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ABSTRACT

In order to improve power generation efficiency, hanging PV cleaning robots are widely used
in centralized PV power plants. These power stations are usually built in remote areas such as
deserts, mountains, and the sea, and are large in scale. The operation and fault monitoring and
handling of PV robots face great challenges, including the following: 1. It is necessary to develop
an IoT platform, which can carry out remote online monitoring of the equipment operation status
and realize unattended operation; 2. It is necessary to monitor the skew state of PV robots in the
process of walking in real time, and carry out deskewing processing, so as to prevent the robots
from being stuck on the track; 3. To prevent the robot from stalling in the middle of the
photovoltaic panel, which affects the power generation efficiency.

Based on the actual application scenario of hanging PV cleaning robot, the paper organizes
the design requirements and develops the PV cleaning robot control system and IOT management
platform. The thesis describes the MCU master control scheme in detail, and introduces the motor
control scheme, battery management scheme and robot wireless communication mechanism. The
IoT management platform adopts a microservice architecture to realize remote operation and
maintenance of the PV cleaning robot by real-time monitoring and management of the robot's
operation status, cleaning task execution and data collection through the Web-side pages and
mobile applications.

During the cleaning walking process, due to the different friction between the upper and
lower pairs of rollers, the difference in the surface of the PV module, and the slight difference in
the motor drive, the robot may not run at the same speed at the upper and lower ends. This may
cause the robot tilt angle to be too large or even stuck, and in serious cases, the robot's motor or
bracket may be damaged. In order to detect and adjust the running attitude of the robot in real
time, this paper proposes a skew detection and correction method for photovoltaic cleaning robots
based on current data feedback. By detecting and analyzing the current data of the master and
slave motors in real time, the current attitude of the robot is obtained, and the skew correction is
performed by the quantum genetic PID algorithm. After multiple feedback corrections, the robot
is able to return to a correct attitude and travel smoothly. The probability of attitude misjudgment
caused by the current data is small because the current data is stable and anti-interference ability
during the motor operation. The experiments show that the average time to complete one

correction is 1.19 seconds, and the fluctuation is small.

II



U R RHEOR S0 247 1 5L

In order to monitor the running position of the cleaning robot in real time, ensure that it
carries out the cleaning task in accordance with the predetermined route, and discover abnormal
situations such as the robot stagnating in the middle of the photovoltaic panels in a timely manner,
this paper proposes a method of detecting the traveling position of the robot based on the GRU
(Gated Recurrent Unit) model of the current data. The position information is obtained by
analyzing the characteristics of the motor current change when the robot passes each PV panel
during operation. First, the current waveform data of the robot during operation is obtained, and
then the waveform is learned and predicted using the GRU model to capture the key features.
Next, a multi-scale analysis is performed using discrete wavelet transform to identify the subtle
characteristics of the waveforms, especially the number of wave troughs generated during
operation. Based on the wave valley information, the required data is filtered by thresholding to
accurately obtain the robot's position. The experimental results show that the accuracy of the
detection method is as high as 96%, demonstrating its efficiency and practicality in practical

applications.

Keywords: Photovoltaic cleaning robot, deflection correction, quantum genetic PID algorithm,

position detection, GRU model, discrete wavelet transform
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