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Abstract

Ensuring fault-tolerant Guidance, Navigation, and Control (GNC) is critical for the success of space
missions, where unexpected failures such as thruster malfunctions, actuator delays, or sensor noise can lead
to mission-critical deviations in trajectory and attitude. This paper presents a novel physics-informed
model-based reinforcement learning (MBRL) framework that integrates spacecraft dynamics and rein-
forcement learning for real-time fault detection and correction. The proposed framework embeds physical
models of spacecraft motion within the policy learning process,enabling the agent to make accurate and
interpretable corrective decisions based on expected versus observed spacecraft behavior.

Our system simulates actuator failures, unexpected external disturbances, and IMU noise to evaluate
the controller’s robustness. The evaluation framework introduces key metrics, including trajectory devi-
ation ratio (TDR),attitude stability time (AST), and angular correction efficiency (ACE).Results from a
physics-based lunar lander simulation demonstrate that the MBRL controller reduces attitude correction
time by 32
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