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Automatic Control Institute, Beijing, 100854)

Abstract: To address the challenges of strong nonlinearity, high uncertainty, and rapid time-varying parameters during the reentry
phase of high-speed vehicles, this study proposes an end-to-end intelligent attitude control method based on an improved Twin
Delayed Deep Deterministic Policy Gradient algorithm, aligned with the demands of intelligent spacecraft development. To overcome
the issues of training instability and convergence difficulties in TD3-based attitude control learning, two key innovations are
introduced: a hybrid reward mechanism combining continuous tracking error penalties and sparse task-completion rewards is designed
within the Markov Decision Process framework to synergistically guide agent convergence. Prior knowledge constraints derived from
modern control theory are incorporated into the training process, proposing a behavior cloning-based optimization strategy for the
Actor network to balance expert experience imitation and cumulative reward maximization. Simulation results show that the proposed
method can accurately track the three-channel attitude commands under 14 combinations of parameter deviations.
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