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Intelligent reconfiguration planning for modular self-reconfigurable satellite
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(1. School of Astronautics, Harbin Institute of Technology, Harbin 150001, China; 2. State Key Laboratory of
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Abstract; To address the conflict between the complexity of aerospace tasks and the design of traditional fixed-
configuration satellites, aerospace institutions are focusing on the study of modular self-reconfigurable satellites with
flexible configuration change capabilities. Among these efforts, configuration planning emerges as a particularly
challenging area of research. Aiming at the configuration problem of modular satellites, cube-lattice satellites are
taken as the research object, and based on graph theory, a configuration matrix and an extension matrix are
proposed to describe the satellite topology. Through the study of the motion characteristics of the satellite module,
an algorithm for solving the accessible space of the module motion is given. Considering the satellite configuration
problem as a sequential decision-making problem, and based on the theory of deep reinforcement learning, the
modification process is modeled as a Markov decision process. An intelligent modification planning method based on
the actor-critic model is designed, incorporating a multi-layer neural network to approximate the actor and critic
functions. Through training the neural network, the performance of the satellite reconfiguration strategy is
progressively improved. The simulation experimental results show that the proposed configuration method yields
progressively improved satellite reconfiguration strategies for the given satellite case studies. This approach exhibits
generality across different satellite configurations with varying numbers of modules. Additionally, compared with the
traditional configuration method based on heuristic search, it has advantages in the number of configuration steps,
calculation time and configuration success rate, which validates that the proposed intelligent planning method has
potential value in future modular satellite design work.
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Fig.1 Schematic diagram of modular self-reconfigurable satellite module
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Tab.2 Motion sequence of each module during the reconfiguration process
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Tab.3  Statistical results of reconfiguration steps for different

module digital configurations

8N WP EHAE IR
Booomm MR2 R3S MIl4 MRS MR %
10 16 13 26 16 8 15.8 100
15 18 16 9 23 25 18.2 100

20 26 24 19 34 22 25.0 100
25 39 42 32 27 44 36.8 100
30 48 52 44 39 62 49.0 100
35 40 51 46 67 50 50.8 100
40 58 67 62 78 70 67.0 100
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Fig. 10 Comparison between proposed planning algorithm and
heuristic search planning algorithms
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Tab.4  Statistical results of reconfiguration real-time computing

time for different module digital configurations

A &I RIT ARSI J7
Bk %
TR/ TR/
10 0.65 0.007 92.86
15 0.96 0.010 96.00
20 3.89 0.062 62.71
25 12.78 0.122 104.78
30 71.48 0.872 81.97
35 193.87 1.036 187.13
40 400. 47 1.519 263.64
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