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Abstract

The output power of solar photovoltaic systems exhibits nonlinear characteristics influenced by factors such as light intensity
and ambient temperature. Maximum Power Point Tracking (MPPT) technology plays a crucial role in enhancing system energy
conversion efficiency. Traditional tracking algorithms face challenges like slow response speed and significant power oscillation
under dynamic conditions, while existing improved techniques suffer from limitations including poor parameter adaptability and
high implementation complexity. This study proposes an adaptive parameter optimization strategy to enhance tracking performance
through dynamic step adjustment and multi-mode switching mechanisms. It also explores the application potential of particle swarm
optimization, wolf optimization, and their hybrid algorithms in MPPT. Simulation and theoretical analysis demonstrate that the
proposed method effectively reduces power loss, enhances system stability and robustness under complex operating conditions, and
provides a new technical pathway for efficient photovoltaic system operation.
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