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1. INTRODUCTION

Renewable energy is now a key focus in addressing issues of dependence on fossil fuels and
increasing greenhouse gas emissions[1],[2]. Among various renewable energy sources, solar energy is one of
the most promising and widely utilized due to its abundant availability and environmentally friendly nature.
Advancements in photovoltaic (PV) technology have led to improved energy conversion efficiency,
including through the use of innovative materials such as tandem solar cells and perovskite[3],[4].
Additionally, integrating solar panels with smart control systems enables real-time power optimization in
response to varying environmental conditions [5].

In tropical regions like Indonesia, solar panel performance is significantly influenced by
environmental temperature and humidity. Based on testing, monocrystalline panels demonstrate better
performance than polycrystalline panels under high temperature and humidity conditions, with output power
differences of up to 40 watts under extreme conditions[6]. However, the main challenge in utilizing solar
energy is its intermittent nature—fluctuating power production due to changes in light intensity and
temperature, leading to instability in electrical output [7]. This requires an adaptive control system to ensure
solar panels operate optimally.

To maintain solar panel performance at the maximum power point (MPP), the Maximum Power
Point Tracking (MPPT) algorithm is used in combination with DC-DC converters such as boost
converters[8]. One popular MPPT method is Perturb and Observe (P&O) due to its ease of implementation.
However, this algorithm is less responsive to rapid changes in environmental conditions and often causes
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oscillations around the MPP, resulting in power loss [9],[10]. Therefore, a more adaptive and robust
algorithm is needed to maintain system stability.

This study proposes the implementation of a Sliding Mode Controller (SMC) algorithm in the
MPPT system as a solution to the limitations of the P&O algorithm. SMC is known for its fast response,
robustness against disturbances, and ability to significantly reduce power oscillations[11]. The system will be
implemented using a boost converter on a 1 x 50 WP solar panel and controlled by an Arduino Mega 2560
microcontroller. The objective of this research is to design and test the performance of an SMC-based MPPT
control system and compare it with the performance of the P&O algorithm. This research is expected to
contribute to improving the efficiency and stability of solar energy systems, particularly for applications in
tropical environments.

2. METHOD

This research was conducted by applying an MPPT control system to a 1x50 WP solar panel. The
MPPT system was designed using a boost converter to control the output voltage of the solar panel. PWM
pulse width adjustment was performed to control the output voltage of the boost converter used. The MPPT
control system designed in this research was implemented using Arduino Mega 2560 with Simulink
MATLAB for programming.

Figure 1. shows the MPPT control system schematic for the solar panel with a DC-DC converter,
using an MPPT algorithm based on a Sliding Mode Controller (SMC). From this study, the data collected
includes the output current and voltage of the solar panel to obtain power and power changes, which will be
used as input data for the Sliding Mode Controller (SMC) algorithm. Meanwhile, the output data is the
desired duty cycle change. The data will then use the Sliding Mode Controller (SMC) algorithm in the
MATLAB application to determine the duty cycle value of the PWM signal to be sent to the DC-DC
converter to determine the voltage value, thereby producing the maximum power point.
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Figure 1. MPPT control scheme using SMC
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Figure 2. MPPT System (a) Maximum Power Point (MPP) (b) perturb and observe algorithm (P&O)

The Perturb and Observe (P&O) algorithm is a commonly used method for detecting the maximum
power point (MPP) on the power versus voltage (P-V) curve of a solar panel. The first step in this algorithm,
which involves changing the voltage (dV), is known as the perturbation step. Meanwhile, the second step,
which involves observing changes in power (dP), is referred to as the observation step[12]. Figure 2(b) above
illustrates the working principle of the P&O algorithm.

The Sliding Mode Control-based MPPT algorithm is an improvement over the P&O algorithm to
address the limitations of the P&O algorithm. The main limitation of this method is that the power generated
oscillates around the maximum power point (MPP) when operating conditions are stable, meaning the
method may track in the wrong direction during rapid changes in environmental conditions. Additionally, it
affects the magnitude of oscillations around the MPP during stable conditions, as well as the system's speed
in reaching the maximum power point [ 13].

Therefore, in this study, the MPPT algorithm based on the Sliding Mode Controller (SMC) is used
to provide a faster response to changes in environmental conditions, minimize power oscillations around the
MPP, and maintain system stability more effectively due to its robustness against disturbances and system
uncertainties. Figure 3 shows the curve of the Sliding Mode Control (SMC).
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Figure 3. Sliding Mode Control (SMC) curve

The sliding mode control (SMC) process is a nonlinear control method designed to reliably
(robustly) regulate high-order nonlinear dynamic systems, even under conditions of uncertainty. SMC works
by providing high-speed switching feedback and can be applied to both linear and nonlinear systems. The
main advantage of SMC is its ability to maintain control performance despite external disturbances or
changes in environmental parameters[14]. In solar panel systems, SMC is used to optimize power output
through the Maximum Power Point Tracking (MPPT) method, by adjusting the duty cycle based on the
difference between the actual voltage and the reference voltage so that the panel always operates at the
maximum power point. For partial shading conditions, the Partial Shading-SMC (PS-SMC) algorithm was
developed to detect power reduction and automatically adjust the MPP voltage (VMPP)[15]. Sliding Mode
Control is used to determine changes in the duty cycle that will regulate the voltage from the boost converter.
Sliding Surface SMC :
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Figure 4. Overall System Flowchart
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Figure 4. illustrates the flowchart of the Sliding Mode Controller (SMC) algorithm used in the
Maximum Power Point Tracking (MPPT) control system. The process begins by calculating the output power
of the solar panel using the equation Pn = Vpv x Ipv. This power value is then used by the microcontroller to
determine changes in power and voltage, calculated using APpv = Pn — Pn-1 and AVpv = Vn- Vn-1.
respectively. Based on these two parameters, the sliding surface is calculated using the equation S = (AP,y) /
(AVpy). The S value is then used to generate the SMC control signal in the form of a duty cycle change using
the equation AD = K x Sgn (S). Finally, the duty cycle is updated usingDn = AD + Dn-1 This duty cycle
value is then used to control the PWM signal that regulates the operation of the boost converter to optimize
the output voltage from the solar panel.

3.  RESULTS AND DISCUSSION

In this study, the system was implemented on a 1x50 WP solar panel installed on the roof of the
laboratory, as shown in Figure 5. The solar panel terminals on the laboratory roof were connected to the

panels inside the laboratory. Then, the panels in the laboratory were arranged in parallel to test the
equipment.
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Figure 5. solar panel (a) The solar panels are installed on the laboratory roof. (b) solar panel in the laboratory

When the solar panels receive changes in temperature and light intensity from sunlight, it will be
reflected in the changes in current and voltage on the panels in the laboratory. The panels that have been

assembled in parallel are then connected to a device to test the validation of the boost converter as well as the
current and voltage on the device.

Figure 6. Hardware Boost Converter with Measuring Instrument

After validating the boost converter, the current sensor and voltage sensor were successfully
implemented, then connected to a computer to run the program and load was applied.
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Figure 7. Overall Hardware System

Figure 7 shows the complete hardware setup that will be tested using the MPPT system program
with the Sliding Mode Controller (SMC) algorithm in Simulink Matlab. The testing was conducted at 10:00
AM local time under slightly cloudy and sunny weather conditions. As a result, several tests were conducted
that affected the temperature of the solar panels and variations in light intensity. The results of testing the
MPPT control system with the SMC algorithm are shown in Figure 8, where the data is displayed as current
versus voltage after the system was tested with the Sliding Mode Controller (SMC) algorithm.
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Figure 8. Relationship between current, input voltage, and output voltage of the solar panel after installing
the boost converter.
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Figure 9 shows the maximum power value after the installation of the MPPT control system using
the Sliding Mode Controller (SMC) algorithm. From the results obtained, the maximum power point can be
reached at 30 watts in 20 seconds. This means that the Artificial Neural Network algorithm is able to quickly
reach the maximum power point of the solar panel, so that the maximum power generated by the solar panel
can be used under load.
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Figure 9. Maximum power of the MPPT system with the Sliding Mode Controller algorithm

4. CONCLUSION

Based on the results of the research conducted, it can be concluded that the Maximum Power Point
Tracking (MPPT) control system based on the Sliding Mode Controller (SMC) algorithm shows good
performance in optimizing the output power of solar panels against variations in temperature and solar
radiation intensity. This system was designed and implemented using Arduino Mega 2560 to control the
power from a 1x50 WP solar panel. The primary objective of using the SMC algorithm is to accelerate the
process of finding the maximum power point and reduce power oscillations that occur when the system
operates at that point. Test results show that the SMC algorithm can achieve a maximum power of 30 watts in
20 seconds with smooth and stable power oscillation characteristics around the maximum point. This
achievement demonstrates that the SMC-based control approach not only improves the efficiency of
maximum power point search but also provides system stability in the face of external disturbances, such as
changes in temperature and light intensity. Therefore, the SMC algorithm is worthy of consideration as an
adaptive and reliable control method for MPPT applications in small-scale and medium-scale solar power
generation systems
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