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Design and Analysis of Intelligent Cleaning Robot System for Photovoltaic Modules and
Improvement of Power Generation Efficiency

HE Yali
CNNP Rich Xinjiang Energy Development Co., Ltd., Urumgi, Xinjiang, 830000, China

Abstract: The degradation of power generation efficiency caused by surface ash on photovoltaic modules has become a key
bottleneck factor restricting the overall efficiency improvement of power plants. The traditional manual or mechanical cleaning mode
generally has significant drawbacks such as low efficiency, high cost, and insufficient environmental adaptability. This study
innovatively designed and implemented a highly integrated intelligent cleaning robot system by conducting in-depth quantitative
analysis of the specific impact mechanism of dust accumulation on photoelectric conversion efficiency. This system creatively
integrates cutting-edge technologies such as intelligent environment perception, autonomous navigation decision-making, multi robot
collaborative operation, and efficient self powering. Innovatively adopting the Mecanum wheel omnidirectional mobile chassis
platform, combined with a hybrid cleaning execution mechanism that combines dry strong blowing and wet fine wiping, and
introducing an environment perception algorithm based on deep fusion of multi-sensor information, as well as a collaborative control

strategy framework that couples distributed real-time obstacle avoidance with centralized task scheduling.
Keywords: photovoltaic dust accumulation; intelligent cleaning robot; operation and maintenance economy
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