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Cooperative control method of multi-arm spacecraft based on consistency
theory

YUE Cheng-fei*, SUN Ying-jie', LIU Zi-ran®, SHEN Qiang®, CHEN Xue-qin>'

(1. Institute of Space Science and Applied Technology, Harbin Institute of Technology (Shenzhen), Shenzhen 518071,
China; 2. School of Astronautics, Harbin Institute of Technology, Harbin 150001, China; 3. School of Aeronautics
and Astronautics, Shanghai Jiao Tong University, Shanghai 200040, China)

Abstract: Aiming at the problem of cooperation between multi manipulators of a free-floating spacecraft in space, a
collaborative control method based on consistency theory is proposed. This method combines the directed graph
communication topology with the generalized Jacobian matrix to realize the cooperation between multiple manipulators
of the free-floating spacecraft. Firstly, the directed graph of communication relationship between multiple manipulators
is established to determine the master arm and slave arm under the “leader-follower” system. Secondly, based on the
directed communication topology, the planning of master and slave manipulators’ motion is carried out to realize the
transmission of master arm’s motion to the slave arms. Thirdly, the generalized Jacobian matrix is used to map the end
motion to joint motion under the condition of momentum conservation, and the multi-arms’ collaborative motion
controller in the joint space is designed based on consistency theory. Finally, the stability of the controller is proved
based on the Lyapunov stability theory, and the position control error is analyzed. The simulation results show that the
proposed control method can realize the aggregation, tracking and position coordination of each manipulator in the
space control task of the multi-arm spacecraft system.

Keywords: multi-arm spacecraft; on orbit manipulation; directed graph; consistency theory; collaborative control
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