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Abstract : Against the backdrop of global energy transition and the large—scale development of the photovoltaic industry, the issue
of power generation efficiency degradation caused by dust accumulation on the surfaces of photovoltaic panels has become
increasingly prominent. Traditional manual cleaning methods, characterized by high costs, low efficiency, and potential safety
hazards, are struggling to meet the operation and maintenance demands of large—scale photovoltaic power plants. Based on this,
this paper conducts a systematic study on the key technologies and applications of solar photovoltaic panel cleaning robots by
reviewing relevant domestic and international patents, journal articles, master’s theses, and foreign literature in recent years.
Firstly, core key technologies such as mobility technology, navigation technology, cleaning technology, energy management,
path planning, and environmental perception are analyzed. The adaptability of mobility modes including tracked, wheeled, and
negative pressure adhesion is compared, along with the characteristics of cleaning technologies such as dry, wet, and ultrasonic
methods. Furthermore, a comprehensive review is provided on the practical application scenarios and performance of crawler—
type, negative pressure adsorption—type, suction cup—type, and modular cleaning robotsnegative—pressure adhesion, suction—
cup, and modular cleaning robots, aiming to offer references for subsequent research and industrial application in this field.
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