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Design and control application of a low-cost tracked photovoltaic

panel cleaning robot

XIA Xiaoming, YANG Tianxiang, ZHAO Juncheng, GE Yafei
(School of Ocean Engineering, Jiangsu Ocean University, Lianyungang 222005, China)

Abstract: To mitigate the significant decline in power generation efficiency caused by dust and particulate
accumulation on photovoltaic (PV ) panel surfaces during operation, this study presents the design of a
low-cost autonomous cleaning robot. The robot employs a tracked chassis as its mobility platform and is
controlled by an STM32 microcontroller, which facilitates real-time acquisition of posture and encoder
speed data. A dual closed-loop PID control strategy is implemented to ensure precise and stable regula-
tion of the robot’s trajectory, turning, translational velocity, and brush rotation speed. In light of limited
onboard sensing capabilities, the system leverages variations in the PWM duty cycle of the cleaning
brush to detect panel edges, thereby effectively preventing accidental falls. Building on this mechanism,
a tailored path planning algorithm is developed to enable efficient and autonomous surface cleaning of PV
panels. Experimental evaluations confirm the effectiveness and feasibility of the proposed robotic system
and its cleaning strategy.
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Fig. 1 Overall structure of the cleaning robot prototype
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Fig.5 Block diagram of robot control system
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Fig.7 Block diagram of motor controller
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