
 

 

INTL JOURNAL OF ELECTRONICS AND TELECOMMUNICATIONS, 2024, VOL. 70,  NO. 4, PP. 1023-1029 

Manuscript received June 15, 2024; revised October, 2024.                                       doi: 10.24425/ijet.2024.152090 

 

 

© The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0, 

https://creativecommons.org/licenses/by/4.0/), which permits use, distribution, and reproduction in any medium, provided that the Article is properly cited. 
 

 
 

Abstract—Solar panels in enclosed areas are prone to 

suboptimal absorption of sunlight due to unstable sunshine. Two 

methods to optimize solar panel efficiency are available: dynamic 

and static. The dynamic method involves moving the panels 

towards the sun to maximize solar irradiation, while the static 

method uses a power converter to find the maximum power point. 

This research evaluates the performance of the MPPT system, 

which uses the P&O method with PSO, on solar panels. The 

objective is to determine the most appropriate MPPT algorithm to 

optimize the efficiency of solar panels. The MPPT system's 

efficiency is tested under partial shading conditions of 100 w/m2, 

300 w/m2, and 500 w/m2. The system's output is evaluated based 

on the highest efficiency parameter value. The efficiency of the 

P&O and PSO methods is compared, and the most optimal 

efficiency is determined. The MPPT system is designed to measure 

parameters that are demonstrated qualitatively. 
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I. INTRODUCTION 

NDONESIA as a country located on the equator, it is highly 

suitable for utilizing solar energy as a source of renewable 

energy. Solar panels are responsible for converting sunlight into 

electrical energy, and there are two installation techniques used 

for storing the electric charges: stand-alone and on-grid 

photovoltaic (PV). 

Solar energy is a great source of renewable energy for a 

country located on the equator. Solar panels convert sunlight 

into electrical energy and can be optimized using dynamic or 

static methods. Maximum Power Point Tracking (MPPT) 

technology can be used to track the maximum power point that 

Photovoltaic (PV) can emit when used without the State 

Electricity Generation (PLN) network. MPPT is preferred over 

Pulse Width Modulation (PWM) because it can convert excess 

voltage to high current for the battery. The DC-DC converter 

and MPPT algorithm method are the two main parts of MPPT 

technology.  

Solar panels produce non-linear current and voltage output, 

making it challenging to obtain power from them due to their  
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dependency on natural conditions like temperature and 

radiation. Various algorithms  have been developed to overcome 

this challenge, including P&O, Fuzzy Logic, and Incremental 

Conductance. The P&O algorithm adjusts the solar panel 

voltage until it reaches the Maximum Power Point. In the 

context of comparing MPPT optimization methods for P&O and 

PSO solar panels to overcome partial shading, several problem 

formulations are being discussed, such as the characteristics of 

solar panels and their efficiency in unshaded and partially 

shaded conditions. 

This research aims to find the maximum power point of a 

solar panel, with or without a Boost Converter, by varying the 

duty cycle on the DC-DC converter until maximum power is 

achieved [1], [2], [3]. The MPPT system will be simulated using 

Simulink/Matlab. Previous studies have also investigated 

optimizing solar panel charging with MPPT. Results showed 

that MPPT solar charge controllers charge batteries faster and 

more efficiently than other controllers [4], [5], [6]. However, 

these studies only tested one panel and yielded suboptimal 

results. 

The research used 4x50 Watt-Peak solar panels in parallel, 

but the parallel series analysis is unknown. Mirza AF, et al used 

PSO method for MPPT optimization in shading areas [7]. 

Reference [8], [9], [10], [11], [12] The PV consists of several 

circuits, and the Boost Converter is controlled by the PSO 

Algorithm. With this control system, the PV model is expected 

to have maximum power according to the voltage. 

This research compares the optimization performance of 

MPPT P&O and PSO methods on solar panels under partial 

shading conditions. The study determines the initial PV output 

characteristics after using a boost converter, P&O, and PSO. 

The results are then compared and adjusted to meet 

environmental conditions and market requirements. 

 

II. RESEARCH METHOD 

A. Research Flow Diagram 

The research method used to compare P&O and PSO Solar 

Panel MPPT Optimization methods to overcome partial shading 

is carried out through the stages outlined in Figure 1. 
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Fig. 1. Research flow diagram 
 

 

The research stage begins with a literature study on series-

parallel PV design. Then, the characteristics of PV, the MPPT 

system circuit, and the MPPT system workings are understood. 

Once the expected PV characteristics for food loading are 

obtained, the process of simulating PV characteristics is carried 

out in unshaded conditions, partial shading conditions, and full 

shading conditions. An MPPT system is then created, optimized 

using the Perturb and Observe algorithm and Particle Swarm 

Optimization methods to get maximum power points 

(MPP)[13], [14], [15], [16], [17]. Finally, the algorithm is 

analyzed, and conclusions are drawn. 

B. System Flow Diagram 

The entire system will be designed using Matlab/Simulink. 

The initial design will simulate the non-linear output 

characteristics of solar panels (PV). Subsequently, an 

optimization process will be performed to determine the 

maximum power points (MPP) and efficiency values [18], [19]. 

These will then be supplied to a load that is connected in parallel 

with the battery, as illustrated in Figure 2. 

 

 
 

Fig. 2. MPPT System Block 
 

The PV optimization method uses two algorithms: P&O 

and PSO [19], [20], [21], [22], [23]. Figure 3 illustrates the 

workflow of P&O. P&O aims to ensure optimal PV output in 

terms of current and voltage, which are then calculated into 

power. If the particle value is still suboptimal, it will add value 

and recalculate the fitness value. If the second value is better, 

then the maximum power point is found. 

 

 
 

Fig. 3. P&O flowchart 

 

This paragraph explains how the Particle Swarm 

Optimization (PSO) method works, which is different from the 

P&O value that moves gradually. PSO method spreads particles 

throughout the value search field, and if a smaller value is found, 

the particles with the smaller value will move randomly to 

explore another value. After the particle moves to a new 

position, it compares its value with the other particles' values to 

see which particle has the higher value. This process continues 

until the best value is found [24], [25], [26]. The Figure 4 

flowchart provides a graphical representation of the PSO 

algorithm. 
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Fig. 4. PSO flowchart 

 

1) MPPT system modeling 

The model depicted in Figure 5 shows that there are a 

total of 6 panels arranged in 3 series and 2 parallel. A C filter of 

0.001 F is situated between the panel circuit and the boost 

converter circuit. The MPPT process results are regulated on the 

panel's output side. The algorithm utilized for the process 

employs code via a Matlab function which then connects 

directly to Simulink. 

 

 
 

Fig. 5. MPPT system design 

III. RESULT AND DISCUSSION 

A. Solar Panel Characteristics Test Results 

The Visero 20 WP panel was tested under irradiation 

conditions of 1000 W/m2, 500 W/m2, and 100 W/m2 with an 

optimal temperature of 25°C, and its characteristics are shown 

in Figure 6. 

 

 
 

Fig. 6. Characteristics of one 20 WP PV under several conditions 

  

During the testing of optimal conditions, the values obtained 

at 1000 W/m2 were a maximum power point current (MPP) of 

1.14 A and a voltage of 17.5 V. This resulted in a power output 

of 19.95 WP. At 500 W/m2, a maximum power of 9.92 WP was 

obtained at a voltage of 17.3879 V. For panels exposed to 

irradiation of 100 W/m2, a maximum power of 1.88 WP was 

obtained at a voltage of 16.41 V. 

 

 
 

Fig. 7. Characteristics of solar panels when connected in series and parallel 
without shading 

 

Six Visero panels are combined, with two panels in parallel 

and three in series for a total of six panels. The panels generate 

a maximum power output of 119.7 WP with 52.5 V and 2.28 A 

current. When panels 1, 2, 3, 5, and 6 are shaded and panel 4 is 

unshaded, the maximum power point is located at 60.9 WP with 

1.15 A current and 52.9 V voltage. 
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Solar panels 1, 3, 5, and 6 produced 62.8 WP at 53.9 V with 

500 W/m2 shading. Panels 2 and 4 were not shaded and rated at 

1000 W/m2. In the next test, panels 1 and 3 had 300 W/m2 

shading, panel 5 had 500 W/m2 shading. The peak in the middle 

produced 52 WP at 34.8 V. Panels 2, 4, and 6 were not affected 

and rated at 1000 W/m2. 

During the test, when panels 1 and 5 were exposed to an 

irradiation value of 100 W/m2, and panel 6 was exposed to 300 

W/m2, panels 3 and 4 received 500 W/m2. The test produced 

three local maximums with a peak in the middle, generating a 

power of 33.5 WP and a voltage of 35.6 V. Panels 1 and 5, which 

were shaded, performed at 100 W/m2, while panels 3 and 4, also 

shaded, performed at 500 W/m2. Meanwhile, panel 6, which was 

shaded as well, performed at 300 W/m2, and panel 2 performed 

the best at 1000 W/m2. 

B. Boost Converter 

This test aims to determine the traits of the boost converter. 

The procedure involves gradually increasing the duty cycle 

value, starting from 0.2 and ascending to 0.4, then 0.5, followed 

by 0.6, and finally reaching 0.8. 

 

 
 

Fig. 8. Characteristics of the boost converter when given a duty cycle of 0.2 

 

 

Figure 8 is a test graph showing the output voltage values of 

a boost converter with varying duty cycle values. The input 

voltage remains constant at 24 V. At a duty cycle of 0.2, the 

output voltage is 29.4 V, and it takes 255.98 ms to reach a stable 

voltage. 

Increasing the duty cycle to 0.4 results in an output voltage 

of 40.9 V, which is 1.4 times the output voltage at a duty cycle 

of 0.2. The time taken to reach a stable voltage is still 255.98 

ms. When the duty cycle is increased to 0.5, the output voltage 

increases to 48.9 V, which is 8.9 V higher than the output 

voltage at a duty cycle of 0.4. The time taken to reach a stable 

voltage remains constant at 255.98 ms. 

Further increasing the duty cycle to 0.6 results in an output 

voltage of 60.4 V, which is 11.5 V higher than the output voltage 

at a duty cycle of 0.5. The time taken to reach a stable voltage 

is still 255.98 ms. At a duty cycle of 0.8, the output voltage 

increases to 122.1 V, which is 2 times the output voltage at a 

duty cycle of 0.6. The time taken to reach a stable voltage 

remains the same at 255.98 ms. 

C. P&O Test Results 

 
 

Fig.  9. Test results of the P&O algorithm when the panel is in a condition 

without shading 
 

In the first test, the solar panel under optimal conditions 

generated 119.6 WP power output. The time taken to track the 

maximum power was 850,134 ms. The maximum power output 

that can be achieved is 119.7 WP with an efficiency of 99.95%. 

In the second test, the P&O algorithm with shaded solar panels 

generated a power output of only 20.6 WP. The time taken to 

stabilize at the maximum point was 1.26 s, with an efficiency 

value of 33,826%. 

In the next test, the P&O algorithm with solar panels 

experiencing different shading conditions generated a power 

output of 34.5 WP, with a time taken to stabilize at the 

maximum point of 1.27 s and an efficiency value of 55.02%. In 

the fourth test, the P&O algorithm with solar panels 

experiencing different shading conditions generated a power 

output of 36 WP, with a time taken to stabilize at the maximum 

point of 1.8 s and an efficiency value of 38.4%. 

In the final test, the P&O algorithm with solar panels 

experiencing different shading conditions generated a power 

output of 20.4 WP, with a time taken to stabilize at the 

maximum point of 1.57 s and an efficiency value of 60.9%. 

 

D. PSO Test Results 

 
 

Fig. 10. Test results of the PSO algorithm when the panel is in a condition 
without shading 
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In the first test, the solar panel was exposed to direct sunlight 

without any obstruction, and it produced a power of 119.7 WP 

under optimal conditions of 1000 W/m2. The time taken for the 

panel to track from zero to the maximum power point was 2,848 

s. The summary of the data obtained in Figure 10 shows that the 

maximum power point achievable is 119.7 WP, which means 

that the efficiency achieved when compared to the PV 

characteristics without shading is 100%. The movement of the 

particles to find the optimal point is clearly visible from time 0 

s to 2.8 s as three particles move. 

In the PSO algorithm test results, when panels 1, 2, 3, 5, 6 

were shading and panel 4 was not in a shading condition, the 

movement of the swarm particles to find the maximum point 

was clearly visible before 1.26 s. The results of this movement 

produced a maximum power point of 60.26 WP, while the 

simulation results of the maximum power point were 60.9 WP. 

The comparison of these results shows an efficiency value of 

98.95%, indicating that PSO can find the maximum power point 

well. 

In the next test, PSO was tested with solar panels 

experiencing different shading conditions and produced a value 

of 61.2 WP. The tracking time to reach the maximum point was 

1,154 s. The efficiency value of PSO in finding the maximum 

power point was 97.45%. This was calculated based on 

simulation results that obtained a value of 61.2 WP and 

characteristic results of 62.8%. 

The results of testing the PSO algorithm when panels 1, 3, 

and 5 were experiencing shading and panels 2, 4, and 6 were not 

showed the ability of PSO to achieve GMPP. The movement of 

the swarm particles to find the maximum point was clearly 

visible before 2,475 s, and the power obtained was 52 WP with 

a tracking time of 1,199 s. The results of this movement 

produced a maximum power point of 33.44 WP, while the 

simulation produced a maximum power point of 33.45 WP. The 

comparison of the simulation results and the panel 

characteristics showed an efficiency of 99.97%, indicating that 

PSO is capable of finding the maximum power point accurately. 

E. Dynamic test 

The test results presented here demonstrate the performance 

of two algorithms: PSO and P&O. The performance of the PSO 

algorithm is illustrated in Figure 11, while the P&O algorithm 

results are shown in Figure 12. The test results indicate that both 

algorithms are capable of responding to changes in irradiation. 

The response of the algorithms to changes in irradiation from 

100 W/m2 to 1000 W/m2 and back to 100 W/m2 was satisfactory. 

Although the PSO algorithm was unable to respond up to the 

maximum power point at 1000 W/m2, it performed well below 

500 W/m2 and was able to reach the maximum power point. 

 

 
 

Fig. 11. Dynamic test results from PSO 
 

 
 

Fig. 12. Dynamic test results from P&O 
 

F. Comparison of P&O and PSO 

 

Based on the results of all the tests presented in Table 

5, it can be concluded that PSO is more efficient than P&O on 

average. The lowest efficiency of 97.45% was observed in the 

conditions of shading in panels 1, 3, 5, and 6, and no shading in 

panels 4 and 2. On the other hand, the highest efficiency was 

observed in panels with no shading and panels 1, 3, and 5 with 

shading, and panels 2, 4, and 6 with no shading, which is 100%. 

While P&O is faster in the no shading panel condition, PSO is 

superior in multiple peak conditions even though it takes longer 

to search for the maximum power point. Since PSO is more 

efficient, the power obtained through PSO is automatically 

higher on average than P&O.  

 
TABLE V 

SUMMARY OF COMPARISON RESULTS OF PSO AND P&O ALGORITHM TESTING 

 

Scenario 
Tracking Time Power (WP) Efficiency (%) 

PSO P&O PSO P&O PSO P&O 

No shading 2.8 s 850.2 ms 119.7 119.6 100 99.95 

Panel 1,2,3,5,6 shading & panel 4 No shading 1.26 s 1.26 s 60.26 20.6 98.95 33.826 

Panel 1,3,5,6 shading & panel 4 dan panel 2 No shading 1.15 s 1.27 s 61.2 34.5 97.45 55.02 

Panel 1, 3 dan 5 shading & panel 2, 4,6 No shading 1.2 s 1.8 s 52 52 100 38.4 

Panel 1, 3, 4, 5 dan 6 shading & panel 2 No shading 2.5 s 1.57 33.34 20.4 99.97 60.9 
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CONCLUSION 

After conducting a thorough literature study, design, testing, 
and final analysis, the following conclusions have been drawn. 
The MPPT P&O method is the most optimal when used in non-
shading or obstacle-free conditions, whereas the optimal PSO 
algorithm is used when solar panels experience partial shading. 
When several panels are exposed to different irradiation 
conditions with values of 100 W/ m2, 300 W/ m2, and 500 W/ 
m2, they may produce varying multiple-peak conditions 
depending on the location of the panel experiencing shading. 
The lowest efficiency of PSO was 97.45%, while the highest 
was 100%, whereas P&O had the lowest efficiency of 33.826% 
and the highest was 99.95%. P&O obtained the fastest tracking 
time with a record time of 850.2 ms, whereas the PSO algorithm 
took the longest time of 2.8 seconds. The tests conducted on 
solar panels to obtain PV characteristics and overcome the 
condition of partial shading were successful. They can be 
efficiently implemented in Simulink Matlab. 
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