactive tool. The educational space can be 

customized in many different ways. It is important for the 

learning process that virtual classrooms be inviting and 

engaging. “Students engaged in educational games and 

simulations are interpreting, analyzing, discovering, evaluating, 

acting, and problem solving” [1]. SL is useful because it allows 

for a level of student creativity, exploration and self-discovery 

that is controlled by the student and facilitated by the instructor. 

Our focus for this paper is the application of Second Life in 

ethical decision-making and students’ perceptions of this 

technology in assisting in the decision-making processes. A 

technology like Second Life can be used to extend the 

traditional classroom to create a more immersive and interactive 

environment for ethics education. 

 

 

2.  APPLICATION OF ETHICS IN VIRTUAL WORLDS 

 

Using virtual simulations of a world or society can be 

advantageous for teaching about various types of interactions 

and problems that occur in real life. Teaching ethics in a 

computing curriculum involves many dynamic and complex 

factors [5], which in many cases can be incorporated into a 

virtual learning space. The following goals are important for 

computer ethics courses: 1) Students should be able to 

appreciate the need for ethics as applied to computer 

technology; and, 2) Students should be able to analyze and 

debate ethical issues regarding computer technology. Most 

often these objectives are met through various in-class or online 

activities and through exercises such as case studies, homework, 

online assignments, and in-class discussions based on reading 

materials from textbooks, magazines and journal articles. The 
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computer ethics course is designed to help students deal with 

societal and ethical issues as professional computer scientists or 

as knowledgeable users.  Ethical matters involving the delicate 

balance of information and technology in our society are closely 

examined.  The effects of computer usage on the human 

condition in society are discussed, with examples taken from 

several areas of application.  Some topics covered are 

intellectual property rights, privacy, security, censorship, 

computer crimes, and legislation regarding computer 

technologies. Professional Ethics activities in computing are 

studied that include professional and corporate standards, codes 

of ethics and good practice, and certification and licensing of 

computing personnel [5].  

 

Case study assignments are a traditional pedagogical method of 

instructing students in using ethical decision-making 

applications.  Through the use of case study assignments, 

students gain valuable decision-making skills and knowledge. 

Students will gain analytical and problem-solving skills; the 

ability to draw reasonable inferences from observation, and; the 

ability to develop, synthesize, and integrate information.  In 

addition, students approach ethical issues based on a holistic 

approach, which allow them to distinguish between facts and 

opinions [5]. Previously the use of Second Life as a case study 

received positive feedback from students as a useful educational 

tool [10]. This led the professors to investigate the impact of 

virtual worlds/reality in other educational contexts; specifically, 

in the computing area [2].  One area of interest lacking the 

application of virtual world technology was in computer ethics.   

In order to meet this challenge, professors created cases in 

Second Life for ethical decision-making exercises through 

virtual role playing activities.  Second Life was used to 

demonstrate the use of virtual worlds in real life case scenarios 

[11].   

 

In these previous applications, specific interactive scenes were 

created for student use in the classroom. These scenes were 

based on two readings that the class would traditionally have, 

followed by a series of questions and in-class discussions. 

Using SL, students were able to not only read about the case, 

but create an avatar to explore a 3D recreation of the same 

environment from the readings. Some students created their 

avatars as characters of the particular example and acted as the 

scene in from of the class (virtually). The idea was to increase 

the realism, engagement and interaction with the case material. 

From the previous research, students did express an increase in 

personal engagement and interest compared to the traditional 

class lecture [11].  

 

Moving beyond instructor only created scenarios that are 

controlled; we also propose the use of open worlds such as 

Second Life for ethical decision making purposes and ethical 

observations in unstructured and informal settings. Students can 

interact online with “real” people in simulated situations that 

are unscripted by simply talking with, interacting and “living” 

in SL. Interaction within a virtual world provides a semi-

protected method of contact with potentially unethical or 

“harmful” experiences which can be used for educational 

purposes.  These educational experiences can be used for hands-

on experiential ways to learn. Virtual worlds and their 

inhabitants provide a rich and unique environment that can be 

used to observe many ethical (or unethical) situations.  Students 

could use the platform as a self-directed learning tool where 

they could self-report on observed legal, ethical or security 

concerns encountered from within the SL environment [4]. 

Though this methodology is useful, it could expose students to 

inappropriate language and situations; therefore, training on the 

intricacies of the environment and use only in upper-level 

classes in this context is recommended. As an example, one 

assignment used in the course was to have students explore 

popular shopping and business districts in order to explore to 

find possible copyright infringement of real-life brands and 

images within SL as part of a class discussion on copyright. 

This introductory class exercise was also part of training for the 

students to learn how to maneuver, control their avatars and 

how to navigate the search and map features (as this was needed 

in order to find shopping areas). Once students found a 

particular perceived copyright violation, they were to take a 

picture of the example and share with the class, where a 

discussion could follow and lead into a deeper discussion within 

the context of the course. A similar approach could be taken to 

find other situations, where students could find examples or 

situations or experiences and discuss in a formal paper or 

explanation.  

 

3.  STUDENT FEEDBACK 

 

In an attempt to gain more insight on using virtual worlds as a 

pedagogical method in a computer ethics course, the professor 

distributed a short questionnaire to students enrolled in the 

Ethical and Societal Concerns for Computer Scientists course 

during the fall 2014 semester. The survey was designed to gain 

some informal feedback on the perceived use of SL and to 

assess student attitudes related to ethics. Previous studies by the 

authors showed general positive student feedback in computer 

science courses [2]. Students were asked to complete the brief 

questionnaire at the end of the SL exercises.  In this paper, we 

focus on the following four listed questions that were developed 

to elicit feedback from students after participating in the virtual 

world (SL) exercise: 

 

1. Do you see virtual worlds as a new medium for interaction in 

the future, or just a technological trend? 

2. Do you feel that Role-playing as a character in a case using 

Second Life would be beneficial in learning ethics?  

3. Do you feel that interacting in a simulation would help 

provide a better visualization of a case or example in order to 

understand the components better? 

4. Would you interact in a virtual world ethically, even if the 

consequences are also virtual? Why or Why not? 

 

Question one of the survey asked “Do you see virtual worlds as 

a new medium for interaction in the future or just a 

technological trend?” Table 1 describes the results from this 

question. Responses were categorized based on their responses. 

 

Table 1: Interaction Medium for the Future 

Comment (n=39) Frequency Percentage 

Agree (Interaction method of 
the future)  

22 56.4% 

Disagree  (Just a trend)  15 38.5% 

Unsure / Mixed  2 5.1% 

 

Question two of the survey asked “Do you feel that Role 

playing as a character in a story using Second Life would be 

beneficial in learning ethics?” Table 2 describes the results from 

this question with the majority of the responses being in favor 
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or role-playing in SL. This corresponds to anecdotal feedback 

from previous semesters of class usage.  

 

Table 2: Role Playing as a Character 

Comment  (n=39) Frequency Percentage 

Agree 25 64.1% 

Disagree 8 20.5% 

Unsure / Mixed  6 15.4% 

 

 

The following responses are student comments to this question: 

“Role-playing in second life could only be beneficial in learning 

ethics if consequences could be strictly enforced.  If there are no 

consequences, there is no reason to not do that behavior again.”: 

“I think it would be beneficial since you are actually acting out 

the ethical decisions in a way that has virtual consequence”: 

“Controlling people through a computer allows for them to 

adventure with things they will normally not do with their 

physical body. This will not teach them or even spark an 

interest about ethics.”: “I believe that it depends on the person 

and their style of learning to determine whether or not Second 

Life would be beneficial in learning ethics.”: “I feel that it 

would be easier to use a physical simulation, such as a 

mannequin patient in a real room, that way a person can get a 

real grasp and feel more like they are in the environment”  

 

Question three of the survey asked “Do you feel that interacting 

in a simulation would help provide a better visualization of a 

case or example in order to understand the components better?” 

The students had three options to choose from: Whether they 

agreed that the simulation provided a better understanding of 

the case components; whether they disagree that the simulation 

provided a better understand of the case components; or, if they 

were unsure of the how simulation helped in understanding the 

case components. Table 3 describes the results from this 

question. It is important to note that in the responses, several 

students commented on the importance of a quality simulation 

in the helpfulness of understanding the content.  

 
   Table 3: Usefulness of Simulations 

Comment  (n=40) Frequency Percentage 

Agree 29 72.5% 

Disagree 7 17.5% 

Unsure / Maybe  4 10.0% 

 

Question four asked “Would you interact in a virtual world 

ethically, even if the consequences are also virtual? Why or 

Why not? The majority of students expressing in this question 

that they would not act ethically in a virtual world was due to 

the lack of perceived consequences for unethical or immoral 

actions. Some students felt that environments like SL were like 

games and that they were not serious, and should be used 

primarily for socializing and entertainment. Some of the 

comments to this question were: “I feel that a virtual world 

allows you to interact unethically because you can get away 

with it.  That is why it is a fantasy world, you can do things that 

you normally cannot do in real life.  I would act unethically 

because it is a chance to where no one is actually harmed, you 

have your normal life to act ethically.” “I would act ridiculously 

unethically. The consequences would affect my avatar but even 

that would be an experience. I wouldn’t sulk around the real 

world if my avatar got arrested. It’s just something”. Other 

expressed concerns about acting unethical in any medium and 

expressed that the avatar is just an extension of themselves so 

they would act in a consistent manner. Other comments 

included statements such as “I would interact as I would in real 

life, mostly because it is my nature, which usually leans Lawful 

to Neutral Good. So the actions, regardless of virtual or reality, 

would affect me.” and “I would interact in a virtual world 

ethically even if the consequences are also virtual.  In my 

upbringing, I have always been taught to respect others and the 

opinions of others”. Overall, these basic questions will assist in 

more deliberate assignments and case-study scenarios in the 

future concerning certain ethical behaviors and why some may 

be led to behave unethically. 

 

Table 4: Acting Ethically in a Virtual World 

Comment  (n=38) Frequency Percentage 

Yes 11 28.9% 

No 19 50.0% 

Sometimes / Unsure / Depends  8 21.1% 

 

 

4.  CONCLUSIONS AND FUTURE WORK 

 

The main points from students’ responses in the questionnaire 

indicated that there is certainly potential that should be explored 

as SL can be a useful tool for ethics. As a teaching tool, 

additional research is needed in order to see which approaches 

are helpful in teaching ethics and teaching ethical decision 

making skills. We are particularly interested in observing the 

applications of how different ethical case studies can be 

recreated virtually to help students understand the content and 

stay engaged. In addition, we are interested in the benefits and 

effectiveness of an open-ended exploration of a virtual world in 

observing other users’ interactions. In summarizing the 

feedback from the brief questionnaire, we can see that the 

majority of students surveyed feel that virtual worlds are an 

interaction medium that can be applied in ethical decision 

making. The majority of students reported that acting out case 

studies assisted in understanding the content; and, that the 

simulations, in general, are indeed helpful. While the answers to 

the question regarding ethical behavior in the virtual world 

itself, were inconsistent, many of the students felt that there was 

no real consequences of behaviors and lacked a serious attitude 

towards the environment. This question would be interesting to 

explore further. It would also be interesting to see how many of 

the respondents are current “gamers” or “users of other virtual 

worlds”, in order to analyze if this affected their response to the 

question.   

 

There are many more approaches that were not the focus in this 

questionnaire, which are worthwhile to be explored by future 

research.  For example, because of the limited scope of this 

brief questionnaire, it would be helpful to expand the 

questionnaire into a pre and post survey to cover more 

semesters and more course sections of the ethics course.   A 

larger population result could yield different results from what 

is reported in this study. A redesign of the data instrument 

would be highly beneficial.  This questionnaire was conducted 
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on one type of computing class: ethics.  It would, also, be useful 

to collect data and perform analyses on using virtual world 

technology on other computing courses. One other important 

element that was missing from the brief questionnaire is that we 

did not look into perceptions of the use of virtual world 

technology in a computer ethics course based on experience, 

ethnicity and gender characteristics. A more in-depth study 

would include further analyses and comparisons on students’ 

perceptions based on these characteristics. As part of our 

continued future work, we aim to address these issues in more 

studies and extensive usage of case studies in Second Life. 
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ABSTRACT

This paper proposes a novel gender prediction scheme based

on gait analysis, For gait analysis, we propose a novel feature

extraction scheme that uses time series variation of joint po-

sitions directly. Here, normalization by linear interpolation is

adopted to set the sampling number of a walking period as the

same constant for all target humans. The classifier for gender

prediction is constructed with support vector machine using

the feature extraction scheme. To evaluate our proposal, we

did an experiment for gender prediction using six male and

six female humans whose age is twenties. The experimental

result show that 99.12% when three-dimensional coordinates

are used directly for feature extraction and 99.12% even if

two-dimensional features in the best case.

Index Terms— Gait analysis, gender prediction, kinect,

joint positions

1. INTRODUCTION

Acquiring personal properties based on image processing be-

comes a hot research topic because these properties is very

useful for several applications; they can be used to construct

robust security systems, to analyze consumer behavior, etc.

The most popular visual cue used in this purpose is human’s

face, which enables prediction of age, sex, emotion, etc. in

recent researches. In addition to these applications, face im-

ages can be used even for identification at passport control

and entrance of secured buildings, where highly accurate clas-

sification is required. As described above, face images can

provide several information with sufficient accuracy to obtain

personal properties when face image are captured at high res-

olution. However, it is not practical to predict personal prop-

erties by only face images if they cannot be captured at suffi-

cient resolution due to distance between cameras and targets.

This situation often occurs in the images captured at generic

outdoor scenes.

To solve this problem, different approaches that use

whole part of human body are proposed, because whole

part of human body can be obtained at moderate resolution

even if cameras are distant from target persons. Part-based

representation[1], biologically-inspired approach[2], HOG-

based approach[3], are schemes based on this idea, which

strongly depend on appearance of target humans. On the

other hand, other schemes that use geometric measurements

of whole body are also proposed. For example, [4] has pro-

posed gender prediction based on metrology of whole body

and copula model to improve gender classification has been

proposed in [5]. These schemes using geometric measure-

ments achieves excellent accuracy but it cannot be applied in

most applications because specialized devices are necessary

that are not used in actual environments to obtain geometric

measurements.

In addition to the above schemes using whole part of hu-

man, there is other approach to analyze personal properties;

gait analysis that means analysis of human’s motion is caused

by walk. Many researches about kinematics using gait analy-

sis are published but it can be applied to prediction of personal

properties; for gender prediction, previous researches [6], [7],

and [8] achieves 96%, 94%, and 83%, respectively. Image-

based gait analysis such as above schemes is very useful for

predicting personal properties because higher accuracy has

been achieved without any specialized sensing devices. To

improve the prediction accuracy of this kind of schemes, sig-

nificant features of a gait for prediction should be determined.

However, any existing researches have not shown the detailed

analysis of a gait for prediction of personal properties. There-

fore, this paper proposes a new hypothesis about significant

information for gender prediction included in a gait and con-

firm whether the hypothesis is correct or not.

We think that the most significant information in a gait
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is how to step forward when walking and it is contained in

time series variation of joint positions. Especially, when only

gender is predicted, it is expected that the time series varia-

tion of joint positions has significant difference between men

and women due to difference of anatomical structures around

the pelvis. To confirm this hypothesis, the accuracy of gender

prediction by our proposal is evaluated using actual data ob-

tained from 12 persons whose ages are twenties. In this exper-

iment, three-dimensional geometry of joint positions are mea-

sured by Kinect v2 produced by Microsoft Corporation. For

gait analysis, we propose a novel feature extraction scheme

that uses time series variation of joint positions directly and

classification is performed with support vector machine. In

this evaluation, feature extraction is executed with the two-

dimensional information of joint positions to estimate classi-

fication performance when whole body images are captured

by a generic camera that cannot obtain three-dimensional in-

formation in addition to the feature extraction using three-

dimensional information directly.

This paper is organized as follows. The 2nd section de-

scribes existing researches about gait analysis. The 3rd sec-

tion proposes a novel feature extraction scheme based on time

series variation of joint positions and evaluation using ac-

tual data obtained from 12 persons via Microsoft Kinect v2

is shown in the 4th section. Finally, 5th section concludes

this paper.

2. RELATED WORK

Gender prediction by gait analysis has been tackled in several

research fields including medical science, cognitive science,

and information science since Kozlowski et al. was proposed

initial stage of this kind of research in [9]. In the research,

subjective evaluation to discriminate gender by the motion of

right sources attached to testees’ joints showed that gait can

be used for a cue to classify a gender of a target testee by

his or her gait. After that, to obtain personal properties from

human’s gait, several kinds of researches proposed that not

only appearance of human motion but also information of ac-

celeration of several parts of human[10], sounds of step and

press of step[11], and distance between ground and foot[12]

becomes cue to gender of a target. However, these method

has critical problem for practical applications; target humans

must wear specialized device to measure metrology.

In contrast, recent researches based on image processing

does not require target humans to wear such specialized de-

vices; they only use camera to capture appearance of classi-

fication target. These image-based schemes can be classified

into two kinds of major approach; one extracts features from

captured image directly, and the other estimates motion of

target humans based on captured images before classification

about personal properties itself. The most popular approach

using appearance of target humans directly extracts silhou-

ette of them from captured images. For example, the scheme

proposed in [8] constructs frequency-domain features using

several images captured from various angles for a target to

classify personal properties as shown in Fig.1. On the other

hand, many of classification schemes with estimation of tar-

gets’ motion extract body parts or joints positions of a human

from captured images. For example, [6] proposes a feature

extraction scheme using motion analysis with a stick-based

model and Lee et al. estimates positions of arm, head, torso,

etc. by ellipse fitting[7] as shown in the Fig.2.

Experimental results of existing schemes show that fea-

ture extraction based on motion of body parts improves clas-

sification accuracy. Therefore, this paper evaluate ideal clas-

sification accuracy when geometry of joint positions is ob-

tained accurately. To simulate this condition, geometry data

captured by Microsoft Kinect v2 is used in this paper.

Fig. 1. Frequency-domain features proposed in [8]

Fig. 2. Modeling by ellipse proposed in [7]

3. GENDER PREDICTION BASED ON TIME SERIES

VARIATION OF JOINT POSITIONS

In this section, first joint positions obtained by Kinect v2 is

explained and then a novel gender prediction scheme using

time series variation of joint positions is proposed.
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3.1. Joint positions obtained by Kinect v2

In this paper, we modified a sample program named “Skele-

ton BAsics-D2D” provided by Microsoft included in Kinect

for Windows SDK in order to obtain joint positions of a tar-

get human at each sampling time. The program extracts abso-

lute coordinates of 25 human’s joint positions as shown in the

Fig.3, where center of coordinates is the location of a Kinect

v2 device as shown in Fig.6.

The obtained joints can be represented by index numbers

shown as follows: 0 is Spine Base, 1 is Spine Mid, 2 is Neck,

3 is Head, 4 is Shoulder Left, 5 is Elbow Left, 6 is Wrist Left,

7 is Hand Left, 8 is Shoulder Right, 9 is Elbow Right, 10 is

Wrist Right, 11 is Hand Right, 12 is Hip Left, 13 is Knee

Left, 14 is Ankle Left, 15 is Foot Left, 16 is Hip Right, 17 is

Knee Right, 18 is Ankle Right, 19 is Foot Right, 20 is Spine

Shoulder, 21 is Hand Tip Left, 22 is Thumb Left, 23 is Hand

Tip Right, and 24 is Thumb Right[13].

Fig. 3. Joints obtained by Kinect v2[13]

In the rest of this paper, a position of a joint whose in-

dex is i is represented by a position vector pi defined by the

following equation.

pi = (si, ti, ui) (i = 0, 1, 2, . . . , 24) , (1)

where si, ti, and ui mean x-, y-, and z-components of the

position vector pi, respectively.

In addition to joint positions, Kinect v2 provides relia-

bility corresponding to them simultaneously as shown in the

following items.

• 0 means failure,

• 1 means estimation, and

• 2 means success.

Next, we define a coordinates of a joint position at time

t that is necessary for modeling of time series variation by a

position vector pi,t as shown in the following equation.

pi,t = (si,t, ti,t, ui,t) (i = 0, 1, 2, . . . , 24) , (2)

where pi,t represents a position vector pi at time t and

si,t,ti,t, and ui,t mean x-, y-, and z-components of the vector

pi,t, respectively.

3.2. Feature extraction using time series variation of joint

positions

The origin of coordinates of joint positions obtained by

Kinect v2 is the location of Kinect v2 device itself. In or-

der to make the joint positions independent from distance

between a target human and Kinect v2 device, we use relative

vector whose start point is coordinates of joint 0 described by

the following equation.

qi,t = pi,t − p0,t (i = 1, 2, . . . , 24)

= (si,t − s0,t, ti,t − t0,t, ui,t − u0,t)

=
(

s′i,t, t
′

i,t, u
′

i,t

)

, (3)

where s′i,t, t
′

i,t, and u′

i,t are x-, y-, and z-components of the

vector qi,t, respectively.

Here, we would like to construct feature vectors by con-

catenating obtained coordinates of joint positions in the time

series order. In order to make a feature vector include just

coordinates corresponding to one period of motion of a target

human, a feature vector f i for joint i should be constructed

by the following equation.

f i =
(

s′1,t, t
′

1,t, u
′

1,t, s
′

2,t, t
′

2,t, u
′

2,t, s
′

3,t, t
′

3,t, u
′

3,t · · ·

)

. (4)

However, length of feature vectors obtained from different

targets becomes different if coordinates obtained by Kinect

v2 that has the constant sampling rate is used directly to con-

struct them, because periods of walking corresponding to dif-

ferent target humans tend to become different in general. For

example, periods of walking are clearly different as shown in

Fig.4. Therefore, NA, length of feature vector correspond-

ing to one walking period of target A, becomes different from

NB , length of a feature vector extracted in the same way for

target B. Since it is clear that difference of length of feature

vectors make it difficult to perform accurate classification, the

proposed scheme adopts normalization to make length of fea-

ture vectors a constant.

For the normalization, the proposed scheme uses linear

interpolation as shown in the Fig.5. Here, sample points are

inserted to satisfy that the sampling number becomes to the

same constant Nnorm. Let the number of original sampling

number Nold, a normalized feature vector ri for joint i can be

represented by the following equation.

ri =

(

i
Nold

Nnorm

− t

)

(

qi,t+1 − qi,t

)

+ qi,t (5)
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Fig. 4. Difference of walking period

By concatenating obtained normalized feature vectors by

the above equation, the final feature vector f3D for a human

using three- dimensional coordinates directly is computed by

the following equation.

f3D = (ri,1, ri,2, . . . , ri,Nnorm
) (6)

Finally,the classifier is constructed with linear support

vector machine with the feature vector f3D.

3.3. Feature extraction using two-dimensional informa-

tion

Next, in order to estimate the classification performance when

motion of walking is captured by a camera from an exposure

angle, we propose a feature extraction scheme that using two-

dimensional coordinates generated by projection from three-

dimensional coordinates obtained from Kinect v2 to a two-

dimensional plane corresponding to the exposure angle.

After the projection, a feature vector f2D is obtained in

the same way as the above case by the following equation.

f2D = (v1,0, w1,0, v2,0, w2,0 · · · , v24,Nnorm
, w24,Nnorm

) ,

(7)

where vi,j and wi,j is obtained by projecting a three-dimensional

feature ri,j to a two-dimensional plane corresponding to the

exposure angle.

Then, classifier is constructed with linear support vector

machine by the same way as three-dimensional case.

4. EVALUATION

In this section, the proposed scheme for gender prediction is

evaluated using actual data obtained from six male and six

female persons that are twenties. The rest of this section de-

scribes how to acquire 3D geometry of target humans’ joints,

how to create training and testing data, and accuracy of gen-

der prediction by the proposed scheme.

4.1. How to acquire three-dimensional geometry of hu-

mans’ joints

Overview of experimental environments is shown in the Fig.6.

In this experiment, target humans walk along the z-axis as

depicted in Fig.6 without any restriction about clothes and

shoes. The number of both male humans and female humans

are six, and they are twenties. Because not all male humans

are taller than female humans, obtained data is suitable for

evaluation to confirm whether gender can be predicted based

on only motion of humans.

4.2. How to create training and testing data

In this experiment, a feature vector corresponding to one pe-

riod of walking is extracted manually as shown in Fig.8. This

extraction process selects only reliable data based on infor-

mation recorded by Kinect v2. By these operations, we can

obtain 231 of feature vectors corresponding to each walking

period with gender information of target. 117 feature vectors

and other 114 feature vectors are used for training and testing,

respectively.

4.3. Accuracy of gender prediction

Accuracy of gender prediction became 99.12 % when feature

vectors were extracted using three-dimensional coordinates

directly. In this case, the number of correctly detected sam-

ples was 111 while the total number of testing samples was

113. Then, accuracy of prediction was measured using pro-

jected two-dimensional coordinates for feature vectors. Ta-

ble1 summarizes the experimental results considering several

exposure angles. In the table, θ = 0◦ means a target located

at right in front of Kinect v2 device, and θ increases as the

exposure angle varies clockwisely as shown in Fig.9. By the

experiment, accuracy of prediction reached 99.12 %.

Fig. 9. Exposure angles used in this experiment
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Fig. 5. Interpolation used in the proposed scheme

Table 1. Classification accuracy

Two-dimensional feature

θ -90◦ -60◦ -45◦ -30◦ 0◦ 30◦ 45◦ 60◦ 90◦

accuracy(%) 99.1228 98.2456 98.2456 97.3684 92.9825 96.4912 94.7368 96.4912 99.1228

Three-dimensional feature

x accuracy(%) 99.1228

5. CONCLUSION

This paper has proposed a novel scheme for gender predic-

tion based on time series variation of joint positions at walk-

ing. The feature extraction in the proposed scheme uses sam-

ples corresponding to one walking period normalized by lin-

ear interpolation in order to make the length of feature vec-

tors uniform. The final classifier for gender prediction is con-

structed with support vector machine using the feature extrac-

tion scheme.

To evaluate the classification accuracy of the proposed

scheme, we had an experiment for gender prediction using

six male humans and six female humans that are twenties.

In the experiment, in addition to the feature extraction using

three-dimensional coordinates of target’s joints obtained by

Microsoft Kinect v2 directly, feature extraction using two-

dimensional coordinates of target’s joints generated by pro-

jection from a three-dimensional space to a two-demensional

plane considering an exposure angle that captures target under

practical conditions. Experimental results show that the pro-

posed scheme shows 99.12 % when three-dimensional coor-

dinates are used directly and 99.12 % even if two-dimensional

projected data are used in the best case.

The primary purpose of the proposed scheme is to esti-

mate the ideal classification accuracy when joint positions of

a classification target is obtained accurately and it has two sig-

nificant problems to be solved to apply it to practical applica-

tions. One is how to measure joint positions of a classifica-

tion target accurately only by images captured from a generic

camera that cannot acquire depth information. We think that

feature point extraction based on machine learning[14] must

be a powerful tool for this purpose. The other is how to extract

a feature vector corresponding to one period of walking mo-

tion accurately, because manual extraction used in the current

proposed scheme cannot be applied to practical applications.

It is expected that detection and synchronization techniques

used in digital wireless communication is useful to solve this

problem. In the future, we will tackle to construct a robust

and practical scheme that overcome these problems.
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ABSTRACT

Diffuse Optical Tomography (DOT), which uses a low-energy
light source in the visible to near infrared range, has become
a popular alternative to traditional medical imaging techniques
like computed tomography (CT) in the imaging of soft tissue,
such as for breast cancer detection. In recent years, researchers
have sought to apply hyperspectral imaging, the use of hundreds
of optical wavelengths in the imaging process, to DOT in order
to improve the resolution of the image since the optical coeffi-
cients of tissue have different values at different wavelengths.

The additional dependence of the unknown optical coeffi-
cients on wavelength in hyperspectral DOT (hyDOT) greatly in-
creases the dimensionality of the image reconstruction problem,
so model reduction is necessary to reduce the computational
burden. The reduced basis method (RBM) is a model reduc-
tion technique that involves approximating the exact solution
of a partial differential equation by a linear combination of
basis functions which are finite element approximations of the
solution at a select number of parameter values. We apply
the RBM to solve the forward problem of hyDOT, which is
to solve the diffusion equation parameterized with respect to
wavelength. We present the results of applying the RBM to a
simple version of the forward problem in hyDOT, and discuss
how this method may be adapted to improve the efficiency of
the image reconstruction (inverse) problem.

Keywords: Reduced Basis Method, Hyperspectral DOT,
Computational Efficiency, Parameter-Dependent Elliptic PDEs

I. INTRODUCTION

Optical tomography is the process by which an image is
obtained through sectioning an object by use of an optical wave,
that is, a wave from a light source. Typically, this source is laser
light in the visible (about 400 to 700nm) or near infrared (about
700 to 1600 nm) range. The advantages of optical imaging are
that the low-energy light is non-ionizing and thus, not harmful
to tissue, the devices cost less than existing medical imaging
devices, and they are helpful in providing functional, rather
than anatomical, information [2]. Since optical imaging is only
effective in reconstructing images of soft tissue where light
penetrates more easily, the main applications of this imaging
technique are in breast cancer detection and neonatal brain
imaging, among others.

Tissue is a highly scattering medium and so, as the collimated
laser beam passes through the tissue some of the light is
absorbed by chromophores (such as hemoglobin, lipid and
water), but most is scattered. Detectors placed on the boundary
of the tissue collect the scattered beams, and from this data a

2-D image (slice) of the tissue is reconstructed in the form of
a spatial map of the tissue’s absorption and scattering coeffi-
cients [6]. The reduced scattering coefficient is the reciprocal
of the photon transport mean-free path which is the average
distance traveled by a photon before its direction is randomized
by interaction with another object. The absorption coefficient
is the reciprocal of the average distance traveled by a photon
before it is absorbed. Both of these coefficients are dependent on
the wavelength, λ, of the light source [4]. Since cells in tumors
have higher absorption coefficients than normal cells due to an
increased water or ionic concentration, and they also scatter
photons differently, the absorption and scattering coefficients of
the cells being imaged are the most important parameters to be
determined in most medical applications [6].

A popular form of optical imaging is known as Diffuse
Optical Tomography (DOT), as it uses the diffusion equation
to model the transport of the scattered photons through the
tissue. Currently, researchers are seeking to apply hyperspectral
imaging to DOT to create what is known as hyperspectral DOT,
or hyDOT [7], [8], [10], [16], [17]. Hyperspectral imaging (HSI)
is an imaging modality that collects spectral information at each
pixel of a spatial array while scanning through hundreds of
optical wavelengths to generate a three-dimensional hypercube
of spatial and spectral data [10]. Although most often used in
remote sensing and geospatial imaging, researchers have begun
to look at HSI’s applications in the medical field as a tool for
non-invasive disease diagnosis and surgical guidance [5], [10].
When hyperspectral imaging is applied to DOT, the governing
partial differential equation (PDE) is parameterized with respect
to the wavelength, λ. This parameterization increases the dimen-
sion of the problem and makes it an ideal candidate for use of
model reduction techniques in order to approximate the solution.

Since its development in the late 1970s [1], [13], [14], the
reduced basis method (RBM) has been used as a model reduc-
tion technique to approximate the solution to a large dimensional
problem in a variety of applications. Most recently, the RBM has
had success in accurately approximating the solution of linear
elliptic PDEs with an affine parameter dependence [11], [18],
[19]. Since the diffusion equation, the governing equation for
hyDOT, is an elliptic PDE parameterized by the wavelength
of the laser source, and the parameter dependence is affine, the
forward problem of hyDOT is an ideal candidate for application
of the RBM.

The forward problem in hyDOT is to determine the photon
density u, at all points of the medium Ω given a light source, f ,
on the boundary and the absorption and scattering coefficients,
µa and µs, respectively, for all locations x ∈ Ω. In hyDOT,
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the relationships between these variables is described using the
photon diffusion model. In the frequency domain, the photon
diffusion model given by,

−∇ · (D(x, λ)∇u) + (µa(x, λ) + ik)u = h (1)

u+ 2D(x, λ)
∂u

∂n
= g on ∂Ω (2)

−D(x, λ)
∂u

∂n
= f on ∂Ω, (3)

is an elliptic PDE, where h is an interior forcing function, k is
the wave number of the modulating frequency of the laser, and
D is the diffusion coefficient, expressed as D = 1/3(µa + µ′s)
where µa is the absorption coefficient and µ′s is the reduced
scattering coefficient [2], [3], [6]. The diffusion model is a
first-order approximation to the radiative transport equation,
assuming µ′s � µa and the detector and source are not too
close together [3], [6].

The article is organized as follows. Section 2 gives an
overview of the Reduced Basis Method. Then, Section 3 ex-
plains how the Reduced Basis Method can be applied to hyDOT
by giving a description of the simplified hyDOT simulation on
which the algorithm was tested for a variety of basis sizes and
tumor locations. Section 4 gives a summary of the results of
the simulations described in Section 3. Finally, Section 5 offers
some conclusions and directions of future work in applying the
RBM to the image reconstruction problem in hyDOT.

II. REDUCED BASIS METHOD

The RBM can be used to approximate the solutions of param-
eterized PDEs, that is, PDEs whose input vector is discretized
to lie in Rd for some d ∈ N. The key idea of the RBM is
that the state variable in a PDE is not actually a member of
the infinite-dimensional space in which the partial differential
equation resides, but rather exists on a finite-dimensional man-
ifold induced by its parametric dependence. Thus, the RBM
seeks to find an approximate solution to the PDE using a linear
combination of basis functions for this manifold (see Figure 1).!

X(Ω)!

M  

X(Ω)!

u(μ1)!

u(μ)!
u(μ2)! u(μ3)!

u(μ4)!

u(μ5)!

M  

Fig. 1. The graph on the left represents the 3-D finite element space,
X(Ω) of a PDE with solution u and domain Ω, and a 2-D manifold,
M, on which the reduced basis approximation is calculated. On the
right, the solution u at unknown parameter µ is approximated by the
RBM using a linear combination of basis functions forM, {u(µi)}Ni=1
for N � dim(X).

In general, the solution u(x;µ) to a parameter-dependent
PDE with parameter µ, can not be found exactly. Therefore,
a reduced basis approximation is actually an approximation of
the discretized problem. Most often the finite element method
is used to give what is known as a “truth approximation” of the
solution

ufe(µ) =

NX
i=1

ci(µ)φi (4)

where the φi form a basis for the finite element approximation
space, X , of dimension N . Note that X is a Hilbert space over
the bounded spatial domain Ω ⊂ Rd. From its weak formulation,
the PDE is defined as an input-output operator given as a bilinear
form. In general, for input parameter µ (where µ may be a vector
if there is more than one parameter), this is given as

a(u(µ), v;µ) = f(v), ∀v ∈ X (5)

The bilinear (or sesquilinear in the complex case) form is
continuous with respect to X , as well as coercive. Often, it
is also assumed to be symmetric in the real case to prove
convergence of the reduced basis approximate solution to the
finite element solution. The output is a functional of the state
variable u(µ) and is given by s(µ) = `(u(µ)). Problems where
` = f are commonly called “compliant”; otherwise, the problem
is known as “noncompliant”. The set of all possible solutions
to the parameterized PDE is a manifold of dimension N given
by

M = {u(µ)|µ ∈ D ⊂ R}

where D is the parameter space. The idea is to find an approx-
imation to the solution, u, on an approximation to M instead
of on the whole space X [?].

To construct M, first a set of parameters SN = {µi|i =
1, . . . , N} is chosen, typically using a greedy algorithm to
choose the parameters that give the most significant information
about the structure of the manifold. Note that N � N .

From this set of parameters, we define a basis space for the
manifold,

WN = span{u(µi)|µi ∈ SN}

where the u(µi) are defined by the finite element approximation
given in (4). Once the approximation space is constructed, the
reduced basis approximation of the solution for a new µ is given
by

uN (µ) =

NX
j=1

ĉj(µ)u(µj) ∈WN (6)

The coefficients ĉj are found by solving the state equations in
WN using a Galerkin or Petrov-Galerkin projection.

In the RBM, the Galerkin projection with respect to WN is
to find a solution to

a

 
NX
j=1

ĉj(µ)u(µj), v;µ

!
= f(v), ∀v ∈WN

=⇒
NX
j=1

ĉj(µ)a(u(µj), v;µ) = f(v)

with respect to ĉj(µ) . Since WN = span{u(µi)|µi ∈ SN},
a(·, ·) is bilinear and f(·) is linear, it is sufficient to solve

NX
i=1

ĉj(µ)a(u(µi), u(µj);µ) = f(u(µj)), (7)

for all j ∈ {1, 2, . . . , N}. This problem is ill-conditioned
because the basis vectors u(µi) are usually pointing in similar
directions due to the smoothness of the low-dimensionalM and
thus are not sufficient to solve for the unknown ĉi. Thus, the
Gram-Schmidt procedure is often applied to make the u(µi)
orthogonal.

The RBM has both an offline stage and an online stage when
it is implemented computationally. In order for the RBM to
have the full benefit of computational efficiency, as much as
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possible should be precomputed and stored in the offline stage.
In this stage, the sample set SN is constructed, and the basis
functions u(µi) of the space WN are precomputed using the
FEM approximation.

A significant source of computational effort for the RBM is
the dependence of the bilinear form a(u(µi), u(µj);µ) on the
parameter µ, which results in it having to be calculated for each
pair (u(µi), u(µj)) in the Galerkin projection (7) during the
online stage. If that parameter dependence can be removed, then
the bilinear form can be precomputed and stored in the offline
stage. For some PDEs, the bilinear form can be decomposed as

a(u, v;µ) =

QaX
q=1

Θq(µ)aq(u, v) (8)

where the Θq : D → R are differentiable functions depending
on µ, and the aq : X × X → R are parameter-independent
bilinear forms that are continuous (with respect to X) [15].
Given this decomposition, the reduced basis approximation
involves solving

NX
i=1

QX
q=1

ĉi(µ)Θq(µ)aq(u(µi), u(µj)) = f(u(µj)) (9)

for j = 1, 2, . . . , N and for the coefficients ĉi(µ) for each
new value of the parameter µ. Since they no longer depend on
the parameter, the aq(u(µi), u(µj)) can be precomputed in the
offline stage, reducing the computational burden significantly.
Note that f may also be affinely parameter dependent, and so
there may also exist a similar decomposition for f [15]. In this
case, f(v;µ) is expressed as the sum of Qf elements and the
approximation (9) can be written in matrix form as

QaX
q=1

Θa
q (µ)AqĈ =

QfX
q̂=1

Θf
q̂ (µ)Fq̂ (10)

where Aq is an N × N matrix with entries (Aq)i,j =
aq(u(µj), u(µi)), Ĉ is of dimension N × 1 and is the vector
of unknown coefficients, and Fq̂ is an N × 1 vector of entries
(Fq̂)i = fq(u(µi)) [9].

The great benefit of the RBM is that all operation counts
in the online stage are independent of N � N and so the
computational burden is greatly reduced from a procedure that
would require finding the finite element solution for each new
value of µ.

In summary, we give an algorithm to describe how to solve
a partial differential equation using the reduced basis method:

Algorithm 1 Reduced Basis Method
1: procedure OFFLINE STAGE

2: Choose parameter samples : µ1, . . . , µN , N � N
3: Define WN = span{u(µk), k = 1, . . . , N}, where
u(µk) =

PN
i=1 ci(µk)φi

4: Compute and store
PN
i=1 a

q(u(µi), u(µj)), for q =
1, . . . , Qa (and

PN
i=1 f

q̂(u(µj)) for q̂ = 1, . . . , Qf , where
applicable) for j = 1, 2, . . . , N

5: procedure ONLINE STAGE

6: Find a solution with respect to ĉi forPN
i=1

PQ
q=1 ĉi(µ)Θq(µ)aq(u(µi), u(µj)) =

f(u(µj)) ∀j = 1, 2, . . . , N
7: Reduced Basis approximation: uN (µ) =

PN
i=1 ĉiu(µi)

III. APPLICATION TO HYDOT

To illustrate the application of this method, we consider a
simplified version of the forward problem for hyDOT where k,
the wave number for the modulation of the laser light and h, the
interior forcing function, are considered to be zero. We consider
only Neumann boundary conditions with one Gaussian source
given by

f(x, y) = 15e
−((x−x1)2+(y−y1)2)

10

where the source location is (x1, y1) ≈ (−24.5196,−4.8773),
one of the finite element mesh points on the boundary. The
strong form of the governing PDE is given by

−∇ · (D(x, λ)∇u) + µa(x, λ)u = 0 in Ω (11)

D(x, λ)
∂u

∂n
= f on ∂Ω (12)

The wavelength, λ, is the parameter on which the PDE is
dependent. We will consider the parameter space as D =
[600, 1000] ⊂ R. We consider a simple geometry for Ω in two
dimensions given by a circle of radius 25 centimeters centered
at the origin on a Cartesian grid, with a circular tumor of radius
5 centimeters located at the point (-15, -10) (see Figure 2).
The location of the tumor was chosen to be relatively close
to the source to yield results that were easier to visualize,
since light does not penetrate very far into tissue. Results were
also obtained when the tumor was placed at (0,0) and (15,10)
to see what would happen when the tumor was far from the
source. In the forward problem, the source f , and the geometry
and location of the area of interest, in our case a collection
of cancerous cells, is known. Only the measurements of the
scattered photons on the boundary are unknown and are given
by the solution, u.

 !

�0 

�1!

Fig. 2. The layout of geometry of the simple problem. We have a
2-D circular sample of tissue of radius 25 centimeters, centered at the
origin, with a circular in tumor of radius 5 centimeters located at the
point (-15,-10). The domain is split into the healthy tissue, Ω0 and the
cancerous cells, Ω1.

We wish to use the RBM to find an approximate solution
uN (x, λ) to (11) - (12). The weak formulation of the PDE is
given byZ

Ω

(D∇u · ∇v + µauv) dx =

Z
∂Ω

fγ0(v)ds ∀v ∈ V
(13)

where V is the space of smooth test functions. From the weak
formulation, we define the following bilinear and linear forms,

a(u, v;λ) =

Z
Ω

(D(λ)∇u · ∇v + µa(λ)uv)dx (14)

F (v) =

Z
∂Ω

fγd(v)ds (15)

224

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)



where a(u, v) : H1(Ω)×H1(Ω)→ R and F (v) : H1(Ω)→ R,
with the inner product induced by the bilinear form. Note that
here we are in compliance (that is, the output functional ` = f ).

We created functions for µa(λ) such that given λ the value
of µa would be constant in Ω0 and a different constant value
in Ω1. Since

D =
1

3(µa + µ′s)
,

the value for the diffusion coefficient follows a similar pattern
as it is a function of µa. The reduced scattering coefficient
µ′s was chosen to be 0.5 at all points in the spatial domain.
The function values were based on the graph showing the
absorption coefficient as a function of wavelength given by
Saibaba et al. [16]. The function for µa in Ω0 was created
to be an increasing linear function with a Gaussian spike at
950 nanometers. Since cancerous cells generally have higher
absorption coefficients than healthy tissue, the function for µa
in Ω1 was a constant function, higher than the maximum value
of µa in Ω0, with one Gaussian spike at 900 nanometers (these
values arbitrarily chosen). The functions are given in Figure 3.

Fig. 3. Graphs of the absorption coefficient, µa, i(n cm−1) as a
function of wavelength, λ, (in nm) in the healthy tissue, Ω0 (left) and
in the cancerous tissue, Ω1(right).

To choose the set of fixed, nested parameter samples, SN =
{λj , }nj=1 where N � N , we used the standard greedy
algorithm with test space, Ξ, generated using a fine lin-
ear mesh of M = 400 equally spaced points between 600
and 1000 nanometers. We used the RBM for bases of sizes
{5, 6, 7, 8, 9, 10}. We then defined a Lagrange approximation
space WN = span{ûj}Nj=1, where the finite element solution
was found using the PDE Toolbox in Matlab over a mesh of
2097 elements [12]. The simulation was run on a MacBook Pro,

OS X Version 10.9.5, with a 2.5 GHz Intel Core i5 processor,
and 4 GB 1600 MHz memory.

Since the efficiency of the RBM relies on the affine de-
composition of the bilinear form, we must demonstrate that
a(u, v;λ) given in (14) has affine parameter dependence. We
first note that, although λ does not have spatial dependence,
the optical coefficients D,µa do. Thus, we must first decom-
pose the bilinear form geometrically, considering the domain
Ω0 = {(x1, x2)|x2

1 + x2
2 ≤ 625}\Ω1 of the healthy tissue, and

the domain Ω1 = {(x1, x2)|(x1 + 15)2 + (x2 + 10)2 ≤ 25}
of the cancerous tissue. Since the diffusion and absorption are
homogeneous within each of these domains by construction,
we can consider the functions, D0, µ0

a and D1, µ1
a on Ω0

and Ω1, respectively, that are functions of λ only (that is, they
are spatially independent). Therefore, we can decompose the
bilinear form as

a(u, v;λ) =

QX
q=1

Θq(λ)aq(u, v)

= D0(λ)

Z
Ω0

∇u · ∇vdx+ µ0
a(λ)

Z
Ω0

uvdx

+ D1(λ)

Z
Ω1

∇u · ∇vdx+ µ1
a(λ)

Z
Ω1

uvdx

In this case, the linear form F has no explicit parameter
dependence and so it does not need to be decomposed. The
reduced basis approximation to the problem is then computed
by solving the problem

ÂλĈ = F̂

where Ĉ is the vector of unknown coefficients, and Âλ =
CTAλC where

Aλ = D0(λ)A00 +µ0
a(λ)A01 +D1(λ)A10 +µ1

a(λ)A11 (16)

and

(A00)i,j =

Z
Ω0

∇ui(x) · ∇uj(x)dx, 1 ≤ i, j,≤ N (17)

(A01)i,j =

Z
Ω0

ui(x) · uj(x)dx, 1 ≤ i, j,≤ N (18)

(A10)i,j =

Z
Ω1

∇ui(x) · ∇uj(x)dx, 1 ≤ i, j,≤ N (19)

(A11)i,j =

Z
Ω1

ui(x) · uj(x)dx, 1 ≤ i, j,≤ N (20)

and C contains the coefficients for the finite element approx-
imation, uj , for j = 1, . . . , N . Due to the decomposition of
A, the matrices A00, A01, A10, A11 can be precomputed and
stored in the offline stage. We note that orthogonalization of the
basis functions using the Gram-Schmidt method with respect to
the inner product induced by the bilinear form was necessary
for the conditioning of the matrix A. Without orthogonalization
the condition number of the matrix was as high as order 1020

whereas with orthogonalization, mostly the condition number
was around 1, and no higher than 10 at select wavelengths.

IV. RESULTS

To test the efficiency of the RBM on this simple example, the
reduced basis approximation of the solution for each basis of
size N = 5, 6, 7, 8, 9, 10 was computed for 100 linearly spaced
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values of λ in D. The finite element solution was computed for
the same values and the total relative error, given by,

total error =

100X
k=1

||ufe(λk)− uN (λk)||
||ufe(λk)||

was used as a measure of the accuracy of the solution since it
is known that the finite element solution converges to the true
solution as N increases. To measure the effect of the geometry
of the problem on the accuracy of the solution and effectiveness
of the RBM, the reduced basis solution was computed for tumors
of varying distance from the source and varying sizes. Since
light does not penetrate deeply into tissue, the solution should
be less accurate for tumors that are located far from the source.
In addition to the tumor located near the source, at (-15,-10), we
found the reduced basis solution for tumors located at (0,0) and
(15, 10). We also found the reduced basis solution for tumors
located at (-15,-10) with radii 1, 5, and 10. We not that the
location of the tumor of radius 10 was moved slightly to (-10,-
10) so that it was contained fully within the region of healthy
tissue. The total relative error for the various tumor locations
and sizes are given in Figures 4 and 5.

Fig. 4. The total relative error over 100 wavelengths for the reduced
basis solutions as a function of the size of the basis, N , for tumors
located near the source (at (-15,-10)), in the center (at (0,0)) and far
from the source (at (15, 10)).

Fig. 5. The total relative error over 100 wavelengths for the reduced
basis solutions as a function of the size of the basis, N , for tumors of
size 1, 5, and 10.

We note that no matter the location of the tumor or its size, the
accuracy of the reduced basis solution does not have monotone
decreasing error as the basis size increases. This is due to the fact

that the wavelength chosen to generate the first basis function
is chosen randomly in the greedy algorithm. We note that for
all three locations of the tumor there was no one size of the
tumor that consistently had the highest (or lowest) relative error
across all basis sizes. The same observation can be made in
the case of the tumor changing sizes. Further, for all except
the smallest values of N , the total relative errors of the reduced
basis approximation for all tumor locations and sizes tested were
within one order of magnitude of each other. These results are
promising for possible application of the RBM to the inverse
problem of hyDOT, because it seems to indicate that the location
and size of the tumor has little effect on the accuracy of the
solution.

Since a reduced basis approximation must be calculated for
every iteration of the hyDOT inverse problem, we also wished
to investigate how much the wavelengths in the basis generating
set SN varied as tumor location and size changed. The basis-
generating wavelengths chosen for N = 5 for various tumor
locations and sizes are in Table I.

Location Near (-15,-10) [854.6, 600.0, 950.9, 601.0, 602.0]
Center (0,0) [730.3, 950.9, 600.0, 601.0, 602.0]
Far (15,10) [672.2, 950.9, 600.0, 601.0, 602.0]

Size Radius = 1 [804.5, 600.0, 950.9, 601.0, 602.0]
Radius = 5 [854.6, 600.0, 950.9, 601.0, 602.0]
Radius = 10 [850.6, 600.0, 622.1, 601.0, 602.0]

TABLE I
THE WAVELENGTHS (IN NM, ROUNDED TO NEAREST TENTH) TO

GENERATE THE REDUCED BASIS FOR DIFFERENT LOCATIONS OF THE
TUMOR RELATIVE TO ITS LOCATION TO THE OPTICAL SOURCE, FOR

BASES OF SIZE 5 AND 10, RESPECTIVELY.

We can see in Table I almost exactly the same basis was
chosen, except for the randomly chosen first element, for all
three tumor locations and sizes. This suggests that the choice of
the wavelengths used to generate a reduced basis depends more
on the behavior of D,µa then on the location of the tumor.
Thus, the RBM may be applied to the inverse problem without
much difficulty because, although the geometry of the problem
changes at each iteration, the same reduced basis may be able
to be used for several iterations.

To test the suggestion that the value of the wavelengths chosen
to determine the basis depended more on the behavior of the
optical coefficients µa, D then on the location or size of the
tumor, the equations governing µa, D were modified. Within
the region of the healthy tissue, Ω0, another Gaussian peak was
added at 750 nm to the function describing µa as a function of
wavelength. Within the tumor, Ω1, another Gaussian peak was
added at 700 nm. The graphs of the new functions are given in
Figure 6.

The RBM was applied for these new values of the absorption
and diffusion coefficients, with a tumor of radius 5 located
at (-15,-10). The resulting locations of the basis-generating
wavelengths are found in Figure 7. The location of the basis
wavelengths determined by the greedy algorithm does appear to
match the significant points of change (the peaks) in the function
describing µa. This confirms our hypothesis that the choice of
wavelengths to generate the basis depends more on the behavior
of the optical coefficients then the geometry of the problem.
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Fig. 6. The modified graphs describing the behavior of the absorption
coefficient, µa, as a function of wavelength λ.

Fig. 7. The location of the basis-generating wavelengths for the original
(blue) and modified (red) graphs describing the behavior of µa for N =
5 and N = 10, respectively.

V. CONCLUSIONS

The reduced basis method is an effective method for solving
the forward problem in hyperspectral DOT. The relative error of
the reduced basis approximate solution compared to the finite
element solution is small for any wavelength in the range we
tested. Further, for the hyDOT problem presented, the reduced
basis did not appear to be dependent on the geometry of the
problem, that is, the tumor size and location. Rather, only
the behavior of the optical coefficients, µa and D affected
the choice of basis-generating parameters. This will have a
significant impact on the application of the RBM to the inverse
problem in hyDOT. Specifically, since each iteration of the
inverse algorithm requires solving the forward problem for a
different geometry, the reduced basis method may be used to

significantly reduce computational time and effort as the same
reduced basis may be used for several iterations.
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ABSTRACT

First, this paper confirm whether object boudaries can be de-

tected or not based on image blur if out-of-focus blur occurs.

In this investigation, we propose a novel constructing depth

classification scheme based on CRF. Experimental results us-

ing a real image show that the proposed depth classification

scheme can detect object boundaries. Next, considering the

results, we propose a novel object detection scheme using im-

age blur. The proposed object detection scheme uses weak

classifiers to compute the difference of a degree of blur be-

tween two rectangular regions in a weak classifier, which are

based on the Haar-like features. Experimental results using

synthotic images show that an object detector constructed by

Adaboost learning algorithm with the weak classifiers can de-

tect target objects based on image blur.

Index Terms— Depth classification, object detection, im-

age blur, CRF, Haar-like feature

1. INTRODUCTION

Visual object detection and recognition is one of the most

challenging topics in the field of image recognition and sev-

eral researches are reported to improve accuracy, processing

speed, robustness, etc. To compare these performance, sev-

eral competitions are held where many kinds of state-of-the-

art schemes are proposed[1] [2][3]. This research area has

become very hot because accurate image recognition is re-

quired for significant applications such as driving assistant or

autonomous driving systems, intelligent surveillance, and ad-

vanced human machine interfaces.

Recent rapid improvement of visual object detection and

recognition is strongly depends on remarkable advance of ma-

chine learning technology. The first literature that showed

significant results in the filed of object detection based on

image processing may be the object detection scheme based

on Haar-like features and Adaboost proposed by Viola and

Jones[4]. The Viola-Jones scheme greatly succeeded for face

detection, and then, several schemes inspired by it are pro-

posed. Nowadays, face detection can be performed on generic

compact digital still cameras and camcorders owing to the

Viola-Jones scheme. However the classification performance

of the Viola-Jones scheme is not sufficient for detection of

more complex objects such as pedestrian detection that is re-

quired in several applications and generic object recognition.

To improve detection and recognition accuracy, many litera-

tures trying to improve classification accuracy are published

and novel sensing devices are developed to construct practical

detection or recognition systems.

The most popular researches to improve classification ac-

curacy became how to extract significant feature from an im-

age after publication of the Histograms of Oriented Gradients

(HOG) [5] (HOG) by Dallal et al. In the researches whose

main purpose is feature extraction, 2nd or higher order fea-

tures based on gradient histograms such as CoHOG[6] and

Integral Channel Features[7] were proposed in the same way

as Joint Haar-like features tried to improve detection accuracy

of Haar-like features. Moreover, Deformable Part Model[8]

that considers deformation of several parts of recognition a

target was also proposed.

In addition to these researches about feature extrac-

tion, researches about machine learning suitable for image

recognition have become popular. For example, Bag of

Features considering recent advance of natural language

processing[9], sparse regularization[10], and Multiple In-

stance Learning[11], improved classification accuracy well.

Moreover, to enhance processing speed, after proposal of Soft

Cascade[12] that replaces attentional cascade used in Viola-

Jones scheme, several schemes[13, 7] adopts it with Multiple

Instance Pruning[14] that enables efficient construction of

classifier. Recently deep learning begins to show excel-

lent classification accuracy in some research fields, which
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does not require handcraft features for learning. However,

deep learning is not always superior to traditional scheme

combining handcraft features and machine learning since a

traditional scheme based on handcraft features has shown

better performance than deep learning[15].

As described above, researches to improve classification

accuracy are very popular but researches trying to construct

practical systems are also active, where accuracy can be im-

proved by several devices that can obtain important informa-

tion that is not easily measured by a camera. For example,

additional cameras[16], millimeter wave radar[17], and IR

sensor[18] are often used with a primary camera in several

practical systems. These systems achieves sufficient accuracy

for practical applications but have several significant prob-

lems; system cost tends to become expensive and calibration

to integrate information obtained from multiple devices is in-

dispensable.

Considering these research backgrounds, we try to pro-

pose a novel object detection scheme based on a idea that is

quite different from existing schemes: a degree of blur is used

as visual cue for classification. In general, depth of field is ex-

tensive to focus on all objects from near to far area as shown

in Fig1 that is a test image included in INRIA dataset[5]. Ex-

tensive depth of filed is so important that multi focal cameras

to extend depth of filed was developed about 20 years ago.

On the other hand, we are inspired by an artistic photograph

as shown in Fig.1 where only target objects are focused and

we think that image blur can be used as visual cue for robust

and accurate object detection. The reason is that there is bor-

der between blur region and non-blur region.

Image blur has been a famous research topic for long

years. Especially, researches to remove image blur are a very

popular. Recently, estimation of kinds of image blur and

parameter estimation of a degree of blur based on machine

learning technique are reported[19]. In contrast with such

researches to remove image blur, some researches has tried

to construct a feature extraction scheme independent with

image blur to enable object recognition without deblurring.

However, there is no researches to obtain depth map using

a degree of blur without parameter estimation. Therefore,

we propose a novel classification scheme to obtain depth map

based on CRF, which is preliminary study for object detection

using image a degree of blur.

Next, to confirm that object detection using image blur is

feasible, we construct a novel object detection scheme that ex-

tracts borders between blur and non-blur regions by Haar-like

features and Adaboost. In this scheme, frequency spectrums

are extracted from rectangular regions in Haar-like features

by discrete Fourier transform to measure the difference of a

degree of blur between these rectangular regions. To evalu-

ate this scheme, detection accuracy is measured using synthe-

sized images including blur.

In the rest of this paper is organized as follows. The 2nd

section proposes and evaluates a novel depth classification

scheme using image blur without parameter estimation. Then

3rd section proposes and evaluates a object detection scheme

using image blur with Haar-like features and the 4th section

concludes this paper.

2. DEPTH CLASSIFICATION BY OUT-OF-FOCUS

BLUR IN AN IMAGE BASED ON CRF

This section proposes depth classification based on image blur

without parameter estimation and shows the evaluation result.

2.1. Overview of proposed scheme

Proposed scheme perform depth classification into 3 classes

by the following steps.

• Block division.

This step divides an input image to small rectangular

regoins.

• Discrete Fourier transform and feature extraction.

This step applies discrete Fourier transform to devided

rectangular regions obtained in the previous step. Then,

a scalar value corresponding to an obtained Fourier im-

age is extracted as a feature for this block.

• Further division of rectangular regions.

This step applies further division to rectangular regions

if a condition is satisfied.

• Depth classification

In this step, depth corresponding to a rectangular region

is classified to three classes; near, medium, and far. For

this classification, conditional random filed is used as

detailed in the following subsection.

In the rest of this section, detail of the above steps are

described.

2.2. DFT and feature extraction

This subsection details discrete Fourier transform and feature

extraction applied to obtained Fourier images.

2.2.1. DFT

First, an input image represented by a matrix A is simply

divided into n × m sub-blocks as shown in the following

equaiton.

A =







P11 · · · P1m

...
. . .

...

Pn1 · · · Pnm






, (1)
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Fig. 1. A normal image Fig. 2. A blurred image

where Pkl(k = 1, ..., n, l = 1, ...,m) means a divided sub-

block. Then, discrete Fourier transform is applied to each Pkl

and Qkl is obtained as shown in the following equation.

Qkl(x, y) =
1

U · V

U−1
∑

u=0

V−1
∑

v=0

Pkl(u, v)W
xu
1 W yv

2 , (2)

W1 = exp(−j 2π
U

), and (3)

W2 = exp(−j 2π
V

), (4)

where Pkl(u, v), U , and V represent a pixel value at (u, v) in

a divided block Pkl, width of a sub-block Pkl, and height of

a sub-block Pkl, respectively. j satisfies j =
√
−1. By using

Qkl, a matrix B is defined as follows.

B =







Q11 · · · Q1m

...
. . .

...

Qn1 · · · Qnm






. (5)

2.2.2. Feature extraction

Qkl obtained by the previous step is a matrix and cannot be

used directly in the computation of conditional random field

that requires a scalar value as a feature of a node. There-

fore, this step computes a scalar value skl by Qkl. In our

proposal, skl is computed with values obtained by the mask

that is shown in Fig.3 by the following equation.

s = ma/mb, (6)

ma = avr(maska), and (7)

mb = avr(maskb). (8)

where the function avr(mask) computes the average of val-

ues contained in rectangular region represented by mask.

Fig. 3. Masks to extract feature from a frequency image

After applying this operation to a matrix B, we can obtain

a matrix C represented by the following equation.

C =







s11 · · · s1m
...

. . .
...

sn1 · · · snm






, (9)

where a scalar value skl represents how blurred a target region

is corresponding to a matrix Qkl obtained by DFT.

2.3. Further division of rectangular regions

To obtain more detailed information about object border, the

proposed scheme executes further division of divided blocks

if the further division is necessary. To determine whether the

further division is necessary or not, once a divided block is

divided into half parts horizontally and vertically, and then

these divisions are accepted or not is judged based on scalar

values corresponding to them that are obtained by the same

way as the previous process computing skl from Qkl satisfies.

This further division is applied only if a computed scalar value

is greater enough,

2.4. Depth classification with CRF

In this subsection, class ykl of each divided region Pkl is ob-

tained from C obtain in the above subsection based on proba-

bilistic mode, where ykl can be 3, 2,and1 that mean near, mid-
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Fig. 4. A result of depth classification Fig. 5. A result w/o global features Fig. 6. Manually labeled ground truth

dle, and far, respectively. The probabilistic model used in the

proposed scheme is represented by the following equation.

P (Y |C, a, b) =
∑

kl

Rkl(ykl|C, a, b) (10)

Rkl(ykl|C, a, b) = t1f(ykl|C) (11)

+ t2
∑

pq∈neighb

g(ykl, ypq|C) (12)

f(ykl|C) = ykl(skl − dykl
) (13)

g(ykl, ypq|C,α, β) = α−
∣

∣

∣

∣

β − xkl − xpq

|ykl − ypq|+ 1

∣

∣

∣

∣

(14)

Y =







y11 · · · y1m
...

. . .
...

yn1 · · · ynm






, (15)

where f and g represent influence from local and global

features, respectively. This probabilistic model is solved by

libDAI[20] in this paper.

2.5. Evaluation

Fig.4,Fig.5, and Fig.6 show the experimental results for

depth classification by the proposed scheme, by the pro-

posed scheme without global features, and manually labelled

ground truth. In this evaluation, since ground truth does not

include further divided blocks, a block is regarded as correctly

classified if one of two further divided blocks belonging to

the block has same class as ground truth.

Table 1. Correct classification ratio
# correct /# all blocks percentage(%)

proposed 106/135 78.5

w/o global 104/135 77.0

Table shows that the correct classification ratio by the pro-

posed scheme computed with ground truth. This result shows

that the global feature does not have significant influence to

classification result. However, the classification ratio at object

boundaries has improved meaningfully by the global feature.

Table 2. Correct classification ratio at object boundaries

# correct /# all blocks percentage(%)

proposed 65/91 71.4

w/o global 60/91 65.9

Fig. 7. fig:Haar-like features used in the proposed scheme

Therefore, it can be said that the global feature is effective to

detect object boundaries based on a degree of blur.

By summarizing these experimental results, the proposed

classification does not show the excellent performance for

depth classification based on a degree of blur but can detect

object boundary at moderate accuracy. Based on these results,

next section propose a novel object detection scheme based on

image blur.

3. OBJECT DETECTION BASED ON IMAGE BLUR

This section proposes a novel object detection scheme based

on image blur and an experimental result using synthesized

images are shown.

3.1. How to construct an object detector

In the proposed scheme, an object detector is constructed by

the Adaboost learning algorithm as shown in Algorithm 1 that

is as same as the learning algorithm used in the Viola-Jones

scheme. Most significant difference between the Viola-Jones

scheme and our proposal is how to apply Haar-like features

to an image; the former computes difference of sum of lu-

minance included in rectangular features and the latter com-

putes the difference of a degree of blur included in rectan-

gular features represented by f in the Algorithm 1. Feature
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Algorithm 1 AdaBoost algorithm

1: example images = (x1, y1), ..., (xn, yn)
2: yi = 0, 1
3: w1,i =

1

2m
where m is the number of negative images.

4: for t = 1, ..., T do

5: wt,i ← wt,i∑
n
j=1

wi,j

6: ǫ = minf,p,θ
∑

i wi|h(xi, f, p, θ)− yi|
7: Define ht(x) = h(x, ft, pt, θt) where ft, pt, and θtare

the minimizers od ǫt.
8: Update the weights:wt+1,i = wt,iβ

1−ei

9: where ei = 0 if example xi is classified correctly, ei =
1 otherwise, and βt =

ǫ
1−ǫ

10: end for

11:

{

1
∑T

t=1
αtht(x) ≥ 1

2

∑T

t=1
αt

0 otherwise

12: where αt = log 1

βt

computation represented by f is performed by the following

operations.

1. color space conversion to gray scale,

2. clipping rectangular regions included in a Haar-like

feature,

3. applying window function to the rectangular regions,

4. DFT to the rectangular regions after the previous step,

5. score calculation corresponding to each rectangular re-

gion, and

6. feature calculation using scores obtained in the previ-

ous step.

Here, the score and calculation steps are detailed, which are

peculiar to the proposed scheme.

For score calculation, the same mask as shown in the Fig.3

are applied to obtain two squares from a rectangular region

corresponding to a Haar-like feature in a frequency image

generated by the DFT step. Haar-like features used in the

proposed scheme are shown in Fig.3.1, where calculation of

diagonal features are different from the original one. In the

proposed scheme, feature’s of a diagonal feature is calculated

by simply subtracting a score of a rectangle from a score of

another rectangle in the feature.

A score of a rectangular region in a feature is calculated

by the following equation.

score =
sum

area
, (16)

where sumi means sum of values included in a square ex-

tracted by the mask shown in the Fig.3 and area means its

area.

A score of a feature is computed by the following equa-

tion.

feature = scoreA− scoreB, (17)

where scoreA and scoreB represent scores of regions

marked by maskA and maskB, respectively.

3.2. Evaluation

To confirm the proposed scheme can detect object based on

a degree of blur, we did an experiment to detect target ob-

jects from an input image where background is blurred. In

this experiment, images including simple a target object and

blurred background are used for positive samples. For nega-

tive samples, images including a simple non-target object and

blurred background, and images including only blurred back-

ground are used. Here, several parameters for Gaussian blur

are applied to generate training samples.

Fig.3.2 shows the detection result by exhaustive search

when detector is trained with circle objects as positive sam-

ples. By the result, it is confirmed that the proposed scheme

is capable of detection target objects in an image based on its

blur.

4. CONCLUSION

This paper has proposed a depth classification scheme to con-

firm that object detection based on a degree of blur is feasible.

In the proposed classification scheme, block division, DFT to

each divided block, feature extraction based on masking in

frequency domain image, and classification based on CRF are

applied to an input image. An experimental result have shown

that the proposed scheme can extract boundary regions based

in a degree of blur.

Next, based on the result of depth classification, we have

proposed a novel object detection scheme based on a degree

of blur. The proposed scheme is designed for sliding win-

dow search that is widely used in the field of object detec-

tion based on Haar-like features and Adaboost learning algo-

rithm. The primary difference between the proposed scheme

and the Viola-Jones scheme is the calculation of scores based

on Haar-like features: the proposed scheme computes a score

of a feature based on difference of image blur between rect-

angular features in the feature that is computed by masking

in a frequency domain image in the same way as the pre-

vious classification scheme, though the original Viola-Jones

scheme simply computes pixel values included in rectangular

features. Experimental results using synthotic images have

shown that the proposed scheme for object detection can de-

tect target objects based on a degree of blur properly.

In the future, we will re-evaluate the proposed detection

scheme quantitatively with detection error tradeoff or Re-

ceiver operating characteristic curves using actual images in

addition to synthotic images. After the detailed evaluation,

we would like to try to construct a novel detection scheme
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Fig. 8. Detection result

combining several feature extraction schemes and machine

learning schemes to the proposed feature extraction from a

degree of blur.
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ABSTRACT

Scene text recognition is a challenging research topic in the

field of image recognition. To solve this problem, in addi-

tion to derived schemes from traditional OCR techniques for

scanned document, a novel approach based on generic ob-

ject detection scheme whose detection accuracy has been im-

proved drastically in recent years is becoming popular. This

paper proposes a novel text localization scheme aiming to

improve both recognition accuracy and processing speed of

scene text recognition. The proposed scheme adopts two-

class detector for initial character detection and region merg-

ing for text localization to execute proper preprocessing be-

fore character recognition by multi-class classifier. Experi-

mental results using ICDAR dataset have shown that the pro-

posed scheme can reduce search area to 36.4% while false

negative rate is 10.8%. By the results, it is shown that the

proposed scheme is feasible for scene text recognition.

Index Terms— Scene text localization, visual object de-

tection, non-maximal suppression, scene text recognition

1. INTRODUCTION

Optical Character Recognition (OCR) on scanned document

is mature technology and accurate recognition has been al-

ready achieved. For scanned documents, even hand-written

characters or complicated characters such as Chinese charac-

ters can be recognized by latest schemes. On the other hand,

scene text recognition that means optical character recogni-

tion on natural images is still one of the most challenging

tasks in the field of image recognition even though several

related technologies such as image processing, pattern recog-

nition, and machine learning have been drastically developed

in the last decade.[1] Recently, several kinds of competitions

about scene text recognition are held by ICDAR[2] to activate

this research topic.

The most popular approach for scene text recognition

is derivative of traditional OCR techniques. This kinds of

schemes adopt segmentation based on color information,

binarization, noise reduction etc. for localization of text

regions before character recognition itself [3]; after this

pre-processing, character recognition is performed in the

same way as the traditional OCR using multi-class clas-

sifier. In contrast, modern approach that does not require

application specific techniques used for the latter schemes

has been proposed [4]; this scheme aggressively exploits

scientific knowledge cultivated in the field of visual ob-

ject detection/recognition that has remarkably advanced in

recent years. The latter scheme uses multi-class detector

that is constructed by a machine learning algorithm with

training samples. Training samples for this detector are gen-

erated with careful consideration to improve classification

accuracy. By [4], introduction of generic visual object de-

tection/recognition techniques to scene text reading brings

innovative improvement. However, there remains some prob-

lems to adopts visual object detection/recognition techniques

in scene text reading: a large number of class to be detected

and recognized.

In general, multi-class classification is difficult problem in

the filed of visual object classification. Especially, to achieve

accurate classification rate with high speed processing is very

hard. [5] has tried to overcome this problem, but it is the

intrinsic problem when scene text recognition is performed

with multi-class classifier. To solve this problem, we propose

a novel framework for scene text recognition that does not use

multi-class classifier to search characters from natural input

images. In the proposed framework, character recognition

is performed by the following steps: character detection by

character/non-character two-class detector with sliding win-

dow exhaustive search, text region localization by merging

outputs of detector, and character recognition by multi-class

classifier. By the framework, computational amount can
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be drastically reduced because computationally exhaustive

multi-class classification is applied only to detected regions

that has high posibility to include characters. In addition,

once text regions are localized properly, several conventional

character recognition schemes can be applied to classify char-

acters included in these regions, which have achieved high

recognition accuracy. Therefore, the most significant task of

the proposed framework to detect text regions correctly to

maintain recognition accuracy at the third step.

To confirm effectiveness of the proposed framework, this

paper proposes a novel text localization scheme using region

merging for detection results obtained by two-class detec-

tor and shows that the scheme can reduce image regions to

be checked by multi-class classifier with low false positive

rate. In the proposed text localization scheme, integral chan-

nel features[6] is adopted to construct character/non-character

two-class detector because integral channel features achieves

the most highest detection accuracy in the filed of pedestrian

detection, where the detector must cope with diversity of ap-

pearance. To merge detection results by the detector, we real-

ize a novel region merging scheme that derives from pairwise

max suppression[7], which is adopted to obtain one detec-

tion result for a target object from several number of detection

results generated in the exhaustive search process by sliding

window.

The rest of this paper is organized as follows. The 2nd

section explains integral channel features adopted as two-

class detector in the proposed scheme and existing region

merging for object detection that is the origin of the proposed

crosswise region merging scheme. The 3rd section proposes

crosswise region merging for text localization and the 4th sec-

tion evaluates the proposed scheme using the ICDAR dataset.

Finally, the 5th section concludes this paper.

2. INTEGRAL CHANNEL FEATURES AND

NON-MAXIMAL SUPRESSION

2.1. Integral Channel Features

The integral channel features originally proposed in [6] by

Dollár et al is the object detection scheme using simple

rectangular features can be considered as an expansion of

the scheme using Haar-like features proposed by Viola and

Jones[8]. The Viola-Jones scheme uses multiple rectan-

gular features to calculate the difference between summed

luminance values in these features. On the other hand, the

detection scheme based on integral channel features classi-

fies an input object by evaluated values obtained by simply

adding values included in rectangular features. In addition, to

improve the detection accuracy, the integral channel features

uses several kinds of information as called as channels to

calculate evaluated values for classification. For example,

to detect pedestrians accurately, ten channels are used: six

gradient histogram channels, a gradient magnitude channel,

and three color channels.

It is clear that simple rectangular features do not have

enough classification performance if they are used as weak

classifiers to construct a strong classifier by boosting. In the

integral channel features, to improve detection accuracy, de-

cision trees are adopted as weak classifiers, in which each

node corresponds to a rectangular feature. The strong classi-

fier constructed by boosting with decision trees described in

the above can detect pedestrians more accurately than other

leading edge schemes.

However, the computational amount required for the

strong classifier is too large to be executed in real time with-

out any efforts reducing it as the Viola-Jones scheme also

cannot perform real-time object detection without computa-

tionally efficient implementation. The Viola-Jones scheme

adopts the attentional cascade in which each cascade stage

rejects non-target samples using only a value calculated in the

stage. On the other hand, the integral channel features adopts

the soft cascade structure originally proposed in [9]. Un-

like the attentional cascade, in the soft cascade, each cascade

stage calculates an accumulated value from the previous stage

for classification. By this framework for rejecting non-target

samples, the soft cascade does not need complex cascade

stages in the latter stages which are necessary for the atten-

tional cascade to maintain detection accuracy; to construct

a strong classifier with the soft cascade structure, multiple

instance pruning [10] is adopted. As a result, both accurate

detection and high-speed computation are realized.

2.2. Region Merging for Object Detection

Object detection based on sliding window search, a two-class

detector that classifies an input subwindow to an object or a

non-object category executes exhaustive search for an input

image in scan line order. By this operation, we obtain many

rectangles arround a target object that mean corresponding

subwindows classified as positive samples as shown in Fig.1

where pedestrians are detected. As described above, even

though softcascade structure that reduces the number of de-

tected windows arround detection target is applied for speed

up of object detection, multiple positive detection results are

obtained arround a target object in general. Therefore, in or-

der to obtain a rectangle corresponding to a positive sample

for a target object, region merging should be executed. Popu-

lar schemes to merge detected region are mean-shift[11] and

parwise max suppression [7]. The rest of this subsection de-

tails the algorithm of original pairwise max suppression, since

the proposed schemes extends it to obtain text region from

multiple detection results.

Algorithm1 shows the procedure of pairwise max sup-

pression. In this algorithm, first, multipre detected rectan-

gules are sorted in descending order based on likelihoods ob-

tained in the detection process. Next, overlapping area be-

tween a detected rectangle Seq(i) and the other rectangle
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Fig. 1. Result Pedestrians Detection

Seq(j) is evaluated where j is incremented from 0 to the max

integer value that does not become greater than the number

of detected rectangles. If a value obtained by dividing the

obtained overlapping are by a area that is equals to the area

of smaller one between Seq(i) and Seq(j) is greater than

a threshold σthreshold, the detected rectangle Seq(j) is re-

moved because it is expected to represent a detection result

for the same object represented by Seq(i). Region merging

is performed by applying these procedures to all detection re-

sults.

Algorithm 1 Pairwise max suppression

Require: 0 ≤ σthreshould ≤ 1
1: Seq.Sort by{Descending Order(score.Seq)}
2: i ⇐ 0
3: for i < Seq.size do

4: j ⇐ i+ 1
5: for j < Seq.size do

6: if
Area(Seq(i)∩Seq(j))

Min(Area(Seq(i)),Area(Seq(j))) > σthreshould

then

7: Seq(i) ⇐ Combine(Seq(i), Seq(j)))
8: Seq.Remove(j)
9: else

10: j ⇐ j + 1
11: end if

12: end for

13: i ⇐ i+ 1
14: end for

3. CROSSWISE REGION MERGING FOR SCENE

TEXT LOCALIZATION

In this section, first, overview of a scene text recognition

framework that we want to construct, and a role of text lo-

calization in our proposal is shown. Next, crosswise region

merging for scene text localization that can be considered

as an extension of pairwise max suppression detailed in the

previous section.

3.1. Scene text recognition framework with window-

based object detector

The proposed framework, first of all, exhaustive search by

two-class detector that discriminates

character or non-character region is executed in an input

image. Then, detected regions are merged to generate rect-

angular region including strings by the proposed crosswise

region marghing scheme. Finally, multi-class detector to rec-

ognize what character exists is applied to text region obtained

by the previous step.

The proposed framework is expected to provide the fol-

lowing merits to scene text recognition.

• Speed up of total recognition process including prepro-

cess and

• improvement of recognition accuracy.

The reason why speed up of total recognition process is ex-

pected, the area of regions drastically reduced by the initial

classification by the two-class detector, where multi-class de-

tector must that can detect all of alphabets but is computa-

tionally exhaustive be applied. In addition to speed up, recog-

nition accuracy is also expected to be improved because the

number of negative samples that must be used to construct

multi-class detector can be reduced due to area limitation by

the exhaustive search with two-class detector.

This paper reports only detection with two-class detec-

tor and region merging for text localization in the proposed

framework The proposed scheme adopts Integral Channel

Features introduced in the previous section as two-class

detector and the detail of the proposed region merging is

described in the rest of this section.

3.2. Detail of crosswise region merging

The primary purporse of the proposed region merging scheme

is to detect regions where several characters locates succes-

sively, though the existing pairwise max suppression tries to

obtain a detection result for a target object. Fig.2 shows how

region merginig is performed considering locations of char-

acters.

Algorithm2 shows the detail of the proposed region merg-

ing scheme. In the scheme, first, detected regions are sorted

by the x coordinate of them. In the Algorithm2, Seq.x and

Seq.y represent the x coordinate and the y coordinate of a de-

tected rectangle, respectively. Seq.size mean the total num-

ber of the detected regions in an input image.

After the sort process, a detected region is extended cross-

wisely if overlapping area between the detected region and

the other detected region is greater than a threshold when the

region is expanded along horizontal direction. To evaluate
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Fig. 2. Crosswise region merginig

the overlapping area, only y coorinates is used with threshold

σthreshold, where p00, p01, p10, and p11 represent y coordi-

nate of lower edge of the rectangular i, y coordinate of upper

edge of the rectangular i, y coordinate of lower edge of the

rectangular j, and y coordinate of upper edge of the rectangu-

lar j, respectively.

This simple expansion for horizontal direction often

merges distant regions that should not be merged. To avoid

this problem rectangles that are sufficiently near are mergend

in the proposed scheme by the threshold α.

Algorithm 2 Crosswise region merging

Require: 0 ≤ σthreshould ≤ 1
1: Seq.Sort by{Ascending Order(x.Seq)}
2: i ⇐ 0
3: for i < Seq.size do

4: j ⇐ i+ 1
5: for j < Seq.size do

6: p00 ⇐ y.Seq(i) p01 ⇐ y.Seq(i) + height.Seq(i)
7: p10 ⇐ y.Seq(j) p11 ⇐ y.Seq(j)+height.Seq(j)

8: if
Max(abs(p11−p00),abs(p01−p10))
Min(height.Seq(i),height.Seq(j)) > σthreshould

then

9: if abs(x.Seq(i)− x.Seq(j)) > α then

10: Seq(i) ⇐ Combine(Seq(i), Seq(j)))
11: Remove(Seq(j))
12: end if

13: else

14: j ⇐ j + 1
15: end if

16: end for

17: i ⇐ i+ 1
18: end for

4. EVALUATION

This section evaluates the proposed region merging scheme

with ICDAR 2013 dataset, where the same criteria as ICDAR

Competition 2013[12] for evaluation.

Scene Text Recognition

GROUND TRUTH

DETECTION RESULT

Fig. 3. many-to-one matches image

4.1. Evaluation criteria

In this paper, an evaluation criteria called “many-to-ne

matches” shown in [12] is adopted, which is often used in the

evaluation where a detection result includes several bounding

boxes corresponding to ground truth as shown in Fig.3.

In this evaluation, first, a recall rate and RArea(Gi, Dj)
and a precision rate PArea(Gi, Dj) are computed from a de-

tected bounding box and a ground truth bounding box by the

following equations.

RArea(Gi, Dj) =
Area(Gi ∩Dj)

Area(Gi)
and (1)

PArea(Gi, Dj) =
Area(Gi ∩Dj)

Area(Di)
. (2)

where Dj and Gi mean a detected bounding box and a ground

truth bounding box, respectively Here, we represent them by

other variables as shown in the following equations.

RArea(Gi, Dj) = σi,j and (3)

PArea(Gi, Dj) = τi,j . (4)

Next, the following two conditions are checked to extract

correctly detected bounding boxes from all detection results.

If the first inequalities is satisfied, a detection result Dj is re-

garded as having sufficient a recall rate. If the second inequal-

ities is satisfied, a detection result Dj is regarded as having

sufficient a precision rate.











∀i | Gi ∈ Sm : σi,j ≥ tr

and
∑

∀i | Gi∈Sm
τi,j ≥ tp,

(5)

Sm={Gi | i=1,2,3,...,NumOfGTs}

where tr and tp represent threshold for a recall rate and a pre-

cision rate, respectively. In this evaluation, these parameters

are set to 0.8 and 0.4, respectively.

Table.1 shows the Precision, Recall, and H-mean of the

proposed scheme, which are computed by the following equa-
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tion.

precision =
Dtruth

Dall

, (6)

recall =
Dtruth

Gall

, and (7)

H-mean =
2 · precision · recall

precision+ recall
, (8)

where Dtruth, Dall, and Gall are the number of detected rect-

angles that are considered as correct by the equation 5, the

total number of detected rectangles, and the total number of

ground truth bounding boxes, respectively.

Talbe.2 and Table.3 show the localization accuracy by

other schemes in ICDAR2003 and ICDAR2013, respectively.

By these results, the proposed scheme is more accurate than

old schemes in ICDAR2003 but cannot outperform most

schemes in ICDAR2013 except for baseline and Inkam. The

primary reason why accuracy by the proposed scheme seems

inferior to the latest schemes is that they apply multil-cass

classfier to recognize each character and to fit roghly de-

tected text region for In addition, the evaluation criteria of

the ICDAR competition seems too severe for the proposed

framework where the role of text localization is only to re-

strict search area by a text detector. Therefore, in the next

subsection, we propose a novel evaluation criteria for text lo-

calization and evaluate the proposed text localization scheme.

Method Name Recall Precision H.mean

Original PMS 49.65 48.52 49.08

Table 1. Proposal Framework Result

Method Name Recall Precision H.mean

Ashida 41.7 55,3 47.5

H.W.David 46.6 39.6 42.8

Wolf et al. 44.9 19.4 27.1

Todoran 17.9 14.3 15.9

Table 2. ICDAR 2003 Competition Result

Method Name Recall Precision H.mean

USTB TexStar 66.5 88.5 75.9

Text Spotter 64.8 87.5 74.5

TH-TextLoc 65.19 69.96 67.49

Text Detection 53.42 74.15 62.10

Baseline 34.7 60.8 44.2

Inkam 35.27 31.20 33.11

Table 3. ICDAR 2013 Competition Result

 0

 0.2

 0.4

 0.6

 0.8

 1

 0  0.2  0.4  0.6  0.8  1

R
e

d
u

c
ti
o

n
 R

a
te

False Negative Rate

Fig. 4. Relation between False Negative and Reducted Rate

4.2. False negative and reduction rate of search area

This subsection propose a evaluation criteria sutable for text

localization that is used preprocessing before accurate recog-

nition by multi-class classifier. The evaluation criteria is re-

duction rate of search area that multi-class classifier must be

applied to. By the criteria, we can evaluate how compuational

amount is reduced properly by the text localizatoin before ac-

curate multi-class classification. Fig.4 shows the reduction

rate while false negative rate changes. By the result, the pro-

posed scheme can reduce search area to 36.4% when false

nagative rate is 10.8%.

4.3. Text localization samples

Finally, we show the text localization examples by the pro-

posed scheme in Fig.5 and Fig.6, where green and redbouding

boxes mean detection results and groud truth, respectively.

5. CONCLUSION

This paper has proposed a novel framework for scene text

recognition aiming to improve both detection accuracy and

processing speed. In the framework, character detection by

two-class detector and text localization by region merging is

performed before character recognition by multi-class classi-

fier. The text localization by two-class detector aims speed

up of the total recognition process by reducing search area by

multi-class classifier. In addition, we expect that the reduction

enables improvement of detection accuracy due to decrease

of negative samples that must be requried for construction of

multi-class classifier.

To confirm the proposed scheme is feasible, this paper has

proposed a novel text localization scheme combining charac-

ter detection by two-class detector and text localizatino by

region merging. Experimental results using ICDAR dataset

with a criteria same as the ICDAR competition show that the
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Fig. 5. Correctly detected examples

Fig. 6. Falsely detected examples

proposed scheme achieves moderate accuracy compared with

other existing schemes. However, we have proposed a novel

evaluation criteria using false nagative rate and reduction rate

of search area because the criteria is not suitable for evalua-

tion to measure reduction rate of search area that should be

searched by multi-class classifier. By the proposed criteria,

the proposed scheme can reduce searh area to 36.4% while

false negative rate is 10.8%. Based on these experimental re-

sults, it can be said that the proposed framework is feasible

for scene text recognition.

In the future, we will try to improve the accuracy of two-

class detector, and after that, we would like to evaluate the

total perfomance of the proposed framework by construct-

ing multi-class classifier that is indispensable for scene text

recognition.
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ABSTRACT 
 

In this report, localizing Saudi license plates in images is 
described using two approaches. In the “object adjacency” 
approach geometric relationship is used to locate Saudi license 
plates in images. The distance between objects extracted from 
an image, their natures, and their relative positions are used to 
confirm/deny the existence of license plates in the image. In the 
“character recognition” approach, recognizing a vehicle license 
plate is used for localization. All possible objects from the 
license plate image are filtered to keep relevant ones. If Arabic 
and English patterns that agree exist, the license plate is 
recognized. Use of topological relationship between series of 
characters is minimized to vertical alignment. The success rate 
of the first approach is 84.6% whereas that of the second 
approach ranges from 83.9% to 87.75% depending on the 
relative size of the license plate to the image size.   
 
Keywords: License Plate Localization, Image Processing, 
character recognition, Artificial Intelligence. 
 

1.  INTRODUCTION 
 
Recognizing a license plate is important for security purposes 
such as unauthorized vehicle access, detecting stolen cars, 
monitoring cars of suspect persons, identifying cars involved in 
criminal acts or recognizing cars having traffic violations [1]. 
Automatic License Plate Recognition (ALPR) systems 
automatically find and identify license plates in an image. 
Historically, ALPR was done by first localizing the license plate 
in the image and then identifying the characters in the localized 
license plate knowing that they are part of a license plate. 
Without localizing the license plate, objects available in an 
image might confuse character recognition into producing false 
positives or false negatives. Localizing a license plate can be 
done based on three main features [2]: the distinctive color of 
the characters of a license plate, the edges of the characters and 
the patterns or textures in the image. 
 
In this paper, two algorithms are presented for locating Saudi 
license plates in images. The algorithms are adaptations of the 
algorithm presented in [3] for Lebanese license plates. The 
algorithms use preprocessing to enhance the quality of a colored 
image [4]. Labeled objects are then extracted from the enhanced 
image. In the first algorithm, the relationship between the 

different objects is used to identify the part of the image which 
contains a license plate. The algorithm does not require 
recognizing the objects before locating the license plate. In the 
second algorithm, instead of solely relying on the relationship 
between objects, objects are recognized to determine if they can 
be license plate characters. Three different recognition 
algorithms [5], [6] and [7] are applied to every object. Then 
possible vertical alignment between objects is used along with 
information about possibilities of letters and digits for each 
object to localize the Saudi license plate. 
 
In section 2, literature is reviewed for similar work. In section 3, 
a description of Saudi license plates is given so that readers can 
better understand the decisions made and thresholds chosen in 
the algorithms. In section 4 the “object adjacency” algorithm is 
introduced with a discussion of the results of a real world 
application. In section 5, the “character recognition” algorithm 
is introduced with a discussion of the results of a real world 
application. The paper concludes in section 7 by summarizing 
the achievements presented along with suggestions for future 
research based on the work presented in this paper. 
 
 

2.  LITERATURE REVIEW 
 

Historically, license plate localization in images was done by 
using three main sets of features [8]. The first set of features 
relies on information extracted from the edges in the image 
[9].The second set of features relies on information extracted 
from the histogram of the image [10, 11].The third set of 
features relies on information extracted from homogenous 
regions in the image [12, 13]. In [9], Hough Transform is used 
to identify lines in the image. The identified lines are then 
grouped into closed boxes. The boxes are then assumed to be 
characters in the license plate and the information about those 
boxes is used to confirm or deny the existence of a license plate. 
Hough transforms are sensitive to noise and computationally 
intensive which outweighs their superiority in determining 
edges. In [11] a text area is identified by comparing the number 
of white and black pixels in a line to thresholds. In [9] and [10] 
pixels belonging to a license plate are identified by containing 
fast variations between light and dark areas. Relying on 
intensity of pixels is simpler and faster than grouping lines into 
boxes. However, the disadvantage is the sensitivity of the 
method to the orientation of the license plate in the image. In 
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and vertically. If four adjacent series exist then we have a new 
license plate, otherwise we have an old license plate. 
Assuming the whole license plate appears in the image, since a 
Saudi license plate contains at least 6 characters horizontally 
and two series on top of each other, then the width of any 
character should be less than 1/6 of the actual image width. The 
height of the character should be less than 1/2 of the actual 
image height. A set of characters are considered adjacent if and 
only if they satisfy the X-axis constraint and the upper and low 
Y-Axis constraints. 
The X-Axis constraint for a Saudi license plate depends on both 
characters being tested for adjacency. If the width to height 
ratio of the first character is greater than 0.9 and the ratio of 
background pixels to object pixels in the bounding box of the 
character is greater than 0.8 then the character is most likely an 
Arabic 0. The character to the right of the Arabic 0 would be 
adjacent to the Arabic 0 only if it satisfies equation (1). 
 

X1- X2<W* 5             (1) 
 
Where, as shown in Figure 7,  
• X1 is the bounding box’s upper-right corner’s x-coordinate 

for the Arabic 0. 
• X2 is the bounding box’s upper-left corner’s x-coordinate 

for the character to the right of the Arabic 0. 

• W is the bounding box’s width for the Arabic 0. 
 

The multiplier 5 in equation (1) was used because of the small 
size of the character in height relative to other numbers.  
If the character under consideration is not the Arabic 0, then the 
character to its right is considered adjacent if and only if it 
satisfies equation (2). 
 

X1-X2<H * 1.5                   (2) 
 
In order for two characters to be adjacent, they should also 
satisfy the y-axis constraints expressed mathematically in 
equations (3) and (4).  
 

Y1 – (H * 0.2) <= Y2<=Y1 + (H * 0.5)            (3) 
 

Where, as shown in Figure 8,  
• Y1 is the upper right corner’s y-coordinate for the leftmost 

character. 
• Y2 is the upper left corner’s y-coordinate for the rightmost 

character. 
• H is the bounding box’s height for the leftmost character. 

 
Y3 – (H * 0.5) <= Y4<=Y3 + (H *0.2)             (4) 

 

 

Where, as shown in Figure 9,  
• Y3 is the lower right corner’s y-coordinate for the leftmost 

character. 
• Y4 is the lower left corner’s y-coordinate for the rightmost 

character. 
• H is the bounding box’s height for the leftmost character. 
• 0.2 and 0.5 were determined by calibration done on several 

images of Saudi license plates. 

 
The distance between each object and its adjacent objects is 
calculated. There will be one distance (y) which is different 
from all other distances (x) as shown in Figure 10. Objects that 
are around “x” near each other are part of the same series. 
Objects that are “y” from each other belong to different series. 

 
 
All Saudi license plates have two series of characters that are 
horizontally adjacent. The left series always contains numbers 
(whether in Arabic or English) and the right series always 
contains exactly three alphabetic characters (English or Arabic). 
In the third localization step, horizontally adjacent series are 
grouped into one region. Series are horizontally adjacent when: 
1. The number of objects in the rightmost series is 3. 
2. X -coordinates satisfy equation (5):  

 
X1< X2 < X1 + W                      (5) 

 
Where, as shown in Figure 11,  
• X1 is the upper right corner’s x-coordinate for the leftmost 

series’ bounding box. 
• X2 is the upper left corner’s x-coordinate for the rightmost 

series’ bounding box. 
• W is the bounding box’s width for the leftmost series. 
 
 
 
 
 
 
 
3. The upper and lower boundaries of the bounding boxes of the 

two series should not be off by more than 10% of the height.  
4. The average spacing in one series should not be off from the 

average spacing in the other series by more than 50%. 
The fourth step of the localization algorithm checks the 
existence of two vertically adjacent regions as shown in Figure 
12. Two regions are adjacent vertically if their bounding boxes 
are not off horizontally by more than 10% of the width. This 
means that their bounding boxes have upper left corners’ x-
coordinates that satisfy equation (6). 

 
X1 – (5% * W) < X2 < X1 + (5% * W)          (6) 

Y1 

H 

W 

Y2 
Y 
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 6.  CONCLUSIONS 

 
In this paper, two algorithms were described to localize Saudi 
license plates in images. The first algorithm uses relative 
positions of objects to detect the presence of a license plate. The 
algorithm works well but has one drawback which is that the 
fixed thresholds need to be changed by a human in order to 
correctly locate plates. Notwithstanding the threshold issue, the 
algorithm was able to localize all plates in all images tested 
except in one case only where a false positive was reported 
along with the true positive. The second algorithm depends on 
locating all possible objects in the image that can be part of a 
license plate. The main criterion in this phase is the size of the 
object compared to the size of the image. All large or small 
objects are discarded so that the method concentrates on the 
objects that have appropriate size. The coordinates of the center 
point of the bounding box for all remaining objects are found 
and then possible alignments between these objects are 
checked. After finding the aligned objects, the recognition 
algorithms are applied to distinguish between these objects and 
to differentiate the numbers from the letters in the plate. The 
second algorithm has shown good results also. Errors in 
locating license plates occurred mainly in two cases. The first 
case was when the license plate had large screws that were 
considered as part of nearby characters. The second case was 
when the license plate was rotated in the image thereby 
rendering characters unrecognizable. 
In the process of localizing a license plate in an image, there are 
three types of thresholds used. The first type of thresholds is 
used, in the pre-processing stage, when labeling pixels as 
background or object pixels. The second type of thresholds is 
used to remove large or small objects that are not possible 
characters in a Saudi license plate. The third type of thresholds 
is used in checking the alignment of objects to decide whether 
two objects are vertically aligned or not. Currently all 
thresholds are determined empirically and manually. Work 
should also focus on automating the determination of thresholds 
based on the image properties. Automating the RGB-level 
threshold used in binarization as a function of the colored image 
properties is another area for future research. Automating the 
determination of the threshold for noise removal in an object is 
also an interesting subject for future research. Adapting the 
algorithms to be able to deal with images of partial license 
plates rather than requiring the presence of the whole license 
plate in the image is another interesting future work. In case a 
part of the license plate is corrupted by noise, the algorithm 
should be able to extract whatever information is present in the 
image and extrapolate. For example, the area in which a 
character was not correctly recognized could be a candidate for 
reprocessing with different thresholds. In particular, for new 
license plates, the redundancy between English and Arabic 
regions should be explored to make the recognition better. A 
promising area for further research is to adapt both algorithms 
to process non-Saudi license plates. The algorithms rely on 
geometric relationships between objects and the actual 
alphanumeric characters used in the license plate. In fact, the 
first algorithm was adapted from an earlier one which processed 
images of Lebanese license plates. Also the second algorithm 
can be adapted to work on old Saudi license plates, if needed, 
by exploiting the horizontal alignment of characters in Saudi 
license plates rather than only their vertical alignment 
relationship. 
 
 
 
 

 
7.  REFERENCES 

 
[1] D. J. Roberts and M. Casanova, “Automated License 

Plate Recognition Systems: Policy and Operational 
Guidance for Law Enforcement”, Technical Report, 
International Association of Chiefs of Police, September 
2012. 

[2] W. Jia, X. He and M. Piccardi, "Automatic License Plate 
Recognition: a Review," Department of Computer 
Systems, Faculty of Information Technology, University 
of Technology, Sydney. 

[3] H. Obeid, R. Zantout and F. Sibai, “License Plate 
Localization in ALPR Systems”, 4th International 
conference on Innovations in Information Technology 
(Innovations 07), Dubai, United Arab Emirates, 
November 18-20, 2007, , pp. 486-490. 

[4] R. C. Gonzalez and R. E. Woods, "Digital Image 
Processing," Second edition, Prentice Hall, 2002, pp.523-
532. 

[5] K. Al Mustafa,  R. Zantout and H. Obeid, “Pixel Density: 
Recognizing Characters in a Saudi License Plate”, the 
2010 International Conference on Intelligent Systems 
Design and Applications (ISDA 2010), Cairo, Egypt, 
November 29 – December 10, 2010, pp. 308-313. 

[6] K. Almustafa, R. Zantout, H. Obeid and F. Sibai 
“Recognizing Characters in Saudi License Plates 
Using Character Boundaries,” International Conference 
on Innovations in Information Technology, 2011, 
Abudabi, UAE, pp. 415 – 420. 

[7] K. AlMustafa, R. Zantout and H. Obeid, “Peak Position, 
Recognizing Characters in Saudi License Plates”, IEEE 
GCC Conference and Exhibition for Sustainable 
Ubiquitous Technology, Dubai, United Arab Emirates, 
February 19-22, 2011, pp. 186-189. 

[8] A.N. Vidhy and S. Guna Sundari, “A Survey on 
Localization and Recognition of Plate Number”, 
Proceedings of the 14th IRF International Conference, 
India, September 2014, pp. 59-62. 

[9] H. Kwasnicka and B. Wawrzyniak, "License Plate 
Localization and Recognition in Camera Pictures", 
Faculty Division of Computer Science, Wroclaw 
University of Technology, Artificial Intelligence 
Methods, Gliwice, Poland, November 13-15, 2002. 

[10] R. Brad, "License Plate Recognition System,” 
Proceedings of the 3rd International Conference on 
Information, Communications and Signal Processing, 
Singapore, October 2001, pp. 2D3.6. 

[11] S. Ozbay and E. Ercelebi, "Automatic Vehicle 
Identification by Plate Recognition," Transactions on 
Engineering, Computing and Technology, version 9, 
November 2005. 

[12] J.R. Parker and P. Federl, "An Approach to License 
Plate Recognition," Computer Science Technical Report, 
591-11, University of Calgary 1996. 

[13] V. Turchenko, V. Kochan, V. Koval, A. Sachenko and G. 
Markowsky, "Smart Vehicle Screening System Using 
Artificial Intelligence Methods," Proceedings of 2003 
Spring IEEE Conference on Technologies for Homeland 
Security, Cambridge, MA, May 7-8, 2003, pp. 182-185. 

[14] H. Obeid and R. Zantout, “Line Processing: An 
Approach to ALPR Character Recognition”, 
ACS/IEEE International Conference on Computer 
Systems and Applications, Amman, Jordan, May 13-16, 
2007, pp. 712-716. 

245

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)



Software Interface and the Color White: A Semiotic Analysis 

 
Julian Thomas Costa 

 School of Computer Science and the Arts, Lehigh Carbon Community College 

Schnecksville, PA 18078, United States of America 
 

 

 
ABSTRACT 

 

This paper examines a recent shift in software interface design 
that incorporates the color white as its principal color and main 
ingredient in the design scheme.  In making connections to 
semiotics, communication theory and art, various hypotheses 
regarding the underlying statement of these technologies are 
raised.  More specifically, the kind of statement that this design 
style is making about the effects of mobile technology on 
contemporary society is discussed from a multi-disciplinary 

perspective. 
 
Keywords: Mobile Device, Interface, Proximity, Color Theory. 
 
 

INTRODUCTION 
 
In the late 1980s, the Walt Disney Company published a series 
of storybook versions of their movies, accompanied by an 

audiocassette.  I can remember so vividly an image on the back 
cover of these books that featured two children gazing into an 
open book, from which bright light was shining up toward their 
faces.  At the time, it was pretty obvious that the image had 
been edited, and that the book itself was not giving off light.  
Now, let us fast-forward twenty five years and re-take the 
photo.  The light would still brighten the children’s faces, 
perhaps even brighter than before, as today the children would 

be reading the story on a mobile device. 
 
Over the past several years we have seen the emergence of a 
new trend in software design, both on the desktop computer and 
the mobile device, and that is the prevalence of the color white 
in the graphical user interface.  Around the same time that 
Microsoft launched the Office 2013 suite, Apple released the 
iOS 7 for its iPhone and iPad products, and though they are 

historically competing brands, they both feature a 
predominantly white visual experience.  This was a pretty 
drastic change in comparison to preceding generations of 
software, which incorporated their own color schemes and use 
of shadows, gradients and the like.  While I am sure that this is 
merely a design trend that the twenty-first century is embracing, 
I feel pretty confident that there is a semiotic undertone to this 
change that is worth discussing.  Perhaps this “whiteout-of-

sorts” is a larger statement about the times than originally 
intended? 
 

THEORETICAL CONNECTIONS 

 
When we examine the theories of color, we’ll find that each 
color carries a binary symbolism, in that each color has both a 
positive and negative connotation.  Looking at the color white, 
it is often described in the contemporary Western culture as 

representing cleanliness, purity, and even innocence.  But, it is 
also said that white can symbolize emptiness, coldness, and of 
most significance here would be an absence of presence.  Over 

the past five or six years, I have heard a lot of negative 
commentary about mobile devices regarding their detrimental 

effects on interpersonal communication skills.  “People don’t 
how to communicate anymore, they only know how to text!”  
Can we blame them?  In 1995, Media Ecologist Neil Postman 
posed the question “Are we using technology, or is technology 
using us?”  Historically speaking, the telephone has always 
required a large amount of attention from its user [1], however, 
that was said at a time when the telephone only required one to 
speak and listen.  Quite frankly, that is of secondary importance 

on a mobile device today. 
 

THE MOBILE EVOLUTION 
 
Let’s take a look at how these software interfaces have changed.  
Eight years ago, the iPhone was released, as was Microsoft’s 
major re-tooling of the Office applications.  Within the 
interfaces of both of these products, we saw quite a bit more of 
the color blue.  Since blue is said to represent thinking, depth, 

and calmness, that would be an appropriate choice for the 
design of an interface.  But eventually, the color white crept its 
way into predominance.  I think this progression can serve as an 
interesting illustration of the influx of technology and its 
increasing role in our lives.  Thinking back to the year 2007, 
most people owned a cell phone and its main usage was for 
calling and texting, and the ratio of calls to texts was pretty 
much equal at that time.  Internet surfacing, document 

production and email were still done on a desktop computer.  
Moving ahead four years, the iPad had come and the iPhone had 
started to dominate the electronics market.  By this point, phone 
calls had become something of a novelty, as did an email that 
did not end with the footer “sent from my iPhone” or something 
similar.  All the while, the color white was becoming 
increasingly predominant within the software.  I am reminded 
of Bradley Dilger’s theory of the “Ideology of Ease,” which 

explains the consequences of making software user-friendlier.  
“For the sake of ease of use and speed, we sacrifice power and 
precision” [2].  Within the past year, I have witnessed smart 
phone users who do not know how to differentiate a file being 
attached to a message or embedded within the body of it.  There 
is such an obvious sense of confidence within them about being 
able to quickly send an email from their phones, and yet they 
fail to realize that some email clients might not be able to 

decode an embedded image. 
 

CROSS-DISCIPLINARY IMPACTS 
 
Another connotation of the color white is that it represents 
death.  According to artist Laurie Adams, the Chinese interpret 
white as the color of mourning! [3].  Perhaps it is signifying the 
death of basic computer skills?  Has the “paperclip” icon 
become a mystery to today’s netizens?  This connotation of 

white might also offer a prediction, and that is the eventual 
death of the spoken word.  As we have all noticed by now, 
interpersonal skills such as speaking and listening have been 
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severely wounded by the influx of mobile technologies within 
contemporary society.  In a review of Apple’s iOS 7, 
technology author Adrian Kingsley-Hughes makes the 
observation of yellow text on a white background within the 

“Notes” application [4]. This was an interesting juxtaposition, 
since yellow is said to represent cowardice.  One could argue 
that the yellow text is a representation of the user’s fear of 
speech.  The vast majority of people today, particularly younger 
generations, will avoid speaking on the telephone at any cost, 
hence the growing inability for many to carry on a conversation 
without a mobile device present.  As Clark and Blankenburg 
point out, we are dependent upon our communication 

interactions for cultivating an understanding of the self [5].  
Today, we could take this a step farther and say that in order to 
have any sense of fulfillment or engagement with the world, 
people cling to these devices, seeking to gain much of the 
appraisal and satisfactions once derived from spoken language 
and “real” experiences that were not solely carried across 
mediated channels. 
 

When we look at works of art, the use of intense white 
represents the blinding light of the divine presence.  One cannot 
see God, just the rays that emanate from Him.  It seems to me 
that in this scenario, the color white is playing the role of a 
mirror, in terms of what these technologies have done to our 
society.  The reasons for this are complex, yet I’ve found that 
each of them seems to provide more interesting pieces to the 
puzzle.  Color psychology asserts that there are many 
connotative meanings to colors that seem to play out rather 

bluntly in everyday life.  One online resource lists some of the 
“negative keywords” relating to the color white, such as 
cautious, isolated, distant, unimaginative and boring, just to 
name a few.  Let’s think about typical smart phone users:  they 
do want anyone touching their phones or even catching a quick 
glance of what is on the screen.  Due to their deep engagement 
with whomever or whatever they are interacting with, trying to 
carry on a spoken conversation is usually a pursuit in vain, or at 

very least does not lead to a lively chat.  As I had mentioned 
earlier, these technologies have led to a loss of interpersonal 
skills, but I would also venture as far to say that they have 
diminished creativity and imagination in many respects.  Smart 
phone users are no longer perceptive of their surroundings and 
are almost entirely “tuned out” to nonverbal communication and 
the decoding of symbols in general—that is, unless the symbols 
appear in pixels. 

 
In the book Looking at Art, Adams talks about contrast, and 
how if too much light is shining onto a surface, nothing will be 
visible [3].  One of the most innate functions of technology and 
media are to organize and transmit information.  When one is 
working within an interface that is almost entirely a bright white 
color, how could one be able to establish a hierarchy or 
differentiation of the information being presented?  In 2008, 

technology blogger Dmitry Fadeyev provided a paradigm for 
the use of light, color, and contrast in user interface design.  He 
stressed that “decreas[ing] contrast for less important areas of 
your user interface [will] make them take a back seat” [6].  This 
is not a practice that seems to be followed with any vigilance 
when software is being developed today.  This is perhaps most 
painfully obvious in Microsoft’s email client, Outlook.  Upon 
being updated in 2013, this program now features an entirely 
white interface, including buttons, address fields, message entry 

box, and menus.  Looking at this program in the context of the 
other Microsoft applications, application reviewer Steven 
Krause made the point that Outlook is a lot more interface-

heavy than Word or PowerPoint, which were designed to 
replicate paper, in essence [7].  Perhaps this is one of the 
motives behind the design of these applications.  We could 
venture that the design of the iOS or the Microsoft applications 

is meant to represent a nostalgic throwback to a pre-electronic 
environment?  Most printed books follow the same style 
conventions: simple text, printed in black, on white paper.  
Perhaps the “futuristic” style is actually homage to life before 
its existence. 
 
Although this may be so, the white interface does not make for 
a user experience that is conducive to critical thinking.  The 

human brain’s perceptions of color, according to color theorist 
Faber Birren, affect the cerebral cortex, thus enabling a higher 
level of thought and comprehension [8].  In the past two 
decades, schools and colleges have made a strong push for 
technology presence in the classroom, to the point where 
today’s students do much of their learning on a digital device.  
But, we must ask if the white interfaces are helping or hindering 
this process?  Children respond to colors and derive meaning 

from them [9], and even adults can benefit from information 
being organized through color, since various components of the 
interface serve different purposes and complete different tasks. 
Having a “flat” interface that is almost entirely one color is not 
conducive for ease-of-access, nor does it appeal to more than 
very few senses. 
 

DEFINANCE OF PAST LESSONS 

 

Looking at these recent changes in interface design raises the 
question of defiance, or, whether or not we have abandoned the 
discoveries and suggestions that have been proven in the 
sciences throughout the 20th century.  With the advent of the 
television came the discussions of proximity in regard to how 
far the viewer should sit from the screen.  I can remember being 
told as a child, “Don’t sit too close to the TV, it’s bad for your 
eyes!”  Not only have we abandoned this notion, but in essence, 

we’ve made things worse!  Today, mobile devices are held only 
several inches away from one’s face, and with the recent move 
toward white interfaces, are projecting very bright images. 
While there are often settings that can be employed to reverse 
the contrast of a screen, often the user will opt not to use these 
features, as they would affect any videos or photographs being 
displayed.  Thus, the user is more prone to ocular damage than 
ever before.   

 

SOLUTION 

 
The solution to this situation is rather simple: adding darker 
color options back into the interface.  To provide the user with a 
color palate that includes at least three colors would best lend 
itself to a more visually pleasing experience.  Ideally, the user 
should be given options in terms of which color palate they 

wish to have present on their screens.  For example, the web 
browser Google Chrome provides their users with a vast 
selection of visual themes to choose from, featuring multiple 
gradations of each color.  As we are well aware, computer users 
come before their screens with different levels of comfort and 
confidence toward computing, as well as different demands 
upon their time and attention.  Thus, providing a dark red 
interface would be more fitting for a novice user who is pressed 
for time, than for an advanced user who plans to spend the 

afternoon preparing a document.  The latter situation would best 
lend itself to an interface that features gradations of the color 
blue.  In essence, Microsoft and Apple should take their cue 
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from Adobe and Google in terms of interface design, because 
while cleanliness and elegance are important, comfort and 
personalization are not going out of style! 
 

 

CONCLUSION 

 
Within the sub-discipline of computational semiotics, the color 
white would serve as a prime indexical sign of the twenty-first 
century.  Its connotative meanings with regard to technology 
are, in essence, “telling the story” of what has happened as a 
result of technology and the onset of the color white within the 

design of software.  While it seems obvious that the color white 
was selected to give off the impression of a clean, sleek, and 
elegant new program, I am still quite surprised that Apple and 
Windows would have been so negligent in terms of selecting a 
color that, at very least, would provide an easier viewing 
experience for the user.  It almost seems like we’ve moved 
backwards!  In the early days of microcomputing, if an interface 
existed, it usually included no more than two colors.  And look 

where we are today!  The Adobe Corporation is not buying into 
this new trend.  At least five years ago, their programs were 
converted to feature a dark interface design, knowing that their 
users would be staring at the screen for several hours at a time.  
Visual designers will often stress the importance of having good 
contrast in a work of art, or anything visual for that matter.  I 
must ask, is having “good contrast” truly “good contrast”?  In 
the case of the digital interface, there is definitely a “good 
contrast,” but it is not the color white.  It is where software 

design had arrived by 2007, and then where it ended up six 
years later.  It is where we were when these technologies 
became available, and where we are now: ignorant of our own 
discoveries, and essentially contributing to the detriment of our 
society.  But you won’t hear about it anywhere, because this 
truth has essentially been whitewashed. 
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Abstract: Semiconductor process variation and reliability aging 

effect on CMOS VCO performance has been studied. A 

technique to mitigate the effect of process variations on the 

performances of nano-scale CMOS LC-VCO is presented. The 

LC-VCO compensation uses a process invariant current source. 

VCO parameters such as phase noise and core power before and 

after compensation over a wide range of variability are 

examined. Analytical equations are derived for physical insight. 

ADS and Monte-Carlo simulation results show that the use of 

invariant current source improves the robustness of the VCO 

performance against process variations and device aging. 

 

Key words – Aging effect, phase noise, core power, 

process variation, LC-VCO   

 

1. INTRODUCTION 

        With aggressive scaling of CMOS, the 

controllability of the fabrication process is decreasing 

with each technology node, especially in the nanometer 

regime. Negative biased temperature instability (NBTI) 

and hot carrier injection (HCI) are well-known aging 

phenomena that degrade transistor and circuit 

performance. As the characteristic dimensions of device 

becomes smaller and smaller, it becomes harder and 

harder to precisely control the physical dimensions and 

dopant levels during the fabrication process. As a result, 

these growing uncertainties lead to more and more 

statistic variations in circuit performance and behaviors 

from designed circuit. The process variation has been 

treated mainly as die to die variation, that is the 

difference originated from different die environments, but 

devices from the same die share the same properties. 

With the device size shrinks, intra-die variations have 

become the main concern for design since it will cause 

local mismatch even if chips are cut from the same die. 

Yield analysis and optimization, which takes into account 

the manufacturing tolerances, model uncertainties, 

variations in the process parameters, and aging factors are 

known as indispensable components of the circuit design 

procedure. The intrinsic device parameter fluctuations 

that result from process uncertainties have substantially 

affected the device characteristics. Process variability 

comes from random dopant fluctuation (RDF), line edge 

roughness (LER), and poly gate granularity (PGG) [1], 

[2] 

        Recently, numerous papers on reliability and process 

variability and their impact on circuit performances have 

been published [3]–[7]. For example, NBTI is a major 

contributor to CMOS ring oscillator propagation delay 

[3]. GOB reduces the static noise margin of the SRAM 

cell [4]. Hot electron effect increases noise figure of low 

noise amplifier [5], decreases the output power and 

power efficiency of power amplifier [6], and increases 

phase noise of cross-coupled oscillator [7]. For process 

variability, Li et al. [8] studied random-dopant- induced 

variability in nanoscale device cutoff frequency and 

CMOS inverter gate delay. Hansson and Alvandpour [9] 

showed that the delay variation in the master–slave flip 

flops is 2.7 times larger than the delay variation in a 5-

stage inverter chain. Mukhopadhyay et al. [10] presented 

that large variability and asymmetry in threshold-voltage 

distribution due to random dopant fluctuation 

significantly increase leakage spread and degrade 

stability of fully depleted SOI SRAM cell. Rao et al. [11] 

described a complete digital on-chip technique to 

measure local random variation of FET current. Didac 

Gómez [12] presented a circuit compensation technique 

to analyze and reduce temperature and process variation 

effects on low noise amplifiers and mixers. Liu and Yuan 

[13] developed an adaptive body bias technique for 

power amplifier resilient to reliability aging and process 

variations. Han et al. [14] addressed a post-manufacturing 

self- tuning technique that aims to compensate for multi-

parameter variations.   

In this work, the reliability and process variability on 

the RF VCO has been examined. Section II describes the 

analytical modeling of phase noise and noise factor 

accounting for device parameter shift resulting from 

aging. Section III presents the reliability and variability 

insight of VCO performance before and after current 

compensation through circuit simulation. Impact of 

process variations on VCO is evaluated using Monte 

Carlo simulation. Finally, the conclusion is given in Sec. 

IV. 

 

2. CIRCUIT ANALYSIS 

           Both the fabrication process-induced fluctuation 

and time-dependent degradation cause the MOSFET 

model parameter to drift. The threshold voltage and 

mobility are the two most significant model parameters 

that suffer from process uncertainty and reliability 

degradations. Here, the most widely used LC-VCO 

structure in Fig. 1 is used to evaluate the process 

variations and aging effects on RF VCO performance. 
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blocks in the implementation of a single radio chip in 

today’s various wireless communication systems. LC-

VCO is commonly used in CMOS radio frequency 

integrated circuits because of their good phase noise 

characteristics and their ease of implementation. 

 The architecture of LC-VCO uses a cross-coupled pair of 

NMOS transistors. 

 

VDD

Vtune

M1 M2

M3 M4

M5

C1 C2

M6 M7

L1 L2

L3 L4

VGCS

VOUT+ VOUT-

Fig. 1 Schematic of a LC-VCO 
 

Transistor M1 and M2 are used as capacitors. The 

drain and source terminal are connected to each other and 

a tuning voltage is applied to that connection. Transistor 

M3 and M4 are a NMOS cross-coupled pair of the VCO. 

The transistor M5 provides the bias current. Transistor 

M6 and M7 are used as a buffer and they produces the 

output signal 

There are many important parameters used to show 

the performance of the VCO. Phase noise and power 

consumption are chosen to evaluate the performance of 

LC-VCO in this paper. Normally, phase noise (L) is 

characterized by the ratio of phase noise power compared 

to the signal power. In general, larger signal can be 

achieved by increasing the core current at the cost of 

larger power consumption. The output voltage swing of 

LC oscillator is limited by the saturation conditions of the 

cross-coupled transistors. When this saturation condition 

is met, a further increase of the core current will have no 

effect.  

The phase noise of the VCO can be derived as 
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where F is the noise factor, k is the Boltzman constant, 

o  is the carrier center frequency, m  is the carrier 

offset frequency, T is temperature, R is output resistor, Q 

is the resonator and Vo is the output voltage.   The noise 

factor (F) of the VCO is given by  
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where   is the noise factor of single transistor and gm is 

the transconductance. 

The sensitivity of the LC-VCO can be examined. The 

process variation and the aging effect may degrade the 

VCO performance. The Phase noise variation is modeled 

by the fluctuation of gm and bias current drift as 
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where un is the mobility and VT is the threshold voltage. 

Expanding the partial derivatives in (3) the phase noise 

variation can be written as  
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where Cox is the oxide capacitance per unit area, L is the 

channel length and W is the channel length of the current 

source transistor, VGSOSC is the gate-source voltage to the 

cross coupled transistor, and VGSCS is the gate-source 

voltage to the current source transistor.  

 Eq. (4) accounts for process variations and aging effect 

of the mixer. 

It is clear from (4) that the VCO performance is 

dependent on the drain current of current source. To 

maintain the mixer performance, the drain current of M5 

has to be kept stable. Thus, process invariant current 

source circuit shown in Fig. 2 is employed. In Fig. 2 drain 

currents of M8 and M9 are designed the same. Changes 

in M8 and M10 drain currents are negatively correlated to 

remain a stable bias current (ID8 + ID10). For example, if 

the process variation increases the threshold voltage, but 

decreases the drain current of M8, the gate voltage of 

M10 increases (VG10 = VDD – ID9R). Thus, the drain 

current of M10 increases to compensate the loss of ID8.  

 
VDD

R

M8
M9

M10

ID8+ID10

 
Fig. 2 Process insensitive current source 

3. RESULTS AND DISCUSSION 

       ADS simulation is used to compare the VCO 

performance using the single transistor current source 

versus process invariant current source. The RF VCO is 

operated at 2.4 GHz. The output spectrum is shown in 

Fig. 3. The output spectrum of the VCO is very peaked 

near the oscillation frequency (2.4GHz). 
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Fig. 3 The output spectrum 
 

In the circuit design, CMOS 0.18 µm mixed-signal 

technology node is used. L1 to L4 are chosen at 2nH. The 

transistor channel widths of M1 and M2 are 696 µm. The 

channel widths of M3 and M4 are 128 µm. The channel 

width of M5 is 300 µm. The channel widths of M6 and 

M7 are 48 µm. The gate resistor size of the current source 

is 200 Ω. The mixer sets the gate biasing voltage at the 

current source at 0.9 V. In the current source, the 

transistor M8 and M9 match each other as 100 µm. The 

width of M10 is 600 µm. The supply voltage VDD is 1.8 

V. The tuning voltage is 0.5 V.  

       For the process variation effect, the phase noise of 

the VCO is evaluated at 1MHz offset frequency using 

different process corner models and variable resistance 

due to inter-die variations. One naming convention for 

process corner models is using two-word designators, 

where the first word refers to the N-channel MOSFET 

(NMOS) corner, and the second word refers to the P 

channel (PMOS) corner. In this naming convention, three 

corner models exist: typical, fast and slow. Fast and slow 

corners exhibit carrier mobilities that are higher and 

lower than normal, respectively. The simulation result of 

the (ff), (ss), (sf), (fs), and (tt) is shown in Fig. 4(a). It is 

clear from Fig. 4(a) that the VCO with the invariant 

current source shows robust phase noise against different 

process variations.  
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Fig. 4(a) Phase noise by different process models 
 

The phase noise gain is also evaluated using different 

threshold voltage and mobility degradations resulting 

from aging (hot carrier effect) as shown in Figs. 4(b) and 

4(c). The hot-carrier injection increases the threshold 

voltage, but decreases the electron mobility. The phase 

noise increases with an increased threshold voltage or 

decreased mobility due to reduced transconductance. 

Again, the VCO with process invariant current source 

exhibits more robust performance against threshold 

voltage increase and mobility degradation. 
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Fig. 4(c) Phase noise versus electron mobility 
 

In addition, the power consumption of the VCO using the 

process invariant current source is compared with that 

using the single transistor current source. The power 

consumption versus different process models is displayed 

in Fig. 5 (a). It is clear from Fig. 5(a) that the power 

consumption is more stable over different corner models 

for the mixer using the current invariant current source. 

The power consumption also shows less threshold 

voltage and mobility sensitivity as evidenced in Figs. 5(b) 

and 5(c). In Figs. 5(b) and 5(c) the power consumption 

decreases with increased threshold voltage and decreased 

mobility due to reduced drain current and 

transconductance in the VCO. 
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Fig. 5(a) Power consumption predicted using different process models 
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Fig. 5(c) Power consumption versus electron mobility 

 

          To further examine the process variation and 

reliability impact on RF LC-VCO, Monte-Carlo (MC) 

circuit simulation has been performed. In ADS the 

Monte-Carlo simulation assumes statistical variations 

(Gaussian distribution) of transistor model parameters 

such as the threshold voltage, mobility, and oxide 

thickness. In the Monte-Carlo simulation a sample size of 

1000 runs is adopted. Figs. 6 (a) and 6 (b) display the 

histograms of phase noise using single transistor current 

source (traditional) and using the process invariant 

current source (after compensation).  For the mixer using 

the traditional current source, the mean value of phase 

noise is -117.06 dBc/Hz and its standard deviation is 

1.48%. When the process invariant current source is 

applied, the mean value of phase noise changes to -

117.29 dBc/Hz and its standard deviation reduces to 

0.34%. 
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Fig. 6(a) Phase noise statistical distribution without compensation 
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Fig. 6(b) Phase noise statistical distribution after process compensation 

effect 

4. CONCLUSION 

 

           Semiconductor process variations and hot electron 

reliability on the LC-VCO performance have been 

evaluated using different process models and key model 

parameters such as threshold voltage and mobility. The 

phase noise and power consumption show robust 

performance for the VCO using the process invariant 

current source compared to that using the traditional 

single transistor current source. Monte-Carlo simulation 

demonstrates that the standard deviation of phase noise 

reduces from 1.48% to 0.34% while their relative mean 

values remain the same.  
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Abstract— Cable television (CATV) systems generally consist of

a headend, trunk cables, distribution cables in the neighborhood,

drop cables to a home and in-house wiring, and terminal equip-

ment. Coaxial cables bring a CATV signal to customer premises

through a service drop, an overhead or underground cable.

Hermetic inline amplifiers are used to amplify the attenuated

CATV signal due to propagation loss or splitting the coaxial cable.

They are usually installed on utility poles. Therefore, maintenance

methods for inline amplifiers on utility poles are important issues

in CATV operations. This paper proposes a new maintenance

system for inline amplifiers in CATV systems, and develops a

prototype implementation. The proposed system consists of an

amplifier gain analyser to measure amplification performance of

inline amplifiers, a special smartphone application, and a cloud

server. The proposed amplifier gain analyser is composed of three

functions: a generation of high frequency signals for testing,

measurement of the test signal gain, and wireless communication

based on Bluetooth Low Energy (BLE). We develop a signal

generation circuit for a test signal and a smoothing circuit for

converting the high frequency test signals into DC signals. The

amplifier gain analyser can evaluate an amplifier gain by compar-

ing an input test signal from the signal generation circuit and an

output test signal from an inline amplifier. The measurement

function uses Nordic nRF51822, which is a System on Chip

(SoC) for BLE because Nordic nRF51822 has some AD converter

ports for evaluating the DC signals. The smartphone application

employs BLE communication function to collect the measured

amplifier gain from the amplifier gain analyser. Therefore, we

developed a special data collection application for iOS. The

data collection application has a central function of BLE, and

can find a target peripheral device that is the amplifier gain

analyser in this paper. Therefore, technicians of CATV systems

can easily check the operational status of inline amplifiers on

utility poles. Additionally, the smartphone application can upload

the measured information to a cloud storage server. We employ

Google App Engine and use Cloud Datastore to implement the

cloud storage service. Therefore, our storage service has flexibility

for various kinds of information.

Keywords— Inline amplifiers maintenance, CATV, Sensor

networks, Bluetooth Low Energy, Smartphone application

I. INTRODUCTION

Cable television (CATV) systems were introduced in the

United States in 1948[1]. Recently, more than half of all

American homes subscribe to basic cable television services.

The standard for CATV systems has been developed by

CableLabs and contributing companies. Data Over Cable Ser-

vice Interface Specification (DOCSIS)[2] is an international

telecommunications standard that permits the addition of high-

bandwidth data transfer to a CATV system. DOCSIS provides

variety in options available at Open Systems Interconnection

(OSI) layers 1 and 2, the physical and data link layers.

DOCSIS architecture includes two primary components: a

cable modem (CM) located at customer premises, and a cable

modem termination system (CMTS) located at a CATV office.

CMTS is a device which hosts downstream and upstream

ports for CMs. These ports are typically separated to some

connectors for downstream and for upstream communication

due to the noise in the upstream path. Therefore, a typical

CMTS has 4 or 6 upstream ports per a downstream port.

Recent CATV systems use a hybrid fiber-coaxial system to

extend the service area and to reduce the effect of the noise in

the upstream path[3]. Fiber optic lines bring digital signals to
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Fig. 1. Overview of CATV system.

　 　

fiber optical nodes where they are converted into RF channels

and modem signals on coaxial trunk lines. The latest CATV

systems still use coaxial trunk lines due to the limitation of

the installation at customer premises.

CATV operators generally require maintenance systems

for CATV networks[4]. Some schemes have been proposed

for a failure analysis of fiber optical cables because fiber

optical cables are easily damaged[5], [6], [7], [8], [9], [10].

Coaxial cables are comparatively undamageable than fiber

optical cables. However, coaxial networks usually employ

hermetic inline amplifiers to amplify the attenuated CATV

signal because the CATV signal generally attenuates due to

signal decay depending on the increase of the coaxial cable

length. They are typically installed on utility poles, and are

easily damaged due to severe outdoor condition such as high

temperature and humidity. Therefore, maintenance methods for

inline amplifiers on utility poles are important issues in CATV

operations.

This paper proposes a new maintenance system for inline

amplifiers in CATV systems, and develops a prototype im-

plementation. The proposed system consists of an amplifier

gain analyser to measure amplification performance of inline

amplifiers, a special smartphone application for collection

the measured amplification performance of the amplifier gain

analyser, and a cloud server for storing the measured data. The

proposed amplifier gain analyser consists of three functions: a

generation of high frequency signals for testing, measurement

of the test signal gain, and wireless communication based

on Bluetooth Low Energy (BLE)[11]. We develop a signal

generation circuit for a test signal and a smoothing circuit for

converting the high frequency test signals into DC signals.

The amplifier gain analyser can evaluate an amplifier gain by

comparing an input test signal and an output test signal from

an inline amplifier. The measurement function uses Nordic

Semiconductor nRF51822[12], which is a System on Chip

(SoC) for BLE because Nordic Semiconductor nRF51822 has

some AD converter ports for evaluating the DC signals. The

smartphone application employs BLE communication function

to collect the measured amplifier gain from the amplifier gain

analyser. Therefore, we developed a special data collection

application for iOS. The data collection application has a

central function of BLE, and can find a target peripheral device

that is the amplifier gain analyser in this paper. Therefore,

technicians of CATV systems can easily check the operational

status of inline amplifiers on utility poles. Additionally, the

smartphone application can upload the measured information

to a cloud storage server. We employ Google App Engine and

use Cloud Datastore to implement the cloud storage service.

Therefore, our storage service has flexibility for various kinds

of information.

II. CATV SYSTEM

Recent cable systems are large, with a single network and

headend often serving an entire large area. Most systems use

hybrid fiber-coaxial (HFC) distribution where the trunklines
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Fig. 3. Signal generation circuit.

　 　

that carry the signal from the headend to local neighborhoods

are optical fiber to provide greater bandwidth and also extra

capacity for future expansion. The headend modulates the

radio frequency electrical signal carrying all the channels on

a light beam and sent it through the fiber. The fiber trunkline

goes to boxes called optical nodes in local communities. At

the optical node, the light beam from the fiber is translated

back to an electrical signal and carried by coaxial cable

distribution lines on utility poles, from which cables branch

　

　　

　

Fig. 4. Smoothing circuit for test signals.

　 　

out to customer premises.

Fig. 1 is the overview of coaxial cable distribution lines in

CATV system. A fiber optical node has a broadband optical

receiver, which converts the downstream optically modulated

signal coming from the headend to an electrical signal going

to the homes. It also contains a reverse/return path transmitter

that sends communication from the home back to the headend.

The optical portion of the network provides a large amount

of flexibility. The coaxial portion of the network connects

typically 500 homes in a tree-and-branch configuration off

of the node. Hermetic inline amplifiers are used to overcome

cable attenuation and passive losses of the electrical signals

caused by splitting the coaxial cable.

Trunk coaxial cables are connected to the optical node and

form a coaxial backbone. Trunk cables also carry AC power

which is added to the cable line by a power supply and a

power inserter. The power is added to the cable line so that

optical nodes, trunk and distribution amplifiers do not need an

individual, external power source. Smaller distribution cables

are connected from the trunk cables to a port of the trunk

amplifier to carry the RF signal to individual streets. The

distribution line is used to connect the individual drops to

customer premises.

III. PROPOSED MAINTENANCE SYSTEM

Fig. 2 shows the system model of the proposed maintenance

system. The system consists of three functions: the amplifier

gain analyser, the smartphone application and the cloud server.
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A. Amplifier gain analyser

The amplifier gain analyser has three modules: a generation

module for high frequency signals for testing, a measurement

module for the test signal gain, and a wireless communication

module based on Bluetooth Low Energy (BLE) technology.

Fig. 3 shows the circuit design for the high frequency signal

generation for testing. The circuit generates 260 MHz signals

as the test signal. Fig. 4 shows the circuit design for the

smoothing for test signals because an AD converter cannot

measure the test signal directly due to the high frequency.

　

　　

　

Fig. 6. Overview of amplifier gain analyser

　 　

The circuit smooths both the original test signal as the ref-

erence signal and the output signal of the amplifier as the

measured signal. The output signals are inputed into the AD

converter of nRF51822. nRF51822 has a 32-bit ARM Cortex

M0 core. Therefore, it can calculate the amplifier gain from

the smoothed signals.

B. Signaling

We employ nRF51822 for calculating the amplifier gain

and the communication module for a smartphone application.

Fig. 5 shows the signaling process between the amplifier gain

analyser and the smartphone application, and between the

smartphone application and the cloud server. The following

is the maintenance procedures.

1) The amplifier gain analyser starts transmission of BLE

advertisement packets. It operates by the power from

a coaxial cable because a headend or a power inserter

generally provides the power to a coaxial cable.

2) The amplifier gain analyser transmits the advertisement

packets periodically to broadcast the service to neighbor

smartphone application.

3) The smartphone application starts receiving of BLE

packets when technicians launch the smartphone appli-

cation. The smartphone application continues to receive

BLE packets until it receives the BLE advertisement

packet for the target amplifier gain analyser.

4) The smartphone application transmits the SCAN REQ

packet to the amplifier gain analyser to request the
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Fig. 7. Overview of inline amplifier.

　 　

　

　　

　

Fig. 8. Internal view of inline amplifier.

　 　

communication when it detects the BLE advertisement

packet.

5) The amplifier gain analyser replies the SCAN RES

packet to the smartphone application. The application

can recognize the specific information about the ampli-

fier gain analyser.

6) The smartphone application transmits the CON-

NECT REQ packet to initialize GATT communication

to the amplifier gain analyser.

7) The amplifier gain analyser starts GATT communication

　

　　

　

Fig. 9. Captured images of iOS application.

　 　

when it receives the CONNECT REQ packet from the

smartphone application.

8) The smartphone application requests specific character-

istic values by transmitting the READ REQ packet to

the amplifier gain analyser.

9) The amplifier gain analyser replies the requested char-

acteristic values by replying the READ RES packet. It

continues the data transfer process with READ REQ

and READ RES packets until the data transmission is

completed.

10) The smartphone application terminates the connection

by transmitting the LL TERMINATE IND packet.

11) The amplifier gain analyser disconnects the connection

when it receives the LL TERMINATE IND packet.

12) The smartphone application uploads the measured infor-

mation to the cloud server by HTTP.

13) The cloud server stores the measured information in the

database.

14) The cloud server replies the acknowledgement to the

smartphone application when it receives the measured

information successfully.

IV. EXPERIENCE

Fig. 6 shows the overview of the amplifier gain analyser.

Figs. 7 and 8 show the overview and the internal view of the

inline amplifier which is STARLINE series of MiniBridger

amplifiers produced by General Instrument (Motorola). We
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TABLE I

EXPERIMENTAL RESULTS.

By oscilloscope By developed circuits

Input signal [mV] 90 38

Output signal [V] 7 3

Gain [dB] 38 38

employ the development board of nRF51822 because the

original nRF51822 chip is a product for the surface mount-

ing and is difficult to solder. The developed circuit for the

signal generation is connected to the inline amplifiers and

the smoothing circuit. The smoothing circuit is connected

to the development board for the nRF51822. As a result,

the developer board of nRF51822 can measure the smoothed

signals from the signal generation module and the output port

of the amplifier.

Fig. 9 shows the captured images of the developed iOS

application. The application can connect to nRF51822, and

can obtain the amplifier gain by BLE communication. In the

experimental trials, we measured the amplifier gain with an

oscilloscope or the developed circuits to evaluate the accuracy

of the amplifier gain value. As the input signal, we configure

that the signal generator circuit outputs 90 [mV] signal at

260 [MHz]. Tab. I shows the experimental results. We have

confirmed that the developed circuits can obtain the accurate

amplifier gain comparing to the measured value with an

oscilloscope.

We employ Google apps as a cloud server service. There-

fore, iOS application can post the measured amplifier gain to

the cloud server by HTTP. We confirm that the developed

application on the google apps can receive the measured

amplifier gain from the iOS application and can store the data.

V. CONCLUSION

This paper has proposed the new maintenance system for

inline amplifiers in CATV systems, and has developed the

prototype implementation. The proposed system consists of an

amplifier gain analyser to measure amplification performance

of inline amplifiers, a special smartphone application for

data collection, and a cloud server for the data store. We

have confirmed that the proposed amplifier gain analyser can

measure the amplifier gain by the generated test signal, and

iOS application can receive the measured amplifier gain from

the amplifier gain analyser by BLE technology and can post

the gain to the cloud server on Google Apps.
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[9] K. Yüksel, M. Wuilpart, V.Moeyaert, and P. Mügret, “Novel Monitoring
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Abstract 

This study identified some of the common errors that 

frequently occur in physics practical works. Since errors cannot 

be absolutely avoided in measurements, an attempt has been 

made in this paper on the identification of the common errors 

and how to reduce them to the minimum. Students in 
preliminary science group of the College of Education, Ikere- 

Ekiti, were used for the investigation. One hundred and fifty 

(150) students stratified into seventy-five (75) male and seventy-

five female (75) from three consecutive years were randomly 

selected for  the exercise. Since the study attempts finding 
solutions to the present problems by using the existing 

phenomenon, the descriptive research of the survey type was  

adopted. 

The parametric student t-statistical test and the 

analysis of variance (ANOVA) were used to test the hypothesis  
generated. The study revealed that there were differences in 

errors committed in three consecutive years. Also the errors 

committed by male and female students showed no significant 

differences except for errors in decimals which were significant 

at 0.05 level. Suggestions were made on how to avoid or reduce 
errors into minimum where such errors could not be avoided. 

 

Keywords: Errors, Physics practical, Experiment, Instructions,        

   Estimation, Accuracy.  

 
Introduction 

 

The development of practical physics in Nigerian 

schools has been hamstrung by several factors; some of which 

are: defective teaching of integrated science at the junior 
secondary school level, poorly equipped science laboratories, 

dearth of qualified physics teachers, overcrowding of classes 

with students who have least interest in physics but are in 

attendance in obedience to the wishes of their parents and lack 

of motivation of teachers. 
[1] Observed that students seem to pay less attention 

to most important areas in practical works and hence commit 

errors which sometimes render their works useless. Different 

sources of errors had been identified in students’ practical 

works. Those errors and shortcomings can be traced to the 
following: observation, graphs, deduction, accuracy, calculation 

and precautions. It is well known to every observer that it is 

almost impossible to obtain a result which is absolutely error 

free. An error, according to  [2] and [3] means the degree of 

uncertainty in an exercise or irrelevant variables in testing 
which results in inconsistency in measurement. If errors are too 

many, the experimental work will be rendered useless.  

[4] classified errors into three main parts depending 

on their sources. These are personal, instrumental and 

environmental (or natural) errors. All other errors are assumed 
to fall into any of these three categories.  

Personal Errors: They are due to imperfection of the sense 

organs. These include errors due to parallax in reading. A good 

example is the measurement of one centimeter graduation of a 
ruler that is subdivided into ten parts of estimation during 

reading. Students with myopia and astigmatism will definitely  

have larger errors in measurement than those who have good 

eye accommodation. 

Instructional Errors: They are results from inevitable errors 
during the manufacture of the apparatus. It is the result of an 

imperfect design or inadequate adjustment of the instrument 

used. Unreliable apparatus do cause errors.  

Environmental Errors: They are complex or natural conditions 

under which measurements are made. The sources of these 
errors are; vibration of image; variation in temperature; change 

in pressure; intensity of light; air resistance; air humidity 

fluctuation and unexpected frictions. All these do affect 

measurements and cause errors.  

 [5] Explained that in refraction phenomenon, the sun 
is visible even after it has set below the horizon. The reason for 

this is that light from the sun refracted by the atmosphere 

towards the earth, thus raising the apparent position of the sun. 

The refraction effect causes apparent change in the position of 

starts. Astronomers allow for this source of error in their 
determination of stellar position. [4] Explained that any single 

result will contain not only triple elementary errors (personal, 

instrumental and natural) but rather, a complex error 

representing the sum of a number of various types of elementary 

errors. 
It has been a considerable handicap to many 

experimenters that their formal scientific training has left them 

unequipped to deal with the common situations in which 

experimental errors cannot be safely ignored. Not only the 

awareness of possible effect of experimental errors essential in 
the analysis of data, but also it is in a paramount consideration 

in planning the generation of data, that are in experimental 

designs. Therefore, to have a sound base on which to build 

practical techniques for the design and analysis of experiment, 

some elementary understanding of the experimental errors and 
associated probability theory is essential. Experimental errors  

can be sub-divided into various types such as systematic, 

blunder, random, estimation; calculations and errors in graphs.  

Accuracy plays a vital role in laboratory 

(experimental) works. Since too many errors in an experiment 
can render the entire work fruitless, it is therefore necessary to 

learn how to be more accurate in practical works. In a study, 

recommended that students should: 

(i ) be aware of accurate experimental procedure; 

(ii ) be able to make accurate observations and 
measurements, being aware of possible sources of 

errors; 

(iii ) be able to follow instructions accurately; 

(iv) be able to record accurately, systematically and 
honestly the result of the observation and  

(v) be able to communicate clearly and accurately. 
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Objectives of the study 

Since the importance of accuracy in physics practical 

cannot be glossed over, the survey of common errors in physics 

laboratory work could play vital roles in directing students to 
better performances in physics practical as well as minimizing 

accidents in laboratories. On the bases of this, the research is 

designed to go in-depth in finding sources of errors in physics 

practical and proffer solutions to how they can be avoided. The 

research would also analysis errors committed by male and 
female students in physics practical works. 

 

Sample and sampling procedure 

A total number of one hundred and fifty (150) 

students were selected randomly among preliminary science 
students of a College of Education in Ekiti State of Nigeria. The 

research covered three different sets of pre-NCE students, who 

had attempted the West African School Certificate Examination 

(WASCE) before. Fifty (50) students were randomly selected 

from each set. The subjects were chosen through the method of 
stratified randomization for the purpose of grouping the sample 

into male and female categories.  

 

Instruments and data collection 

The study involved the use of students weekly 
practical works which were selected from West African 

Examination Council (W.A.E.C) past questions for them to 

perform during each semester. All the students were given the 

same questions and experiments took p lace under the same 

condition for the two semesters in each set of three consecutive 
years. The whole exercise therefore cut across six semesters 

altogether.  

Four of the past experiment results in Mechanics, 

Light, Heat and Electricity were selected from the student 
practical notes which make the total number of practical 

investigated upon to be six hundred (600). Ten errors, which 

could be practically identified, were ranked for the purpose of 

analysis.  

 
Hypotheses 

Two hypotheses were tested. 

Hypothesis 1 

    There is no significant difference in the errors  

committed by students in practical physics in the three 
consecutive sessions.  

This hypothesis was tested using ANOVA (F-statistics) at 0.05 

level of significance. The results are presented in Table 1.  

 

Table 1:   ANOVA of errors over three consecutive sessions 
S/N Error SS(BG) SS(WG) M(BG) M(W) F P-

level 

1 Decimal 14.75 70.00 7.37 0.97 7.58 0.001 

2 Unit 4.16 65.12 2.08 90 2.30 0.108 

3 Graph 8.83 50.75 4.41 0.70 6.27 0.003 

4 Formula 6.59 54.16 3.29 0.70 6.27 0.016 

5 Calculation 8.72 41.36 4.36 0.57 7.59 0.001 

6 Estimation 4.03 28.64 2.01 0.54 3.75 0.028 
7 Random 34.11 59.44 17.05 0.83 20.66 0.000 

8 Blunder 7.79 60.88 3.89 0.85 4.61 0.013 

9 Systematic 9.71 50.96 4.85 0.71 6.86 0.019 

10 Experimenta
l 

8.96 39.52 4.48 0.55 8.16 0.001 

 Total 23.63 1174.72 118.81 16.32 7.28 0.013 

SS(BG)  = Sum of square between Groups 

SS(WG) = Sum of Square within groups 

M  = Means, df1 = 2; df2 = 72; *P> 0.05 
 

When the F-calculated was compared with the table 

value, all the errors except unit were significant at 0.05 level. 

That is, there are significant differences in errors committed in 

three consecutive years, except for errors in unit. The 

hypothesis was therefore rejected in all errors except for units. 

The post hoc summary table gives a further analysis. A further 

analysis was done using identify error. 

 
Table 2: Errors over three consecutive sessions – Post Hoc       

 Summary 
GRP DEC 

1,2,3 
UNI 
1,2,3 

GRA 
1,2,3 

FOR 
1,2,3 

CAL 
1,2,3 

EST 
1,2,3 

RAN 
1,2,3 

BLU 
1,2,3 

SYS 
1,2,3 

EXP 
1,2,3 

Total 
1,2,3 

G1 

G2 

G3 

  * *  *  
 
* 

 
 
*  * 

 
 
* 

       * 
       * 

       *        *     * *     * * 

M1 

M2 

M3 

1.60 
2.24 
2.16 

2.66 
3.00 
2.56 

1.90 
2.70 
2.10 

2.56 
2.70 
2.10 

1.96 
3.02 
2.34 

2.12 
1.96 
1.70 

1.18 
0.96 
2.32 

1.22 
1.82 
1.96 

0.86 
1.36 
1.76 

1.06 
1.68 
1.76 

18.12 
21.44 
20.90 

*P<0.05  

 
The table revealed the prevalent errors over the three 

consecutive sessions. In the three groups, there was not much 

difference in the errors due to unit, but there were significant 

differences in the other errors considering each group. 

Generally, the total mean error revealed that there were 
difference in groups G1 and G2 and also in groups G1 and G3. 

 

Hypothesis 2 

    There is no significant difference in the errors 

committed by male and female in practical physics. This 
hypothesis was tested using t-test at 0.05 level of significance. 

The results are presented in table 3. 

 

Table 3: t-test for errors due to sex 
ERROR SEX MEAN SD t P-Level 

DEC Males 
Females 

2.17 
1.83 

0.99 
1.07 

 
2.06* 

 
0.041 

UNI Males 
Females 

2.84 
2.64 

0.87 
0.97 

 
1.33 

 
0.185 

GRA Males 

Females 

2.27 

2.29 

0.78 

0.90 

 

0.19 

 

0.846 
FOR Males 

Females 

2.41 

2.49 

0.89 

0.91 

 

0.55 

 

0.586 
CAL Males 

Females 

2.71 

2.84 

0.80 

0.82 

 

1.01 

 

0.516 
EST Males 

Females 

1.92 

1.93 

0.88 

0.76 

 

0.10 

 

0.921 

RAN Males 
Females 

1.60 
1.37 

1.19 
1.12 

 
1.20 

 
0.232 

BLU Males 
Females 

1.60 
1.73 

1.04 
0.96 

 
0.81 

 
0.417 

SYS Males 
Females 

1.32 
1.33 

0.92 
0.91 

 
0.09 

 
0.929 

EXP Males 
Females 

1.56 
1.44 

1.02 
0.81 

 
0.80 

 
0.425 

 df=148,    *P<0.05  

 
The t-calculated and probability level revealed that 

the difference in the errors committed by boys and those of girls  

were not significant except in decimal which were significant at 

0.05 level. The summary table gives a further analysis. 

 
Table 4: t-test summary for error due to sex 
Sex N Mean SD df T P-Level 

Male 75 20.4 4.85  
148 

 
0.65 

 
0.514 Female 75 19.9 4.37 

P> 0.05 

Conclusion and Recommendations 

The result of this study (both the descriptive analysis 

and systematic testing of the hypotheses) showed that there are 

errors which frequently occur during practical works in physics. 
The study confirmed that it is  almost impossible to obtain a 

result in physics practical which is absolutely free from errors. 

Since the results of the findings revealed that there is significant 

difference in errors committed in the three consecutive years, it 

should therefore be noted that whatever experience we have and 
however competent the experimenter may be in practical works, 
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there is still the possibility of committing errors. Only those 

who carefully minimize the common errors by taking the 

necessary precautions always do well in physics practical.  

The importance of accuracy in laboratory 
(experimental) works cannot be glossed over. [6] in his study 

observed that measurement of any quantity can only be made to 

a certain degree of accuracy which is governed by the apparatus 

used, the external and the individual who makes the 

observation. Most of these errors can be avoided or reduced to a 
minimum, if the appropriate precautions are taken. Based on the 

findings of this study, the following recommendations were 

made: 

 

 Blunder and random errors which normally render the 
works of observers fruitless can be reduced into minimum by 

repeating the procedure. It is therefore suggested that all 

procedures should be repeated (where possible) for more than 

one time and the mean of many values should be accurately 

calculated. 
 

 Females committed less error in graph and calculation 

than their male counterparts in the three consecutive years. 

Since graph plotting and calculation are always the last 

activities on experiments to get solution before conclusions are 
made, it is therefore suggested that more attention should be 

given to male students and in case of group work, female should 

be grouped with male student during physics practical work. 

 

 Different methods of avoiding errors in physics 
practical works should be emphasized among students and 

teachers in our colleges. Hence, Error Correcting Instructional 

Package (ECIP) should be used in Physics practical works to 

minimize errors. 
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ABSTRACT 

 
In this paper, we consider the problem of modeling application 

scenarios characterized by variability over time and involving 

heterogeneous kinds of knowledge. The evolution of distributed 

technologies creates new and challenging possibilities of 

integrating different kinds of problem solving methods, 

obtaining many benefits from the user point of view. In 

particular, we propose here a multilayer modeling system and 

adopt the Knowledge Artifact concept to tie together statistical 

and Artificial Intelligence rule-based methods to tackle 

problems in ubiquitous and distributed scenarios.    

 

Keywords: Bayesian Network, Rule-Based Systems, Time-

Evolving Scenarios. 

 

1.  INTRODUCTION 
Rule-based systems are the technology of choice for solving a 

wide variety of problems involving the understanding of 

complex phenomena and the planning of the consequent 

actions. 

A generic rule-based system is made of an inference engine, a 

knowledge base made of rules and a set of facts to be analyzed. 

The set of rules embodies the knowledge available about the 

particular scenario we want to model; therefore “understanding” 

means the interpretation of a pattern of events/facts obtained by 

matching the left part of some rules contained in the knowledge 

base and deriving the appropriate inferences. 

In many cases the set of applicable rules is static, i.e. it does not 

change in time. The applications of this simple, well-established 

form of rule-based system are many: from medical diagnosis to 

network fault management, from environment monitoring to 

security risk analysis, we have thousands of commercial 

applications of such kind of technology. 

In this paper we are concerned with a more complex problem, 

that of modeling time-varying scenarios. 

In this case, the observed system and its reference environment 

change in time, passing through a series of macroscopic states, 

each one characterized by a specific set of relevant rules. 

Moving from one state to another, the meaning and importance 

of some events can change drastically, therefore the applicable 

inferences, as described by the rule set, must change 

accordingly. 

The crucial point from the system point of view is the difficulty 

for production rules to capture in a precise way the knowledge 

involved in decision making processes which are variable in an 

unpredictable way. The resulting rules set must be obtained as 

the product of an intensive knowledge engineering activity, 

being able to generate new portions of the knowledge base 

effectively and efficiently with respect to the changes in the 

application domain.  

Some examples of these application scenarios can help in 

clarifying the characteristics of the problems we intend to 

tackle. 

A first example is the evolution of the state of an elderly patient 

affected by a neurologic degenerative disease. Quite often the 

development of the disease does not proceed in a linear, 

predictable way; instead long periods of stationary conditions 

are followed by rapid changes, which lead to another, worse, 

long lasting state. In this case, the interpretation of some events 

(such as a fall, or a change in the normal order in which some 

routine actions are taken) can differ substantially depending on 

the macro-state of reference. 

Another case would be an application analyzing urban traffic, 

with the purpose to help a driver to take the best route to 

destination. The scenario being analyzed changes significantly 

with the hour of the day and the day of the week, as well as in 

response to events modifying the available routes, such as an 

accident or a street closure due to traffic works.  

In these situations, an efficient response of the system is very 

important, hence the computation must be necessarily “real-

time”, and it is mandatory for the system to check continuously 

the knowledge-base to understand if it is consistent or not. In 

this paper we present an approach to the development of rule-

based systems which change their behavior dynamically 

according to the change in number and value of the problem 

variables. The approach is based on the notion of Knowledge 

Artifact (KA), a conceptual and computational tool for the 

acquisition and representation of heterogeneous knowledge 

involved in complex domains. 

For the sake of simplicity, in the rest of the paper we shall use 

the term “state” when referring to the macroscopic states 

described above, and the expression “evolving scenario” to 

indicate the situation where a system and its reference 

environment evolve across a sequence of states, that is the case 

of interest for our study.  

 

2.  RELATED WORK 
 

Our concept of state of an evolving scenario has some 

similarities with the situations studied in [1]. The main 

differences are that our scenarios develop on a longer time 

scale, one state can turn gradually into another one and its 

characterization may include components which are not 

immediately measurable, such as the mental conditions of an 

individual. However we employ some of the techniques 

described in [1]. 

The use of ontologies in a layered modeling approach has been 

discussed in [2]; in that paper, however, ontologies are 

employed to reason about contexts in a deterministic way, 

without modeling uncertainties and transitions across contexts. 

One of the cornerstones of our work is the concept of 

Knowledge Artifact. 

In Computer Science, artifacts have been widely used in many 

fields like Distributed Cognition [3], CSCW [4] and MAS 

paradigm [5]. 

According to those definitions, artifacts are typically considered 

passive entities: they can support or influence human and 

artificial agents reasoning, but they are not part of it, i.e. they 

don't specify how a product can be realized or a result can be 

achieved. In the Knowledge Management research field, 

Knowledge Artifacts are specializations of artifacts. According 

to Holsapple and Joshi [6], ``A knowledge artifact is an object 

that conveys or holds usable representations of knowledge.'' 
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Salazar-Torres et al. [7] argued that, according to this definition, 

KAs are artifacts which represent ``[...] executable-encodings of 

knowledge, which can be suitably embodied as computer 

programs, written in programming languages such as C, Java, 

or declarative modeling languages such as XML, OWL or 

SQL''. 

Thus, Knowledge Management provides artifacts with the 

capability to become active entities, through the possibility to 

describe entire decision making processes, or parts of them. In 

this sense, Knowledge Artifacts can be meant as guides to the 

development of complete knowledge-based systems. 

 

3.  OUR APPROACH – PART I: THE PROBLEM 

REQUIREMENTS 

 
A direct solution to the problem of building a knowledge base 

coping with an evolving scenario consists in defining one or 

more state variables, whose values describe the present state, 

and putting a check on the state in the left parts of all the rules. 

In this way the knowledge base is partitioned into disjoint 

subsets, each one valid for a specific state, and the system 

tracks the scenario evolution by asserting the state variables. 

Such an approach leads to an unwieldy number of rules and to 

the risk of building an ambiguous/inconsistent knowledge base. 

Even more serious, however, is the problem of representing 

gradual changes: a set of “hard coded” descriptions of the 

possible states is not sufficient to model the transition period 

between contiguous states in the scenario evolution: as a matter 

of fact, it is assumed that the analyzed scenario jumps abruptly 

from one state to another, and this transition is reflected in the 

model by the firing of the rules which assert the new value(s) of 

the state variable(s). 

In some applications this model is perfectly adequate to reflect 

the reality. Consider for instance the application analyzing 

urban traffic mentioned above: its reference environment 

changes almost immediately when a street is closed due to 

traffic works, and a sharp state transition is perfectly justified. 

In many other cases, however, we need to track a more gradual 

evolution. An example is the evolution of neurologic 

degenerative diseases mentioned in the introduction: the 

transition from a given state of cognitive impairment to a worse 

condition may follow a non-linear pattern, where the patient 

switches back and forth between two states for some time, or 

shows initially the symptoms of the worse condition only with 

respect to some specific tasks or abilities. 

Another case is the change in traffic patterns with the hour of 

the day: here we have a different kind of transition, because the 

traffic flows typical of the morning rush hour evolve smoothly 

into the flows typical of the late morning, giving rise to a 

sequence of intermediate states. 

All these examples refer to cases where the various possible 

states are known and can be modeled in advance, either by 

defining heuristically a set of rules or by some automatic 

knowledge base construction technique. 

In other situations, however, only the present state is embodied 

in the knowledge base as a set of rules, while we do not have a 

precise formalization of the new states where the scenario could 

evolve. This may be due either to a lack of knowledge about the 

characteristics of the scenario which is being considered, or to 

its intrinsic nature: as a matter of fact in some cases it is not 

possible to identify a set of distinct macroscopic states, because 

the scenario evolves across a continuum. Examples of this kind 

arise, for instance, in marketing studies, when we want to 

follow the evolution of the preferences of a large number of 

potential customers. 

In these cases, if we want to maintain the approach of using a 

rule-based system, we would need a solution capable of 

assessing the adequacy of the present set of rules, and 

modifying it by generating new rules dynamically, while the 

scenario evolves. However other technical solutions, for 

instance based on statistical decision making, are possible and 

may be preferable. Although this class of problems is outside 

the scope of our research, we will note when the techniques we 

have developed can be applied also to it. 

To summarize the discussion, we attempt to classify the 

evolving scenarios into some categories, and to select the 

appropriate technical approach for each one. 

Figure 1 depicts the various kinds of evolving scenarios we 

have discussed up to this point, which we will call as follows: 

sharp transition (“street closed”), morphing (from rush hour to 

mid-morning traffic), bouncing (for instance the evolution of 

the Alzheimer disease) and continuum (customer preferences). 

 

 
Figure 1: several kinds of evolving environments 

 

Note that this classification is somewhat simplified: for instance 

the traffic understanding application that we have hypothesized 

must face a scenario which exhibits both sharp transitions and 

morphing. 
 

3.  OUR APPROACH – PART II: THE LAYERED 

MODEL 
 

The basic principle on which our approach rests is a two-

layered approach to scenario modeling. The present state of the 

scenario is represented by the knowledge base of a standard 

rule-based system, while the set of all possible states is modeled 

by a higher level abstraction, namely by an ontology. 

With this approach we can distinguish clearly between the 

active set of rules which applies to the ongoing flow of events, 

providing a semantic interpretation of the current state and 

determining the reactive actions to be taken, and an (implicit) 

representation of all the possible rules which make sense, given 

a coherent view of the objects and relations which are 

admissible within the scenario evolutions. 

While the separation of two different modeling layers is a quite 

natural way to deal with evolving environments such as those 

represented in Figure 1, it is important to stress that the 

interaction of the two layers can follow different mechanisms. 

The upper layer could be considered just as an offline tool, 

producing several “fixed” scenario representations, which are 

fed into the rule-based system when some specific event occurs. 

In our approach, instead, both levels cooperate in real time: the 

upper layer has the task of maintaining and updating the 

“running” knowledge base employed by the lower layer. This 

can also be done gradually, in order to track morphing 

transitions such as the one in Figure 1b. 

In the next section we will describe how the upper layer 

evaluates the adequacy of the current knowledge base and how 

the updating can be performed in the various transition 

scenarios. Let us conclude the present discussion with a review 

of the motivations justifying our layered approach. 

A first kind of motivations regards two modeling issues: timing 

and handling of unexpected events. 
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The two layers respond to the modifications of the scenario 

according to two different time scales: the lower layer responds 

to single events occurring on a short time scale, while the upper 

layer tracks the long term evolutions, and typically responds to 

longer sequences of events, bearing some statistical 

significance. This separation allows dealing properly with the 

timing requirements, trading off precision with timeliness in the 

upper layer transitions and introducing, if necessary, real time 

capabilities at the lower layer (we will elaborate on this point 

later on). 

The rule-based system implementing the lower layer of the 

model is designed to work, in line of principle, in an open world 

(this expression should be interpreted here in a sense close to 

[8] and is quite different from the Open World Assumption in 

formal logic): this means that events that do not cause any rule 

to fire are simply discarded after a while, without any 

modification to the subsequent operations at the lower layer. On 

the other side, the upper layer assumes a more complete view of 

the world, and considers all the possible events, i.e. all the 

events allowed by the underlying ontology: for instance, the 

occurrence of very unlikely sequences of events can be seen as 

an indication of the lack of adequacy of the running knowledge 

base. 

Another kind of motivations is related to knowledge 

engineering issues. As a first observation, providing a high level 

of abstraction in the form of an ontology allows a human expert 

to perform a simpler verification of its correctness with respect 

to the specific domain of application. A second advantage 

regards the formal consistency of the running knowledge base, 

which is easily verifiable at the runtime. 

Finally we have the motivations related to implementation and 

performance. We are especially interested in distributed 

deployments of our architecture. For instance, in the case of the 

monitoring of elderly patients, it would be useful to implement 

the lower layer on portable wireless devices, such as tablets and 

smartphones, in order to provide a reaction to events which is 

both faster and more reliable (there are no risks and delays 

associated with temporary losses of connectivity); however the 

upper layer processing, which can be more computationally 

expensive and has less real time constraints, is more suited to a 

centralized implementation.  

Furthermore, the implementation of the lower layer as a 

separate entity can be optimized in various ways: as an 

example, time-consuming verifications of facts (e.g. 

measurements of a physical quantity) can be postponed until all 

the other left-side conditions of a rule are verified so that the 

rule could fire: this optimization is supported for instance by the 

“shadow facts” construct of Jess [9]. 

Figure 2 summarizes the observations we made about the 

layered modeling, and sketches a possible supporting 

architecture: note that we introduced specific functions which 

monitor the adequacy of the running knowledge base and 

manage the necessary updates. The precise nature of these 

functions will be described in the next paragraph. 

 

4.  OUR APPROACH PART III – TRACKING A 

CHANGING SCENARIO 
 

A Knowledge Artifact for Evolving Scenarios 
 

The most specific characteristics of our approach regard the 

methods we use for tracking the evolving scenarios.  

 
Figure 2: implementation of a layered model 

 

There are three main elements to be described: adequacy 

verification, new rule production and knowledge base 

management. The crucial aspect of them is that they must be 

correlated in order to capture the scenario variability without 

the risk of being inconsistent. To this aim, from the conceptual 

point of view, we adopted the notion of Knowledge Artifact 

(KA). 

More specifically, in our framework (see Figure 3) the KA is 

made of three main components: 

• an ontology-based description of the possible entities and 

of their possible relations in the considered scenario; 

• a Bayesian Network, employed to select the causal 

relations which are applicable in the present state of 

scenario evolution; 

• Production Rules, embodying the knowledge necessary to 

implement the Knowledge Base rules. 

 

 
 

Figure 3: graphical representation of KA elements. 

Relationships among them are shown by means of gray scale 

coloring 
 

The role of ontology 
With respect to the scenario in Figure 2, ontology is responsible 

for identifying the system inputs, outputs and partial outputs, as 

well as the relationship among them. In other words, the 

ontology describes the structure of the application domain and 

identifies which are the important elements to consider for 

solving understanding problems. 
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The ontology role is to check that the domain representation in 

terms of inputs, outputs and partial outputs is coherent: if new 

elements must be added to the scenario, they are added at the 

ontological layer. Moreover, the ontology allows deleting or 

modifying inconsistent nodes or relationships, according to the 

temporal evolution of the system. 

 

Rule extraction and Knowledge Base management 
A Bayesian Network is used for implementing the rule 

extraction functional block in Figure 2: given an output or 

partial output from the ontology, the related BN describes the 

causal flow from inputs to outputs, moving through partial 

outputs. 

BN allows checking the state of the scenario from the 

procedural point of view: if some modifications happen at the 

ontological layer, the BN tries to forecast the consequences in 

terms of new behaviors, i.e. new causal relationships to add. 

Moreover, it is responsible for the verification of the correct 

behavior of the system from the statistical point of view: it is 

able to generate new sets of most probable rules to extend the 

global system behavior according to the variations occurred at 

the ontological level. 

Finally, Production Rules allow defining the causal flow of a 

given BN in terms of rule-based constructs. A rule is made of a 

Left Hand Side (LHS) that is a logical clause involving one or 

more facts from the knowledge base and a Right Hand Side 

(RHS), which specifies actions to do in case the LHS is true. 

These actions could be modifications of the knowledge base, 

like insertion/deletion of new/obsolete facts or I/O operation, to 

get/return input/output values from/to the user. 

 A collection of rules is produced for each output of the system, 

while partial outputs (i.e. results of a computation useful to 

obtain an output, but not interesting for the user) are managed in 

the same way: of course, partial output must be executed before 

the outputs that they influence, following the causal 

relationships introduced by the BN. In this way, the correct 

division of the system into computational layers is defined. 

The rule management functional block in Figure 2, handles the 

insertion of the new rules in the running system and the 

elimination of obsolete rules (those suited to a past state of the 

environment, possibly conflicting with the new ones). In a non-

automatic implementation of the rule management a further task 

which could be carried out is the modification of the set of 

rules, performed by a human expert. 

 

Adequacy verification 
Dealing with time-evolving scenarios means that the set of rules 

employed by the KBS (the running KB) may become 

inadequate to our purpose due to a transition. 

In the most straightforward solution to this problem, the 

updating function can be accomplished by keeping the BN 

working on the stream of events/facts which are being fed into 

the KBS. In this way the BN is continuously re-computing the 

set of most probable rules, and the rule management functional 

block compares this set with the one being employed by the 

KBS, and performs the necessary updates. Figure 4 depicts this 

approach, which is the one taken in our case study (see below). 

 

The outlined procedure has only one critical parameter, which is 

the duration of the time window containing the events/facts 

which are taken in account for the computations of the BN. A 

large time windows causes a slow reaction by the system, but 

the updating process cannot be led astray by unlikely and 

isolated combinations of events, not indicating a state transition.  

 
Figure 4: a straightforward solution to the adequacy problem 
 

Conversely, a narrow time window is less significant from a 

statistical point of view, but allows a faster system reaction. 

The correct duration of the time window can be established with 

the help of a domain expert; quite obviously, shorter time 

windows are suited to environments which exhibit sharp 

transitions, larger windows are suited to morphing and 

continuum transitions, while bouncing ones require a more 

sophisticated approach (for instance handling different groups 

of rules with different time windows). 

Although the approach we have just discussed is perfectly 

reasonable in several practical applications, it is ill-suited to 

distributed implementations and real-time, data intensive 

problems, because it requires a large quantity of data being 

continuously sent from the distributed to the centralized level. 

An alternative approach consists in separating the task to realize 

that a transition is occurring (or is likely to occur) from the 

computation of the new set of rules. In this way the transition 

detection is performed by a dedicated functional block 

(adequacy verification in Figure 2), offloading the BN from a 

task which is not appropriate to it. The BN can then intervene 

for the computation of a more adequate set of rules, requiring 

the direct access to the monitored events for a much shorter 

time span. Moreover, the process of rule extraction can take 

advantage of the preliminary indications of the adequacy 

verification function. 

The crucial point in this approach is the implementation of the 

verification function. A possibility we are investigating is 

defining a very small set of rules (called monitoring rules), 

executed on a separate system, which can be considered reliable 

and timely indicators of an occurring transition. We have been 

able to identify monitoring rules for some practical problems, 

but the implementation of this alternative approach to adequacy 

verification requires some further work. 

 

Real Time behavior 
 

As stated above, one of the advantages of a layered approach is 

performance. More specifically, we want to obtain an 

architecture which can react in real-time to the modifications of 

the environment: technically, it must be possible to enforce 

predefined deadlines for the firing of a rule after the occurrence 

of relevant events. 

Of course, this requirement is significant for the KBS, while an 

analogous requirement imposed to other parts of our system, 

and in particular to the BN, would not make sense in practical 

situations because the timing of the BN operations is 

constrained by the need to collect statistically significant data. 

The technology we employ for the implementation of the KBS, 

based on the Jess platform, provides a very effective feature for 

the support of real time requirements, the shadow facts. 

Shadow facts are Java Beans objects treated as facts in the 

knowledge-base. If they change their value, the inference 
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engine is able to detect this change and execute again the KBS, 

being sure that no inconsistency between outputs and inputs 

will be generated. 

This implies that the presence in the left side of a rule of a 

shadow fact whose code embodies an update period of, say, 100 

milliseconds, guarantees that such rule will be ready to fire 

every 100 ms, possibly using new information about the 

environment gathered by the shadow fact. This feature therefore 

allows implementing real-time requirements directly into the 

KB rules. 

 

5. IMPLEMENTATION 
This section describes our implementation of the mechanism to 

generate, in real time, new rules according to the new 

observations. The model is implemented in JAVA and includes 

four main components responsible for the generation of new 

rules: 

• Monitoring agent (MA): a thread whose task is to 

understand when a rule update is necessary. When this 

condition is expressed, it starts the updating procedure. 

• Expert system manager (ESM): it is the component 

responsible for the rule-based system’s management. It 

communicates with a JESS engine and with the manager of 

the “upper level”. 

• Bayesian Network manager (BNM): the Bayesian 

Network executor. It manages the net structure and its 

update. 

• JESS engine (JE): the manager of the JESS components. 

 

The MA component is the place where the adequacy 

verification algorithm can be implemented (see Figure 2). 

Moreover, it is responsible for the management of the domain 

ontology, managing the set of variables necessary to describe 

the problem. This set can vary over time, both in the number of 

variables involved and in their values, causing a transition from 

a state Si to a new state Sj. When such a transition occurs, MA 

starts the rule updating process. 

The updating procedure is accomplished through an 

asynchronous call to ESM: after this call ESM needs to have the 

list of posterior probabilities updated to extract new rules; for 

this reason it launches a synchronous call to the BNM waiting 

for the complete list of posterior probabilities for each node of 

the net. BNM computes an inference procedure for each 

possibility, given the evidences of the system. That is the 

heaviest operation from the computational point of view.  

Once the new posterior probabilities are processed, ESM is able 

to extract new rules. Only at this moment it interrupts JE, 

storing the new rules in the knowledge base.  

From the computational point of view, the three-tuple (MA, 

BNM, ESM) constitutes the KA implementation in our case 

study. According to the description above, the three components 

are related one another, as introduced in Section 4. The 

adoption of shadow facts in the communication between MA 

and the Jess Engine allows capturing the real time behavior of 

the framework: the state transition from Si to Sj causes the 

variation of a shadow fact object value or the 

instantiation/deletion of a new/existing shadow fact object. 

 

6.  CASE STUDY AND EXPERIMENTAL EVALUATION 
The case study we present in this section is related to the 

analysis of urban traffic. 

Nowadays, the need of having recommendations about mobility 

in the urban context is greater than ever, due to the ever-

growing metropolitan areas, with higher population density. To 

satisfy this need, the diffusion of personal wireless devices, 

such as smartphones, allows monitoring of different variables, 

like the traffic conditions, itineraries calculus with distance and 

timing, and so on. 

Our application scenario uses a set of information that ranges 

from physical and psychological condition of the user to 

weather condition, day of the week, traffic condition, and so on. 

Each observation is collected from personal devices, like 

smartphones and wearable devices. 

Using these different kinds of information, we realized a 

simulator composed by different kinds of agents, whose goal is 

to reach the upper town of Bergamo from the lower town using 

one of the three possibilities available (i.e. bus, funicular and 

stairs).  

The goal of the case study is to compare a new version of the 

simulator, which makes use of the model introduced in this 

paper with a previous version, where a “classical” Bayesian 

inference procedure was adopted for taking the decision. 

Each agent is equipped with a decision engine, realized 

according to the model described so far, in particular the 

adopted BN is depicted in Figure 5. 

 

 
Figure 5: the case study BN nodes and relations 

 

This structure shows a high level representation of the causal 

model and it can be seen as the responsible for the generation of 

rules used by the “running” knowledge base (the lower level of 

the model).  

Every time that an agent is created, the system provides it with 

the decision engine described earlier in this section (essentially 

a rule-based system exhaustive of all the possible situations 

expected from the scenario). There are two inputs used by each 

agent: the agent’s type is retrieved by the attributes of the agent 

itself, and the queue status is provided by the environment.  

The decision engine is now ready to be executed given the 

inputs provided. 

Please note that the rule-based systems produced are always 

different from each other, generating, as a consequence, 

heterogeneous agents.  

Only the chosen alternative is used by the agent as output of the 

decision engine, and it represents his choice in the environment. 

The details of the simulator are beyond the scope of this paper, 

however it is important to know that every agent is introduced 

in a controlled environment, and it has to take a decision about 

which transport to take 

The simulator creates three different types of agents: citizen 

agent (this type of agent is characterized by a deep knowledge 

of the territory and by a low tolerance to queue), nearby agents 

(this second type of agent is characterized by a moderate 

knowledge of the territory and a rather high tolerance to queue) 

and tourist agents (with no knowledge of the territory and a 

high tolerance to queue). 

Assuming the nodes “Agent type” and “Queue status” as 

evidences, the BNM, as a first operation, generates all the 
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possible LHS configurations: in the example there are 12 

possible alternatives for each output node. 

After this preliminary computation the BNM generates a 

posterior distribution of probability for each configuration; for 

instance, one possible posterior distribution of probability 

obtained after the inference procedure is the following one:  

 
Node: Vehicle 

Configuration exploited: 

...... Node: Queue Outcome: none 

...... Node: Agent_Type Outcome: citizen 

Posterior probability distribution: 

--------- Outcome: funicolar Probability: 

0.7275 

--------- Outcome: bus Probability: 0.2515 

--------- Outcome: stairs Probability: 

0.021000000000000005 

 

Once the 24 probability distributions have been obtained, the 

ESM uses one of the three alternatives modeled to extract new 

rules, and then stores them in the JE; for instance the rule 

extracted by the previous distribution is the following, where 

LHS and RHS are separated by the => symbol:  

 
(defrule VEHICLEfunicolar13 (Queue none)  

(Agent_Type citizen)   

=>  

(assert (Result_Vehicle (Vehicle 

funicolar) (Reliability 0.7275)))) 

 

This is the complete sequence used for asserting the new rule in 

the knowledge base. Note that the RHS of the rule reports also a 

reliability value, retrieved from the posterior distribution of 

probability. The reliability of the rule is the value used by the 

model to understand when something is changing around the 

user: if the same rule, in a further updating procedure, obtains a 

different reliability value, the model realizes that something in 

the reliability of the rule is changed (for instance, if the value 

has grown, the given rule is more reliable). The new rule is now 

ready to be executed. 

What we observed, after various executions of the simulator, is 

quite interesting: compared to the “classical” decision 

mechanism, this new version provides different behaviors over 

the time.  

The original simulator version did not show a plausible 

behavior in all cases. Examining the queue composition of the 

most critical transport vehicle (the funicular), we noticed that 

the behaviors of citizens agents and nearby agents was often too 

similar. This conduct wasn’t expected. Initially we thought that 

the reason of this unexpected behavior was the BN’s structure 

itself: a more complex BN, capable of modeling more 

environment variables, would have been able to discern in a 

better way the agents’ behaviors.  

This conclusion is denied by the new version of the simulator. 

Analyzing the new funicular queue composition plot (Figure 6) 

it’s clear how the agents’ behaviors are now very separated and 

more adherent to reality. The reason of this improvement is in 

the decision model itself: the rule execution, instead of a simple 

Bayesian inference whose result is not predictable, generates 

more characteristic agents, or rather better distinguishable 

between each other.    

 

7.  CONCLUSIONS AND FUTURE WORK 

 
In this paper, we have discussed the problem of modeling time 

evolving scenarios. This is a very important research trend in 

Computer Science, involving heterogeneous competencies. 

Indeed, the continuous evolution of mobile devices and 

 
Figure 6: a line chart representing the funicular queue 

composition overtime. 

 

applications offers new and stimulating challenges as well as 

opens to new possibilities to tackle it, allowing integrating 

easily and profitably different kinds of systems into unique 

conceptual and computational frameworks, such as the 

Knowledge Artifact concept in our approach.  

With our work we have begun to understand how statistical and 

Artificial Intelligence methods like Bayesian Networks and 

rule-based systems can be exploited to automatically generate 

and use new knowledge when necessary.  

Future works will be mainly devoted to testing the applicability 

of the framework to develop systems characterized by variable 

conditions and parameters.  
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ABSTRACT

A multitude of commercial applications rely on Database 
Management Systems (DBMS) that provide an organized 
collection of data; for example, modelling the availability of 
flights and seating in a way that supports reservation and 
sales of air transportation.  DBMSs are specially designed 
software applications that interact with other applications and 
users to capture and analyze data. A general-purpose DBMS 
is a software system designed to allow the definition, 
creation, querying, update, and administration of databases. 
For the purposes of this paper we assume that the database is 
front-ended by web services for database access and query.  
This paper discusses the current approach to database access 
and privilege by web services and the changes that are 
required by a high assurance end-to-end approach.  The latter 
rely on a well-formed security paradigm for the enterprise.

Keywords: Database Access, DBMS, Access Control, 
IT Security, Integrity.

1. INTRODUCTION

Database security deals with all aspects of protecting the 
database content, its users, and its owners. It covers 
protection from intentional and unintentional unauthorized 
database activities by authorized privilege limited entities and 
unauthorized entities (e.g., a person or a computer program).
Database access control deals with controlling who (a person 
or a computer program) is allowed to access what information 
in the database and what privilege is provided. The 
information may comprise specific database objects (e.g., 
record types, specific records, data structures), certain 
computations over certain objects (e.g., query types, or 
specific queries), or use of specific access paths to the former 
(e.g., using specific indexes or other data structures to access 
information). [1-9]

This may be managed directly on an individual basis, or by 
the assignment of individuals and privileges to roles that are 
then granted entitlements.

Data security prevents unauthorized users from viewing or 
updating the database. For example, an employee database 
can contain all the data about an individual employee, but one 
group of users may be authorized to view only payroll data, 
while others are allowed access to only work history and 
medical data. 

Data security in general deals with protecting specific data, 
from corruption, destruction, or removal.

Our basic security model requires that all functionality be 
realized by web services.  This precludes database grazing in 
which the requester can peruse most of the database at once.  
This is to be preceded by public key infrastructure (PKI)-
based mutual authentication and a transport layer security 
(TLS) pipeline followed by a security assertion markup 
language (SAML) token for access and privilege.  The 
database is organized by columns and each identity or role 
has permission that allow Create, Read, Update or Delete 
(CRUD) functions.  However that still leaves two paradigms 
for database operations (application-driven and data-driven).   
To illustrate the difference an example is provided whereby a 
financial database is accessed by an individual who has 
credentials of a Financial Analyst.

2. AN EXAMPLE – ROLE-BASED ACCESS

The enterprise financial database (EFD) has many predefined 
roles.  These are determined by the data owner, and placed in 
the format of an Access Control requirement (ACR) for 
storage in the enterprise service registry.  The roles may be 
arbitrarily complex since the claims engine will compute 
whether or not they are satisfied and provide any variables or 
restrictions requested. A few are defined below: 

1. Financial analyst is determined by position, training, and 
job identifier.  

Financial Analyst =>
a. manager and above, AND
b. job identifier=xxx12, AND
c. training=[basic finance (within last 5 years) AND 

financial Analysis (within last 5 years)] OR [BS, accounting 
or finance (within last 10 years)] OR waiver. 

RESTRICT
a. sub area q unless supervisor is corporate director or 

above.  
b. data restricted to current location code.  AND
c. cannot update any project over $5M UNLESS a 

waiver is issued for the individual AND 
d. Additional restrictions may be included.

2. Financial Supervisor is determined by position, training, 
and job identifier.

Financial Supervisor =>
a. manager and above, AND
b. job identifier=xxx14, AND
c. training=[basic finance (within last 5 years) AND 

Financial Analysis (within last 5 years)] OR [BS, 
Accounting or finance (within last 10 years)] OR 
waiver is issued for the individual. 

RESTRICT
a. cannot update any project over $5M until he has 

been using the system 6 months, OR
b. waiver is issued for the individual.

2. Financial Auditor is determined by training and job 
identifier.  

Financial Auditor =>
a. job identifier=xx316,  AND
b. training=[basic finance (within last 5 years) AND 

Financial Analysis (within last 3 years) AND Financial Audit 
(within last 3 years) ) OR (MS, Accounting or finance (within 
last 15 years) ) OR waiver. 
RESTRICT

a. data restricted to audit location code. 
b. …

4. Bookkeeper …
5. Quality Control Specialist …
6. Administrator …
7 ….

3. APPLICATION-DRIVEN ACCESS

Each of the roles must be coded for operations. For 
illustration we will deal only with the Financial Analyst in 
this example - who, in this case, is Fred2345432, or just Fred. 
The evolution is the normal preparation for the access and 
privilege associated with an application or service.  The 
figures below show the evolution of the access control, which 
involve most of the services in the enterprise attribute 
ecosystem.  
The process begins with the generation of a SAML token.
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Table 1 Basic SAML for Database Operations

SAML: Assertion

Version ID Version 2.0 Required

ID SAML ID Required

Issue Instant Timestamp Required 

Issuer (content) Required

Signature (content) Required

Subject User Required - X.509 
Identity

SAML: Attribute Statement

Subject User For local use

       Claims include

Roles: and restrictions

(content) may include 
parameters.

SAML: Conditions

NotBefore (content) Timestamp

NotAfter (content) Timestamp

Audience (content) Target Service

Figure 1 Application-Driven Access 

The application (through the use of SAML) has the security 
context of the user. The application has full privilege with 
the database and is trusted to limit the user to his/her security 
context.

Application-Driven Annotated Example
Fred is the Chicago Branch Manager.  The definitions of the 
various roles can be used to compute Fred’s claims.  Fred is 
evaluated based upon the enterprise data and he is provided a 
claim of Financial Analyst but with some restrictions as 
shown in the table below.

Table 2 Basic Data Evaluation for Fred

Financial Analyst 
=>

Fred Claims 
Engine for Fred

manager and above, 
AND

Chicago Branch 
Manger

True

job identifier =
xxx12, AND

Job code =43212 True

training=[basic 
finance (within last 
5 years) AND 

(Financial Analysis 

Training = training on 
basic AND

finance(8/4/2012), 
AND

True AND

True AND

(False or True)

(within last 5 
years)] OR 

[BS, Accounting or 
finance (within last 
10 years)] OR 

waiver.) 

(Financial analysis 
(6/5/2010), BS 
Mathematics Purdue 
(6/1/2000), ) OR

On the enterprise 
Training Waiver list 
group for Financial 
Analysts (TWFIN)

=True 

Overall Fred = 
Financial 
Analyst

RESTRICTIONS

sub area q unless 
supervisor is 
corporate director 
or above.  

supervisor  (all 
billets report to 43200 
or 43201) is Field 
Office Manager

False Supply 
Notq token to 
application

Data restricted to  
location code.  
AND

Location Code = 
Chicago

Supply 
Chicago token 
to application

Cannot update any 
project over $5M 
UNLESS a waiver 
is present in the 
enterprise stores

Not in enterprise group 
for ($5Mupdatewaiver)

False supply 
Not$5M+ 
token to 
application

Table 3 SAML for Fred (Application-Driven)

For databases, the application-driven approach has the 
following advantages and disadvantages:

Advantages:

1. The data owner does not have to know the database 
schema in order to specify access and privilege.

2. The service controls Fred’s interaction with the database.
3. Database administrators may or may not establish CRUDs 

for the role in question.

Disadvantages:
1. The service developer must know the database specifics
2. The service is granted full access to the database (to 

accommodate the different users.
3. The service computes what is allowable (CRUD) and send 

computed SQL for what it believes are reasonable requests 
consistent with Fred’s authorities.

SAML: Assertion

Version ID Version 2.0 

ID X34.?thik045ml23

Issue Instant 12:11:00 06 May 2014

Issuer www.securitytokenserver3.net

Signature (content)

Subject Fred- X.509 Identity

SAML: Attribute Statement

Subject Fred2345432

Claims: Role = Financial Analyst Data= Notq, 
Chicago, Not$5M+

SAML: Conditions

NotBefore 12:11:00 06 May 2014

NotAfter 12:16:00 06 May 2014

Audience www.mysqldata2.net
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4. DATA-DRIVEN OPERATIONS

A number of additional are requirements needed for data-
driven applications:

1. Database schema must be known to the developer of the 
access control requirements.  Assume column 
authorization defined CRUDs

2. Elements in the database (when they represent the same 
thing in the enterprise attribute store (EAS) must be 
identical (and common definition) to the elements in the 

EAS. (Example: Location code in the database is a three 
character code.  It must be the same code in the EAS –
when multiple databases use the same value, they must all 
have the same representation as the EAS).

3. The database must be prepared: The column Create, 
Read, Update and Delete [CRUD] permissions are set in 
the database for each role (Figure 2).

4. CRUD by role:

Figure 2  CRUD by Role

a. A view template is created (Figure3) by Role showing 
all columns that a role can view.

b. Creation of a stored program that will provide a 
tailored view for each role as tailored by the 
individual attributes in the CRUD security of the role. 
[10, 11].

c. This view can only be restricted, not enhanced.  If 
enhancement is desired, a new role must be defined.

5. View restrictions are by column but apply to rows 
(Example: Project Location = ‘Chicago’).

6. When more than one role is in SAML, the application 
must ask the requester which role is being exercised 

7. We assume for this example a column organized 
relational database.  The claims can be built for any 
database and the former is for illustration only.  For 
database, the permissions are defined in terms of CRUD, 
normally by columns.  The database also applies these 
CRUD elements for the role. In an identity-based access 
control system, they would be written for each identity. 
The use of roles and restrictions simplifies the definitions
for appropriate view to be computed.

Transfer of the SAML to a stored program in the database to 
set the view for the role as limited by other factors.Example –
Columns and their CRUDSs are set in the stored view for 
each role.  Rows are restricted by setting acceptable values in 
various columns.  The stored program shall validate the 
SAML, resolve the role and set the view in the security 
context of the role (for application of CRUDs to be 
transferred to the application for further transmittal to the 
user.  The application must have at least four SQL queries 
programmed in.  These include:

1. Execute stored program for view and security context.

2. Create – New entry in the stored view and security 
context.

3. Update – (column, row) in the stored view and security 
context.

4. Delete – (column, row) in the stored view and security 
context.

Any violation of the CRUD for the context view should 
return an error.
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Figure 3  View Template for Financial Analyst

Data-Driven Annotated Example
Fred is evaluated by the claims engine and claims are slightly 
modified based upon the database schema and the 
instructions to the stored program as shown in the table 
below.

Table 4 Modified SAML Data for Fred (Data-Driven)

The application authenticates itself to the database and 
triggers the stored program – the SAML for Fred is 
transferred as shown in Figure 4.

Fig. 4.  Posting SAML to Stored Program

The stored program verifies and validates the SAML and 
pulls up the view template stored in the permissions for 
Financial Analyst.  The stored program then applies the 
restrictions to the view.  This restricted or tailored view is 
provided to the application for action.  Actions are performed 
but only in the context of the CRUDs in the tailored view.  
The view is then updated for further work.  The stored 
program modifies the view as shown in Figures 5 and 6.

SAML: Assertion

Version ID Version 2.0 

ID X34.?thik045ml23

Issue Instant 12:11:00 06 May 2014

Issuer www.securitytokenserver3.net

Signature (content)

Subject Fred - X.509 Identity

Subject Fred2345432

Claims: 

Role = Financial Analyst

Restrict: “Project Location”= “Chicago”

Restrict: “Total Value” >=5,000,000

(content)

SAML: Conditions

NotBefore 12:11:00 06 May 2014

NotAfter 12:16:00 06 May 2014

Audience www.mysqldata2.net
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Figure 5 Tailoring the View for Data-Driven Access and Privilege

Figure 6  Tailored View for Financial Analyst Fred

The CRUDS in the database will be enforced for the 
restricted view.  Figure 7 shows the exchange with the user.  
Only accessible data leaves the database.  

The A in figure 7 is:
Scripted exchange with application about user request related 
to tailored view (requests are not filtered)

The B in figure 7 is:
SQL Requests (Read is assumed in the view):

1. Create–New entry - stored view and security context
2. Update–(column, row) - stored view and security 

context
3. Delete–(column, row) - stored view and security 

context

No other SQL requests are allowed.
For databases, the data-driven approach has the following 
advantages and disadvantages:

Advantages:
1. The service has limited access to the database. 
2. The database controls Fred’s interaction with the database 

based upon Fred’s credentials.
3. Database administrators must establish CRUDs for the 

role in question.
4. The SQL authority of the service is limited and verified 

by the database.
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Disadvantages:
1. The data owner does have to know the database schema in 

order to specify access and privilege.
2. Views are moved multiple times.
3. The service computes what is allowable (CRUD) and send 

computed SQL for what it believes are reasonable requests

Figure 7  Data-Driven Exchange with User 

5. SUMMARY

We have reviewed the basic approaches to the restriction of 
database access, and the assignment of privilege with 
databases. The common approach to a web service front end 
of a DBMS requires the web service to restrict access and 
privilege based upon the user context.  In doing this it must 
be provided with full access and privilege to the database, and 
be trusted to limit user access and privilege. The suggested 
approach builds user-tailored restriction directly into the 
database and provides the web service fronting the DBMS 
with the same privilege as the user. At the same time it 
restricts SQL queries to a fundamental set that will be 
enforced by the view developed within the database and not 
at the web service.

This research is part of a body of work for high assurance 
enterprise computing using web services.  Elements of this 
work include bi-lateral end-to-end authentication using PKI 
credentials for all person and non-person entities, a separate 
SAML credential for claims based authorization, full 
encryption at the transport layer and a defined federation 
process.   Many of the elements of this work are described in 
[12-18].
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ABSTRACT 

 
The purpose of this article is show development 

process of a system to support software engineering. 

It developed a conceptual and research background 

about software tools that accompany software 

engineering in academic and industrial context.  It 

presents a model proposed and a prototype that 

serves as a framework for implementation of 

software engineering projects. Tool has been used 

in university education in computer and informatics 

engineering students during nine years and has 

allowed a better understanding of software 

engineering process as an educational supplement. 

It has been tested in prototype development 

software engineering laboratory in University 

Cooperative of Colombia.  

 

KEYWORDS 

 
Case, Software Engineering, Systems. 

 

1 INTRODUCTION 
 

This article is a methodological approach to 

development a system to support software 

engineering. Section 2 describes the conceptual 

background about tools used in the process of 

software engineering. Section 3 explains the 

methodological approach and Section 4 

presents our work in progress with some results 

so far. 

 

2 BACKGROUND 
 

Today, many companies promotes acquisition 

of CASE tools (Software Engineering 

Computer Aided), in order to automate all 

aspects of development process in information 

system; it allowed to increase its position in 

competitive markets. However, high costs are 

not allowed to be accessible an ever-expanding 

market, also, look at the lack of adaptation of 

the tool to information architecture in their 

environments and development methodologies 

used by organizations. Moreover, some CASE 

tools don´t offers evaluate potential solutions to 

problems related any computer systems in 

which exist a fragmentation of information.  

 

However, CASE tools provide a set of semi-

automated and automated techniques that are 

developing a new engineering culture for many 

companies. One of the most important 

objectives of CASE is to generate automatically 

increasingly complex programs from a design 

specification level.  

 

According to [1] and [2], the engineering 

computer aided systems is an application of 

information technology activities, techniques 

and methodologies into software development. 

It´s to accelerate the process for which they 

have been designed. In this sense, CASE tools 

allows to automate or support one or more life 

cycle phases of system development.  

 

In [3], CASE technology involves automating 

software development. It help to improve 

quality and productivity in development of 

information systems.  

 

[4] and [5] has worked in software development 

with techniques to increase productivity and 

quality control to process. Today, CASE 
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technology replaces paper and pencil by 

computer in order to transform the business of 

developing software in an automated process.  

 

Now, there are a number of support tools for 

modeling, analysis, planning, in different stages 

of the software development process. [3] and 

[4], focused on managing software 

development, automation and software 

engineering to support integration in different 

management platforms. 

 

3 METHODOLOGY 

 

3.1 Definition  
 

Prototype System to Support Software 

Engineering (PSSSE) technology was 

implemented using Java programming 

language. It (Java) allows multiple platforms, 

portable and inexpensive.  

 

For Design Process and Data Storage Projects 

was used XML as documents for easy 

interaction with the development platform.  

 

Finally, Java interface generated and XML 

documents allow to create necessary structures 

that help to management in software projects.  

 

To build the system was necessary to answer 

the following research question: Is there a 

unified methodology to integrate processes of 

managing and estimating software with 

modeling tools and diagram validation?. To be 

addressed this question was proposed a scheme 

that allows providing guidelines with UMS-SE 

(Unified Methodology to Support Software 

Engineering), this scheme is represented by the 

following phases:  

 

Phase of Definition Software Project: the 

elements involving the software development 

process for estimating and modeling are 

defined.  

 

Here, the structures that support a software 

project in terms of cost, time, indicators and 

metrics are defined and estimated.  

 

Phase of Estimation: Implementing an 

estimation algorithm can calculate different 

metrics that accompany the software project.  

 

It structures metrics and quality management 

that will support the software project estimate is 

defined.  

 

Phase of Modeling and Validation: 

Implementing a Graphic Modeler can be built 

the most representative diagrams of the 

software project and its respective validation 

estimate corresponding to the fulfillment of the 

UML standard.  

 

Once, was defined a set of parameters 

estimation and functional requirements in the 

project. It proceed to design using a 

representative UML diagrams; likewise, 

validation rules was generated with standard 

UML as can be seen in the following graph: 

  

 

Figure 1.  General scheme of the proposed methodology. 

Once, presented the methodology, it was 

proceed to describe and design the system to 

support software engineering. 

 

3.2 Software Context 
 

Metrics of 
Estimation 

Estimation 

Modeler 

Design 

Validated 

Software 

Project 
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Systems analysts and IT project leaders, 

community of academics in software 

engineering require tools that it can easily 

design and allow high quality in processes and 

information systems. The tool developed should 

meet following requirements:  

 

The tool, "Integrated support for software 

engineering system (ISSES)" should be a 

portable, cross-platform application with 

minimal size, offer ease of installation and 

generate a shortcut from anywhere.  

 

All features of tool should be made taking into 

account the rules set by international standards 

in software engineering.  

 

Once, to access tool should provide a dialog 

box where user can choose to open an existing 

model or create a new model, help it about use 

of the tool.  

 

Environment of application must provide a 

header that allows the management of the 

window restore functionality, move, minimize, 

maximize and close. It have a menu bar to 

model management, model editing, project 

management, simulation and verification. View 

options on the application window are:  

 

Model Management  

 

This option should allow creating a new 

project, open an existing one, close and save 

changes to an existing project, with the option 

to change name and storage path, save a new 

project, print the diagram, presenting the 

project properties , tools and quit the 

application.  

 

Edit models  

 

This option should allow undo and redo an 

action, cut, copy and paste elements in the 

diagram. It select the entire diagram, find 

names of diagram elements, delete elements, 

showing views of the model, adding elements 

to the diagram and generate source code.  

 

Project management  

 

This option is used for defining project 

requirements, create project scope in natural 

language, define metrics, define risk, develop 

the implementation plan of the project and 

estimate the parameters of the project.  

 

Verification  

 

This option is used defining the rules for model 

validation, define the schema transformation, 

configure validation, validate diagrams, charts 

and print handling inconsistencies.  

 

View of application window  

 

Through the view option, the application must 

allow zooming in and zoom out further and 

update changes to any of the panels (refresh).  

 

Tool Help  

 

Aid should provide a dialog box with three tabs 

option: contents, index and search; in any of 

these three options the user will find the 

required information.  

 

It will have a graphical user interface with 3 

main panels, as follows:  

 

Management models and diagrams  

 

This panel have three tabs, one for model 

management, which should be allowed to name 

the model and establish its main documentation 

features.  

 

Another tab for management objects, which 

allow to select an object, display its name, type, 

features and documentation.  
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Finally, it have a tab to display the creation of 

diagrams for design of these models and also 

allow to edit them.  

 

Project Management  

 

This panel must present a hierarchical tree 

structure where deployment must be in the first 

level a project, on the second level, 

requirements associated with the project and on 

the third level, estimation parameters of the 

project.  

 

Management validation of models and 

diagrams  

 

This panel should consist of three tabs, one for 

display allow the diagrams entering the 

validation process, one to generate the 

validation rules and one for generating 

inconsistencies presented.  

 

The software should allow installation on 

different platforms.  

 

After presenting the macro scheme proposed, it 

proceed, making use of UML Unified 

Modelling Language, present the modeling of 

tool. 

 

3.3 Analysis and Design of support system 

software engineering 
 

In summary, proposed Support System 

Engineering Software must meet following 

functional requirements: 

 

Open Existing Model, Rename Storage Path, 

Close Window, Copy Elements, cut Elements,  

Create Project Scope, create Model, define 

Metrics, Define Project Requirement, define 

Risk, Edit Models, Develop Project Execution 

Plan, Parameter estimation Project, Generate 

Source Code , Manage Items, Manage Models, 

Manage Projects, Manage Window, Save, 

Changes, Print Models, Login Help, Login 

Password, maximize Window, Close Window  

Show Content, Show Dialog Box, Show Index  

Show Search Options, View View Model, 

move Elements, move Window, Paste Elements  

Present Model Properties, restore Window, 

simulate Projects, validate Key and Check 

Projects  

 

The actors portraying the proposed system are:  

 

System Analyst, user, Project Leader.  

 

The objects that represent the proposed system 

are:  

 

Scope, analyst, Menu Bar, Source Code, 

Diagram, Elements, Transformation Scheme, 

Tools, inconsistency, Project Leader, metric 

Model, parameters, Project Plan, project Rules, 

requirements, user, window and views.  

 

Likewise, the use case and objects diagrams 

represent the system to support software 

engineering is:  

 

  

 

Figure 2. Use Case Diagram 
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Figure 3. Object Diagram 
 

Once, analysis and design phase finished. It 

proceed with implementation or coding. 

 

The prototype was developed in Java language 

and dynamic generation of XML documents, as 

can be seen in the following graph: 
 

 

 
 

Figure 4. System Modeling Interface 

 

 

 

Figure 5. Interface System Elements 

 

Preserving integrity of information when migrate 

the system at an industrial level, is necessary to 

apply criteria as robustness, ease, flexibility and low 

cost. 

 

The system architecture was developed under the 

program in Three Layers, which exploits all the 

advantages of keeping the environment Data 

Management "outside" of the Programming 

Environment, creating a flexible application with a 

friendly graphical user interface, where all the 

features of the modeled system are implemented.  

 

4 PARTIAL RESULTS AND 

CONCLUSIONS 

 

• Analysis was performed in terms of 

determining the state of the art systems 

engineering support software to generate a 

unified methodological framework as proposed.  

 

• Built most representative UML diagrams to 

model as Use Case and object diagram.  

 

• It has built a system with the Java 

programming language and XML. 

 

The developed system will allow:  

 

 Assist in software development process 

by applying the theoretical concepts of 

software engineering.  
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 Allow use of a methodological proposal 

as presented in the context of applied 

research for development information 

systems oriented to software 

organizations.  

 

 Provide a comprehensive, flexible and 

secure management of software projects 

system.  

 

 Contribute to increase productivity 

metrics and control of data in software 

development projects.  

 

 Reduce development time and reduce 

occurrence of errors in software 

projects. 
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ABSTRACT 

 
Prediction of stock markets has been a challenging task and the 
great interest for researchers as the actual fact that a stock 
market is highly volatile in its behavior. If successful, may 
involve substantial pecuniary rewards. This paper discusses 
about the prediction of close price and volume on next day of 

Thai stock market trends. We introduce an intelligent decision-
making model based on the application of Neuro-Fuzzy system 
(NFs) to verify that the subset of Technical Analysis is the most 
appropriate to predict stock trends in each industry group. . Our 
study are forecasting close price and volume model based on 
Intelligence system such as Neural network and our proposed 
neuro-fuzzy which trained and tested using one-year past stock 
index data. We compared our forecasting model with another 

intelligence system. The results show that our proposed neuro-
fuzzy has minimum forecasting error and can be considered as a 
good method for close price and volume forecasting. This 
method is designed to predict 22 days of stock returns in 
advance. Selection of inputs based on technical analysis affects 
the performance of the prediction. The correlation of each data 
set will be suitable for different industries. Therefore, the 
researcher is investigated the appropriate data together with 

effectively using the methods as power set of technical analysis, 
correlation and Principal component analysis. From the 7 
securities, the results shows that the PTT stock market in 
resources industry has been the most efficient example by using 
Neuro-fuzzy System (NFs) shows the lowest error value. Alt-
hough the test Error was low we also want to try with sliding 
window technique to update the information that could help to 
reduce the effects of error in the future. Thus, our proposed 

close price and volume forecasting model can be implemented 
in a Decision-Trading System during the trading day. 
 

Keywords: Intelligence System, Fuzzy Logic, Neuro-Fuzzy 
System, Stock Index, Trading. 
 

1.  INTRODUCTION 
 

The prediction of financial market indicators is a topic of 
considerably practical interest and, if successful, may involve 
substantial pecuniary rewards. People tend to invest in equity 
because of its high returns over time. Considerable efforts have 
been put into the investigation of stock markets. The main 
objective of the researchers is to create a tool, which could be 

used for the prediction of stock markets fluctuations; the main 
motivation for this is financial gain. In the financial 
marketplace, traders have to be fast and hence the need for 
powerful tools in order to efficiently and profitably make 
important decision. 
     Why predict volume? A major reason is to improve the 
performance of trading algorithms [4]. Technical analysis such 
as an average exponentially weighted moving average 

performed to predicting intraday volume [3]. A prediction 
model (forecasting both raw volume and volume percentage) is 
consisting of an intraday periodic component, a daily 
component and a daily non-periodic component of volume, 
using a component memory error model [4]. Dynamic VWAP 
predicted volume percentage. The key result is that training a 
model on decomposed volume, or departures from a historical 

average approach, aid the volume percentage forecasting 
problem. 
     The use of Artificial Intelligence (AI) had a big influence on 
the forecasting and investment decision-making technologies.  
There are a number of examples using neural networks in equity 
market applications, which include forecasting the value of a 
stock index [7,8], recognition of patterns in trading charts[9] 

rating of corporate bonds[11], estimation of the market price of 
options[10].  
    Even though most people agree on the complex and nonlinear 
nature of economic systems, there is skepticism as to whether 
new approaches to nonlinear modeling, such as neural 
networks, can improve economic and financial forecasts. Some 
researchers claim that neural networks may not offer any major 
improvement over conventional linear forecasting approaches 

[10]. In addition, there is a great variety of neural computing 
paradigms, involving various architectures, learning rates, etc., 
and hence, precise and informative comparisons may be 
difficult to make. In recent years, an increasing amount of 
research in the emerging and promising field of financial 
engineering has been incorporating Neurofuzzy approaches 
[12]. Almost all models are focused on the prediction of stock 
prices. The difference of our proposed model is that we are 

focusing on decision-making in stock markets, but not on 
forecasting in stock markets.      
    In contrast to our previous work [12], we are not making a 
direct prediction of close price stock markets, but we are 
working on a predicting close price and trading volume. We are 
developing a predicting model which, besides the application of 
Neurofuzzy system (NFs). Our proposed Predicting Strategy 
based on based on technical analysis and time series modeling 

as well as input for our proposed predicting system based on 
NFs. The technical analysis model evaluated knowledge about 
buy, hold and sell strategy from each technique. Our proposed 
model used result from technical analysis model to input of our 
NFs. The NFs predicting system decides the close price and 
trading volume on next day for each stock index. The objective 
of this model is to predict the next daily close price and volume 
daily stock for making decision to the purchase of stocks. 
     The paper is organized as follows: Section 2 presents the 

background about the neural network and the Neurofuzzy 
system. Section 3 presents the NFs predicting model; Sections 4 
is devoted to experimental investigations and the evaluation of 
the predicting model for close price and volume on next day. 
This section provides the basis for the selection of different 
variables used in the model, and models the structure. The main 
conclusions of the work are presented in Section 5, with 
remarks on future. 
 

2.  NEURAL NETWORK AND NEUROFUZZY 

APPROACHES FOR TIME SERIES PREDICTION 
 

Both neural networks and the fuzzy system imitate human 
reasoning process. In fuzzy systems, relationships are 
represented explicitly in forms of if-then rules. In neural 
networks, the relations are not explicitly given, but are coded in 
designed networks and parameters.  Neurofuzzy systems 
combine the semantic transparency of rule-based fuzzy systems 
with the learning capability of neural networks. Depending on 
the structure of if-then rules, two main types of fuzzy models 

291

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)



are distinguished as mamdani (or linguistic) and takagi-sugeno 
models [1]. The mamdani model is typically used in 
knowledge-based (expert) systems, while the takagi-sugeno 
model is used in data-driven systems  

      In this paper, we consider only the Takagi - Sugeno-Kang 
(TSK) model. Takagi, Sugeno and Kang [1] formalized a 
systematic approach for generating fuzzy rules from an input-
output data pairs. The fuzzy if-then rules, for the pure fuzzy 
inference system, are of the following form: 

)(
2211

xfythenAisxandAisxandAisxif
NN

=     (1) 

Where 
N

T

N AAAxxxx ,,,,],...,,[ 2121 K= fuzzy sets 

are in the antecedent, while  y  is a crisp function in the 

consequent part. The function is a polynomial function of input 

variables
Nxxxx ,,,, 321 K .  The aggregated values of the 

membership function for the vector are assumed either in a form 
of the MIN operator or in the product form. The M fuzzy rules 
in the form Eq. (4) are N membership 

functions
Nµµµµ ,,,, 321 K . Each antecedent is followed by 

the consequent: 
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Where  ijp   are the adjustable coefficients, for   

Mi ,,3,2,1 K= and      Nj ,,3,2,1 K= . 

The first-order TSK fuzzy model could be expressed in a 

similar fashion. Consider an example with two rules:  
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Figure 2 shows a network representation of those two rules. The 
nodes in the first layer compute the membership degree of the 
inputs in the antecedent fuzzy sets. The product node ∏ in the 
second layer represent the antecedent connective (here the 
“and” operator). The normalization node N and the summation 
node ∑ realize the fuzzy-mean operator for which the 

corresponding network is given in Figure 1 Applying fuzzy 
singleton, a generalized bell function such as membership 
function and algebraic product aggregation of input variables, at 
the existence of M rules the Neurofuzzy TSK system output 
signal   upon excitation by the vector, are described by 
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The adjusted parameters of the system are nonlinear parameters 

of   bell function (
)()()( ,, k

j

k

j

k

j bc σ ), the fuzzier functions and 

linear parameters (weight) of the TSK function for every 

Nj ,,2,1 K=  and Mk ,,2,1 K= . In contrast to the mamdani 

fuzzy inference system, the TSK model generates crisp output 
values instead of fuzzy ones. This network is simplified. Thus, 
the defuzzifier is not necessary. So, the learning of Neurofuzzy 

network, which adapts parameters of the bell shape membership 

functions (
)()()( ,, k

j

k

j

k

j bc σ  ) and consequent coefficients, 

ijp    can be done either in supervised or self-organizing 

modes. 
 

 
Fig.1 An example of a first-order TSK fuzzy model with two 
rules systems [1]          
 

In this study, we apply a hybrid method which is one-shot 
least-squares estimation of consequent parameters with iterative 
gradient-based optimization of membership functions.  The 
important problem in the TSK network is to determine the 
number of rules that should be used in modeling data. More 

rules mean better representation of data processing, but 
increased complexity of the network and a high cost of data 
processing. Therefore, a procedure for automatically 
determining the number of rules is required. In our solution, 
each rule should be associated with one cluster of data.  Fuzzy 
c-means is a supervised algorithm, because it is necessary to 
indicate how many clusters C looks for. If C is not known 
beforehand, it is necessary to apply an unsupervised algorithm. 

Subtractive clustering is based on a measure of the density of 
data points in the feature space [1]. The idea is to find regions in 
the feature space with high densities of data points. The point 
with the highest number of neighbors is selected as the center 
for a cluster. The data points within a prespecified data, fuzzy 
radius are then removed (subtracted), and the algorithm looks 
for a new point having the highest number of neighbors. This 
process continues until all data points are examined. 
       In conclusion, figure 2 summarizes the Neurofuzzy 

Networks System (NFs). Construction process data called 
“training data sets,” can be used to construct Neurofuzzy 
systems. We do not need prior knowledge called “knowledge-
based (expert) systems”.  In this way, the membership functions 
of input variables are designed by the subtractive clustering 
method. Fuzzy rules (including the associated parameters) are 
constructed from scratch by using numerical data. And the 
parameters of this model (the membership functions, 

consequent parameters) are then fine-tuned by process data.   
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Fig. 2 Constructing Neurofuzzy Networks 
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3.  METHODOLOGY FOR PREDICTING CLOSE PRICE 

AND TRADING VOLUME 

3.1 Technical Analysis for Stock Index 
Table. 1 Description of technical index used in input NFs 

Exponential Moving EMA used to emphasize the direction of a trend

Avarege (EMA)  and smooth out price

Relative Strength index RSI compares the magnitude of recent gains to

 (RSI) recent losses in attempt to determinate 

overbougth and oversold  conditions of an asset

Moving avarege MACD shows the difference between a fast 

convergence and and slow exponential moving average(EMA)

divergence (MACD) of closing price. 

Williams %R (W%R) W%R is  the ratio of the number of rising periods

over the total number of periods. It reflects the

buying power in relation to the selling power

On-Balance Volume OBV calculates  from the stock closing price and 

 (OBV) volume traded  data.  

Price rate of change PROC is  rate of Close Price in 12 Time difference

Price and Volume PVT calculated from the stock closing price 

Trend (PVT)  and volume traded data.

Typical price(TPRC) TPRC is the average of the high, low, and

 closing prices for each period. 

Volume rate of change VROC calculates  from the volume between the

(VROC)  current volume and the volume 12 Times ago. 

DescriptionTechnical Index

 
 

     Technical indexes are calculated from the variation of stock 
price, trading volumes and time according to a set of formulas 
to reflect the current tendency of the stock price fluctuations. In 
soft computing, many researches use as inputs technical 
analysis factors that are sometimes combined with daily or 
previous stock index price. The technical analysis factors range 
from 2 to 25 indicators. For input data, several technical indexes 

are selected in this paper, as shown in Table 1. 
 

3.2 Prediction Close Price and Trading Volume for Stock 

Index 
     This paper attempts to build a collaborative trading model to 
detect daily trading signal. The system of collaborative trading 
model developed from technical analysis and time series model. 
The computational intelligent approach learned overall 

technical analysis of stock index, close price trading signal, 
trading stock and its time series. We selected a Neurofuzzy 
system (NFs), which are now studied and incorporated into the 
emerging and promising field of financial engineering. Example 
of proposed NFs for the predicting system, called intelligence 
predicting system based on Technical Analysis and its time 
series as shown in Figure 3.  
 
 

 
 
 
 
 
 
 
 

 

 
Fig. 3 The scenario of Intelligence Predicting System 

 

Moreover, it is important to mention, that forecasting model is 
based on the idea of sliding window. The size of sliding 
window shows how many times the cycle of the model has to be 
run in order to get the decision. For each day’s prediction a new 

sliding window is needed. An example of sliding window is 
presented in Figure 4. As it can be seen from the presented 
picture, sliding window represents the training part of each time 
interval. For the training of NFs there is used the optimizing 
algorithm which is selecting a number of membership function 
and fuzziness parameter for NFs model. At first, the best NFs of 
the day is selected. The best NFs is called that NFs which have 
shown the best performance (the highest total profit for the 

selected sliding window). 
 

Time period 

Training  Testing 
Window 1 

1 100 101 

Training  Testing 
Window 2 

2 101 102 

1 300 

Window 200            
Training  Testing 

200 299 300 
 

Fig. 4 sliding window of training and testing data (one day). 
 

3.3 Preprocessing of input and Evaluating Function for the 
proposed NFs Model   

    In general, the weather properties data have bias due to 

differences in name and spans. Normalization can be used to 

reduce the range of the data set to values appropriate for inputs 

to the activation function being used. The normalization and 

scaling formula is 

                        

min)(max

min)(max2

−

+−
=

x
y ,                              (4) 

where 

 x is the data before normalizing, 

 y is the data after normalizing. 

Basically, each of thermodynamic properties are not same 

scale.  Thus, Normalization use to individual for any 

thermodynamic properties, so the same maximum and 

minimum data are used to normalize them. The max is derived 

from the maximum value of the any properties, and the same 

applies to the minimum. The maximum and minimum values 

are from the training and validation data sets. The outputs of the 

NFs and NN will be rescaled back to the original value 

according to the same formula. 

    There are several kinds of error function used in evaluating of 
approximating method, namely, Mean absolute Deviation 
(MAD), Mean Squared Error (MSE) and Mean Absolute 
Percentage Error (MAPE).  In this paper, like a neural network 
model, we used two error functions for our NFs system; the 

Percentile Variance Accounted For (VAF) [9] is selected for 
evaluating the NFs model. The VAF of two equal signals is 
100%. If the signals differ, the VAF is lower. When y1 and y2 
are matrices, VAF is calculated for each column. The VAF 
index is often used to assess the quality of a model by 
comparing the true output and the output of the model. The 
VAF between two signals is defined as follows: 

Volume t-1 

Forecasting 

 

Close Price 

 

and 

 

Volume 

Close Price t+1 

Volume t+1 

Close Price t-1 

TA Close Price  

TA Volume  
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var( 1 2)
VAF 100% [1 ]

var( 1)

y y

y
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4.  RESULTS AND DISCUSSION 
 

 
Fig. 5 Historical Close Price and Trading Volume of Petroleum 
Authority of Thailand (PTT) Stock Prices 
 

     The model realization could be run having different groups 
of stocks (like Banking group, Energy group, etc.), indexes or 
other groups of securities. The data set including 7 Thai Stocks, 
such as ARMICO(AH), Advanced Info Service(ADVANC),  
Airports of Thailand(AOT), Kasikorn Bank (KBANK), 
Petroleum Authority of Thailand (PTT), PTT Global 
Chemical(PTTGC) and Siam Cement(SSC) stock index have 
been decomposed into two different sets: the training data and 

test data. The data for stock index are from January 14, 2013 to 
February 3, 2015 totally 504 records and the first 482 records 
will be training data and the rest of the data, i.e., 22 records will 
be test data. Moreover, the data for stock prices are including 
close price next day, volume next day and its technical data. 
Consequently, max-min normalization can be used to reduce the 
range of the data set to values appropriate for inputs and output 
data being used training and testing method. 
     Output of each models are close price and trading volume 

for next day. For example input data, we proposed 7 input 
models. Firstly, model 1 was totally 5 inputs such as Open, 
High, Low, Close and Volume price today. Secondly, model 2 
was totally 22 inputs such as Open, High, Low, Close, previous 
Close 1,2,...,8 day, Volume, previous Volume 1,…,8 day. For 
another models as shown in Table 1,  
 

Table1 Input and output variables in each forecasting models 
Model 3 Model 4 Model 5 Model 6 Model 7

1 Open Open Open Close Open

2 High High High Volume High

3 Low Low Low VolumeD1 Low

4 Close Close Close VolumeD2 Close

5 CloseD1 CloseD1 CloseD1 VolumeD3 CloseD1

6 CloseD2 CloseD2 CloseD2 VolumeD4 CloseD2

7 CloseD3 CloseD3 CloseD3 VolumeD5 CloseD3

8 CloseD4 CloseD4 CloseD4 VolumeD6 CloseD4

9 Volume TPRC CloseD5 VolumeD7 CloseD5

10 VolumeD1 Volume CloseD6 VolumeD8 CloseD6

11 VolumeD2 VolumeD1 CloseD7 VROCTS CloseD7

12 VolumeD3 VolumeD2 CloseD8 PVTTS CloseD8

13 VolumeD4 VolumeD3 TPRC OBVTS emovag10

14 VolumeD4 Volume emovavg25

15 VROCTS VolumeD1 TPRC

16 PVTTS VolumeD2

17 OBVTS VolumeD3

18 VolumeD4

19 VolumeD5

20 VolumeD6

21 VolumeD7

22 VolumeD8

23 VROCTS

24 PVTTS

25 OBVTS  

    We now compare the performance of our proposed 
neurofuzzy system to feedforward Neural Network Modeling 
including three types of learning algorithm methods. Their 
learning method are Batch Gradient Descent (TRAINGD), 

Scaled Conjugate Gradient (TRAINSCG) and Levenberg – 
Marquardt (TRAINLM) methods The neural network model has 
one hidden layer with 20 nodes.  And, learning iteration is 
10000 epochs.  After trained their learning method, we found 
scaled conjugate better than other learning method. But, we can 
conclude that our proposed neurofuzzy demonstrated a 
considerably better four relation types than neural network with 
scaled conjugate gradient learning.  
 

Table2 Experimental Result of various forecasting models 
based on NN and NFs on Model 5 for PTT stock index 
 

 Cluster/

Hidden nodes Train Test Train Test

NN-LM 5 0.0618 0.1562 74.22 20.61

NN-SCG 5 0.1307 0.3362 51.25 15.16

NFs 5 0.0696 0.1714 97.04 54.67

NN-LM 10 0.0515 0.1211 95.03 61.25

NN-SCG 10 0.1287 0.1834 67.65 35.17

NFs 10 0.0518 0.1287 98.03 67.27

NN-LM 15 0.0662 0.1045 96.93 75.08

NN-SCG 15 0.1045 0.1468 75.08 57.45

NFs 15 0.0436 0.1045 98.80 82.07

NN-LM 20 0.0436 0.0976 98.63 86.26

NN-SCG 20 0.0976 0.1825 86.26 63.24

NFs 20 0.0358 0.0761 99.28 88.96

NN-LM 25 0.0740 0.0761 96.15 83.85

NN-SCG 25 0.1285 0.1622 54.07 49.46

NFs 25 0.0706 0.1731 96.51 42.42

RMS VAF
Algorithm

 
 
 

     From Table 2 when comparing of Models No.5 of  PTT 
stock index, The result of RMS and VAF Neurofuzzy with 20 
clusters is better than others clusters on both training and testing 
set. Thus, 20 clusters or 20 hidden nodes were suitable for 
prediction both dry bulb temperature and relative humidity. In 
model 2 of testing set, NN was accuracy in 98.63 % VAF and 
NF was accuracy in 99.28 % VAF on training sets.     The 
comparisons of different models such as BPN and the TSK 
fuzzy rule model are listed in Table 2. As we can observe here, 

the modeled results from TSK fuzzy rule model are much better 
than those from BPN or multiple regressions which justify the 
TSK fuzzy rule model is the best.  The all results exhibit that 
Backpropagation Neural Networks (BNNs) and Neurofuzzy 
System (NFs) can be model several thermodynamic properties 
satisfactory as a new method instead of approximate and 

complex analytic equation.  
 
 

Table3 Experimental Result of various forecasting models 
based on NN and NFs on Model 5 for each stock index 
 

Train Test Train Test

0.0436 0.074 98.03 96.15

0.022 0.0519 99.73 94.73

0.0357 0.0115 99.80 91.62

0.0358 0.0349 99.90 99.30

0.0359 0.0352 99.98 99.74

0.0358 0.0761 99.10 83.85

0.0706 0.0696 96.51 96.77SSC

AH

ADVANCE

AOT

KBANK

PTT

PTTGC

RMS VAF
Stock index

 
      
       From Table 3 when comparing of Models No.5 of each 
stock indexes, the result of RMS and VAF Neurofuzzy are 
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similar in each stock index on both training and testing set. 
Then, PTT was accuracy than another stock index. It was in 
99.98 % VAF on training sets and 99.74 % VAF in on testing 
sets.      
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Fig.6 Forecasted Close Price of PTT based on Neuro-Fuzzy 

(dash line) v.s. real price (solid line) on Trained Sets 
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Fig. 7 Forecasted Trading Volume based on Neuro-Fuzzy (dash 

line) v.s. real Volume (solid line) on Trained Sets 

0 5 10 15 20 25
-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

Tested Data Points

C
lo

s
e
 P

ri
c
e
 n

e
x
t 

d
a
y
(B

a
h
t)

PTT PUBLIC COMPANY LIMITED (PTT) Stock Price)

 

 

NFs Output

Desired Output

 
Fig. 8 Forecasted Close Price of PTT based on Neuro-Fuzzy 

(dash line) v.s. real price (solid line) on Tested Sets 
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Fig. 9 Forecasted Trading Volume of PTT based on Neuro-
Fuzzy (dash line) v.s. real price (solid line) on Tested Sets 

 
 

5.  CONCLUSION 
 

A novel method for the forecasting of close price and trading 

volume on next day was developed. The desired outputs are 
accuracy within 99.98% VAF for training sets and 99.74% VAF 
for testing sets for PTT, respectively. From experimental 
results, our proposed model is achieved in every testing data. 
Both of intelligence systems, which are BNNs and NFs, were 
successful in the training and testing data. But, NFs always was 
accuracy than BNNs. Moreover, NFs model was proved to be 
faster and accuracy than BNN and the conventional iterative 

algorithm used for generation of the training and testing data 
sets. The developed procedure can probably adapt for the 
description of any thai stock index and other stock markets. By 
using the NFs, the approximations previously requiring several 
iterations for solving complicated function is reduced to a single 
function call. In the future, our proposed close price and volume 
forecasting model can be implemented in a Decision-Trading 
System during the trading day. 
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ABSTRACT 

Decision making is a broad topic, which has gained 

considerable adoption within organizations through decision 

support and business intelligence systems.  Decision theory is 

utilized to model human decision making, and identify how 

people make or should make decisions.  Decision theory mainly 

utilizes normative or prescriptive approaches, assuming the 

person is logical, rational and fully informed.  As people do not 

always act in logical ways, there are positive or descriptive 

methods aimed at determining what people will actually do.  

The normative decision creates hypotheses for testing against 

the descriptive result.  These concepts are applied to decision 

support systems, which for these purposes includes any 

computerized systems which assist human decision making.  

Decision making consists of three phases: finding the need for a 

decision, finding possible alternatives, and choosing an 

alternative.  These are also referred to as intelligence, design, 

and choice.  Today's organizations spend a majority of their 

time engaged in intelligence and alterative design activity, and a 

small amount on choice.    

 

There are generally three theories behind a decision. Positive 

theory considers each decision a single item, and attempts to 

describe the decision as precisely as possible.  This is 

commonly associated with technical managers, where problems 

must be solved in the short-term.  Normative theory lends itself 

to individuals that utilize alternatives to crate long-term 

organizational success.  This is associated with institutional 

managers who have strategic views of the firm.  Behavioral 

theory incorporates components of both positive and normative 

theories.  This is based on individual perception and bounded 

rationality.  This is commonly associated with organizational 

management who acts as an intermediary between the technical 

and institutional managers to improve the organization.  The 

research aim is to identify a given set of firm characteristics, 

and identify which firm characteristics lead to best decision 

making behavior, ultimately leading to firm success.  We seek 

to identify whether positive, normative, behavioral, or some 

combination of decision making is best suited for achieving 

short and long-term goals of the organization.   
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ABSTRACT 
 

The development of flexible organic 

photovoltaic solar cells, using an optically 

transparent substrate material and organic 

semiconductor materials, has been widely utilized 

by the electronic industry when producing new 

technological products. The flexible organic 

photovoltaic solar cells are the base Poly (3,4-

ethylenedioxythiophene), PEDOT, Poly(3-hexyl 

thiophene, P3HT, Phenyl-C61-butyric acid methyl 

ester, PCBM and Polyaniline, PANI, were 
deposited in Indium Tin Oxide, ITO, and 

characterized by Electrical Measurements and 

Scanning Electron Microscopy (SEM).  In 

addition, the thin film obtained by the deposition 

of PANI, prepared in perchloric acid solution, was 

identified through PANI-X1. The result obtained 

by electrical Measurements has demonstrated that 

the PET/ITO/PEDOT/P3HT:PCBM Blend/PANI-

X1 layer presents the characteristic curve of 

standard solar cell after spin-coating and 

electrodeposition. The Thin film obtained by 

electrodeposition of PANI-X1 on P3HT/PCBM 
Blend was prepared in perchloric acid solution. 

These flexible organic photovoltaic solar cells 

presented power conversion efficiency of 12%. 

The inclusion of the PANI-X1 layer reduced the 

effects of degradation these organic photovoltaic 

panels induced for solar irradiation. In Scanning 

Electron Microscopy (SEM) these studies reveal 

that the surface of PANI-X1 layers is strongly 

conditioned by the surface morphology of the 

dielectric. 

           
 

Keywords: Polyaniline, PANI, P3HT/PCBM 

Blend, Flexible Organic Photovoltaic.  

 

 

 

INTRODUCTION 
 

A new chapter in the evolution of organic 

semiconductor materials began, when Hideki 

Shirakawa, from the University of Tsukuba 

(Japan), Alan Macdiarmird, from the University 

of Pennsylvania, and Alan J. Heeger from the 

University of Santa Barbara (The U.S.), 

demonstrated the existence of conductive 

properties for doped Polyacetylene (intrinsically 

an insulator), which assured them the Nobel Prize 

in Chemistry, in 2000 [1][2]. Research studies, 
realized to synthesize and characterize the 

components of this new class of materials, have 

been currently passing through a continuous 

process of technological advance in search of new 

conductive polymers. In addition, the greatest 

interest in studying organic semiconductor 

materials has been present in its potential 

applications, among which are: batteries, organic 

solar cells, flexible organic solar cells, organic 

light emitting diodes and others [3].  

Thin films made of organic semiconductor 

materials have drawn the attention of research 
groups, due to its enormous potential for its 

application in various industries as well as the 

impact their results can give to technological 

development. Moreover, the characterization and 

application of new techniques for the deposition 

of organic semiconductor materials has been the 

main focus of a large number of studies, being, 

thus, essential in reducing production costs. 

Among the several geometries for flexible organic 

photovoltaic devices investigated to date, 

including conjugated polymer blends with 
minimum 5 layers of low molecular weight 

organic molecules and also the recently reported 

halogendoped organic single crystals the polymer 

based devices were mostly attractive due to their 

easy production technology. These organic 

photovoltaic devices offer the possibility of low-

298

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)



cost fabrication of large-area solar cells for 

harvesting energy from sunlight. Aside from 

possible economic advantages, organic materials 

also possess low specific weight and are 

mechanically flexible properties that are desirable 

for a solar cell [4]. 

This research aims to develop thin films 

semiconductor organic material for Flexible 

Organic Photovoltaic Solar Cell, by using the 
Electrodeposition technique, and characterizing 

the layers and devices utilizing electrical 

Measurements and Scanning Electron Microscopy 

(SEM) techniques.     

EXPERIMENTAL DETAILS 

 

The Flexible Organic Photovoltaic Solar 

Cell, developed in this research, have been 

utilizing optically transparent material, covered on 

surface with Indium Tin Oxide (ITO), as a 

substrate. The ITO has high conductivity and 

transmittance in the visible region of the 

electromagnetic spectrum, which enables their 

utilization, for instance, in organic solar cells, 

organic gas sensors, organic transistors and other 

devices [5]. 

The poly(ethylene terephthalate) substrate, 
based on polymeric material,, and utilized for the 

spin-coating of Poly (3,4-ethylenedioxy 

thiophene), PEDOT, with thickness of 100 nm, 

was covered by a layer of ITO, with a thickness of 

200 nm. The PEDOT layer was deposited through 

the spin-coating technique, adding from 100 to 

100 µL at 750 rpm for ten seconds in each 

deposition. On these layers, an conjugated 

polymer, corresponding to the active layer, has 

been deposited. This layer deposited through the 

spin-coating technique of P3HT/PCBM Blend 
prepared with chlorobenzene using 150 to 150 µL 

at 500 rpm for five seconds in each deposition. 

The PANI-X1 layer was deposited through the 

Electrodeposition system in solution prepared 

with perchloric acid (HClO4), and applying 

voltage of 10,0 Volts for 5 minutes, resulted in an 

active layer of PANI-X1, with thickness between 

180 nm and 220 nm. The metal contact, utilized 

on the last layer of this device, is made of 

aluminum, with thickness of 100 nm, and it was 

deposited through the sputtering system.         

The developed Flexible Organic 
Photovoltaic Solar Cell device has presented a 

configuration layered of PET/ITO/PEDOT/ 

P3HT:PCBM Blend/PANI-X1/Al, as represented 

schematically in figure 1.  

 

 
Figure 1. Configuration of Flexible Organic 

Photovoltaic Solar Cell. 

 

DISCUSSION  

 

The electrical characterization of Flexible 

Organic Photovoltaic Solar Cell was made at 

room temperature using an Electrometer Keithley 

6517A semiconductor parameter analyzer. All 

measurements were made without vacuum and no 

precautions were taken to prevent the degradation 

of multilayer polymeric films [6][7]. 

Fig. 2 shows the current density/voltage 

relation under the illumination with 100 mW/cm2. 
The devices with 40x40 cm using spin-coating 

active layers have a short-circuit current density 

of 7.6 mA/cm2, open-circuit voltage of 0.59 V, 

and power conversion efficiency (PCE) of 12%.  
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Figure 2. Current density (J) in function of 

voltage (V). 
 

The microscopic analysis performed in 

Flexible Organic Photovoltaic Solar Cell by 

Scanning Electron Microscopy, has allowed us to 

observe the induction on the surface of the 

samples before and after the application of 

illumination with 100 mW/cm2. Figure 3 has 

shown the micrograph of Flexible Organic 

Photovoltaic Solar Cell before applying 

illumination. It may be observed that the surface 

of the sample has some homogeneous aspect, 
plane and without changes. 
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Figure 3. SEM of Flexible Organic Photovoltaic 

Solar Cell before applying illumination. 

 

Figure 5 has shown the micrograph of 

Flexible Organic Photovoltaic Solar Cell after 

application of illumination with 100 mW/cm2 

during 2600 hours. In this micrograph, it may be 

observed the surface of the sample in some 

irregular aspect, with cracks. Furthermore, an 

increase of time, when utilizing the Flexible 

Organic Photovoltaic Solar Cell, and an increase 

in the application of illumination, may be 
observed as well as the existence of an increase in 

the formation of other cracks. Therefore, these 

cracks can contribute to reducing the lifetime of 

the Flexible Organic Photovoltaic Solar Cell, 

since the accumulation of organic semiconductor 

material may cause short circuit in the device.  

 

 
 

Figure 5. SEM of Flexible Organic Photovoltaic 

Solar Cell after applying illumination. 

CONCLUSIONS 

 
The results presented in this research are that 

PEDOT/P3HT/PCBM/PANI-X1 can be utilized as 

an active layer of Flexible Organic Photovoltaic 

Solar Cell. These organic semiconductor materials 

can be deposited, spin-coating and 

electrodeposition, respectively. although some 

recent record efficiencies, research on organic 

solar cells is still in its infancy when stability and 

efficiency have to be compared with the 

performances of silicon cells. But a nominal top 

value 12% in power conversion efficiency is the 

research target for the next few years. The 
phenomenon of cracks, observed in Flexible 

Organic Photovoltaic Solar Cell, demonstrated 

similarities with that observed in surfaces of 

interconnections of microelectronic devices. In 

Flexible Organic Photovoltaic Solar Cell devices 

this phenomenon of cracks that rises with the 

application of illumination can influence the 

lifetime reduction of Flexible Organic 

Photovoltaic Solar Cell. 
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ABSTRACT 

 

When a firearm is fired emerge waste discharge known as 

Gunshot residue (GSR), these residues are particles produced 

by combustion. In this paper, using a hyperspectral imaging 

system in the near-infrared (NIR), hyperspectral data cubes are 

obtained from scanned fabric samples with gunshot residues. 

These fabrics have been penetrated by a bullet, where the 

distribution of waste released by the firearm is not 

homogeneous. Three samples of fabrics with GSR were used. 

The principal objective was to obtain particular spectral 

characteristics of gunshot residues. To obtain these 

characteristics, the reflectance spectrum for three selected pixel 

sets from three images of the fabric samples with GSR was built 

in. Each selected pixel contains only information from the 

residue compound and not from the fabric. The fabrics were 

illuminated at the same lamp power. One fabric without GSR 

was also characterized for comparison between the waste 

particles and the clean fabric itself. To compare the results, the 

statistical average was applied to each of the generated 

reflectance spectra for every set of selected pixels. The 

Experimental results have shown that analysis of the GSR 

fabric samples using hyperspectral imaging systems in the NIR 

spectrum allowed to characterize and compared the fabric 

samples with and without GSR. In particular, it is possible to 

establish a clear spectral difference between the fabrics with and 

without GSR in the wavelengths between 950 and 1350 nm. 

 

Keywords: Gunshot residue (GSR), Optoelectronic imaging, 

Hyper-spectral imaging, Reflectance NIR. 

 

1.  INTRODUCTION 

 

In order to find applications where the use of optical sensors is 

possible, our research group has been dedicated to develop 

applications in different bands of the electromagnetic spectrum 

using various technologies of optical devices. We have 

developed applications for estimating imaging-temperature of a 

natural gas flame using optical sensors in the visible range [1], 

characterizing a combustion process using optical sensors in the 

infrared range [2] and developed a global measuring technique 

to monitor a combustion process [3]. In the food industry, we 

have developed applications for the sea food industry with 

hyperspectral sensors in visible range. 
Such sensors were designed for on-line detection of parasites 

inside bivalve [4,5]. In developing solutions for the mining 

industry we have worked on the spectral measurements for the 

flash combustion of copper Concentrates. In the area of 

biological processes we have measured, without having contact 

with the sample, the liberated energy produced by an enzymatic 

reaction using optical sensors in the infrared range [6]. 

In this work the optical sensors have been applied to the 

analysis of GSR embedded in fabric samples affected by the 

discharge of a bullet when firing a firearm. Analyses were 

performed using hyperspectral sensor technology in the near 

infrared range (NIR). The objective of this study was to apply a  

hyperspectral data acquisition with a  push broom scanning 

sytem in the NIR range to obtain particular characteristics of the 

GSR in fabric samples used for analysis. The variable used to 

obtain the results was the spectral reflectance NIR. The spatial 

average was used for the characterization and comparison of the 

results establishing a significant spectral difference between the 

sample without GSR and the samples with GSR. Finally, 

preview images of the fabrics with GSR are presented, using a 

system of infrared microscopy. The work is organized as 

follows, in section 2; the characteristics of the samples used for 

the analysis are presented, the hyperspectral imaging system 

set-up, the stage for image acquisition and finally, its 

reconstruction to display the RSG in analyzed fabrics are also 

shown in this section. In section 3, the results obtained are 

presented. In section 4, the images of the fabrics are shown with 

GSR using infrared microscopy technology. Finally, in Section 

5, some conclusions extracted from the analysis done in this 

work are presented. 

 

2.  MATERIAL AND METHODS 

 

This section describes the main characteristics of the samples 

and the hyperspectral imaging system set-up used in this work. 

There will also be an explanation about the stage of image 

acquisition and the reconstruction of these to view the GSR that 

will be in analysis during this job. 

 

Characteristics of the used samples 
 

For carrying out the experiments three samples of fabric were 

used with GSR and one fabric sample without GSR. The four 

samples in total were sized to 4 x 4 cm, where once discharged 

the firearm on three of them, the distribution of the GSR was 

not homogeneous. In Figure 1, an image is displayed in the 

visible range of one of the samples used for the analysis of the 

 

301

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)



 

Fig. 1: Image in the visible range of a fabric with GSR. 

 

GSR. In this picture, some GSR are identified by arrows to see 

clearly how the GSR are apparently present in the fabric. 

 

Hyperspectral imaging system set-up 

 

The optoelectronic devices associated with the experimental 

system for getting hyper-spectral NIR images are shown in 

Figure 2. The main components of the experimental setup are a 

digital camera and a spectrograph. The spectrograph of the 

hyperspectral system is a ImSpector N17E, Finland, which uses 

a fixed size inner slit of 30 µm which the capacity to operate in 

the spectral range of  900-1700 nm. The camera used was a 

Xenics Xeva 1.7-320, Belgium, which integrates the incident 

radiation using a CMOS PPS array of 320 x 256 pixels. The 

spectral resolution of the hyper-spectral system is 3.38 nm / 

pixel and the total number of spectral bands collected by the 

system is 236.  The spectrograph and the camera were mounted 

on the same fixed position. The system of hyper-spectral images 

used in this work uses an inexpensive light source. The 

excitation source used was a calibrated quartz lamp, tungsten 

and halogen QTH model, Oriel Instruments, USA, whose 

spectral curve is known to be gentle and its output is guaranteed 

to be stable. The light source emits a spatial line pattern in the 

wavelength range of 250 - 2400 nm, optical powers to 200 and 

1000 W. The system of hyper-spectral images also includes a 

scanning device of the fabric which is mainly composed of a 

linear displacement platform designed for this experiment, 

which operates on a current motor. Finally, the hyper-spectral 

NIR imaging system is controlled using a standard desktop 

computer with proprietary software (NIR RSCube) to acquire 

the cubes of the hyper-spectral images. 

 

Image acquisition 

 

The light source was placed at a 23.7 cm distance above the 

displacing carriage as shown in Figure 2b. For effects of the 

measurement required, the light source was fed with 350W. 

The size of all images acquired in this study was of 320 x 256 

pixels, while being illuminated by the QTH light source . As 

you know, the Focal Plane Array (FPA) suffers from a no 

desired Fixed Pattern Noise (FPN) due to non-uniform response 

of individual detectors when it is stimulated by the same level 

of irradiance. In terms of the obtained signal, the FPN causes 

severe attenuation of quality and efficient resolution of the 

imaging system. In order to compensate for the FPN, the FPA 

is often described by a linear relationship between the input 

irradiance         and the read data        as follows in Eq. (1) 

 

                                                       (1) 

 

The terms     and     are the gain parameters and the 

associated set with each    detector, respectively, and        is a 

gaussian noise term with mean zero, mainly due to readout 

electronics.. By estimating these parameters, nonuniformity 

correction (NUC) is performed in order to calculate the true 

incoming irradiation. One way to obtain these parameters is by 

measuring reflected reactance by a diffuse illuminated body at 

different light power with a procedure called two calibration 

points (TCP). The spectral response of the fuzzy body is flat on 

the operating range of the hyper-spectral system (900 - 1700 

nm) and its intensity is very close to the unit value. With this 

tool it is possible to obtain two readings at different light 

intensities, and apply the TPC. 

 

 
(a) 

 
(b) 

Fig. 2: (a) A photograph of the experimental set-up. (b) A 

schematic view of the experimental set-up. 

 

Image Reconstruction 

 

First the image reconstruction from the data cubes generated by 

NIR hyperspectral system was needed.  Then the election of the 

pixels with GSR which would be analyzed spectrally is taken.  

Once the images are reconstructed it can be displayed as seen in 

Figure 3. To make the choice of the GSR, in each of the three 

samples penetrated by one bullet, firstly we must visualize the 

identified four GSR particles per sample, where these were the  
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most visible at simple eye. In the case of the fabric sample 

without the GSR, any four points were selected. In Figure 3, the  

selection of the four pixels is shown for each sample. Each pixel 

was denoted by the abbreviation P1, P2, P3 and P4 for better 

interconnection between the reconstructed images and curves of 

the signed hyperspectral reflectance NIR shown in Figure 4, in 

which they are named with the same abbreviations as the GSR 

samples. 

 

3.  RESULTS AND DISCUSSION 

 

 The obtained results are shown in Figure 4, here we observe 

the signature curves for the  NIR spectral reflectance for each 

set of four pixels per sample. For characterization and 

comparison of the results, the mean was applied, which is a 

simple statistic index that allows us to obtain a medium NIR 

reflectance spectrum for each sample. The average NIR spectral 

reflectance spectrum is shown in Figure 5. Here each curve is 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 3: (a), (b) and (c) are examples of fabrics with GSR, (d) fabric sample without GSR . The selected pixels are highlighted in four different 

colors for each sample. 

 

 
(a) 

 

 
(b) 

 
(c) 

 
(d) 

Fig. 4: (a), (b) and (c) are the curves of the spectral reflectance signature sample fabrics with GSR, (d) the signature curve of spectral 

reflectance of the fabric sample without GSR. 
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denoted by the initials R1, R2, R3 and R4 and you can observe 

that the average curves of the samples with GSR are very 

similar to each other, while average reflectance NIR curves of 

fabrics with and without GSR have a significant spectral 

difference, mainly between the wavelengths from 950nm to 

1350 nm. 

 

Fig. 5: Signature of average spectral reflectance NIR 

 

4.  INFRARED MICROSCOPY IMAGES 

 

This section presents preliminary image results, see Figure 6, 

obtained using an infrared microscopy vision system. The 

vision system is composed by a camera of the Sofradir brand, 

model 320M EC IRE, with range 3 to 5 µm, resolution of 320 x 

256 pixels, 16 bits and an optical sensor of mercury, cadmium 

and tellurium with an increase of 4 X infrared lens. In the 

picture mentioned in this section, you can clearly see a GSR at 

the center in an elliptical shape. Since this is a preview image,  

 

 

 

 

 

 

 

 

 

 

 

 

 

which is shown as part of future work, in our search for 

applications of optical sensors.  

 

5.  CONCLUSIONS 

 

The NIR spectral reflectance acquired from the GSR allowed 

characterizing and comparing, but the results indicate that there 

is no noticeable visual difference between the GSR of different 

analyzed fabrics. An important spectral difference was observed 

between the clean sample of GSR and the fabrics with GSR 

especially between the wavelengths of 950 and 1350 nm. 

A preview image of a GSR was presented using an infrared 

microscopy vision system in which the GSR is clearly 

visualized. 
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Fig. 6: Image of a GSR using a vision system of infrared 

microscopy. 
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ABSTRACT 

 

Human beings seek knowledge, and as technology advances, we 

develop better tools for understanding and conversing with the 

world around us. The 3D RGB LED cube is a display system 

that can help in teaching young children the alphabets, numbers, 

the color wheel, and the various geometric shapes. It also helps 

students of different educational levels to visualize and 

recognize geometric shapes and plots of mathematical functions 

in a still or moving format. Also, people with special needs can 

benefit from this cube since it can display multiple formations 

of colors and shapes. 

In this paper, we propose a complete design of 8 by 8 by 8 

common anode RGB LEDs cube. Pulse width modulation, dot 

correction, persistence of vision and daisy chaining LED drivers 

are utilized to control the light intensity of the 512 RGB 

LEDs/1536 individual LEDs. Instead of 1536 signals, only 192 

PWM signals from the 12 TLC5940 are sent to the cube. Each 

LED is precisely calibrated to have an adjustable 4096-step gray 

scale PWM brightness allowing variable degrees of contrast 

across the image. The 8 common anode signals are fed by 8 

power PMOSFETs, FQP27P06, which are controlled by the 

ATmega328p microcontroller. The microcontroller is interfaced 

with the PC to be programmed via USB and breakout board 

containing FT232RL. Plexiglas columns and layers holders are 

designed to have strong and pleasant cube.  

Keywords: 3D Cube, Dot Correction, LED driver, 

Microcontroller, POV, PWM, RGB LED, TLC5940 

 

1. INTRODUCTION 

School student knows how to solve an equation in three 

variables, but most probably (s)/he does not know how it looks 

like. Noting that, educational toys assist kids in developing 

spatial cognition, while mathematics software enables college 

students to represent complex equations graphically in easy 

way. We believe that physical 3D display can be used as a 

visual aid to display complex objects. Presenting visual 

information such as images, figures, graphs, letters, numbers 

using different methods and technologies has been and still is an 

everyday-developing, vital part of information presentation. 

Designing and developing a visual information presenting 

device is an art worth appreciation because it involves a lot of 

creativity and sensitivity and not just engineering.  

RGB LEDs cube is a special type of 3D displays. Different 

cubes with different sizes ranges from 4 by 4 by 4 till 32 by 32 

by 32 using monochrome or RGB (3 mm or 5 mm or 10 mm) 

LEDs are designed. Different techniques are used to build such 

a cube and also to control it [1, 2]. Most of the cube builders use 

RGB LEDs to produce a wide range of colors but some did use 

mono-colored LEDs, like blue or green. Another parameter is 

the size of the LED encapsulation diameter. The majority uses 

the standard 5 mm although minorities use 10 mm or 3 mm 

diameters. Selecting either common anode or common cathode 

RGB LEDs depends on the controller and/or the LEDs’ 

driver(s). When the LEDs’ driver sources current, common 

cathode is used and vice versa. 

In this work, we show the complete design of an 8 by 8 by 8 3D 

cube that is constructed from 512, 5 mm, RGB LEDs. The cube 

has eight layers; each layer has 64 RGB LEDs giving a total of 

1536 LEDs to be controlled. Fig. 1 shows the 3D view of our 

cube.  

 

Fig. 1.  3D View of the 8X8X8 RGB LEDs Cube 

As each RGB LED has three separately controlled LEDs (red, 

blue and green), this leads to a total number of 1536 individual 

LEDs to be controlled. Each LED of this massive number is 

controlled separately via a Pulse Width Modulation (PWM) 
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channel that provides 4096 different light intensities. A special 

solution inspired from the concepts of human's Persistence of 

Vision (POV) is used to multiplex this massive number of 

LEDs to reach the goal of controlling each LED's light intensity 

in the cube. Our proposed design mainly consists of 

"ATmega328P" microcontroller, 12 powerful LEDs’ drivers 

"TLC5940", 8 PMOSFETs, and a power supply unit. Fig. 2 

shows the block diagram of the prototype demonstrating the 

main components and how they are connected.  

 

Fig. 2.  Block Diagram of the Proposed Prototype. 

The rest of the paper is organized as follows. Section 2 gives 

overview of the light emitting diodes (LEDs). Section 3 

explains the POV and color perception concepts. It also clarifies 

how these human features are utilized in designing the cube. 

Section 4 explains the power switches used to activate one 

cube’s layer at a time in a speed that fools human perception 

system. Section 5 gives a general description of the LEDs driver 

"TLC5940”. It also discusses the main features of the driver 

such as dot correction, PWM, switching characteristics, inrush 

current control, and serial interface utility. Section 6 shows the 

electrical specifications of the used power supply. Section 7 

explains the design of all the sub-circuits one by one. In other 

words, it shows the interfacing between the microcontroller, 

power switches, LED drivers, power supply and PC. Section 8 

shows the library functions used in programming the brain of 

the cube. Section 9 highlights the procedures of the physical 

building the cube. Section 10 shows the experimental results. 

 

 

2. LIGHT EMITTING DIODES (LEDS) 

Low effective LEDs have a narrow radiation angle (150 to 300) 

while high effective LEDs have a broader light radiation angle 

(90 to 1400). As the low effective LEDs have a more limited 

lifetime and poor thermal conductivity, they are most 

commonly used as indicator lights only. The high effective 

LEDs emit over 80 times brighter light than the low effective 

LEDs and can have a lifespan of (50,000 hours to 100,000 

hours) or up to 11 years. 

LED is a very small chip being sealed inside an Epoxy lens and 

very bright. The working voltage of general LED is (2 V to 3.6 

V) and the working current is (0.02 A to 0.03 A). Leading to 

power consumption is less than 0.1 W. Fig. 3 shows the two 

LEDs' versions and the LED's detailed structure [3-7].  

LEDs emit nearly monochromatic light. As the perceived white 

light from the sun is actually comprised of the full spectrum of 

colors, white light can be achieved with RGB LEDs. Besides 

their compact size, long life, there is a lack of IR/UV emissions 

and the ability to be dimmed providing color control.  

 

3. PERSISTENCE OF VISION (POV), COLOR PERCEPTION 

AND THE LOAD OF 512 RGB LEDS (1536 LEDS) 

POV is an optical property that means human eye always 

retains images for about 0.04 seconds [8]. We utilized this 

natural human feature in flashing cube’s layers one at a time 

with a speed that human eyes can’t recognize. Thus the 3D 

image is constructed of several 2D images being stacked on 

each other. Controlling one layer at a time means we only need 

to control 64 RGB LEDs (192 LEDs) at a time using 192 PWM 

channels. In other words, the needed microcontroller should 

have sixty-four input/output ports for each layer (out of eight 

layers). In electronics, this is known as multiplexing. When an 

object is illuminated by light, it absorbs certain wavelengths and 

reflects others. The reflected light is detected by the 

photoreceptor cells (rods and cones) in the retina of the 

observer's eyes. The rods are sensitive to low light levels and do 

not participate in color vision. There are three types of cones, 

which are different on how they react to different wavelengths. 

The color data from the retina is transmitted to the visual cortex 

in the brain via the optic nerve. The actual perception of color 

happens in the brain.  

The natural human feature of color perception encouraged us 

building our cube using RGB LEDs rather than monochromatic 

LEDs. As the LED driver “TLC5940” sinks current, RGB 

LEDs are configured in a common anode. In this configuration, 

the total common current is sourced from the common anode 

side while the LED driver sinks the three individual currents for 

each LED. Fig. 4 shows the RGB LEDs configured in the 

common anode. 

 

 

 

 

 

 

 

Fig. 3.  (a) Low Effective LEDs (b) High Effective LED and 

(c) LED's Detailed Structure 

Fig.  4.  Common Anode Configuration of RGB LED 
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4. POWER PMOSFET SWITCH "FQP27P06" 

Our cube has 8 layers each contains 64 RGB LEDs (64 x 3 = 

192 individual LEDs in a layer). Anodes of each horizontal 

layer are tied together. As each individual LED needs a 

maximum current of 20 mA, then the total maximum current is 

3.84 A (192 x 20 mA). The corresponding cathodes of each 

column in the cube are connected together. So, we'll have 64 

columns of red cathodes, 64 columns of green cathodes, and 64 

columns of blue cathodes.  

There is a need to a power transistor that activates each layer, 

individually, at a time and must be able to handle the amount of 

current it switches. It is connected between all the commons of 

the LEDs in a layer and the power supply. Some bipolar power 

transistor as “2N5195PNP” switches 4.0 A at 80 V can be used 

but MOSFET is preferable as it has an extremely high input 

(gate) resistance and it only needs a control voltage VSG greater 

than the threshold to allow the current to flow from source 

(power supply) to drain were the loads are (the commons of 

RGB LEDs of the entire layer). Moreover, MOSFET 

technology has been especially tailored to reduce on-state 

resistance, and to provide superior switching performance (ns) 

and high avalanche energy strength. 

In this work, PMOSFET “FQP27P06” is selected as it also 

compatible with 5 V microcontrollers and is able to switch up to 

27 A, 60 V, and VGSth of 2.0 V [9, 10]. The LEDs are connected 

to a sourcing power supply via 8 PMOSFET switches from the 

anode side while the cathode terminals of the RGB LED would 

be connected to the “TLC5940” output pins. Fig. 5 shows how 

the anode terminal of the RGB LED is controlled by PMOSFET 

which gets its gate-input from a microcontroller in the form of 

pulses alternating between 0 V and 5 V. 

 

Fig. 5.  Power PMOSFET Switch, RGB LED and 

Microcontroller Connection 

 

 

 

5. LEDS DRIVER “TLC5940NT” 

 

A. Description 

The TLC5940 is a 16-channel grayscale PWM unit with 12 bits 

duty cycle control (0 to 4095), 6 bit constant-current sink 

control [dot correction] (0 to 63), and a daisy chainable serial 

interface. It is handy for expanding the number of PWM 

outputs.  TLC5940 features two error information circuits. The 

LED open detection (LOD) indicates a broken or disconnected 

LED at an output terminal. The thermal error flag (TEF) 

indicates an over-temperature condition. It has a 30 MHz data 

transfer rate. The input voltage ranges from -0.3 V to 6 V, the 

maximum output DC current is 130 mA and the maximum 

output voltage is 17 V [11]. 

Thus in our work, the 192 individual LEDs can be controlled by 

using 12 LEDs’ drivers and the programmer has 4096 different 

light intensities of each LED in the cube. 

 

B. TLC5940 Dot Correction  

Controlling individual LEDs in a display panel by setting their 

currents as a percentage of the maximum current leads to about 

±20% variation in their brightness, which is unacceptable as it 

leads to a blotchy screen [12]. Dot Correction (DC) is a method 

for managing pixel brightness by adjusting the current supplied 

through each individual LED in the array. The DC feature 

enables the processor to control full current to a panel of LEDs 

while the LED driver scales the current to each LED and creates 

uniform brightness.  

In TLC5940, the DC value for each LED can be dynamically 

changed every cycle or stored inside an integrated EEPROM. It 

has 6-bit dot correction (64 steps), which corresponds to a full-

scale resolution of 1.56% per step. Eq. 1 calculates the correct 

dot correction level for a LED updating its luminous intensity 

from 83 mcd to 80 mcd: 

             
         

        
                                         

Where DCProduction is the required DC value at production, 

LBaseline is the desired brightness level, and LInitial is the 

measured brightness at maximum current. 

After the DC values are calculated and stored, the TLC5940 is 

automatically generating a uniform brightness in all LEDs. 

When the processor programs the TLC5940 to drive full 

current, the TLC5940 automatically adjusts the actual current in 

each channel to properly calibrate the LED brightness. Eq. 2 

calculates the current in LED. 

     
     

  
                                                          

Where ILED is the actual LED current, DCLED is the DC value 

for LED (= 62 as calculated before), and Imax is the maximum 

LED current programmed by external resistor (to be about 43 

mA). 

 

C. TLC5940 Pulse Width Modulation PWM 

TLC5940 is designed with integrated PWM feature capable of 

delivering thousands of brightness levels which result in 

enhanced color shading and improved video quality [13]. Older 

LED drivers use analog dimming to provide these brightness 

levels by changing the LED’s forward current. This dimming 

scheme is simple but leads to a shift in the LED’s color with 

changes in forward current. The LED must turn ON/OFF with a 

switching speed > 100 Hz as the human eye sees only an 

effective brightness that is proportional to the LED’s ON-time 

duty cycle.  

TLC5940 has 12 bits of PWM dimming resolution providing 

4096 shade for each LED renders the RGB cluster capable of 

68.7 billion colors (4096 X 4096 X 4096). The 16 output pins, 

OUT0 till OUT15 of TLC5940, are the 16 PWM channels 

sinking constant current with no need to a current limiting 

resistor. IREF is the maximum output current per channel. It is 

programmed by single resistor RIREF which is placed between 

IREF pin and GND pin. The voltage on IREF set by internal 

voltage VIREF with a typical value of 1.24 V. The maximum 

output current per channel, which must be between 5 mA and 

120 mA, can be calculated by Eq. 3.  In our work, we chose 

RIREF to be 20 K to adjust the Imax to a value of 20 mA (RGB 

LED requirements). 
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When BLANK-pin is set high, then grayscale (GS) counter and 

all OUTn channels are disabled, regardless of logic operations 

of the device. When BLANK is set low, all OUTn channels 

work under normal conditions. GS counter increases its counts, 

from 0 till 4095, by one at each rising edge of the reference 

clock for grayscale PWM control GSCLK. 

 

D. TLC5940 Switching Characteristics and Inrush Current 

Control 

The typical rise and fall time in TLC5940 is 10 ns for each. The 

propagation delay which is the time required to send current to 

the output pins after the data has been shifted into the driver is 

60 ns. 

Simultaneously turning ON all LEDs at the start of a video 

frame requires a large inrush current with a very steep rising 

edge. Without a method to reduce this inrush current, the LED 

drivers capable of driving 16 LEDs with up to 120 mA of 

current in each channel would require excessive input bypass 

capacitance to deliver 1.92 A. Parasitic inductance on the PWM 

creates noise and ringing during the leading edge of the current 

pulse. TLC5940 significantly reduces this effect by staggering 

the turn-ON of each LED as TLC5940 has graduated delay 

circuits between outputs.  

 

E. TLC5940 Serial Interface 

TLC5940 has a flexible serial interface, which can be connected 

to microcontroller. Only 3 pins are needed to input data into the 

device. The rising edge of SCLK shifts the data from the SIN 

pin (gets serial data from pin #17 of the microcontroller) to the 

internal grayscale register. Then a high-level XLAT, level 

triggered latch signal, latches the serial data to the to either GS 

register (VPRG = low) or DC register (VPRG = high). In our work, 

we attached the VPRG pin to GND allowing the GS PWM mode. 

All data are clocked in with the MSB first. The length of serial 

data is 96 bits or 192 bits, depending on the programming 

mode. The serial data output pin, SOUT, is used to connect the 12 

TLCs in a daisy chain configuration. The flow chart explains 

the way of programming the TLC5940 is given in [14]. 

  

  

6. POWER SUPPLY 

Although each LED needs very little current in order to run, 

there is 64 LEDs will turn ON at the same time.  Moreover, the 

current required by each TLC (ICC) is at maximum of 30 mA for 

the 16 PWM channels. So, the 12 TLCs require a maximum 

current of 0.36 A. Thus, we decided to use one power supply 

unit that is connected to the outlet of 220 VAC and provides a 5 

V DC with a maximum current of 10 A. 

 

7. DESIGN METHODOLOGY 

We will explain three sub-circuits of our design. The first sub-

circuit is the interfacing between the TLC5940s, the 

ATmega328P, and the 192 LED lines. The second sub-circuit is 

the interfacing between the PMOSFET power switches, the 

ATmega328P, the 8 layers, and the power supply. The third 

sub-circuit is the interfacing between the ATmega328P and the 

computer (PC) via the breakout board. The ATmega328P 

Microcontroller can handle up to 40 TLCs daisy chained and 

can source and sink up to 40 mA per pin [15]. A C++ Arduino 

library written by Alex Leon, of functions for the TLC5940, is 

utilized in programming the brain of the cube. The breakout 

board containing FT232RL is used to serially transfer data from 

USB to the microcontroller. Fig. 6, 7, and 8 show the three sub-

circuits. 

 
Fig. 6.  LEDs' Drivers - Microcontroller Interfacing Circuit 

Fig. 7 PMOSFET Power Switches, the ATmega328P, the 8 

Layers, and the Power Supply Interfacing Circuit 
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8. CORE LIBRARY FUNCTIONS 

There are many ready functions that we utilized in our code. 

Some of these functions are as follows.  

 TLC.init (int initialValue) setup the grayscale counter 

by passing any initial PWM value from 0 to 4095 for 

all the channels. 

 TLC.clear ( ) sets all the grayscale values to zero but 

does not send them to the TLCs. To send the data, the 

function TLC.update ( ) is needed to be called.   

 TLC.set (uint8_t channel, int value) sets a grayscale 

data for a specific channel. It has two parameters. The 

first parameter is the number of the channel (0 to 

NUM_TLCs * 16 -1). The other parameter is the 

grayscale value from 0 to 4095. This function also 

needs calling TLC.update ( ) to update. 

 TLC.setAll (int value) sets all channels to a grayscale 

value from 0 to 4095. It also needs calling Tlc.update 

( ) to update.  

 TLC.update ( ) sends the data to the TLCs after 

changes from TLC.clear or TLC.set or TLC.setAll. 

 TLC.get (uint8_t channel) returns the current 

grayscale value (0 to 4095) for a channel. The 

software flowchart is given in fig. 9. 

 

 

 

 

 

 

 

 

 Fig. 9.  Software Flowchart 

9. PHYSICAL BUILDING OF THE CUBE 

Fig. 10 shows the (464 mm x 464 mm x 244 mm) black wooden 

box with a chain of circular vents, groove and a side door that is 

made to accommodate the cube and the controlling circuits. The 

figure also shows a (372 mm x 372 mm x 366 mm) clear cubed 

glass that is made to cover and protect the LEDs cube. The 

wooden box has a control panel for the power supply socket, a 

master ON/OFF switch, and a mini-B USB computer interface.   

 
Fig. 10. The Black Wooden Box and the Clear Cubed Glass. 

 

To facilitate the building of the cube, two different types of 

LEDs’ Plexiglas holders, made by CNC machine, are designed: 

columns’ holders and layers’ holders. Each layer holder has 64 

holes; each hole is 5mm in diameter. The distance between each 

two successive holes is 30 mm. The column holder has eight 

horizontal places to hold the layers. Moreover, there is one 

horizontal holder at the top and another at the bottom. They are 

larger in size and each has three holes to hold three lines of 

cathodes' columns. Fig. 11 & 12 show the 3D holders with the 

dimensions. 

 

Start 
Set up the TLC: 

tlc.init( ) 

Clear all the channels: 

tlc.clear( ) 

Set each channel of the 192 to a value as 

desired: set.tlc (channel, GS value) 

Send the data to the 

TLC: update.tlc( ) 

End 

Fig. 11.  Real Picture of Plexiglas Column and Layer LEDs 

Holders 

Fig. 12.  The Dimensions of Plexiglas Column LEDs Holders 

Fig. 8.   The ATmega328P Microcontroller and the PC 

Interfacing via the breakout board. 
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Fig. 13 shows the cube with 192 cathode wires and 8 common 

anode wires are left at the top of the cube to be connected to the 

control circuit. 

 

 

 

10. EXPERIMENTAL RESULTS 

 

The testing method is to divide and concur. Each sub-circuit is 

tested individually and made sure that it works perfectly, and 

finally all circuits are tested altogether. 

  

A. The LED Drivers Circuit 

The TLC5940 has been tested twice. The first time considering 

only a chain of 3 TLCs controlled by an Arduino in which the 

LED intensity of one LED out of 48 (16 x 3) are controlled. The 

second time is by repeating the previous experiment but for the 

12 TLCs using a standalone microcontroller. Screen shots of the 

two tests are shown in fig. 14.  

 

Fig. 14.  Screen Shots of the Two Circuits Testing the TLCs. 

 

 

B. THE PMOSFET CIRCUIT 

The drain of a PMOSFET (FQP27P06) is connected to the 

anodes of the LEDs, its source is connected to the positive 

terminal of the power supply and its gate is fed by a DC voltage 

which is either 5 V or 0 V. When VG = 0 V, the switch is closed 

and the LEDs are ON. While when VG = 5 V, the switch is 

opened and the LEDs are OFF. In our work, the gate is fed by 

the microcontroller. Fig. 15 shows screen shots of the test. 

Fig. 15. Screen Shots of the Circuit Testing the PMOSFET 

Switch (Lighting up 8 RGB LEDs).  

 

C. THE MICROCONTROLLER TO PC CONNECTION  

Fig. 16 shows the microcontroller is connected to the PC via the 

SparkFunFT232RL breakout board. The software driver is 

downloaded from SparkFun product page and installed on the 

PC. As a test, two TLC5940s are daisy chained and connected 

to the microcontroller. The Arduino programming environment 

is opened and a test program is been uploaded. In the first time, 

an error message is shown up. The problem has been discovered 

as it was because of the missing connection between the RESET 

pin of the microcontroller and the DTR pin of the FT232RL 

board via a 0.1 uF ceramic capacitor. As soon as this connection 

Fig. 13.  Screen Shot of the Cube during Construction. 
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was made, the program sketch was uploaded successfully. Fig. 

17 shows the two messages. 

 

Fig. 16: ATmega328P and the PC via Breakout Board 

FT232RL Circuit 

Fig. 17.  The Error and Success Messages 

 

CONCLUSION 

 

Our prototype is a low cost and low power dissipated 3D RGB 

LEDs cube. It can serve as a valuable educational device for 

children of all ages, and has potential, upon further 

development, as a powerful design tool for artists, teachers, and 

engineers.  

We used RGB LEDs which have enhanced power efficiency, 

reduced motion artifacts, broader color spectrum, longer life 

span, and tunable color temperature than conventional lamps. 

The design of the final product is excellent including the 

wooden base box and the Plexiglas columns' and layers holders. 

Our design depends on the use of TLC5940 which combines 

PWM dimming and DC producing a high-quality video. 

Generally speaking, our prototype worked excellently in spite of 

some limitations. One of the limitations is the microcontroller’s 

memory as the software application shouldn’t exceed 32,256 

bytes as the ATmega328P internal memory is limited to 32KB. 

Another limitation is the cube’s resolution since it only hosts 

512 RGB LEDs/pixels which are apart from each other by 25 

mm unlike the screens that have millions of pixels with almost 

no distance in between.  

Possible improvements for the current prototype include 

addition of Mathematics examples, interface between the cube 

and existing 3D modeling software as Matlab. 
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ABSTRACT 
 
The world today is hypersensitive to cyber security issues 
and as such employers are seeking expertise to help meet 
the demands on protecting their corporate assets.  Finding 
high quality candidates for a cyber talent “pipeline” can 
be a challenge.  Many potential employees claim to have 
knowledge relating to this field, made apparent by the 
abundance of certification acronyms present on many 
resumes. In order to better assess this field of applicants, 
the interview process can be augmented through the 
process of gamification, whereby applicants are asked to 
prove their technical abilities by competing in a hands-on 
capture-the-flag style competition.  In this paper, we 
highlight a model currently used by MITRE aimed at 
adopting new approaches for seeking and evaluating high 
quality candidates, conducting interviews and hiring to 
build a corporate talent pipeline in cyber security.   
 
Keywords:  Cyber Security, Challenges, Competitions, 
Gamification, Capture-the-Flag, Cyber Security 
Education, Learning Paths, Cyber Range, Cyber Academy 
 
 

1. INTRODUCTION 
 
In a previous paper, we presented an examination of 
several approaches to foster open innovation through 
challenges and competitions in support of key business 
operations in the workforce [8]. 
 
In this paper we highlight an approach for building 
corporate talent pipelines in cyber security by conducting 
a capture the flag (CTF) competition, a corporate 
initiative aimed at adopting new approaches for seeking 
and evaluating high quality candidates, conducting 
interviews and hiring. 
 
During the 2014 MITRE Cyber CTF Challenge 
competition, Mr. W. Hord Tipton, past executive director 
of Inspire, Secure, Certify (ISC²) stated, “…education is 
key to building a sound cyber security workforce for the 
future. The Capture the Flag competitions provide a 
unique opportunity to challenge young minds while 

bringing them one step closer to a rewarding career in a 
field desperate for new talent.”  ISC² is a not-for-profit 
organization that was formed in 1989 to develop an 
accepted professional standard for the practice of 
information security.  (ISC)² is a widely accepted and 
established information and software security education 
and certifying organization, and is dedicated to 
professionalizing the cyber security workforce [1].   
 
Keeping this in mind, MITRE, in partnership with (ISC)2 
has been investigating the use of gamification as a hands-
on interview that can enable potential employers to 
quickly identify top talent in the field of cyber security, 
allowing a corporation to maintain its high standards for 
hiring.  In support of Science, Technology, Engineering, 
and Mathematics (STEM) initiatives, we have hosted an 
annual national CTF Competition for the past four years 
[9].  This CTF is a nationwide cyber competition for high 
school and college students, where teams compete to 
solve realistic cyber problems in order to gain ranking in 
the game.  Student performance is measured throughout 
the game and used as part of the evaluation process.  Top 
teams and students win scholarships, training and intern 
job offers.  The use of this system to hire talented, 
knowledgeable employees may help to greatly increase 
the technical competency of the organization. 
 
 

2. BACKGROUND 
 
In today's world of increasingly complex cyber-attacks, 
an organizations entire information technology and 
communications infrastructure could be compromised in a 
matter of minutes, potentially leading to unusable 
systems, data and other effects that hinder and/or shut 
down operations completely [4]. 
 
Many organizations try to deal with cybersecurity threats 
by focusing inwardly. They conduct vulnerability 
assessments, attempt to map out their networks in detail, 
and try to put in place robust patch-management 
processes. The focus is on compliance with regulations 
and efforts to monitor networks and systems 
continuously.  While this approach has some benefits, it is 
ineffective against many cyber threats [3]. 

312

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)



 

  
There are several reasons for this. Most corporate 
networks are too large and complex to comprehensively 
map out; it's simply too difficult to identify all of the 
assets on such large networks. It's equally difficult to 
identify all of the vulnerabilities on such networks; there 
are always undiscovered vulnerabilities in software that 
can be exploited [5, 7].  Additionally, cyber wrongdoers 
today are sophisticated, well funded, and patient. They 
use a wide range of techniques to penetrate even well 
protected enterprises. 
 
To counter this, we believe there are several critical areas 
that organizations should pursue to elevate their cyber 
defense strategy to the next level, to include situation 
awareness, resiliency, threat-based defense, partnership, 
innovation, education and workforce development [6]. 
Taken together, they can enable an organization to up-
their-game to more effectively manage the advanced 
cyber threat.  
 
In particular, education and workforce development is 
key, as not since the apocalyptic predictions associated 
with Year 2000 (Y2K) rollover from over a decade ago 
has there been such an intense national imperative aimed 
at creating a trained workforce, skilled in the ways of 
cyber security.  Though primarily aimed at the 
information technology (IT) industry, virtually every 
aspect of business, financial markets, banking and 
monetary systems, government operations, 
telecommunications networks, and national defense are at 
extreme risk from the growing confluence of those who 
would do us harm [11].  With the level of cyber security 
attacks expected to grow significantly in both frequency 
and sophistication, one of the greatest challenges we face 
as a nation is to establish and sustain a talent pool of 
cyber security professionals in the workforce with the 
quantity and quality of information technology employees 
having the skills and knowledge necessary to help protect 
our nation’s assets [16]. This cannot be achieved 
overnight, nor can it be achieved by short training 
sessions and summer workshops. Cyber security is a 
highly technical field of study that is an integral element 
of Science, Technology, Engineering, and Mathematics 
(STEM). 
 
It is for these reasons that corporations seeking to stay 
ahead of the curve on cyber security may want to consider 
the model discussed in this paper for talent pipeline 
generation. 
 
 
3. CYBER SECURITY PIPELINE MODEL 
 
One of the hardest things to do in modern corporations is 
to keep the talent pool young and vibrant [10].  Early 

career hires tend to bring new and exciting ideas into play 
that may not even be considered by their more seasoned 
peers.  The challenge with early career hires, especially in 
the cyber arena, is the extreme difficulty in finding 
candidates who, not only have book knowledge, but also 
have hands-on, real world experience. To this end, we 
have pioneered a cyber pipeline model that consists of 
four main phases depicted in Figure 1: 
 

• Recruiting – Casting a wide net to prospective 
high school and college students, assessing their 
knowledge and performance in a competition, 
and offering internships for top performers. 

• Training – Providing the tools necessary to get 
students up to speed on relevant topics (i.e. 
MITRE Cyber Academy & learning paths). 

• Competition – Using what they have learned to 
showcase their individualized skillsets in the 
refereed competition. 

• Experience – Enabling the best-of-the-best to 
take part in recurring on-the-job training in the 
form of internships.  

 
 

 
Figure 1.  Cyber Security Talent Pipeline 

 
 
This model focuses on early career candidates, often 
before they have graduated.  It immerses them in cutting 
edge, real world cyber training that prepares the students 
to take part in a challenge based competitive arena.  Here 
the student’s cyber knowledge and skills are put to the test 
against hundreds of their peers who are vying for first 
place in the competition.  The result of the cyber 
competition reveals a fresh crop of cyber talent.  This new 
talent is then exposed to hiring managers and industry 
leaders who get the opportunity to offer internships to 
them [15].  Throughout this cycle, the students receive 
mentorship, training in the form of a tailored learning path 
and internship opportunities. We have experienced that 
this cycle of training, competition and internships, when 
repeated over the course of a four year college education, 
has produced some of the best early career hires to date. 
 
 
4. APPROACH 
 
Awareness and training play a key role in staying ahead 
of cyber attackers that have become increasingly 
sophisticated.  Our approach is to provide a 
comprehensive program that promotes partnerships across 
industry, academia, government and community 
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organizations to work common challenges and offer 
opportunities in cyber security.  It then focuses on 
initiatives to engage employees (current and student 
interns) with targeted training, hands-on practice, work 
experience and various development opportunities that 
together help to build a solid professional cyber security 
foundation. 
 
An important aspect to this approach is to make such 
opportunities and resources available to a larger 
community outside of the organization, such as schools, 
clubs and individuals who desire to advance in the cyber 
profession.  This entails a continuous effort to contribute 
training material through Creative Commons licensing to 
open security training sites dedicated to teaching 
computer security to software developers, analysts, and 
others charged with protecting an organization's computer 
systems and networks [12, 18]. 
 

 

 
Figure 2.   MITRE Cyber Academy 

 
 
An example of this is MITRE's Cyber Academy, depicted 
in Figure 2, which fosters education and collaboration 
among cyber professionals, government sponsors, and 
students by providing free training videos, hands-on 
challenges for practice, as well as a complete open-source 
cyber game infrastructure to support customized 
individual and team learning needs [14].  The academy is 
also a driving force behind preparing students for the 
annual CTF competition. 
 
Internships are another key enabler to the pipeline 
approach [2].  These provide an opportunity for high 
school, undergraduate and graduate college students to 
help solve current, real-life cyber security problems 
facing government agencies.  By addressing problems that 
are immediate and threat-informed, interns can have a real 
impact. Interns typically support missions dealing with 
national defense and intelligence or homeland security.  
 
Finally, tailored learning paths for continued professional 
growth along a technical track such as cyber security help 

to provide a focused skill foundation [13].  A learning 
path is a cluster of related courses that student participants 
can take as a group of events and receive credit for the 
learning path as well as to pursue necessary industry 
professional certifications such as the popular Certified 
Information Systems Security Professional (CISSP) 
certification [1].  To build on the skills acquired in the 
learning path and to stay current with state-of-the-art 
methods, our approach also relies on continuous hands-on 
practice, exercises and competitions using a similar CTF 
game infrastructure and process used during recruitment.    
 
 
5.  COMPETITION-BASED INTERVIEW 
PROCESS 
 
There are many examples in literature of organizations 
using challenges and competitions [17].  In this section, 
we discuss an example based on our personal experience 
of using such methods in support of building a cyber 
talent pipeline, specifically in the government and our 
own organization.  
 
The CTF event effectively is a system of gamified 
interviews relating to cyber security.   To integrate this 
system into the organizational human resources processes 
for interviewing and hiring, the following outcomes were 
considered: 
 

• Deliverables: System for hosting gamified 
interviews in the form of a distributed capture 
the flag competition that is available to the open 
source community; Quantifiable metrics and 
processes implemented within the organization’s 
student internship program. 

• Customer Impacts: Allow top talent, potential 
hires to distinguish themselves and motivate 
others to improve where necessary. 

• Organizational Impacts: Enable hiring 
managers to maintain high standards when 
bringing in new staff.  This effort will be 
partnered with the organization’s human 
resource and student program internship 
representatives to develop a consistent model for 
using CTF events to build a cyber pipeline. 

 
In order to better assess this field of applicants, it is 
believed that the interview process can be streamlined 
through the process of gamification, whereby applicants 
are asked to prove their technical abilities by competing 
in a hands-on CTF style competition, where teams 
compete to solve realistic cyber problems in order to gain 
ranking in the game.  Student performance is measured 
throughout the game and used as part of the evaluation 
process.   
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During the event registration, all participants are 
submitting resumes to the human resources (HR) system. 
This allows for correlation between student performance 
during the game (to include assessment of individual 
actions as well as their interactions with the white-cell 
and other participants) with the resumes to filter/sort them 
for recruiting purposes. 
 
The resumes in the HR system include all the appropriate 
metadata for recruiting. It allows us to take the higher 
ranked teams and feed them directly into the cyber-intern 
recruiting pipeline.  This use of gamification as a hands-
on interview will enable potential employers to quickly 
identify top talent in the field of cyber security, allowing 
the corporation to maintain its high standards for hiring. 
In addition, the use of this system to hire talented, 
knowledgeable employees would greatly increase the 
overall cyber technical core competency area of the 
organization. 
 
 
6. CTF EVENT OVERVIEW 
 
In this section, we briefly discuss a technical overview of 
the CTF event and how it ultimately helps create the 
pipeline.  
 
This system includes an extensible framework for 
distributed capture the flag hosting, cyber related 
challenges to support the CTF, and an online registration 
system.  This effort has evolved over time and largely 
leverages existing software developed both from internal 
MITRE and the open source community.  In addition, 
MITRE contributes to open source many components of 
the game system, training videos and challenges so that 
the larger community can benefit.  
 

 

 
Figure 3.  CTF Technical Architecture 

A technical architecture of the CTF game infrastructure is 
shown in Figure 3.  The CTF is run in a virtual private 
cloud infrastructure that contains servers to host services 
for the scoreboard, Open VPN access control, event and 
network monitoring, event registration and challenges.  
The event itself is typically run over a 24-hour period 
with teams of 5 students participating in distributed 
fashion. 
 
The scoring framework uses a “jeopardy” style system to 
allow for maximum engagement and enjoyment while the 
individual challenges are implemented in various levels of 
complexity, including team-based puzzles to be solved, 
attack-defend style interactions, as well as more advanced 
and realistic business sector simulations.  Challenges used 
in the game typically comprise several categories in cyber 
security skill development such as software binary 
exploitation, computer forensics, cryptography, web and 
mobile security.  At the beginning of the contest only the 
smallest point value challenges are open.  When any team 
successfully completes a challenge that automatically 
opens the next higher valued challenge in the category.  
 

 

 
Figure 4.  CTF Scoreboard and Metrics 

 
 
A white cell (or administrator team) monitors and 
manages this infrastructure as participants attempt to 
solve challenges by accessing the infrastructure through a 
Virtual Private Network (VPN) server (referred to as 
jump box) and interacting with the scoreboard to submit 
keys (or flags) and follow their progress (depicted in 
Figure 4). 
 
During the execution of a CTF game, the white cell, 
comprised of technical staff and interns, functions as the 
game system administrators for the event.  In this role, 
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they ensure the game and infrastructure is running well, 
provide help desk support to competitors, track student 
and team performance and moderate to ensure everyone is 
having fun and the game is safe and secure online.  This 
continues until the end of the competition in which the 
team with the highest number of points is determined to 
be the winner.   
 
To help motivate student participation, MITRE and (ISC)2 
offer a number rewards to the top performing teams, such 
as: scholarships for the top teams in each division; 
Associate Systems Security Certified Practitioner (SSCP) 
exam vouchers; and priority consideration in cyber 
internship programs  
 
Upon completion of a competition, an recognition 
ceremony is held for all participants that brings together 
representatives from government, industry, academia and 
local community leaderships to meet with the students 
and their parents to discuss key topics in cyber security 
and to recognize the top performers of the event.   The 
data collected on these candidates (e.g. resume and game 
performance assessment) are sent to hiring managers for 
consideration for follow-on internships in the pipeline. 
 
As an example, our 2014 cyber CTF challenge had 66 
teams compete from all around the nation.  These teams, 
totaling over 330 students competed in two separate 
divisions (7 high school and 59 college teams) for 24 
hours attempting to solve challenges in areas like 
cryptography, binary exploitation, web and mobile 
security, and forensics.   During this event, the students 
submitted over 5635 flags in an attempt to score points, 
with over 480 actual flags being captured.   In the next 
section we will summarize our results over the past four 
years. 
 
 
7. RESULTS 
 
In this section, we briefly discuss our assessment of 
potential benefits and challenges associated with utilizing 
competitions and challenge events in the work 
environment.  Prior to the development of our pipeline 
methodology and CTF events, our early career hires were 
mainly found by word of mouth or through career fair 
attendance.  Needless to say, our old methods did not 
produce the quality results that were needed to ensure a 
high quality team of new hires.   
 
 

 
Figure 5.  CTF Annual Participation 

 
 
Figure 5 shows the growth in participation in the CTF 
competitions over the past four years.  Since the 
beginning of our pipeline process in 2011, participation in 
the CTF events has almost tripled to 335 participants in 
2014, totaling over 1000 students participating over the 
four year span.   Now, we have a seemingly endless 
pipeline of potential early career hires that we know and 
have been working with in varying capacities either as 
interns or as CTF participants.  
 
 

 
Figure 6.  Students Transitioned from the Pipeline 

 
 
In fact, this pipeline process has yielded approximately 32 
cyber security internships per year at MITRE, with many 
more of the top students obtaining cyber internships with 
other organizations.  Figure 6 highlights the MITRE cyber 
interns in our pipeline over the past four years.  Out of 
that, we have averaged 61% of them continuing on to 
careers within our organization, cyber or otherwise.  
About 36% of our interns go on to pursue cyber 
internships outside of our organization, and 
approximately 4% of them have moved on to non-cyber 

316

Proceedings of The 19th World Multi-Conference on Systemics, Cybernetics and Informatics (WMSCI 2015)



 

careers in industry.  In all, our pipeline model has yielded 
a 97% cyber job placement outcome over a four-year 
span.   These are promising results that highlight the 
potential value of the model. 
 
 
8. CONCLUSIONS 
 
In conclusion, we have attempted to highlight an 
approach for building corporate talent pipelines by 
conducting competitions.   We have discussed the premise 
that finding high quality candidates for a cyber talent 
“pipeline” can be a challenge, and that this challenge can 
be addressed through the process of gamification, 
whereby applicants prove their technical abilities by 
competing in a hands-on capture-the-flag (CTF) style 
competitions.  Our data has shown that the pipeline 
approach can yield an impressive crop of interns and 
ultimately, qualified early career hires.  To date, our data 
indicates that this process is not only successful, but is 
increasing in value each consecutive year.  This corporate 
initiative has succeeded at adopting these new approaches 
for seeking and evaluating high quality candidates, 
conducting interviews and hiring. 
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ABSTRACT 

 
This paper presents strategies for addressing the many cultural 
challenges inherent in virtual teamwork.  Culture has the 
potential to influence collaborative work because cultural 
beliefs and values often determine the way individuals work 
together in groups, how they expect group leaders to behave, 
how they relate to persons in authority, how willing they are to 
share information with members of their out-group, and how 
they handle deadlines and other work-related obligations.  One 

effective approach to overcoming cultural challenges is to 
develop “third ways” of working; “third ways” are approaches 
to work that do not privilege any one cultural approach over 
another.  When team leaders facilitate the development of 
common ground, shared mental models, and a unique team 
identity, they will help the team establish their own “third 
ways” of working that lead to a shift in perception and the 
development of a truly global perspective for both the team as a 
whole and for individual team members. 

 

 
Keywords:  global virtual teams, cultural challenges, national 
culture, organizational culture, disciplinary culture, 
communication across cultures, team identity  
 

INTRODUCTION 

 
This paper presents strategies for addressing the many cultural 
challenges inherent in virtual teamwork.  Challenges related to 

cultural differences among team members have the potential to 
prevent effective communication within teams, to forestall 
knowledge sharing, and in some cases, may even lead to 
conflict among team members.  We will begin by discussing 
national, organizational, and disciplinary cultures.  Although the 
primary focus of this paper is on challenges related to national 
culture, we will also discuss how organizational culture and 
disciplinary culture may interact with national culture to 

influence the interactions among members of virtual teams. 
 

 

NATIONAL CULTURE  
 
There are numerous definitions of national culture, but most of 
them agree on certain key aspects of culture.  Culture is learned.  
Culture is expressed as behavior.  Culture is dynamic and 

adaptive.  Typically, a national culture is described as the 

shared values, beliefs, and standards of behavior of a particular 
group of people.   
 
Cultural values and beliefs are learned rather than innate.  
People learn the shared values and beliefs of their cultural 
group, just as they learn to speak a particular language.  
Children accept the practices of the culture they grow up in as 

normal and the correct way to behave in the world.  They learn 
how to relate to their elders, how to behave in school, and 
whether or not certain behaviors are acceptable.  Children also 
learn how to interact both with other members of their own 
group and with individuals outside their own group. 
 
Despite the fact that there are some common values shared by 
all human beings, such as the desire to protect one’s family and 

to live in peace, there are many variations among cultures in 
their beliefs about how individuals in society should relate to 
one another and to individuals outside their cultural group.  
These beliefs encompass many aspects of daily life including 
the way members of a culture greet one another, the way 
parents and children interact, the relationship between teachers 
and students, the way elder members of society are treated, and 
the way rites of passage (e.g. coming of age, marriage, the birth 

of a child) are celebrated.   
 
Culture has the potential to influence collaborative work 
because cultural beliefs and values often determine the way 
individuals work together in groups, how they expect group 
leaders to behave, how they relate to persons in authority, how 
willing they are to share information with members of their out-
group, and how they handle deadlines and other work-related 
obligations.  Effective collaboration with diverse others requires 

a thorough understanding of culture; this understanding must 
encompass not only national culture, but also organizational and 
disciplinary culture as well. 
 

ORGANIZATIONAL CULTURE 
 
Organizational culture is the shared values, beliefs, and routine 
patterns of behavior of employees in an organization.  The 

Encyclopedia of Business Terms states that “[c]orporate culture 
is rooted in an organization's goals, strategies, structure, and 
approaches to labor, customers, investors, and the greater 
community.  As such, it is an essential component in any 
business's ultimate success or failure” 
(http://www.inc.com/encyclopedia/corporate-culture.html).  As 
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a result of working within a particular environment, employees 
in a company often develop similarities in their methods of 
processing and evaluating information (Sims & Lorenzi, 1992).  
O’Neill et al. (1997) state that these similarities “result in and 

from a pattern of basic assumptions and norms enhancing 
individual and organization stability, manifested in shared 
meanings, communicated by stories, myths and practices” (p. 
137).  Organizational culture is similar to national culture in that 
it has to do with the shared perceptions of a group of people and 
with behavioral patterns that are the result of these shared 
values and norms. 
 

However, most scholars of intercultural communication would 
argue that national culture and organizational culture are not 
equally powerful forces influencing the behavior of employees.  
For example, Hofstede’s research “has shown that 
organizational cultures differ mainly at the level of practices 
(symbols, heroes and rituals); these are more superficial and 
more easily learned and unlearned than the values that form the 
core of national cultures” 

(http://www.geerthofstede.com/culture).  He points out that 
national cultures are rooted in shared values, and that 
organizational cultures are the result of employees’ shared 
perceptions of practices at the workplace.  This distinction is 
important because national cultures are much more deeply 
rooted with emotions at their core, and organizational cultures 
are the result of observable practices that have little impact on 
the belief systems of employees (Hofstede, Neuijen, Ohavy, & 
Sanders, 1990). 

 
However, an understanding of organizational culture is still 
relevant to the study of the cultural challenges faced by virtual 
teams.  For instance, it is quite likely that in a multinational 
corporation the values and beliefs of the parent company’s 
national culture will have a significant influence on the values 
of the corporation’s management culture (Higgs and Morton, 
2001).  Further, an organization’s culture may determine how 

managers address cultural differences (Adler, 1983), and the 
way global virtual teams are managed.   
 

DISCIPLINARY CULTURE 
 
Disciplinary culture is the shared beliefs and assumptions about 
the nature of knowledge held by individuals in various fields of 
study.  Like members of national and organizational cultures, 

members of disciplinary cultures learn their cultures and 
express their belonging through various behaviors.  Many 
disciplinary cultures are bound by ethical guidelines, just as 
national cultures are, and members of one discipline may 
interact very differently with individuals outside their group 
than they do with those colleagues inside their own group.  For 
example, a chemist will share information with another chemist 
using methods and language that individuals outside the 

discipline are not likely to understand. 
 
In writing about virtual teamwork, O’Hare-Devereaux and 
Johnasen (1994) noted that national and disciplinary cultures 
are much stronger than organizational cultures.  Members of the 
same profession are likely to share a more deeply engrained 
world view than employees in the same organization, 
particularly in an age when few individuals remain with one 
employer for the long term.  Even when employees’ behaviors 

conform to the routinized practices of their organization, their 
belief systems are unlikely to be affected by the culture of the 
corporation, particularly since the beliefs and values underlying 

the practices of the company are typically those of the founders 
or CEOs of the corporation and not the employees (Mintu, 
1992). 
 

Frequently, global virtual teams are composed of individuals 
from different national cultures and various disciplinary 
backgrounds.  Although having a strong organizational culture 
may help a team develop as a cohesive and harmonious group, 
effective intercultural communication is essential to members of 
global virtual teams. 
 
 

INTERCULTURAL COMMUNICATION 
 
Intercultural communication occurs whenever an individual 
from one cultural group interacts with a member of another 
group.  There are different ideas about the appropriate way to 
communicate both with members of one’s own culture and with 
individuals outside one’s cultural group.  Differences among 
cultural groups regarding communication styles and methods 

have the potential to cause communication failures that range 
from mild misunderstandings to full-fledged conflict.  
Therefore, before attempting to communicate with diverse 
others, it is useful to begin with at least a basic understanding of 
the challenges of intercultural communication.  However, even 
when individuals within virtual teams understand the basics of 
effective intercultural communication, team members may wish 
to favor the communication styles and strategies of their own 
cultural groups.  Only when team members find a means of 

rising above privileging the communication methods of one 
group over another can they hope to establish a truly 
harmonious team that works efficiently.  
 

CREATING “THIRD WAYS” OF WORKING 
 
In Global Work: Bridging Distance, Culture, and Time, 
O’Hara-Devereaux and Johansen (1994) suggest that leaders of 

global teams need to establish “third ways” of working and 
interacting; “third ways” are approaches to work that do not 
privilege any one cultural approach over another.  They go on to 
recommend that leaders involve team members in the process of 
developing the team’s routines and practices (O’Hara-
Devereaux and Johansen, 1994).  If team members are able to 
put aside some of their own culturally determined behaviors and 
create new shared team behaviors and norms their team will 

have greater harmony and efficiency (Suchan & Hayzak, 2001).  
When team members develop their own ways of working 
together and their own routines of communication, they are less 
likely to experience miscommunication and conflict.  Of course, 
new patterns of interaction can only be put in place if team 
members begin by acknowledging their different styles.  
Members of global virtual teams must find a way to create a 
new team “culture” that is unique to their particular group.   

 
Leaders play a significant role in fostering the development of a 
team culture that draws on the backgrounds of all team 
members but does not privilege any one culture; of course, 
before leaders can play such a role, they must first gain 
awareness of their own cultural biases and how such attitudes or 
beliefs may influence how they interpret and respond to the 
behavior of team members (Duarte & Tennant-Snyder, 2006).   
 

Establishing Common Ground and Shared Mental Models 
The most effective teams are those in which team members 
establish common ground.  In a team with members drawn from 
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many diverse cultures, it useful for team members to focus on 
shared knowledge and beliefs in order to establish common 
ground; if the teammates share a disciplinary culture, they may 
draw upon their disciplinary knowledge and practices as a 

starting point for establishing relationships that bridge 
differences in national culture.  Similarly, team members from 
diverse national cultures may establish common ground based 
on the organizational structure of the corporation for which they 
work.   
 
By focusing on a shared commitment to completing the task at 
hand, even teams that do not share the same disciplinary or 

organizational culture can find common ground whether they 
are engaged in a short-term project or a complex ongoing 
collaboration.  For this reason, one of the first tasks at the start 
of virtual collaboration should be establishing common goals 
for the project and agreed upon procedures for meeting those 
goals.  To facilitate the process of developing team goals and 
procedures leaders can give team members the opportunity to 
learn about one another’s backgrounds, expertise, and 

experience even before work on the project begins.  For 
example, the team leader can create an expert directory that 
includes information on all members of the team and details 
their qualifications, education, experience, and track record with 
similar projects (Hunsaker & Hunsaker, 2008).  When team 
members have information about their colleagues, they are more 
likely to recognize their potential to contribute to the team and 
to be willing to invest time in working with them to establish 
shared approaches to their work. 

 
In addition to establishing common ground, it is important for 
team members to develop shared mental models; these models 
can pertain to the team members’ conception of the challenges 
inherent in the project, the best way to approach the work to be 
completed, and the appropriate means for team members to use 
for communication with one another.  Although virtual teams 
may work on a wide range of diverse projects, most teams will 

need to communicate effectively, share knowledge, establish 
guidelines for decision making and providing feedback, and set 
deadlines for meeting project milestones.   
 
Because members of diverse cultures have different 
communication styles it is helpful for the teams to consciously 
determine how they will use technology to share information 
and knowledge with one another.  Communication will be more 

effective if the team develops routines of communication.  For 
example, team members can all agree that when sending emails 
they will place any requested actions in the final paragraph of 
the email.  This simple strategy can ensure that team members 
will be aware of the actions they are being asked to perform 
rather than having the requests get buried somewhere in the 
middle of a long email message. 
 

Formation of a Group Identity 
Along with establishing common ground and developing shared 
mental models, effective teams will also form a team identity; 
the formation of a team identity is a good predictor of a virtual 
team’s success.  It is natural for individuals to identify with 
others who share their national, organizational, or disciplinary 
cultures.  When participating in virtual teamwork individuals 
are often challenged to move beyond their cultural comfort 
zones and adapt to new behavior patterns for working and 

communicating with their colleagues.  Cultural differences have 
the potential to split team members into factions who are 
reluctant to share information with colleagues who they 

perceive as members of an out-group, oftentimes an out-group 
that they consider to be inferior to their own in-group in some 
significant way.  Such divisiveness can derail virtual work and 
lead to misunderstanding and conflict, and perhaps, the 

complete failure of the team to accomplish its goals. 
 
When a team develops a shared team identity early in the 
lifecycle of the project it is less likely that faultlines will be 
formed within the team.  Typically, the team leader will take the 
initiative in structuring early interactions among team members 
designed to break down barriers and short-circuit stereotypical 
thinking.  Such exercises can also be designed to encourage 

team members to view themselves as “global” individuals rather 
than as members of a particular national culture.  Feelings of 
“globalness” (Burn & Bamett, 1999; Huang & Trauth, 2010) 
can help team members move toward a view of their own 
culture as one among many rather than viewing their cultural 
perspectives as the “right” way and other perspectives as wrong.  
Such a shift in perception will lead to the development of a truly 
global perspective for both the team as a whole and for 

individual team members. 
 
 

CONCLUSION 
 
Global virtual teams may face many challenges related to 
cultural differences.  These challenges can be addressed when 
team members move outside of their cultural comfort zones and 
work together to establish routines of communication and to 

develop work practices that do not privilege any one cultural 
perspective.  Team leaders can help facilitate these “third ways” 
of working by involving team members in the process of 
establishing common goals for the project and agreed upon 
procedures for meeting those goals.  Once team members have 
found common ground and have developed shared mental 
models they can work toward creating a team identity.  The 
formation of a team identity is a good predictor of a virtual 

team’s success.  Often members of teams that develop “third 
ways” of working experience a feeling of globalness that 
transcends their individual cultures. 
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ABSTRACT 

 
Distributed eLearning Centre (DeLC) developed in the Faculty 
of Mathematics and Informatics aims at delivery of electronic 
education services and teaching content, personalized and 
customized for each individual user. Virtual Education Space 
(VES) is a successor to DeLC. In this paper, general 
characteristic and the architecture of VES are presented. 
Problems related to the implementation and modeling of the 

space are considered as well.  
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1. INTRODUCTION 
 

In recent years the interest towards electronic education has been 
growing stronger. As a result of that many universities have 

developed and implemented their own systems for electronic and 
long-distance education. In line with this trend a Distributed 
eLearning Centre (DeLC) project was implemented in the 
Faculty of Mathematics and Informatics aiming at the 
development of an infrastructure for context-aware delivery of 
electronic education services and teaching content, personalized 
and customized for each individual user [1,2]. 
 

DeLC is a reference architecture, supporting a reactive, proactive 
and personalized provision of education services and electronic 
content. The DeLC architecture is modeled as a network which 
consists of separate nodes, called eLearning Nodes. Nodes model 
real units (laboratories, departments, faculties, colleges, and 
universities), which offer a complete or partial educational cycle. 
Each eLearning Node is an autonomous host of a set of electronic 
services. The configuration of the network edges is such as to 
enable the access, incorporation, use and integration of electronic 

services located on the different eLearning Nodes. The eLearning 
Nodes can be isolated or integrated in more complex virtual 
structures, called clusters. Remote eService activation and 
integration is possible only within a cluster. In the network model 
we can easily create new clusters, reorganize or remove existing 
clusters (the reorganization is done on a virtual level, it does not 
affect the real organization). For example, the reorganization of 
an existing cluster can be made not by removing a node but by 

denying the access to the offered by it services. The 
reorganization does not disturb the function of other nodes (as 
nodes are autonomous self-sufficient educational units providing 
one or more integral educational services). Wired and wireless 

access to the eLearning services and teaching contend have been 
implemented in DeLC. The current DeLC infrastructure consists 
of two separate education clusters [3]. The first one, known as 
MyDeLC, delivers educational services and teaching content 
through an educational portal. The second one provides mobile 
access to services and content over an extended local network 

called InfoStations. 
Virtual Education Space (VES) is developing as a successor to 
DeLC accounting for two important tendencies in the 
development of Internet and Web. The first tendency is the 
transforming of Internet into Internet of Things [4] stimulating 
the origine of cyber-physical social systems which will lead to 
essential technological, economical and sociological 
consequences in the following years. This type of systems can 

introduce new approaches and scenarios for solving complex 
problems in the field of electronic education. The second 
tendency is the rise and growth of Semantic Web [5, 6]. Some 
ideas for the usage of semantic web in the electronic education 
are presented in [7]. At the current moment using the capabilities 
of Semantic Web in electronic education is the subject of strong 
scientific interest.  
 

In this publication, a general overview of the VES architecture is 
presented. We also discuss some implementation aspects of the 
space.  
 
 

2. VES ARCHITECTURE 

 
Our goal is to develop the virtual space with the following 
features: 

 Intelligent - can continuously monitor what are 

happening in it, can communicate with their 
inhabitants and neighbourhoods, can make related 
inference and decisions and act on these decisions [8, 

9];  

 Context-aware - the ability find, identify and interpret 
the changes (events) in the space [10] and depending 

on their nature to undertake compensating actions. The 
main compensating actions (attributes for context-
dependency) are personalization and adaptation; 

 Scenario-oriented - from user’s point of view, the space 

is a set of separate e-learning services and educational 
scenarios provided for the use through education portal 
DeLC or personal assistants. Scenarios are 
implemented by corresponding workflows rendering 
an account of the environment’s state. Thus it is 
possible to take into account various temporal 
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characteristics (duration, repetition, frequency, start, 
end) of the educational process or events (planned or 

accidental) which can impede or alter the running of 
the current educational scenario. To deal with 
emergencies (earthquake, flood, fire) there are defined 
emergency scenarios which are executed with the 
highest priority;  

 Controlled infrastructure - access to the space’s 

information resources is only possible through the so-
called "entry points." The personal assistants operate as 
typical entry points while the education portal of DeLC 
is a specialized entry point; a user has to be in 
possession of a personal assistant or to use the portal to 

be able to work in the space.     
 
The VES architecture contains different types of components. 
Assistants play an important role in the space. Three types of 
assistants are supported in the space (Fig.1.). The personal 
assistants have to perform two main functions providing the 
needed “entry points” of the space (Fig.1, first orbit). First, they 
operate as an interface between their owners and the space and if 

necessary, carry out activities related to personalization and 
adaptation. Secondly, they interact with other assistants in the 
space in order to start and control the execution of the generated 
plans. In certain cases they operate operate as an intermediary for 
activation of scenarios or services. The personal assistants will 
be usually deployed over users’ mobile devices. The specialized 
assistants are usually located on the server nodes of the VES, 
known as operatives (Fig.1, third orbit). They support the 

execution of the plans generated by the personal assistants; 
therefore they implement suitable interfaces to the available 
electronic services and data repositories. Operatives serve two 
subspaces, known as DiLibs-Subspace and Admin-Subspace 
respectively. Guards (Fig.1, second orbit) are special assistants 
which are responsible for safety and the efficient execution of the 
plans in the space. These are usually intelligent devices that react 
to various physical quantities in the environment, e.g. smoke, 
temperature, humidity. The guards act as an interface between the 

physical and the virtual world in the space.  

 
 

Fig.1. VES Architecture 
 
VES is “populated” only by active components known as 
assistants. Each assistant has to play a role in accordance with its 
delegated responsibilities. The responsibilities (tasks) are 
implemented or delivered by electronic services. The electronic 

services themselves cannot be separate operational components 
of the space because they are suitable for implementation of 

business functionality but are static without having the properties 
to be context-aware and intelligent.  
 
The assistants themselves implemented as bounded rational 
agents are active context-aware intelligent components that 
support the planning, organization and implementation of the 
educational process. A rational agent holds a practical 
consideration performing two steps: 

 Deliberation – at this stage, the agent decides what to 
do (what purpose it wants to achieve) using its mental 
states; 

 Planning (means-ends reasoning) – at this stage, the 
agent decides how to meet the goal.  

 

Operation of a rational agent is presented by help of "sense-think-
act" cycle where deliberation and planning is fitted with sensors 
and effectors. BDI (Belief-Desire-Intention) architecture [11]  is 
used for development of the VES agents. As an example the 
"sense-think-act" cycle of a personal assistant implementing in 
the space are shown in Fig. 2. During the deliberation a personal 
assistant tries to determine its current goal (intention) with the 
help of the three mental states (beliefs, desires, intention).  

 

 
 

Fig.2. PA’s sense-think-act cycle  
 
In our deliberation model the mental states are presented as 
events. An event is defined at application level; thus, events are 
holding a lecture, participating in a seminar, holding an 

examination, exercises, ect. Those events can be characterized 
through different attributes. 
  
In the deliberation phase a central role is played by desires, 

presented as a personal calendar of the user (PC in Fig.2.). Thus 

for instance, the personal calendar of a student would include all 
activities that he has to perform in order to successfully complete 
the schoolyear. Those can include attending lectures, 
participating in seminars, taking examinations. All those 
activities are viewed as potential events which can occur in the 
future.  
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The role of beliefs is to determine definitively the actual access 
to the personal calendar. The goal of the actual access is to 

identify a desire (or a number of desires) from the calendar, a 
candidate for becoming the agent’s actual goal. Afterwards, this 

desire is transformed into an actual goal (generate_goal() in 

Fig.2.). In accordance to the actual beliefs there are two types of 
desires: ones that can be transformed into intentions and ones 
who only remain desires (e.g. an absence from a lecture, seminar 
or an examination). In our model there are two types of basic 
beliefs; they are the current date and current time. Independently 
from the type of the event which was perceived by the agent, they 
play an important role in the realization of the actual access to 
PC. Agent’s deliberation phase is completed with generation of 

current intention.   
 
After the actual intention has been determined during the 
deliberation phase, the PA has to make a plan for its achievement. 
In our model the planning is performed in dependence with the 
type of the goal (Fig. 2.). Usually, the PA requires the execution 

of a certain educational scenario (run_edu_scenario()) by 

generating a query to the operative agents of the digital libraries. 
In certain cases (see p. 5.1.), the activation of electronic services 
or educational scenarios is achieved through the PA’s 

intermediation (activate_service(), activate_edu_scenario()).  
 
Two subspaces are maintained in the VES: 

 DiLibs - the digital libraries are specialized repositories 

where mainly educational content is stored. 
Furthermore, the operatives of that subspace realize 
interfaces to three components supplied to the space by 

DeLC – SCORM 2004 Engine, Test Engine (QTI 2.1. 
complient) and Event Engine.  

 Admin-Subspace – supports all activities related to the 

organization, control and documentation of the 
education process. In the administrated database is 
stored all the necessary useful information for 
planning, organizing, protocoling and documenting the 
educational process such as school plans, programs and 
schedules, protocols from examinations, gradebooks. 

 
 

3. VES IMPLEMENTATION 

 

VES is developing in two stages: 

 Building the kernel of the space – through 

transforming of the existing DeLC; 

 Extending the kernel with assistants and new 
functional componends. 

DeLC environment is service-oriented and multi-layered, 
consisting of three logical layers: user interface, e-services and 
digital libraries. The user interface supports the connection 
between the users and the portal. Through it the users can register 
in the system and create their own personalized educational 
environment. The user interface visualizes and provides access 

for the user to services, depending on their role, assigned during 
the registration. Three components called  'engines' are located in 
the middle layer that are transparent for the users. Using the 
information, contained in the meta-objects, they can effectively 
support the activation, execution and finalization of the 
eLearning services. SCORM 2004 Engine is implemented for 
delivering an interpreter of the electronic content, developed in 
accordance with the SCORM 2004 standard. The Test Engine 

assists in performing electronic testing using the DeLC 

environment. The Event Engine supports a model for event 
management, enabling the users to see and create events and 

also be notified for them in advance. The events in the system 
reflect important moments for the users, such as a lecture, 
examination, test, national holiday, birthday, etc. One event 
is characterized by attributes, such as a name, start and end date 
and time, details, and information if it is a recurring one, as 
well as rules for its recurrence. The Event Engine supports 
yearly, monthly and weekly recurring. The third layer contains 
electronic content in the form of repositories, known as digital 

libraries.  
 

Test Engine is the most-often used service in the real teaching 
process in the Faculty of Mathematics and Informatics in the 
Plovdiv University. For that reason we started the transformation 
of DeLC from this component. The access to the functionalities 
of the engine is provided by web services for managing, assessing 
and analyzing digital assessment content. These services are in 
direct communication with a multi-agent content and assessment 

management system that is responsible for providing the digital 
information resources requested by users via the web services 
from the service layer of the Test Engine. The Assessment Agent 
System manages the digital content by using the provided REST 
web services for database access to acquire it and cooperative 
work between the existing agents for its processing. The digital 
assessment content that the engine manages is designed as a fully 
compliant with the QTI 2.1 final specification [12]. Defining the 

architecture and its provided services in such a way facilitates a 
wide range of opportunities for integrating the proposed Test 
Engine in the space. 

 

The core of the Assessment Provisioning implementation is the 
Assessment agent System. It is the actual eTesting realization as 
a multi-agent system that provides the management and 

implementation of the digital assessment content and processes 
in an intelligent and adaptive fashion. The service layer acts as a 
user accessible wrapper of this core that makes the processes of 
assessment and content management transparent to the users. The 
two basic aspects of information management concerning 
eTesting – assessment content and assessment processes 
management - distinguish two groups of agents in the assessment 
multi-agent system to perform the specific operations defined by 

the concrete aspect of management – Content Management 
Agents (CMA) and Assessment Delivery Agents (ADA). The 
key concept that makes it possible for the assessment agent 
system to communicate with the provided web services in the 
proposed eTesting system is the adoption of the Web Services 
Integration Gateway (WSIG) architecture [13] that defines one 
agent (Gateway Agent - GA) that mediates the communication 
between externally provided to the multi-agent system web 

services (Service Layer) and all other agents on the platform that 
wish to exchange data with these services (CMA, ADA). The 
eTesting functionalities are implemented as goals set by the GA 
when a service request from the Service Layer is received or 
autonomously generated by the GA or other agents. These goals 
are achieved by the deliberate actions of a single or a group of 
CMA or ADA as a result of their collaboration. This approach 
for implementing the eTesting functionalities provides flexible 
mechanisms for adding new functionalities to the eTesting 

management system that enrich the provided business logic in 
both functional diversity and complexity aspects. Accessing the 
digital content in the main storage (the Item Bank) via 
communication with the provided REST API enhances data 
caching in the Item Bank – Cache ensuring fast content 
management and manipulation. 
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The component that ensures decoupling between the 
implementation of the assessment management logic and the 
digital data management is the REST Web Services Layer. It 
provides a REST API [14] for database access for acquiring and 
manipulating the needed digital assessment content. Using the 
provided REST mechanisms for caching and data delivery this 
component ensures a full quick access to all the needed 
information while leaving the assessment processes logic 

implementation intact.  
 

The first stage aims towards building the kernel of the space 
which includes the transformed environment of DeLC. SCORM 
2004 Engine, the new version of Test Engine and Event Engine 
make the server part of that kernel. The client part includes only 
one entry point – the DeLC portal.  

 
The goal of the second stage is expanding the kernel with the 
following new components: 

 Personal Аssistants and Operatives; 

 Game-Oriented Learning; 

 eLearning Ontologies. 

Here we will look at several aspects related to the development 
of PA. Since PA is individual, it cannot be programmed from the 

very beginning for each user. We need a generic architecture 
from which instances of individual PA can be configured, whose 
creation is a serious challenge. There are several options with 
regard to a generic PA’s architecture: 

 The agent is entirely located on the server - the 

advantages of this approach are that there will be no 
need to migrate the agent and/or its states between the 
different mobile devices which the user would 
potentially use; high efficiency in processing complex 
tasks or such associated with processing large amounts 
of data – only the results will be sent to the mobile 

device. The disadvantages are the increased amount of 
traffic between the client device and the server (even 
for the performance of simple tasks), which in turn can 
involve potential security problems and jeopardize the 
transfer of information; 

 The agent is entirely located on the client device - this 

approach has several drawbacks: such a system would 
take a substantial part of the relatively limited 
resources of the mobile devices; migration of the agent 
states across mobile devices will be necessary, which 

is a considerably complex and difficult task; 

 The agent is distributed between the client device and 
the server side - this approach allows an efficient 

distribution of the tasks that the agent has to perform 
as well as if there is a need of some kind of agent 
migration - it will be in a minimum extent. This 
architecture also significantly reduces the traffic 
between the client and the server and allows greater 
flexibility and scalability of the application.  

 
For that reason we pay attention to the distributed architecture, 

which is further determined by JADE-LEAP (Lightweight 
Extensible Agent Platform) selected technology for 
implementation of the personal assistants. This is an extension to 
the basic JADE specifically designed for mobile devices with 
limited resources [15]. The choice of this technology is motivated 
by many reasons, some of which are the following: 

 The platform is developed entirely in Java, which 

coincides with the language used for the development 
of VES and the Android operating system; 

 Facilitates the development of multi-agent systems via 

an intermediate layer that is compatible with the 
specifications of FIPA [16];  

 Provides tools to facilitate debugging and deployment 

and there is a transparent communication mechanism 
between the agents through ACL messages; 

 JADE supports the use of many additional libraries, 

one of which provides the important to us BDI 
architecture, through which we can implement the 

mental states of intelligent agents, namely autonomy, 
social ability, reactivity, proactivity and rationality. 

In addition to JADE-LEAP to ensure dealing with the mental 

states of the agents we are integrating JADEX environment [17]. 
The JADEX reasoning engine follows the BDI model and 
facilitates easy intelligent agent construction with sound software 
engineering foundations. It allows agents’ programming in XML 
and Java and can be deployed on different kinds of middleware 
such as JADE. The platform allows mixing of agents with 
different architecture in one application.  
 

JADEX provides also a framework for developing software 
agents running on the Android platform. 
 
The personal assistants, responsible for interaction with users 
should provide a convenient and intuitive interface. This is a 
reason why we have chosen the Android platform. Furthermore, 
at the present, Android is the most popular mobile platform in the 
world and supports a great number of different mobile devices. 
In addition, the Android provides a very powerful development 

framework for building applications for mobile devices. It 
automatically adapts the user interface to look its best on every 
device, while giving the developer as much control as he wants 
over the whole user interface on different device types [18]. 
There are convenient tools for developers which offer a full Java 
IDE with advanced features for developing, debugging and 
packaging Android applications. The environment offers an 
emulator of virtual devices that emulates any hardware 

configuration. The platform uses Java and is open source, which 
allows working with multiple, external, written by third-party 
libraries. The Android philosophy is to support an extremely high 
level of user customization. 

 
 

4. CONCLUSION 
 

In this paper, the Virtual Education Space that is an intelligent, 
context-aware, scenario-oriented and controlled infrastructure is 
presented. Now, our efforts are directed towards the 
implementation of personal assistants. A huge challenge is how 
do we achieve personalization? Therefore, we are going to 

develop a detailed generic assistant’s architecture that can be 
adapt to specific users. 
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ABSTRACT 

The present inter-disciplinary research is aimed at investigating 

the impact of computerized application of spatial visualization 
on motor and concentration skills. An experiment composed of 

experimental and control groups for checking the central 

hypothesis among subjects of the same age group was carried 

out by physical education MA students. Virtual simulations offer 
MA students and teachers the unique opportunity to observe and 

manipulate normally inaccessible objects, variables and 

processes in real time. The research design focused on a 

qualitative research comparing the pupils' percents of success in 
spatial visualization and motor skills between pre-and post

training. The findings showed that just as the students realized 

the experimental pupils' achievements, the computer's 

interdisciplinary impact on motor performance and 
concentration skills became clear to the MA students. The 

virtual computerized training based on spatial visualization

mostly contributed to the inter-disciplinary research, physical 

education and communication.  All the findings lead to the 
conclusion that computerized application of spatial visualization 

seem to mediate between virtual reality and developing motor

skills in real time involving penalty kick, basketball, jumping, 

etc. 

Keywords: Computerized Application, Communication, 

Concentration, Education, Interdisciplinary, Motor Skills, 

Research, Spatial Visualization. 

1. INTRODUCTION 

Customarily, research science has been limited in its approach to 
investigate one specialized discipline at any one time. This 

approach is particularly evident in medical science where, for 

example, there is specialization in dental medicine, the hand or 

foot, knees and hips, and so on. Interdisciplinary research, too, 
which has been gaining ground lately, is based on cooperation 

among researchers that specialize in sub-divisions of a particular 

specialization. (1) (2). The present interdisciplinary research 

focuses on an integration of computers, spatial visualization, 
motor and concentration skills while examining the inter 

connections between them. 

2. THEORETICAL REVIEW 

Seemingly, the disciplines computers and physical education are 

contradictory since most physical educators do not use 
computers in their lessons. There is existing research that shows 

the connection between virtual simulations and science (3), and 

also between virtual simulations and medical imaging (4). 

Before their practical teaching experience with their pupils, the 
MA physical education students are skeptical regarding the 

interdisciplinary impact of the computerized 

_____________________ 
* Successful Attempt at Teaching Novice Computer Users 

application of spatial visualization on ADHD pupils' motor 

performance. The computerized application focuses on 

visualizing figures that appear over computer screens randomly, 

and rapidly change their position in space while learners or just 
players are manipulating them as required.

In order to understand the inter connections between the 

concepts: interdisciplinary research, computerized application, 

spatial visualization  and the achievements gained in motor and 

concentration skills, it is required to explain each of them  
separately, and then to interpret the connection between them in 

theoretical studies. 

Interdisciplinary Research 
Callaos and Horne (5) studied deeply the issue of 

interdisciplinary research  focusing on thinking and reflecting 

and even doing some research on the concept of notion that 

-thought critical, 
pedagogical and institutional  (6). 

This concept is generating countless specialties, sub-specialties 

and sub-sub-specialties, with their respective special languages; 

 local areas of research based 
  (7) "On the other 

hand, scientific, technical and societal problems are requiring 

multi- or inter-disciplinary consideration." The pedagogical 

concept includes also the education that is in our case, physical 
education. 

Communication exists between pupils and computers for

knowledge creation (5). The pupils manipulate the objects over 
the computer screen according the situation. 

Spatial Visualization 
According to McGee's review (8), there are two different sets of 

spatial skills: Orientation in space and Spatial Visualization. 

Mastery of these skills enables the pupils to locate the position 

of objects in space and perceive the relations between them from 
a changing viewpoint (see also: 9, 10, 11). The application of 

spatial visualization enables him/her to predict and imagine 

any other object in his/her vicinity for a long term (9).  Virtual 
reality technology allows the participant to feel multisensory 

experiences coming from perceptual information: visual, 

auditory, and tactile stimuli. According to Pizer (12, as cited in 

Rheingold), the main advantage of virtual reality regarding 
perception is the ability to move and change our view of things 

as we would do in the real world in order to give us an adequate 

perception. Simulations allow visualizing complex dynamic 

processes. Visualization enables us to show information that 
would otherwise be hard to come by. 

Motor skill 

The domains of development (social, emotional, motor, 
cognitive and language) are tightly interrelated. The 

development and transformation of a single domain influences 

the formation and development of others. Movement is very 
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important during a child's development. It shapes the body 

scheme, the sense of time and space, and the ability to plan and 

adapt. It promotes self-esteem, self-confidence and an 

individual's motor skills. Movement also advances motor 
learning, sense of cooperation, respect and diversity (13). Motor 

function relies upon gesture skills. Skilful Movement should be 

precise, planned, and executed in the shortest possible time with 

the least possible Expenditure of energy (14).

Deficit and Hyperactivity Disorder Attention (ADHD) Skill 

Attention-deficit hyperactivity disorder (ADHD) is one of the 

most prevalent disorders in children (15). It is characterized by 
inattention, hyperactivity, and/or impulsivity and has a negative 

impact in many  In a classical theoretical 

model of ADHD, inhibition has been proposed as the principal 

deficit of this disorder (16). This inhibition deficit is thought to 
alter the efficiency of four executive neuropsychological 

functions: working memory, self-regulation of affect, 

internalization of speech, and reconstitution. This model predicts 

that such inhibition and executive functions difficulties have a 
negative impact on motor control. (17). Children with ADHD

who exhibit high rates of delinquency are at risk for later 

substance use and may require targeted prevention, intervention, 

and follow up services. (18). 

The Inter Connections between the Concepts 

Spatial Visualization and Motor Skills 

Computer simulations, based on spatial visualization, for 

example, have helped conduct research on tennis and table 

tennis and have recently led to proposed changes in ball, racket 
and surface regulations. Also of interest to player and scientist 

alike are the interactions between racket and ball, ball and

surface, and player and surface (19). The simulations are based 
on virtual reality (VR) which was defined by Pantelidis (20) as a 

multimedia interactive environment which is computer based

and enables the user to become an active partner in the virtual 

world. This technology allows to present information in three 
dimensional formats in real time. It enables the user to become 

an active part of the environment and benefit from interactive 

communication. Thus virtual reality allows to convert the 

abstract into concrete reality by giving perspectives on processes 
that are impossible to be performed in the real world (21) (22). 

In particular, science has been helpful in defining training 

computerized 
players nutritionally and psychologically in their preparation for 

competition; informing players of the strategy and tactics used 

by themselves and their opponents; providing insight into the 

technical performance of skills; understanding the effects of 
equipment on playing; and accelerating the recovery of players 

from injury (19). 

Motor and concentration skills 
Taking necessary time to reflect on the purpose and outcomes of 

movement skills, which may be difficult for some children with 

ADHD and children with movement difficulties (8), is related to 

an awareness of the important meta-cognitive skills of error 
deduction, planning, and monitoring of actions (9). 

Thematic analysis of physical activity experiences of 12 age-

matched boys with and without the attention deficit 
hyperactivity disorder (ADHD) (23) revealed the differences 

that were found between these two groups. 

Examples of differences between boys with and without the 

attention deficit hyperactivity disorder (ADHD) are such as: the 
boys with ADHD reported playing with 

friends paid little attention to detail. while the boys without 

ADHD  reported playing with friends paid a lot of attention to 

detail; Furthermore, the boys with ADHD experienced limited 

motor activity experiences and had limited acquired knowledge 

(24) while the boys without ADHD experienced non-limited 

physical activity experiences and had non-limited acquired 

knowledge. The research that deals with the connection between 
ADHD and computers mostly refers to the physiological-

medical aspect.   

Motor and Concentration Skills through Spatial 
Visualization 
Wii Sports that are based on spatial visualization provided 

disabled children with chances to play sports just like children 

without disabilities (25). The Virtual Golf game involves hitting 

computer-generated golf balls by swinging a real club. Watching 
to see where the ball goes on the simulated golf course that is 

displayed on the screen, players can monitor the distance and 

accuracy of each shot and work on making their swing better 

(26). The present research focuses on the connection between 
spatial visualization, learning and coordination. 

Since the impact of computerized training based on spatial 

visualization on motor skills  might seem a bit unlikely 
(although video replay technology is already being used in many

sports), we selected the computerized application "Bobblehead 

Basketball" to show this impact by using it to improve 

ADD/ADHD pupils' various motor skills. Doctors, pilots, and 
astronauts routinely use computers to learn new skills, and to 

perfect those they already have (27). We have not found yet 

other researchers dealing with the impact of practicing this 

computerized application on improving ADD/ADHD pupils' 
real-motor skills in physical education lessons. Steinberg et al. 

(28) found that "obese children with associated disorders such as 

perceived clumsiness or Attention Deficit Hyperactivity 

Disorder (ADHD) will have reduced balance ability and are
more likely to exhibit motor abnormalities compared to obese 

children with no associated disorders." 

The Computerized Application as A mediator between 

Spatial Visualization and Motor Skills    

Nowadays, new computerized applications do not include 

learning levels, instructional remediation and algorithms of 

learning and assimilation. There are a variety of applications but 
only some of them can apply specific interdisciplinary training. 

In the present research, the computer application serves as a 

mean for measuring the pupils' achievements in motor and 

concentration skills. 

The computer application "Bobblehead Basketball" requires 

manipulating virtually while the users race to shoot the ball into 

the basket on the screen. In the game, the pupils simulate the 
position and the proper direction on the game board. They adjust 

the players in the suitable direction, 

game player up or down, to the right or left side in order to shoot 

the ball into the basket. The pupils need eye-hand coordination 
for controlling the ball over the game board. The pupils

successfully manage to control the ball over the game board. 

It links the concrete and the symbolic by means of feedback. The 

manipulations of the figures' hands and the ball over the 
computer screen (rotating them up or down, to the right or to the 

left side) link the symbolic commands to a sensory-concrete 

turning action (22). 

The technology enables presentation of information in three-

dimensional formats in real time (29) (30) Situations which are 

too complicated to perceive in a real time learning environment 

can be presented and viewed in many different perspectives in a 
computerized application environment (31). Such an 

environment can provide the opportunity to repeatedly practice a 

skill without the fear of injury or embarrassment. The reported 
effects on children include: gaining a new perspective (30), 
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increasing participation and access (29) (30), instilling a sense of 

confidence, competence, self-control and mastery (30). 

3. RESEARCH PRESENTATION 

Procedure 

The research group included 45 MA physical education college 

students  tutors of ADD/ADHD elementary and high school 
pupils in the training program. The course lasted three months 

and included five stages: learning the rationale of the course, 

explaining the rationale of the method and its application among 

their ADHD pupils, randomly assigned to experimental and 
control groups. Each participant in the course worked with a 

group or groups of pupils. 

The Research Method 
The students planned their research and reported on each stage 

they completed. 

The Main Stages of the Interdisciplinary Research 
We took longitudinal research as our model (32). The course 

lasted one semester (actually only three months) and included 

five stages:  

Stage 1: Learning the rationale of improving real-time motor 
skills in physical education lessons by computerized application 

training.  

Stage 2: Planning research:  

Choosing pupils diagnosed with ADD/ADHD. 

Testing the achievements in the examined skills. 

Building and performing virtual activities. 

Explaining the rationale of the computerized application

and training with it. 

Stage 3: Retesting the achievements in the examined skills.

Stage 4: Data processing and analysis. 

Stage 5: Writing the research report. 

The students wrote their analysis using a professional 

PowerPoint presentation, and related practice to theory.  

This article presents a representative student research (33) 

conducted within the course  framework. 

Objectives and Media   

The overall objective was to improve the pupils' physical 

performance, focusing on dribbling and shooting the ball into the 

basket, and also the behavior in their physical education lessons. 
The secondary objective was to raise the pupils' motivation, self-

perception, self-confidence and diligence in carrying out their 

tasks. 

Media: The computerized application "Bobblehead Basketball" 
based on spatial visualization was used especially to improve 

motor skills.  In order to shoot the ball into the basket, the player 

has to press on the left button  of the computer mouse and

shooting the ball. The player then releases the ball by releasing 

the mouse button. 

The pupils learn how to deal with losing control of the ball over 

the game board. They manage to shoot the ball into the basket 
with different degrees of difficulty.

The subjects of this research were ten ADHD 4th grade pupils 

(girls) randomly assigned to experimental and control groups 
with optimal control of intervening variables, namely classroom, 

age, sex, socio-economic background and concentration skills. 

Research Tools 
Figures Test (34) aimed at discrimination between right and left 

on another person. 

Motor test composed of dribbling a ball along the course of 

slalom, reversing the direction and repeating the same dribbling 

activity, then shooting the ball into the basket.  

A Description of the training program 
Choosing pupils diagnosed as having ADD/ADHD. 

Constructing dribbling and shooting tests: 

Dribbling on a marked course: The pupils were asked to   
dribble while looking at the area around them in order to 

be   able to make detours around  the cones.

Checking the pupils' shooting performance.  

Checking the discrimination between the figures. 

Training spatial visualization using computerized application. 

Rechecking the pupils' dribbling, shooting and discrimination 

between the figures.  

Hypothesis 

The achievements (percents of success between pre-and post- 

training) of the experimental group's pupils who train with the 
computerized application are expected to be higher than those of 

the control group's pupils who do not get any computerized

training in the course of this program. 

The Research Process 

The research  lasted a month. Every pupil in the experimental 

group made 10 trials with the computerized application, two 

meetings with each pupil. During the research process, the 
application was not accessible to the pupils. Its use was limited 

to the training with the MA college student. 

The tests were administered before and after the training. 

The computerized training took place in the school library and 
the motor tests took place  in the school yard with cones and a 

basketball. The student met the pupils individually. 

Evaluation 
Evaluations were made on comparing: 

The students' level of writing the research and planning the 

training program.  

The pupils' percents of success in spatial visualization and 

physical skills between pre- and post- training.

4.   FINDINGS 

in all the capabilities we checked: dribbling ability along the 

cone course and shooting the ball into the basket, including 2D 

and 3D space-related skills. In addition, the MA students that 

participated in the research became more aware of the inter
connection between the contrasting disciplines and also between 

the theoretical-scientific approach they used in their research and 

its application.     

The research showed that the students' reports became then 

clearer and more detailed as well (See table 1). Furthermore, the 

motivation and self-confidence of the MA students and pupils 

were enhanced. 

Table 1: An Example of Differences between the Level of 

Research Performance of the Students at the Beginning and the 
End of the Course 

Start of  Course End of Course 

Focusing exclusively on 
theory. 

Applying the theory to teaching 
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Start of  Course End of Course

Editing the research, in 

general, without using 

authentic examples 

Editing the research according to 

the standards. 

Using examples taken from the 

computerized application of 

spatial and motor skills. 

Writing long, complex 
sentences related to one 

motor skill only. 

Writing brief, structured 
sentences, focusing on real world 

motor skills and computerized 

application training. 

Copying the articles' text. Writing the text in their own 

words. 

Focusing on some 

objectives.  

Having difficulty 

differentiating between 

primary and secondary 

objectives. 

Having difficulty 

formulating the 
assumptions. 

Focusing on the main objectives 

and assumptions.  

Having difficulty planning 
a research including more 

than one pupil based on 

qualitative research, 

assigning the pupils (up to 
20) to experimental and 

control groups.

Planning and performing a 

research including experimental 

and control groups. 

Performing qualitative research. 

Checking the pupils' 

achievements before and after 

training. 

Mixing results and 

discussion. 

Misunderstanding the 

impact of training with 

computerized application 

on motor and concentration 

skills.

Misunderstanding the issue 
of interdisciplinary 

research especially in the 

context of the former 

contrast ones. 

Differentiating between results 

and discussion, 

Summarizing briefly each table 

showing the results.  

 Then concentrating on the 

discussion and analyzing the 

results according to theory. 

Emphasizing the interdisciplinary 
impact of the computerized 

application training based on 

spatial visualization on motor and 

concentration skills. 

All the MA students succeeded in their studies, while their 

Experimental group's pupils achieved high percents of success 

between pre- and post- training in the examined skills. 

The students' academic reports relating their pupils' 

improvement strengthen the research described in this article as 

well as the rest of the MA group's research projects.   

We might highlight the progress noted among the pupils guided 

by the student's representative research demonstrating the
project that was performed.  

The Experimental and Control Groups Pupils' Percents of 

Success in the Examined Skills  

The data displayed in tables no. 2, 4 and 6 show an improvement 

of the experimental group pupils' performance in all examined 
skills*.

The data displayed in tables no. 3, 5 and 7 show mostly a non-

improvement or decrease of the control group pupils' 

performance in all examined skills.

Table 2: Experimental Group Subjects' Shooting Percents of 

Success between Pre- and Post- Training 

Subject** 

* 

Experimental Group 

Group  1 18.75 

2   5.55 

3 58.33 

4 13.33 

5 20.0 

The findings in table 2 show an improvement in the 

Experimental group subjects' shooting percents of success. All 

the values are positive.  

Table 3: Control Group Subjects' Shooting Percents of Success 

between Pre- and Post- Training  

Subject  Control Group 

1 -23.08 

2 -42.86 

3     0 

4 -30 

5 -28.57 

The findings in table 3 show a decrease of the Control group 
subject' shooting percents of success. Most of the values are 

negative. 

   

Table 4: Experimental Group Subjects' Dribbling Percents of 
Success between Pre- and Post- Training  

Subject  Experimental Group. 

Group 1 14.82 

2 11.11 

3 12.5 

4  3.71 

5  6.07 

The findings in table 4 show an improvement in the 
Experimental group subjects' dribbling percents of success. All 

the values are positive. 

___________________ 

*Because of the participants' amazing success in the present 

research, I hope to enlarge the number of participants in the next 

research and to prove the progress.
**There is not a parallelism between the sequence of the

subjects' appearance in the tables of the experimental and control 

groups.   
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Table 5: Control Group Subjects' Dribbling Percents of Success 

between Pre- and Post- Training  

Subject  Control Group 

1    8.37 

2 -17.64 

3 -39.29 

4   -7.7 

5 -23.53 

The findings in table 5 show a decrease of the Control group 
subjects' dribbling percents of success. Most of the values are 

negative 

Table 6: Experimental Group Students' Figures Discrimination 
Percents of Success between Pre- and Post- Training  

Subject  Experimental Group 

Group  1 100 

2   45.45 

3 186 

4   53.33 

5 100 

The findings in table 6 show an improvement in the 

Experimental group subjects' Figures Discrimination percents of 
success between pre- and post- training. All the values are 

positive.  

Table 7: Control Group Subjects' Figures Discrimination 
Percents of Success between Pre- and Post- Training  

Subject  Control Group 

1 0 

2 0 

3 0 

4 9.09 

5 0 

The findings in table 7 show that the values of the Control group 

subjects' Figures discrimination percents of success. are 

mostly zero. Only one value is positive over zero but is low 

related to those found in the experimental group's data.. 

  

Main Changes in the MA Students 

Understanding the inter-disciplinary impact of computerized

application training based on spatial visualization on the 
pupils' motor and concentration skills. 

Understanding the transfer in learning process which leads 

the pupils to perform the required motor activities without 

additional computerized training.  

Improving their academic writing. 

: 
"This is the first time I am doing such research. It was a 

privilege to experience such a kind of research.    

From my perspective, it was fascinating to deeply investigate 

this domain in research and examine the findings.   
Thank Dr. Esther Zaretsky for her supervision along the amazing 

process I went through with her". 

The Pupils' Feedback 

"The pupils were enthusiastic about all stages in the research and 

their level of collaboration was very impressive. They wanted to 

take part in the research process. They enjoyed themselves and 
became wiser, and also did the physical and cognitive efforts 

during the stages of the research. They would like to participate 

in more such studies."  

5.  DISCUSSION

interdisciplinary contribution of training with computerized

applications of spatial visualization to motor and concentration 

 of 
experience in using technological tools such as computers before 

training, a significant improvement was recorded, as a result of 

this original and innovative mode of learning. In this research 

study we focused on the inter-disciplinary integration of spatial 
imagery and learning through the use of a computer program 

involving physical movement as the dominant mode of learning. 

The application requires the student to perform manipulations on 

virtual images to activate the simulations. 
The findings strengthen the hypothesis. As was stated above, in 

view of the participants amazing success in the present research, 

I hope to enlarge the number of participants in the next study in 

order to provide additional proof of the findings. 
All the experimental group pupils' findings show positive values 

of achievements in contrast to controls. The Experimental Group 

demonstrated an extremely high percentage differential in their 

ability of figure discrimination between pre and post 
training and also significant improvement in basketball shooting 

skills that demonstrates the interdisciplinary impact of the spatial 

visualization application on motor skills. The spatial 

visualization skill examined by the Figures Discrimination test 
develops the pupils' ability of rapid  critical thinking and solving 

real life problems by imaging the solutions.   

This spatial visualization training gives the students the 
capability of looking at objects from different perspectives, as 

Callaos (35) indicated that "Interdisciplinary communication

extends and possibly changes a participant's point of view. 

Debate affirms a participant's own point of view" (35). 

The unexpected finding in this study was the percentage of 

decrease in the scores of the Control group. There is no current 

hypothesis formulated to explain this finding. The findings from 
the Control group show that if the pupils do not experience the 

integration of computerized application and spatial visualization 

they do not show any improvement or even reduce their percents 

of success. The data show that the decrease of success in the 
spatial visualization among the control group's pupils is not a 

statistical aberration indicated by their actual performance. The 

negative values found in this group indirectly strengthen the 

positive contribution of the computerized application training 
based on spatial visualization to motor skills whereas its absence 

may cause a negative impact on the same skills. 

Generally, students in teacher-training and even MA college 
students do not learn how to teach through researching the 

impact of computerized applic

and through pre- and post-training testing. In this course, they 

learned how to conduct research in the framework of a regular 
college course and MA teaching, and learned how to conduct 

pre- and post-training tests to measure 

compare findings, and to draw conclusions concerning future 

work with their pupils.  
A relationship between improving computerized application 

performance and improving motor performances exists. 
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The training with computerized application enables the students 

and pupils to perform activities that are not available in real 

world (12). Real world motor skills refer to immediately and 

actually performed activities rather than computerized ones. This 
definition is the present research insight.  

The training with computerized application included 

experiencing the application "Bobblehead Basketball". The 
results showed an improvement after working with the 

application. It would be interesting to investigate a group that 

uses this application versus groups that use other applications.  

Interdisciplinary impact of Computerized Application and 

Spatial Visualization on Motor Skills 

The third dimension helps giving game players a sense of 

presence  in the game. (36). "As digital worlds become more 

immersive, there is greater potential for the gamer to live in the 

virtual world, that is the most important reality" according to 

Cohen & Taylor (37). These researchers suggest that sport media 
studies need to expand its theoretical and empirical practice 

away from the focus on texts to a focus on the phenomenology 

of gaming and sport (38).  

The findings emphasize the available transfer from the 

computerized application training to better functioning in motor 

activities in the gym or field without computers, while 

manipulating the fast-changing environment over the computer 
screen. The same skill is needed for performing motor skills, 

especially dribbling along the course without fumbling the ball. 

The student (33) suggests promoting physical education teachers 

doing such research for improving pupils' motor performances, 
physical fitness and concentration skills. 

Such research enables the MA students to: 

Translate theoretical concepts into practical language,  

Apply them during their teaching practice in a physical 

education classes, and 

Interpret the results of the experiences by looking at them 

through the perspective of the theoretical approaches he/she 

has applied. Such courses usually focus on the basics of the 
use of computers only.  

6. SUMMARY AND CONCLUSIONS 

This study, first and foremost, examined the motor skills 

improvement in physical education lessons as a function of 

computerized application training. According to the MA college 
students, before the training in their practical work, they had 

great doubts that any impact of computerized application exists 

on physical performance in a gym or a sports field. However, 

especially after looking at the findings, they were convinced of 
the existence of such a contribution. Consequently, the 

participants in the course asked the lecturer to extend their 

course research to the final project for getting their MA degree. 

As everyone knows, it is highly unusual to use computers in a 
gym or on a sports field. The contribution of the research in this 

context becomes clearer as the spatial visualization and motor 

skills become better even in none-computerized environment. 

In this framework of research, computerized applications were 

used in order to get better control of the environment and of 

precision of the data. The applications were selected with the 

overriding consideration that they would best display spatial 
visualization and response speed, which aid improvement of 

motor activity and attentiveness. Students like learning through 

discovery and investigation, and to observe the impact of 

training with computerized applications on pupils motor skills' 
percents of success between pre-and post-training.  

The research and findings reflect an important and potentially 

very useful research, in which several disciplines are related in 

order to integrate academic activities to the solution of real life 

problems. The way in which several disciplines are related might 

potentially generate more inter-disciplinary research, education, 

and communication. This is especially affirmed by the findings 

students reported improvement in pupils' motor and 

concentration skills. Moreover, the students and pupils' 

motivation was enhanced. Their self-confidence was also 
 (39).   

Additional studies are being carried out with various 

applications of this kind on various population groups. It would 
be worthwhile including the positive results of this short study. 

It is also very important to note the fact that the integration of 

as well (40). 
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ABSTRACT 

 

This theoretical paper aimed to explicit, through the 
rescue of theoretical assumptions, the innovation, the 
innovation system, and the research and development 
(R&D) activities. The innovation, especially 
technological innovation, is now seen as essential in 
differentiation strategies, competitiveness and growth 
in a greater number of businesses. We do not think 
technological innovation as a static process, or as a 
game in which the results are known a priori. 
Innovation is not only the result of financial 
investments by companies. For it to exist, it is 
necessary the existence of innovative capacity that 
should be present at all stages of the innovation 
process, and a favorable institutional environment and, 
increasingly, of specific incentive policies. That is, 
there are internal and external factors to companies 
and other institutions involved in the process. 
Innovation systems were discovered to resolve the 
variations in the degree of competitiveness of different 
economies and, above all, in relation to the 
technological performance and the ability to innovate 
these economies face the growing importance of 
international markets for high-tech products. Thus, it 
was found that successful innovators are not successful 
just because of their personal qualities and actions but 
as a result of their interaction with research and 
innovation systems that inhabit the quality of such 
systems. 
 
Keywords: Innovation, Research and 

Development, Innovation System 

 
 

1. INTRODUCTION 

 

One of the dimensions in which the word innovation 
appears more often has related to the production of 
new products or processes. This dimension relates to 
scientific and technological developments, which is 
why we use the term Science, Technology and 
Innovation (STI) to describe the main elements that 
characterize the dynamic process that is deeply 

affecting the economy, society and the environment 
[1]. 
 In this sense, innovation, especially technological 
innovation, is now seeing as essential in differentiation 
strategies, competitiveness and growth in a growing 
number of businesses. According to [2], by definition, 
innovation usually involves research in unfamiliar 
areas and requires significant time and effort. 
Furthermore, the result of innovation is typically 
uncertain and may take a long time to materialize.  
Thus, companies spend significant amounts on R&D 
and do not necessarily achieve the expected new 
products, processes or services. Previous research 
confirms that relationships with others can be a 
valuable tool of innovation, with knowledge links 
affording firms easier access to new ideas [2;3]. 
The adoption of strategies and technological 
innovation practices in companies is closely linked to 
the pursuit of differentiation in producing goods and 
services that generate sustainable competitive 
advantages. The process of technological innovation is 
seen as an integral part of the economic development 
of any country, in general, companies in developed 
countries form partnerships to increase your 
productivity and rely on a network of collaborations 
with different actors involved in the process 
(Universities, Research Centers, governments and 
Industries) [4].  
According [5] innovative companies that build their 
research results together with universities and other 
research collaborators, understand that scientific 
knowledge can bring improvements to the company's 
needs. 
Collaborations between universities and industry are 
important mechanisms to develop and commercialize 
the fruits of university research. These collaborations 
are also see as contributing to technological progress 
and economic welfare, [6]. 
Thus, it is intended that address theoretical article on 
technological innovation, the innovation system, the 
relationship university-industry, and the research and 
development activities between the different actors. In 
addition, we hope to be contributing to identify these 
partnerships will cause companies to have a more 
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positive perception of scientific knowledge. Since, in 
this study we show how collaboration can be defined 
and how cooperation in product or product innovation 
affects the innovators. 
 
 

2. THEORETICAL CONCEPTS 

 

Technological Innovation 

 

According [7], from the late 60s that through several 
empirical studies there was a breakthrough of 
understanding on the meaning of "innovation". Prior 
to this date, innovation was seen as occurring in 
successive and independent stages of basic research, 
applied research, development, production and 
dissemination (linear vision of innovation). In the 
following decades, there were a review of this 
qualification: widens the understanding of this 
concept. The innovation came to be seeing not as an 
isolated act, but as a learning process non-linear, 
cumulative, specific to the locality and shaped 
institutionally. 
It was in the early 80s it was recognized that decisions 
and technological strategies are dependent on much 
broader factors - such as those related to the financial, 
education and work organization systems (already 
signaling a definition of "national innovation system") 
[7]. 
The origin of the concept of innovation can be credited 
to the work of economist Joseph Schumpeter (1883-
1950) [8] - showing that innovation is "to produce 
other things, that the same things in another way, 
combining forces differently materials and, finally, 
make new combinations". Throughout his intellectual 
production, the author was progressively more 
sophisticated analysis of their innovation sources. In 
Theory of Economic Development, built in 1911 by 
the author emphasized the role of innovative 
entrepreneur in the development process [1]. 
According to [1] the dynamics of the innovation 
process makes the success of capitalist enterprise 
stimulates the action of competitors also innovative or 
even imitators, leading the innovative entrepreneur to 
always search innovation and to fear competition even 
when alone in the market. 
 
University-industry collaboration 

 

According to [9], academic researchers believe that the 
value of university-industry collaboration has 
increased and has also increased the number of 
obstacles and limits the formation of this 
collaboration. Examples of obstacles can cite the 
results of objective, cultures, procedures, permissions, 
value systems, and encouragement, communication 
and collaboration differences. Academic researchers 
consider this collaboration an increase of income as a 
priority and secondly the evaluation of the good things, 
the transfer of technology as being turned to the 
audience. Therefore, the development of academic 
capital and increasing collaboration can gather a 
contradiction opportunities and obstacles. 
According to [10], university-industry collaboration is 
confronted face to face with major difficulties. While 
universities are betting primarily on creating new 
information, private enterprises focus on ensuring the 

advantage of rivalry and[6]get valuable information on 
the recycling of investment. 
To [11], the types of obstacles to be succeed in 
university-industry collaboration can be summarized 
from the perspectives of industry and academic 
perspective. 

- The industry is not willing 
to provide a financial contribution to an education 
program. There is sensitivity about the need for an 
education program and a serious contribution would 
be provided by the university. Interrogating the 
education program that was formed by universities, 
the industry is inclined to think that all may know 
much more than academic solutions. 

- Educators have sensitivity 
industry time constraints and development specialist 
productive force. The university may not be aware 
of the real problems the industry is facing. The 
possibilities may not be sufficient to ensure the 
needs of the industry. 

The interaction model proposed by [12] is based on a 
triangle where the government exercises indirect 
relationship between the demand and supply of 
knowledge possible. The system accepts negotiation, 
since they have to pay a number of taxes that are 
transfer by the government to academia. The latter, in 
turn, manages the science system by providing 
incentives for the generation and eventual 
dissemination of knowledge through lectures for other 
creative scientists to measure the creativity of 
scientists through its publications. 
 
Research and Development (R&D) 

 

According to [13], the most important in innovation 
studies is the analysis of the factors that lead 
companies to invest in R&D activities; these activities 
foster technological progress, and are primary sources 
of economic growth and welfare. There are two most 
factors discussed in the literature on R&D. According 
to [14] are the so-called "hypothesis of Schumpeter"1; 
1) one that focuses on the effects of size and market 
power over spending in R&D; 2) and the other factors 
include the most fundamental determinants of R&D 
activities, such as pressure of demand, technological 
opportunity and appropriability. 
However, R&D are two different activities that differ 
in purpose, knowledge bases, people involved and 
management styles [15]. As explained [16], innovation 
should understand as the result of a mix of internal and 
external ingredients, and you should not see it as an 
isolated act but within a larger context with the 
participation of a plurality of actors. Under the context 
of R & D, the activity of "search" can be understand as 
an instrument or tool for the discovery of new basic or 
applied knowledge; and activity "Development" deals 
with the application of this new knowledge to obtain 
practical results [17].  
Note that this classification does not preclude 
situations where basic research generates results 
"applicable" considering that often the boundary 
between basic and applied the definition is difficult. 
[18] argues that the structure of internal R&D is 
closely relate to technological skills of a company. 
[19] emphasizes the importance of links between 
internal and external environments of a company, 
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emphasizing access to scientific and technological 
knowledge. 
The scientific field of research activity is the 
management of innovation and knowledge and 
technology transfer. Its central theme is the 
relationship between companies and innovators that 
make technology transfer of its activities. Therefore, it 
is important to characterize a proper analysis tool for 
studying these agents, as disseminators of knowledge, 
and look for ways to maximize their performance 
while trying to take care of the needs of enterprises and 
enhance their intellectual property through technology 
transfer [20]. 
A tool that shows critical facilitators in an organization 
of R&D and allows interventions to improve 
performance should be comprehensive and should be 
built upon previous studies of technology transfer. 
Globally, there are many research papers addressing 
issues of technology transfer relationships as driven by 
the Triple Helix [21; 22]. However, not everything 
could be applied to various scenarios and regions due 
to specific social, economic and cultural. 
Previous research confirms that relations with other 
actors can be a valuable tool for innovation, with 
knowledge of links providing businesses easier access 
to new ideas [3]. 
 
The innovation system 

 

According to [23], an innovation system is a set of 
distinct institutions that contribute collectively and 
individually for the development and diffusion of new 
technologies and provides the framework within 
which governments form and implement policies to 
influence the innovation process. As such, it is a 
system of interconnected institutions to create, store 
and transfer the knowledge, skills and artifacts that we 
define new technologies [24]. 
According [25] the probability of scientific, 
technological and industrial innovation depends on the 
setting of national, regional and sectoral innovation 
systems. [26] show that the current orthodoxy is that 
the economic well-being is based on research systems 
and national innovation that work well, in which not 
only the actors but also the links between them to 
perform well. Innovation and learning should see more 
as collective activities or network. This type of joint 
activities have been strongly reflected in the policies 
of innovation funders internationally, financing 
increasingly innovative networks, often comprising a 
mixture of companies and institutions in the 
infrastructure of knowledge  [27]. 
Interventions to improve the knowledge and 
capabilities can change the trajectory of the innovation 
system and therefore their performance. Learning 
means that there is path dependence: what you can do 
tomorrow depends on what knowledge and resources 
you have today and what you can do to adapt them. 
Thus, the financing of R & D at international level is 
increasingly focusing on improving the capabilities of 
the participants, than simply help companies or 
funding science [28]. 
It was observed that the different cultures of 
innovation - national, regional [29] or sectoral [30], 
with each of these reflecting its own historical origins, 
institutions (scientific, government and political and 
administrative) and inter-institutional networks - 

critically influence the ability of economic actors and 
policy makers to produce and support, respectively, 
the successful innovation. 
 

3. CONSIDERATIONS 

 

We highlighted the classification of innovations 
according to their degree of coverage. That was 
defining that the innovations are new to the company, 
to market and to the world, thus it is considered that 
the institutional and regional dimension is crucial the 
process of productive and innovative capacity. And to 
better understand the dynamics of a given system (and 
give suggestions on how to promote it) it appears 
necessary not only to know in depth their specific 
features, but also their weight and role within the 
industries in to insert, as well as regional and 
international economies. This article shows that 
cooperation between various actors facilitates 
innovation in a company. Thus, it was found that 
successful innovators are not successful just because 
of their personal qualities and actions but as a result of 
their interaction with research and innovation systems 
that inhabit the quality of such systems. 
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ABSTRACT 

Complexity and uncertainty have evolved as important 

challenges for entrepreneurship in many industries. Value 

Delivery Architecture Modeling (VDAM) is a proposal for a 

new approach for business modeling to conquer these 

challenges. In addition to the creation of transparency and 

clarity, our approach supports the operationalization of business 

model ideas. VDAM is based on the combination of a new 

business modeling language called VDML, ontology building, 

and the implementation of a level of cross-company abstraction. 

The application of our new approach in the area of electric 

mobility in Germany, an industry sector with high levels of 

uncertainty and a lack of common understanding, shows several 

promising results: VDAM enables the development of an 

unambiguous and unbiased view on value creation. Additionally 

it allows for several applications leading to a more informed 

decision towards the implementation of new business models.  

Keywords: Business Model, Operationalization, VDML, 

Ontology, Electric Mobility  

1.  INTRODUCTION  

A key element of research in the field of entrepreneurship is the 

question of how to describe and develop business models. 

However, there is still a variety of definitions and 

understandings among researchers of what a Business Model is 

or should be [2, 6, 9, 19]. Complexity and uncertainty are some 

of the biggest challenges for entrepreneurship in today’s 

complex and interrelated world, being relevant for most 

industries. Often value creation is not a straight process any 

longer but value has to be created in complex networks. 

Amongst other things, complexity and uncertainty cause a gap 

between strategy and business processes, as Al-Debei and 

Avison show for digital business. Therefore, business models 

should be regarded as a theoretical intermediate layer 

connecting strategy with business processes [1]. 

Many of the well-known business modeling languages tend to 

focus on the strategic aspects of business models. This holds 

even for languages suggested by researchers agreeing with the 

intermediary role of business models [14]. These approaches are 

appropriate for business model development and innovation by 

taking strategic points of view and using only few elements for 

its description. However, collaborative value creation or 

complex market environments including the mapping of the 

latter are not necessarily included or meant to be described with 

these approaches. In addition, these languages do not include 

tools to support the operationalization of business models [1, 8, 

14]. Nevertheless, both we deem necessary to stimulate 

successful entrepreneurial engagement in today’s globalized and 

complex world. 

The scope of this paper is to introduce a proposal for a new 

approach for business modeling, combining Value Delivery 

Modeling Language and Ontologies with an abstract view of 

value creation in markets which allows for the depiction and 

reduction of complexity, creation of transparency as well as 

support for operationalizating business models. We call this 

approach Value Delivery Architecture Modeling (VDAM). 

2.  THEORETICAL BACKGROUND 

Design Science produces four types of artifacts, namely 

constructs, models, methods, and instantiations [10], and 

originated in engineering and the sciences of the artificial [17]. 

We chose to follow a Design Science approach with the goal to 

develop an innovative and purposeful artifact – VDAM – which 

conquers the challenges of business modeling in complex and 

uncertain environments and supports its operationalization. 

During all steps of the process we complied with the research 

framework and guidelines for Design Science introduced by 

Hevner et al., which are based on the principle that knowledge 

and understanding are derived from the building, application 

and, evaluation of an artifact [7]  

To reach our goal to create transparency and clarity in addition 

to including operationalization-supporting methods in one 

integrated business modeling approach, we base our proposed 

approach on two existing artifacts: Value Delivery Modeling 

Language (VDML) [12] and Ontologies in Business Modeling 

[13].

1 - Business Models as Intermediaries [1] and examples of 

UML-specified modeling languages on the respective levels 

[12]

Strategy

Business Model

Business Process

Model

Business Process 

Modeling Notation

Value Delivery 

Modeling Language

Business Motivation 

Model

UML-specified

modeling languages
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VDML has been released in a beta version by Object 

Management Group in April 2014 [12].  Acting as an 

intermediary between strategy and business processes, VDML 

offers answers to the challenges in today’s business modeling 

(see Figure 1). Thus, VDML is a well-suited language for our 

goal of creating an operationalization-supporting approach for 

business modeling. VDML has its origins in Information 

Systems (IS) and is a UML-specified approach for business 

modeling. By providing a standard modeling language, VDML 

enables modeling of value creation as well as value exchange on 

a strategic level. Furthermore, VDML was developed to link 

strategy and business models to activities, roles, capabilities 

necessary to run a company. Thus, it provides a language for 

analysis and design of business models on a more operational 

level. VDML incorporates several types of diagrams included in 

the following views: 

- Business Network view 

- Activity Network view 

- Organization Responsibility View 

- Value Contribution View. 

Furthermore, VDML supports several existing business 

modeling and business analysis approaches such as Business 

Model Canvas or Value Networks [12]. 

Already in pre-beta-versions, developers of VDML showed how 

the language can successfully be used for business model 

innovation. This includes applications for services, processes, 

and open business model innovation. These applications are 

focusing on traditional approaches and concentrating on single 

companies and their immediate partners [3, 4, 5, 16] 

In addition to using an operationalization-supporting language, 

we deem it necessary to create transparency, clarity, and a 

common understanding within and between stakeholders and 

organizations, especially in today’s often complex and 

distributed value creation. Therefore we combine the use of 

VDML diagrams for the visualization of value creation and 

exchange with the concept of semi-formal ontologies. 

Ontologies, originated in Philosophy, nowadays are in 

widespread use in the area of IS as explicit specifications of 

conceptualizations. Ontologies aim at creating a common 

understanding in a field to solve problems or share knowledge. 

Thereby, main focus is an improved communication between 

people, organizations, and machines which leads to an improved 

interoperability between and an enhanced development of 

systems. While designing an ontology, it is essential to comply 

with the following three guidelines:  

- Clarity, in the sense of minimized ambiguity. 

- Coherence, in the sense of an internal consistency. 

- Extensibility of the designed ontology [18]. 

In accordance with Uschold & Grunninger’s approach of 

ontology building, including the steps of capturing, coding, 

evaluation, and documentation, Osterwalder transferred the 

concept of ontology from IS to business modeling. The 

development of a semi-formal ontology, simply called the 

Business Model Ontology, has been the basis for the well-

known approach Business Model Canvas [13, 14]. Since then 

other researchers [e.g. 1] picked up on this concept of ontology 

and nowadays it is a prevailing element in Business Modeling.  

3. VALUE DELIVERY ARCHITECTURE MODELING  

To conquer challenges of complexity, collaborative value 

creation, and missing operationalization in business modeling, 

we propose an approach we refer to as Value Delivery 

Architecture Modeling. Based on information on the market, we 

create an unambiguous understanding of value creation and 

business opportunities by combining a subset of VDML 

elements and views with the development of a semi-formal 

ontology. Thereby, the design of these different views and the 

definition in an ontology is an iterative process. This enables a 

number of applications to innovate or create business models. 

Allowing more in-depth analysis and development, VDAM is 

suitable for initial, more strategic analysis of business models 

and for supporting the operationalization of business models 

(see Figure 2).  

Key to our approach is the implementation of an additional level 

of cross-company abstraction, initially leaving specific 

companies and their business models behind and focusing on 

abstract Roles, Value Propositions and other elements. This 

abstraction provides an unbiased view on how value is created 

in complex and uncertain market situations, laying the 

foundation to conduct business model innovation or business 

model creation. 

In the following we introduce the key concepts and ideas of 

VDAM by describing the development of the most strategic 

view of our approach. Other views integrated in VDAM will not 

be explained in such detail. 

2- The VDAM framework based on VDML [12] and Ontology 

design [13] 

Market analysis can be conducted in numerous ways reaching 

from complex business intelligence efforts to expert interviews. 

Using this information, the first and most strategic type of 

diagram in our approach is being designed, using the so-called 

Value Proposition Exchange Diagram from VDML. This kind 

of diagram consists of three types of elements: Roles (R), Value 

Propositions (VP), and Connectors (C) (see Figure 3). Here, 

Roles are defined as abstract elements describing patterns of 

behavior or capabilities. Value Propositions represent tangible 

and intangible values of deliverables. Connectors represent the 

association that connects a Role with a Value Proposition or a 

Value Proposition with a Role [12]. A Value Proposition 

Exchange diagram can be described as a 3-tuple (R, VP, C), 

where 

- R is a finite set of Roles. 

- VP is a finite set of Value Propositions. 

- R and VP are disjoint. 

- C: (R x VP)  (VP x R) is a multiset of arcs. 

As a result one specific Value Proposition can only be offered 

from one Role to one other Role. Furthermore, since Roles and 

ValuePropositions must not be identical, we define that Roles 

and ValuePropositions cannot have the same names. 

Market/ industry analysis

VDML- subset

Value Proposition 

Exchange Diagram

Deduction of

Operationalization-

supporting Diagrams
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Following this approach, the resulting Value Proposition 

Exchange Diagram visualizes and describes the value creation 

in a market from a more strategic perspective. Due to the use of 

abstract Roles an unbiased view is created.  

3 - Value Proposition Exchange Diagram from VDML [12] 

A graphical representation facilitates the general understanding 

of interrelations between Roles and their corresponding Value 

Propositions. However, in order to create an unambiguous 

understanding between all parties involved, the description 

within an ontology is necessary. The information displayed in 

the ontology is based on the requirements of the VDML 

elements used in our approach. Therefore, in addition to the 

elements Role and ValueProposition which are part of the Value 

Proposition Exchange Diagram, further elements such as 

Capability, Activity or Value have to be included in the 

ontology. These elements are needed for the design of more 

detailed and therewith operationalization-supporting views. For 

the description of the ontology elements we concluded that 

Osterwalder’s notation exhausts the needs of VDAM. As listed 

in Figure 4, it includes seven categories: Name of the Element, 

Definition, Part of, Related to, Set of, Cardinality, and 

Attributes [13]. 

4 – Ontology element ValueProposition in VDAM based on 

Osterwalder’s notation [13]

Name and Definition are being used to specifically describe the 

elements and create a common understanding. The categories 

Part of, Related to, and Set of are being used to describe the 

semantic relationship of elements to each other. Generally, 

elements can be decomposed into sub-elements to allow for 

different levels of granularity in analysis and the following 

development of business models. For instance, an element 

ValueProposition can be decomposed in several 

ValuePropositionComponents. The cardinality defines the 

number of possible appearances of elements in the approach. By 

definition the cardinality of the entities of Role and 

ValueProposition has to be one. The entities of other elements 

which are used in the more detailed and therefore 

operationalization-supporting views can have other 

cardinalities. This enables reuse of these elements during the 

design process when deemed helpful. For example an Activity 

‘consulting’ can be part of several key meta-processes and can 

be based on the same Capabilities. Finally the category 

Attributes defines what attributes have to be used to describe 

entities of an ontology element. 

Following the logic of VDML, several views have to be derived 

from the Value Proposition Exchange Diagram to support the 

operationalization of business models in one integrated 

approach. We propose the use of the following types of 

diagrams: 

- Capability Management Diagrams to describe the 

capabilities necessary to offer a specific ValueProposition. 

- Network Activity Diagrams to design the key meta- 

processes necessary to offer specific ValuePropositions 

whereby activities need capabilities to be realizable. 

- Measurement Dependency Graphs to display the logic of 

value creation and value contribution. 

Consequently, these diagrams allow for a deeper understanding 

of the collaborative value creation between Roles and thereby 

supporting the operationalization of business models. 

The creation of this role-based view of a market facilitates a 

number of applications by linking Roles to Actors, e.g. the own 

business, partners, competitors or other stakeholders, all leading 

to a more informed decision towards the implementation of new 

business models. Using the top level view of Value Proposition 

Exchange Diagrams, linking abstract Roles to a company 

enables a precise positioning of the existing business model or 

the business model idea. In addition, this positioning provides 

the opportunity to detect Roles which have not been considered 

yet or the detection of considered Roles which do not fit the 

value creation process in the market. Linking Roles to potential 

competitors facilitates identifying contested spots and less 

competitive spots which can include promising business 

opportunities. 

Using more detailed views, fit between existing and necessary 

capabilities can be established and decision towards 

partnerships or knowledge buildup can be made. Additionally, 

key meta-processes can be analyzed and defined. Furthermore, a 

deeper understanding of Roles, ValueProposition, Capabilities 

and Activities and their impact on value creation can be created. 

4. THE CASE OF FAST CHARGING 

INFRASTRUCTURE IN GERMANY  

We applied our proposed approach in the area of fast charging 

infrastructure in Germany, thereby evaluating the designed 

artifact VDAM [7]. We chose this emergent market in the area 

of electric mobility because we deem it as a good example for 

the challenges of many of today’s transforming or emergent 

industries:  

- Involvement of companies from diverse industry sectors, 

namely Automotive, Electro Technologies, Energy, and 

Services. 

Role 2

Role 3

Role 1

Value Proposition A

Value Proposition C Value Proposition D

Value Proposition B

Name of the 

Element

VALUE PROPOSITION

Definition VALUE PROPOSITION represents tangible or 

intangible VALUE offered by a ROLE towards 
another ROLE. 

Part of Product

Related to ROLES

CAPABILITIES
VALUE

Set of VALUE PROPOSITION COMPONENTS

Cardinality 1-n

Attributes Name {abc}

Description {abc}
Illustrating Example {abc}

OfferingRole {Role }

ExpectedValueOfferingRole {Value}
TargetRole {Role}

PerceivedValueTargetRole {Value}

Attributes  inherited from Value Proposition 

Component
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- Lack of a well- established value chain or value network 

and an ambiguous understanding of how value is created 

due to the novelty of this area. 

- Deployment of several technological standards and 

proprietary solutions, namely CHAdeMO, Combined 

Charging System, and the Tesla system. 

- Lack of a sound business case for the operation of fast 

charging infrastructure based on energy sales, due to high 

upfront investments and a limited willingness to pay. [11, 

15] 

Altogether, this creates a very complex and uncertain 

environment not favorable to direct investments and 

entrepreneurial engagement. 

Using qualitative research methods we interviewed 17 senior 

executives and top experts from companies representing these 

different industry sectors, asking about their business models in 

and perspectives on this new field of fast charging 

infrastructure. Empiric data reveal a highly ambiguous 

understanding of how value is created and who is supposed to 

create this value. In addition, even when experts were talking 

about the same topics, the wording and terms of use were highly 

heterogeneous, complicating successful collaboration in this 

new field. 1 Applying our proposed approach to the empiric data 

gained in the interviews, we identified 21 different Roles that 

Actors can take on in the area of fast charging infrastructure in 

the electric mobility sector, as well as their corresponding Value 

Propositions. To comply with the requirements defined for this 

view in VDAM the methods of abstraction and differentiation 

were applied to the expert statements. Thereby we designed an 

unambiguous, normalized model of value creation in the area of 

fast charging infrastructure in Germany and described the 

elements in an ontology.  

One of these Roles is called ‘Charge Point Operator’ (CPO). All 

experts mentioned this role but there were many different 

associations to what exactly this role is supposed to do and what 

value propositions this role is offering or receiving. Reason for 

this kind of phenomenon is the fact that the experts were talking 

about their own company or companies they work with which 

fill in this role. After analyzing the different expert opinions in 

detail it became apparent that the Role ‘CPO’ offers the 

ValueProposition ‘working infrastructure for EV users’ to the 

Role Investor. To explicitly describe the Role a first version of 

the ontology entity ‘CPO’ was developed. 

In the iterative approach of analyzing expert opinions and 

defining Roles and ValuePropositions, the Value Proposition 

Exchange Diagram was constantly growing and changing (see 

Figure 5). Simultaneously, the corresponding ontology element 

of the Role ‘CPO’ became more detailed and other related 

ontology elements of Roles and ValuePropositions were 

described, thus creating the desired unambiguous understanding 

of elements and value creation. In the case of fast charging 

infrastructure it becomes apparent that the Role ‘CPO’ is mainly 

organizing the actual operations of charging infrastructure by 

coordinating several Roles and their ValuePropositions and 

offering the result to the Role ‘Investor’. In addition a second 

Value Proposition ‘Access to Charging Points’ is offered to the 

‘Electro Mobility Provider’ Role. 

1 Detailed results of the study will be published within the next months. 

5 - Iterative Process of Visualization and Ontology building in 

VDAM

In several iterations we accomplished to map an unambiguous 

view of the complex value exchange and creation in the area of 

fast charging infrastructure in Germany (see Figure 6). The 

resulting view includes 21 Roles which Actors can fill and 29 

ValuePropositions which are offered by these Roles. The Value 

Delivery Exchange Diagram and the corresponding ontology 

allow for the deduction of the more detailed types of diagrams 

to support the operationalization of potential business models. 

In addition it facilitates several applications concerning analysis 

and development of business models. For instance, analyzing 

the Value Proposition Exchange Diagram and linking the Role 

‘CPO’ to Actors, namely the companies interviewed, a number 

of conclusions can be derived: 

- The Role is highly interconnected with other Roles and 

has a central position in the value network. 

- The coordination of several roles does create and add 

value. 

- Seven of the interviewed companies say that they fill in 

this Role and another four mentioned that they consider a 

company that fills this role as a strategic partner. 

- All companies from the Energy sector fill this Role 

- All except one company which fill the ‘CPO’ Role also 

fill at least one of the Roles directly related via a 

ValueProposition. 

Altogether we can conclude that the Role ‘CPO’ is an important 

Role in the value network and is highly competitive. Especially 

companies from the Energy sector claim this Role because they 

also fill some other closely-related Roles.

5.  DISCUSSION  

As shown above, VDML seeks to fill the gap between strategy 

and business processes, supporting the operationalization of 

business model ideas and innovation. The development of an 

ontology helps to create a common understanding between all 

parties involved in the design process and assists the 

operationalization of business models. This is of special 

importance for business modeling in industry sectors with high 

levels of uncertainty, the need of cross-industry collaboration, 

and a lack of common understanding, such as today’s electro 

mobility sector. The combination of these two concepts with the 

implementation of an abstract perspective on value creation 

including the subsequent linking of abstract Roles to Actors 

proved to be a very useful approach for analysis and business 

model innovation and creation.  
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As shown on the example of the Role ‘CPO’, Value Delivery 

Architecture Modeling creates transparency and disentangles 

complexity, facilitating several applications in the emergent 

market of fast charging infrastructure in Germany:  

- Creating an unambiguous perspective on how value is 

created including capabilities, key meta-processes and 

value contribution. 

- Precise positioning of the analyzed companies in this 

complex value creation network and facilitating an 

enhanced understanding of their value creation and impact 

on value. 

- Analyzing and comparing the business models of the 

companies described by the experts. 

- The possibility to develop new business model ideas 

including a precise positioning in the value creation 

network including the definition of useful partnerships. 

- Defining a collaboration model for value creation and 

business development for companies from different 

industry sectors, e.g. automotive, energy and electrical 

industry. 

Market analysis, abstraction, visualization in diagrams and 

textual description in an ontology take some preparation and 

development time. However, this front-loading results in 

distinctive advantages for business model innovation or creation 

for several reasons: First, these steps are a prerequisite to create 

a clear view on value creation including capabilities, key meta-

processes and value contribution in uncertain and complex 

business environments. Additionally, competitor analysis 

deepens the understanding of potentials and threats of business 

model ideas. Finally, the Value Proposition Exchange Diagram 

enables top management to make fast but informed decisions on 

potential business model innovation or creation while a possible 

operationalization is supported by the underlying views and 

diagrams. 

6.  CONCLUSION  

Based on the promising results of our study, we are confident 

that Value Delivery Architecture Modeling is valuable to 

researchers and practitioners. As the example above illustrates, 

VDAM can create transparency and clarity in complex value 

creation networks and thereby supports the description, 

development, and operationalization of business models within 

one integrated approach.  

Reflecting on the situation, we observe that the proposed 

VDAM approach is particularly well suited for complex value 

networks as they appear in the example of fast charging 

infrastructure in Germany with 21 business partners and the 

corresponding complexity. This emerging industry is 

characterized by the necessity of a high degree of cross- 

industry collaboration to create value in networks. A paradigm 

shift in such a highly interdependent environment requires a 

common understanding of value creation and collaboration and 

the approach can help to create such an understanding. 

Nonetheless, we are aware that the promising results of the 

application of the artifact VDAM need to be confirmed by 

future studies and research. Identifying additional opportunities 

and limitations will be of value to further validate and enhance 

VDAM. Therefore, and due to the novelty of VDML, we 

encourage additional application and validation in different 
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business sectors. Of particular interest are applications in areas 

of cross-system transformation or emerging industries, as they 

repeatedly occur in the current economic environment. 
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ABSTRACT 

 

Most research sees innovation as an explanatory factor in 

achieving high levels of competitiveness and productivity. 

Recent studies have begun to investigate the determinants of 

innovation in the services sector as opposed to the much-

discussed industrial sector. 

This research paper analyses the relationship between internal 

sources of innovation such as R&D activities and external 

sources that are improved by technology acquisition on the one 

hand, and technological innovation in the Colombian services 

sector on the other hand. We use data from the Colombian 

National Administrative Department of Statistics for the period 

2008 to 2013 published in the II and III Colombian National 

Innovation Survey. 

This paper is based on statistical applications, which present the 

existing relationship between inputs —internal and external 

sources of innovation, spillovers derived from the 

interrelationship between the organizations considered and their 

customers, their suppliers, their competitors and research 

institutions such as universities—, and outputs, which are 

basically the four kinds of innovations that the OECD Oslo 

Manual [1] recognizes: product, process, marketing and 

organizational innovations. 

The instrument used to measure this input output relationship is 

based on Knowledge Production Function approaches. 

 

Keywords: Product Innovation, Process Innovation, Marketing 

Innovation, Organizational Innovation, Determinants of 

Innovation, Services Sector, Colombia 

 

1.  INTRODUCTION 

 

Measurement of innovation, and its impacts, is one of the most 

important challenges that academics studying technical change 

have considered since Schumpeter pointed out [2] and [3] 

innovation as the source and determining factor of 

technological, cultural, and economical change. For this reason 

the identification and measurement of determinants of 

innovation has led to a study and an understanding of which 

variables can promote or hinder innovation. After Schumpeter’s 

theoretical start, many branches of the study of the 

measurement and identification of innovation determinants have 

shown strong developments. A fruitful theoretical legacy 

derived from the study of endogenous growth models that has 

led to a abundant production in order to measure innovation, its 

impact and its outcomes [4] and [5]. 

This paper finds out the identification of determinants of 

innovations in the Colombian Services Sector. The statistical 

data is collected from two different Colombian Innovation 

Surveys that were applied from the period between 2008 until 

2011 in 4,136 services establishments. These EDIT have been 

structured following the methodological rules suggested at Oslo 

Manual to collect and interpret innovation data.  

 

2. COLOMBIAN SERVICES SECTOR AND 

FREQUENCY OF INNOVATIONS 

 

The set of services sector firms considered in this paper show a 

distribution of frequencies -number of innovations-, distributed 

as Table 1 presents.  

 
Table 1 Different types of innovation in the Colombian Services Sector 

Source: DANE [6] 

ISIC 
Product 

Innovation 

Process 

Innovation 

Organizational 

Innovation 

Marketing 

Innovation 

Electricity, steam and hot 

water 
180 110 105 194 

Collection, and water 

distribution 
63 41 47 87 

Trade of cars 138 71 84 156 

Wholesale trade 640 220 179 331 

Retail trade 203 88 80 148 

Hotels, and restaurants 360 122 100 185 

Land transport  220 113 113 209 

Carriage by air 24 21 5 9 

Mail and 

telecommunications 
299 69 52 96 

Financial intermediation 461 57 49 91 

Computer and related 

activities 
585 170 163 301 

R&D services 687 57 76 141 

Education 1283 181 225 417 

Health services 1011 262 275 509 

Waste disposal and 

sanitation 
72 39 33 61 

Leisure, culture and sports 283 87 54 103 

Total 6509 1708 1640 3038 

 

It is possible to establish that Health Services, Education, R&D, 

Computer, Wholesale trade and Financial Intermediation are the 

ISIC sectors, which report the highest number of frequencies of 

the considered set of firms. Those six sectors of the sixteen 

considered, in all cases, explained more of the half of the total 

of all kinds of innovations. Product Innovation, which is 

followed by Marketing Innovation get the highest results. 

Displaying the same set of firms considering by size and 

belonging to high and low tech services sector leads to point out 

that the larger the firms the larger the amount of innovations, 

but also that always high tech firms show a better innovation 

performance. 
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Table 2 Different types of innovation in the Colombian Services Sector. 

A classification by size and innovation type 
Source: Author’s calculations 

 

 
 

3. INPUT OUTPUT RELATIONSHIPS OF 

DETERMINANTS OF INNOVATIONS IN THE 

COLOMBIAN SERVICES SECTOR  

 

This article follows the knowledge production function 

approach inspired by Crépon et al. [7], and basically using the 

equation proposed by Conte and Vivarelly [8]. 

Equation 1 describes the general specification adopted for the 

aggregate empirical test of this innovative input-output 

relationship: 

 

 𝐼𝑁𝑁𝑂𝑖 =∝1+ 𝛽1𝑅&𝐷𝑖 + 𝛽2𝑇𝐴𝑖 + 𝛽3𝑆𝐼𝑍𝐸 + 𝛽4𝑇𝐸𝐶𝐻𝑖 +
𝛽5𝐺𝑃𝑖 + 𝛽6𝐶𝑂𝑅𝐸𝑆𝑖 + 𝛽7𝐶𝑂𝐶𝑈𝑆𝑇𝑖 + 𝛽8𝐶𝑂𝑆𝑈𝑃𝑃𝑖 +

   𝛽9𝐶𝑂𝐶𝑂𝑀𝑃𝑖 + 𝜀𝑖       (1) 

 

To start it is necessary to determine whether a firm has made an 

innovation or not, we use the variable INNO which takes the 

value of 1 if a firm obtained or designed a new or improved a 

Product, a Process, an Organizational or a Marketing 

Innovation. The variable is valued as 0 if the firm does not have 

any kind of innovation. On the other hand, the explanatory 

variables describe the inputs, the resources that an innovative 

firm invests in the following dimensions: investment in R&D 

(RD), and Technology acquisition (TA): firm’s expenditure for 

embodied and external technology.  

Econometric estimations in this paper adopt some indicators 

such as further controls and explanatory variables such as 

Firm’s size SIZE; (TECH) level of technological development 

classified in high tech (HT) if the firm belongs to a high and 

medium level in ISIC sector following OECD [9] classification, 

and low tech (LT); Belonging to an Industrial Group (GP); 

Cooperation Agreements with Research Institutes (CORES); 

Cooperation with customers (COCUST); Cooperation with 

Suppliers (COSUPP); Cooperation with Competitors 

(COCOMPT).  

A Probit model is run taking into consideration equation 1.  

Table 3 summarizes the outcomes of coefficients considering 

basically the sign, which is an expression of the relationships 

between outputs and inputs, but also the significance level the 

model establishes among the considered variables. 

 
Table 3 Different types of innovation in the Colombian Services Sector. 

A classification by size and  

Source: Author’s calculations 

 Product Process Organizational Marketing 

R&D 
+ 

*** 

+ 

*** 

+ 

*** 

+ 

*** 

TA 
+ 

*** 
+ 

+ 

*** 

+ 

* 

SIZE 
+ 

** 

+ 

*** 

+ 

*** 
+ 

TECH 
+ 

*** 

_ 
+ 

_ 

*** 

GP 
+ 

** 

_ 
+ 

_ 

CORES + + + 
+ 

* 

COCUST 
+ 

*** 
+ 

+ 

** 
+ 

COSUPP + 
+ 

*** 
+ + 

COCOMP + 
+ 

** 

+ 

* 

+ 

** 

 

Aggregate Probit estimations show a positive and highly 

significant relationship between all kinds of innovation and 

both, R&D and TA with an outstanding exception for Process 

Innovation and TA. The aggregate estimations show a positive 

and highly significant relationship between all kinds of 

innovations and SIZE. In the relationships expressed between 

innovations and TECH the model finds positive relationships 

for Product and Organizational Innovations and negative 

relationships for Process and Marketing innovations. Spillovers 

expressed by co-operation agreements with research institutes 

(CORES), Cooperation with customers (COCUST); 

Cooperation with Suppliers (COSUPP); and Cooperation with 

Competitors (COCOMPT) yield in all considered cases a 

positive relationship with any type of innovation. 

 

4.  CONCLUSIONS 

 

This paper has discussed the determinants of innovative output 

by looking both at firms’ own formal R&D activities and at the 

acquisition of external technology —TA.  

Firm’s size and level of technological development turn out to 

be important discriminating factors for the description of the 

innovative process at the firm level.  

The model’s outcomes show a positive impact on the 

probability of introducing any kind of innovation both on R&D 

and TA investment.  

Also the cooperation agreements with the customer, the 

research institutes, the competitors and the suppliers are 

significant.  

Belonging to a particular industrial group is an important 

determinant of product and organizational innovation.  
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ABSTRACT 
 

This paper explores the intersection of Joseph 
Schumpeter’s [24] work, the three I’s, and LMR, 
grounded in cybernetics, informatics, and 
Academic Globalization. As Innovation and 
Entrepreneurship represent a new theme for this 
conference, which has historically emanated from 
Cybernetics and Informatics, this paper addresses 
the cornerstones of this new topic: Creative 
Destruction and Invention, Innovation and 
Imitation. Cross-cultural instruments serve as a 
vehicle for explaining innovation and 
entrepreneurship, and the challenges in pursuit of 
academic globalization. 
 
Revolutionary or evolutionary, it is innovation that 
ignites its precursor, Invention, and yields its 
inevitable consequence, Imitation. Creative 
Destruction enables this life-cycle, through the 
Linear-active, Multi-active, and Reactive (LMR) 
framework, which represents invention, which 
then fosters cross-cultural communication, i.e. 
innovation. Imitation is represented through 
competing explanations of cross-cultural 
communication, which concludes this cycle. 
Entrepreneurship is linked to this cycle through 
innovation, and importantly to cybernetics and 
informatics through positive feedback loops.   

 
INTRODUCTION 

 
Entrepreneurship and innovation are the currency 
of strategic management. These are reciprocal 
entities, with interchangeable cause and effect 
relationships. Like yin and yang, or 
entrepreneurship and innovation, cybernetics and 
informatics are iterative, interrelated, interacting, 
and interchanging systems.  
 
The theoretical framework of cybernetics was 
collaboratively developed by an interdisciplinary 

group of researchers, including a 
biologist/ecologist (Gregory Bateson), a social 
scientist (Margaret Mead), and a mathematician 
(Norbert Wiener) during the 1940s Macy 
Conferences (New York City). In 1948, 
cybernetics was defined by Norbert Wiener as "the 
scientific study of control and communication in 
the animal and the machine." The word 
cybernetics originates from the Greek word 
κυβερνητική (kybernetike), meaning "governance". 
Feedback loops are key to cybernetic theory, 
where the nature of the connection between each 
process determines whether it is a positive or 
negative feedback relationship [27]. 
 
As an interdisciplinary field, contemporary 
cybernetics links disciplines such as: anthropology, 
psychology, neuroscience, evolutionary biology, 
logic modeling, electrical network theory, and 
mechanical engineering. During the latter half of 
the 20th century, Cybernetics evolved by 
differentiating first-order cybernetics (observed 
systems), second-order cybernetics (observing 
systems), and third-order cybernetics (integrating 
first & second-order) [15].  
 
From Plato, who used cybernetics to describe the 
governance of people in The Alcibiades, to 
James Watt’s steam engine, where the engine 
speed  was controlled by a governor, i.e. a 
feedback valve, to Bell Telephone Laboratories, 
where engineer Harold Black controlled amplifiers 
through negative feedback systems, to Ludwig 
von Bertalanffy’s work in General Systems 
Theory, to W. Edwards Deming, best known for 
his work in Total Quality Management, leveraged 
Understanding Systems as a cornerstone of 
Profound Knowledge in his The New Economics 
book, to Weiner, who not only coined the term, but 
explored its social implications in The Human Use 
of Human Beings: Cybernetics and Society 
[15]. 
 
More recently, classical thinking has transitioned 
cybernetics from systems being governed, to 
systems governing, to communication and 
governance between systems, to a revitalized 
interest in cybernetics through game theory, 
feedback systems in evolution, and the study of 
metamaterials (beyond Newtonian properties). 
Still, the regulation and communication pillars 
remain. Even political/economic systems embrace 
cybernetics, for example, computer scientists Paul 
Cockshott and Allin Cottrell have proposed a 
socialist application in a New Socialism, where 
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computers manage resource allocation for 
socially-owned entities [15]. 
From the beginning, multiple definitions and 
themes have existed since inception. Initially there 
was circular causality, which is captured 
cybernetics through technology, i.e. computation, 
regulation and control theories. Another emergent 
theme, emanating from human and social 
concerns, and underscoring epistemology, has 
highlighted self-reference theories, focusing on 
autonomy, identity, and purpose. Other themes 
include studying humans, humans and their 
environment, systems that we observe, systems 
that observe us, relationship modeling for 
measurable variables, and relationship modeling 
for social systems.  Early cybernetics work studied 
how to control systems, with more recent work 
focusing on systems organizing and controlling 
themselves. Cybernetics has permeated across 
centuries and disciplines [3]. 
  
Grounded in science and engineering, informatics 
refers to computer hardware, software, and 
communications [6]. The origin of informatics 
started in France (1962), where a software 
company called Societe pour L’Informatique et 
Applique (SIA) was started. The primary founder 
was a French information system/software 
pioneer, Philippe Dreyfus, who coined the term 
informatics from a combination of “information” 
and “automatic.” At the same time in the U.S., 
Walter F. Bauer founded a company named 
Informatics. When the Association for Computing 
Machinery (ACM) requested permission to change 
their name to Society for Informatics, Bauer 
denied their request [23].   
 
The evolution of computer technology from the 
1950’s to 1990’s has been profound, progressing 
from vacuum tubes, to the transistor and the 
microprocessor chip, to ultimately integrated 
silicon chips. A commensurate progression has 
taken place in programming, from onerous 
machine languages to proficient, application-
oriented languages. Communication has evolved 
from simple copper wire to fiber optic cable in 
computer-linked networks [6]. The term 
“informatics” has been widely used from medical 
informatics, nursing informatics, legal informatics, 
chemical informatics, and bioinformatics, to 
mention a few [23].   
 
Most relevant to innovation and entrepreneurship 
is the notion of feedback loops. In an open system, 
if increased output from a system results in a 
diminishing effect, then this is a negative 

feedback relationship. By contrast, an amplifying 
effect would constitute a positive feedback loop. 
Negative feedback has a stabilizing effect, such as 
blood pressure stabilization, while positive 
feedback has synergistic, amplified effects, such 
fruit ripening, and at times even creating instability, 
such as a bank run or stampede. 
  
Considering that innovation and entrepreneurship 
are non-linear models, coupled with the following 
model depicted the WMSCI 2015 conference 
guidelines [26], this paper proposes that the 
reciprocal link between "Entrepreneurship and 
Innovation" on one hand and "Cybernetics and 
Informatics" on the other, are positive feedback 
loops, which may be manifested via the Linear-
active, Multi-active, and Reactive (LMR) 
framework. LMR is a cross-cultural cybernetic 
system, which fosters innovation and 
entrepreneurship, with links to cybernetics and 
informatics. 
 

 
 

 
 
Source: Symposium on Innovation and 
Entrepreneurship and their relationships with 
Cybernetics and Informatics (2015) 
 
Focusing on the other side of the equation, 
entrepreneurship is the exploitation of profitable 
opportunities. An entrepreneur is proactive, 
optimistic, committed to innovation, and embraces 

risk. Moreover, innovation is the “specific function 

of entrepreneurship”. It is “the means by which the 
entrepreneur either creates new wealth-producing 
resources or endows existing resources with 
enhanced potential for creating wealth” [7].  
 
Joseph Schumpeter’s [24] creative destruction 
is the underpinning for entrepreneurship. In order 
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to create a new good or service, the current good 

or service must be replaced. The changing 

competitive landscape requires firms to innovate 
regularly. Entrepreneurship and innovation are 
reciprocal relationships. 
 
There are three important I’s to discuss here [24]. 
 

Invention is the creation of something new. 
Innovation is bringing something new into use. 
Imitation is the adoption of an innovation by 
another firm. 
 

Enter the Linear-active, Multi-active, and Reactive 
(LMR) framework. 

 
ICE PROVENANCE 

 
ICE emerged from another cross-cultural 
assessment tool, Cultureactive when from a 
research perspective, validity and reliability issues 
became increasingly paramount. Grounded in his 
forty-plus years of cross-cultural consulting, 
Richard Lewis, who authored When Cultures 
Collide [17] and The Cultural Imperative [18], was 
challenged to explain national, international and 
transnational business cultures. Poignantly, he 
conceived the LMR framework, which gave birth 
to Cultureactive and later, ICE [32].  
 
The 1980s propelled an acute demand for cross-
cultural instruction, and Richard Lewis, a 
consultant, was approached repeatedly by multi-
national clients for a new and practical 
cultural/national classification system. For years, 
cross-culturalists had grappled with the problem of 
summarizing or simplifying national 
characteristics. Richard Lewis invented a simple 
yet comprehensive cultural classification scheme, 
according to the three categories, comprising the 
LMR framework [17] & [18]. 

 
Linear-actives 
Cultures which are task-oriented, plan, organize, 
schedule and pursue one thing at a time (e.g. 
Germans, Swiss).  

 
Multi-actives  
Cultures which are lively, loquacious, multitask, 
prioritize according to the importance or thrill of the 
event (e.g. Italians, Latin Americans, and Arabs).  

 
Reactives 
Cultures that prioritize courtesy and respect, listen 
quietly, and react carefully to proposals (e.g. 
Chinese, Japanese and Finns).  

The provenance of Cultureactive and ICE are 
chronicled in more detail in an earlier paper [32]. 
ICE is a collaborative initiative between the 
Fuqua School of Business, Duke CIBER, 
Richard Lewis Communications, and 
Cultureactive.com. Cultureactive and ICE are 
web-based products that teach cross-cultural 
awareness in business settings by focusing on 
individual cultural profiles which are then 
compared to national profiles using the LMR 
constructs. Participants may analyze personal 
assessments, team results and national cultural 
profiles.  
 
Known as the ABC research team, Adair, Buchan 
and Chen [1] & [2] capitalized upon both Hall’s [11] 
low context/high context communication tool and 
Triandis’ [30] model of subjective culture to result 
in the theoretical underpinnings for ICE. The 
conceptual reconfiguration leveraged the works of 
Trompenaars [31], Holtgraves [14], Hampden-
Turner [31], Thomas and Kilman [28], Yamagishi 
[33], and Bearden, Money and Nevins [4] in the 
evolution from the experientially-based 
Cultureactive to the theoretically-based ICE. 
 
The contribution of this paper is the LMR linkage 
to innovation and entrepreneurship, as it relates 
to cybernetics and informatics. The LMR trilogy 
parallels the three I’s, invention, innovation and 
imitation, such that cybernetics and informatics 
are part of the positive feedback loop. The 
simplicity of Linear-active, Multi-active, and 
Reactive constructs trump prior theoretical 
frameworks for studying cultural differences, 
which have included the Kluckhohn-Strodtbeck 
[12], Trompenaars and Hampden-Turner [31], 
and most notably, Hofstede [13]. The LMR 
positive feedback loop is the intersection of this 
synergistic relationship. 

 
CYBERNETIC RELATIONSHIP 
(Communication & Control): 
ENTREPRENEURSHIP AND 

INNOVATION/CYBERNETICS AND 
INFORMATICS 

 
The struggle to create a more perfect 
understanding of national characteristics, parallels 
the invention-innovation-imitation cycle. The 
cause and effect relationship between innovation 
and entrepreneurship is readily apparent, as is the 
parallel relationship between cybernetics and 
informatics. The key to this discussion is that the 
cybernetic and informatic loops are positive rather 
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than negative. Negative feedback loops would 
simply have a stabilizing effect. Positive feedback 
loops, however, introduce risk, synergism, and 
volatility, the essence of entrepreneurship. The 
focus of the LMR model is communication, which 
is often the impediment between cultures, and 
commensurately a key consideration in 
globalization. As such, the LMR model acts as a 
conduit for highlighting the positive feedback loop 
mechanism, by focusing on the commonalities 
among the LMR horizons (depicted below). 
 
Capitalizing on the LMR framework and 
integrating the basic components of innovation 
and entrepreneurship, with cybernetics and 
informatics, the following emerges, which is 
symbolic of interdisciplinary communication: 
 
Creative Destruction: LMR Framework 
(Replacing earlier paradigms, e.g. natural 
economic selection) 

 
 
    ENTREPRENEURSHIP & INNOVATION 
       (RECIPROCAL RELATIONSHIP) 
 

 
                              
                               PLUS 
 
         CYBERNETICS & INFORMATICS 
          (RECIPROCAL RELATIONSHIP) 
 

 
 
                           EQUALS 
 
        POSITIVE FEEDBACK LOOPS 
   (COMMONALITIES- e.g. DIAMONDS) 
 

 
 

 
 

 
 
 

 

CYBERNETICS INFORMATICS
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CONCLUSION 
 
This paper has explored the intersection of 
Joseph Schumpeter’s work, the three I’s, and 
LMR, grounded in cybernetics, informatics, and 
Academic Globalization. Creative Destruction 
enables the life-cycle for Invention, Innovation and 
Imitation, i.e. the three I’s. This paper has 
proposed that the Linear-active, Multi-active, and 
Reactive constructs serve as multidisciplinary, 
interdisciplinary, and inter-cultural dimensions for 
innovation and entrepreneurship, while in the 
context of academic globalization.  
 
This cross-cultural instrument cycles through the 
invention, innovation and imitation stages, with 
creative destruction enabling the new to replace 
the old, similar to a form of Natural Economic 
Selection. The LMR framework serves as a 
powerful driver for positive feedback loops, which 
are critical in explaining the link between 
entrepreneurship and innovation, and the 
challenges in pursuit of academic globalization. 
Both types of feedback are pivotal in cybernetic 
systems, however, when related to 
entrepreneurship and innovation, only positive 
feedback loops create the entropy required for a 
rich relationship between entrepreneurship and 
innovation and commensurately, between 
cybernetics and informatics. 
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Abstract 

Academic performance is a critical factor 

considering that poor academic performance is 

often associated with a high attrition rate. This has 

been observed in subjects of Algorithms and Data 

Structures of Information Systems Engineering 

career (ISI) of the National Technological 

University, Resistencia Regional Faculty (UTN-

FRRe), situated in Resistencia city, province of 

Chaco, Argentine, where the poor academic 

performance is observed at very high rates 

(between 60% and about 80% in recent years). In 

this paper, we propose the use of data mining 

techniques on performance information for 

students of the subject mentioned, in order to 

characterize the profiles of successful students 

(good academic performance) and those that are 

not (poor performance). This article describes the 

data models and data mining used and the main 

results are also commented.  

Keywords: academic performance profiles; data 

warehouses; data mining, knowledge discovery in 

databases.  

1 Introduction 

Clearly, academic performance is a critical factor 

take into account that, frequently, 

underachievement is associated with a high 

dropout rate. This is precisely what has been 

repeatedly observed in subjects of the first level 

of the Engineering in Information Systems career 

(ISI) of the National Technological University 

Resistencia Regional Faculty (UTN-FRRe), 

located in the city of Resistencia, Chaco province, 

Argentine, including Algorithms and Data 

Structures where underachievement is observed at 

very high rates (between 60% and 80% in recent 

years). 

Specifically, academic performance is defined as 

the productivity of the individual, qualified by 

their activities, features and more or less correct 

perception of the assigned tasks [1]. Academic 

performance is affected by a multitude of 

heterogeneous factors (internal and external) that 

influence student performance. Profiling is a 

widespread activity in many areas, and it is 

analogous to the process of identifying and 

classifying patterns. The information is organized 

in large data warehouses (DW) that, after pre-

cleaning, it is analyzed by algorithms that perform 

data mining (DM). 

In this paper, we propose the use of DM 

techniques on information about student 

performance of the Algorithms and Data 

Structures professorship, in Information Systems 

Engineering career that is dictated in the 

Resistencia Regional Faculty at the National 

Technological University (Chaco, Argentine). 

This article is structured as follows: in Section 2 

are detailed concepts and works related to the 

measurement of academic performance. The 

concepts related to DW and DM are presented in 

Section 3. In Section 4 are described the scope of 

the proposal and the model used. In Section 5 the 

results are shown. Finally, in Section 6 some 

conclusions are presented in relation to the work 

done. 

2 Academic Performance 

There are several ways to assess student 

achievement. In general, it involves determining 
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the actual production of a student regarding 

formal activities. Another way is to use indicators 

such as graduation rates, differentiated by types of 

institutions and analyzing student achievement 

from individual data [2] or through entry 

qualifications to university, performing the 

analysis of data using the statistical technique of 

ROC (Receiver Operating Characteristic) curve 

[3]. The cognitive aspects were the basis of the 

early research on the learning process; after 

researchers discovered the importance of 

affective components and their decisive influence 

on learning [4]. 

It has been shown in several studies that the most 

related factor to educational quality are the 

students themselves, measured by household 

socioeconomic status where they come from [5] 

and it has shown that students productivity is 

higher for women, for younger students and those 

from households with more educated parents [6], 

having great importance the relationship between 

hours worked and academic performance [7]. 

It has also been shown that variables such as study 

planning, intelligence, teacher support, study, 

time, environmental conditions of study, and 

involvement were part of the prediction equation 

of multiple regressions, which explain 25.70% of 

variance of academic performance in high school 

[8]. The diversity of studies on academic 

performance shows that there is no single way to 

evaluate it. Moreover, problems can vary 

depending on the regional context and the social 

reality in which the student is inserted. This 

clearly indicates the need to identify profiles in 

specific educational institutions by adapting the 

tools to each particular situation.  

3 Data Handling 

The correct data organization added to a suitable 

model of managing them, can provide a clear 

view of the drawbacks in the performance of 

students. In this sense, there are tools in the area 

of Artificial Intelligence, specifically to the 

Business Intelligence (BI), such as Data 
Warehouses (DW) and Data Mining (DM), used 

to discover hidden knowledge in large volumes of 

data that can be used to determine patterns and 

profiles properly. 

A DW is a collection of data-oriented topics, 

integrated, nonvolatile, time variant, which is 

used to support the process of managerial decision 

making [9] [10] [11] [12]. 

The methodologies to be followed for the 

development of DW depend largely on the size of 

DW to create and the promptness with which the 

DW is required [13] [14]. 

DM is the stage of knowledge discovery in 

databases (KDD). It is the consistent use of 

specific algorithms that generates a list of patterns 

from pre-processed data [15] [16] [17]. DM is 

closely linked to the DW since they provide 

historical information with which mining 

algorithms obtain the information needed for 

decision-making [18]. It also allows extracting 

patterns and trends to predict future behavior [19] 

[20]. Using DM, descriptive and predictive 

models can be generated [21] [22]. 

Currently there are several DM methodologies; 

the most widespread are the CRISP-DM and 

SEMMA [23] [24]. With these methodologies we 

try to explain the behavior of certain variables and 

to identify relevant issues within the academic 

performance. More detailed description can be 

seen in [25]. 

In this context, it is considered as academic 

performance, the results achieved in the 

assessments made during the course completed in 

2013 (loading, filtering and information 

processing was performed in 2014). Low, 

medium, and high student profiles of achievement 

were searched using data mining on a data 

warehouse. 

In similar work [26], it was proposed a model of 

data analysis that integrates academic and 

contextual information.  

As it was mentioned in the previous section, the 

overall objective was to determine the variables 

that explain the unequal academic performance. 

To achieve this, the following activities are 

performed: a) gather information on the current 

situation regarding the academic performance of 
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students, b) filter and debug information in the 

current databases, c) establish the relevant 

variables to describe the situation under study, d) 

determine how it affects each of the variables that 

were set to assess the situation of the student, e) 

determine how it affects each of the variables that 

were set to evaluate the academic context, f) 

establish actions aimed at improving indices 

academic performance of students. 

Using the User-Driven technique we have 

pursued to determine performance profiles (low, 

medium and high) based on the results obtained 

by students in assessments, and then, 

relationships and correlations were look for 

among the variables mentioned in the previous 

section. 

In the first instance, the information for the 

students was taken from the database of the 

academic system, from which the specific data of 

students and their grades were extracted, those 

that were considered as indicators of academic 

performance. Data under the socio-economic 

situation of the student and his family, as well as 

attitudinal aspects regarding the study and ICT 

were collected through a survey using a system of 

forms in an application online. This information 

was preprocessed, making a cleanup of 

inconsistent and missing data. The universe was 

made up of students able to study the subject in 

2013 (we are working on the reporting burden of 

the course of 2014 and previous years, about 300 

students per year) and the unit of analysis was 

each of those students.  

DW structure, as it is shown in Figure 1, consists 

of a fact table and several dimension tables. The 

fact table includes specific student information 

and academic performance, while the dimension 

tables contain information that makes the 

description of socio-economic background of the 

student and family, their academic background in 

high school, and their attitude towards study and 

towards ICT. 

The scheme of work was similar to described in 

[27], adapted to the particularities of the UTN - 

FRRe. The developed actions are indicated in the 

following section, where DM processes 

performed are commented, and also the main 

results obtained. 

 

Figure 1.  DW model used. 

5 Detection of Academic Performance 

Profiles 

The work done was divided into several stages 

such as selection, purification and data 

preparation, data mining, description of the 

results, which are explained below. 

The selecting stage is characterized by the 

following. At this stage, different sources of 

information were selected which served as the 

basis for data mining stage. As a source of internal 

information, it was used the information from the 

corporate and professorship database, where the 

qualifications of the partial exams of students and 

their condition at the end of the completed study 

(Free, Regular, Promoted) are stored. To obtain 

external information was decisive direct 

participation of the student, because it was 

necessary to know information about personal 

issues that could not be achieved otherwise. 

Academic, socioeconomic and attitudinal data 

obtained in the above manner were used for the 

construction of DW which is then used for data 

mining processes. 

The stage of purification and data preparation 

explained below. 

The quality of the patterns obtained with data 

mining is directly proportional to the quality of 
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the data used [28]. Based on this, the objective of 

this stage was the detection, correction, and 

removal of anomalous data. 

Once refined information obtained by each 

student, we proceeded to the manual loading of 

qualifications corresponding to the three 

midterms, examination recovery and the final 

condition of the student at the end of the course. 

As a final activity at this stage, and with full 

information, we proceeded to load DW. At the 

end of the process and before starting the next 

phase, 242 records were available. 

The stage of data mining explained below. At this 

stage, it was selected DM techniques to use, 

creating corresponding mining flows, in which, 

the respective algorithms are parameterized. At 

first, we have started with the supervised 

classification technique with decision trees. 

The analysis of the results was based on 

consideration as mining parameter the variable 

related to the final situation of the student, which 

reflects their status in the matter at the close of 

school term. It was considered as Free students, 

those that not approved neither midterms nor tests 

to recover; Regular, who managed to approve 3 

exams (by retrieving them or not) with greater 

than or equal to 60% note, but did not reach at 

least 75% in all cases. Finally, the students in the 

Promoted state are those who approved all partial 

greater than or equal to 75% note. 

Taking into account the above, we have obtained 

the following results: 81.42% of students in Free 

condition, 10.62% as Regular student, and only 

7.96% as Promoted student. Thus, and always by 

basing the analysis according to Status parameter, 

it was considered different criteria for grouping 

data for the description of classes: dependence of 

secondary school, number of hours dedicated to 

the study, importance given to study, academic 

level of their mother, academic level of their 

father and use of ICT. 

Finally, it is important to refer to the overall 

quality of the model used to classify the Final 

Status Student, which turned out to be 0.944, 

meaning that when estimating the situation based 

on the variables considered in the model, the 

estimate is correct in 94.4% of cases. 

6 Conclusions 

The processes of educational data mining made 

have produced a considerable volume of 

information, whose detailed study will consume a 

considerable amount of time, not only to the 

members of the research project but other areas 

since, as it is supposed, academic performance is 

influenced by socioeconomic and cultural 

background of the students and attitudinal aspects 

of them regarding the study and use of ICT.  

In the following comments are considered high 

academic performance to that achieved by 

students with final status of promoted, medium 

performance to students with situation of regular, 

and performance low, the situation of students 

with free; at the same time it will be considered 

academic success to high and medium 

performance; and academic failure to low 

performance.  

Considering the type of secondary school from 

which students come, it was observed that for all 

categories of academic achievement most 

students come from School of Provincial and 

Municipal level, but with significant differences 

in the percentages as, high academic 

performance: 78%, middle 67%, and low 61%. 

The highest percentage of participation of schools 

Provincial and Municipal level (State) falls under 

the category of higher academic performance. 

In the face of the amount of hours per week that 

students devoted to the study was observed that 

56% of those who have high academic 

performance have spent more than 20 hours per 

week to study, this percentage drops to 50% for 

the medium academic performance and 46% for 

poor academic performance. This indicates a 

direct relationship between the dedication to 

study and academic success. 

Considering the importance that students give the 

study was observed that 89% of those who have 

high academic achievement have given more 
importance to study than fun. This percentage 

drops to 50% for the medium academic 
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performance and 64% for poor academic 

performance. This indicates a relationship 

between academic success and the importance 

given to the study before the fun.  

In consideration of recent studies of the mother 

(the highest level), it was observed that 22% of 

those who have high academic performance have 

mothers with postgraduate studies, this 

percentage is reduced to 7% for poor academic 

performance, being 7.08% for the total 

population. In addition, 33% of those who had a 

high academic performance are children of 

mothers with completed university studies, this 

percentage decreases to 25% for the medium 

academic performance and 17% for poor 

academic performance. This indicates a 

relationship between academic success and the 

level of education achieved by the mother. 

Considering recent studies of the father (the 

highest level), it was observed that 11% of those 

who have high academic performance have 

parents with graduate studies, this percentage is 

reduced to 1% for poor academic performance, 

being 1.77% for the total population. In addition, 

44% of those who had a high academic 

performance are children of parents with 

completed university studies, this percentage 

decreases to 25% for the medium academic 

performance and 21% for poor academic 

performance. This indicates a relationship 

between academic achievement and educational 

level achieved by the father.  

Taking into account the views of students on the 

use of ICT it was observed that 56% of those who 

had a high academic achievement felt that it 

facilitates the learning process, this percentage is 

reduced to 50% for the medium academic 

performance, being 53% for poor. In addition, 

33% of those who have high academic 

performance considered that the domain of ICT 

for professional practice will be essential; this 

percentage rises to 42% for medium and low 

academic performance. This would indicate that 

most students with higher academic performance 

would be concentrated more on the teaching – 

learning than in the possible future exercise of the 

profession.  

Clearly, the model presented in this paper is 

suitable for the determination of profiles and 

constitutes a valid tool for academic management.  
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