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GENERAL DESCRIPTION OF WORK  

Topicality of the subject 

There are biologic systems that are intensively researched and the information 
characterising their operation usually is sufficient for the development of the control 
system to control them. Examples of such systems are a man in the context of healthcare 
or other biological systems, which have undergone intense research. 

The biological systems whose research has not been so extensive due to different 
reasons, economic and technical reasons being among them, are on the opposite side and 
the logical result is the cases of unsuccessful control of the biological systems: 
paludification of meadows due to unsuccessful melioration, changes of the number of 
fish due to changes in the food circumstances, unexpected consequences of the control of 
the forests, pest control, improvement of bee wintering results (application example) etc. 

At the same time there is growing demand for useful and efficient control of the 
biological systems under the conditions of rapid development of computer technology. It 
especially refers to such industries as agriculture, food processing, biotechnology and 
pharmacy. 

In this paper problematic of multiobject biological systems computer control is 
analysed under circumstances of insufficient information. The multiobject biological 
system is the aggregate of many biological objects of one kind, what is explored as one 
system, instead of every individual separately. 

During last years a new agricultural industry has been defined - Precision 
Agriculture (PA) (Laurs, 2004, Vilde et al., 2004, Domeika and Kurlavicius, 2004), 
which is based upon the computer control of the agricultural processes extending even to 
the individual control over the animals and plants depending on their conditions and the 
defined goals of the control. 

The unsuccessful examples of the control systems of the biological systems despite 
the rapidly growing possibilities of the computer technology prove that insufficient and 
incomplete methodology of the development of computer control becomes the factor 
disturbing the development of the computer control of the biological systems. 

In the development of the computer control itself the weak link is insufficient 
methodology base in the meaning of the operation of biological systems and their 
simulation. This can be especially seen in the case of multiparameter control with 
insufficient information on the object. Insufficient understanding of the processes taking 
place in the biological system leads to the development of unsuitable computer system. 

The simulation of biological system problems from the system control viewpoint is 
related to several problems and these are the problems not characteristic of the technical 
systems. In the case of the biological systems there is no unambiguous information on 
the principles of the construction, relations of causes - consequences and interaction with 
the environment because this system has not been constructed by a man for particular 
targets by the means selected by a man. This factor restricts the possibilities of 
application of the simulation methods of the technical systems. 



Besides that the analysis of stability during transition processes widely applied in 
the control systems of the technical systems has not been adapted until now for the 
peculiarities of the control of the biological systems. Control of the biological system 
means the modification of the parameters of the environment where it is located. And the 
biological system reacts to any deviation in the environment parameters as the biological 
control system to compensate the changes taking place. Thus there is a task of balancing 
two control systems: one control system (usually several mutually linked loops) is the 
biological control system (BCS) of the biological system itself, and the other control 
system is the artificial control system (ACS) which has been created by a man for the 
control of the first one. Consequently also the analysis of the transition processes is 
required. 

The present Paper is devoted to the methodology of the development of the 
computer control for the biological systems. 

The goal and tasks of the Paper 

The goal of the Paper is to create the methodology for the development of the 
computer control for the multiobject biological system under the conditions of 
incomplete information on the regularity of the operation of the biological system. 
Methodology has to provide the correspondence of control system to the criteria of 
efficiency and harmlessness. 

The goal of the Paper shall be reached by performing the following tasks: 
1. To develop the methodology for the development of a static and dynamic model of 

the BCS of multiobject biological system and to demonstrate the example of 
application of the methodology. 

2. To develop the methodology of the development of the ACS of the multiobject 
biological system including the determination of the percentage of the ACS loop, 
which is optimal based upon the efficiency criteria. To demonstrate the example of 
the application of the methodology. 

3. To develop the methodology for ensuring the harmlessness of the collaboration of 
BCS and ACS (competition of the two control loops), taking into account the 
dynamics of the transition processes. To demonstrate the example of the application 
of the methodology. 

4. To develop the proposals for efficient wintering of bees in the conditions of Latvia 
(the application example). 

Research methodology 

The topological simulation methods have been applied for the simulation of the 
multiobject biological system. 

The surveys of experts and "brainstorming" experiments have been used for 
obtaining the necessary information for the development of the model and testing. 

The dynamic model of the biological system has been developed with the software 
package Powersim Constructor 2.51 (POWERSIM, Internet) linking it to Microsoft Excel 
software for the purpose of the data exchange. 



The data necessary for the verification of the biological system have been obtained 
on the field experiments. The verification has been performed by means of the software 
package Powersim Solver 2.0 (POWERSIM, Internet) where genetic algorithms have 
been used. 

The efficiency of the computer control has been evaluated based upon several 
criteria of efficiency applying the method of "fair compromise". 

The harmlessness of the collaboration of the biological system and the computer 
control has been simulated by the software package Powersim Constructor 2.51. 

Scientific novelty 

The obtained methodology for the first time describes the methodology of the 
development of the multiparameter computer control compliant to the criteria of 
efficiency and harmlessness for multiobject biological systems under the conditions of 
insufficient information including the analysis of the dynamics of the transitional 
processes. 

Several  original  solutions  have  been  applied  in  the  algorithms  describing  the 
methodology: 
- methodology and algorithm of the development and verification of the model of BCS 

in the dynamics, 
- methodology  and  algorithm  of the  development  of ACS   and  its  optimisation 

accordingly to efficiency criteria, 
- methodology and algorithm of analysis of the harmlessness of the collaboration 

between two control loops - BCS and ACS. 
- application  of the  incidence  matrix  and  the  topological  model  as  a  type  for 

information depiction in the process of obtaining information from the experts, 
- the application of the topological model of the biologic system and homomorph 

transfer of its to Powersim Constructor 2.51 dynamic simulation package, 
- multiparameters dynamic model of the biological system with the software Powersim 

Constructor 2.51 and verification with Powersim Solver 2.0 software package, 
- analysis  of the  harmlessness  of the  cooperation  between  two  control  loops  -

biological and artificial. 

Main results 

Methodology and its algorithms for the development of the computer control for the 
multiobject biological system under the conditions of incomplete information on the 
regularity of the operation of the biological system is developed. Methodology provides 
the correspondence of control system to the criteria of efficiency and harmlessness. 

The following tasks have been fulfilled:  
1.  The methodology for the development of the static and dynamic model of the 

multiobject  biological   system  has   been  developed  and  demonstrated   with  the 
application sample. 



The structure of the model has been presented in the form of the topology model. 
Following the implementation of the functional relationships the model of the 
biologic system is verified by means of tests performed in the nature. 

2. The methodology for the development of the model of target-orientated computer 
control of the multiobject biological system has been developed and presented by the 
application sample. The methodology includes the determination of the percentage of 
the ACS loop, which is optimal based upon the efficiency criteria. 

Methodology is demonstrated by developing of ACS model, which reach the set of 
targets and satisfies efficiency criteria's. 

3. The methodology for the provision of the harmlessness of the collaboration of the 
BCS and ACS (competition of two control loops) has been developed. Methodology 
is demonstrated by development of the incorporated model of BCS and ACS for 
harmlessness analysis. 

The harmlessness of the transfer processes under the dynamic conditions is tested in 
the situations when parameters change with the highest speed and the fluctuations in 
the transitional process reach their maximum values. 

4. The recommendations for rational bee wintering in the conditions of Latvia have been 
developed. BCS and ACS models are created. 

Under the conditions of Latvia wintering 100 bee hives it is efficient to do it in bee 
wintering building equipped with the regulating ventilation system (capacity - 1710 
m3/h) and regulating heating system (capacity - 1000 W) with the condition that the 
heat transfer rate of the wintering building C=50 W/°C. In such a case the expected 
average profit is expected to be 634 Ls per year compared to the bees wintered 
outdoors. The calculations have been made for the depreciation period of 5 years. 

The developed models of bee wintering do not have analogue in the world. They 
can be used not only in practice, but also for training and study processes. 

Simulation software allows easy change of parameters of control system and 
environment to simulate different wintering building and climatic parameters. 

Practical value of the Paper 

1. The established methodology of the development of the computer control for the 
biological systems can be applied in practice because the area of its application per the 
types of the biological systems is very wide and the methodology pays special attention 
to the conditions of insufficient information. That is very often the case in practice. 
2. The described principles of the establishment of the model of the biological system can 
be applied in practice for solving the forecasting tasks also without the implementation of 
the control system. 
3. The comparatively low costs of software increase the availability of the methodology. 
4. The results obtained in the Paper can be used in the process of training and study in the 
computer control and natural sciences study programs. 
5. The presented sample of application for improving the bee wintering in the conditions 
of Latvia can be used in practice because it contains all the necessary information for the 
implementation of the control in practice. The data can be used also for the optimisation 
of apiary structure throughout the year cycle. 
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Contents of the Paper 

Section One (Introduction). The peculiarities of the biological systems are analysed 
drawing the comparison to the technical systems from the viewpoint of developing the 
computer control. 

The approaches to the simulation of the biological systems found in the literature are 
quite specific and focused on particular directions because the term of simulation in the 
biology is very wide (Modeli, 1966; Antamonov, 1977, Lisenkov, 1979; Renshaw, 1995). 
In the literature no methodology or algorithms of the simulation or research of the 
biological systems from the viewpoint of the control of the biological systems and 
transitional processes have been found. 

The solution of the task has been split in three parts to be executed in sequence: 
1) the methodology for the establishment of the BCS model, 
2) the methodology for the establishment of the optimised ACS, 
3) the methodology for the coordination of the operation of the BCS and ACS. 

As an application sample of methodology the improvement of bee wintering in 
Latvian circumstances is used. 



Section Two. (The methodology for the development of model of the biological 
control system (BCS).) The operation of the set of the parameters B of the biological 
system existent in the nature under the conditions of set of environmental parameters V 
can be described in the form of the model 

Mb=Fb(b1,...bk,...bK; v,,...,vs,...vS; t), (1) 
bk∈B,  vs∈V,  B∩ V=0, 

where b1,...bk - the variables characterising the biological system (internal control 
loop) belong to the set of the parameters B of the biological system,  

v1...vs - the variables characterising the environment, belong to the set of the 
parameters V characterising the environment,  

t - time. 
 
Reproduction and metabolism is a common feature of all the biological systems. The 

description of these processes can be used as the initial point for the simulation when the 
biological system is viewed in totality as a population. 

When a process within the biological system or its part is viewed, the food, energy, 
heat, time or other balance can be used as the initial data. These can be viewed 
independently of each other or in relation. 

As it is necessary to take into consideration many functional correlations relating 
the variables of the biological system b1,...bK to the variables of the biological system and 
environment b1,...bK and v1...vS, the initial model is developed by means of the topological 
modelling. In this stage of the development of the model cooperation of the experts of the 
biological system and knowledge engineers is necessary. 

The algorithm for the development of the BCS model Mb is shown in Figure 1. 
The description of the operations contained in the algorithm (in bold) has been provided 
for every step of the algorithm. 

Definition of the control targets is intended for the specialisation of the model 
from the point of view of control system to be developed. 

The control task is being solved to satisfy the set of the control targets G{g1,...,gq} 

G=Fg(bk, vs, t), (2) 

where k=l,K; s=l,S. 
The control targets G can be clearly defined in the definition of the control task, or 

these should be reduced to the particular parameters characterising the system when the 
targets have been defined generally. Further detailed study of the system will be devoted 
only to the processes related to the control target thus permitting to reduce the extent of 
the model to the minimum required. 

The development of the model starts with the application of the topological 
simulation (Osis, 1967). Use of topological modelling is caused by its flexibility 
regarding implementation of changes. That is very important in circumstances of 
insufficient amount of information, which requires possibility of easy and quick structure 
change of the model. 



 

 



The initial static topological model is the first iteration of the following 
topological model 

Mt=Ft(b1,...bk,...bK; v1,...,vs ,...vS) (3) 

It is necessary as the basis for further statements by the experts at the stage of the expert 
survey. The initial model is developed referring to the data in the literature or with the 
participation of some of the experts to be invited later on. 

Further improvement of the model is done by the experts introducing the changes to 
the model M, (Stalidzans and Markovics, 2000). Incidence matrix and the topological 
model as the kinds of the information reflection are applied for making the model more 
precise by experts in iterative process first individually (cycle: individual expert work, 
testing individual experts, satisfactory model). Individual expert work is followed by 
comparing of experts. If the result is not satisfactory model and after estimation of 
differences between experts does not appear basically correct the initial topological 
model can be changed. 

The evaluation of the information provided by the experts based upon the level of 
the concord of the experts is made depending on the type of the survey: direct estimation 
or comparison of pairs. 

In case of the direct estimation of the parameters the level of concord of the experts 
is evaluated based upon the concordation coefficient Wt (Kendall, 1955, Djakova and 
Krug, 1966) in compliance to the following formula: 
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where n - number of estimated objects in the group,  
m - number of experts, 
rij – rank of object i accordingly to estimation of expert 

 

In case of the comparison of the pairs the level of concord of the experts is 
determined based upon the concordation rate Wp in compliance to the following formula 
(Kendall, 1955, Djakova and Krug, 1966): 
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where  ∂lk - numbers in the table of pair comparison; 
1=1,...s; k=l,...s - indexes of comparable objects; 
 s - number of comparable objects; 



m - number of experts; 
Cm

2 - number of conformities from m each 2; 
Cs

2 - number of conformities from s each 2. 

The value of the concordation coefficients Wt and Wp varies within the scale 
0≤W≤1, and W=0 of there is no relation between the ranks and it is 1, if all the experts 
have rated the objects the same. The value W≥0,5 is considered sufficient for the 
concordation rate when it is considered that the concord between the experts is 
sufficiently high. In case when the concordation coefficients are satisfactory the obtained 
average values or the weight rates can be used. 

When the number of the experts m is small the role of every expert increases. 
Consequently the inaccuracy of any single expert's view strongly influence the average 
arithmetic value. Another methodology for obtaining the resulting assessment is applied 
for the prevention of this effect. It is known that the essence of the evaluation by the 
experts is obtaining an unknown value as an incidental value the distribution of which is 
judged based upon the individual evaluations by the experts. Thus the initial data massive 
of the experts' views should be processed based upon the mathematical statistics 
concepts. In case when the number of experts is small the average arithmetic value is not 
the best way for obtaining the resulting assessments. 

Therefore the evaluation of every i parameter should be defined as the mathematic 
expectation of the average value C which is calculation on iterative bases where the 
formula for q iteration is (Voronin, 1974). 
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Where  Cj   - evaluation of expert j of the object i,  
Cq-1 - result of previous iteration,  
q=l,...,µ - iterations,  
∂ - standard deviation,  
m - number of experts. 

On the first iteration it is recommended to apply the average arithmetic value 
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Then in compliance to the procedure of iterations the exact value should be found. The 
iterative process has been completed when the changes of the value between iterations 
are lower than the permitted error. 

Following the development of the topological model the analysis of the cycles of 
the model should be performed defining the particular BCS loops in the biological 
system itself. 



If the experts think that the topological model M, sufficiently well depicts the 
relation of the biological system and the environment parameters the study of the system 
should be continued in the dynamics and the introduction of the functional relations 
between the nodes is required. The topological model developed for the application case 
(the model for the microclimate control of wintered bee colony) can be seen in Figure 2. 

The static topological model M,=F1(b1,...bk,...bK; v1,...,vs,...vS) is homomorphly 
changed into the dynamic model Mb=Fb(b1,...bk,...bK; v1,...,vs,...vS;t) applying the 
software package Powersim Constructor 2.51. The parts of the dynamic model can be 
seen in Figures 3 and 4 correspondingly in the form of diagrams and equations. Choice of 
Powersim Constructor 2.51 dynamic modelling software is determined by its flexibility 
in relation to the changes in a model, simple user interface and possibility to connect with 
the Microsoft Excel program for information exchange. 

Under the conditions when sufficient information on the relations between the 
nodes is not available the surely known data to be expressed in the form of equation 
become the most valuable basic information of the model. These can become the tools for 
turning down the low quality data as deficient. Instead of the unknown relations it is 
necessary to introduce very approximate functions initially and they can be updated in the 
process of simulation. 

Development of the simulation model in dynamics (model Mb) comprises one of 
the most important stages of the work - tuning the model on which the level of 
similarity of the model to the simulated processes in the biological system depends. 

Verification of the simulation model in dynamics should be performed by the 
data collected in the nature and registered. 

The verification operation is intended for checking the correctness of the simulated 
data of the model. It is necessary to minimise the deviations of the model from the 
measurements obtained in the field tests Mi=F1(bl,...bk,...bK; v1,...,vs,...vS; t). 

),,,(),,( 11 tvbFtvbFMM skskbbver −=−≥∆      (8) 

where  Aver - difference between the field measurements M1 and the system model Mb,  

    k=l,K; s=l,S. 
The maximum permitted verification error δmver can be specified separately for every 

parameter of the set B: 

.,1,)()( 1 KkbFbF kkbveri =−≥δ                                                                                 (9) 

It is necessary to attempt to minimise the deviations from the measurements 
performed in the nature paying major attention to the comparison of the tendencies 
(growth, decrease, stagnation). When the difference between the test data M| and the 
model data Mb has become lower than the permitted ∆ver, the BCS model verification 
has been performed and the model of the biological system Mb= Fb(b1,...bk,...bK; 
v1,...,vs,...vS; t) can be considered as established. In the further operations this will 
replace the biological system. 



 
 



 
Figure 3. Part of microclimate model of bee colony in form of diagram (Powersim C 2.51). 

 

Figure 4. Part of microclimate model of bee colony in form of equations (Powersim C 
2.51). 



Verification is done by software Powersim Solver 2.0, which works with model created on 
Powersim Constructor 2.51. It provides model flexibility and changes done in the BCS 
model does not need to be changed for Powersim Solver 2.0. 

Example of application. As application of development of the BCS model a 
topological model and dynamic model in software Powersim Constructor 2.51 is made 
for a hive-wintered bee colony BCS of four parameters of microclimate in the winter 
cluster of bees. For creation of the topological model in the circumstances of insufficient 
information an expert evaluation is executed participating 12 experts. The "brainstorm" 
and methods of direct evaluation are applied. Methods for getting of functional relations 
between parameters in the circumstances of insufficient information are demonstrated. 
Software Powersim Solver 2.0 is used for verification of dynamic model. 

Section Three (The methodology for developing the artificial control system (ACS).) 
For the purpose of implementing the control of the biological system - collaboration with 
BCS - it is necessary to establish ACS, which would be able to control the first one. 

ACS usually is a technical system the structure of which depends on the task set 
for it (minimisation, maximisation, prevention of fluctuations, or the combination of 
these tasks for the sets of the parameters of the biological system). 

The control task is being solved to satisfy the set of the control targets G{g1,...,gq}. 
A part of this algorithm (figure 5) comprises the study of the usefulness of the ACS 
model 

Mc=Fc(c1,...cz,...cZ; b1,...bk,...bK; v1,...,vs,...vS; t),            (10) 

where cz - ACS parameters (z=l,Z), 

without getting into detail of the transitional processes which would require a more 
detailed analysis of the system. The algorithm in essence has to establish whether the 
introduction of the ACS can be useful assuming that there will be no difficulties in the 
transitional processes. 

The criteria of efficiency of ACS are set in the task definition or with the help of 
experts. 
There is a set of possible solutions of the ACS establishment X. Its permitted solutions 
xi, i=l,...,n form the set of the permitted solutions Dx. 

The quality of every solution or its efficiency is assessed based upon the scalar 
criteria Vj, j=l,...,m, which jointly form the vector of efficiency 

                                     Y=(y1,...,yj,...,ym.).       (11) 

Most often the Y components are the criteria of economic character combined with 
the criteria of other kinds. A few examples of the possible criteria which can be defined 
simultaneously: minimisation of the human work force, ecology, maximum speed for 
reaching the target, minimum deviations from the target value, etc. 



 

Figure 5. Algorithm of ACS development. 

The selection of the parameters to be controlled is determined mostly by the 
technical possibilities - the measurability of the parameter and possibility to influence it, 
as well as the set of the control targets G and the efficiency vector Y. 

The aim of the selection of ACS is to define the technical means to be able to 
control and supervise the selected parameters. 

It is necessary to integrate ACS in the model of BCS to perform the simulations of 
the efficiency of its introduction. In this stage the model can be sufficiently simple 



because more detailed analysis of it will take place if it turns out that the implementation 
is useful. 

Optimisation of the proportion of the ACS loop in compliance to the efficiency 
criteria usually is related to the search for compromises because not everything a man 
can do for reaching the control targets complies with the criteria of efficiency in the 
particular case. 

The efficiency vector Y is related to the resolutions with the help of the reflection 
function 

 F(X) = X→Y,    (12) 

which can be set analytically, statistically or heuristically. The optimum solution X° 
should be found which would satisfy two conditions: 

1. the solution should be feasible, i.e. it should belong to the set of the permitted 
solutions Dx, 

2. the solution should be the best in the meaning that it should optimise the vector 
of efficiency Y(X). 

The general form of the optimisation model is as follows (Borisovs, 1972):  
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 where      opt - the optimisation operator of the efficiency vector,  
F-1 - reverse reflection Y→X. 

The classic vectorial optimisation theory is related to 3 problems. 
First of them is the selection of the optimisation principles which determines in 

what respect the optimum resolution X° is better than all the other permitted resolutions. 
In the model it means deciphering the essence of the optimisation vector opt leading to 
the scalar criterion, which, in turn, is the function of the local criteria. 

The second problem is rationing of the local criteria. 
The third problem is related to the evaluation of the weight coefficients A of the 

local criteria Λ={λj}, j=l,...,m. 
When the optimum resolution X° is found the optimum ACS model Mc° is defined. 
The optimisation of the efficiency is performed based upon the proportion X of the 

ACS loop, which is expressed as percentage. The target of the ACS usually it to take 
over, ease or promote a function of the biological system for the purpose of satisfying 
some particular targets. Assuming that the maximum technically possible effect of ACS 
is 100% of the proportion of the ACS loop (X=100%) and the case when the ACS is not 
introduced at all is X=0%, it is possible to optimise efficiency of the system 
implementation. In case of one or several consistent criteria the optimum can be found by 
simple methods. 

A more difficult compromise solution should be searched for in cases when the 
quality of every single local solution is assessed based upon several (at least two) criteria 
which are mutually conflicting, i.e. when the assessment of the solution becomes higher 
based upon one criterion it decreases based upon the other. It is a vectorial optimisation 



situation well known in the technical sciences when the global optimum should be 
searched for as a compromise solution. 

"Fair compromise" optimisation method is selected for searching for the 
compromise (Borisov, 1972 and Jeme]janov, 1973). 

In the search for the optimum solution X° the first step is to find the subset of the 
compromises based upon Pareto. For this purpose the Гx∈Dx subset with the following 
characteristics is referred to as the subset of compromises: the solutions forming this 
subset cannot be corrected at once based upon all the criteria contained in the vector Y. 
Thus any two solutions of X1, X2∈Гx have contradicting assessments based upon at least 
one local criteria. If this condition is not complied with the search for the optimum is 
turned into the simple search for the maximum within the area of the compliant criteria. 

The second step is to find the optimum solution X° in the subset Гx. The "fair 
compromise" method generally defines that the compromise (particular solution) is fair 
when its relative quality increase based upon one criterion does not exceed the relative 
quality decrease based upon another criterion. 

The application of this thesis for the comparison of two solutions X1 and X2 can be 
described by Figure 6 where the quality assessments of the set of the solutions Гx based 
upon the local criteria y1 and y2 have been shown. 

 

Figure 6. Geometric interpretation of "fair compromise" principle. 

 

In this example the solution X1 is of higher quality than X2 based upon the 
criterion y1 and of lower quality based upon the criterion y2. However, generally the 
solution X1 is of higher quality than X2 only if Y(X1)>Y(X2). 

To compare both solutions following parameters are used: 
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where   dy1 and dy2 - changes of quality accordingly to criteria comparing from one 
solution to another. 

 
 



When  χ1 > χ2, the solution Xi is preferred because the decrease of the quality dy1 
exceeds the quality increase dy2, when we go from the solution Xi to the solution X2.  

The optimisation model in this case is 
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which should be applied when all the local criteria are equally important corresponds to 
the above referred equations. When the criteria are not equally important and they have 
certain importance rates Λ = (λ1, λ2,..., λn),, the optimisation model is 
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Following the optimisation of the proportion of the ACS loop (finding the ACS model 
Mc° corresponding to X°) the collaboration of BCS and ACS should be analysed again by 
performing simulations with the optimised ACS (Mc°), to establish whether the target set 
for ACS has been reached. 

Following the assessment of ACS efficiency of the optimised it can turn out that 
further improvement of ACS is necessary. In opposite case ACS is effective and 
development of ACS and optimisation of its efficiency is completed. 

Now the algorithm for the coordination of the BCS and ACS control loops in the 
transitional processes has to be performed. 

Example of application. ACS for bee wintering in bee wintering building with four 
controlled parameters of microclimate is developed. The system is optimised after the 
contradictory criteria of efficiency - maximal profit and maximal simplicity of ACS. In 
the ACS model 10 parameters of wintering process can be changed. 

Section Four (The methodology for coordination of the operation of BCS and ACS). 
When the implementation of the ACS has turned out to be useful it is necessary to ensure 
the stable operation of the BCS and ACS to reach the control target and not to damage or 
destroy the system to be controlled in the transitional processes. The algorithm is shown 
in Figure 7. 

For the purpose of evaluating the control process it is necessary to combine BCS 
and ACS models in the real time including the transition processes. 



 

Figure 7. Algorithm for coordination of the operation of BCS and ACS. 

 

Following the combination of the models the simulations with sets of extreme 
real external impacts is necessary. The extreme external impact for the purpose of 
transfer processes are the cases when the environment parameters V varies with 
maximum speed and thus requires also a fast reaction of the BCS which in natural 
conditions in most cases can ensure the survival of the system. 



When the biological system is controlled the ACS must be correctly designed for 
extreme changes of the external parameters. The system must not be damaged during 
collaboration of BCS and ACS. 

The permitted range of the changes of the system parameters under the natural 
conditions, i.e. without the influence from ACS may be set as the criteria of ACS 
harmlessness of the system to be controlled J={j1,...,jh). Restrictions can be set also in 
the definition of the task: 

J=Fj(bk). (18) 

If simulations with sets of extreme external impact does not extend outside the 
range of the system parameters seen under the natural conditions the collaboration 
between BCS and ACS can be considered as harmless. Of course, the criteria of 
harmlessness can differ in their interpretation depending on the specific of the task 
because even killing the biological system can be set as a task for ACS (for instance: pest 
control). 

In case when the criteria of harmlessness are not satisfied it is necessary to change 
the ACS parameters until the system generally complies with the harmlessness criteria 
on the level of simulations. Following the ensuring of the harmlessness it is necessary to 
check whether the new ACS parameters are technically feasible. When it is necessary 
to change the parameters of ACS for reaching the parameters found in the simulations a 
repeated evaluation of the efficiency of corrected ACS is necessary taking into account 
the performed corrections. The possible results of the ACS efficiency evaluation can be 
as follows 1) further ACS  modification attempts are necessary to reach the 
harmlessness and efficiency of the system, 2) the conclusion that the task cannot be 
fulfilled and further search is not efficient, or 3) the conclusion that the complete task of 
ACS development has been fulfilled. 

Example of application. The model of simulation of the BCS and ACS collaboration is 
created in software Powersim Constructor 2.51. With Powersim Solver 2.0 software the 
ACS parameters are found, which satisfies the criteria of harmlessness. 

 

Section Five (Conclusion.) 
The main results (see the section in this Summary) are described. 
The conclusions of the value of the Paper and the development perspectives have 

been summarised: 
 

1) On the simulations based development of control system in case of the biological 
system diminishes necessary time and resources and carries considerable part of 
tuning of control system from the field experiments on computer simulations. Not of 
less importance is a complex understanding for the problem of control, which a model 
gives for each particular case. 

 
2) The developed methodology is especially important in cases when the complexity of 

the system or lack of information to be studies determines the necessity for the 
collaboration and coordination of a big number of the computer experts and 
biologists. The algorithms for developing the models allow both the knowledge 



engineer and the biological expert to perform their model development procedure 
minimising the subjective influence by other experts. 
 

3) The methodology is able to include the most up-to-date science facts on the system to 
be simulated and this is ensured by the flexibility of both - the topological simulation 
and the applied simulation software package. 

 
4) The developed methodology has wide area of application in industries -

biotechnology, pharmacy, food processing industry and agriculture. 
 
5) The methodology may be applied for the evaluation and possible optimisation of the 

control systems of operating biological systems. 
 
6) The methodology can be adapted for the study of the interrelation of the complex 

biological systems to evaluate the consequences of the acts planned or performed by 
man also without the intentions of control. 

 
7) Further development of the methodology could be directed towards the complex 

control of several biological systems - by developing the control system for fulfilling 
the targets in several biological systems by implementing different targets in relation 
to them, for example, to encourage the reproduction of a particular species at the same 
time harming another not needed species. 

 
8) The methodology for the control of one biological system with the help of another 

biological system thus not applying the artificial system established by a man can turn 
out to be an interesting direction, for example, biological pest control. 

 

Reference list 

1. Antamonov J. G., Bioloģisko sistēmu modelēšana. Rokasgrāmata. [Modelirovanije 
biologičeskih sistem. Spravočnik.] (krievu vai.) Kiev, Naukova Dumka, 1977, 260 lpp. 

2. Ārgalis J., Balode K., Bembere M., Eglītis O., Galenieks F., Kamola V., Kornets A., Kriškāns 
T., Skudina M., Šmite R.  1970. Biškopība, Rīga, izd. Zvaigzne, 488 lpp. 

3. Bolchi Serini, G.; Sacchi, L.;Sperafico, M. Observations on the pattern of temperature in 
colonies of Apis mellifera L. (Hymenoptera Apidae). In. Proceedings of the Italian Section of 
the IUSSI June 8-10, 1995. 

4. Borisov V.I. Vektoriālās optimizācijas problēmas. Operāciju pētīšana (metodoloģiskie aspekti), 
[Probļemi vektoriaļnoj optimizacii (Metodologičeskije aspekti)] (krievu val.) Maskava, Zinātne, 
1972, 72-91 lpp. 

5. Brikman M.S. Stāvokļu telpas metode mūsdienu vadības teorijā. Mācību līdzeklis. [Metod 
prostranstva sostojanij v sovremennoj teorii upravlenija. Učebnoje posobije.] (krievu val.) 
Rīga, RPI, 1982, 53 lpp. 

6. Chuda-Mickiewicz B., Prabucki J. Temperature in winter cluster bee colony wintering In a 
hive of cold comb arrangement. Pszczelnicze Zestyty Naukowe, No.2,1996, 71-79 1pp. 

7. Crane E., The worlds beekeeping - past and present. // In: Hive and Honey Bee edited by Joe 
M. Graham - Hamilton, Illinois: Dadant&Sons, 1992, 1-22 1pp. 

 



8. De Grandi-Hoffman G., Roth S.A., Loper G.L., Ericson E.H. Jr. 1989. BEEPOP: a honeybee 
population dynamics simulation model. Ecological Modelling, 45, 133-150 lpp. 

9. Djakova N. Krug G. Rangu korelācijas metožu pielietojums kvalitatīvas informācijas apstrādē. 
[Primenenije metodov rangovoj koreļaciji dļa obrabotki kačestvennoj informaciji.] (krievu 
val.) Krājumā: Trudi Moskovskogo ordena Ļeņina Energetičeskogo instituta, izlaidums 69. 
Maskava, MEI, 1966, 7-28. lpp. 

10.Domeika P. Kurlavicius A. Precision Farming: an Information Approach. Information 
Technologies and Telecommunications for Rural Development. Jelgava, May 6-7, 2004. 7-17 
1pp. 

11.Fingler B. Small D. Indoor wintering in Manitoba. The Manitoba Beekeeper Fall, 1982, 7-20 
lpp. 

12.Furgala B., McCutchenon D.M. Wintering productive colonies // In: Hive and Honey Bee 
edited by Joe M. Graham - Hamilton, Illinois: Dadant&Sons, 1992 - p. 829-868 lpp. 

13. Gareev A.N. Cik baribas patere saime ziema. [Skolko korma semja rashodujet za zimu.] 
(krievu val.) Pcelovodstvo, 1969, No.2, 22 lpp. 

14. Gregg A.L., M.A., M.D., M.Ch. The philosophy and practice of bee-keeping. Kent, Bee craft 
LTD, 1949, 240 lpp. 

15. Hansen J., Andersson B., Hermansen A. NEGFRY-A system for scheduling chemical control of 
late blight in potatoes. EAPR Phytophtora 150 Sesquitentennial Scientific Conference, Dublin, 
1995. 201-208 lpp 

16. Hansen J. G. Field specific and regional warning for development of potato late blight. 
Proceedings from Workshop: European Netwoork for developmentof an integratedcontrol 
strategyof potato late blight, PAV -special report No. 3, 1998, 125-136 lpp. 

17. Harris J.L. A model of honeybee colony population dynamics. J. of Apicultural Research, 
1985, 24 (4); 228-236 lpp. 

18.Harris R., Whats new in Satellite Technology? Potato Rewiew, May/June 1997, 4-7 lpp. 

19.Heinrich B. How the honey bee regulates its body temperature. Bee World 77(3): 1996,130-
137 lpp. 

20.JemeIjanov S. V. u.c. Vektoriālās optimizācijas modeļi un metodes. Tehniskā kibernētika 
(zinātnes un tehnikas kopsavilkums) [Modeļi I metodi vektornoj optimizaciji. Tehničeskaja 
kibernētika] (krievu vai.), 5. Sēj., 1973, 386-448 lpp 

21.Jeskov J. K. Bišu mājokļa mikroklimats. [Mikroklimat pcelinogo zilischa.J (krievu vai.) 
Maskava, Rosselhozizdat, 1983, 191 lpp. 

22.Jeskov J. K. Medus bites ekoloģija. [Ekoloģija medonosnoj pceli.ļ (krievu vai.) Maskava, 
Rosagropromizdat, 1990, 224 lpp. 

23.Kanalflakt ventilatori un piederumi. Katalogs. [Kanalflakt ventilatori I prinadležnosti. Katalog.] 
(krievu val.), 1999. UAB Alitas, Vilnius, Lithuania, 243 lpp. 

24.Kendall, M.G. Rank Correlation Methods. New York, 1955. 

25.Kronbergs E., Rivža P., Bože Dz. Augstākā matemātika. Divās daļās 1. Daļa, Rīga, Zvaigzne, 
1988. 

 

 



26.Laurs A. Precision livestock farming in Latvia. Information Technologies and 
Telecommunications for Rural Development. Jelgava, May 6-7, 2004. 38-42 lpp. 

27.Lisenkov A.N. Daudzfaktoru medicīniski-bioloģisko eksperimentu matemātiskās metodes un 
plānošana. [Matematiceskije metodi I planirovanije mnogofaktornih mediko-biologičeskih 
eksperimentov.] (krievu vai.) Moskva, Medicina 1979, 343 lpp. 

28.Markoviča I. Arteriālās hipertenzijas patoģenētisko variantu identifikācija ar to patoģenēzes 
grafmodelēšanas palīdzību. Disertācija medicīnisko zinātņu doktora kandidāta pakāpes 
iegūšanai. [Identifikācija patogenetičeskih variantov arterialnoj gipertenzii na osnove 
grafmodelirovanija ih patogeneza. Dissertacija na coiskanije stepeni kandidāta medicinskih 
nauk] (krievu vai.), Riga, 1989, 184 p. 

29.Markovičs Z. Sarežģītu objektu matemātiskais modelis diagnostikas nolūkos. Disertācija, 
Rīga, RTU 1970. 

30.Mašutin J.  K.  Vektoriālās optimizācijas metodes  un  modeļi.  [Metodi  i  modeļi vektornoj 
optimizacii.] (krievu vai.) Moskva. Nauka, 1986. 

31.McLellan   A.R.,   Rowland  C.M.,   Fawcett  R.H.   A   monogynous   insect  worker 
population modei with particular reference to honeybees.   Insectes Sociaux, Paris, 1980, 27, 
4, 305-311 lpp. 

32.Mihalik J. Highly efficient production system for beekeeping.Apiacta,1980,15, 4, 145-151 lpp. 

33.Dažu bioloģisku sistēmu organizācijas strukturāli - funkcionālie modeļi. [Modeļi strukturno-
funkcionaļnoj organizacii nekotorih biologičeskih sistem.] (krievu val.) Red. Geļfand, 
Gurfinkel, Fomin, Cetlin. Moskva. Nauka, 1966, 323 lpp. 

34.Naylor, C. Build your own expert system. John Wiley&Sons Ltd., Chichester, 1987. 

35.Osis J., Kontroles punktu minimizācija. [Minimizacija toček kontroļa.] (krievu vai.) Krājumā: 
Avtomatičeskoje upravlenije. Rīga, Zinātne, 1967. 

36.Osis J., Sistēmu funkcionēšanas topoloģiskais modelis. Automātika un skaitļošanas tehnika. 
[Topologičeskaja modeļ funkcionirovanija sistem. Avtomatika I vičesļiteļnaja tehnika.] 
(krievu val.) Rīga, Zinātne, 1969. 

37.Osis J., Sarežģītu sistēmu funkcionēšanas matemātiskais apraksts. Kibernētika un diagnostika. 
[Matematičeskoje opisanije funkcionirovanija složnih sistem. Kibernētika I diagnostika.] 
(krievu vai.) Rīga, Zinātne, 1970, 7-14 lpp. 

38.Osis J., Automātiskā vadība un regulēšana. Rīga, Zvaigzne, 1979. 

39.Osis, J.J.; Gelfandbein, Z.P.; Markovitch, Z.P.; Novozilova, N.V. Diagnostika ar digrafu 
modeļiem. [Diagnostics by Digraphs Models] (krievu val.). Transport, Moscow, 1991. 

40.Ore, O. Theory of graphs. American Mathematical Society, 190 Hope Street, Providence, 
Rhode Island, 1962. 

41.Pēteris Rizga Dzīvē un darbā J. Āboliņa red. Rīga, Zinātne, 1985, 190 lpp. 

42.Petuhov S.V. Dzīvās dabas ģeometrijas un pašorganizācijas algoritmi. [Geometrii živoi 
prirodi I algoritmi samoorganizacii.j (krievu val.) Znanie, Moskva, Journal Matemātika 
kibernetike. 1988/6, 48 lpp.  

43.Popravko   S.,   Par   saimju   ražības   faktoru   novērtēšanu.    [K   ocenke   faktorov 
produktivnosti semji] (krievu val.) Pchelovodstvo, 1980, No.7, 7-9 lpp. 

44.POWERSIM  Academic Software Products. www.powersim.com/technology/academic/asp  

45.The Prairies Beekeeping Manual. Prepared by D. C. Murrell and D. N. McDonald.,Co-
published by the provinces of Alberta, Saskatchewan and Manitoba. 1986, 97 lpp.  

 

 



46.Renshaw,   E.   Modelling  biological   populations  in   space  and  fime.   Cambridge 
University Press. 1995, 397 lpp. 

47.Rowland C.M., McLellan A.R. Simple mathematical modei of brood production in 
honeybee colonies. J. of ApiculturaI Research, 1982, 21, 3, 157-160 lpp. 

48.Ruttner F., Queen rearing. Apimondia Publishing House, Bucharest, Romania, 1983. 

49.Ribočkin A.F., Zaharov I.S. Datorsistēmas biškopībā: monogrāfija. (Kompjuternije sistemi v 
pčelovodstve: Monogrāfija] (krievu val.) Kursk gos. Tehn. Un-t.; Kursk Humanit.-tehn. Inst. 
Kursk, 2001. 415 lpp. 

50.Savickij V.E. Ziemas kamola siltumapmaiņa. [Teploobmen zimnego kluba.] (krievu val.) 
Pchelovodstvo 1976, 10, 4 lpp. 

51.Schley P., Praktische Anleitung zur instrumentellen Besamung von Bienenkoniginen. 
Selbstverlag, Pohlheim, West Germany, 1983. 

52.Schmidt B., The modelling of human behaviour. SCS-Europe BVBA, Ghent, Belgium, 2000. 

53.53.Sewerson D.W., Erickson E. J. Jr. Quantification of cluster size and low ambient 
temperature relationships in the honey bee. Apidologie, 1990, 21:135-142 1pp. 

54.Southwick, E.E. "Physiology and social physiology of the honey bee." In The Hive and the 
Honey Bee, Joe M. Graham, ed. Dadant & Sons, Hamilton, Illinois, 1992, 171-196 lpp. 

55.Sumpter D., Broomhead D. Relating individual behaviour to population dynamics. Proc. R. 
Soc. London B, 2001, 268, 925-932 lpp. 

56.Sumpter D., Broomhead D. Shape and Dynamics of Thermoregulating Honey Bee Clusters. 
Journal of Theoretical Biology, 2000, 204, p. 1-14 lpp. 

57.Stinrod N., Cinn U. Pervije ponjatija topologii. Moskva, Mir, 1967, 223 lpp. 

58.Trifonov A. D. Siltuma un masu pārnese bišu dzīvē. [Teplo- i massoperenos v zizni pcel.] 
(krievu val.) Moskva, Istra, 1997. 110 lpp. 

59.Ulanowski V.A. Wintering and terms of bee breading. Pchelovodstvo, 1987, Nr 8, 6-8 lpp. 

60.Vilde A. Rucins A. Skrastins M. Precision Agriculture in Europe and Latvia. Trends, results, 
problems and visions. Information Technologies and Telecommunications for Rural 
Development. Jelgava, May 6-7, 2004. 78-84 lpp. 

61.Voronin A. N., Ekspertu datu masīva apstrādes metode. [Metod obrabotki massiva dannih 
ekspertnih ocenok.] (krievu val.) Krājumā: Ergaticeskije sistemi upravlenija. Kijeva, Naukova 
dumka, 1974, 97.-103. lpp. 

62.Winston M.L., The honey bee colony: life history: The Hive and The Honey Bee, 
Dadant&Sons, Hamilton, Illinois, 1992, 73-101 lpp. 

 

 


