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ABSTRACT 
Partial shading is a common problem in photovoltaic (PV) systems, and is notoriously difficult 
to solve. To address this issue, multiple approaches have been made. This paper proposes the 
use of the metaheuristic optimization method, PARTICLE SWARM OPTIMIZATION (PSO), 
to track the multiple-peak P–V curve in PV systems under partial shading conditions (PSCs). 
The results of the PSO algorithm were found to be very fast, reliable, and precise in normal 
conditions, PSCs, and changes in irradiance. Furthermore, the PSO algorithm was shown to 
have a significant improvement in performance when compared to the perturb and observe 
(P&O) algorithm. 
Keywords: Photovoltaic system, maximum power point tracking, partial shading condition, 
PSO optimization. 
 
INTRODUCTION 
In Algeria, Photovoltaic solar energy is a renewable energy source with great potential for 
development. Its advantages include being inexhaustible and clean, as well as providing a high 
level of safety when used. However, the two main issues that limit its use are the high cost of 
installation and the low efficiency of energy conversion, with only twenty percent of solar 
energy being converted into electrical energy. The rest is lost in the environment, as it cannot 
be converted into useful electrical energy [1]. 
 
To enhance productivity, experts have honed in on three main components: designing solar 
irradiance tracking systems, incorporating effective power converters, and formulating MPPT 
algorithms. Although the former two are only relevant to new PV systems [1], the third can be 
utilized in new and existing systems alike. Despite this, it remains difficult to maintain ideal 
efficiency when the weather is unpredictable [2]. 
 
To maximize the electrical power output of a PV system, a maximum point power tracking 
algorithm must be adjusted to the operating point. This is achieved by connecting the system 
to a load through a DC-DC converter, which is responsible for the MPPT [2]. The output of 
the MPPT algorithm can then be used to regulate the operating point of the PV system, by 
setting the reference voltage, current, or duty cycle of the PWM controller.  
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Under consistent irradiance, the power-voltage curve has an individual maximum power point 
(MPP) that fluctuates in response to temperature and irradiance changes. To find the new 
optimal operating points, various MPPT algorithms such as the perturbation and observation 
algorithm (P&O) [3], incremental conductance algorithm, and extremum-seeking control 
algorithm [4-5] are used. 
 
In photovoltaic systems, the power-voltage curve can possess various maximum power points 
(MPPs) when exposed to partial shading. This includes one global maximum power point 
(GMPP) as well as a cluster of local maximum power points (LMPP) [06]. When clouds or 
other objects like trees, buildings, or adjacent items cast a shadow on some elements of the 
system, the irradiance received by these components is reduced. 
 
Under the PSC, scientists found that the traditional MPPT algorithms had a low performance, 
particularly when assuming only one MPP on the P-V curve. In reality, due to their inadequate 
global search capability, these methods (such as the P&O method) are often stuck in LMPPs 
and cannot ensure convergence to the GMPP [07].  
 
In recent years, various algorithms based on artificial intelligence and stochastic optimization 
have been proposed to address the shortcomings of classical MPPT algorithms [8, 9].  
 
This paper utilizes the PSO algorithm to develop a fast, reliable, and accurate MPPT algorithm 
for PV systems [10-12]. The PSO algorithm is a novel and powerful approach that has been 
demonstrated to be successful in solving optimization problems with multiple local optimum 
points. 
 
In this research paper, the performance of the proposed method is evaluated under various 
environmental conditions by simulating a PV system. The paper is structured as follows: 
Section II covers the modelling of PV model, Section III reviews P&O method and introduces 
the PSO algorithm, and Section IV presents the simulation results and analysis. 
 

I. SYSTEM DESCRIPTION 
Modeling of PV model  
The photovoltaic (PV) cell is the main component of a system that directly generates electrical 
power from sunlight. This device can be represented by a single diode model due to its simple 
structure. This analogy can be explained as follows: 
 

𝐼 = 𝐼 − 𝐼 −
𝑉 + 𝑅 𝐼

𝑅
 

where:  𝐼  the PV current source (photocurrent), 𝑅  the series equivalent resistance, 𝑅  the 

equivalent parallel resistance, 𝐼  the diode current, 𝐼 the difference between 𝐼  and 𝐼 . 

𝐼 is given below:   

𝐼 = 𝐼 exp
𝑉

𝑉 𝑎
− 1  
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where:  𝐼  the saturation current, 𝑉  the thermal voltage, 𝑎 ideality factor of diode. 

𝑉 =
𝑁 𝐾𝑇

𝑞
 

where:  𝐾 the Boltzmann’s constant, 𝑞 the charge of the electron, 𝑇 effective cell temperature, 
𝑁  number of cells in series. 
The equation of output current for a PV module is provided below [08],[13],[14]: 
 

𝐼 = 𝑁 𝐼 − 𝐼 exp
𝑉 + 𝑅 𝐼

𝑁 𝑉
− 1 −

𝑉 + 𝑅 𝐼

𝑅
 

 
where:  𝑁  is the number of cells connected in parallel, 𝑞 the charge of the electron, 𝑇 effective 

cell temperature, 𝑁  number of cells in series. 
 
For this evaluation, the panel of type Kyocera KD250GX-LFB2 (as seen in Table 1) was 
utilized in all simulations [15]. Additionally, a DC-DC boost converter connected to a PV 
system was included, with parameters listed in Table 2. 
 
Table 1. Electrical Characteristics data of PV module (Kyocera KD250GX-LFB2) in the 

standard conditions. 

 
KD250GX-
LFB2 

 

𝑷𝒎𝒑 250 W 

𝑽𝒎𝒑 29.8 V 

𝑰𝒎𝒑 8.39 A 

𝑽𝒐𝒄 36.9 V 

𝑰𝒔𝒄 9.09 A 

𝑷𝒕𝒐𝒍 +5/-3 % 

 
Table 2. Parameters Of Dc-Dc Boost Converter 

Element Value 

Inductance 300 (𝜇𝐻) 
Output Capacitor 100 (𝜇𝐹) 

Load 100 (Ω) 
Switching frequency 10 (𝑘𝐻𝑧) 

 
The P-V characteristic of the PV panel Kyocera KD250GX-LFB2, as seen in Figure.2, was 
obtained through simulation. 
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Fig. 1. P-V characteristics of PV module (Kyocera KD250GX-LFB2) at constant 

temperature and varying insolation 
 
The installation of bypass diodes in parallel with PV modules can help to reduce the potential 
for issues arising during periods of rapid and dynamic insolation change, such as on cloudy 
days. This is demonstrated in Fig. 3, which shows multiple peaks on the P–V curve (local and 
global maximum points). Bypass diodes allow the PV system to increase its power while 
avoiding such problems [16]. 
In Fig. 2, the structure of the PV system being studied is depicted and simulated using 
Matlab/Simulink. 

 
Fig. 2. Simulation of a PV system using MATLAB/Simulink 

Fig. 3 illustrates that the GMPP of the PV system is highly dependent on the shading pattern. 
Consequently, tracking the GMPP is essential in order to maximize the power generation 
efficiency when the system is partially shaded. In this study, a 04 series PV module array of 
[Kyocera KD250GX-LFB2].  
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Fig. 3. P-V characteristics for shade patterns (Kyocera KD250GX-LFB2) 

II. P&O AND GWO ALGORITHMS 

1-PO Algorithm  
The P&O MPPT algorithm [16] is widely regarded as the most effective method for tracking 
the Maximum Power Point (MPP) of a Photovoltaic (PV) system. It is highly valued for its 
straightforward simulation and easy implementation [03], [11]. 
𝐷 = 𝐷 + ∆𝐷(𝑖𝑓𝑃 > 𝑃 )

𝐷 = 𝐷 − ∆𝐷(𝑖𝑓𝑃 < 𝑃 )
                       (5) 

 
The diagram of perturb and observe algorithm is presented in Fig. 4 

 
Fig.4. Flowchart of the P&O algorithm principle 
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2-PSO Algorithm  
Particle Swarm Optimization (PSO) is an efficient and effective nonlinear optimization 
technique inspired by the behavior of birds, fish, and bees. It is widely used in many areas of 
engineering and science for optimization and design purposes. PSO works by utilizing two 
fundamental principles: remembering past data and enabling communication between swarm 
agents. By utilizing these two principles, PSO provides a simple solution to complex 
optimization problems [17]. 
 
The two major rules associated with swarm agents, or particles, are that all particles should 
follow the particle with the best performance and move towards the one with the best condition. 
Once the termination criterion has been satisfied, the velocity and position of the highest 
performing particle is used as a reference for the others to move towards the global particle 
fitness. This motion can be mathematically represented through the velocity and position 
updating of conventional PSO [17]. 
 

𝑉 (𝑘 + 1) = 𝑤𝑉 (𝑘) + 𝑥 + 𝐶 𝑟 𝑃 − 𝑥 (𝑘) + 𝐶 𝑟 𝐺 − 𝑥 (𝑘)                                                          

(06) 
𝑥 (𝑘 + 1) = 𝑥 (𝑘) + 𝑣 (𝑘 + 1)                                       (07) 
 

 
Fig.5 Flowchart of the PSO algorithm principle 

SIMULATION AND ANALYSIS PO  ALGORITHM 

We utilized the MATLAB/Simulink Kyocera KD250GX-LFB2 PV model module for our 
simulations and compared the performance of our proposed PSO MPPT algorithm against that 
of the P&O algorithm using the structure of the PV system in Figure 2. 
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1-Performance under Standard Conditions 
The effectiveness of the proposed method is assessed through PV system simulations 
conducted under standard conditions. Figure 3 (pattern 1) shows that the irradiance of the 4 PV 
modules is set to 1000W/m2 (250*4 = 1000W), and the temperature of the modules is 25°C. 

 
Fig 06 Performance of P&O algorithm under standard conditions. 

 
Fig 07 Performance of PSO algorithm under standard conditions. 

 
The performance of the tow algorithms, P&O and PSO, in terms of their PV output's current, 
voltage, and power can be seen in Figures 06 and 07. It took P&O and SHO approximately 
0.345s and 0.3s respectively to reach the maximum power point (MPP). 
 
The results of the PSO algorithm show a better time response and more accurate steady-state 
output power (999.26 W) than the P&O approach.  
 
This leads us to the conclusion that the PSO algorithm is more effective than the P&O one 
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2-Performance Under partial shading conditions 
For this experiment, four irradiance values of 1000, 900, 600, and 300W/m2 were set at 25°C 
as seen in Figure 3 (pattern 2). We noticed a GMPP of 499.84W and three LMPPs. Figures 08-
09 indicate the output current, voltage, and power of the two algorithms as they relate to the 
PV modules. 

 
Fig.08 P&O algorithm under Partial shading conditions. 

 
Fig.09 PSO algorithme under Partial shading conditions. 

 
The PSO algorithm was able to accurately pinpoint the GMPP, which resulted in a value of 
496.55W, in contrast to the P&O algorithm, which only resulted in the LMPP (334.29W). This 
indicates that not following the GMPP could lead to considerable energy losses. Furthermore, 
the PSO algorithm was more efficient than the P&O algorithm, needing only 0.327s to find the 
GMPP. 

 

3-Performance under Fast Changing Solar Irradiance 
At a temperature of 25°C and irradiance of 1000W/m2, all four modules of the array were 
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tested and analyzed to gauge the efficacy and accuracy of the PSO algorithm when the solar 
irradiance rapidly fluctuates. 0.5s into the experiment, a step variation was implemented on the 
irradiance, with the second, third, and fourth modules' irradiances dropping to 800, 400, and 
200W/m2 respectively, while the irradiance of the first module stayed fixed (Figure 3, pattern 
3). 
 
This resulted in a new curve with a GMPP of 417W and three LMPPs. The trajectories of the 
solar array for the PSO algorithm can be seen in Figure 10. 
 
 
 As evidenced by Figure 10, the PSO algorithm was able to accurately identify the GMPP 
(417W) after a step change of the solar irradiance and achieved convergence at a satisfactory 
rate. After the sudden change in solar insolation, the time of convergence increased by 
approximately 0.31s. 
 
It can be seen from the simulations results that the GMPP tracking can be achieved more 
accurately with the PSO algorithm proposed. 
 

 
Fig. 10 PSO tracking trajectories under rapid solar irradiance change 

III. CONCLUSION 

In this research paper, the PSO algorithm, an MPP tracker designed for PV systems to work 
under PSCs, was tested and compared with the P&O algorithm. The results showed that PSO 
was highly effective in tracking the GMPP with great accuracy, particularly under PSCs, and 
demonstrated quick, resilient, and precise performance. Comparatively, the presented 
optimization method was better than the P&O method in terms of tracking ability. 
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