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Fig. 1 The schematic diagram of the manipulator surface sampling
for Chang’E-5
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Fig.2 Sampling mode
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Table 1 Fine-tuning operations
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Fig. 4 Results of 3D terrain reconstruction
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Table 3 Category of manipulator reference points
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Fig. 7 The schematic diagram of manipulator reference points
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Fig. 8 Measurement and analysis of multi-view fusion images
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Control Technology for Unmanned Sampling of Lunar Surface

ZHANG Kuan, YU Tianyi, HU Xiaodong, LIU Chuankai, LI Lichun, ZHAO Huanzhou

(Beijing Aerospace Control Center, Beijing 100094, China)

Abstract: Aiming at the difficulty of accurate controlling the robotic arm, and the complexity of probe - ground cooperation
for the Chang’E-5 unmanned lunar surface sampling mission in a finite time period, a new control method and teleoperation mode
which improves the efficiency of environmental perception, task planning and verification, fine-turning planning of manipulator
end, and control implementation are proposed in this paper. Many technologies are applied into this method, such as establishing
quantitative evaluation index system of sampling area to realize sampling points planning, using preplanning methods to complete
mission planning and mechanical arm motion control planning, online learning to bring about the fine-tuning path in the
manipulator end and analyzing fine-tuning using multi-view fusion images, automatic command based on state and controlling work
progress real-time. The implementation results of Chang’E-5 lunar surface sampling mission in orbit indicate that new control
method and teleoperation mode can greatly improve the sampling efficiency. It lays a foundation for the Mars and asteroid sample
return mission in the future.

Keywords: unmanned lunar surface sampling; Chang’E-5; teleoperation; mission planning; precision control of
manipulator

Highlights:

e An efficient control method and teleoperation mode for unmanned lunar surface sampling is proposed.

e A quantitative evaluation index system of sampling area and sampling point planning technique is established to improve the

efficiency of environmental perception.

e Planning technology based on dimension reduction sampling mission is applied to the efficiency of task planning.

e The paper put forward a mechanic arm planning technology based on the safety space parts in order to improve the motion

planning efficiency.

e The proposed fine-tuning and motion planning control of the long flexible manipulator realizes the millimeter-level precise control

of the position of the manipulator.
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