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MPPT Efficiency in PV Arrays under Partial 
Shading Conditions:A Comparative Analysis of 

PSO and P&O Algorithms 

Rachid Bennia, Cherif Larbes, and Faiza Belhachat 

Abstract−Global Maximum Power Point Tracking (GMPPT) presents a fundamental challenge in photovoltaic (PV) 
systems due to the inherent nonlinearity of PV array characteristics. Partial shading (PS) emerges as a particularly 
critical factor, significantly compromising overall system efficiency by inducing multiple local maxima in the Power-
Voltage (P-V) characteristic curve. While conventional tracking algorithms demonstrate adequate performance under 
uniform irradiation conditions, their effectiveness diminishes substantially under Partial Shading Conditions (PSCs), 
where they frequently converge to local power peaks rather than the true Global Maximum Power Point (GMPP). To 
address these limitations, intelligent computational approaches have been developed as robust alternatives for reliable 
GMPP tracking in complex shading environments. This investigation presents a comparative analysis of two established 
algorithms: Particle Swarm Optimization (PSO) and Perturb and Observe (P&O), evaluating their respective 
capabilities in GMPP identification. Extensive simulation studies conducted across diverse shading patterns 
conclusively establish the superior performance of the PSO algorithm, which consistently achieves steady-state tracking 
efficiencies exceeding 99% in all operational scenarios. These findings strongly suggest that PSO represents the more 
effective solution for optimal power extraction in PV systems operating under dynamic environmental conditions. 

Keywords−Maximum Power Point Tracking, Particle Swarm Optimization, Perturb and Observe, Partial Shading. 
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I. INTRODUCTION 

The world is now experiencing an increasing need for energy, 
which requires the exploration of alternative energy resources 
to complement conventional ones[1]. Because they are year-
round available and pollution-free, renewable energy sources 
(RES) are highly recommended [2]. One of the primary 
concerns for researchers today is optimizing the energy output 
of photovoltaic (PV) systems in different weather conditions. 

Several techniques are presented to monitor the maximum 
power point (MPP). Conventional maximum power point 
tracking (MPPT) methods can track the MPP under uniform 
irradiation. However, they fail under rapidly changing 
atmospheric conditions and PSCs [1,2]. These conventional 
MPPTs are unable to distinguish between global and local 
maxima, causing the system to be trapped at a local peak [3]. 
As a result, the system’s performance is drastically reduced. 
Partial shading (PS) is a major problem that significantly 
influences the output power of the photovoltaic  system [4]. 
The PV array characteristic exhibits numerous local power 
peaks and one global maximum due to the integration of 
bypass diodes to avoid the hot spots effect [5]. Soft computing 
(SC) methods are widely recommended as the potential 
solution to mitigate the concern of PS and non-uniform 
irradiation [6,7]. PS is a major problem that significantly 
decreases the overall system's efficiency [8], it is 
acknowledged as the primary source of energy losses in PV 
power systems [9,10]. Studies have indicated that PS can 
significantly reduce the PV system yield, ranging from 10% to 
70%. To circumvent this issue, a significant interest is 
dedicated by researchers to the MPPT techniques based on 
soft computing that are considered as a potential solution to 
mitigate the concern of PS [11,12], particularly Particle 
Swarm Optimization (PSO) [13] and Cuckoo Search (CS) 
[14,15] which are powerful optimization techniques used to 
address various engineering optimization problems with 

several peaks and can handle effectively the partial shading 
issues. 

II. MAXIMUM POWER POINT ALGORITHMS  

SC techniques, including Artificial Neural Network (ANN) 
[16], Bat algorithm (BA) [17], Cuckoo search (CS) [18,19], 
and Particle Swarm Optimization (PSO) [20], are commonly 
used in PV systems [21, 22]. PSO algorithm is a prominent 
MPPT approach used to track GMPP under PSCs,this 
technique comes with several benefits owing to its high 

GMPPT Global Maximum power point tracking. 
GMPP Global Maximum power. 
PV Photovoltaic. 
PSCs Partial Shading Conditions. 
P-V Power-Voltage. 
I-V Current-Voltage. 
PSO Particle Swarm Optimization algorithm. 
P&O Perturb and Observe. 
RES Renewable Energy Sources. 
SC Soft Computing. 
ANN Artificial NeuralNetwork. 
BA Bat algorithm. 
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