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Abstract: In the orbital environment, spacecraft face challenges such as scarce fault samples, varying operating conditions, and
a strong reliance on accurate models and labeled data in traditional diagnostic methods. This paper systematically reviews transfer
learning techniques for spacecraft fault diagnosis, highlights their recent advancements, and outlines future research trends. Transfer
learning strategies are categorized into four types: instance-based, feature-based, model-based, and domain-adaptive. The principles,
advantages, limitations, and representative applications of each strategy are analyzed, along with key enabling techniques such as
importance weighting, adaptive batch normalization, parameter fine-tuning, and adversarial training. The review shows that transfer
learning effectively mitigates issues of data insufficiency and distribution shift by enabling knowledge transfer from source to target
domains. In particular, multi-source domain adaptation and adversarial domain adaptation significantly improve cross-condition
diagnostic performance by enhancing model generalization and robustness. It is concluded that transfer learning provides a promising
framework for intelligent spacecraft fault diagnosis. Future research should focus on source-free domain adaptation, multi-modal
data fusion, semi-supervised transfer learning, and model interpretability, aiming to support practical deployment in real-world
aerospace missions.
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Fig. 1 Traditional machine learning classification
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Fig.2 Transfer learning-based classification
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