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1. INTRODUCTION

ABSTRACT

This project focuses on improving the efficiency of photovoltaic (PV) systems through the
development of a CUK converter integrated with the Maximum Power Point Tracking
(MPPT) algorithm. This is because the increasing global emphasis on renewable energy
has caused the reliability and efficiency of solar energy systems to become increasingly
important. Although conventional boost converters used in PV systems have shown good
performance, they still fail to achieve optimal power extraction under varying irradiance
conditions. This failure has also been the main cause of interrupted input current and even
increases the voltage stress on the switch. Therefore, the use of a CUK converter has been
introduced in this project to address the limitations that have been encountered by
providing a smoother output and reducing the ripple effect. In the implementation of this
project, the main objective is to increase the input current generation and energy efficiency
by 2-5% across different irradiance conditions while minimizing the voltage stress on the
converter components. Therefore, a systematic flow chart has been developed to ensure the
smooth implementation of this project by identifying critical areas that require more
attention. The implementation of this project also outlines a comprehensive methodology
that includes a detailed literature review to identify gaps between knowledge followed by
design and simulation for CUK converters using advanced software tools such as
MATLAB Simulink and Proteus 8 Professional.
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However, this PV system also affected by the use of the
Maximum Power Point Tracking (MPPT) algorithm [3], [4]

In reaching this era of globalization and modernization,
the development of renewable energy has become the main
focus around the world where it is used to reduce dependence
on fossil energy sources. This can be proven through the use
of a photovoltaic (PV) system which is a technology that uses
sunlight [1] as the main medium to produce electricity. This
rapid development has also attracted attention from various
countries including Malaysia to launch several initiatives and
policies that encourage the use of this renewable energy more
often. Among the largest solar farm use in Malaysia are
located in Kuala Langat, Selangor where it is able to
accommodate capacity of SOMW [2]. The existence of this
solar farm has also encouraged the implementation of the
Feed-in Tariff (FiT) program in Malaysia where it offers many
benefits to the Malaysian government and even gives
incentives to solar farm owners with a fixed payment rate for
each unit of electricity generated and channeled into grid.
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where it plays an important role in ensuring that the PV
system operates with high efficiency and can maximize energy
production despite weather changes. Usually, the use of this
algorithm is applied in the DC-DC converter part of the PV
system, especially when it involves charging the battery so
that it can control the output voltage and current to maximize
the charging of the battery from the solar panel. This also aims
for the battery to be charged in the most efficient way even
can increase the energy storage capacity.

Other than that, the use of different types of DC-DC
converters [5], [6] is also one of the factors that affect the
performance of the PV system in terms of energy harvesting
efficiency, voltage regulation and also power transfer
capability. This is because each type of DC-DC converter used
in the PV system has its own operating principle and method
to transfer or convert power according to load requirements.
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For example, a boost converter has an operating principle
capable of increasing the input voltage to a higher output
voltage. Through this principle, it has made this type of
converter more suitable for systems that require a higher
output voltage from PV panels to meet the needs of loads or
other components. The voltage transformation capability of
each type of DC-DC converter used is also one of the reasons
for the difference in results obtained in PV systems. This is
because each type of DC-DC converter design has its own
functionality and characteristics causing it to have a limit to
produce the output voltage. For example, a boost converter
only works to increase the voltage level efficiently but it
cannot decrease the voltage [6]. This will be the main cause of
the problem if the load requires less voltage during high
irradiance conditions.

To overcome these limitations, alternative converter
topologies such as the CUK converter have been introduced.
The CUK converter offers the capability to both step-up and
step-down voltage while maintaining a continuous input and
output current, which significantly reduces current ripple and
improves overall system stability [7],[8],[9],[10]. In addition,
the use of energy transfer capacitors in the CUK topology
allows for smoother power delivery and lower electromagnetic
interference compared to conventional converters. Therefore,
the CUK converter is considered a suitable choice for
photovoltaic applications, especially under varying irradiance
conditions where stable and efficient power conversion is
required. Based on these advantages, this project aims to
explore, evaluate and implement the CUK converter integrated
with MPPT techniques to enhance the performance and
efficiency of the photovoltaic system.

2. METHODOLOGY

2.1 Project Flowchart

A flowchart is a visual representation that shows steps,
activities and decision points in a project implementation. It
uses standard symbols such as circle, rectangles, diamonds
and arrows to outline the workflow or process from start to
finish by providing a clear explanation of how the project will
progress. However, each standard symbol used also has its
own function where circle represents the start or end, rectangle
represents a process or activity, diamond represents a decision
point and arrow represents the flow of activities. This is to
ensure that the implementation of the project is always well-
organized, transparent and manageable so that the project
goals are more easily achieved. Furthermore, the use of this
flowchart is also very helpful in identifying critical or risky
areas that may need more attention. In the implementation of
this project, this flow chart is used to plan, analyze and deliver
the steps required to achieve the project objectives which can
be seen in Figure 1.
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Fig. 1. Flowchart of the project implementation

2.2 Manual Calculation

In the implementation of this project, this manual
calculation is used to determine the duty cycle (D), inductor
and capacitor values for the CUK converter based on the
formula equation below [7],[9].

For Voltage Conversion Ratio :
=Y _ (L
M= = () M
For Inductor Selection :

_Vin. D
L= f. AL 2)
For Capacitor Selection :
_ Iin. (l—D)
G = e @
_ Vin. D
C; = 8f2. AVcy. Ly @)

This is to ensure that the converter can operate more
optimally and efficiently by taking into account the main
design inputs such as input and output voltage, switching
frequency and the level of ripple allowed in both current and
voltage. Through this method, it can be concluded that the
values obtained for D = 0.58, L= 0.7 mH, L,= 0.9 mH, C; =
15.65 uF and C, = 0.81 uF. However, the selection of inductor
and capacitor component values for the implementation of this
project is subject to L= L,= 4 mH, C; = 140 uF and C, = 200
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uF due to the calculation values not being available in the
market and choosing the closest standard commercial values
which may differ slightly from the calculated values.

2.3 Software

2.3.1 MATLAB Simulink

In the implementation of this project, this software used
as a tool to design CUK converter circuits with component
behavior in detail [11]. This aims to analyze the performance
of the converter in terms of efficiency, voltage regulation and
power quality virtually based on the value of inductors and
capacitors, switches and diodes that have been selected.
However, the setting of inductor and capacitor values for this
converter needs to be done by manual calculation first using
the formulas in (1), (2), (3) and (4). With the use of this
software, it can help users to identify and resolve design issues
early in the development process and even save costs
associated with prototype failures. Therefore, the use of this
software is very important in the implementation of this
project to avoid the issues as mentioned. The simulation setup
for the implementation of this project can be found in Figure

Fig. 2. Simulation Setup for this project implementation

By refer to the Figure 2, it depicts a Simulink model of a
CUK converter used as a simulation to analyze the behavior of
selected components when converting DC input voltage to DC
output voltage. This circuit connection is also built based on
the topology theory for DC-DC converters which explains
how the converter operates under normal conditions.
However, to simulate a more realistic circuit behavior, the
existing circuit needs to be modified by adding small resistors
in series with both the inductor and capacitor as shown in the
Figure 2. This is intended to model the losses that are naturally
present in real components and help in stabilize the simulation
by dampening noise or high-frequency oscillations that can
occur during the conversion event. Furthermore, the MOSFET
is operated using a PWM signal where it controls the
switching time and thus effectively controls the output
voltage. Measurement block also included in the model to
capture and display important electrical parameters such as
input and output for voltage and current. These measurements
are important for analyzing and evaluating the performance of
the converter. Overall, this simulation setup provides a
comprehensive and realistic environment to study the dynamic
behavior and efficiency of the CUK converter under various
operating conditions.

2.3.2 Protues 8 Professional

In the implementation of this project, this software used
as a tool to design a CUK converter circuit on a PCB layout

[12]. This is because this software has a function where it
supports auto routing for efficient track routing and manual
adjustment for critical signals. This functionality greatly
assists users in finding and arranging the shortest or most
efficient routing path for each component connection
involved. Furthermore, it also indirectly benefits users in
reducing the possibility of human error in routing, reducing
trace length and improving signal integrity. Therefore, the use
of software is very important in the implementation of this
project to obtain an efficient PCB design. The PCB design for
the implementation of this project can be found in Figure 3.
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Fig. 3. PCB Design for this project implementation

By refer to the Figure 3, it illustrates the PCB layout
through Proteus 8 Professional software for the proposed CUK
converter. In this layout, the red line represents copper to
handle the current flow. This copper line also deliberately
designed with increased thickness on the PCB layout to
minimize resistance and support smooth flow of high input
and output currents which means it can improve the efficiency
and reliability of the overall power circuit. Furthermore, core
components such as inductors (L; and L), Capacitors (C; and
C,) Diodes and MOSFET switches are also arranged
according to the desired PCB size to avoid congestion and it
can also help reduce electromagnetic interference and
conduction loss. This PCB circuit design is also built based on
the topology theory for DC-DC converters which explains
how the converter operates under normal conditions.
However, it has been modified according to the
implementation needs of the project which requires a gate
driver circuit to control the switching device as can be seen in
Figure 3.

2.4 Hardware Configuration

2.4.1 CUK Converter and MPPT Controller Setup

In this project, the Arduino Uno serves as the main
controller that executes the MPPT algorithm which is P&O
and INC to maximize the efficiency of the solar panel. It
collects voltage and current readings from dedicated sensors
such as voltage sensor and current sensor that connected to the
solar panel and load. By using this data collection, the
Arduino will calculate the power output and adjusts the CUK
converter operation through a driver circuit where this
converter is responsible for regulating the voltage by either
stepping it up or down depending on the required output to
maintain optimal power transfer. Furthermore, the driver
circuit also helps in amplify the Arduino control signals to
properly switch the power components in the converter.
Altogether, these hardware components work in synchronize
to keep the solar panel operating at its most efficient power
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point. For detailed hardware configuration for the
implementation of this project can be found in Figure 4 and
Figure 5.
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Fig. 4. Connection Circuit for CUK Converter and MPPT
Controller Setup
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Fig. 5. CUK Converter and MPPT Controller Setup

2.4.1 CUK Converter and MPPT Controller Setup

In this project, two PV solar panels are connected in
parallel to increase the current output while maintaining the
same voltage. These panels then will be connected to a DC-
DC converter which is CUK converter where it will function
to adjust the received voltage to the suitable level according to
the load requirements. To support the effective operation of
this project, spotlights are used to represent irradiance
condition which is set at 1000 W/m?. This value is selected
because it represents a “full sun” condition that commonly
used in Standard Test Conditions (STC) for evaluating the
performance of solar PV panels. By using 1000 W/m?, the
setup mimics the maximum irradiance intensity that typically
reaches the Earth surface under clear sky conditions at sea
level. This ensures that the PV panel receives consistent and
optimal lighting for accurate testing and performance analysis.
Other than that, an MPPT controller is also used in this project
to continuously monitor the voltage and current from the solar
panels and determine the point where the panel can produce
maximum power. Then, it will send a control signal to the
converter to adjust its operation so that the system always
produces the highest possible power from the solar panels.
Furthermore, this setup also aims to ensure efficient energy
conversion and stable power delivery to the load, making it a
common and effective configuration in solar energy

applications. For detailed hardware configuration for the
implementation of this project can be found in Figure 6 and
Figure 7.
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Fig. 6. Connection Circuit for Solar Panel Setup
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Fig. 7. Solar Panel Setup

3. RESULT AND DISCUSSION

3.1 Verification of PWM Signal Generation via CUK
Converter with Load

Based on the test observations, students found that the
PWM signal generated by Arduino Uno successfully
controlled output voltage of the Cuk converter at D values
equal to 30%, 40% and 50% when the frequency is equal to
800 Hz. Although the initial frequency setting for this project
was 85 kHz, students found that operating at a frequency
below 1 kHz produced more stable waveform output
compared to higher frequency values. This can be proven
through Figure 8, Figure 9 and Figure 10 which show the
maximum output voltage waveform for each set value of D.

Fig. 8. PWM signal via CUK Converter with Load when D =
30%
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Fig. 9. PWM signal via CUK Converter with Load when D =
40%

Fig. 10. PWM signal via CUK Converter with Load when D =
50%

However, the results obtained from this converter show
an AC-like waveform where a clear sinusoidal shape with a
significant peak-to-peak voltage can be observed on the
oscilloscope. This behavior deviates from the theoretical
operation of a DC-DC converter which is expected to produce
a pure DC output voltage. The main reason for this AC
waveform is because the CUK converter operates very fast
without adequate filtering and causes the high frequency
components of the switching signal to not be fully smoothed
out and then produce a waveform that appears sinusoidal.

When the value of D is increased to 40% and 50%, the
output results appear to be progressively smoother as can be
seen in Figure 9 and Figure 10. This also indirectly proves that
more energy is being transferred in each D and cause the filter
able to smooth the output. However, the selection of the
output capacitor and inductor values also plays a very
important role for the switching frequency and load resistance
given. This is because without the appropriate values, the
converter may not be able to filter high frequency ripples
effectively and cause the output to look like an AC signal.
Therefore, in this case, this AC waveform is not a true
alternating signal but the result of high ripple due to
inadequate filtering in the converter output stage.

3.2 Verification of I-V Characteristic on Solar Panel

Based on observations from the tests, student found that
the current-voltage (I-V) characteristic curve of PV solar panel
follows a predictable pattern where the current decreases when
the voltage increases. This can be proven through Figure 11
and Figure 12 where the behavior of this curve is in line with

the principle of the PV effect. The highest current can be seen
when the voltage is zero (short circuit condition). However,
when the voltage increases, the current gradually decreases
and reaches zero when the voltage reaches the open circuit
voltage (V) where it indicates no current flow. The MPP is
identified at a voltage of approximately 12.6 V and a current
of 0.32 A as shown in Table 1 where the product of voltage
and current produces the most efficient power output.

[-V Characteristic Curve
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Fig. 11. I-V Characteristic Curve on Solar Panel
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Fig. 12. P-V Characteristic Curve on Solar Panel

Table 1. Data collection for I-V Characteristic Curve on Solar

Panel
Voltage (V) Current (A) Power (W)

0 0.32 0
12.6 0.32 4.03
14.4 0.28 4.03
15.3 0.25 3.83
15.3 0.22 3.37
15.5 0.19 2.95

16 0 0

3.3 Verification of Voltage, Current and Power via CUK
Converter without MPPT

From the test observations, students found that the
waveform displayed by the PV system voltage output
remained relatively stable and followed a repetitive oscillation
pattern. This can be proven through Figure 13 where this
behavior shows that the system is running without an MPPT
algorithm. In this case, the PV panel is simply outputting
voltage based on its natural characteristics which are
influenced by the available irradiance and the connected load.
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There is no feedback or control mechanism used to adjust the
system to operate optimally. Therefore, the output voltage
tends to settle at a fixed level which may not correspond to the
panel's MPP. This waveform also reflects the uncontrolled
nature of the system because energy extraction depends only
on external conditions rather than internal optimization.

Fig. 13. Voltage waveform without MPPT algorithm

Furthermore, through the theory of PV systems, students
learn that solar panels have a unique I-V characteristic curve,
and there is a point on this curve representing the MPP, which
is the product of voltage and current at its peak. The main
purpose of this MPP is to ensure that the system delivers as
much power as possible. However, without an MPPT
controller, the system does not have the ability to adapt to
changes in solar radiation or temperature. As a result, the
constant voltage output shown in Figure 13 proves that the
system does not respond to environmental variations and is
likely to operate inefficiently. This observation also indirectly
emphasizes the importance of MPPT in solar energy systems,
especially in dynamic conditions where environmental factors
change throughout the day.

3.4 Verification of Voltage, Current and Power via CUK
Converter with MPPT

Based on the test observations, students found that the
output voltage of the PV system in Figure 14 showed
significant variations over time with changes in both
amplitude and waveform pattern. This dynamic behavior
indicates that the MPPT algorithm is actively controlling the
PV system, where it continuously adjusts the operating voltage
of the panels in real time and seeks the voltage level at which
the power output can be maximized. This voltage variation is
not random but part of a controlled process to track the
maximum power point. Furthermore, the resulting waveform
also reflects the system’s ability to respond to fluctuations in
irradiance intensity, temperature, or load demand to optimize
energy extraction even under changing conditions.

Fig. 14. Voltage waveform with MPPT algorithm

From a theoretical perspective, MPPT algorithms such as
P&O or INC work by introducing small changes in the

operating voltage and observing the effect on the power
output. If the changes made show an increase in power, the
algorithm will continue in that direction. Therefore, the
voltage appears to oscillate slightly around the MPP as can be
seen in Figure 14 which shows that the voltage output is no
longer flat as the system is constantly searching for the best
operating point to extract maximum energy. This observation
also confirms that the MPPT controller is managing the PV
system effectively and adjusting it to operate at high
efficiency.

4. CONCLUSION

In conclusion, the integration of the CUK converter with
the MPPT algorithm has been proven to significantly improve
the efficiency of the solar panel system. The experimental
results revealed that the system provides better voltage
regulation and smoother power output compared to systems
that do not incorporate MPPT. The data obtained in this
project also shows a significant reduction in ripple effects and
increase in power extraction especially when the system
adjusts to changes in radiation levels. The I-V characteristic
curve also confirms the theoretical prediction that the MPP is
observed at 12.6V and 0.32A that confirming the effectiveness
of the system.

Furthermore, the performance analysis also shows that the
application of the MPPT algorithm together with the CUK
converter facilitates real-time adjustments to optimize the
energy collection of the solar panels. In contrast, the system
without MPPT exhibits stable power output but less efficient.
This indirectly further strengthens the critical role of MPPT in
solar PV systems as it allows dynamic adjustment to varying
environmental conditions and can even maximize power
output and increase energy efficiency. The project
successfully achieved its goal of increasing system efficiency
by 2-5% across different irradiation scenarios, meeting the set
objectives and demonstrating the potential of the CUK
converter for future solar applications
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