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Abstract— The development of new renewable sources of 
clean electric energy (EE) is an urgent scientific and technical 
task. At the same time, special attention is paid to autonomous 
decentralized sources of green energy, namely, devices that can 
be installed in places with a high foot traffic density. EE is being 
generated thanks to pedestrians moving on such devices. The aim 
of the work is to study the process of generating renewable 
energy by an energy-generating platform (EP) based on a 
multiplier with spur gears, depending on the number and 
connection scheme of stepper motors to the electric machine unit 
of the EP. Experimental studies of the electric power generation 
process have been carried out, depending on the number and 
connection scheme of stepper motors (SM) to its electric machine 
unit. Such a platform has compact overall dimensions and it is 
intended to be installed both indoors and outdoors, in places with 
high foot traffic. To conduct experimental research, a prototype 
of the EP with an electric machine unit was developed. The 
analysis of the conducted experimental studies and the 
subsequent processing of their results made it possible to 
determine that the use of two SMs in the EP electric machine unit 
increases the value of the generated electricity by ~44%. When 
performing one step on the EP, the installation generates 
approximately 1.11W of electricity. The connection of two SMs 
increases the value of the generated electricity by 1.69 times (in 
direct motion) and 1.38 times (in reverse motion). Knowing the 
EP potential capabilities and the passing people number, it is 
possible to calculate the EE value which the EP can generate in a 
certain time of work, which allows you to determine the required 

number of such devices at the facility to provide it with the green 
EE fully or partially. 

Keywords—energy-efficiency; green energy; multiplier; 
converter; energy conversion; renewable energy; energy-generating 
platform. 

I. INTRODUCTION

Currently, issues related to energy saving and 
environmental protection are becoming increasingly relevant. 
This is especially true for large cities and megacities, where 
there is a large concentration of people and transport. To solve 
these problems, new approaches and, accordingly, new 
technologies are required. In addition, environmental norms 
and requirements are being tightened worldwide year after 
year. Therefore, simultaneously with the development of new 
technologies, the issues of providing them with energy sources 
that meet modern environmental standards are becoming 
particularly relevant [1-5].   

At the moment, there is a clearly visible world trend - the 
introduction of alternative low-power renewable electrical 
energy (EE) sources. They are entrusted with the functions of 
unloading and balancing the electrical grid load. Basically, 
these renewable sources are understood as various kinds and 
types of solar power plants, wind generators, geothermal 
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power plants, etc. However, it is not always possible to apply 
the sources of energy listed above. This is due to the design 
features of renewable sources, the conditions for their 
effective use, size, the availability of a suitable place and 
many other specific factors that are dictated by the specific 
conditions of their operation. In turn, in large cities, 
requirements for the location and compactness of renewable 
energy sources come to the fore, which often can offset all 
their advantages. In this case, small systems or devices having 
good mobility and which can be easily installed anywhere to 
provide alternative power supply are quite attractive from an 
economic and environmental point of view. At the same time, 
we mean that this energy source is able to partially or fully 
provide electricity to specific consumers [6-9]. Therefore, the 
development and subsequent implementation of small devices 
that can be installed in fact at any accessible place, and 
capable to generate electricity, is an is a pressing challenge. 
The solution to this problem will not only solve the issue of 
finding a suitable power source, but will also facilitate the 
accelerated transition to clean, renewable EE sources.  

This paper presents one of the technical solutions for the 
energy-generating platform (EP), which can be considered as a 
low-power renewable power source [10]. We carried out 
experimental studies on the process of generating electricity 
by the EP depending on the number and connection schemes 
of electrical generators to its electric machine unit. Such a 
platform has compact overall dimensions and it is intended for 
installation in places with high foot traffic. At the same time, it 
can be installed both indoors and outdoors. For conducting 
experimental studies, a prototype of the EP was developed. 
The EP electric machine unit can work with one or two 
electric generators - stepper motors (SM). When performing a 
step on the energy-generating platform, the process of 
generating electricity is going on, this consists of converting 
the kinetic energy of the step into electrical energy. The paper 
[8] presents a model for the use of piezoelectric tiles in one of 
the buildings at Macquarie University in Sydney, Australia. 
The authors of the work reveal the possibilities of this tile, as a 
source of electricity for electric consumers of buildings. A 
fairly large number of works are devoted to the use of 
piezoelectric elements, which, for example, in the composition 
of floor or paving slabs can convert the kinetic energy of a 
step into electrical energy [11-14]. The disadvantages of such 
devices include the fact that they are so low-power that a 
serious problem arises with the conservation and transmission 
of the energy generated by them. Also, it should be noted the 
resource and reliability of piezoelectric elements, which are at 
least an order of magnitude smaller in comparison, for 
example, with electrical machine energy converters. The 
Pavegen tiles technical solution looks quite promising and 
effective [15, 16]. The authors of this invention do not 
disclose the principle of its operation, but it is noted that it has 
an electromechanical and piezoelectric basis. This allows you 
to convert kinetic energy into electrical energy when 
pedestrians move along it. The patent [17] and article [18] 
describe inventions that use piezoelectric generators. These 
devices are proposed to be used to collect energy on roads, but 
their disadvantage is the complexity of installation, the 
availability of specially prepared roads and the need for 
expensive equipment. Articles [19, 20] discuss the efficiency 

of EE production on an asphalt paved road using piezoelectric 
transducers, as well as give specific circuitry solutions for the 
practical implementation of these devices. The article [21] 
presents mathematical and simulation models of energy 
collection systems for industrial applications. These systems 
depend on the natural conditions in which they are operated. 
This means that in case of adverse conditions, the operation of 
these energy collection systems will be ineffective. The 
authors of [22] presented a mechanism where mechanical 
energy is converted into chemical energy and stored in this 
state, but the authors did not indicate the operational 
characteristics of this invention. In [23], a device is presented 
that converts mechanical energy into electrical energy on 
roads. The authors quantified the efficiency of energy 
conversion, and also compared the device they developed with 
similar analogues. This device belongs to stationary and 
requires special equipment for its installation. The use of 
electrical machines in electromechanical energy converters is 
a fairly effective solution. However, the question arises 
whether this process will be effective if the system (device) 
itself has low power. A description and study of such devices 
is given in [9, 10, 23, 24]. In [24], a “Power Generating Slab” 
was introduced, in which mechanical energy is converted into 
electrical energy by rotating the shaft of the micro-generator. 
According to the authors, one step on this device is able to 
generate the voltage impulse from 10 V to 12 V. However, the 
authors did not disclose the technical details of the design of 
this device, and, most importantly, what energy indicators of 
the generation of electricity such a device has. In [25], a 
device was proposed which, for generating EE, must be 
installed on bridges. It converts the vibration of the bridge 
caused by the movement of cars into an electrical signal. 
According to the principle and conditions of its work, it is 
obvious that it has a limited scope of application. In [26], a 
variant of the technical solution for generating EE for portable 
equipment was presented. Basically, it can be used as a 
manual LED flashlight, which in its design contains a geared 
SM. The publication does not provide specific numerical 
values of the energy that this device generates. It is also not 
indicated which gearbox is used and its technical 
characteristics are not presented. 

A review of publications on the subject under discussion 
shows, that it is relevant and of interest not only to scientific 
society, but also to the general public. The aim of the work is 
to study the process of generating renewable energy by an 
energy-generating platform based on a multiplier with spur 
gears, depending on the number and connecting scheme of 
stepper motors to its electric machine unit. 

II. ENERGY GENERATING PLATFORM

Depending on the operating conditions (as well as on the 
technical specifications), the energy-generating platform (EP) 
may include several electrical machine units that work in 
parallel and convert kinetic energy into electrical energy. If a 
sufficiently small device is considered, for example, 
performing the functions of paving slabs or steps, then it is 
most rational to integrate one or two electric machine units 
into one device. With increasing platform area, it is necessary 
to increase the rated power of electric machines (EM). This 
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can be done by increasing their number, i.e. using parallel 
connection in the generator operating mode. However, the 
question arises of how much the amount of garnished EE will 
increase with an increase in the amount of SM. Also, it should 
be noted that due to the non-symmetrical arrangement of the 
working elements in the machine unit of the energy-generating 
platform (EP), the analysis suggests that when you step on the 
platform from different sides (meaning from which side 
pedestrians will reach it), different amounts of energy will be 
generated. We will conventionally call these pressures - 
forward and reverse effects on the pressure cap of the energy 
generating platform (EP). 

The answers to these questions were obtained as a result of 
experimental studies presented in this paper. 

As electric generators in electronic drives, the DSHI-200 
stepper motors are used, similarly to [27]. The main difference 
between the present studies and those carried out in [27] is, 
that a gear with spur wheels is used here. It is expected that 
the use of this type of multiplier will increase the efficiency of 
the EP, which will lead to large values of the generated EE. 

For the manufacture of an experimental sample of EP, a 
multiplier with spur type gears was developed, (shown in 
Figure 1). 

Fig. 1.  Multiplier-based electric machine unit with spur wheels 

In fig. 2 is a schematic diagram of the electrical-principle 
EP, where the active resistance R - is the resistance of the 
shunt, from which the voltage signal is taken. 

R C ~ ~ �1 �2 
V

VD 

Fig. 2. electrical circuit diagram of EP  

In accordance with the developed design based on the 
multiplier with spur gears (Fig. 1) and the electrical circuit 
diagram presented (Fig. 2), the design of the EP was 
developed, the general view of which is shown in Fig. 3. 

Fig. 3. General view of the EP, where: 1 – housing(body), 2 - pressure cover, 
3 - guides, 4 - crank drive; 5 - springs, 6 - multiplier; 7 - the drive wheel 
of the crank mechanism) 

To determine the performance of electric generators as part 
of an energy generating platform, it is necessary to determine 

the value of the power of the generated EE. To do this, the 
value of the generated voltage signal is taken from the pins of 
the stator winding of electric generators (DSHI-200) through 
an electric shunt with active resistance R. With a known value 
of the shunt resistance, from the measured voltage signal u = 
f(t), we can calculate the dependence of the generated power 
on time p = f (t) in accordance with Ohm's law [28]: 

( ) ( ),u t R i t= ⋅  (1) 
Where u (t) is the signal of alternating voltage, V; 

R is the active resistance (shunt), Ohm; 

i(t) - AC signal, A. 

The instantaneous power allocated to the shunt resistance 
will be determined by: 

2
2 ,uP ui Ri

R
= = = (2) 

Where P is the instantaneous power, W; 

( )( ) sin ;m uu u t U t= = ω + ψ  
( )( ) sin .m ii i t I t= = ω + ψ  

It is known that for active resistance u iψ = ψ , then the 
function of the power signal will be determined: 

( )2( ) ( ) ( ) sin ;m m up t u t i t U I t= ⋅ = ω + ψ              (3) 
From equation (3) it can be seen that the value of the 

power signal changes in time and it will always be greater than 
zero. In such cases, it is customary to consider the average 
power over a period T: 

( )2

0 0

1 sin .
T T

m m
u

U IP pdt t dt
T T

= = ω + ψ� �  (4) 

By integrating the obtained curves p = f (t), it is possible to 
determine the value of the generated power by the electric 
generators of the energy generating platform. 

III. EXPERIMENTAL STUDIES OF THE ENERGY GENERATING 
PLATFORM 

In accordance with the developed design of the energy 
generating platform (Fig. 3), as well as the designed multiplier 
with spur gear type (Fig. 1) and the electrical circuit diagram 
shown in Fig. 2, an experimental version of the energy 
generating platform was made. The appearance of the power 
generating platform, as well as the design of its electric 
machine assembly, is shown in Figure 4. 

a            b 

Fig. 4. Energy generating platform: a - appearance; b - electric machine unit 

The design features of the developed energy-generating 
platform make it possible to conduct studies in the mode of EE 
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generation separately for each electric motor, as well as for the 
parallel connection of two electric motors.  

The purpose of the experimental studies is to figure out the 
feasibility of using more than one stepper motor in an electric 
machine assembly as an EE generator, as well as to measure 
the value of the generated electricity of an energy generating 
platform by performing the step on EP (amount of electricity 
in average for one performed step). 

The tasks of the experimental studies are: to study the 
possibility of generating electricity from an energy-generating 
platform when connecting one motor drive in an electrical 
machine unit; investigation of the possibility of generating 
electricity from an energy-generating platform by connecting 
two electric motors operating in parallel in an electrical 
machine unit; to measure and define of the average value of 
the generated electricity of the energy-generating platform 
with one press to the cover of the energy generating platform 
(step) in the forward and reverse direction. 

IV. EXPERIMENTAL CONDITIONS

The shunt resistance (Fig. 1) corresponds to R = 18 Ohms. 
The voltmeter V measures the voltage signal at the resistance 
of the shunt R and calculates the load current. Then, the 
electric power released at this resistance is calculated. 

Six series of measurements were carried out in 30 steps per 
EP. In experimental studies involved 5 people weighing from 
50 kg to 90 kg. Walking speed � 5 km/h. Measurement of 
signals was carried out while walking in both forward and 
reverse directions. This is done in order to bring the 
experimental conditions as close as possible to real conditions, 
where people will step on the EP moving in different 
directions. 

The results of experimental studies for one series of 30 
steps in the form of an oscillogram of the dependence u = f (t) 
are presented at Fig. 5. 

One step generates two voltage pulses: 

-the first corresponds to the movement of the cover of the 
EP downward, under the action of external pressure of 
performed step;  

-the second corresponds to the movement of the cover of 
the energy generating platform upward, under the action of the 
springs on which it is mounted. (Fig.6.). 

Fig. 5. Oscillograms of the dependence u = f (t), measured performing 30 
steps on the EP: a - when connecting a single motor drive; b - when 
connecting two SM 

Fig. 6.  Experimental studies of the energy generating platform 

V. PROCESSING OF EXPERIMENTAL STUDIES 
A graph of the generated power in accordance with 

formulas (2) and (4) can be obtained by integrating the 
measured signal, Fig. 4 using the trapezoidal method [24, 25]: 

( ) ( ) ( ) ( )
1

0
1

2 ,
2

b n

i n
ia

hf x dx f x f x f x
−

=

� �
≈ ⋅ + +� �� �

� �
	�   (5) 

where [a; b] are the boundaries of integration; 

a bh
n
−=  - step of division;

i = 0,1, ..., n; 

( )f x   is the value of the function.

In accordance with formula (5), one can obtain an 
expression for calculating the electric power that is released on 
the resistance of the shunt of the energy generating platform: 

( ) ( ) ( ) ( )
1

0
10

2 .
2

T n

i n
i

hP p t dt p t p t p t
−

=

� �
� �= ≈ ⋅ + +
� �
� �

	�   (6) 

Using expression (6), it is possible to integrate the received 
signal and determine the value of the generated power. 
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Figure 7 shows the obtained graphical dependences p = f(t) 
at one step on an energy-generating platform with one and two 
main stepper motors working. Graphs, Fig. 7,a,b conform with 
pedestrians' forward motions, and graphs, Fig. 7,c,d conform 
with pedestrians' reverse motions. 

Fig. 7.  Dependence of the generated power on time at one step on the EP:  
a, c - when connecting one SM; b, d - when connecting two SMs 

The value of the generated electric power, which was 
allocated on the active resistance of the shunt of the energy 
generating platform, is determined by the expression (6) for all 
6 series of experimental studies with 30 steps each.  

The calculation results are given in table 1, where k is the 
gain factor, shows how many times the energy-generating 
platform with two connected stepper motors generates more 
electricity than connected to one stepper motor. 

TABLE I.  THE VALUE OF THE GENERATED POWER 

Series 1 Series 2 
1 SM 2 SM k1 1 SM 2 SM k2 

P, W 
direct 

1891,78 3180,1 1,68 1915,1 3523,12 1,84 

P, W 
reverse 

1248,26 2006,46 1,61 1505,6 1596,49 1,06 

Series 3 Series 4 
1 SM 2 SM k3 1 SM 2 SM k4 

P, W 
direct 

2175,9 3257,24 1,5 1902,58 3226,4 1,696 

P, W 
reverse 

1287,9 1968,87 1,53 1350,14 1904,6 1,411 

Series 5 Series 6 
1 SM 2 SM k5 1 SM 2 SM K6 

P, W 
direct 

1982,12 3500,3 1,766 2012,08 3356,24 1,668 

P, W 
reverse 

1400,2 1868,44 1,334 1402,46 1886,12 1,345 

VI. ANALYSIS AND DISCUSSION OF THE RESULTS

The experiments were carried out under the same initial 
conditions, the same people took part in the studies to obtain a 
more accurate result.  

An analysis of the results of the experimental studies, as 
well as their processing, show that for the forward and reverse 
directions of motion of the energy generating platform, it 
generates different EE values. So, in the forward direction of 
movement, the average value of the generated EE in one step 

when connecting two electric motors is ~1.11 W, while the 
reverse ~0.62 W. While when connecting a single motor drive, 
~0.66 W and 0.46 W are generated, respectively. The results 
obtained indicate, that the connection of two motor drives 
increases the value of the generated electricity: 

- In direct motion (forward), 1.69 times; 

- In opposite (reverse) - 1.38 times; 

The difference in the generated energy between direct and 
reverse pressing on the energy generating platform is: 

- When connecting two SM ~43%; 

- When connecting one SM ~31%; 

In turn, the difference in the generated energy when 
connecting two SM in comparison with the connected one SM 
is ~44%. 

The processing of the obtained results shows the obvious 
benefit of using two electric motors in the electrical machine 
unit of the energy generating platform. The differences in the 
values of the generated electricity with forward and reverse 
pressure, on the energy generating platform, is due to the 
design features of this device. Because the crank mechanism is 
shifted relative to the center of the pressure cap of the energy 
generating platform (see Fig. 3), then the pressure from the 
pressing will be transmitted to the SM in different ways and 
will depend on the center of application of force to the 
pressure cap. Also, it should be noted, that with direct 
(forward) movement along the energy generating platform, 
more EE is generated during the back motion of the platforms 
cap. In turn, during the reverse movement along the energy 
generating platform, a process of greater generation of 
electricity is observed in the downwards direction 
(respectively, when the EP cover is pressed and moving 
down). This can be explained by the peculiarities of the 
motility of the human step. In this regard, we can conclude 
that when the energy-generating platform is installed flush 
with the surface of the road (sidewalk, floor), a different 
picture of the electricity generation process will be observed in 
comparison if this platform performs the functions of, for 
example, stairs. The real picture of electricity generation can 
only be seen after conducting relevant experimental studies. 

During experimental studies, it was also revealed that the 
value of the generated energy from one step to the energy-
generating platform, largely, depends not on the weight of the 
person, but on how sharply the step is taken. The faster the 
pace of walking and the more abruptly the steps are taken, the 
more energy is generated. The last note should be taken into 
account when calculating the installation location of this 
device. Therefore, the correct placement of the energy 
generating platform, taking into account the main flow of 
pedestrians, can significantly increase its effectiveness as a 
source of electricity. 

VII. CONCLUSIONS

The development of new renewable sources of clean EE is 
an urgent scientific and technical task. To solve it, 
comprehensive measures are carried out using methods and 
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ways of converting various types of energy into electrical 
energy. At the same time, special attention is paid to 
autonomous decentralized sources of green energy, namely, 
devices that can be installed in places with a high foot traffic 
density. EE is being generated thanks to pedestrians moving 
on such devices. 

Experimental studies of the process of generating 
electricity from an energy-generating platform, depending on 
the number and connecting scheme of SM to its electric 
machine unit were carried out. Such a platform has compact 
overall dimensions and it is intended for installation both 
indoors and outdoors, in places with high foot traffic. 

For experimental research, a prototype of an energy-
generating platform with an electric machine unit was 
developed. 

The analysis of the experimental studies and the 
subsequent processing of their results made it possible to 
determine that the use of two SMs in the EP electrical machine 
unit increases the value of generated electricity by �44%. In 
this case, it is necessary to take into account the direction of 
pedestrians’ movement for performing steps on the EP. So, 
with forward movement the EP generates about 1.11W from 
one step, and with the reverse � 0.62W. This discrepancy is 
explained by the EP design features. The graphical 
dependences �= f(t) during one step on the EP are shown in 
Fig. 7. Analysis of these graphs shows that one step causes 
two pulses of electricity generation: the first - when you press 
EP cap; the second - when it is released. In this case, during 
forward movement, more electricity is generated in the 
process of back motion of the platforms cap, but during the 
pedestrians' reverse movement – while EP cover moves in 
downwards direction. The difference in the generated energy 
between the forward and reverse people’s movement along the 
EP is in the range of 31 ... 43%. 

Knowing the EP potential capabilities and the passing 
people number, it is possible to calculate the EE value which 
the EP can generate in a certain time of work. 

Based on the obtained results, we can conclude, that we 
have a fairly efficient device which can work as a renewable 
source of electricity, while being easily installed in the 
existing infrastructure. The installation of several EPs at a 
specific facility can fully or partially provide its electricity 
needs. 
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