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Attitude-Orbit Coupling Intelligent Control of Flexible Asteroid Lander

SUN Yiyong', ZHENG Heming’, ZHAI Guang', LI Jie', WANG Yanxin’
(1. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China;

2. Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China)

Abstract: A method for attitude-orbit coupling intelligent control of flexible lander based on maximum entropy reinforcement
learning is proposed in this paper, aiming at solve the adverse effects of the complex perturbation environment and the inaccurate
flexible deformation force. Firstly, the orbital dynamics model of the equivalent agent is established by introducing the internal
flexible force of the lander. The datum plane method is used to characterize the attitude of the flexible lander with complex
deformation. The attitude-orbit coupling dynamic environment of the lander is constructed to train the intelligent controller. Then,
an intelligent controller with deep neural network architecture is designed according to the soft actor-critic (SAC) algorithm of
maximum entropy reinforcement learning theory. Each thruster can keep the lander attitude stable and track the navigation trajectory
with high precision by self-adapting the output thrust. Finally, the landing process with the controller deployed is simulated. The
simulation results show that compared with the classic PD control method, the intelligent control method proposed in this paper has
stronger robustness.

Keywords: small celestial landing; flexible lander; deep reinforcement learning; attitude-orbit coupling control

Highlights:

e Introducing the internal flexibility of the lander, the equivalent agent orbital dynamics model is established.

e The datum plane method is used to characterize the attitude of the flexible lander with complex deformation characteristics.

o The attitude-orbit coupling dynamic environment of the lander is constructed for the training of the intelligent controller.

e According to the maximum entropy reinforcement learning theory, an intelligent controller with deep neural network structure is

designed to control the attitude and orbit of the flexible lander simultaneously.

e Compared with the PD controller, the intelligent controller designed in this paper has stronger robustness when dealing with

uncertain disturbance caused by uneven gravitational environment and complex flexible deformation.

[FTAEREF: ik, ELFR: RAME]
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