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Renewable energy is an alternative energy amid the issue of fossil-based energy running out. One of
these alternative energies is solar panels that generate electricity to achieve environmentally friendly
energy. The problem researched in this study is the need to optimize or energy efficiency of solar pan-
els. The type of research is development research with a prototype model. This study aims to optimize
the efficiency of the solar panel tracking system equipped with artificial intelligence and sensors to
monitor the environment based on the Internet of Things. This research method integrates fuzzy logic
Internet of Things for tracking solar panels based on light sensor input. The use of solar panels using
polycrystalline types and the addition of temperature and humidity sensors is important to utilize. The
result of this study is that the highest efficiency is obtained at 9.96%, meaning that the energy received
by the system is 9.96% into useful power that is lost. In conclusion, solar panels depend highly on
weather conditions and are the focal point of solar energy capture. This study implies that improving
environmentally friendly energy efficiency, although not too high, can be further developed.
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1. INTRODUCTION

Technology has developed rapidly over time, followed by the development of energy used as a form of environmentally friendly
energy application. Fossil-based energy will gradually begin to be abandoned because fossil-based energy is known to scientists to
run out in the future. Renewable energy is an alternative to keep energy sustainability going. There are many types of renewable
energy, including solar energy, wind energy, water energy, seawater waves, biofuels, biomass, and geothermal [1]. Electrical energy
that has begun to be developed comes from solar and wind energy. Solar energy is one of the energies of concern because it is
environmentally friendly. Indonesia is rich in natural energy that needs to be developed and is now the main thing to pay attention to.
One of the renewable energies is solar energy, which is converted into electrical energy through solar panel technology. Renewable
energy is energy that does not pollute the atmosphere [2]. This energy is easy to obtain because it comes from direct sunlight and can
be applied. Solar energy is an alternative need in a place where it is difficult to get electricity. Many types of solar panels can be used
to make a source of electrical energy. First, monocrystalline solar panels made of single silicon paper have an efficiency of 20%, are
highly valued, and are used commercially. Second, polycrystalline solar panels have an efficiency of 15%, which is fairly cheap and
sensitive to hot temperatures. Third, thin film amorphous solar panels made of semiconductors, often called flexible solar panels,
have an efficiency ranging from 7% to 10%, are cheap and easy to use and adaptive, but have a short time. Fourth, concentrated
PV cells have good performance and efficiency but require solar tracking and cooling systems [3]. The number of solar panels in
Indonesia will be an energy need in every region. Environmentally friendly electrical energy is necessary to benefit the community.

Solar energy is an environmentally friendly natural energy and has reliability in producing electrical energy [4]. Solar energy is
used for agriculture, electricity, energy storage, batteries, etc. Indonesia is a tropical region that crosses the equator and is an important
area for using solar energy. Solar panels are a breakthrough made by scientists to provide environmentally friendly technology
updates. These solar panels contain cells consisting of semiconductors such as silicon that can absorb sunlight energy and can be
used for electrical energy [S]. Solar panels of various shapes have been produced, from the smallest to the largest. The utilization of
solar energy can be taken from two angles, namely the elevation angle and the azimuth angle. Elevation is the angle of the range of
the horizontal line from the earth to the sky or from east to west. Azitmuth is the amount of angle between the magnetic north and
the point we are going to or a clockwise calculation [6]. The solar tracker system requires measurements of the actual azimuth and
elevation angle of the solar panel to direct it to the desired angle where it will be pendicular to sunlight [7]. The Internet of Things
is a device arranged according to its purpose and integrated with the Internet network. The Internet of Things is currently widely
applied in various fields that allow many devices to be accommodated to be built according to needs, and an adequate network has
data analysis and graph features [8]. Arduino is a device that is often used in experiments or prototypes of assembling tools, ranging
from the Internet of Things, robotics, drones, and so on. Fuzzy logic is a part of artificial intelligence used to provide membership to
each function and restrict certain categories. Two-axis solar panel tracked using four light sensors using fuzzy logic [9]. The process
also involves inputs, processes, and outputs. The important role used by membership and rules or rules that are made to condition
the process of tracking sunlight on solar panels. Solar tracker is an automatic solar power whose panel can follow sunlight to get
maximum power [10].

Several previous studies have successfully made prototypes and tests of two-axis solar panels with sunlight tracking. First, the
approach of using a dual-axis solar tracker that is connected to the Internet of Things [3]. Second, the dual-axis solar tracker approach
is based on the Internet of Things software simulation and development of hardware [1]. Third, using three approaches, namely
literature studies, [oT-based laboratory studies, and discussions with supervisors [11]. Fourth, a design and prototype approach with
tracking using dual-axis [6]. Fifth, the approach of using smart wiping on solar panels that are tracked horizontally and vertically [12].
Sixth, the approach uses dual-axis solar panels for horizontal and vertical movement Using the fuzzy logic method [13]. Seventh, a
prototype approach with a block system and implementation of electronic control circuits [9]. Eighth, Using a design, experiment,
and development approach that focuses on battery charging [14]. Ninth, the approach used is the design and implementation of
the solar tracking system [10]. Tenth, using a dual-axis solar tracker approach focuses on improving energy efficiency [15]. The
research model used in previous studies has used many dual-axis solar systems with different approaches and focuses. Solar panels
are generally made following the point of sunlight by following two axes moving vertically and horizontally. The Internet of Things
monitors input data, especially voltage, power, current, and other sensor data. The approach also starts from design and simulation
first so that a prototype model can be made physically and tested based on the movement where the LDR sensor captures light and is
passed on to obtain the data. The fuzzy logic method is also used to relate variables such as servo movement values and LDR sensor
values to provide processed inputs so that output is based on database decisions that have been made.

The gap that some previous researchers have not solved is that some do not examine environmental data, aspects of the Internet
of Things security, and evaluation of the energy produced with what is consumed. Some use simulations and need to be optimized
using the fuzzy logic method to increase the movement of the actuator. Development is needed using artificial intelligence, power
optimization, and energy efficiency. There is also a smart wiping approach for data storage efficiency. The difference between this
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study and the previous research is that the researcher uses a development model with a prototype approach but integrates fuzzy
logic methods and the Internet of Things. The data is the efficiency of 2 12 Volt 1.5watt polycrystalline mini solar panels and data
on voltage, current, power, temperature, humidity, and rain detection. Researchers previously used solar panels, namely using one
solar panel, 9 volts, 3W, but did not use artificial intelligence [3]. The data only looks for power, current, and voltage for dual-axis
solar panels [1]. The variables studied are voltage, power, current, humidity, and solar irradiance [6]. 6 volt 100 mA solar panel
by comparing two types of solar panels statically and solar panel tracker [12]. Testing solar panels with weather conditions without
examining efficiency data [9]. There is a need to add voltage and current sensors [10]. Based on this, researchers try to design and
develop solar panels concentrated in sunlight by using Arduino to record the efficiency of the solar panels. The researcher developed
a prototype model based on fuzzy logic in an integrated design based on the Internet of Things. The contribution of this research
to science is the development of solar panels based on the Internet of Things, which is used to analyze the state of the environment
and the movement of solar panels for energy efficiency. This knowledge contributes to education, especially informatics practices, so
students can have a direct learning experience.

2. RESEARCH METHOD

This type of research uses research and development methods. The development model used is a prototype model. Assemble
a simple tool designed using an Arduino mega2560 and servo control via a light sensor using fuzzy logic. This algorithm produces
boolean values limited to the numbers 1 and 0, which are still vague uncertainties [13]. An LDR connected to the Arduino will
measure the intensity of the surrounding area of light depending on the amount received and affect it [16]. This study uses a prototype
model based on simulations in Proteus 8 software. The flow diagram in Figure 1 is a prototype flow that begins with searching for
supporting basic theories in the form of literature, scientific articles, theses or theses, and others. Discussions are also important to
get information. After getting what literature is needed, collect materials from tools or devices used to make solar panel prototypes.
The series of tools was first designed using Proteus 8. Programming circuits using the Arduino IDE with C++ language according to
the tools needed. Before physically uploading to the Arduino, a simulation will be carried out using Proteus 8 or other software to
ensure everything runs according to the target. After that, a solar panel prototype will be assembled, and testing will be conducted.
Evaluation and completion will be carried out if the test is successful according to the parameters. If the results of the parameters are
not obtained, they will be corrected first and then retested to get the desired results. The prototype model is presented in Figure 1.

|

Basic theory Literature: jowrnal,
) thesis. etc

Marterial collection

Programming

Assembly and
repair simulation
resting

evaluation

Figure 1. Prototype Models [17]
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Further in testing, the solar panel series created starts from initializing the device and Wifi connection from the nodemcu; ESP
8266 connects to the smartphone hotspot and forwards to the laptop to be able to display data in think to speak. If it is well connected,
the light, voltage, current, temperature, humidity, and rain sensors will be read by the Arduino mega 2560 device. Calculating power
and efficiency is carried out, and then vertically and horizontally servos will be controlled through fuzzy logic. The data sent to
thinkspeak is the efficiency of the solar panels during testing and is constantly updated through sensor data readings. This test process
is shown in Figure 2 part (a). Part (b) is the fuzzy logic process; the focus is on the data of 4 light sensors read and then calculated the
light difference, then continued the fuzzification process and input from horizontal and vertical differences. The inference process
provides output to both vertical and horizontal servos. The defuzzification process converts the results to concrete values by mapping
the servo angle range of 0 to 180 degrees so that the servo position will update from the reception of the light sensor input.

dewice intialization |
1ead LDE1, LDR2, LDR3,
————»
»~ LDR4 data values
y
¢ conecting to WiFi ¢
Caloulate the Light Differance

HorizontalDiff= (LDE1+LDE3}-LDEI+LDE4)
vertikcalDiff = (LDR1+LDR2X-LDE3I+LDE4)

> I

Fuzmyfication
if Diff less then then negative

if Diff cloze to zero, then newiral
» read sensor dats if Diff iz greater than 0, then positive
inference
¥ if pegative, sarvo moves leftidown
Calculate power znd if neutral, servo remains
efficiancy if positive, servo moves righthop
Servo Control Using defuzzyfication
Fuzzy Logic convert fuzzy result to concrete value
‘L map the result fo the servo angle (0-180)
" Send Dhata to .
o« - et sarve postition
ThinzSpesk -+ update horizontal and vertikal sero position

h
=) =
(a) (b)
Figure 2. Part (a) Overall Process and Part (b) Fuzzy Logic Process

The fuzzy logic method controls vertical and horizontal servos so that the solar panel can move according to the input of
the light sensor value. There are two input variables, namely horizontal difference and vertical difference, which come from 4
light sensors. The horizontal and vertical differences inputs have the same values from three categories: Negative (Neg), Zero, and
Positive (Post). The value of the range is between -2046 and 2046. The negative category has a value between [-2046 -1023 0], the
zero category has a value of [-1023 0 1023], and the positive value is [0 1023 2046]. Figure 3 shows the membership function of
each input and output in a variable. The variable output of the horizontal servo is 0 to 180, which consists of the left output value [0
45 90], the center output value [45 90 135], and the right output value [90 135 180]. Figure 4 shows the existence of horizontal servo
variable output and vertical servo variable output.
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Figure 3. Input Variable Horizontal Difference
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Figure 4. Output Variable Servo Horizontal dan Output Variable Servo Vertical

The input values and variables, horizontal difference, vertical difference, horizontal servo output, and vertical servo output are
made by a rule of 9 to process solar panels to move vertically and horizontally. Table 1 shows the rules that have been created. One
of the rules is that if the horizontal difference is negative and the vertical difference is negative, then the horizontal servo is in the
left position, and the vertical servo is down. The process of simulating the fuzzy logic designer’s rules created in matlab can be seen
in Figure 5. If you look at this simulation, the horizontal difference is worth 247, the vertical difference is worth 592, the horizontal
servo is worth 104, and the vertical servo is worth 60.9. All sensor inputs and variables in fuzzy logic are programmed in the Arduino

IDE.

Table 1. Fuzzy Rules Servo Movement

HorizontalDiff ~ VerticalDiff  Servo horizontal ~ Servo vertical

Neg
Neg
Neg
Zero
Zero
Zero
Pos
Pos
Pos

Neg Left Down
Zero Left Middle
Pos Center Down
Neg Center Donw
Zero Center Middle
Pos Center Up
Neg Right Down
Zero Right Middle
Pos Right Up
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Figure 5. Rule Simulation in Matlab

3. RESULT AND ANALYSIS

sarvo V=809

The test for this solar panel uses two mini solar panels of 12 Volt 1.5 Watt each. The panel is arranged in parallel, and four
light sensors are used to capture sunlight to control the right and left servos to rotate from top to bottom. One servo below functions
to rotate right and left, namely servo rotation for sunlight tracking. In addition, there are voltage measurement sensors (ACS 712),
current measurement sensors, rain sensors, temperature and humidity sensors, and ESP, which transmit efficiency data from solar
panels. Here is a simulated design on proteus 8, which is further circuited physically, as shown in Figure 6. The results of the
simulation and design above can be used for physical circuits because the code entered can display servo motion data horizontally
and vertically, including light sensor data as well as temperature, voltage, and voltage. However, the focus is on solar panel efficiency
data. After being simulated, a physical circuit of solar panel tracking is made, as shown in Figure 7.

Figure 6. Solar Panel Wiring Simulation
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Figure 7. Physical Range of Solar Panel Tracking

The sensor test results shown in Figure 8 on the serial plotter show that the sensor is responsive to light and the environment.
value 1 is LDRI1 data; value 2 is LDR2 sensor, value 3 is LDR 4, value 5 is a rain sensor, value 6 is temperature, value 7 is humidity
and value 8 is voltage. The fuzzy logic code in Figure 9 using Arduino programming the range values -2046 and 2046 are the inputs
of fuzzy logic to control the vertical and horizontal movement of the servo from the sunlight captured by the light sensor according
to the design in the design fuzzy logic and flowchart in Figures 2, 3 and 4.

value 1 Evalue 2 value3 [value4 valu®@  Interpolate @D m =

Figure 8. Sensor testing on serial plotters

int servoPosHorizontal = fuzzyController(horizontalDiff, -2046, 2046);
int servoPosvVertical = fuzzyController{verticalDiff, -2046, 2046);
int fuzzyController(int diff, int minvalue, int maxValue) {
int fuzzyNeg = max{-minValue, min{diff, @)); r
int fuzzyZero = max(@, 1823 - abs(diff));
int fuzzyPos = max{-maxValue, min{diff, @));

int result = ({-fuzzyNeg) + (fuzzyPos)) / (fuzzyZero + 1);

int servoPos = map({result, -1822, 1823, &, 188);
return servoPos;

}

Figure 9. Code Fuzzy Logic On Servo
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Based on the results of the test data obtained, after repeatedly improving the program for solar panels, it was found that two-axis
sunlight tracking can be used for energy efficiency using the fuzzy logic method integrated with the Internet of Things. Efficiency
data from solar panels when tested in cloudy weather and indoors. The results obtained from the data read in Thinspeak are shown in
Figure 10. Data from morning to noon efficiency was obtained by 9.96%. The causative factor is that the test is carried out when the
weather is cloudy, so the solar panels are slightly exposed to sunlight. The results of this study are supported by the explanation of the
data that there is a type of solar panel, namely polycrystalline solar panels, that have an efficiency rate of 15%, which is fairly cheap
and sensitive to hot temperatures, but the dual axis solar tracker system can increase energy efficiency with internet-of-things-based
monitoring [3]. The results in Figure 11 are taken from the serial data of the Arduino monitor sent by the ESP nodemcu 8266 to think

speak math work.
Field 7 Chart F O & x

data

Eficiency

17:11 17212 17213 17:14 17:15 17:16 17:17 1718
Date

ThingSpeak.com

Figure 10. Monitoring the energy efficiency of solar panels using IoT

Solar Panel Efficiency

12,00%
10,00%
8,00%
6,00%
4,00%
2,00%

0,00%
0830 10:30 17:15 17:16 17:17

Figure 11. Panel Efficiency Data Results

Another confirmatory result from previous research is that dynamic systems produce 14.4% better electrical energy than static
systems [6]. The efficiency produced by two-axis solar tracking with the water treatment method is 7.46% [13]. On the other hand,
there is research that has succeeded in its efficiency, namely Producing the efficiency of a two-axis solar tracker of 38.03% [11]. The
two-axis solar panel tracking system generates more power, voltage, and current can increase efficiency by 45.11% [1]. Two-axis
solar tracker delivers 71.65% efficiency [15]. Generally, a two-axis solar tracker system can provide energy efficiency, as sunlight’s
focal point is tracked based on the method used. The determining factor is the tools’ specification, especially the sensors and solar
panels, and the weather climate factor.
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4. CONCLUSION

Based on the test results using the integration of fuzzy logic and the Internet of Things and the data obtained, it can be concluded
that solar panels can be tracked using light sensors and can move servos vertically and horizontally. Environmental monitoring from
temperature and humidity sensor data and rain sensors can function properly and produce efficiency even though the value is small.
This is due to cloudy weather factors, indoor testing, solar panel quality, etc. The suggestion in the future is to use better voltage and
current sensors and solar panels tested with weather climate and integrate temperature and humidity as variable inputs in the fuzzy
logic to be better. In addition, machine learning is an alternative as a differentiator to get better results.

ACKNOWLEDGEMENTS

Gratitude was conveyed to the Faculty of Teacher Training and Education, Universitas Mulawarman, for the research grant
program at the faculty level so that research activities can be carried out properly and smoothly.

REFERENCES

[1] S. A. Jumaat, M. N. A. M. Said, and C. R. A. Jawa, “Dual axis solar tracker with IoT monitoring system using arduino,”
International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 11, no. 1, pp. 451458, Mar. 1, 2020. pOI:
10.11591/ijpeds.v11.i1.pp451-458.

[2] A. Yusop, “Development and Evaluation of Dual Axis Solar Tracking System with IoT Data Monitoring,” Przeglqd Elek-
trotechniczny, vol. 1, no. 1, pp. 30-34, Jan. 12, 2023. DOI: 10.15199/48.2023.01.05.

[3] P. Muthukumar et al., “Energy efficient dual axis solar tracking system using IOT,” Measurement: Sensors, vol. 28, p. 100 825,
Aug. 2023. por: 10.1016/j.measen.2023.100825.

[4] A. Henukh et al., “Solar Tracker Design Based on Arduino Nano to Improve Solar Energy Efficiency,” Technium: Romanian
Journal of Applied Sciences and Technology, vol. 16, pp. 460-464, Oct. 29, 2023. DOI: 10.47577/technium.v16i.10029.

[51 D.Rajan and E. T. Ramachandran, “Design and Development of Sun Tracking Solar Panel,” International Journal of Advances
in Engineering and Management (IJAEM), vol. 3, no. 9, pp. 1343-1357, 2021. por: 10.35629/5252-030913431357.

[6] K. Krismadinata et al., “Photovoltaic Energy Harvesting with Static and Dynamic Solar Modules Employing IoT-Enabled
Performance Monitoring,” TEM Journal, vol. 12, no. 3, pp. 1354-1363, Aug. 28, 2023. po1: 10.18421/TEM123-15.

[7]1 Y. R. Al-Saadi et al., “Developing Smart Self Orienting Solar Tracker for Mobile PV Power Generation Systems,” IEEE
Access, vol. 10, pp. 79 090-79 099, 2022. poI1: 10.1109/ACCESS.2022.3194026.

[8] S.-H. Ga, H.-J. Cha, and C.-J. Kim, “Adapting Internet of Things to Arduino-based Devices for Low-Cost Remote Sensing in
School Science Learning Environments,” International Journal of Online and Biomedical Engineering (iJOE), vol. 17, no. 02,
pp- 4-18, 02 Feb. 12, 2021. port: 10.3991/ijoe.v17i02.20089.

[9] S. Setiyono and K. Wibowo, “The Solar Tracker Prototype Based on Arduino Uno,” Jurnal Ecotipe (Electronic, Control,
Telecommunication, Information, and Power Engineering), vol. 11, no. 1, pp. 3845, Apr. 29, 2024. po1: 10.33019/jurnalecotipe.
v11i1.4481.

[10] B. A. Hamad and A. Al-Naib, “Design and Implementation of a Dual-Axis Solar Tracking System STS,” NTU Journal of
Engineering and Technology, vol. 1, no. 1, pp. 3543, Oct. 28, 2021. DOI: 10.56286/ntujet.v1il.84.

[11] W. A. W. A. Bakar et al., “Design of Solar Tracking System for Solar Panel Using Microcontroller Based on Internet of
Things,” International Journal of Scientific Research, vol. 4, no. 1, pp. 3742, Aug. 30, 2024.

[12] K. Patel ef al., “Design and implementation of Sun Tracking Solar Panel and Smart Wiping Mechanism using Tinkercad,”
1IOP Conference Series: Materials Science and Engineering, vol. 906, no. 1, p. 012030, Aug. 1, 2020. po1: 10.1088/1757-
899X/906/1/012030.

[13] L. Halim, S. E. Gun, and F. Wahab, “Solar Panel Efficiency Improvement through Dual-Axis Solar Tracking with Fuzzy
Logic and Water Treatment Techniques,” Jurnal Nasional Teknik Elektro, vol. 12, no. 3, pp. 20-29, Nov. 30, 2023. DOI:
10.25077/jnte.v12n3.1120.2023.

International Journal of Engineering and Computer Science Applications (IJECSA)


https://doi.org/10.11591/ijpeds.v11.i1.pp451-458
https://doi.org/10.15199/48.2023.01.05
https://doi.org/10.1016/j.measen.2023.100825
https://doi.org/10.47577/technium.v16i.10029
https://doi.org/10.35629/5252-030913431357
https://doi.org/10.18421/TEM123-15
https://doi.org/10.1109/ACCESS.2022.3194026
https://doi.org/10.3991/ijoe.v17i02.20089
https://doi.org/10.33019/jurnalecotipe.v11i1.4481
https://doi.org/10.33019/jurnalecotipe.v11i1.4481
https://doi.org/10.56286/ntujet.v1i1.84
https://doi.org/10.1088/1757-899X/906/1/012030
https://doi.org/10.1088/1757-899X/906/1/012030
https://doi.org/10.25077/jnte.v12n3.1120.2023

38

ISSN: 2828-5611

(14]

[15]

[16]

(17]

H. H. Rangkuti, N. P. Sinaga, and F. Ariani, “Solar tracker design on solar panel for stm32 microcontroller based on battery
charging system,” IOP Conference Series: Earth and Environmental Science, vol. 1115, no. 1, p. 012078, Dec. 1, 2022. DOTI:
10.1088/1755-1315/1115/1/012078.

L. F. Wong, H. Nabipour Afrouzi, and J. Tavalaei, “Design and implementation of a dual-axis sun tracker for an Arduino-based
micro-controller photovoltaic system,” Future Technology, vol. 3, no. 3, pp. 15-19, Aug. 15, 2024. Do1: 10.55670/fpll.futech.
3.3.3.

L. A.R. Al Anzy, A. A. Abdullah, and A. K. L. Aquraishi, “IoT Cloud System Based Dual Axis Solar Tracker Using Arduino,”
Journal of Internet Services and Information Security, vol. 13, no. 2, pp. 193-202, May 30, 2023. po1: 10.58346/JISIS.2023.
12.012.

F. A. Silaban et al., “Solar Panel Drive Design Based Internet of Things,” CCIT (Creative Communication and Innovative
Technology) Journal, vol. 16, no. 1, pp. 100-110, Feb. 1, 2023. po1: 10.33050/ccit.v16i1.2363.

International Journal of Engineering and Computer Science Applications (IJECSA)
Vol. 4, No. 1, March 2025: 29 — 38


https://issn.brin.go.id/terbit/detail/20220302371326105
https://doi.org/10.1088/1755-1315/1115/1/012078
https://doi.org/10.55670/fpll.futech.3.3.3
https://doi.org/10.55670/fpll.futech.3.3.3
https://doi.org/10.58346/JISIS.2023.I2.012
https://doi.org/10.58346/JISIS.2023.I2.012
https://doi.org/10.33050/ccit.v16i1.2363

	INTRODUCTION
	RESEARCH METHOD
	RESULT AND ANALYSIS
	CONCLUSION
	REFERENCES

