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Abstract

Spacecraft navigation systems are critical for mission success, yet they face significant challenges due
to the harsh space environment and the inherent limitations of individual sensor modalities. Specifically,
GNSS signals, characterized by low power and high susceptibility to interference, may become unreliable
in adverse electromagnetic conditions, while inertial navigation systems (INS) suffer from cumulative drift
errors over extended periods. In this paper, we propose an innovative architecture that integrates au-
tonomous fault diagnosis with adaptive multi-source sensor fusion to enhance the reliability and accuracy
of spacecraft navigation. Our approach employs an LSTM-based fault detection algorithm to contin-
uously monitor sensor health and rapidly identify potential failure modes in real time. A hierarchical
attention mechanism is utilized to assess signal quality metrics across various sensor types—including
GNSS receivers, star trackers, accelerometers, and gyroscopes—which informs the adaptive adjustment
of sensor weightings via a multi-branch federated Kalman filter. The key innovation lies in leveraging
LSTM to extract and learn temporal patterns from sensor data, thereby enabling the dynamic recon-
figuration of sensor contributions to a fault-tolerant navigation state estimator. Simulation experiments
demonstrate that the proposed system can effectively detect GNSS interference and sensor anomalies,
maintain sub-meter positioning accuracy under harsh conditions, and significantly mitigate the long-term
INS drift problem. These promising results suggest that our method offers a robust solution for spacecraft
navigation in environments with degraded GNSS signals.
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