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This research aims to apply an artificial intelligence (Al) system to control the
position of photovoltaic (PV) panels to maximize the use of solar energy using
the solar tracker. The implementation of Al algorithms to achieve optimal
panel orientation, considering factors such as sunlight intensity and sun
position is also discussed. The simulation results using matrix laboratory
(MATLAB) Simulink can be observed on the scope, displaying the position
control graph of the solar panel from sunrise to sunset. By employing
proportional integral derivative (PID) control, the error is likely to be minimal,
ensuring that the panel will continue to follow the sun until it sets at the
maximum point of 4:00 PM. After that, the panel can be adjusted back or reset
to the initial position at 6:00 AM for the following day. In a full-day
simulation, the solar panel will follow the sun's movement from sunset to
sunrise. At the basic level, sunrise occurs in the first hour at position 1.0,
which is 6:00 AM in the minimum point at the bottom left corner of the curve,
and sunset occurs in the afternoon at position 5.25, which is 4:00 PM at the

maximum point in the top right corner of the curve.
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1. INTRODUCTION

To achieve the goals of national self-reliance and energy resilience, as stipulated in the primary
regulation governing energy issues in Indonesia, namely Government Regulation Number 79 of 2014
concerning the national energy policy, the Indonesian government promotes the utilization of renewable energy
and restrains the use of fossil energy sources. The policy sets a target for the mix of renewable energy from
2020 to 2050 [1]. Additionally, regulations regarding the use of renewable energy in Indonesia are outlined in
Presidential Regulation Number 112 of 2022 concerning the acceleration of renewable energy development
for electricity supply [2]. Renewable energy is indeed becoming a primary focus in efforts to reduce the impact
of climate change and dependence on fossil fuels [3]-[5]. Many artificial intelligence (Al) technologies are
employed in modeling and analyzing renewable energy systems to enhance efficiency, reliability, and
performance [6], [7].

Global efforts to find sustainable energy solutions have sparked increased interest in solar energy
technologies in the last few decades [8], [9]. As one of the most promising renewable resources, solar energy
has significant potential to make a substantial contribution to the world's energy needs [3], [10], [11]. In this
context, photovoltaic (PV) panels, serving as the core of the solar energy conversion system into electricity,
are receiving special attention [12], [13]. Figure 1 is the solar energy generation by region measured in
terawatt-hours (TWh).
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Solar energy generation by region

Solar energy generation is measured in terawatt-hours (TWh).

CIS (E)
Africa (EI)
1,200 TWh Middle East (El)
South and
Central America
(EN
<= 1,000 TWh North America
= (EN
=
c Europe (EI)
.2 800 TWh
=]
o
]
c
]
: 600 TWh
a
b
]
b5
5 400 TWh Asia Pacific (EI)
o
)
200 TWh
0TWh
1965 1980 1990 2000 2010 2022 Year
Data source: Energy Institute - Statistical Review of World Energy (2023) OurWorldinData.org/renewable-energy | CC BY
Note: CIS (Commonwealth of Independent States) is an organization of ten post-Soviet republics in Eurasia following break-up of the Soviet
Union.

Figure 1. Global solar energy generation [14]

However, challenges associated with the variability of sunlight intensity and the changing position of
the sun throughout the day affect the energy output generated by PV panels [15]. Therefore, optimizing the
orientation of panels towards sunlight becomes crucial to enhance the efficiency of the PV system [16]. The
global development of Al with various applications is illustrated in Figure 2. Where annual patents obtained
globally exceeded 30,000 patents for the period from 2018 to 2020.

Annual granted patents related to artificial intelligence, by industry, World
Granted patents were first submitted in the selected country’s patent office, but could have subsequently been granted
by any country’s patent office.
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Figure 2. The global development of Al [17]

Integrating Al with the control of PV panel positions presents an innovative solution to various
challenges. Al allows the system to learn from past experiences and improve its performance over time. It can
adapt to changing environmental conditions, ensuring optimal positioning of the panels. This dynamic
optimization maximizes the utilization of solar energy, enhancing overall efficiency.

To understand and implement this solution, this article explores concrete applications of Al in
controlling the position of PV panels using the matrix laboratory (MATLAB) Simulink simulation
environment. The advantages of MATLAB Simulink in integrating physical models and Al algorithms make
it an ideal platform for developing intelligent control solutions for the positioning of PV panels. Through the
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understanding and implementation of this solution, it is expected that this research can contribute to the
discovery of innovative solutions that not only enhance solar energy efficiency but also pave the way for the
development of more environmentally friendly and sustainable energy technologies.

Several related studies conducted by previous researchers provide a synthesis of key studies in this
field, highlighting methodologies, findings, and research contributions. Shinde et al. [18] investigated the
integration of proportional integral derivative (PID) controllers adapting to maximum power point tracking
(MPPT) for a solar array. Ali et al. [19] finded that the Bat Algorithm (PID-BA) performs the best in terms of
settling time and overshoot for the sun tracking system on photovoltaic panels. on dual-axis tracking
optimization for solar cells using the imperialist competitive algorithm (ICA). Live et al. [20] conducted a
simulation study of fuzzy auto-tuning PID controllers using MATLAB. Masrur et al. [21] explored the optimal
tilt angle to maximize PV vyields. Mosalam [22] evaluated the operation of an integrated PV system with
buildings. Oufettoul et al. [23] analyzed the performance of PV module positions in a solar PV array under
partial shading conditions. Qais et al. [24] stated that the research utilizes the Three-Diode Model (TDM) for
photovoltaic modules, where its optimality is determined by the optimization algorithm used, such as the Circle
Search Algorithm (CSA), which provides highly accurate results and lower absolute current error compared to
other algorithms. Fahmida et al. [25] simulated the maximum power point position of PV using MATLAB
simscape. Ikhwan et al. [26] applied model predictive control to dual-axis solar trackers using MATLAB
Simulink simulations. Ganesan et al. [27] focused on modeling and simulating the incremental conductance
algorithm for solar MPPT. The distinction of this research from similar studies lies in creating a unique
approach to optimizing the position of PV panels and considering the real-time variability of sun position
changes. This study utilizes different variables in the PID controller, panel, and motor parameters that will
impact MATLAB Simulink simulations.

This research has several objectives that detail its focus and contributions to the understanding and
development of solar energy technology. Firstly, the research aims to comprehend the concept of PVs, a crucial
process in converting heat energy into electricity. With a profound understanding of this process, the research
is expected to provide better insights into the energy conversion mechanism in PV panels.

Next, the research targets an understanding of the movement of the sun solar tracker system, a vital
element in energy efficiency for solar panels. This goal includes an analysis of how the movement of solar
panels can be optimized to enhance the efficiency of solar energy collection throughout the day. Another key
objective is to understand and optimize the movement of solar panels as quickly as possible towards the optimal
sun position. A deep understanding of the dynamics of this movement forms the basis for designing a system
that is responsive and adaptive to changes in the sun's position.

In addition to the technical aspects, this research has a significant impact on the development of Al to
optimize the position of PV panels. By leveraging Al, this research opens the potential to improve the efficiency
of solar energy utilization and reduce dependence on conventional energy sources. The benefits of this research
include reducing operational costs of power plants through the optimization of renewable energy use, as well
as making a positive contribution to the overall development of renewable energy technology. Thus, this
research not only aims to deepen the understanding of PV technology but also seeks to provide practical
solutions to enhance efficiency and sustainability in solar energy utilization.

2. METHOD
The research methodology applied in this project consists of several stages outlining the steps of

system development and data analysis. Firstly, the system design involves creating a circuit for the PID

controller, panel, and motor. Next, variable determination involves using variable values in the PID controller,

panel, and motor simulations to ensure the precision and accuracy of the results. The following are parameter

variables for the PV panel and motor set to determine the optimal limits of PID control for the PV position

concerning the sun's orientation.

PV Panel:

— Damping coefficient (Kd): the value Kd=5 refers to the damping coefficient in motion control, affecting
how quickly the solar panel movement will reach the desired position without significant overshoot.

— Inverse of moment of inertia (1/J): the value 1/J=8.6 indicates the inverse of the moment of inertia of the
solar panel, influencing the panel's response to changes in motion.

Motor:

— Motor gain (Kg): the value Kg=2,000 reflects how effectively the motor can transfer electrical energy
into mechanical motion.

— Friction coefficient (Kf): the value Kf=0.0700 represents the friction coefficient in the motor, affecting
how easily or difficulty the motor can move.
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— Torque constant (Kt): the value Kt=0.0700 refers to the torque constant of the motor, related to how much
torque the motor generates based on the current passing through it.

— Inverse of inductance (1/L): the value 1/L=1.0000e-05 indicates the inverse of the motor's inductance,
affecting the motor's response to changes in current.

— Resistance (R): the value R=10 is the motor's resistance, influencing how efficiently electrical energy is
converted into mechanical energy by the motor.

The next step involves the development of an Al model with the design of an adaptive algorithm.
This algorithm considers environmental variables to optimize the panel's position relative to the orientation of
the sun. Afterward, the integration of Al with the PV panel control system is carried out using MATLAB
Simulink, ensuring the alignment and performance of the system.

Simulation and testing are the implementation stages of the PV panel orientation system model into
the simulation. This is done to test the system's response to environmental changes and ensure that the system
can adapt dynamically. The analysis of results is the final step, involving the evaluation of system efficiency
and response in various environmental conditions. Furthermore, the parameter variables on the PV panel and
motor are set to determine the optimal limits of PID control for the PV position concerning the sun's
orientation. For the PV panel, the variables involve damping coefficient: and inverse of moment of inertia,
while for the motor, the variables include motor gain, friction coefficient, torque constant, inverse of
inductance, and resistance. The values of these variables are carefully chosen to achieve an optimal balance
between system response and energy efficiency.

3. RESULTS AND DISCUSSION
3.1. Energy conversion in solar panels
Solar power generation with a PV panel system is the predominant type of solar power generation in
Indonesia. Its main advantage lies in a more efficient process, making the installation costs more affordable.
This power generation system converts solar energy directly into electrical energy through the PV concept.
Based on the Figure 3, a solar cell is an electronic component made of semiconductor material that is
sensitive to light. The main component used in the manufacture of solar cells is a photodiode, an electronic
component that is responsive to light. This sensitivity allows solar cells to capture sunlight and direct it to the
next system to be converted into electrical energy. The basic principle of the PV or PV effect concept is to
directly convert sunlight into electricity through the use of solar cells.
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Figure 3. Schematic diagram of PV system

In this concept, solar cells function as a tool to capture light, which contains photons from the sun.
Photons are the basic units of solar energy that can be captured by solar cells and then converted into electrical
power. Solar cells operate on the principle opposite to light emitting diodes (LEDs), which convert electrical
energy into light or can be considered similar to photodiodes in the p-n junction relationship. When photons
with higher energy than the energy gap arrive, the semiconductor absorbs these photons to form electron-hole
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pairs as charge carriers. Subsequently, electrons and holes move sequentially towards the p and n
semiconductor layers, creating a potential difference and photocurrent, which is the current generated by light.
When photons collide with the solar cell's wall, a process of generating electric current occurs. This process
begins when a photon hits the semiconductor wall, causing the loss of an electron in the wall conductor atom.
The atom that loses this electron is called a hole. Electrons have a negative charge, while photons have a
positive charge. This difference in charge creates an electric current. In a solar cell, voltage and current arise
when two connected electrodes are in a solid and liquid system. When the connected electrode receives light
from the sun, the voltage and current will automatically appear.

3.2. The impact of sunlight intensity

The level of sunlight radiation received directly by solar cells directly affects the voltage and current
generated from the PV concept. Under conditions where sunlight radiation intensity remains constant, an
increase in environmental temperature can lead to a decrease in voltage on solar panels. Conversely, the electric
current generated by solar cells will increase. Changes in temperature on solar cells can be influenced by several
factors, including air temperature, cloud conditions, and wind speed around the location of solar panel
placement. It is important to understand that fluctuations in sunlight intensity and changes in environmental
temperature can have a significant impact on the system's response. Therefore, parameter adjustments on the
panel and motor, such as damping coefficient and inverse of moment of inertia, should consider variations in
sunlight intensity and temperature changes that may occur. By incorporating these factors into the analysis,
this research can provide deeper insights into the performance of the PV system in dynamically responding to
environmental variations.

3.3. Improvement of efficiency

The efficiency of solar panels can be enhanced through the use of reflectors or concentrators.
Reflectors or concentrators shaped like mirrors serve as reflectors and focus sunlight onto the solar cell panels.
This reflection of sunlight increases the concentration of light on the solar cell panels, resulting in a significant
increase in the generated electrical energy. Studies show that the addition of reflectors or concentrators can
increase the power output of solar cell panels by up to approximately 46%. Although this method provides
improved performance, it should be noted that concentrating light intensity can lead to a rapid increase in the
temperature of the solar cell panels.

The increase in the temperature of solar cell panels can negatively affect the power output. In fact,
every 1 °C increase in the temperature of solar panels, especially from the standard temperature of 25 °C, can
cause a decrease of about 0.5% in the total power generated. Therefore, optimizing the efficiency of solar cell
panels not only involves increasing light intensity but also considering effective temperature control. High air
temperatures can also be a performance-reducing factor for solar panels. Additionally, the presence of shading
obstacles can reduce the output of solar panels, and bypass diodes can be implemented as a solution to address
this issue. By considering the influence of variables such as light intensity, temperature, and shading, this
research leads to a more holistic understanding of the factors that affect the efficiency and performance of solar
panels.

3.4. Solar tracker

Solar power plants are one of the forms of renewable energy power plants that are increasingly being
implemented in Indonesia, especially in areas that are not yet covered by the electricity grid. This system relies
on sunlight as the main source of energy and converts it into electricity through the use of solar panels. The
power capacity generated by solar panels is determined by the number of solar cells in the panel, as well as the
temperature and sunlight radiation that affect these solar panels.

It is known that the orientation of sunlight changes with the axis of the earth's rotational rotation. The
intensity of sunlight hitting the surface of the semiconductor diode layer of the solar panel causes electrons in
the diode layer to generate a voltage and current difference due to the PV effect. With the voltage and current
difference, potential electrical energy is formed, which will be directed to the electrical storage source.

Two strategies can be applied to achieve the maximum power output from solar panels. First, power
output control can be done by adjusting the output voltage using a power converter known as MPPT. The
schematic diagram of solar tracker is shown in Figure 4 and the simulation is shown in Figure 5. In addition,
the power output of solar panels can also be increased by maximizing the sunlight radiation reaching the surface
of the solar panel.

To increase the sunlight radiation reaching the solar panel, it can be achieved by adjusting the position
of the panel to always be perpendicular to the direction of the sun. This is because the position of the sun
changes throughout the day from east to west. Therefore, solar panels need to be able to move in line with the
movement of the sun to optimize radiation at all times. This system is known as a solar tracker. The forces on
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a PV panel are generally related to solar energy and light waves. Changes in frequency or wavelength can
affect the amount of energy received by the solar panel.
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Figure 4. Schematic diagram of solar tracker
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Figure 5. Solar tracker simulation

Based on the Figure 6, when the curve of the PV movement input signal increases, it can reflect a
situation where the PV system receives additional energy or signals. This can be caused by factors such as an
increase in sunlight intensity, changes in the angle of illumination, or an improvement in the efficiency of solar
panels. In this context, an increase in the signal curve can indicate that the PV system is receiving more power
or energy, potentially enhancing its performance and electrical output.
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Figure 6. Curve of solar tracker input signal (up)

On the contrary, in Figure 7, a decrease in the PV input signal curve can reflect a condition where the
energy or signal received by the PV system is decreasing. Factors that may cause this decrease could include
cloud cover, reduced sunlight intensity, or technical issues with solar panels. The decrease in the signal curve

may indicate that the PV system is generating less energy or power, which can affect its performance and
electrical output.
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Figure 7. Curve of solar tracker input signal (down)

Figure 8 demonstrates a maximum worm angular velocity of 2245 deg/s, indicating the system's
capability for rapid adjustments. The solar tracker also exhibits a maximum motor torque of 0.2 Nm,
highlighting its mechanical strength. Additionally, the maximum motor power of 3.85 kW showcases its energy
efficiency. The system's response to changes in the signal curve illustrates its ability to react swiftly to
fluctuations in the operational environment.

The high maximum angular velocity of the worm at 2245 deg/s indicates the system's ability to
respond quickly and accurately to changes in the sun's position. This is crucial for maximizing the efficiency
of solar energy collection. The maximum motor torque of 0.2 Nm indicates the motor's ability to move the
solar tracker system with sufficient power to overcome resistance and potential loads during operation.

The high maximum motor power of 3.85 kW suggests that the motor can supply sufficient power for
efficient operation of the solar tracker system. This level of power ensures the motor can drive the system
effectively. Adequate motor power is crucial for achieving the necessary speed and torque. Consequently, it
supports the system's ability to track the sun accurately and reliably.
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Figure 8. Graphs of worm angular velocity, motor torque, and motor power

3.5. Solar panel control using proportional integral derivative

The sun, as an energy source, undergoes movement that must be tracked by solar panels to generate
energy optimally. Solar panels need the ability to track the sun's movement, which occurs continuously due to
the earth's rotation on its axis. Typically, solar panels are installed without adjusting their position to follow
the sunlight, resulting in suboptimal output voltage.

To address this issue, devices are used to adjust the tilt of solar panels, allowing them to dynamically
follow the sun's position. This continuous adjustment maximizes sunlight exposure throughout the day. As a
result, the output voltage of solar panels is significantly enhanced. Panels with this dynamic scheduling perform
better compared to those without it.

A controller is needed to regulate the movement of solar panels, and in this paper, the design of a
controller using the PID method is carried out to control the position of solar panels optimally along the sun's
path. Modeling and simulation are done using Simulink in MATLAB, an interactive environment for numerical
calculations, visualization, and programming. The use of MATLAB enables data analysis, algorithm
development, and the creation of models and applications.

PID control, as one of the control methods, is employed to improve the system's response.
Proportional control amplifies the error signal, speeding up the system's output towards the setpoint. The
relationship between the controller input u(t) and the error signal e(t) in Figure 9 is described in (1) [18].

u(t) = Kp e(t) ()

input

u
—g?ﬂ S {xaf—
Yy

Figure 9. Block diagram of proportional control

The input signal will be summed with the feedback signal, and the error generated from this
summation operation will be multiplied by the proportional constant (Kp) to produce the controller input u(t).
The integral control function (Ki) is essentially designed to eliminate offset errors that often arise from
proportional control. The relationship between the integral control output u(t) and the error signal e(t) based
on Figure 10 is described in (2) [18].
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Figure 10. Block diagram of integral control

Description:
u(t): PID controller output signal
Kp: proportional constant
Ki: integral constant
Kd: derivative constant
e(t): error signal
d(t): disturbance
Derivative control is often referred to as a speed controller because its output is directly proportional
to the rate of change of the error signal. The block diagram of derivative control is shown in Figure 11. The
relationship between the derivative control output u(t) and the error signal e(t) is described in (3) [18]. This
control method helps improve the system's response to changes in the error signal.

u(t) = Kd 4©@* 3)

dt

input

u
—>+?46( (‘i]—t Ll ka 2>
Yy

Figure 11. Block diagram of derivative control

The combination of the three controllers forms a PID controller. PID controllers are commonly used
in control processes and systems. The equations for a PID controller are provided, and Figure 12 shows the
block diagram of the PID controller [18].

u(t) = Kp e(t) +Ki [ Ze(t) d(t) (4)

Explanation:
u(t): PID controller output signal
Kp: proportional constant
Ki: integral constant
Kd: derivative constant
e(t): error signal
d(t): disturbance
The creation of the PID controller system consists of several subsystems, including the motor and the
control panel, as shown in Figure 13. Initially, the researcher designs the motor movement system. Next, the
researcher develops the control panel. Finally, these two subsystems are integrated into a single PID controller
solar tracker system.
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Figure 13. Control motor

The first subsystem designed is the motor control, as illustrated in Figure 14. This subsystem includes
the equations for the motor that generates torque to rotate the solar panel. These equations describe the
electromagnetic motion necessary for the system's operation [18].

di _1 de
-1 (V- KgKi—Ri) ®)

Explanation:

di/dt: derivative of current with respect to time, depicting the change in electric current in the motor
L: motor inductance

V: motor input voltage

Kg: gear ratio constant

Kf: friction constant

do/dt: derivative of rotation angle with respect to time, depicting the angular velocity of the motor
R: motor resistance.

B

\oltage

- :
g idot s i
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h 4
+

:
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Figure 14. Control motor sub system
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Motor torque equation [18]:

T = KgKil

Explanation:

T: Motor torque produced
Kg: Gear ratio constant
Kt: Motor torque constant

I: Motor current

(6)

In (5) reflects the electromagnetic motion equation, explaining the relationship between voltage,
current, and torque in the motor. In (6) describes the relationship between current and motor torque. Both
equations are essential in modeling and controlling the motor in a solar tracker system.

The second subsystem designed is the solar panel controller as shown in Figure 15. This subsystem in
Figure 16 describes the motion equation for the solar panel rotating on its central axis. The rotation of the solar
panel is influenced by the torque generated by the motor. The motion equation is expressed as follows [18].

Figure 15. Controller panel

. l
o — : )
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Position

Integrator1

torque L
Torque > theta_dot_dot § | theta_dot
Add Gain Integrator
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Gain2
Figure 16. Controller panel subsystem

d%e _ 1 de

Froiat (T-Kag)

Explanation:

T: torque generated by the motor.
dt?/d26: angular acceleration of the solar panel with respect to time, describing the change in angular velocity.
J: moment of inertia of the solar panel.

T: torque generated by the motor.

Kd: damping coefficient in the angular motion of the panel.
dt/df: angular velocity of the solar panel with respect to time, describing the change in the rotation angle.

In (7) explains how the solar panel responds to the torque applied by the motor. It shows how the
panel's angular motion is influenced by the moment of inertia and the damping coefficient. This equation is
crucial for accurately modeling the dynamics of solar panel rotation. Understanding these dynamics is essential
for optimizing the performance of a solar tracker system.

After the motor subsystem and the panel controller subsystem are created, these two subsystems are
integrated into one PID controller solar tracker system. In this model, the controller outputs voltage to the

(D)
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()
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motor to rotate the solar panel to the desired position. The reference signal is a step unit. Constant voltage is
applied to the motor.

To increase the exposure of solar radiation on solar panels, it can be achieved by adjusting the position
of the panel surface to always be perpendicular to the direction of the sun. The sun moves throughout the day
from east to west. Therefore, solar panels need to be able to move to follow the changing position of the sun to
receive maximum radiation at all times. This system is known as a solar tracker.

The forces on PV panels are generally related to solar energy and light waves. Changes in frequency
or wavelength can affect the amount of energy received by the solar panels. To create a solar tracker,
researchers first initiate motor movement by raising steps considered as the input signal, as shown in the
schematic diagram in Figure 17, to change the position of the sunlight. With the step set to 1 and the simulation
time running for 10 seconds in Simulink, a graph of the position and speed of the solar panel is generated, as
shown in Figure 18.

—
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Figure 17. Schematic diagram of PI panel control
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Figure 18. Graph of solar tracker position against solar orientation

It can be observed from the graph in Figure 18 that in the simulation over 10 seconds, the controller
panel takes a considerable amount of time, specifically 2 seconds, to adjust itself until it reaches the overshoot
point. Then, the position of the controller panel will return to normal, following the normal position of sunlight.
This forms the basis for the panel movement if controlled using a Pl controller.

When the sun's position is set using a step with a square wave signal amplitude increased by 1A, the
panel position will follow its maximum point. However, there is an overshoot that causes the panel position
graph to differ or there is an error from the actual sun position. Nevertheless, over time, this overshoot will
decrease and return to normal relative to the sun's position. This makes the motor return to the maximum sun
position. Figure 19 is the simulation result of proportional-integral motor control.
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Figure 19. Graph of solar tracker speed against solar orientation

It can be observed from the graph in Figure 19 that the rotational speed of the panel will increase in
the first second. When the rotation of the solar panel motor is heading towards the maximum point of sunlight,
the curve will drop to 0, indicating that the motor has stopped. In the second experiment, the motor position
initially moves, as indicated by the curve rising from 0 to 1.6 A. Then, there is a decrease from 1.6 Ato 0 A,
which means that the sun has been followed by the solar panel and is in a good position.

To make this solar tracker system more precise and accurate, the researcher simulated the control of
the solar panel in real time by inputting data on the position and time of solar orientation, as shown in
Figure 20. MATLAB Simulink must recognize the position and time data through the use of sunPositionData
and sunTime to create more realistic simulation results. Afterward, a comparison can be made between the
position and time based on the Figure 21.

& Configuration Parameters: model3_control/Configuration (Active) - ] X

Solver Load from workspace
Data Import/Export = -
Math and Data Types 7| Input [sunTime, sunPosition] Connect Input

Initial state: xinit

Save to workspace or file

V| Time tout

States xout Format: Dataset -
v| Output yout

Final states xFir Save final operating point

Configure Signals to Log

v| Data

Log Dataset data to file
7] Single Logging intervals: |[-inf, inf]
Simulation Data Inspector
Record logged workspace data in Simulation Data Inspector
» Additional parameters
ok | [Scancel |[ help || Aoply

Figure 20. Input of sunPositionData and sunTime
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Figure 21. Graph of solar tracker position and speed according to solar orientation

Figure 22 shows the graph of the solar tracker position according to the solar orientation. In a full-day
simulation, the solar panel follows the movement of the sun from sunrise to sunset, as depicted in Figure 22(a).
At the basic level, sunrise occurs in the first hour at position point 1.0, which corresponds to 06:00 AM at the
minimum point at the bottom-left corner of the curve. Sunset occurs in the afternoon at position point 5.25,
which corresponds to 4:00 PM at the maximum point at the top-right corner of the curve in Figure 22(b). The
panel will rotate for a total of 10 hours in this MATLAB Simulink simulation.

Sun position (°

(b)

Figure 22. Graph of the solar tracker position according to the solar orientation on the scope (a) illustration of
the movement of the sun and (b) the slope position based on the movement of the sun

The simulation results can be observed on the scope, displaying the position control graph of the solar
panel from sunrise to sunset. The yellow line represents the sun's position, while the dashed blue line indicates
the panel's movement. By using PID control, the error is likely to be minimal, so on the graph, the panel will
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continue to follow the sun until it sets at the maximum point at 4:00 PM. After that, the panel can be adjusted
back or reset to the initial position at 6:00 AM for the next day.

Although our research provides valuable insights based on the research findings, it is not without
limitations. One limitation is the scope of the experimental setup, which may not fully reflect real-world
conditions. Future research could explore more diverse scenarios and incorporate additional variables to
enhance the applicability of the findings. Furthermore, investigating the long-term performance and durability
of optimized solar panel systems would provide valuable information for practical implementation.

4. CONCLUSION

Increasing the efficiency of solar panels can be achieved by using reflectors or concentrators that
reflect and focus sunlight onto the solar cells. While adding reflectors can enhance power output, the risk of
increased solar panel temperature must be considered, requiring a careful balance between output improvement
and potential temperature rise. Solar tracking systems, or solar trackers, provide an effective solution for
enhancing solar panel efficiency through PID control, involving proportional, integral, and derivative
components, to optimally adjust the position of solar panels. Modeling and simulation using PID methods in
MATLAB allow for in-depth analysis of the system's response to changes in sun position, representing a
tangible effort to maximize sunlight reception by solar panels. Incorporating motors and PID control, solar
trackers address overshoot and adapt to changes in sun position according to simulation results. The next step
involves integrating Al into panel positioning control through MATLAB Simulink. While challenges related
to Al implementation are acknowledged, this approach offers potential advancements for intelligent and
adaptive PV systems. Simulation results in MATLAB Simulink display the position control graph of the solar
panel from sunrise to sunset. By employing PID control, the error is minimized, ensuring the panel follows the
sun until it sets at 4:00 PM, after which it can be reset to the initial position at 6:00 AM for the following day.
In a full-day simulation, the solar panel follows the sun's movement from sunrise to sunset, with sunrise at 6:00
AM at the minimum point on the curve and sunset at 4:00 PM at the maximum point.

ACKNOWLEDGEMENTS

The author would like to express heartfelt gratitude to Universitas Multimedia Nusantara for the
facilities provided during the course of the research. Thank you for the valuable support and assistance, both
in terms of facility and financial support, in completing this research.

REFERENCES

[1]  Republic of Indonesia, “Government Regulation of the Republic of Indonesia Number 79 of 2014 on National Energy Policy,”
National Law Development Agency, Jakarta, Indonesia, 2014.

[2] N.Pranata and F. R. Saputri, “Renewable energy in Indonesia: a critical review of sources, technologies, and strategies for clean
energy transition,” Journal of System and Management Sciences, vol. 14, no. 7, pp. 122-144, 2024, doi: 10.33168/jsms.2024.0707.

[3] F.R. Saputri, R. Linelson, and V. R. Lee, “Analysis of solar power plant development potential in Adipala - Cilacap,” G-Tech:
Jurnal Teknologi Terapan, vol. 7, no. 4, pp. 1163-1172, 2023, doi: 10.33379/gtech.v7i4.2628.

[4] M. A. Azni, R. M. Khalid, U. A. Hasran, and S. K. Kamarudin, “Review of the effects of fossil fuels and the need for a hydrogen
fuel cell policy in Malaysia,” Sustainability, vol. 15, no. 5, 2023, doi: 10.3390/su15054033.

[5] O. Edenhofer et al., “Renewable energy sources and climate change mitigation: special report of the intergovernmental panel on
climate change,” Intergovernmental Panel on Climate Change (IPCC), Cambridge University Press, Cambridge, United Kingdom,
2011, doi: 10.1017/CB09781139151153.

[6] M. Zheng and C. Y. Wong, “The impact of digital economy on renewable energy development in China,” Innovation and Green
Development, vol. 3, no. 1, 2024, doi: 10.1016/j.igd.2023.100094.

[7]1 D.T.Pham and P. T. N. Pham, “Artificial intelligence in engineering,” International Journal of Machine Tools and Manufacture,
vol. 39, no. 6, pp. 937-949, 1999, doi: 10.1016/S0890-6955(98)00076-5.

[8] A.M. Fathoni, N. A. Utama, and M. Kristianto, “A technical and economic potential of solar energy application with feed-in tariff
policy in Indonesia,” Procedia Environmental Sciences, vol. 20, pp. 89-96, 2014, doi: 10.1016/j.proenv.2014.03.013.

[9] S. Ariyanto and S. I. Heriyanti, Renewable energy: policy and strategy. Jakarta: BRIN Publishing, 2023, doi: 10.55981/brin.900.

[10] F.R. Saputri, A. R. Stanlee, I. H. Prasetya, and S. D. Wijaya, “Analysis of solar power plant utilization for public street lighting in
Probolinggo, Jawa Timur, Indonesia,” International Journal of Science, Technology & Management, vol. 4, no. 4, pp. 785-791,
2023, doi: 10.46729/ijstm.v4i4.862.

[11] F. R. Saputri, N. Pranata, and F. Dwiputra, “Analysis of solar power plant design using RETScreen and PVSyst in Pekanbaru-
Indonesia,” in 2023 13th International Conference on Power, Energy and Electrical Engineering (CPEEE), 2023, pp. 496-500,
doi: 10.1109/CPEEES56777.2023.10217460.

[12] K. K. Jaiswal et al., “Renewable and sustainable clean energy development and impact on social, economic, and environmental
health,” Energy Nexus, vol. 7, 2022, doi: 10.1016/j.nexus.2022.100118.

[13] P. A. Owusu and S. A. -Sarkodie, “A review of renewable energy sources, sustainability issues and climate change mitigation,”
Cogent Engineering, vol. 3, no. 1, 2016, doi: 10.1080/23311916.2016.1167990.

[14] H. Ritchie, M. Roser, and P. Rosado, “Renewable energy,” Our World in Data, 2020. Accessed: Jul. 24, 2024. [Online]. Available:
https://ourworldindata.org/renewable-energy

Optimizing the position of photovoltaic solar tracker panels with artificial ... (Ricardo Linelson)



4018 O3 ISSN: 2252-8938

[15] K. V. Vidyanandan, “An overview of factors affecting the performance of solar PV systems,” Energy Scan: A house journal of
Corporate Planning, vol. 27, pp. 2-8, 2017.

[16] M. S. Azam et al., “Performance enhancement of solar PV system introducing semi-continuous tracking algorithm based solar
tracker,” Energy, vol. 289, 2024, doi: 10.1016/j.energy.2023.129989.

[17] C. Giattino, E. Mathieu, V. Samborska, and M. Roser, “Artificial intelligence,” Our World in Data, 2023. Accessed: Jul. 24, 2024.
[Online]. Available: https://ourworldindata.org/artificial-intelligence

[18] A.B. Shinde, A. S. Deshpande, and S. Unde, “Design and simulation of self-tuning PID controller with MPPT for solar array using
MATLAB/Simulink,” in 2022 13th International Conference on Computing Communication and Networking Technologies
(ICCCNT), 2022, pp. 1-6, doi: 10.1109/ICCCNT54827.2022.9984564.

[19] M. Alietal., “The comparison of dual axis photovoltaic tracking system using artificial intelligence techniques,” IAES International
Journal of Artificial Intelligence (1J-Al), vol. 10, no. 4, pp. 901-909, 2021, doi: 10.11591/ijai.v10.i4.pp901-909.

[20] H.J. Live, H. B. Wang, X. M. Zhu, Z. H. Shen, and J. Y. Chen, “Simulation research of fuzzy auto-tuning PI1D controller based on
MATLAB,” in 2017 International Conference on Computer Technology, Electronics and Communication (ICCTEC), 2017, pp.
180-183, doi: 10.1109/ICCTEC.2017.00047.

[21] H. Masrur et al., “Determining optimal tilt angle to maximize the PV yield,” in 2020 IEEE International Conference on Power and
Energy (PECon), 2020, pp. 219-223, doi: 10.1109/PEC0on48942.2020.9314455.

[22] H. Mosalam, “Evaluation Study design and operation of a building integrated photovoltaic system,” in 2018 International
Conference on Smart Grid (icSmartGrid), 2018, pp. 195-201, doi: 10.1109/ISGWCP.2018.8634453.

[23] H. Oufettoul, N. Lamdihine, S. Motahhir, N. Lamrini, I. A. Abdelmoula, and G. Aniba, “Comparative performance analysis of PV
module positions in a solar PV array under partial shading conditions,” IEEE Access, vol. 11, pp. 12176-12194, 2023, doi:
10.1109/ACCESS.2023.3237250.

[24] M. H. Qais, H. M. Hasanien, S. Alghuwainem, K. H. Loo, M. A. Elgendy, and R. A. Turky, “Accurate three-diode model estimation
of photovoltaic modules using a novel circle search algorithm,” Ain Shams Engineering Journal, vol. 13, no. 3, 2022, doi:
10.1016/j.asej.2022.101824.

[25] M. Fahmida, M. S. Alam, and M. A. Hoque, “MATLAB simscape simulation of solar photovoltaic array fed BLDC motor using
maximum power point tracker,” in 2019 International Conference on Robotics,Electrical and Signal Processing Techniques
(ICREST), 2019, pp. 662-667, doi: 10.1109/ICREST.2019.8644339.

[26] M. Ikhwan, Mardlijah, and C. Imron, “Model predictive control on dual axis solar tracker using Matlab/Simulink simulation,” in
2018 International Conference on Information and Communications Technology (ICOIACT), 2018, pp. 784-788, doi:
10.1109/ICOIACT.2018.8350791.

[27] P.Ganesan, G. S, and A.J. G. A, “Modelling and simulation of incremental conductance algorithm for solar maximum power point
tracker,” in 2022 IEEE Delhi Section Conference (DELCON), 2022, pp. 1-6, doi: 10.1109/DELCON54057.2022.9753007.

BIOGRAPHIES OF AUTHORS

Ricardo Linelson ' B8 2 a dedicated Physics Engineering student from the class of
2021 at Multimedia Nusantara University, has developed a comprehensive understanding of
renewable energy technology, energy auditing, and green building design during his
academic tenure. Proficient in utilizing various software and tools, he excels in optimizing
energy consumption and reducing greenhouse gas emissions. With a solid foundation in the
fundamental principles of physics, mathematics, and engineering, he has cultivated a keen
interest in energy efficiency and the design of environmentally friendly buildings. His
objective is to apply his acquired knowledge and skills actively, contributing to a sustainable
future. Driven by a profound sense of social responsibility and an unwavering commitment
to excellence, he is determined to make a positive impact in the fields of energy efficiency
and green building management. He can be contacted at email:
ricardo.linelson@student.umn.ac.id.

Fahmy Rinanda Saputri g 12 reached her bachelor's and master's degrees in
engineering physics from Universitas Gadjah Mada in Indonesia. She is currently an
academic in Engineering Physics, at Universitas Multimedia Nusantara, Indonesia. Her
research interests encompass instrumentation, energy, sensors, and systems, as well as
building and environmental simulations. She can be contacted at email:
fahmy.rinanda@umn.ac.id.

Int J Artif Intell, Vol. 13, No. 4, December 2024: 4003-4018


https://orcid.org/0009-0003-9761-4155
https://scholar.google.com/citations?hl=id&user=g0Qh4MQAAAAJ
https://www.webofscience.com/wos/author/record/JVZ-9382-2024
https://orcid.org/0000-0002-2247-9361
https://scholar.google.com/citations?hl=id&user=F0ytVtgAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57195617410
https://www.webofscience.com/wos/author/record/JFJ-8981-2023

