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Review on the development status of satellite clusters and
trajectory planning methods

ZHOU Heng', WANG Jingxian!, ZHAO Yong"?*, BAI Yuzhu'?, CHEN Zhijun®’, CHEN Rong'~
(1.College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China; 2.
State Key Laboratory of Space System Operation and Control, Changsha 410073, China; 3. National Key Laboratory of
Complex Aviation System Simulation, Beijing, 100076)

Abstract: Satellite clusters, as a distributed collaborative spacecraft system, possess significant application value in areas
such as Earth observation, on-orbit assembly, and deep space exploration. Given the constraints of the dynamic space environment
and limited on-orbit computing resources, the primary challenge is to devise an effective technique for cluster trajectory planning
to ensure the successful execution of cluster tasks. Based on typical satellite cluster systems both domestically and internationally,
related application scenarios and developmental tendencies were summarized. The development status of satellite cluster trajectory
planning methods was comprehensively elaborated. From the perspectives of Euclidean space and manifold space, the advantages
and disadvantages of existing methods were discussed. Starting from recent popular machine learning techniques, the development
status of satellite cluster trajectory planning methods that combine deep learning and reinforcement learning with traditional
approaches was introduced. Finally, the challenges were encapsulated, and future research avenues were anticipated.

Keywords: satellite cluster; trajectory planning; direct method; indirect method; differential geometry; machine learning
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Fig.12 Schematic diagram of multi-agent policy gradient
based on CTDE architecture
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