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DEVELOPMENT OF AN AUTOMATED
PHOTOVOLTAIC SYSTEM WITH WIRELESS MONITORING

Abstract. The work is devoted to the development of an efficient photovoltaic installation with automated
wireless monitoring based on the LabView software. Long-distance communication technology - LoRa was used to
wirelessly transmit data on the output characteristic states of the photovoltaic installation, storage battery and built-in
sensors. This module operates at 433 MHz and transmits small data packets with low power consumption. This
makes the stand-alone system energy efficient compared to similar wireless installations. The graphical software
LabView was chosen to monitor the state of the developed system. The paper shows a block diagram of an
automated wireless system, an operational algorithm of the external transmitting part of the installation, as well as
electrical circuits of the transmitting and receiving control units. As a result of the work, a photovoltaic system with
an automated wireless monitoring system and graphical data display was developed. The developed automated
complex is more efficient and easy to use in comparison with other systems.
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Introduction. With the rapid development of wireless communication technologies through the use
of microcontrollers and other communication devices, many industrial processes are controlled by
automated systems, which in turn reduce human effort. Automated systems are managed and monitored
via wired and wireless communication networks. Wireless automated systems - a complex of software and
hardware that enables computer systems and communication devices to function without human
intervention. The operations of an automated system are part of the automatic control of a system in which
the processes are fully automated with support for control loops and special logic [1-3].

The use of wireless automated systems saves labor, time and money, increasing the accuracy of the
work performed. This increases the availability, performance, and reliability of the services provided.
Today, the use of such installations in photovoltaic systems is one of the most promising areas. Wireless
monitoring is considered an important aspect to monitor the stability and performance of a photovoltaic
system. The photovoltaic monitoring system can be used in solar-powered cars, solar-powered buses,
solar-powered trains, etc. [4].

In the articles [5,6], the authors designed the design of a simple, cost-effective and low-power
wireless monitoring system for photovoltaic installations. XBee RF modules were chosen as wireless
receiving and transmitting devices. Also, based on the ZigBee and LoRa wireless modules, research works
were carried out for online monitoring of the photovoltaic system [7-11].

The software of the automated system is an important part of this research work. In scientific articles
[12-17], monitoring systems based on LabView software were developed. The authors claim that the
LabView program can accurately monitor the state of sensors in real time.

Analyzing these materials, we can say that all the developed systems are aimed at improving energy
efficiency, reducing the proportion of human intervention in the workflow.

This article presents an automated system of photovoltaic installations with wireless monitoring based
on LabView software. The LoRa wireless module was chosen to build the communication network. As a
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result of the research work, an automated photovoltaic system with wireless monitoring was built, and an
algorithm for the operation of the General system was developed. Experimental data on the effectiveness
of the developed system were obtained.

Design of an automated photovoltaic system with wireless monitoring.

Block diagram of an automated system with wireless monitoring. The block diagram of an
automated system with wireless monitoring is shown in figure 1. The photovoltaic installation (1) is
controlled through the control unit (2). Control electronic unit contains a programmable logic controller,
where the algorithm of operation of the general installation is loaded. The generated electrical energy is
stored in the battery pack (3). The batteries are charged using the battery charge controller. At the output
of the solar panel, as well as at the output of the battery charge controller, an ammeter and voltmeter (4)
are installed, which measure the output electrical characteristics of the devices, transmits data to the
microcontroller (5).The microcontroller, in turn, after processing all the received data, sends the data
todispatcher via the wireless module LoRa E32 (6). At the receiving part of the dispatcher device also has
a wireless module E32 LoRa (8). The communication channel between the receiver and the transmitter (7)
is publicly available on the territory of the Republic of Kazakhstan. The wireless receiving module is
directly connected via a USB 2.0 cable to a personal computer (9), where you can monitor the overall
operation of the installation using LabView software.
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Figure 1 — Structure of the automated wireless monitoring system

Control electronic unit of the system. Figure 2 shows the electronic components of the transmitting
and receiving parts of the automated wireless monitoring system. Figure 2 a shows an 8-bit Atmega328PU
(1) microcontroller, which uses the developed algorithm to control all electronic components in the device.
The unit is powered by a 12 V battery (4), via a voltage stabilizer LM7805 (3). The output electrical
values of the solar panel (8) and the battery charge controller (7) are measured through an ACS712
ammeter (5) and a voltmeter made on the basis of a voltage divider (6). The data received from the sensors
is processed in the microcontroller and sent to the dispatcher via the LoRa E32 (2) wireless module.

Figure 2 b shows the electrical diagram of the receiving part (dispatcher) of the system. Here, the
LoRa E32 wireless module (2) and the Atmega328 PU microcontroller (1) are connected to the personal
computer via USB 2.0 (3) cables.
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Figure 2 — Electronic components of an automated wireless monitoring system: a) transmitting part; b) receiving part
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Algorithm of the general system operation. Figure 3 shows the algorithm of the automated wireless
monitoring system.
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Figure 3 — Algorithm of operation of the automated wireless monitoring system

The built-in microcontroller works according to the specified software algorithm. At the first stage of
the system operation, the microcontroller enters the operating mode. Next, enter the desired i/o ports of the
microcontroller and variables. After that, the controller checks the activity of the electronic control unit
(ECU) of the photovoltaic system (FES). If the system has not yet been activated, the controller sends a
packet about the disabled state of the system and goes into sleep mode for a certain time. And if the
system has switched to operating mode, the microcontroller takes measurements using the installed
sensors and sends them to the dispatcher via the LoRa E32 wireless module. Then the microcontroller
goes into sleep mode for a certain time.

Results and discussion. The monitoring interface of the automated wireless photovoltaic system was
built on the basis of the LabView graphical software. As a result of the experiment, the electrical
characteristics of the solar panel and battery were obtained and displayed on the dispatcher's monitor.
Figure 4 shows the interface (front panel) of a wireless automated system.
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Figure 4 — Wireless monitoring system interface
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The main window contains the input port, where you can select the port number of the computer
connected to the external device. If the system is activated, the monitor indicator will turn green. Next, the
speed of information exchange between the device and the computer is set. Below are the locking buttons
for starting and interrupting the system. On the right side of the monitor are graphical indicators that show
the electrical characteristics of the system: the current and voltage of the solar panel, the power of the
solar panel, and the level of solar radiation W/m? All data obtained as a result of the experiment will be
automatically saved in text format on the local PC.

Figure 5 shows the graphical (virtual) elements of the LabView program connected between (block
diagram).
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Figure 5 — Block diagram of LabView program

Separate graphs from the LabView program are shown below. Figure 6 shows a graph of the current
and voltage generated at the output of a photovoltaic panel during one day. Here, the red line indicates the
voltage, and the blue line indicates the current of the photovoltaic panel.
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Figure 6 — Graph of the current and voltage of the photovoltaic panel

Figure 7 shows a graph of solar radiation over a single day. Since our radiation sensor is mounted on
a single-axis tracker, you can see from the graph that in the middle of the day, the energy decreases due to
the height of the sun coordinate location.
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Figure 7 — Graph of solar radiation

Conclusion. During the research work, an automated wireless monitoring system for the photovoltaic
system was developed and manufactured using an interface based on the LabView software. Data on the
generation of solar energy and solar radiation during the day were obtained in the form of graphs in the
LabView environment. The developed automated system reduces human involvement in the monitoring
process and is easy to use. Installed electronic components consume a small amount of energy.

H.B. Kyrrbi6aii, A.K. Caiim6eToB, 3.111. Tenizoaena, JI.b.Cmaui, P.M. EpGoaar
Oun-Dapabdu ateiaaarsl Kazak YTtk yHHBEpcuTeTi, AnMarsl, Kazakcran

CbIMCbI3 MOHUTOPUHI" HET'BIHJEI'T
ABTOMATTAH/BIPBIJIFAH ®OTOJ3JIEKTPJIIK )KYUE ) KACAY

AnHoranusi. FeuieiMu xkymeic LabView OarmapiamanblK jkacakTama HETI3IHIAC KypbUIFAaH aBTOMATTaH-
JIBIPBUTFaH CHIMCBI3 OakpiIaybl 0ap THiMAI (OTOIIEKTPIIK KOHIBIPFBIHBI d3ipieyre apHairan. DOTOAIEKTpPIIiK
KOHABIPFBIHBIH, HIBIFBIC CUINATTAMACBIH, aKKYMYJIATOPJIbI 6aTape;1H1>1H JKOHC OpHATbUIFaH CCHCOPJIbI KYPbUIFbLIAp
KYHiH ChIMCBI3 OaiilaHbic jKyHeci apkpuibl kibepy yuriH LoRa y3ak KalubIKTBIKTarbl OaiiflaHbIC TEXHOJOTHSCHI
KosmaHbuIabl. bynt Momyns 433 MI'1 sKHUTIKTE KYMBIC ICTEH/11 )KOHE JIEKTP KyaThlH a3bIpaK TYThIHY apKbUIbI IIAFbIH
JIepeKTep IMakeTiH >xibepe amaapl. By yKcac CBIMCHI3 KOHIBIPFBUIADMEH CAJIBICTHIPFaH/Aa aBTOHOMIIBI JKYHEHi
SHEPTHSIHBl YHEMICH I,

O3ipJICHTeH JXYHeHiH KyiiH Oakpuiay ymiH LabVIEW rpadwukaneik OarmapiaMaiblk jkacakTama TaHIalIbL.
JKyMbICTa aBTOMATTAH/ABIPHUIFAH CHIMCBI3 JKYHEHIH OJIOK-CXEMAaChl, KOHJBIPFBIHBIH CBHIPTKbI aKMapar TapaTy
OediriHiH JKYMBIC aITOpPHUTMi, COHAal-aK Oackapy OJOKTapwl, KaObuImay-Tapary Oeliri, S3JEeKTp cXeMallapbl
KepceTinreH.. JKyMBIC HOTIDKECIH/IE aBTOMATTaHABIPBIUTFaH CBIMCBI3 OaKbLUIay JKYHecl XKoHe JepeKTep i TpaKaIbiK
TypZAe KepceTeTiH (OTOIICKTPIIK xKyie xacanasl. CoHmaii-ak, Oip KyH imiHae (OTOIIEKTPIIIK MaHEIbIIH IIbIFbI-
CBIH/IA T1aii1a OOJIAThIH KYH PaJHalisIChl, TOK XKOHE KepHey rpadKTepi alblHbl. O3IpJIeHIeH aBTOMATTaHABIPbUIFaH
KellleH 0acka JXylelepMeH CalbICThIpFaHIa THIMIIPEK JXOHE KOJJaHyFa OHail. ABTOMATTAHIBIPBUIFaH KelIeH
aJlaMHBIH MOHHTOPHHI YJEPICIHE KAaThICYbIH a3aiiTajpl. OpHATHUIFAH JJICKTPOHBIK KOMIIOHEHTTEp a3 MeJIep/ae
OHCPIrusd TYTbIHA/bI.

Tyiiin ce3mep: CHIMChI3 MOHUTOPHUHT, KYH IaHelli, aKKyMYJISITOD, TOK II€H KEPHEY KYPBUIFbLUIapHI.

H.B. KyrTb106aii, A.K. CaiiméetoB, 3.111. Tenuszdaena, JI.b. Cmaua, P.M. Epoonar

Kazaxckuit HarmoHaIBHBIH YHUBEpCUTET UMEHH anb-Dapadu, Anmvatsl, Kazaxcran

PA3PABOTKA ABTOMATU3UPOBAHHOM ®OTO3JEKTPUUYECKON CUCTEMBI
C BECITPOBOJHBIM MOHUTOPHUHI'OM

Annotanusi. Pabota nocesiieHa pa3pabotke 3GpPeKTUBHOM (HOTOINEKTPUUECKOI YCTAHOBKH C aBTOMAaTU3UPO-
BaHHBIM OECIIPOBOJHBIM MOHHUTOPHHIOM Ha OCHOBE mporpamHoro obecmeuene LabView. Jlist ocymiectBieHue
OecrpoBOHOI TIepefadyd JaHHBIX COCTOSHHUN BBIXOJHOW XapaKTePHCTHKH (DOTOIIEKTPUUSCKOW YCTaHOBKH,
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AKKYMYJIATOPHOH OaTape M BCTPOSHHBIX JATYUKOB HUCIIOIH30BANIACH TEXHOJIOTHS CBSI3H HA OOJBIIME PACCTOSHUSA —
LoRa. [lauublit Monysp pabortaer Ha uyactore 433 Ml u nepenaer HEOOJNbIIME MAKEThl JAHHBIX C HEBBICOKUM
3HEpronotpedneHneM. JTO JienaeT aBTOHOMHYIO CHCTeMy 3Heprod((eKTHBHOH 1O CPaBHEHUIO C aHAJOTUYHBIMU
0ecrpOBOAHBIMU YCTaHOBKAMH.

Jlnst MOHMTOpPHHIA COCTOSIHHE Pa3pabOTaHHOW CHCTEMbl OBbUIO BBHIOpaHO rpaduueckoe MporpaMHoe odecre-
yenue LabView. B pabote nokazaHa 0JI0K-cXxeMa aBTOMAaTU3UPOBAHHOI OECIIPOBOAHON CUCTEMBI, allrOPUTM PabOThI
BHELIHEH Iepelalolieil YacTH yCTaHOBKHM, a TaKKe JJIEKTPHYECKHE CXEMBI NpUEeMO-TIepeiarouiell JacTH OIOKOB
ynpaBieHus. B pesyinprare paOoThl Obuia paspaboTana (OTOINIEKTpHUECKas CHCTeMa C aBTOMAaTH3MPO-BaHHOM
0ecrpoBOIHOI CHCTEMOH MOHMTOPHHIA U IpadUUEecKUM OTOOpaKCHHEM AAHHBIX. Takke ObLIM B3ATHI OTHEIbHBIC
rpaduKy CONHEYHOH pajualliy, TOKAa M HalpshHKeHHE, TeHepHpyeMoe Ha BBIXOAE (OTOINEKTPUUECKOH NaHeNd B
TeYeHHe OJHOro IHA. Pa3paboTaHHBIA aBTOMaTH3MPOBAHHBIH KOMILIEKC IO CPaBHEHHUIO C OCTAIBLHBIMH CHCTEMaMH
aBisgercs: 6onee dPQEKTUBHBIM U NPOCTHIM B HCIOJIB30BAHMU. ABTOMATH3UPOBAHHBIH KOMILIEKC CHH)KAeT BOBJIE-
YEHHOCTh YeJOBEeKa B IPOLIECC MOHUTOPHHTA. Y CTaHOBJICHHBIE 3JIEKTPOHHBIC KOMIIOHCHTHI MOTPEOISIOT He3HAYH-
TEIBHOE KOJIMYECTBO SHEPTHH.

KnroueBble cjioBa: OecripoBOIHOM MOHUTOPHHI, COJIHEUHAs MAaHENb, aKKyMyJSATOp, NaTYMKH TOKA M Hal-
psDKEeHHe.
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