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Abstract

This article investigates the nonlinear output characteristics of Photovoltaic (PV) cells under various
illumination conditions. To maximize the energy harvesting capability of PV systems, the advantages
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and limitations of conventional Maximum Power Point Tracking (MPPT) algorithms—including the
constant voltage tracking method, Perturbation and Observation (P&0) method, and incremental
conductance method—are analyzed. However, under rapidly changing irradiance, PV arrays often
exhibit multiple local power peaks, where traditional MPPT algorithms struggle to effectively track
the true global Maximum Power Point (MPP). To address this issue, a Particle Swarm Optimization
(PSO)-based MPPT control strategy is proposed in this study. The PSO algorithm enables multi-point
search by guiding particles toward the global optimum through the integration of individual and
collective experience. Simulation results demonstrate that the proposed PSO-based MPPT algorithm
can effectively bypass local optima and accurately locate the global MPP, thereby offering superior
tracking performance and adaptability compared to traditional methods.
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Figure 1. (a) Working principle of a monocrystalline photovoltaic cell; (b) Equivalent circuit of a photovoltaic cell
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Figure 2. Monocrystalline photovoltaic cell model
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Figure 3. Output characteristics model of monocrystalline photovoltaic cells
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Figure 4. (a) P-V characteristics at 25°C under different light intensities; (b) P-V characteristics at different temperatures under
an irradiance of 1000 W/m?
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Figure 5. Photovoltaic cell array module
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Figure 7. Photovoltaic ARray with bypass diodes W/m?
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Figure 8. (a) Photovoltaic array simulation model; (b) Output characteristics of the photovoltaic array
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Figure 9. Simulation results of photovoltaic array output characteristics under different light intensity combinations
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Table 1. Parameters of the standard particle swarm optimization algorithm applied to multi-peak MPPT
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Figure 10. Particle swarm MPPT algorithm initialization
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Figure 11. (a) Particle swarm search path; (b) Particle swarm optimization search results
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Figure 12. (a) Time-varying curve of the particle swarm MPPT algorithm; (b) Convergence iteration process of the particle
swarm MPPT algorithm
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