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performance of the INA219 sensor with a multimeter measuring
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1.26% respectively. The last test is the transmission of data that has
been managed, to be sent in the form of voice by HT, the results show
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content. Based on each test, this tool has a small error rate, so that it
can become one of the innovations in the world of monitoring solar
power plants.
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1. INTRODUCTION

The Pesanggrahan Gordo Mulyo plateau is one area that has abundant solar energy potential. With high
sunlight intensity throughout the day, this area is ideal for the development of Solar Power Plants (PLTS). In
recent years, solar power has increasingly become an alternative solution to meet energy needs, especially in
areas that are difficult to reach by conventional electricity networks. Therefore, the utilization of solar power
in the highlands of Pesanggrahan Gordo Mulyo is considered a strategic step to support energy security in the
area, while making maximum use of available natural resources [1][2].

However, despite the huge potential of solar power in this area, there are significant challenges in terms
of monitoring and maintenance of solar power plants. One of the main problems is the difficulty of monitoring
the solar panels (PV) located in the highland area. Users or technicians have to physically visit the site to check
the performance of the system, which is cumbersome and requires extra time and effort. In addition, the
highland area also has limited access to communication signals, making the use of internet-based technology
unreliable. This is exacerbated by geographical conditions full of tall trees and other obstacles that can interfere
with direct access to the solar power plant site [3]-[5].

Faced with these critical issues, this research aims to develop an ESP32-based solar power monitoring
system, which can then collect and manage data remotely without an internet connection [6][7]. The ESP32 is
in the form of a main command unit that will read monitoring data from the solar power plant and transmit the
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results through an HT (Walkie Talkie) communication device automatically. That way, monitoring results such
as voltage, current, and power outputted by the solar panel will be automatically instructed to be sent via HT
radio communication, which can be received by anyone or technicians in other places that have easier access
[8][9]. This system not only reduces the need for site visits to solar power plants, but also provides a reliable
communication solution in areas without cellular signals or internet networks.

Some related research is the development and innovation of ESP 32 modulation [10]-[12], in addition to
the development of monitoring using Solar Charger Controlling [13]-[15]. HT-related research is also gaining
popularity, so the purpose of this research is a combination of them [16]-[18].

The main contribution of this research is the development of a monitoring system that is optimized for
high-altitude conditions that are difficult to reach, such as in the Gordo Mulyo Reservation. The creation of a
solar power plant equipped with an ESP32 and HT-based monitoring system is expected to facilitate the
management of solar energy more efficiently and practically. In addition, the utilization of HT frequency as a
remote communication tool also provides an innovative solution in areas that are limited by signal access.
Modification of the previously manual monitoring form into an automatic one also has the potential to increase
operational efficiency, reduce maintenance costs, and increase the reliability of the PLTS system as a whole.

2. METHOD
2.1 PV

Photovoltaic (PV) cells, commonly referred to as solar panels, are the core of the rooftop photovoltaic
(PV) family that generates electricity with the help of solar energy [19]-[21]. In the process of the photovoltaic
effect, each panel is composed of many photovoltaic cells, which are cells that make photons from sunlight
change into electric current [22][23]. The aforementioned studies show that monocrystalline panels are more
efficient than others, with efficiency estimated at 15-22% depending on the technology. A regular-sized solar
panel with a power of 200 Wp (watt-peak) can generate an average range of 700-900 kWh per year in areas
with high illumination levels such as the highlands of Pesanggrahan Gordo Mulyo [24][25]. One of the
environmental factors that affect solar panel performance is temperature, installation angle, and tree shade. In
this case, every degree above 25°C can reduce the efficiency of the solar panel by about 0.5%. Therefore, these
design features should be carefully considered and the chosen installation location should be the hill that
receives the most sunlight [26][27]. Table 1. Below describes the details of the pv solar panels used.

Table 1. Detailed specifications of solar panels

Parameters Specification
Max Power (Pmax) 200 Wp
Optimum Operating Voltage (Vmp) 356V
Optimum Operating Current (Imp) 5,62 A
Open-circuit Voltage (Voc) 42,6 V
Short-circuit Current (Isc) 595 A
Power Tolerance (P max) 0-+3%
Module Dimension (mm) 1188 x 880 x 35
Weight 10,7 Kg
Max. Series Fuse Rating 20 A

2.2 SCC

Solar Charge Controller (SCC) functions as a regulator of power flow from solar panels to batteries,
ensuring safe and efficient charging [13][28][29]. In this system, a PWM (Pulse Width Modulation) type SCC
is used which works by adjusting the charging signal based on the battery capacity [14][30][31]. PWM SCCs
are generally more affordable compared to MPPT (Maximum Power Point Tracking) SCCs, but with lower
efficiency [32][33]. For example, in a solar PV system with 200 Wp solar panels, a PWM SCC can lose about
20-30% efficiency compared to MPPT, especially when solar radiation conditions are not ideal. SCC PWM
regulates charging by rapidly disconnecting and connecting electric current, thus preventing the battery from
overcharging [15][34]. For example, a 12V 100Ah battery has a nominal voltage of about 12.6V under full
conditions. The SCC PWM will regulate charging so that the voltage does not exceed the maximum limit,
typically 14.4V, to maintain battery life. In addition, the PWM keeps the charging efficient even if the sunlight
intensity decreases. However, SCC PWM cannot optimally regulate the voltage from the solar panel at all
times, so it is not as efficient as MPPT in utilizing the maximum power from the solar panel [28][35]-[37].



28 Zufar Permana Muqorrobin et al. /VUBETA Vol. 1, No. 2 (2024) pp. 26~37

2.3 ESP32

ESP32 is a technological development that includes Wi-Fi and Bluetooth module places, so it has an
excellent way of working with IoT systems. In the case of the ESP32, the dual-core 32-bit Xtensa LX6
processor is a version operating at MHz, with 520 KB of SRAM memory, and also a maximum of 16 MB of
flash storage, so supervisory time coverage is a necessary task, such as real-time monitoring [10][11][38]. In
addition, the power drawn by the ESP32 is also quite low, handling deep sleep mode in only about 10 pA,
therefore, the ESP32 is also preferred in cases where the solar system must be energy efficient [39][40]. For
this research, ESP32 is applied to consolidate the data extracted from sensors such as INA219 and then sent
via HT- The unit used for this research is such a device. By using the GPIO connector, with a pin range of up
to 34, the ESP32 can support more ports and sensors that the user desires. The ESP32, as a separate unit, also
has built-in 12C, SPI, and UART communication protocols, which provide a way for the device to communicate
with INA219 sensors and other devices [41][42]. In fact, the ESP32 can be programmed to perform several
thousand tasks per second during operation, so it is no problem to commit to remote monitoring procedures in
a short period of time with very fast reactions [12][43].

2.4 HT (Handy Talkie)

Handie Talkie (HT) is a two-way radio communication device that works on VHF (Very High Frequency)
and UHF (Ultra High Frequency) frequencies [44][45]. HT can be the main solution for communication without
network infrastructure in remote areas such as the Pesanggrahan Gordo Mulyo plateau where there is no cellular
signal. The HT used in this study operates at UHF frequencies from 400 to 470 MHz, which is the main reason
why it can penetrate trees and buildings up to 5-10 km away depending on geographical conditions [16][17].
One of the features of HT is that it can transmit voice data in real time without causing significant delay. In
this system, the ESP32 transmits PV monitoring results such as voltage and current, which are converted into
voice signals and relayed via HT to a receiver at a more convenient location. The UHF frequency used provides
good resistance to interference and physical obstacles. The only thing that bothers UHF is that its range is quite
limited than VHF frequencies, especially in mountainous areas [18][46]. Table 2. Is a detailed of the HT used.

Table 2. HT Specifications

Parameters Specification
Frequency 136-174 MHz (VHF) / 400-520 MHz (UHF)
Channel Memory 128
Output Power 4/1 Watt (VHF/UHF)
Operating Mode Simplex or Semi-duplex
Battery Type Li-ion 1800 mAh
Standby Time + 72 Hours

2.5 INA219

The INA219 sensor is a module for measuring current and voltage that uses shunt sensing technology. It
has current measurements up to +3.2 A with a resolution of 1 mA and voltage measurements up to 26 V with
a resolution of 0.8 mV [47]-[49]. In solar PV systems, these sensors are required to monitor the performance
of solar panels and batteries, as well as to obtain data on power consumption and electricity production
[50][51]. For example, to monitor the current of solar panels and the current entering the battery
simultaneously, we use the INA219. The data is processed by ESP32 to be displayed or sent via HT. The
accuracy of this sensor is £1% for current measurement and +0.5% for voltage measurement, so it is expected
to provide accurate and reliable values for real-time monitoring in this study [52][53]. By combining all these
things, the designed solar power system can provide reliable monitoring solutions in remote areas, guaranteeing
system performance and optimizing maintenance without internet access or cellular signal [54][55].
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3.  RESULTS AND DISCUSSION

The design of the tool starts with making a tool design scheme through Fritzing software to facilitate the
assembly of hardware tools. Figure 1. is the tool design scheme.
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Figure 1. Tool Design Schematic

3.1 Tool Testing

Testing is carried out with 3 different categories, starting with testing the INA219 sensor to measure the
results of the PV Solar panel. Then there is a calculation of the error rate (%) in each test. And the last is testing
data transmission by HT.

3.1.1.1. PV Solar Panel Testing

The test results of PV solar panels on the 1st, 2nd, and 3rd days have been displayed in each of the 3,4,5
tables. On day 1, the highest value was obtained at 12.00 WIB, which was 35.9 Volts for voltage, 2A for
current, and 81W for power. On the 2nd day there was an increase in the output of the PV Solar Panel, the
highest state was still the same at 12.00 WIB with the highest voltage 37.1 V, the highest current was 2.1 A,
and the highest power was 81W. There was a decrease in the work of PV solar panels in accordance with the
surrounding conditions, PV again produced the highest value at 12.00 WIB with 36.6 V, 2.1 A, and 80 W. Each
test data is shown in Figure 2 for voltage testing, Figure 2 for current testing, and Figure x for power testing.

Tabel 3. Day 1 Solar Panel PV Yield Testing

No Time PV Solar Panel
) (WIB) Voltage (V) Current (A) Power (W)
1 07.00 18,6 0,5 54
2 08.00 19.2 0.7 56
3 09.00 23,8 0,8 63
4 10.00 25,1 1,1 69
5 11.00 31,7 1,6 76
6 12.00 35,9 2 81
7 13.00 32,8 1,8 75
8 14.00 28,3 1,4 69
9 15.00 25,9 1 66
10 16.00 21,1 0,9 60
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Tabel 4. Day 2 Solar Panel PV Yield Testing
No Time PV Solar Panel
' (WIB) Voltage (V) Current (A) Voltage (V)
1 07.00 18,8 0,7 56
2 08.00 21,3 0,9 62
3 09.00 26,9 1,2 67
4 10.00 28,4 1,5 70
5 11.00 32,6 1,8 78
6 12.00 37,1 2,1 81
7 13.00 36,9 2,1 79
8 14.00 34,3 1,7 66
9 15.00 30,5 1,5 64
10 16.00 23,1 1,2 58
Tabel 5. Day 3 Solar Panel PV Yield Testing
No Time PV Solar Panel
) (WIB) Voltage (V) Current (A) Voltage (V)
1 07.00 15,1 0,5 50
2 08.00 18,4 0,8 59
3 09.00 22,7 1 61
4 10.00 27,4 1,3 68
5 11.00 30,1 1,8 72
6 12.00 36,6 2,1 80
7 13.00 34,8 1,9 77
8 14.00 30,3 1,6 70
9 15.00 29,9 1,1 67
10 16.00 21,3 0,7 58
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Figure 2. PV Solar Panel Voltage Testing
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PV Solar Panel Current Testing
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Figure 3. PV Solar Panel Current Testing
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Figure 4. PV Solar Panel Power Testing

3.1.1.2. Error percentage testing between INA 219 sensor and multimeter measuring instrument

The error percentage in the table is calculated by comparing the difference between the measured voltage
using the INA219 sensor and the multimeter, then expressing that difference as a percentage of the
multimeter's reading. The formula to calculate the error percentage is:

Dif ference

Error(%) = ( ) x 100 (1)

Multimeter Reading

Tabel 6 Testing Percentage Error of Voltage Sensor Tool on PV Solar Panel

No. Voltage (V) Multimeter (V) Difference Error (%)
1 28,4 28,3 0,1 0,4
2 32,6 32,6 0 0
3 37,1 37,3 0,2 0,5
4 36,9 36,8 0,1 0,3
5 34,3 34,4 0,1 0,3
Average Error (%) 0,3 %

Tabel 7. Testing Percentage Error of Current Sensor Tool on PV Solar Panel
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No. Current (A) Multimeter (A) Difference Error (%)
1 1,8 1,8 0 0
2 2,1 2,2 0,1 4,5
3 2,1 2,2 0,1 4,5
4 1,7 1,9 0 0
5 1,5 1,5 0 0
Average Error (%) 1,8%
Tabel 8. Testing Percentage Error of Power Sensor Tool on PV Solar Panel
No. Power (W) Multimeter (W) Difference Error (%)
1 70 71 1 1,4
2 78 79 1 1,2
3 81 83 2 2,4
4 79 78 1 1,3
5 66 66 0 0
Average Error (%) 1,26%

The next test is a comparison between the INA219 sensor and a multimeter measuring instrument to see
the difference and percentage error of the sensor performance. Testing was carried out five times for each of
the measured values that have been generated by PV solar panels. Voltage testing has an average error of 0.3%,
current has an average error of 1.8%, and power gets an average error of 1.26%. Figure 5. displays a graph of
testing error (%) on each INA219 sensor performance test.
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Figure 5. Testing Error (%) of Each Sensor
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3.1.1.3. Testing the suitability of data transmission by HT

Table 9 displays the results of testing the contents of the data that has been managed by ESP32 to be
transmitted in the form of voice by Handy Talkie (HT), then the data that has been transmitted is adjusted to
the HT Reeciver or receiver. Each message is checked whether it is appropriate between data transceivers.
Obtained during five tests, the performance of the tool is in perfect condition with all tests being successful.

Tabel 9. Data Transmission Conformance Testing

No Data Transmitted by Data Heard on Succes Status
) HT Transmitter HT Receiver
PV Voltage: 28 Volt PV Voltage: 28 Volt
1 PV Current: 1,8 Ampere PV Current: 1,8 Ampere Connected
PV Power: 70 Watt PV Power: 70 Watt
PV Voltage: 32 Volt PV Voltage: 32 Volt
2 PV Current: 2,1 Ampere PV Current: 2,1 Ampere Connected
PV Power: 78 Watt PV Power: 78 Watt
PV Voltage: 37 Volt PV Voltage: 37 Volt
3 PV Current: 2,1 Ampere PV Current: 2,1 Ampere Connected
PV Power: 81 PV Power: 81
PV Voltage: 36 Volt PV Voltage: 36 Volt
4 PV Current: 1,7 Ampere PV Current: 1,7 Ampere Connected
PV Power: 79 Watt PV Power: 79 Watt
PV Voltage: 34 Volt PV Voltage: 34 Volt
5 PV Current: 1,5 Ampere PV Current: 1,5 Ampere Connected
PV Power: 66 Watt PV Power: 66 Watt

4. Conclusion

This research focuses on monitoring solar power plants through PV Solar panels that can be seen directly
through data on the Solar Charge Controller (SCC), besides that there is an INA219 sensor that measures
voltage, current, and power on PV. The sensor data is sent to the ESP32 to be managed, the data is again
connected to the DF Media Player to be transmitted in the form of sound by Handy Talkie (HT). The
development of HT is a good innovation in the world of monitoring with a transmission environment that is
difficult to reach signals or exposed to many obstacles. The first test is monitoring the voltage, current, and
power of the PV Solar Panel using the INA 219 Sensor for 3 consecutive days to see the difference. The highest
voltage was 37.1 V, the highest current was 2.1 A, and the highest power was 81 Watt. The second test is the
comparison of the INA219 sensor with the Multimeter measuring instrument, the average error for each
voltage, current, and power test is 0.3%, 1.8%, and 1.26%. In addition, there is data management by ESP32
which is then tested for data transmission into sound by HT, and obtained for 5 times testing data transmission
has good suitability. From all tests, monitoring PV solar panels using INA219 sensors and data transceivers by
HT is a good innovation, shown in the success and small error rate in each test.
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