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Designing and Prototyping a Microcontroller Device
for Measuring the Main Parameters of Solar Panels

This article presents the results of prototyping and designing a device for measuring the basic characteristics
of solar panels (photocurrent and voltage) and climatic conditions (temperature and illumination). This device
is being developed to identify potential faults in the solar panel-microinverter system, as well as the causes of
reduced efficiency in converting light energy into electrical energy. As a result of prototyping, a prototype of
the measuring device was assembled using an Arduino Mega 2560 R3 with a W5100 Ethernet module. Cur-
rent is measured by an ACS712 sensor. Voltage is measured via a voltage divider connected to the microcon-
troller's analog-to-digital converter input. OPT4003 light and DS18B20 temperature sensors are used. The
10T device is assembled using a RAK3172 sensor module and INA228, OPT4003, and DS18B20 microcir-
cuits. A power module based on two IRFP460 field-effect transistors was developed to measure the solar
panel's current-voltage characteristics. Software has been written for the developed prototype and the 10T de-
vice.
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ing algorithm

*ICorresponding author: Ranova, Gulden, guldeshka2812@gmail.com

Introduction

One of the current trends in the development of solar energy is an increase in the proportion of house-
holds using renewable energy sources [1-3]. One of the most popular sources is photovoltaic solar panels.
With the development of this trend, there is a paradigm shift in the design of mini solar power stations. The
use of microinverters to generate maximum solar energy from each individual solar module is increasing, as
opposed to the use of an MPPT (maximum power point tracking) controller inverter, which works with sev-
eral solar modules [4, 5]. Given current trends, further growth in interest in this technology can be expected.

To increase the efficiency of solar energy generation by a solar panel-MPPT controller system, it is
necessary to constantly monitor the parameters of electricity generation in real-time. It is necessary to find
optimal solutions between collecting a large amount of information and analysing it in real time and the min-
imum set of data necessary to increase the efficiency of electricity generation by solar modules.

To address this issue, scientific research is being conducted in the field of improving the electrical cir-
cuit of the MPPT controller [6], algorithms for finding the maximum power point [7, 8], and algorithms for
finding possible malfunctions in solar panels [9-11]. Mathematical modelling of solar panel operation [12,
13] can be used to advance all these stages of improvement. One way to monitor the operation of the solar
panel-MPPT controller system is to constantly monitor the efficiency of solar panel electricity generation.
Usually, the illumination and temperature of the solar panel are monitored, and the current and voltage at the
point of maximum power are determined [9, 14]. By comparing the generated electrical power with the theo-
retical power value obtained from the module’s illumination and temperature data, the efficiency of the solar
panel is predicted [14]. In the last decade, numerous studies have appeared on the use of neural networks to
calculate possible malfunctions of solar panels or their shading [11, 15]. Another option for monitoring the
performance of solar panels is to use the volt-ampere characteristic (VAC) of the solar panel to monitor for
errors in the operation of the solar panel [11, 15].

Currently, MPPT controllers with an error diagnosis function are not commercially available. The sci-
entific community is paying more attention to identifying more promising algorithms for finding the maxi-
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mum power point [16-18]. To find faults and inaccuracies in operation, laboratory equipment [19-21] is
used, which allows the characteristics of solar modules to be measured by simulating possible errors and
problems. Work is also underway to create a device for monitoring solar panel malfunctions based on micro-
controller devices [22] and PLC devices [23].

This paper presents the results of work on a microcontroller device for monitoring the main characteris-
tics of solar panels in order to determine possible causes of malfunctions or reasons for a decrease in the effi-
ciency of electricity generation by solar modules.

Materials and Methods

KZ PV 230 M60 polycrystalline silicon solar modules (from LLP “Astana Solar”, Kazakhstan) were
used.

A typical volt-ampere characteristic of a solar panel is shown in Figure 1, curve 1. An inverter or
microinverter working with a solar panel maintains the operation of the solar panel at the maximum power
point (MPP).
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Figure 1. a) Standard view of the VAC (1) and volt-power characteristic (2) of the KZ PV 230 M60 solar panel
at illumination Ev = 1000 W/m? and temperature T =25 °C: MPP — maximum power point, OCP — open-circuit
point; SCP — short-circuit point. b) Standard view of the VAC (1), VAC of the panel with short circuit
of 20 series-connected elements (2), VAC of the panel under conditions when 2 cells from different parts
of the module are shaded by 50 % of the standard illumination of 1000 W/m? (3), VAC of the panel
under conditions of shading of 1 cell by 25 % of the value of 1000 W/m? (4)

The VAC of a solar panel can be generally described using the formula:

V +R (ESERJI V +R [ESER]I
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where Ipy — photocurrent (A), 1o — diode reverse saturation current (A), | — output current of the solar

panel (A), V — output voltage of the solar panel (V), V+ — thermal voltage of the solar panel elements (V),

A — diode ideality factor, Rs — series resistance of the solar cell (), Rsy — shunt resistance (2), Nsgr —

number of series-connected cells in the module, Npar — number of parallel-connected cells in the module.
The thermal voltage of the solar panel components is determined using the formula below:

v = k(T +273.15) @
q
where, T — ambient temperature (°C), q — electron charge (1.106x10*° C), k — Boltzmann constant
(0.138x1072 J/K).
In the case of the KZ PV 230 M60 panel, which contains 60 series elements and no parallel electrical
circuits, formula 1 can be rewritten:

50 Bulletin of the Karaganda University



Designing and Prototyping a Microcontroller Device ...

=1, -1 | exp| Y ReNsL )| VRN 3)
V; AN, Ry, N

To monitor the efficiency of power generation in a solar panel microinverter system, it is recommended
to measure the voltage and current in the circuit. In operating mode, these are the voltage and current at the
maximum power point (MPP) Upax and Inac. These parameters can be compared with the model parameters
determined by formula (3). To use this formula, it is necessary to measure the solar panel temperature and its
surface irradiance. The main solar panel parameters Ipy, lo, Rs, Rsy, and A from formula 3 can be determined
using the algorithm described in the article [24] from the parameters given in the solar panel technical
specifications: Unge — voltage at Ppax, Imax — current at P, Vo — Open-circuit voltage, Is. — short-circuit
current, a. — temperature coefficient of Iy, p — temperature coefficient of V..

Previously, part of this research group implemented a project to design and manufacture a
microcontroller device for playing musical melody in the presence of a person [25]. The experience gained
during the implementation of this project was used in the work on this microcontroller device.

In the event of significant differences between experimental and theoretical readings, an attempt is
made to determine probable faults based on the U and Inax values. Figure 1a shows the short-circuit and
open-circuit points on the solar panel’s VAC. These values are possible due to an electrical open-circuit or
short circuit between the solar panel and the microinverter (Fig. 1).

There is a possibility that U, and I,a data will be insufficient to identify potential faults and causes of
reduced solar panel output. If U and lys parameters are insufficient to determine potential faults, it is
recommended to measure the solar panel’s VAC. Using the measured and theoretical I-VAC, it is possible to
identify other potential faults and causes of reduced electrical energy generation. Based on the curve's
appearance or the difference in the numerical values between the measured VAC and the reference VAC, it
is possible to identify potential faults or other causes of reduced solar panel electrical energy generation
efficiency (Figure 1b, curves 2-4). In Figure 1b, the curves show the main (black dots) and additional (gray
dots) points of maximum power.

If the observed effects are not included in the list of those entered into the database, a message may be
sent to the operator regarding an unspecified error type.

The block diagram of the prototype and device under development is shown in Figure 2. This module
contains a microcontroller device, a voltage and current measuring device, and temperature and illuminance
meters.
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Figure 2. Functional diagram of the electrical device for measuring voltage and current
at the maximum power point (Upnax Imax) @and the 1-V curve of the solar panel

LTSpice software was used to verify the functionality of the accepted circuit solutions. The printed cir-
cuit board was designed on the ECAD platform.

Functional requirements for the device — measurement of voltage, current, temperature and I-V curve
of the solar panel.

Power supply — the device must operate independently of power control systems and be charged by a
solar panel or wind turbine.
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Technical requirements for the measuring device:

Measurable value ranges — voltage measurement range from 0 to 38 volts, current range from 0 to
10 amps, temperature range from —40 to +55 °C, illuminance range from 0 to 130,000 lux. The device must
measure the |-V curve of a solar panel with a capacity of up to 240 watts.

Supported battery type (Li,TiO3) for independent power supply. Battery voltage not less than 5 volts.

Operating conditions: operating temperature from —40 to +60 °C. Dust and moisture protection class
IP 65, complete protection against dust and jets from all sides under low pressure. No protection against
overvoltage and overheating.

Supported communication interfaces: 12C, SPI, UART, OneWire, LoRawan 868 Mhz (license-free fre-
guency permitted in Kazakhstan). Device control via LoRawan communication protocol. There are no but-
tons or screens.

Software and hardware requirements: STM32 platform microcontroller, support for firmware updates
via UART and SWD interfaces. All collected data is transmitted to cloud storage via the LoRa wireless
communication protocol, first to the gateway and then to the cloud.

Results and discussion

A prototype of a solar panel performance meter was assembled based on Arduino Mega 2560 R3
(Fig. 3,a). A Wiznet W5100 Ethernet module supporting TCP/UDP protocols was used to connect the
Arduino Mega board to a local network or the Internet. The board is based on the W5100 chip and supports
up to 4 connections at speeds of 10 and 100 Mbit/s. The board contains a micro-SD memory card slot. The
data exchange protocol is SPI.

MPPT Controller + Rel MPPT Controller
=S I clay ="
= — 1 =
§ Solar Panel
Current Sensor EJ

/—" ¥ chasienstio Light Sensor | |Voltage Sensor
Microcontroller Microcontroller
Ethernet Shield - B LoRa
L ATMega2560 Temp. Sensor | STM32ZWLESCCUG

Figure 3. Block diagrams of the prototype (a) and measuring device (b)

The current is measured by an ACS712-20A Hall-effect sensor (maximum 20 A), and the panel voltage
is measured via a divider connected to the microcontroller's ADC input. The Hall-effect sensor with a nomi-
nal sensitivity of 100 mV/A. The sensor output was digitized by a 16-bit ADS1115 ADC. The total current
measurement uncertainty is dominated by the sensor sensitivity tolerance and offset voltage, resulting in an
estimated accuracy of +0.25 A (+2.5 % at 10 A).

The DC voltage was measured via a resistive divider (75 kQ/10 kQ, 2 % tolerance) followed by the
same ADS1115 ADC. The resulting voltage measurement accuracy is approximately £1.1 V, corresponding
to £2.8 % at 40 V. The ADC quantization error is negligible compared to the passive component tolerances.

A high-precision OPT4003-Q1 sensor is used to measure the illumination of the solar panel. It has high
sensitivity and is designed for automotive use (class Q1), which guarantees its performance at low tempera-
tures and under external influences. The device provides factory-calibrated illuminance data with a typical
absolute accuracy of =5 % and a maximum error of =10 % over the specified operating conditions. Since the
sensing element and ADC are integrated within the device, the quantization error is negligible compared to
the sensor’s specified accuracy.

DS18B20 digital temperature sensor was chosen as a reliable and widely used component with a digital
interface, making it ideal for use in cold climates. The sensor provides factory-calibrated temperature read-
ings with a guaranteed accuracy of £0.5 °C in the —10 to +85 °C range and a resolution of 0.0625 °C. Since
the sensing element and ADC are integrated within the device, the quantization error is negligible compared
to the sensor’s specified accuracy.
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The Arduino board collects readings from all sensors and publishes them to the MQTT broker
(Mosquitto). Telegraf subscribes to the relevant topics, receives the data and stores it in InfluxDB and
PostgreSQL. Grafana connects to these databases and displays the data in the form of graphs and dashboards.
More detailed information on the operation of the prototype and the experimental data obtained is given in
[26].

The Arduino board control programme includes the following main modules:

1. Initialisation and interaction with sensors;

2. Collection, averaging, and storage of measurement data.

3. The programme measures the following physical quantities:

— panel electric current;

— panel electrical voltage;

— illuminance level;

—solar module surface temperature.

4. Data transmission via MQTT protocol;

5. Receiving control commands from the server;

6. In case of a request from the server, an algorithm for step-by-step change of electrical load is played
to measure current and voltage from the solar panel in order to build the I-V curve of the solar panel.

One of the key functions of the device is the ability to automatically measure the 1-V curve of the solar
panel. Upon receiving a command from the server, the device performs the following sequence of actions:

— A relay is activated, which connects an electronic load to the panel,;

— The load was adjusted step by step, which made it possible to obtain 50 discrete current values and

50 voltage values;

— The experimental points obtained form the panel’s I-V curve;

— After the measurements are completed, all data is automatically sent to cloud storage via the MQTT

protocol.

The software can be found at [27].

An example of measured |-V characteristics for the KZ PV 230 M60 solar panel is shown in Figure 4.
The I-V curves of the cells are measured under current operating conditions, short-circuit conditions for 20—
40 module cells, and open-circuit conditions for 20-40 module cells. The measurements showed results that
correlated with model representations (Figure 1, b). However, analysis and comparison of theoretical and
experimental data is not the primary goal of this work and will be conducted in future work.
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Figure 4. Measured -V curves of the solar panel under different conditions:
1) 1-V curve of the module at illumination level and temperature (Ev = 430 W/m? and temperature T = 25 °C);
2) with a short circuit of 20 module cells (Ev =395 W/m?, T = 25 °C);
3) with a short circuit of 40 module cells (Ev =395 W/m?, T = 25 °C);
4) with a break in electrical connection with 20 module cells (Ev =370 W/m?, T = 25 °C);
5) with a break in electrical connection with 40 module cells (Ev =370 W/m?, T = 20 °C)
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When designing an embedded 10T system for measuring the electrophysical parameters of a solar panel
(Fig. 3, b), special attention was paid to the selection of components capable of functioning at low tempera-
tures and ensuring stable operation of the device in field conditions. All electronic components used were
selected taking into account climatic and operational requirements, as well as their functional compliance
with the tasks solved within the system.

The RAK3172, an energy-efficient STM32-based module supporting the LoRaWAN protocol, was se-
lected as the central control module. It provides reliable data transmission and has low power consumption,
which is especially important for autonomous power plants. OPT4003 light sensors and DS18B20 tempera-
ture sensors are used. Current and voltage are measured using the INA228, a precision digital measurement
amplifier capable of operating in an extended temperature range and providing high measurement accuracy.
Electrical circuit diagrams are shown in the Figures S1-S4 in the Supplementary materials with a brief de-
scription of their functional purpose.

The device is powered by an LM2596T-5.0 DC-DC (Buck converter, step-down) stabilizer, which pro-
vides a stable output voltage of 5 V even when the input voltage fluctuates. ME6206A33PG linear stabilizer
is used to power peripheral circuits, demonstrating high conversion efficiency and resistance to temperature
fluctuations.

The design of the VAC removal unit is based on two powerful IRFP460 field-effect transistors, which
made it possible to work with the required currents and voltages. To increase reliability and electrical safety,
the system was designed with galvanic isolation from the microcontroller, which eliminated the impact of
high currents on the control electronics. For analog control of the transistor gate voltage, an HA17358B op-
erational amplifier is used, which is designed for precise regulation and is characterized by stable operation
when the temperature changes.

The design uses X7R SMD capacitors, which are characterized by stable electrical parameters over a
wide temperature range. This dielectric class ensures reliable operation of the devices in low temperatures
typical for outdoor use. X7R capacitors maintain their capacitance with minimal deviations during tempera-
ture fluctuations, which is especially important for the operation of analog and power circuits.

The circuit also uses electrolytic capacitors specially selected for operation at sub-zero temperatures.
Components with an extended temperature range are used, ensuring stable operation down to —40 °C and
below, which prevents capacitance degradation and reduces the risk of failure during prolonged exposure to
cold. This selection of passive components increases the reliability of the device and guarantees its resistance
to external climatic influences.

A 3D view of the printed circuit board is shown in Figure 5.

Figure 5. 3D view of the finished printed circuit board

The software for the device was developed in the Arduino IDE environment. This environment was
chosen as the primary one for a number of practical reasons. First, it provides a convenient interface and ac-
cess to a wide range of libraries, which simplifies interaction with microcontrollers. Secondly, and critically,
the firmware pre-installed in the RAK3172 module is officially supported in Arduino IDE. The module is
based on the STM32 architecture and works using the LoRaWAN protocol, so the choice of environment
was actually predetermined [28].

The C language was chosen for writing the programme because it allows you to work effectively with
systems where precise resource management is important. It provides direct access to hardware capabilities
and is considered the primary language for working with microcontrollers.
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The software structure of the device is based on a modular approach. Each block is responsible for a
strictly defined function: interaction with peripheral devices, data collection and pre-processing, information
transfer via the LoRaWAN network, working with an SD card, receiving commands from the server, etc.
This solution simplifies scaling, maintenance, and future functionality expansion.

Initialisation begins with the configuration of all connected sensors. For example, current and voltage
are measured using the INA228 microcircuit, which operates via the I?C interface. During initialisation, con-
figuration parameters are written to its registers. The OPT4003-Q1 light sensor, which also uses the I>C in-
terface, is configured using the same principle. The DS18B20 temperature sensor is connected via the
OneWire bus using the DallasTemperature library.

After initialisation is complete, the system begins to periodically poll the sensors. The values obtained
undergo primary processing: conversion to physical units, filtering, and checking of acceptable value limits.
The data is then packaged into a formatted packet containing timestamps and parameters and transmitted via
the RAK3172 module to the LoRaWAN network. The information is sent to the server via a gateway and
then visualised or stored in a database.

A distinctive feature of the system is its support for feedback. The device not only transmits data, but
can also receive commands from the server. This makes it possible, for example, to start the VAC measure-
ment procedure for a solar panel when necessary. In VAC measurement mode, the device switches to a spe-
cial mode: the output load is regulated by a PWM signal, which is converted into a linear voltage and fed to
the gate of IRFP460 transistors, and the parameters—voltage and current—are measured dynamically. On
the device itself, the VCC measurement command works as follows: the microcontroller switches the relay
to the internal load from the transistors; the microcontroller outputs a PWM signal with a minimum duty cy-
cle of 1 % from the required contact; the integrating chain receives it, and the output is a constant voltage
with a minimum amplitude which is fed to the operational amplifier, and from there to the power transistor;
it opens to the minimum value, loading the panel; the current and voltage are measured; the data is packaged
and sent to the server via the gateway. The process of increasing the opening and recording continues until
the PWM signal is completely filled, which means that we have opened the transistor completely and meas-
ured the VAC graph.

After each measurement, a packet is formed to be sent to the server and sent via LoRa to the gateway
and then to the server.

In the event of a temporary loss of connection to the cloud system, the device switches to local storage
mode. In this case, all data is recorded on a memory card, and as soon as the connection is restored, it is au-
tomatically transferred in sequence. This prevents information loss and maintains the integrity of the data set.

The program code is structured based on functions, macros, and user data types. Each logical block of
the system is implemented separately, which improves readability and ease of maintenance. Working with
sensors, LoRa connection logic, writing to an SD card, processing incoming commands — all of this is sepa-
rated into separate sections of code, which makes it possible to develop the project without affecting its basic
structure.

Thus, the software implemented as part of the work performs a full cycle — from collecting and analys-
ing readings to transmitting them and responding to control signals. The architecture remains flexible, allow-
ing the device to be adapted to new tasks, sensors to be added, and additional algorithms to be implemented
in the future.

Conclusion

Thus, the proposed hardware and software solution provides comprehensive monitoring of key solar
panel parameters — current, voltage, illuminance, and temperature — with data transmission over the net-
work for further storage, processing, and visualisation.

To test the model, a system was assembled on an Arduino Mega 2560 R3 with an Ethernet Shield
W5100, including ACS712 (20 A), a voltage divider, OPT4003 and DS18B20; VACs were measured using a
controlled electronic load. The data was published in Mosquitto, aggregated by Telegraf, and stored in
InfluxDB/PostgreSQL, followed by visualisation in Grafana. The sensors were calibrated against reference
current and voltage sources.

An example of the |-V curves of the KZ PV 230 M60 solar panel is given in the text of the article.

During the course of the work, a full-fledged prototype of an embedded IoT system for monitoring solar
panel parameters was developed, including both hardware and software components. Based on the prototype,
a new device was created that meets all the functional and technical requirements.
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During the development process:

— functional and technical requirements for the system were formed, operating conditions and supported
interfaces were defined;

— a selection and justification of components capable of operating in a wide temperature range and en-
suring high measurement accuracy was made;

—the schematic diagram and printed circuit board of the device were designed in the ECAD environ-
ment, component libraries and mounting locations were created in accordance with the technical doc-
umentation;

— individual circuit nodes were simulated in LTspice, which allowed the correctness of the selected cir-
cuit solutions to be confirmed prior to the hardware implementation stage;

— Software was developed in Arduino IDE using the C language, providing data collection from sen-
sors, their pre-processing, transmission via the LoRaWAN protocol, as well as support for local stor-
age of information and execution of control commands from the server.

— Algorithms were implemented to measure the volt-ampere characteristics of the solar panel with sub-
sequent data transmission to the cloud.

— A functional block diagram has been created that reflects the operation of key system nodes.

Thus, the developed device meets the requirements: it operates autonomously from renewable energy
sources, measures the necessary electrical and climatic parameters, is resistant to climatic conditions, and
supports modern communication interfaces and the LoRaWAN protocol, which ensures integration into the
loT infrastructure.

The practical significance of the work lies in the creation of a universal platform for monitoring the
condition of solar panels and wind turbines, which may be in demand in distributed energy systems, scien-
tific research, and educational purposes. The result can be considered as a basis for further modernisation,
adding new sensors and expanding the capabilities of the system depending on the specifics of operation.

Funding

This research is funded by the Science Committee of the Ministry of Science and Higher Education of
the Republic of Kazakhstan (Grant No. AP22785282).

References

1 Streimikiené, D., Lekavi¢ius, V., Stankiiniené, G., & Pazéraité, A. (2022). Renewable Energy Acceptance by Households:
Evidence from Lithuania. Sustainability, 14, 8370. DOI: https://doi.org/10.3390/su14148370

2 Rosak-Szyrocka, J., Allahham, A., Zywiolek, J., Turi, J., & Das, A. (2023). Expectations for Renewable Energy, and Its
Impacts on Quality of Life in European Union Countries. Management Systems in Production Engineering, 31(2), 128. DOI:
10.2478/mspe-2023-0015

3 Guta, D.D. (2020). Determinants of household use of energy-efficient and renewable energy technologies in rural Ethiopia.
Technology in Society, 61, 101249. Doi: https://doi.org/10.1016/j.techsoc.2020.101249

4 Vakacharla, V.R., Gnana, K., Xuewei, P., Narasimaharaju, B.L., Bhukya, M., Banerjee, A., Sharma, R., & Rathore, A.K.
(2020). State-of-the-art power electronics systems for solar-to-grid integration. Solar Energy, 210, 128. DOI:
10.1016/j.solener.2020.06.105

5 Moorthy, J.G., Moses, M.J., & Kalaiselvan, N. (2024). Active power regulation in low voltage grid-tied inverters for rooftop

solar PV systems: Progress and future directions. Energy Sources Part A — Recovery Utilization And Environmental Effects, 46(1),
81. DOI: 10.1080/15567036.2024.2392891

6 Vairavasundaram, l., Varadarajan, V., Pavankumar, P.J., Kanagavel, R.K., Ravi, L., & Vairavasundaram, S. (2021). A Re-
view on Small Power Rating PV Inverter Topologies and Smart PV Inverters. Electronics, 10(11), 1296. DOI:
10.3390/electronics10111296

7 Sarvi, M., & Azadian, A. (2022). A comprehensive review and classified comparison of MPPT algorithms in PV systems.
Energy Systems-Optimization Modeling Simulation and Economic Aspects, 13(2), 281. DOI: 10.1007/s12667-021-00427-x

8 Bhukya, L., Kedika, N.R., & Salkuti, S.R. (2022). Enhanced Maximum Power Point Techniques for Solar Photovoltaic Sys-
tem under Uniform Insolation and Partial Shading Conditions: A Review. Algorithms, 15(10), 365. DOI: 10.3390/a15100365

9 Taghezouit, B., Harrou, F., Larbes, Ch., Sun, Y., Semaoui, S., Arab, A.H., & Bouchakour, S. (2022). Intelligent Monitoring
of Photovoltaic Systems via Simplicial Empirical Models and Performance Loss Rate Evaluation under LabVIEW: A Case Study.
Energies, 15(21), 7955. DOI: 10.3390/en15217955

10 Madeti, S.R., & Singh, S.N. (2017). Online modular level fault detection algorithm for grid-tied and off-grid PV systems. So-
lar energy, 157, 349. DOI: 10.1016/j.solener.2017.08.047

56 Bulletin of the Karaganda University


https://doi.org/10.3390/su14148370
https://doi.org/10.1016/j.techsoc.2020.101249

Designing and Prototyping a Microcontroller Device ...

11 Chen, Z.C., Chen, Y.X., Wu, L., Cheng, S.Y., & Lin, P. (2019). Deep residual network based fault detection and diagnosis of
photovoltaic arrays using current-voltage curves and ambient conditions. Energy conversion and management, 198, 111793. DOI:
10.1016/j.enconman.2019.111793

12 Sharma, Ch., & Jain, A. (2014). Solar panel mathematical modeling using simulink. Int. Journal of Engineering Research
and Applications, 4(5), 67-72.
13 Kalliojarvi-Viljakainen, H., Lappalainen, K., & Valkealahti, S. (2022). A novel procedure for identifying the parameters of

the single-diode model and the operating conditions of a photovoltaic module from measured current-voltage curves. Energy Reports,
8, 4633. DOI: 10.1016/j.egyr.2022.03.141

14 Achouby, H.EI., Zaimi, M., lbral, A., & Assaid, E.M. (2018). New analytical approach for modelling effects of temperature
and irradiance on physical parameters of photovoltaic solar module. Energy Conversion and Management, 177, 258. DOI:
https://doi.org/10.1016/j.enconman.2018.09.054

15 Das, S.K., Verma, D., Nema, S., & Nema, R.K. (2017). Shading mitigation techniques: State-of-the-art in photovoltaic appli-
cations. Renewable & Sustainable Energy Reviews, 78, 369. DOI: 10.1016/j.rser.2017.04.093

16 Ali, M.H., Zakaria, M., & El-Tawab, S. (2025). A comprehensive study of recent maximum power point tracking techniques
for photovoltaic systems. Scientific Reports, 15(1), 14269. DOI: 10.1038/s41598-025-96247-5

17 Fkirin, M.A., Gowaly, Z.M., & Elsheikh, E.A. (2025). Dynamic Controller Design for Maximum Power Point Tracking Con-
trol for Solar Energy Systems. Technologies, 13(2), 71. DOI: https://doi.org/10.3390/technologies13020071

18 Sarang, S.A., Raza, M.A., Panhwar, M., Khan, M., Abbas, G., Touti, E., Altamimi, A., & Wijaya, A.A. (2024). Maximizing
solar power generation through conventional and digital MPPT techniques: a comparative analysis. Scientific Reports, 14(1), 8944.
DOI: 10.1038/s41598-024-59776-z

19 Huang, J.M., Wai, R.J., & Gao, W. (2019). Newly-Designed Fault Diagnostic Method for Solar Photovoltaic Generation Sys-
tem Based on I\VV-Curve Measurement. IEEE Access, 7, 70919. DOI: 10.1109/ACCESS.2019.2919337

20 Li, B.J., Delpha, C., Migan-Dubois, A., & Diallo, D. (2021). Fault diagnosis of photovoltaic panels using full I-V characteris-
tics and machine learning techniques. Energy Conversion And Management, 248, 114785. DOI: 10.1016/j.enconman.2021.114785

21 Fadhel, S., Delpha, C., Diallo, D., Bahri, I., Migan, A., Trabelsi, M., & Mimouni, M.F. (2019). PV shading fault detection
and classification based on I-V curve using principal component analysis: Application to isolated PV system. Solar Energy, 179, 1.
DOI: 10.1016/j.solener.2018.12.048

22 Cheddadi, Y., Cheddadi, H., Cheddadi, F., Errahimi, F., & Es-shai, N. (2020). Design and implementation of an intelligent
low-cost 10T solution for energy monitoring of photovoltaic stations. SN Applied Sciences, 2(7), 1165. DOI: 10.1007/s42452-020-
2997-4

23 Madeti, S.R., & Singh, S.N. (2017). Online modular level fault detection algorithm for grid-tied and off-grid PV systems. So-
lar Energy, 157, 349. DOI: 10.1016/j.solener.2017.08.047

24 Batzelis, E., & Papathanassiou, E. (2015). A method for the analytical extraction of the single-diode PV model parameters.
IEEE Transactions on Sustainable Energy, 7(2), 504. DOI: https://doi.org/10.1109/TSTE.2015.2503435

25 Tussupbekova A.K., Afanasyev D.A., Seldyugaev O.B., Karabassov V.A., Alpyssova G.K., Abikenov A.T., & Sheinmeier
E.V. (2023). Development of a microcontroller device for reproducing audio information. Eurasian Physical Technical Journal,
20(3), 70. DOI: 10.31489/2023N03/70-79

26 Tanasheva, N.K., Afanasyev, D.A., Ranova, G.A., Dyusembayeva, A.N., Sheinmaiyer, E., Rakhimgaliyev, T.A., &
Bakhtybekova A.R. (2025). Thermophysical Aspects of Photovoltaic Module 1-V Characteristics under Combined Environmental
and Fault Conditions. The European Physical Journal Plus. (In press). https://github.com/mechanical-beaver/Solar-Panel-Sensor-
Polling-System

27 Makhanov, K.M., Kurmanaliyev, N.B., Musepov, S.B., Naptalov, A.K., & Kenzhalieva, K.Z. (2022). Development of the
wiring diagram of the device based on the LoRa module RAK3172. Bulletin of the University of Karaganda-Physics, 108(4), 48.
DOI: 10.31489/2022PH4/48-55

H.K. Tanamesa, /[.A. Adanacwes, ['.A. Panosa, JI.JI. MuHBKOB,
A.H. Trocembaena, E.B. llleitnmanep, T.A. Paxumranmues, M.K. Kanunackaposa

KyH nanesibiepiHiH Heri3ri mapaMeTpJiepiH eJilieyre apHaJfaH
MHKPOKOHTPOJLIEP KYPBLIFBICHIH 7K00aJ1ay K9HE IPOTOTUIITEY

Makanazia KyH naHenbepiHiH ((OTOTOK )kOHE KepHEy) jKoHEe KIMMATTBIK JKaFaaiiap/siH (TemMieparypa MeH
KapBIK) HEri3ri CumaTTaMaiapblH  eJIlIey KYPBUIFBICHIH MPOTOTHIITEY “KOHE JKo0anay HOTHXKENIepi
KEeNTipireH. Bys1 KypbpUIFbI KYH ITaHei-MUKPOMHBEPTOP JKYHECiHIeri MyMKiH aKayJap/bl, COHIal-aK XKapblK
SHEPTHUSACHIH JJIEKTP SHEPrHsACHIHA TYPJCHAIPY THIMIUIITIHIH TOMEHIEYiHEe OKeJNeTiH ceOemnTepi aHBIKTay
MakcatbiHaa d3ipienyne. IIpotorunrey Hotmkecinae W5100 Ethernet moxysi 6ap Arduino Mega 2560 R3
HETI31HJEr] eJey KYpbUIFBICHIHBIH MakeTi skuHanmpl. Tox ACS712 cencopoiMen emmeneni. Kepuey
mukpokonTpointepain ADC kipicine KocklrFaH kepHey Oenrim apkputsl enmengi. Opt4003 sxapbIk xoHe
DS18B20 Temmeparypa ceHcOpiaphl KoijaHbUiansl. MutepHer Tapary kypsumbicel INA228, OPT4003,
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DS18B20 cencopnapsl MeH uuntepinin rak3172 momyni Herisinge Kypacteipbuirad. Ky naneniniyg Bonbt-
Awmriep cunarramanapbit eney yirin exi irfp460 epic TpaHsucTOpIaphIHA HETI3AENTeH KyaT MOYJI XKacall-
Ipbl. barnapnamanbik jkacakTama 93ipJICHIeH IPOTOTHH IeH VIHTepHeT TapaTy KYPbUIFBICHIHA Ka3bUIFaH.

Kinm co30ep: VInTepHeT TapaTy KYpBUIFBICHI, KYH IIaHEN, aKayJaap/asl aHBIKTay, MAKPOKOHTpoJutep, Bonbt-
Awmriep cumaTTamanapsl, >KYMBIC aJITOPUTMI
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HpOEKTHpOBaHI/Ie H MPOTOTHINIAPOBAHUE MUKPOKOHTPOJIJIEPHOT'0 yCTPOﬁCTBa
AJISl UIBMEPEHUSTI OCHOBHBLIX MapaMETPOB COJIHCYHBIX naHeJjeu

B crarbe mpencTaBieHsl pe3ynbTaThl MPOTOTUIIMPOBAHNS U IIPOSKTUPOBAHUS YCTPOHCTBA U3MEPEHUSI OCHOB-
HBIX XapaKTEePUCTHK COJTHEYHBIX IaHeeH ((POTOTOK U HANpsHKEHHE) U KIMMAaTHYECKUX YCIOBHH (TeMmepary-
pa ¥ OCBELICHHOCTH). [laHHOE YCTPOHCTBO pa3padaThIBACTCS C LIENBIO ONPEAENICHNS] BO3MOXKHBIX HEHCIIPAB-
HOCTEHl B CHCTEMe «COJIHEYHas! TaHeldb — MHUKPOMHBEPTOPY», a TaKKe NMPUYUH, NPUBOASAIINX K CHIDKCHHUIO
3¢ PEeKTHBHOCTH TpaHC(HOPMALUK CBETOBOM SHEPTHH B NIEKTPHUYECKYIO SHEpruo. B pesynbrate mpoToTHITH-
poBaHHs ObLT COOpaH MakeT M3MEPHTENHFHOro ycTpoiicTBa Ha 6a3ze Arduino Mega 2560 R3 c Ethernet-
monyineM W5100. Tok nsmepsierca garankom ACS712. HanpshkeHue H3Mepsaaocs 4epe3 JeUTeNb HalpsiKe-
HUS, TOAKIIOUEHHBINA K Bxoxy ALIIT mukpokonTpomiepa. Mcnonb3oBanbl gaTauku ocBemeHHoctn OPT4003
u temmepatypsl DS18B20. l0T-yctpoiictBo coOpano Ha 6aze momyns RAK3172, maTyMkoB U MHKPOCXEM
INA228, OPT4003, DS18B20. [l n3mMepeHus BOJbT-aMIIEPHBIX XapaKTEPUCTHK COJTHEUHOH MaHesn paspa-
6otaH crmioBoi Moxyib Ha 6Gase nByXx mousieBbIx TpanzuctopoB IRFP460. K paspaboraHHOMY HpOTOTHITY M
loT-ycTpoiicTBy HanmcaHo porpaMMHOe 0OecIedeHHe.

Kniouesvie crosa: YCcTpoWCTBO HHTEpHETA BelIeH, COJIHEYHas MaHeNb, OOHapy)KeHHEe HEHCIIPaBHOCTEH, MHK-
POKOHTPOJLIEP, BOJIBT-aMIIEPHBIE XapaKTEPHCTHKH, AITOPHTM PabOTHI
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