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MATHEMATICAL MODELING OF THE  

MPPT-CONTROLLER FOR RENEWABLE ENERGY 

SOURCES ON MOSFET TRANSISTORS 
О. Лопаков, В. Космачевский, Ю. Бабич, В. Тігарєв. М. Бабич. Математичне моделювання MPPT-контролера для 

відновлюваних джерел енергії на Mosfet-транзисторах. У цій статті розглянуто натурні випробування та практичну реалізацію 
низьковольтної світлодіодної системи освітлення з відновлюваними джерелами енергії в автономному об’єкті та розробку моделі 
оптимального управління температурою в автономному об’єкті. А також розробка методу комплексного управління системи 
електропостачання з використанням Smart контролера енергозабезпечення автономного об’єкта. Для реалізації математичної 
моделі використовувалося програмне забезпечення Simulink і Sim Power Systems візуального моделювання, що входить у пакет 
МаtLab. Використання програмного забезпечення дозволяє моделювати складні електричні системи. Перевагою використання цієї 
програми є поєднання методів структурного та імітаційного моделювання, і такий підхід забезпечує гнучкість системи під модель, 
що розробляється, значно спрощує модель, отже, підвищує швидкість обчислень. При розробці систем керування температурою в 
приміщенні виникає ряд проблем, таких як визначення часу, необхідного для підвищення температури для забезпечення заданих 
значень до потрібного моменту, вибір алгоритму регулювання температури та визначення параметрів обраного алгоритму. 
Завдання вибору закону управління та типу регулятора полягає у виборі такого регулятора, який за мінімальної вартості та 
максимальної надійності забезпечував би задану якість регулювання. У цій статті вибір був зроблений на PID-регулятор так як при 
стрибкоподібному зміні регульованої величини PID-регулятор в початковий момент часу надає нескінченно миттєво великий вплив 
на об’єкт регулювання, потім величина впливу різко падає до значення, що визначається пропорційною складовою, після чого 
постійно починає надавати вплив інтегральної складової регулятора. Перехідний процес в PID-регуляторах має мінімальні 
відхилення за амплітудою і часом порівняно з P- і PI-регуляторами (тобто найбільш висока швидкодія). 

Ключові слова: MPPT-контролер, PID-регулятор, solar panel, DC-DC converter, рівняння теплового балансу, linear transformer, 
Mosfet 

O. Lopakov, V. Kosmachevskiy, Y. Babych, V. Tigarev, M. Babych. Mathematical modeling of the MPPT-controller for renewable 
energy sources on Mosfet transistors. This article discusses field tests and practical implementation of a low-voltage LED lighting system 
with renewable energy sources in an autonomous facility and the development of a model for optimal temperature control in an autonomous 
facility. The method of complex management of the power supply system using the Smart controller of the energy supply of the autonomous 
object is also considered. To implement the mathematical model, the Simulink and SimPowerSystems software for visual modeling included 
in the MatLab package was used. The use of this software allows you to simulate complex electrical systems. The advantage of using this 
program is the combination of methods of structural and simulation modeling, and this approach provides the flexibility of the system for the 
model being developed, greatly simplifies the model, and therefore increases the speed of calculations. When developing indoor temperature 
control systems, a number of problems arise, such as determining the time required the temperature to rise to provide the set values to the 
required moment, choosing the temperature control algorithm and determining the parameters of the selected algorithm. The task of choosing 
the control law and the type of controller is to choose such a controller, which at minimum cost and maximum reliability would provide the 
specified quality of regulation. In this article, the choice was made on the PID regulator, since with a jump-like change of the regulated 
value, the PID regulator at the initial moment of time has an infinitely large influence on the object of regulation. Then the magnitude of the 
influence drops sharply to the value determined by the proportional component, after which the integral component of the regulator begins to 
exert its influence constantly. The transient process in PID controllers has minimal deviations in amplitude and time compared to P and PI 
controllers (i.e., the highest speed). 

Keywords: MPPT-controller, PID-regulator, solar panel, DC-DC converter, heat balance equation, linear transformer, Mosfet 
 
1. Introduction 
The total installed capacity of small wind power worldwide has reached 443.3 MW, and the total 

installed capacity of large wind power in the world has reached 240 GW. Small wind energy accounts 
for 0.18 % of large wind energy in various countries of the world. To date, Germany ranks first in 
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terms of installed wind power capacity, followed by Denmark, Spain, the United States of America, 
and India. Development is also growing rapidly in France and China. In Denmark, 28.1 % of the coun-
try’s needs are provided with electricity due to wind turbines, in China 1…2 %, in the USA it 
is 3…4 %. 

SMART technologies are widely used in the field of telecommunications, in control and monitor-
ing systems. The abbreviation of the word SMART means specific, measurable, achievable, relevant, 
timed. Smart technologies are a complex combination of control and management technology that 
provides an autonomous object with the necessary quantity and quality of energy. At present, the ac-
tive use of renewable energy sources in many developed countries of the world is accepted as a vital, 
strategically necessary resource that ensures the promising development of the economies of these 
countries. According to forecasts, the share of renewable energy (solar, wind, tidal, solar energy, etc.) 
in global energy consumption will increase annually and will reach 30 % by 2030, and 50 % by 2050. 
However, despite promising results, alternative energy sources have not yet found the level of optimal 
compliance with the expectations of the mass consumer. 

There are different types of WU blades (wind turbines) that are designed for optimal electricity 
generation and for them it is enough that the wind speed is 3 m/s [1]. One of the most important prob-
lems in the use of renewable energy sources in the power supply system is the significantly non-
constant value of the power generated by the solar battery, the wind turbine. The use of renewable en-
ergy sources [2, 3, 4] in the power supply system has been widely developed today in Europe, the 
USA, Japan, South Korea, China, Norway, Canada and other countries [3, 4, 5]. 

Currently, all developed countries are switching to the use of renewable energy sources such as 
solar [5] and wind [6], and the use of biomass is only becoming widespread. The largest manufacturers 
of solar panels are Yingli Green Energy (China), FirstSolar (USA), Trina Solar (China), Suntech Pow-
er Co. (China), Canadian Solar (Canada), Sharp (Japan), JASolar (China), Jinko Solar (China ), Sun 
Power (USA), Hareon Solar (China), Hanwha Solar One (China), Kyocera Solar (Japan), Rena Sola 
(China), Rec (Norway), Tianwei New Energy (China) [3, 4]. 

2. Analysis of publications and statement of the problem 
Modern solar installations are equipped with advanced technologies, the article [8] suggests sun-

tracking installations on which solar panels are attached, which ideally should convert the sun’s radia-
tion as much as possible, but in reality there are problems with software security and an incomplete 
control system of the solar battery itself and its controller. There are also problems of lack of power to 
power a particular building with a solar battery and suboptimal SP illumination. Solar batteries gener-
ate a direct current with a voltage of 24V. In order to use this current, a voltage converter is required. 
In a lighting system using LEDs [9 − 13], it is possible to use low-voltage voltage [14] without using a 
voltage converter. 

Mostly all LED fixtures are powered by 24VDC at the input, but in all countries it is powered by 
110V, 220V and 230V. An inverter is installed in the LED device itself, which converts the received 
voltage to 24V. 

Solar battery controllers provide optimal battery charging, but due to the lack of control and mon-
itoring of the controller operation, the batteries are not fully charged only for heating and hot water 
supply [15 − 18]. 

In many works, wind turbines are combined with a diesel generator or a battery, and in these 
works, the installation itself is mainly calculated without automating the process of generating and 
consuming energy, methods for calculating a wind generator when operating at low wind speed 
are given. 

In scientific papers [19, 20, 21], it is proposed to use the MPPT (Maximum Power Point Tracker) 
controller to control the wind turbine at low wind speeds. The obtained simulation results show that, 
regardless of the inclination and power of the turbine, this method provides a greater opportunity to 
control the wind turbine regardless of wind speed. The active and reactive power of the turbine stator 
is regulated. The results obtained can be used. The disadvantage at the nominal wind speed of the pro-
posed scheme limits the speed of rotation of the blades. 

The analysis of the data [22] revealed that regardless of the technical and operational characteris-
tics of various models of solar panels with an area of 0.2 m2, the power of the module will be about 
10W. The voltage at maximum load is approximately 24…25 V, the short circuit current is about 500 
μA, the weight of this module is 2 kg, where the efficiency is 60 % and the service life of the plate is 
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25 years. Regardless of the comparatively low efficiency of the solar panel, it is an efficient source 
among other renewable energy sources and autonomous power sources [23]. The power of solar radia-
tion at the entrance to the earth’s atmosphere is 1366 per m2. 

In the article [24], the author presented a new concept for the formation of a control system in 
distributed energy based on Smart technologies. The concept of distributed energy is based on a varie-
ty of energy sources and distribution networks, which implies the presence of many consumers pro-
ducing heat and electricity for their own needs, as well as directing surpluses to the general network. 
The author has developed an algorithm for the operation of the control process based on SMART in-
formation. 

In scientific works [25, 26, 27], it is proposed to use SMART technologies in buildings to ensure 
a comfortable microclimate and energy supply of the facility without loss of generated energy. When 
implementing SMART technologies, automation of the processes of the energy supply system was not 
considered. 

In the article [28], SMART technologies are applied to street lighting using solar panels. The au-
thors propose intelligent control in the urban lighting system. In this work, the controller is of func-
tional importance, which ensures the optimization of the control of the energy street lighting system. 
This lighting control system is designed for 230V voltage. 

The articles [29, 30, 31] reflect the issues of traditional energy. The authors propose to use RES 
(Renewable Energy Source) with elements of a SMART system, and the authors propose a method for 
detecting inefficient energy use in smart buildings. The data mining system was developed using the 
synthesis of information received from sensors. 

In the study [32], the authors describe the energy integration management system of smart meters 
for electricity consumers in Smart Meters (SM). The SMs are connected to a SCADA (Supervisory 
Control and Data Acquisition) system that controls a network of programmable logic controllers 
(PLCs). The SCADA system and PLC network integrates various types of information coming from 
several elements of SMART technologies present in modern buildings. For implementation, pro-
grammable controllers are used, a communication channel has also been developed that provides data 
exchange between the SCADA system and the Matlab software. The study [32] describes only the 
control of the controller. 

3. Unresolved problem area 
In the articles discussed above, the authors approach solving the problems of introducing intelli-

gent systems into the power supply system of an autonomous object, using different software, and 
solving individual tasks and subtasks. The lighting system uses double energy conversion, which leads 
to significant energy losses. 

According to the literature review of existing sources, it has been established that, at present, the 
management and control of the electrical circuit of the power supply system of autonomous objects are 
not fully considered. The article considers the energy supply system, due to the use of alternative en-
ergy sources, the algorithm for managing the energy supply system has not been finalized. 

The work proposes a matrix conversion of the current of solar batteries. The article presents the 
structure of solar power plant based on a matrix current converter of a solar battery, a method for cal-
culating the energy balance in an autonomous power supply system is given. The source of energy 
supply is the sun and the battery, which cannot provide the full power supply of an autonomous object, 
and only transistor switches of the solar battery with a special circuit are controlled. 

4. The purpose of the work 
1. Development of an optimal SMART technology for monitoring and managing the power sup-

ply systems of an autonomous object. At the same time, the object of study is the power supply system 
of an autonomous object; 

2. Modeling of automation systems for power supply of an autonomous object; 
3. Development of a model for optimal control of the desired temperature in an autonomous object. 
5. The method of integrated management of the power supply system using SMART control 

management 
As a result of the analysis made, a standard block diagram of renewable energy management was 

applied, the power supply system in Fig. 1. 
The scheme in Fig. 1 implements the control of the operation of a renewable energy source and the 

power supply system of an autonomous facility. Depending on the required amount of electrical energy 
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at a certain point in time, the control system controls 
the energy generation of installations operating on 
RES. To control the system, it is necessary to know 
the required amount of electrical energy, which is cal-
culated depending on energy consumers. Energy con-
sumers include household appliances, lighting system, 
heating system, climate control system, fire safety 
system, office equipment, audio and video equipment, 
and others. Together they add up to a load. 

In this paper, it is proposed to use a low-voltage 
lighting system for research and modeling. As a re-
sult of the studies, it was found that the voltage gen-
erated by the solar panel is equal to the voltage of the 
LED lamp and is 24V. 

For the study, a structure was assembled, con-
sisting of a solar panel, a converter, a battery, an 
LED device, a voltmeter, an ammeter and a wattme-
ter. An electrical circuit with measuring instruments 
was assembled, which is shown in Fig. 2. The number of operating batteries depends on the amount of 
power required by the autonomous object and on the time of day. We choose solar panels of the fol-
lowing characteristics (one solar panel): 

– maximum power 400 W; 
– short circuit current 2.98 A; 
– open circuit voltage 22.3 V; 
– voltage at maximum power 18.3 V; 
– current at maximum power 2.73 A; 
– dimensions 500×80000. 
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Fig. 2. General scheme of system measurement 

The energy source is the solar panel of the joint venture, the voltage and current were measured be-
fore and after the converter and converter. Fig. 2 is an AC to DC voltage converter. To implement the 
mathematical model, the software Simulink and SimPowerSystems for visual modeling included in the 
MatLab package were used load, battery, solar and wind turbine (Windturbine) current sensors, battery 
voltage sensor, information acquisition unit (ICU) and power supply. The block diagram of the SMART 
technology for controlling the power supply system of an autonomous object is shown in Fig. 3. 

The control system controls the power switches using a driver located in the SPKCP (solar panel 
key control panel) and WT (wind turbine) and SLKCD (switching load key control device). The 
switching of keys is carried out in such a way that one pair of batteries or two pairs at once can be 
connected to the solar battery, depending on the charge of the batteries. In emergency situations, the 
power supply system of an autonomous object is carried out from batteries or a wind turbine. In case 
of emergencies at night, when the battery charge decreases, an alarm signal is generated, which is sent 
to the SMART center. In turn, the SMART center switches the facility’s power supply to another type 
of renewable energy source. 
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Fig. 1. Structural diagram of renewable source 
management control and power supply system: 
RES – renewable energy source, AB – battery,  

CS – control system, PSS – power supply system, 
ICU – information collection unit 
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Fig. 3. Block diagram of SMART system management technology power supply of an autonomous facility 

The battery charge level is organized according to the principle of subordinate voltage regulation 
AB, the block diagram of which is shown in Fig. 4. In normal operation, the principle of operation of 
the PSS power supply system is based on maintaining a sufficient power level on the battery buses by 
switching sections of the SP. Key management is organized according to the principle of subordinate 
voltage regulation AB, the block diagram of which is shown in Fig. 4.   
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Fig. 4. Structural diagram of the subordinate regulation of the battery voltage 

The main voltage regulation circuit on AB is shown in Fig. 4. Based on the voltage level AB, the 
regulator IY (UAB) generates a signal IY, which is a current setting for subordinate control loop. The IY 
regulator (UAB) seeks to maintain the AB voltage within the range of specified values 
UMIN<UAB<UMAX. When UAB reaches the maximum value UMAX, the IU signal is set to zero and this 
mode is called AB charge maintenance. When UAB decreases to the UMIN value, the IY signal is set to a 
value quantitatively equal to the maximum allowable charging current AB and it is called charge AB. 

During the operation of the power supply system of an autonomous object, in Fig. 4, a disturb-
ance in the form of a load IH or parameters of the volt-ampere characteristics of the solar panel (ISC, 
UIDLE) lead to a change in the battery current by an amount ΔI relative to the installation current IY. 
The current regulator seeks to suppress this deviation so that it does not exceed the maximum allowa-
ble value ΔIZ and generates the corresponding signal m for switching keys K1 and K2. A block dia-
gram of a solar panel was built on Fig. 5. The power supply system of an autonomous object consists 
of a solar panel and a wind turbine. 
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Fig. 5. Structural diagram of the solar panel in Simulink, which is part of the MATLAB package 

The protection of the battery (Accumulator Battery) from overvoltage, when converting (Con-
verter) voltage from 24 V to 220 V, is provided by the protection unit (ProtectionUnit) of the battery 
shown in Fig. 5. 

The simulation shows that with a positive energy balance, the voltages on AB1 and AB2 are in 
the specified mode of 24/220 V, and at the same time the full functioning of the load is ensured. With 
a negative energy balance, the load operation stops when the permissible voltage value on AB1 and 
AB2 is reached, while the PSS (power supply system) switches to emergency operation and charges 
the batteries. 

6. Development of a model for optimal temperature control in an autonomous object 
Regulators with a linear regulation law according to the mathematical dependencies between in-

put and output values are divided into the following types: 
– proportional (P-regulators); 
– proportional-integral (PI-regulators); 
– proportional-integral-differential (PID-regulators). 
The room temperature control loop in Fig. 6. 

The air temperature is maintained by heating equipment, but is powered by solar panel energy. 
The sensor T measures the room temperature, and then this value is fed to the comparison device CY 
of the measured temperature value TM and the setpoint TS. Depending on the difference between the 
set and measured temperature values, the controller P generates a signal that acts on the actuator M. 
The actuator opens or closes the valve until the error approaches zero: 
 set measuredT T−ε = . (1) 

A generalized structural diagram of the ACS is shown in Fig. 7. 
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Fig. 6. Indoor temperature control: CY – comparing 
device; Ts is the set temperature; TM is the measured 
temperature value; P – regulator; HP – heating unit; 

T – temperature sensor; M – actuator 

Fig. 7. Block diagram of the automatic control system 
(ACS): WР(р) – controller transfer function; WОР(р) – 

transfer function of the control object (regulation);  
TS – temperature sensor; g(t) is the set temperature 
value; ε – regulation error; y is the controlled value;  

θ – temperature value measured by the sensor 
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The transfer coefficient from mismatch ε to output y is given by: 
 P OP( )( ) ( )W jw W p W p= , (2) 
where WР(р) is the controller transfer coefficient; 
 WОР(р) is the transfer coefficient of the regulated object. 

For modeling, analysis and synthesis of objects and automation, the problem of synthesizing the 
ACS system for the air temperature in the room of an autonomous object is considered, the tempera-
ture inside the room should not exceed 27 °C. The structural diagram of the ACS is shown in Fig. 7. 

To synthesize an ACS with a typical control law, it is necessary to describe mathematically the 
components of its links. Let’s theoretically obtain a mathematical model of the room as a control ob-
ject. The value of the air temperature in the room θ depends on the power of the heating equipment Р 
and the outdoor temperature θH. To obtain a mathematical description of the control object, infor-
mation from the field of heat engineering was used. 

In the process of heating the room, one part of the heat output (heater) is spent on raising the tempera-
ture in the room, and the second part is dissipated to the outside by heat transfer through the walls. Mathe-
matical formulas, and represent the general heat balance equations and have the following form: 

 1

θP c
t

∂
=

∂
, (3) 

 2 H(θ θ )SkP
l

= − , (4) 

where Р1 is the thermal power of the heater, kW; 
 Р2 – thermal power, dissipated to the outside, kW; 
 с – heat capacity of the air in the room, kJ/(kg×°С); 
 S –wall area, m2; 
 k –the coefficient of thermal conductivity of the walls (enclosing surface), kW/(m×°С); 
 l – wall thickness, m. 

Considering that the sum of these powers is equal to the power of the heated installation, we obtain: 

 H

θ (θ θ )SkP c
t l

∂
= + −

∂
. (5) 

Transforming this formula, we obtain a mathematical description of the control object under con-
sideration: 

 H

θθ θ
k k

l clP
S S t

∂
+ = +

∂
, (6) 

where cl/Sk=T, time constant, s; 
 l/Sk=K – conversion coefficient, (°С/W), substituting we get these transformations: 

 P H

θθ θK T
t

∂
+ = +

∂
. (7) 

This equation is a linear differential equation of the 1-st order. In automatic control systems, 
there is a need for a controller that would generate an additional control action proportional to the rate 
of deviation of the controlled variable from the set value. Therefore, our studies were carried out using 
PID control. The differential component has the form according to the formula (8): 

 εμD DT
t
∂

=
∂

. (8) 

PID controllers act on the control object in proportion to the deviation of the controlled variable, 
the integral of this deviation and the rate of change of the controlled variable: 

 
0

1 εμ ε ε
t

P D
U

K t T
T t

∂
= + ∂ +

∂∫  , (9) 

where TD is the differentiated time constant; 
 TU is the integrated time constant. 
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In terms of capabilities, PID controllers are universal. Using 
them, you can get any law of regulation. Using formula (9), we will 
draw up a general structural diagram and the regulation law of an ide-
ideal PID controller. The scheme is shown in Fig. 8. 

With a sudden change in the controlled value, the PID controller 
at the initial moment of time has an instantaneous infinitely large ef-
fect on the object of regulation, then the magnitude of the effect drops 
sharply to a value determined by the proportional component, after 
which the integral component of the controller constantly begins to 
influence. The transient process in PID controllers has minimal am-
plitude and time deviations compared to P- and PI-controllers (i.e., 
the highest speed). The PID controller tuning parameters are the con-
troller proportionality factor KP, the integration time constant TU and 
the derivative time constant TD. With increasing delay in the system, negative phase shifts sharply in-
crease, which reduces the effect of the differential component of the controller. In addition, the pres-
ence of noise in the measurement channel in a system with a PID controller leads to significant ran-
dom fluctuations in the control signal of the controller, which increases the dispersion of the control 
error and wear of the actuator. PID-controllers make it possible to provide good control quality for 
temperature control systems: control mismatch is less than 1 % of the set point, a short time to enter 
the mode and low sensitivity to external disturbances. When digitally implemented, the PID law has 
the form: 

 measured
0 measured

ε1μ ε ε 100%
n

i
P i i D

iU

K t T
T t=

 ∆
= + ∆ + ⋅ ∆ 

∑ . (10) 

Table 1 
Values of the controller settings 

Regulator type Proportional band Transfer ratio Integration time constant Differentiation time constant 
P-regulator 2PMS 0.5KPS not available not available 

PI controller 2.2PMS 0.45KPS 0.83T not available 
PID controller 1.67PMS 0.6KPS 0.5T 0.125T 

KPS – proportional gain regulator; PMS – proportional component of the relative control range;  
T – is the operating time of the regulator 

 
Based on the developed mathematical models, a solar panel battery charging circuit was assem-

bled in the Simulink and SimPowerSystems visual modeling software included in the MatLab pack-
age. This circuit is shown in Fig. 9. 

The voltage of the solar panel and storage battery is selected between 12 and 220 V and was con-
verted to 220 V AC at a frequency of 50 Hz. 
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Fig. 9. Scheme of modeling a solar panel in the Matlab program 
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7. Analysis of simulation results 
As a result of modeling in the Simulink environment with different nominal voltages and a con-

verter, it was possible to choose the voltage of the battery and solar panel. According to the above cal-
culation method, in the second chapter of the solar panel, a model was compiled in the MatLab pack-
age, which consists of a current source PV1 connected to the battery through a separating diode VD. 
A VM1 controller, GainRelay, is connected to the battery circuit to prevent overcharging of the bat-
tery. When the battery is charged from the solar panel to the set maximum voltage, the overcharge 
prevention circuit connects the load transistor VT in parallel with the solar panel to absorb the excess 
power of the solar panel. The battery is protected from overcharging by a relay regulator, which con-
sists of a Constant reference voltage setter, a Battery to Constant voltage comparison device - sum-
block, an error amplifier, a Gain regulator, a Relay relay block that controls VT. When the charge 
voltage on the battery reaches 14 V, the VT key switches the solar panel. 

In a low-voltage circuit with a voltage of UАB 10…24 V, a power transformer TV is used to in-
crease the voltage to 220 V Un, the transformation ratio will be 22…16. When modeling, a rectangular 
converter was used with 50 Hz output voltage regulation according to the principle of pulse-width 
regulation. A parallel resonant LC circuit connected to the converter through a TV transformer pro-
vides the sinusoidal voltage on the load. The inductance LP smooths the consumed current of the in-
verter, the inductance LH of an active-inductive load with an angle of 0.8 and a parallel-connected 
transformer with capacitor C2 forms a parallel resonant circuit. The load is connected to the capacitor 
C2 and has a sinusoidal voltage KH≤10 %, when the battery voltage is 220 V, the step-up transformer 
TV is turned off. 

The amplitude of the unfolding voltage of a symmetrical triangular shape UР=2 V with a refer-
ence voltage UОР=3.5 V. 

The following Fig. 10 shows the relationship between UL and UАB with and without regulation. 
Fig. 10 shows the characteristics of the converter with regulation by a solid line and without a 

regulator by a dotted line. The following Fig. 11 shows the regulation characteristic of voltage 220 V 
and harmonic coefficient KH depending on the battery voltage from 10 to 14 V.   
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Fig. 10. Characteristics of the converter Fig. 11. Regulation characteristics 

Fig. 12 shows the load characteristic of the converter at a constant battery voltage of 10 V, which 
was taken when the load changed from nominal to idle. 

The following Fig. 13 shows the external characteristic converter, which is removed without reg-
ulation at a voltage of 14 V. 
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To ensure stability in the classical amplitude regulation mode, we determine the value of the ref-
erence voltage and the amplitude of the sweeping voltage are shown in Table 2 and Fig. 14. 

Table 2 

Parameter results between reference and master oscillator voltage 

UАB, V 14 
UОР + UР 5 
UОР, mV 1.5 2.5 3.5 4.5 

UР, V 4 3 2 1 
UL, V 200 217 235 266 
KH, % 14.7 12.8 10 7.4 

 
According to the harmonic criterion, 

KH=10 % is acceptable, so we choose the ratios 
UL=235 V, UОР=3.5 mV and UР=2 V. 

The results of modeling the control of the 
solar panel using the classical amplitude regu-
lation of the output voltage at the input voltage 
of the battery 14 V. 

Conclusions 
1. A mathematical model has been devel-

oped that allows you to control and optimize 
the operation of a solar battery depending on 
climatic conditions and on the degree of illumination; 

2. The calculation of the low-voltage power supply system was carried out; a technique was pro-
posed that allows the efficient use of the energy generated by the solar panel without conversion loss-
es. When creating an automated control of energy supply and energy consumption of an autonomous 
object, a mathematical model of optimal temperature control was developed; 

3. As a result of the simulation, it was found that with a positive energy balance, the voltages on 
AB1 and AB2 are in the specified mode 24/220 V, and at the same time, the full functioning of the 
load is ensured. With a negative energy balance, the load operation stops at the moment the permissi-
ble voltage value on AB1 and AB2 is reached, while the EPS goes into emergency operation and 
charges the batteries; 

4. In the program Simulink and Sim Power Systems, which is part of the MATLAB package, a 
simulation model for controlling the power supply controller of an autonomous object with elements 
of SMART technology has been developed. This model allows you to really display the logic of the 
solar panel and wind turbine; 

5. A model for optimal control of the perceived temperature in an autonomous object has been 
developed. 

Література 

1. Jerson R.P. Vaz, David H. Wood. Performance analysis of wind turbines at low tip- speed ratio using 
the Betz-Goldstein model. Energy Conversion and Management. 2016. Volume 126. P. 662–672. 

2. Francisco J. Aguilara, Pedro V. Quilesa, Simón Aledob. Operation and energy efficiency of a hybrid air 
conditioner simultaneously connected to the grid and to photovoltaic panels. SHC 2013. International 
Conference on Solar Heating and Cooling for Buildings and Industr. Energy Procedia 48 (2014). 2014. 
P. 768–777. 

3. Renewables 2016 Global Status Report REN 21’s: Renewables Interactive Map for country specific 
data. 2016. 272 p. 

4. Renewables 2015 Global Status Report REN 21’s, Annual Reporting on Renewables: Ten years of 
excellence. 2015. 251 р. 

5. Андреева Н.Ю., Кубов В.И., Кубова Р.М., Павленко А.А. Исследование вариации солнечной 
радиации для оценки энергетической эффективности солнечных фотоэлектрических батарей. 
Наукові праці: Техногенна безпека. 2014. С. 123–133. 

6. The European wind energy association. Wind in power: 2009 European statistics, February 2012. 11 p. 

  

 
 

VOP, V 

UPM, V KH, % 

2 

1 

KH 
UL 

1 

7.4 

2 3 4 
1 

3 

4 

6 
8 

12 

16 

100 

200 

300 
UL, V 

UPM 
2 

3 

4 

200 

217 
235 

266 

10 

13.8 
14.7 

10 

14 

150 

250 

 
Fig. 14. Inverter parameters 

http://www.sciencedirect.com/science/article/pii/S019689041630704X
http://www.sciencedirect.com/science/article/pii/S019689041630704X
http://www.sciencedirect.com/science/article/pii/S019689041630704X


Праці Одеського політехнічного університету, 2022. Вип. 2(66) ISSN 2076-2429 (print) 
ISSN 2223-3814 (online)   

  
ІНФОРМАЦІЙНІ ТЕХНОЛОГІЇ. АВТОМАТИЗАЦІЯ 

92 

7. Бекбаев А.Б., Акпанбет Д.Б., Байбутанов Б.К., Абдраманов Г.А. Способы утилизации 
избыточных мощностей в автономных ветроэнергетических установках малой мощности. 
Вестник КазНТУ. 2015. № 4. С. 217–221. 

8. Соснина Е.Н., Филатов Д.А. Выбор энергоустановок на ВИЭ для электроснабжения 
сельскохозяйственных предприятий. Вестник БГТУ им. В.Г. Шуховая. 2015. №4. C. 110–121. 

9. Богданов А.А. Практика применения систем управления освещением светодиодами. 
Светотехника. 2012. №3. С. 20–28. 

10. Study on conservation aspects using LED technology for museum lighting / G. Piccablottoa, Aghemob 
C., Pellegrinob A., Iacomussic P, Radis M. 6th International Building Physics Conference, IBPC. 
Energy Procedia 78 (2015). 2015. pp. 1347–1352. 

11. Techno-economic Analysis of LED Lighting: A Case Study in UTeM’s Faculti Building. Malaysian 
Technical Universities Conference on Engineering & Technology 2012, MUCET 2012 Part 1 Electronic 
and Electrical Engineering. Procedia Engineering 53 (2013). 2013. pp. 208–216. 

12. Fathi M, Chikouche A., Abderrazak M. Design and realization of LED Driver for solar street lighting 
applications. Energy Procedia. 2011. Vol. 6. P. 160–165. DOI: https://doi.org/10.1016/ 
j.egypro.2011.05.019. 

13. Hung Min-Wei, Chen Chun-Jen, Chang Chun-Li, Hsu Chia-Wei. The impacts of high frequency pulse 
driving on the performance of LED light. Physics Procedia. 2011. Vol. 19. P. 336–343. DOI: 
10.1016/j.phpro.2011.06.171. 

14. Carleaa F., Teodoreanua D. I., Iancua I. Analysis of financial parameters for a combined photovoltaic. 
LED intelligent lighting low voltage distributed generation. 1st International Conference “Economic 
Scientific Research – Theoretical. Empirical and Practical Approaches”, ESPERA 2013. Procedia 
Economics and Finance. 8 (2014). 2015. pp. 113–121. 

15. Design of an innovative graphite exchanger for adsorption heat pumps and chillers / V. Palombaa, S. 
Vastaa, G. Giacoppoa, L. Calabreseb, Giuseppe Gulli`a, Davide La Rosaa, Angelo Frenia. Science 
Direct 69th Conference of the Italian Thermal Engineering Association, ATI 2014. Energy Procedia 
81 (2015). 2015. рр. 1030–1040. 

16. Claudia N., Dongellinia M., Morinia G. L. Climate influence on seasonal performances of air-to-water 
heat pumps for heating. 69th Conference of the Italian Thermal Engineering Association, ATI 2014. 
Energy Procedia 81 (2015). 2015. рр. 100–107. 

17. Laukaa D., Guscaa J., Blumbergaa D. Heat Pumps Integration Trends in District Heating Networks of 
the Baltic States. The 5th International Conference on Sustainable Energy Information Technology 
(SEIT 2015). Procedia Computer Science 52 (2015). 2015. рр. 835–842. 

18. Kandler C., Wimmera P., Honolda J. Predictive control and regulation strategies of air-to-water heat 
pumps. 6th International Building. Physics Conference, IBPC 2015 Energy Procedia 78 (2015). 2015. 
рр. 2088–2093. 

19.  Пивняк Г.Г., Бешта А.С. Оптимизация энергетического баланса ветрогенератора. Теоретические 
вопросы автоматизированного электропривода. 2010. С. 52–54. 

20. Zendehbad M., Chokani N., Abhari R.S. Impact of forested fetch on energy yield and maintenance of 
wind turbines. Renewable Energy. 2016. Volume 96, Part A. P. 548–558. 

21. Jerson R.P. Vaz, David H. Wood. Performance analysis of wind turbines at low tip-speed ratio using the 
Betz-Goldstein model. Energy Conversion and Management. 2016. Volume 126. P. 662–672. 

22. Abdeddaim S., Betka A. Optimal Tracking and Robust Power Control of the DFIG Wind Turbine  
International Journal of Electrical Power and Energy Systems. 2013. Vol. 49. P. 234–242. 

23. Francisco J. Aguilara, Pedro V. Quilesa, Simón Aledob. Operation and energy efficiency of a hybrid air 
conditioner simultaneously connected to the grid and to photovoltaic panels. SHC 2013, International 
Conference on Solar Heating and Cooling for Buildings and Industr. Energy Procedia 48 (2014). 2014. 
рр. 768–777. 

24.  Квасов И.А. Формирование системы управления SMART в распределенной энергетике. 
Науковедение. 2016. Том 8. №2. С. 1–8. 

25. Sicari S., Rizzardi A., Miorandi D., Cappiello C., Coen-Porisini A. Security policy enforcement for 
networked smart objects. Computer Networks. 2016. Volume 108. P. 133–147. 

26. Carolina Teixeira Nicolaua, Reinaldo C. Souza, Mauricio N. Frota. The profession/ occupation field 
model’as an activity theoretical framework for the development of engineers in the context of the Smart 
City approach. Information Technology and Quantitative Management (ITQM 2015). Procedia 
Computer Science. 2015. 55. P. 278–287. 

27. Andrey A. Volkov, Luiza V. Sukneva. BIM-Technology in Tasks of the Designing Complex Systems of 
Alternative Energy Supply. XXIII R-S-P seminar, Theoretical Foundation of Civil Engineering (23RSP) 
(TFoCE 2014) Procedia Engineering 91. 2014. рр. 377–380. 

https://doi.org/10.1016/%20j.egypro.2011.05.019
https://doi.org/10.1016/%20j.egypro.2011.05.019
https://ui.adsabs.harvard.edu/link_gateway/2011PhPro..19..336H/doi:10.1016/j.phpro.2011.06.171
http://www.sciencedirect.com/science/article/pii/S0960148116304256
http://www.sciencedirect.com/science/article/pii/S0960148116304256
http://www.sciencedirect.com/science/article/pii/S0960148116304256
http://www.sciencedirect.com/science/article/pii/S019689041630704X
http://www.sciencedirect.com/science/article/pii/S019689041630704X
http://www.sciencedirect.com/science/article/pii/S019689041630704X
http://www.sciencedirect.com/science/journal/13891286
http://www.sciencedirect.com/science/journal/13891286


ISSN 2076-2429 (print) Proceedings of Odessa Polytechnic University, Issue 2(66), 2022 ISSN 2223-3814 (online)   

  
INFORMACION TECHNOLOGY. AUTOMATION 

93 

28. Intelligent control for energy- positive street lighting / András Kovács, Roland Bátai, Balázs Csanád 
Csáji, Péter Dudás, Borbála Háy, Gianfranco Pedone, Tibor Révész, József Váncza. Energy. 2016. 
P. 40–51. 

29. Rule-based system to detect energy efficiency anomalies in smart buildings, a data mining 
approach / Manuel Peña, Félix Biscarri, Juan Ignacio Guerrero, Iñigo Monedero, Carlos León. 
Expert Systems with Applications. 2016. P. 242–255. 

30. Hoong Yan See Taoa, Ahmed Bahabrya, Robert Cloutier. Customer Centricity in the Smart Grid 
Model. 2015 Conference on Systems Engineering Research. Procedia Computer Science. 2015. 44. 
P. 115–124. 

31. Govinda K. Design of Smart Meter using Atmel 89S52 Microcontroller. Smart Grid Technologies.  
August 6–8, 2015. Procedia Technology. 2015. 21. pp. 376–380. 

32. Consumer energy management system with integration of smart meters / R. Melicio, V.M.F. Mendes, J. 
Martins, J.C. Quadrado, R. Melicio, V.M.F. Mendes, J. Martins, J.C. Quadrado. Energy Reports 1. 
2015. рр. 22–29. 

33. Alontseva E.N., Belousov P.A. Flexible distributed control and protection system for industrial 
objects – Consumers of electric power. Nuclear Energy and Technology. 2015. 1. P. 233–236. 

34. Fabio Favoino, Mauro Overend, Qian Jin. The optimal thermo-optical properties and energy saving 
potential of adaptive glazing technologies. Applied Energy. 2015. 156. P. 1–15. 

35. Ramakrishna Kappagantua, S. Arul Daniela, M. Venkatesh. Analysis of Rooftop Solar PV System 
Implementation Barrier in Puducherry Smart Grid Pilot Project. Smart grid Technologies. Procedia 
Technology. 2015. 21. P. 490–497. 

36. Miroslav Behan, Ondrej Krejcar. Vision of Smart Home Point Solution as Sustainable Intelligent House 
Concept. 12th IFAC Conference on Programmable Devices and Embedded Systems The International 
Federation of Automatic Control. September 25–27. Czech Republic IFAC. 2013. рр. 383–387. 

37. C.J.J. Paredis, C. Bishop, D. Bodner, Georgia. An Intelligent Controller for the Smart Grid. Conference 
on Systems Engineering Research (CSER’13) Eds.: Institute of Technology, Atlanta, GA, March 19–22, 
2013. Procedia Computer Science. 2013. рр. 776–785. 

38. Pavle Skocir, Petar Krivic, Matea Tomeljak, Mario Kusek, Gordan Jezic. Activity detection in smart 
home environment. 20th International Conference on Knowledge Based and Intelligent Information and 
Engineering Systems. Procedia Computer Science 96. 2016. рр. 672–681. 

39. Qiang Suna, Xubo Gea, Lin Liua, Xin Xub, Yibin Zhanga, Ruixin Niuc, Yuan. Review of Smart Grid 
Comprehensive Assessment Systems. Energy Procedia ICSGCE 2011. 2011. рр. 219–229. 

40. Jalpa Shaha, Biswajit Mishraa. Customized IoT enabled Wireless Sensing and Monitoring Platform for 
Smart Buildings. 3rd International Conference on Innovations in Automation and Mechatronics 
Engineering, ICIAME 2016. Procedia Technology 23. 2016. рр. 256–263. 

41. Suleimenov B. A., Sugurova L.A., Suleimenov A. B. Intelligent and Hybrid Systems of Process 
Control: Theory, Methods, Applications. Mediterranean Journal of Social Sciences. 2015. Vol 6. No 2. 

42. Yee Wei Law, Hemanshu R. Pota, Jiong Jin, Zhihong Man, Marimuthu Palaniswami. Control and 
Communication Techniques for the Smart Grid: An Energy Efficiency Proceedings of the 19th World 
Congress. The International Federation of Automatic Control Cape Town, (IFAC). August 24–29. 
2014. рр. 987–998. 

References 

1. Jerson R.P. Vaz, & David H. Wood. (2016). Performance analysis of wind turbines at low  tip-speed 
ratio using the Betz-Goldstein model. Energy Conversion and Management, 126, 662–672. 

2. Francisco J. Aguilara, Pedro V. Quilesa, & Simon Aledob. (2014). Operation and energy efficiency of a 
hybrid air conditioner simultaneously connected to the grid and to photovoltaic panels. SHC 2013, 
International Conference on Solar Heating and Cooling for Buildings and Industr. Energy Procedia 48 
(2014). 768–777. 

3. Renewables 2016 Global Status Report REN 21’s. (2016). Renewables Interactive Map for country 
specific data, p. 272. 

4. Renewables 2015 Global Status Report REN 21’s. (2015). Annual Reporting on Renewables: Ten years 
of excellence, p. 251. 

5. Andreeva, N. Yu., Kubov, V. I., Kubova, R. M., & Pavlenko, A. A. (2014). Study of solar radiation 
variation to assess the energy efficiency of solar photovoltaic batteries. Scientific work, technogenic 
safety, 123–133. 

6. The European wind energy association. (2012). Wind in power: 2009 European statistics, 11p. 
7. Bekbaev, A.B., Akpanbetov, D.B., Baibutanov, B.K., & Abdramanov, G.A. (2015). Methods for 

utilization of excess power in autonomous low power wind turbines. Bulletin of KazNTU, 4, 217–221. 

http://www.sciencedirect.com/science/journal/03605442
http://www.sciencedirect.com/science/journal/09574174
http://www.sciencedirect.com/science/article/pii/S2352484714000031
http://www.sciencedirect.com/science/article/pii/S2352484714000031
http://www.sciencedirect.com/science/article/pii/S2352484714000031
http://www.sciencedirect.com/science/article/pii/S2352484714000031
http://www.sciencedirect.com/science/article/pii/S2352484714000031
http://www.sciencedirect.com/science/article/pii/S2352484714000031
http://www.sciencedirect.com/science/article/pii/S2352484714000031
http://www.sciencedirect.com/science/article/pii/S2352484714000031
http://www.sciencedirect.com/science/article/pii/S2352484714000031
http://www.sciencedirect.com/science/article/pii/S2352484714000031
http://www.sciencedirect.com/science/article/pii/S2352484714000031


Праці Одеського політехнічного університету, 2022. Вип. 2(66) ISSN 2076-2429 (print) 
ISSN 2223-3814 (online)   

  
ІНФОРМАЦІЙНІ ТЕХНОЛОГІЇ. АВТОМАТИЗАЦІЯ 

94 

8. Sosnina, E. N., & Filatov, D. A. (2015). Choice of renewable energy installations for power supply of 
agricultural enterprises. Bulletin of BSTU im. V.G. Shukhov, 4, 110–121. 

9. Bogdanov, A.A. (2012). The practice of using LED lighting control systems. Svetotekhnika, 3, 20–28. 
10. Piccablottoa, G., Aghemob, C., Pellegrinob, A., Iacomussic, P, & Radis, M. (2015). Study on 

conservation aspects using LED technology for museum lighting. 6th International Building Physics 
Conference, IBPC. Energy Procedia 78 (2015). pp. 1347–1352. 

11. Techno-economic Analysis of LED Lighting: A Case Study in UTeM’s Faculti Building. (2013). 
Malaysian Technical Universities Conference on Engineering & Technology 2012, MUCET 2012 Part 
1 Electronic and Electrical Engineering. Procedia Engineering 53, 208–216. 

12. Fathi, M, Chikouche, A., & Abderrazak M. (2011). Design and realization of LED Driver for solar 
street lighting applications. Energy Procedia 6, 160–165. DOI: https://doi.org/10.1016/j.egypro. 
2011.05.019. 

13. Hung Min-Wei, Chen Chun-Jen, Chang Chun-Li, & Hsu Chia-Wei. (2011). The impacts of high 
frequency pulse driving on the performance of LED light. ICOPEN 2011. Physics Procedia 19, 336–
343. DOI: 10.1016/j.phpro.2011.06.171. 

14. Carleaa, F., Teodoreanua, D. I., & Iancua, I. (2015). Analysis of financial parameters for a combined 
photovoltaic. LED intelligent lighting low voltage distributed generation. 1st International Conference 
‘Economic Scientific Research – Theoretical, Empirical and Practical Approaches’, ESPERA 2013. 
Procedia Economics and Finance 8 (2014). pp. 113–121. 

15. Palombaa, V., Vastaa, S., Giacoppoa, G., Calabreseb, L., Giuseppe Gulli`a, Davide La Rosaa, & Angelo 
Frenia. (2015). Design of an innovative graphite exchanger for adsorption heat pumps and chillers. 
Science Direct 69th Conference of the Italian Thermal Engineering Association, ATI2014. Energy 
Procedia, 81, 1030–1040. 

16. Claudia, N., Dongellinia, M., & Morinia, G. L. (2015). Climate influence on seasonal performances of 
air-to-water heat pumps for heating. 69th Conference of the Italian Thermal Engineering Association, 
ATI2014. Energy Procedia, 81, 100–107. 

17. Laukaa, D., Guscaa, J., & Blumbergaa, D. (2015). Heat Pumps Integration Trends in District Heating 
Networks of the Baltic States. The 5th International Conference on Sustainable Energy Information 
Technology (SEIT 2015). Procedia Computer Science, 52, 835–842. 

18. Kandler, C., Wimmera, P., & Honolda, J. (2015). Predictive control and regulation strategies of air-to-
water heat pumps. 6th International Building. Physics Conference, IBPC 2015. Energy Procedia 78, 
2088–2093. 

19. Pivnyak, G.G., & Beshta, A.S. (2010). Optimization of the energy balance of a wind generator. 
Theoretical questions of an automated electric drive, 52–54. 

20. Zendehbad, M., Chokani, N., & Abhari, R.S. (2016). Impact of forested fetch on energy yield and 
maintenance of wind turbines. Renewable Energy, 96, Part A, 548–558. 

21. Jerson R.P. Vaz, & David H. (2016). Wood. Performance analysis of wind turbines at low tip-speed 
ratio using the Betz-Goldstein model. Energy Conversion and Management, 126, 15, 662–672. 

22. Abdeddaim, S., & Betka, A. (2013). Optimal Tracking and Robust Power Control of the DFIG Wind 
Turbine. International Journal of Electrical Power and Energy Systems, 49, 234–242. 

23. Francisco J. Aguilara, Pedro V. Quilesa, & Simon Aledob. (2013). Operation and energy efficiency of a 
hybrid air conditioner simultaneously connected to the grid and to photovoltaic panels. SHC 2013, 
International Conference on Solar Heating and Cooling for Buildings and Industr. Energy Procedia, 48, 
768–777. 

24. Kvasov, I.A. (2016). Formation of a SMART control system in distributed energy. Journal of Science 
Science, 8, 2, 1–8. 

25. Sicari, S., Rizzardi, A., Miorandi, D., Cappiello, C., & Coen-Porisini, A. (2016). Security policy 
enforcement for networked smart objects. Computer Networks Volume 108, 133–147. 

26. Carolina Teixeira Nicolaua, Reinaldo C. Souza, & Mauricio N. Frota. (2015). The 
profession/occupation field model’as an activity theoretical framework for the development of 
engineers in the context of the Smart City approach. Information Technology and Quantitative 
Management (ITQM 2015). Procedia Computer Science, 55, 278–287. 

27. Andrey A., Volkov, & Luiza V. Sukneva. (2014). BIM-Technology in Tasks of the Designing Complex 
Systems of Alternative Energy Supply. XXIII R-S-P seminar, Theoretical Foundation of Civil 
Engineering (23RSP) (TFoCE 2014). Procedia Engineering, 91, 377–380. 

28. András Kovács, Roland Bátai, Balázs Csanád Csáji, Péter Dudás, Borbála Háy, Gianfranco Pedone, 
Tibor Révész, & József Váncza. (2016). Intelligent control for energy-positive street lighting. Energy, 
November, 40–51. 

https://doi.org/10.1016/j.egypro.%202011.05.019
https://doi.org/10.1016/j.egypro.%202011.05.019
https://ui.adsabs.harvard.edu/link_gateway/2011PhPro..19..336H/doi:10.1016/j.phpro.2011.06.171


ISSN 2076-2429 (print) Proceedings of Odessa Polytechnic University, Issue 2(66), 2022 ISSN 2223-3814 (online)   

  
INFORMACION TECHNOLOGY. AUTOMATION 

95 

29. Manuel Peña, Félix Biscarri, Juan Ignacio Guerrero, Iñigo Monedero, & Carlos León. (2016). Rule-
based system to detect energy efficiency anomalies in smart buildings, a data mining approach. Expert 
Systems with Applications, September, 242–255. 

30. Hoong Yan See Taoa, Ahmed Bahabrya, & Robert Cloutier. (2015). Customer Centricity in the Smart 
Grid Model. 2015 Conference on Systems Engineering Research. Procedia Computer Science, 44, 115–
124. 

31. Govinda, K. (2015). Design of Smart Meter using Atmel 89S52 Microcontroller. Smart Grid 
Technologies. Procedia Technology, 21, 376–380. 

32. R. Melicio, V.M.F. Mendes, J. Martins, J.C. Quadrado, R. Melicio, V.M.F. Mendes, J. Martins, & J.C. 
Quadrado. (2015). Consumer energy management system with integration of smart meters. Energy 
Reports 1, 22–29. 

33. Alontseva, E.N., & Belousov, P.A. (2015). Flexible distributed control and protection system for 
industrial objects – Consumers of electric power. Nuclear Energy and Technology 1, 233–236. 

34. Fabio Favoino, Mauro Overend, & Qian Jin. (2015). The optimal thermo-optical properties and energy 
saving potential of adaptive glazing technologies. Applied Energy 156, 1–15. 

35. Ramakrishna Kappagantua, S. Arul Daniela, M. Venkatesh. (2015). Analysis of Rooftop Solar PV 
System Implementation Barrier in Puducherry Smart Grid Pilot Project. Smart grid Technologies. 
Procedia Technology 21, 490–497. 

36. Miroslav Behan, & Ondrej Krejcar. (2013). Vision of Smart Home Point Solution as Sustainable 
Intelligent House Concept. 12th IFAC Conference on Programmable Devices and Embedded Systems. 
The International Federation of Automatic Control. September 25–27. Czech Republic IFAC 2013. pp. 
383–387. 

37. C.J.J. Paredis, C. Bishop, & D. Bodner, Georgia. (2013). An Intelligent Controller for the Smart Grid. 
Conference on Systems Engineering Research (CSER’13). Eds.: Institute of Technology, Atlanta, GA, 
March 19–22, 2013. Procedia computer science, 776–785. 

38. Pavle Skocir, Petar Krivic, Matea Tomeljak, Mario Kusek, & Gordan Jezic. (2016). Activity detection 
in smart home environment. 20th International Conference on Knowledge Based and Intelligent 
Information and Engineering Systems Procedia. Computer Sciencej, 96, 672–681. 

39. Qiang Suna, Xubo Gea, Lin Liua, Xin Xub, Yibin Zhanga, & Ruixin Niuc, Yuan. (2011). Review of 
Smart Grid Comprehensive Assessment Systems. Energy Procedia ICSGCE 2011, 219–229. 

40. Jalpa Shaha, & Biswajit Mishraa. (2016). Customized IoT enabled Wireless Sensing and Monitoring 
Platform for Smart Buildings. 3rd International Conference on Innovations in Automation and 
Mechatronics Engineering, ICIAME 2016. Procedia Technology 23, 256–263. 

41. Suleimenov, B. A., Sugurova, L. A., & Suleimenov, A. B. (2015). Intelligent and Hybrid Systems of 
Process Control: Theory, Methods, Applications. Mediterranean Journal of Social Sciences, 6, 2. 

42. Yee Wei Law, Hemanshu R. Pota, Jiong Jin, Zhihong Man, & Marimuthu Palaniswami. (2014). Control 
and Communication Techniques for the Smart Grid: An Energy Efficiency Proceedings of the 19th 
World Congress. The International Federation of Automatic Control Cape Town, (IFAC). August 24–
29, pp. 987–998. 

 
Лопаков Олексій Сергійович; Oleksii Lopakov, ORCID: https://orcid.org/0000-0001-6307-8946 
Космачевський Володимир Володимирович; Volodymir Kosmachevskiy, ORCID: https://orcid.org/0000-0002-3234-2297 
Бабич Юлія Ігорівна; Yuliia Babych, ORCID: https://orcid.org/0000-0001-9966-2810 
Тігарєв Володимир Михайлович; Volodimyr Tigarev, ORCID: https://orcid.org/0000-0001-8492-6633 
Бабич Микола Іванович; Mykola Babych, ORCID: https://orcid.org/0000-0002-3946-9880 

Received September 13, 2022 

Accepted November 21, 2022 
 

 

https://orcid.org/0000-0002-8059-6507
https://orcid.org/0000-0001-9966-2810
https://orcid.org/0000-0001-8492-6633
https://orcid.org/0000-0002-3946-9880

