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Abstract

Against the backdrop of the global energy structure rapidly transitioning toward clean energy, photovoltaic (PV) power generation,
as a vital component of renewable energy, plays a crucial role in advancing sustainable energy development. However, traditional
inverter control strategies are constrained by algorithmic limitations, exhibiting issues such as low maximum power point tracking
(MPPT) efficiency, sluggish dynamic response, and poor power quality, which severely restrict the power generation efficiency of
PV systems. This paper conducts an in-depth study and proposes a novel inverter control strategy that integrates an adaptive particle
swarm optimization (APSO) algorithm with fuzzy control. Through a systematic transformation approach involving hardware
upgrades and software optimization of conventional inverters, combined with theoretical analysis, MATLAB/Simulink simulation
modeling, and practical engineering case studies, the study comprehensively explores the enhancement effects of the new control
strategy on PV power generation. The research results demonstrate that the upgraded inverter system achieves an 8.2% improvement
in MPPT efficiency, a 12.5% increase in annual power generation, and significant enhancements in power quality while reducing
power losses. This study provides an innovative technical pathway for optimizing the efficiency of PV power generation systems,
effectively promoting the large-scale development of the photovoltaic industry.
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