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Fig.1 Schematic diagram of satellite simulation verification part assembly and characteristic hole
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Fig.2 Calibration diagram of O.—X Y-Z coordinate system and Oy—X;YZ; coordinate system
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Fig.3 Diagram of coordinate system calibration
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Fig.6 Satellite main frame feature hole image
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Fig.7 Diagram of satellite deck position and attitude measurement
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Fig.8 Flow chart of satellite assembly position and attitude error compensation
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Fig.9 Diagram of main robot end actuator structure and end load gravity compensation
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Fig.11 Error variation in satellite assembly position and attitude error compensation process
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Fig.13 Precision measurement process of satellite assembly error compensation experiment
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Fig.14 Precision measurement results of satellite assembly error compensation experiment
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Online Measurement and Compensation of Satellite Assembly Errors
Based on Vision and Force Sensing

LI Pengcheng', ZHANG Qi', ZHANG Dawei’, WANG Zhongkang', YE Changjun', LIU Feng’, TIAN Wei'
(1. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;

2. China Academy of Space Technology, Beijing 100081, China;
3. CASIC Space Engineering Development Co., Ltd., Beijing 100854, China)

[ABSTRACT]

Aiming at the problems of low assembly accuracy and large assembly interference force of the deck

and main frame during the robot satellite assembly stage, an online measurement and compensation method of satellite
assembly error combining vision and force perception is proposed. An online measurement system for the assembly error of
the satellite deck and the main frame is established by using the visual inspection device. The binocular calibration, robot
hand-eye calibration, and relative pose calibration of other components have been completed. A method for compensating
the assembly error of the satellite deck and main frame is proposed. The real-time measurement and accurate compensation
of assembly error are realized. The robot terminal load identification and gravity compensation are completed by force
sensing device. The interference force between the satellite deck and the main frame assembly is measured in real-time,
and the satellite flexible assembly is realized. The experimental results show that the assembly error of the deck and main
frame is controlled within 0.2 mm and the assembly interference force is less than 50 N after the online measurement and
compensation of the satellite assembly error with the fusion of vision and force perception is adopted. It meets the precision
requirements of satellite assembly, and proves the effectiveness and stability of the proposed method.

Keywords: Satellite assembly; Online measurement; Visual inspection; Hand-eye calibration; Force inspection; Multi-robot
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