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This research is devoted to the development 
of software to increase the efficiency of autono-
mous wind-generating substations using panel 
structures, which will allow the use of wind ener-
gy to generate electricity with minimal losses 
and for the life support of buildings and struc-
tures. In the course of the work, a software and 
hardware system with a functional diagram 
for experimental measurements was developed. 
The paper also describes the process of model-
ing wind generation, collecting and transmitting 
real-time data to a web server via the HTTPS 
protocol. Due to the intensive development of 

wind energy in Republic of Kazakhstan, there 
is a need to apply methods to improve the ener-
gy generation process. In particular, the use of 
hardware and software to monitor and make 
decisions on optimizing the power generation 
process will help solve the problem of limited 
economic and labor resources. The results of the 
experiments revealed that the automatic con-
trol of the shield structures allows specialists to 
increase the effectiveness of the energy gener-
ation process by 25 % and, thus, a non-linear 
relationship between the power of the generated 
energy, the speed and direction of wind has been 
revealed. It should also be noted that the results 
obtained in the course of this research make it 
possible to solve the problem of saving electrici-
ty in the cities of Republic of Kazakhstan, since 
so far there are only large-scale wind farms, 
which is not always available in simple urban 
conditions. Moreover, the software developed 
during the study will allow autonomous control 
and analysis of the behavior of the wind farm, 
taking into account various weather conditions. 
In the future, the methods of data analysis will 
be applied to the data obtained via the process 
of modeling.

A script for receiving and transmitting real-
time data with wind speed and direction sensors 
has been developed
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1. Introduction

The use of software to improve the process of generating 
electricity at wind farms concerned mainly its individual 
elements, for example, turbines. Recently, however, scientists 
have begun to focus on the use of software to analyze the per-
formance of the entire power plant. In connection with the new 
opportunity to use wind energy to generate energy in urban 
areas, it became necessary to improve existing wind farms. This 
area remains unexplored, since initially, it is necessary to have 
appropriate weather conditions, such as in the city of Astana, 
where a constant wind flow is observed based on the wind rose 
and other observations. Therefore, the problem of the need to 
develop software for reading information, analyzing data, and 
improving the energy generation process remains relevant.

Nowadays, the world is undergoing modernization of 
the energy sector and the transition to a new technological 
model, which includes updating the technological base, 
increasing production efficiency, as well as ensuring an im-
provement in the quality of life and the living environment. 
The key direction of energy modernization is the formation 
of “green” energy. In Kazakhstan, interest in wind genera-
tion is high, but mainly focused on large-scale wind farms. 
The rapid development of real-time data processing systems 
has also affected this industry. Thus, today there is a need to 
introduce innovative approaches to solving the problem of 
increasing the efficiency of electric power generation using 
an approach based on IT technologies.

Moreover, the need and relevance of such a study are due 
to the fact that there is a worldwide trend towards the use of 
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renewable energy sources, since modern energy sources are 
exhaustible, and besides, unsafe. In other words, the whole 
world is moving towards decarbonization. Also, the success 
of the introduction of autonomous energy systems will allow 
each participant in energy relations to be independent of 
each other. Therefore, studies that are devoted to finding 
improvements in green energy have scientific relevance.

2. Literature review and problem statement

In [1], the analysis of wind data is carried out in order to 
determine the potential location for the application of wind 
energy. The study was accompanied by the introduction of 
a new method for assessing the classification of sides based 
on factors such as wind power and turbulence. However, 
this study did not have a practical component in the form of 
software to obtain constant up-to-date data. Another great 
example [2] discusses the development of an IoT system for 
monitoring weather parameters and gaseous pollutants in 
the air using a web application. The paper presented a tech-
nique for sending all parameter data. A significant drawback 
of this work is the lack of application of the results obtained 
for a specific industry, in this case, energy.

In [3], methods for developing algorithms for monitoring 
parameters in real time were proposed. It should be noted 
that in this paper, the platform on which the software part 
was developed is not cross-platform, so there is a problem of 
implementation and maintenance.

The paper [4] discusses the development of a system for 
remote control of agricultural work using a hardware plat-
form based on the Raspberry Pi microcontroller. The result 
of this study was the invention of AGRIPI, however, it solves 
a narrow range of problems regarding the problems of agri-
culture. The paper [5] considers the design of a hydroponic 
planting process monitoring system based on the Internet of 
Things, where the ESP32 microcontroller board is used as 
the main controller. In this case, the parameters that were 
monitored and collected were the conditions of the hydro-
ponic growing medium. Advances in technology have made 
IoT adoption easier, such as how the authors of [6] developed 
a security system with which residential buildings can be 
monitored. The authors of [7] solved the problem of air 
conditioning control by proposing a system that can make 
the fan work on the principle of automatic on/off and motor 
speed control in accordance with room temperature require-
ments. In [8], a system for transmitting data from sensors to 
a microcontroller via a wireless network is proposed.

Assessment of weather conditions is also useful in deter-
mining the potential for wind energy. To develop the theory 
of wind energy generation [9, 10], namely base station energy 
storage planning, evaluation of blade waste in Germany. 
The efficiency of renewable energy sources was considered 
in [11]. On the issue of fully renewable energy in the United 
States, the work [12] was studied.

In [12], a project for a system for the production of small 
wind energy based on Arduino is proposed. The data was 
transmitted to the server with GPRS via mobile data, which 
could then be accessed in a web application or an Android 
application. However, the disadvantage of this approach 
is the insecurity of the GPRS channel without using any 
encryption. However, due to the long observation period 
during the simulation, the authors were able to collect a large 
amount of data, which is subsequently analyzed. In [13], 

the use of hardware is justified by the need to control the 
charging voltage of the turbine generator. Moreover, the 
modified controller is able to determine the charging time 
of the wind turbine battery. The authors of [14] show by 
example the use of the websocket protocol for real-time data 
transfer. The papers highlight the benefits of using websock-
et technology as a good case for using this method to solve 
the problem of the authors of this study.

All this allows us to assert that it is expedient to conduct a 
study on the automation of the wind energy generation process.

3. The aim and objectives of the study

The aim of the study is to develop software for collecting 
and storing real-time data transmitted from wind speed and 
direction sensors, as well as prototyping a wind generation 
system. Thus, it is planned to prepare a digital platform 
for further modeling the direction of wind flows from the 
received data to enhance the wind flow itself and design a 
multi-rotor wind generator.

To achieve this aim, the following objectives are accom-
plished:

− to simulate the direction of the wind flow and thereby 
increase the wind flow for a multi-rotor wind generator with 
horizontal axes in a simulated environment;

− to develop a script for receiving and processing data 
obtained in real time from information sensors;

− to develop a web application for monitoring wind pow-
er data.

4. Materials and methods 

There is a model of a custom wind farm, which includes a 
wind power plant and shield structures. A wind power plant 
is a canvas with a group of blades on which transmission 
mechanisms are located. The energy generated from these 
blades is transmitted through a gearbox and stored in a 
special battery. Shield structures are designed to increase 
the wind flow and can significantly increase the efficiency 
of wind turbines without changing anything in their design.

When developing the software and hardware complex, 
the main emphasis was placed on ease of development and 
scalability. The software part was supposed to have the abili-
ty to automatically regulate the shield structures of the wind 
generator, as well as to increase the wind flow in the area of 
its location in order to obtain maximum current power.

To develop the software and hardware complex, the Ar-
duino Mega 2560 microcontroller was used as a platform for 
the rapid development of electronic devices. The hardware 
connection diagram is demonstrated in Fig. 1.

The functional component of the scheme of this complex 
is described below. The hardware part consists of an Arduino 
Mega 2560 microcontroller (1), an Ethernet Shield (2), a 
power supply with a 12 V output (3), a wind direction sen-
sor (4), a wind speed sensor or anemometer (5), 4 TS90M 
servo-motors (6−9), breadboard (10), electronic display (11). 

Initially, the wind speed and direction sensors and 
servo motors are initialized. After that, a connection was 
established between the Arduino and the web server via the 
HTTPS protocol. During initialization, the Ethernet shield 
was assigned the specified MAC address of the microcon-
troller and an IP address on the local network.
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a software script to rotate to the desired angle. The servo 
motor control logic is embedded in a special script written 
in C++ for the Arduino sketch. The layout of the servo 
drives for the panel structures of the wind turbine is shown 
in Fig. 2.

Fig. 2. Layout of the wind turbine

Wind speed and direction data were simultaneously 
transmitted to the web server via the HTTPS GET requests 
as string parameters, after which the web server starts pro-
cessing them in real time [16, 17]. The data transfer scheme 
is shown in Fig. 3.

The dataflow diagram is shown in Fig. 4.
The process diagram is shown in Fig. 5.
To store the incoming readings, a relational database 

was developed with the PostgreSQL database management 
system, consisting of two tables: indications, rotations [18]. 
The structure of the database tables is shown below in Ta-
bles 1, 2.

Data from the sensors begin to arrive and be read as 
soon as the connection to the web server is established. 
For the correct acquisition and processing of data from the 
sensors, the time interval for taking readings was set equal 
to 3 minutes for the wind speed sensor [13], and 2 minutes 
for the wind direction sensor. The sensors are connected 
to the Arduino microcontroller via analog inputs and are 
powered by a power supply unit with an output voltage of 
12 V [14, 15].

Arduino microcontroller through the analog input A0 
receives readings in the form of voltage values on the wind 
speed sensor in the range from 0 to 5 V. The input data is 
converted into the actual wind speed according to the fol-
lowing formula:

 
min

5 max
max

* ,in

mm

V V
V V

−
ϑ = ϑ

−
  (1)

where Vin – input voltage at the wind speed sensor, Vmin – mi-
nimum voltage from the anemometer, Vmax – maximum volt-
age, ϑmax – maximum wind speed, corresponding to Vmax.

Through the analog input A1, the microcontroller re-
ceives the readings of the wind direction sensor in a similar 
form. Transformation of input voltage values on this sensor is 
performed using the C++ map() function, which proportion-
ally transfers the value from the current range of values to a 
new range specified by the corresponding parameters. An 
example of calling the map() function is illustrated below:

map(VaneValue, 0, 1023, 0, 360),

where VaneValue – a variable that stores the read value from 
the wind direction sensor from the analog input A1 of the 
Arduino microcontroller.

Servo motors were installed on 4 sides of the wind tur-
bine layout and were controlled in a standard way using 

Fig. 1. Hardware connection diagram: (1) ‒ Arduino Mega 2560 microcontroller; (2) ‒ Ethernet Shield; (3) ‒ power supply with 

a 12 V output; (4) ‒ wind direction sensor; (5) ‒ wind speed sensor or anemometer; (6−9) ‒ 4 TS90M servo motors; 

(10) ‒ breadboard; (11) ‒ electronic display; UART ‒ Universal Asynchronous Receiver-Transmitter; 

SPI ‒ Serial Peripheral Interface; SD ‒ Secure Digital Memory Card
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Table 1

Structure of the indications table

Field Datatype

Id Integer, Primary key

wind_speed Float

wind_direction Integer

Power Float

Voltage Float

date_time Datetime

Table 2

Structure of the rotations table 

Field Datatype

Id Integer, Primary key

servo_motor_1 Integer

servo_motor_2 Integer

servo_motor_3 Integer

servo_motor_4 Integer

indication_id Integer, Foreign key

Fig. 3. Data transfer scheme

Fig. 4. Dataflow diagram

Fig. 5. Process diagram
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According to the direction and speed of the wind, the 
positions of the shields were changed by rotating the servo 
motors at a certain angle. It is important to note that in 
this study, it was data collection that was carried out, so 
the angle of rotation of each servo was experimental. The 
decision to rotate the desired servo came from the direction 
of the wind. During the rotation process, the amount of 
power generated by the wind turbine was also taken into 
account. The rotation was gradual with a step of 10 degrees 
and a time interval of 10 seconds. If within 10 seconds the 
generated power increased by the corresponding amount, 
then the rotation continued, and vice versa, with a decrease 
in power, the servo returned to its original position.

The web application backend was developed on the Django 
Web Framework of the Python programming language [19, 20]. 
During the development, the Model-Template-View (MTV) 
pattern was used, which implies the division of the project into 
layers of business logic, data access, and the client part.

Data monitoring was carried out in real time using 
the Websockets protocol. The monitoring function logic is 
developed using the Python asyncio library. The web appli-
cation implements the ability to visualize parameters in the 
form of tables and graphs received from sensors.

5. Results of modeling and software development 

5. 1. Simulation results of hardware implementation 
The shield structures of the wind generator were at-

tached to the Arduino microcontroller and controlled with 
it. The angle of rotation of each shield structure was deter-
mined by the indicators of wind speed and direction, which 
were given by the corresponding sensors. Below are the test 
results for each device.

The first test was done to find out if the main controller 
circuit, in this case Arduino Uno with Ethernet Shield, can 
function properly or not. The test included a test of con-
necting the Arduino to the computer’s serial port and the 
added Ethernet Shield on the Arduino board. The goal is to 
add the Arduino’s ability to connect to computer networks.

To test the Arduino connection, a USB cable is connect-
ed from a computer to the Arduino series, then the Arduino 
IDE software is launched. If the Arduino is connected to a 
computer, the Arduino IDE provides a serial port connection 
on the computer that is using the Arduino. For the Ethernet 
Shield test, the module is connected by placing the Ethernet 
Shield PCB on the Arduino board. An RJ-45 UTP cable, 
crossed over, connected the local host computers to the 
Ethernet Shield. The Arduino IDE was loaded with example 
programs from the Ethernet Library, the IP address of the 
computer with the Ethernet Shield set to one network. If 
the Arduino is working properly, the Arduino IDE monitor 
will show the connection, and the monitor’s serial width will 
show the port used by the Arduino, as shown in Fig. 6.

Fig. 6 shows that DHCP was successfully initialized and 
the microcontroller automatically received its IP address on 
the local network. The next step is to connect to the test server.

To test the performance of the wind speed sensor, moni-
toring of the COM port was enabled and the converted wind 
speed value was output from the analog input in the console. 
The result is illustrated in Fig. 7.

After a successful check of the wind speed sensor, the 
device was calibrated.

Wind direction was tested by connecting a wind direc-
tion sensor to the analog input A1 of the Arduino micro-
controller. The script for receiving data from this sensor is 
shown in the program code below:

int VaneValue=analogRead(A1);

int Direction=map(VaneValue, 0, 1,023, 0, 360);

Serial.println(Direction).

The result of testing the wind direction sensor is shown 
in Fig. 8.

As shown in the code, the range of values from 0‒1,023 scales 
proportionally to the range from 0 to 360, which corresponds to 
the direction of the wind, where 0 is set to north.

5. 2. Script test results
In the process of work, a C++ script for receiving and 

processing data has been written. To test the results of the 

Fig. 6. Connection display

Fig. 7. Wind speed sensor test

Fig. 8. Wind direction sensor test



85

Information and controlling system

script, below is a fragment of the program code of the script 
with comments.

// initially, create test suite object
TestSuite suite;
connectionByDHCP() {
 if (Ethernet.begin(mac) == 0) {
  Serial.println(“Failed to configure Ether-

net using DHCP”);
  // check for Ethernet hardware present
  if (Ethernet.hardwareStatus() == Ether-

netNoHardware) {
   Serial.println(“Ethernet shield 

was not found.  Sorry, can’t run without hardware. :(“);
   while (true) {
    delay(1); // do nothing, 

no point running without Ethernet hardware
   }
  }
   if (Ethernet.linkStatus() == LinkOFF) {
   Serial.println(“Ethernet cable is 

not connected.”);
  }
  // try to congifure using IP address in-

stead of DHCP:
  Ethernet.begin(mac, ip, myDns);
  return 0;
 } else {
  Serial.print(“ DHCP assigned IP”);
  Serial.println(Ethernet.localIP());
  return 1;
  }
}
// then create a test called ‘connectionByDHCP’ in the 

test suite

test(connectionByDHCP) {
 assertEqual(connectionByDHCP(), 0);
}

void loop() {
 // run test suite, printing results to the serial port
 suite.run();
}
As shown in the code, unit testing was performed to assign 

an IP address through DHCP. The assertEqual() function pro-
vides a check of the device’s performance and the correctness of 
the program code. Moreover, all the expected results were ob-
tained for the remaining functions, the code works successfully.

5. 3. Web application test and visualization of simu�
lation results

The web application was tested using the Django Web 
Framework testing tool. Unit tests and integration tests were 
used for testing. The form of the user interface of the web 
application is shown in Fig. 9. This software was developed 
as a prototype, the HTTPS protocol with a generated SSL 
certificate was used to ensure the security of data transfer.

The reading data from the wind speed and direction sen-
sors are successfully stored in the database and displayed on 
the user interface of the web application. Moreover, the web 
application reveals the angle of rotation of each switchboard 
installation, which allows you to visualize and monitor the 
process of wind generation.

The results of the experiment carried out during the study 
are given in the form of graphs of readings taken from the 
sensors.

Fig. 10 shows how the wind speed changes with the use 
of shields. 

The graph shows the dynamics of data transmission 
through the anemometer. The red lines on the graph show 
the values of this parameter. Obviously, the indicator shows 
an increase in wind speed. Consequently, the use of shield 
structures has made it possible to significantly increase the 
wind speed, which is a key factor in increasing power.

Fig. 11 reveals the difference in output voltage.
Fig. 12 shows a power graph calculated using the formula:

* ,P U I=  (2)

where Р – power; U – voltage; I – current strength (amperage). 
The current strength was measured with an ammeter.
Fig. 10‒12 demonstrate the statistics of the voltmeter 

readings without the use of wind amplification shields (blue 
line) and with the use of shields (red line).

In total, approximately 350 thousand records were col-
lected in the database during the simulation. A fragment of 
the collected data is shown in Tables 3, 4. 

Table 3

A fragment of the data obtained without the use of shield 

structures

Time, 
hh:mm

Wind speed, m/s
Wind 

direction
Power, W Voltage, V

10:00 0.6 SW 5.8 2.0

10:30 0.3 SW 1.1 0.6

11:00 0.8 S 5.3 1.7

11:30 1.0 S 11.7 3.0

12:00 2.1 SW 2.6 0.9

12:30 2.5 S 3.8 1.5

13:00 1.1 SW 7.6 2.1

Table 4

A fragment of the data obtained with the use of shield 

structures

Time, 
hh:mm

Wind speed, m/s
Wind 

direction
Power, W Voltage, V

10:00 1.3 SE 6.7 2.3

10:30 0.6 S 3.0 1.6

11:00 1.5 SE 6.2 2.0

11:30 2.9 SE 12.1 3.1

12:00 1.4 S 6.7 2.3

12:30 1.5 S 3.8 1.5

13:00 2.4 SE 8.6 2.4

The following is an interpretation of the results based on 
the data obtained.

According to the data obtained, it can be said that the 
generated power increases by about a quarter of that mea-
sured without the use of side shield structures. This, first 
of all, allows us to say that there is a statement about the 
effectiveness of the use of panel structures for generating 
electrical energy using wind.
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Fig. 10. Efficiency of using wind amplification shields

Fig. 11. Output voltage difference

Fig. 9. Web application test
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6. Discussion of experimental results of software 
development 

The prerequisite for the implementation of this study 
was the creation of a wind turbine based on panel plants 
to increase the efficiency of electricity generation. An un-
doubted advantage over existing developments is the abil-
ity of the installation to work autonomously. For instance, 
these systems will provide lighting for city buildings, and 
thereby reduce the cost of urban lighting, as well as energy 
supply for industrial enterprises for their own needs. There 
are no guidelines, regulations or specific information about 
wind generation in urban environments until these days. 
The study will solve the problem of identifying the presence 
of patterns and relationships between the values of wind 
speed and direction and the power of the generated energy.

Comparison of the results of the study was carried out 
in several parameters: the current power generated by the 
energy generation process, the voltage on the anemometer to 
assess the increase in wind speed and the wind speed itself, 
respectively.

As shown in the graph of fluctuations in the power of the 
effective part, it can be noted that the use of switchboard 
installations has given a significant increase in the power 
generated during energy generation (Fig. 12). In view of the 
sharp fluctuations in wind speed, this indicator cannot be 
kept at a constant value or range of values. Such a jump in 
power values can be regulated by improving the design of 
the shields and the wind generator itself. For comparison, 
let’s take all three graphs (Fig. 10–12) of changes in values 
during the study with and without shields.

At a wind speed of 0.6 m/s, the power was 5.8 W, while 
when using a shield installation, the wind speed more than 
doubled, reaching a value of 1.3 m/s. At the same time, the 
generated power was 6.7 W (Table 4). However, even when 
the wind speed dropped to 0.3 m/s, the generated power was 
only 1.1 W. Similarly, for the case with panel installations, 
the values of wind speed and power were 0.6 m/s and 3 W. 
In some cases, shield installations had the opposite effect, re-
ducing the wind speed required for generation (approximate-
ly 4.8 m/s versus 1.9 m/s at 22:30) (Fig. 10). Thus, the wind 
speed in the area of the wind generator could be increased 

slightly. This example shows the instability, first of all, not 
only of the wind speed, but also of the operation of the wind 
generator itself. This is mainly due to the imperfection of the 
design of the wind generator, since the error in the readings 
of the measuring instruments used in the study is minimal. 
This shortcoming can be eliminated by improving the design 
of both the switchboard installations and the wind generator 
in accordance with the laws of aerodynamics. 

It should be noted that the experiments were carried out 
under conditions as close to natural as possible. The wind 
flow model was simulated in such a way that wind flows were 
generated according to the normal distribution law. This fact 
can be interpreted as a shortcoming of the study, which can 
be eliminated by setting the layout in real environmental 
conditions.

Moreover, to control panel structures, it is necessary to 
develop an algorithm based on the accumulated data during 
the simulation process. It is assumed that to solve such a 
problem it is advisable to use elements of fuzzy logic.

7. Conclusions

1. First of all, in order to test the effectiveness of the 
use of shield structures, two test models of a wind turbine 
were modeled. In both layouts, hardware based on the 
Arduino microcontroller and wind speed and direction 
sensors were introduced. Some cases with obtaining values 
of wind speed require additional consideration of the issue 
of improving the forms of elements of the wind generator. 
However, in this context, it is the acquisition and process-
ing of simulation results that are important. Regarding 
this, it can be said that the comparison of the results of the 
two cases (with and without shield structures) is quite fair 
and is in favor of the first one, respectively. The developed 
prototype of the software, first of all, is intended to reveal 
and prove just that. 

2. The script was developed for receiving and processing 
data received in real time. Unit testing was carried out and 
intervals for polling sensors were configured. During the 
script execution, the parameters of wind speed and direction 
were monitored. Moreover, the parameters of the generated 

Fig. 12. Power calculation



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 6/9 ( 120 ) 2022

88

power were observed, according to which the efficiency of 
electricity generation was evaluated.

3. A database was designed to store the obtained read-
ings, and a web application was developed that makes it 
convenient to visualize and analyze the data. Although the 
creation of such system is not something new, the innovation 
in this case is still the integration of hardware and software 
with elements such as shield structures for improving the 
process of generating energy by a wind generator. Thus, data 
monitoring has shown a significant improvement in energy 
generation indicators such as wind power and speed. The 
results of the study show that with the correct regulation of 
the wind flow, the efficiency of the energy generation process 
will increase. Thanks to the data obtained during the mod-
eling process, it will be possible to carry out data analysis in 
the future to identify patterns and dependencies between the 
values of generated power, wind speed and direction.
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