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Abstract: To address the negative transfer caused by pronounced distribution discrepancies among multiple source
operating conditions and the insufficient fine-grained category alignment of conventional distribution adaptation
methods under limited labeled target-domain samples, this paper proposes a multi-source deep transfer fault diagnosis
method based on target-domain seed residual reconstruction, termed DTRSR. First, a shared-weight one-dimensional
ResNet feature extraction network is employed to mine common fault representations directly from raw vibration
signals, thereby establishing a unified feature space for cross-domain diagnosis. Second, to effectively transfer
structural information from multiple source domains to the target domain, a small number of labeled target-domain
samples are used as category seed anchors. Through minimum-cost matching between source-domain class centers and
target-domain seeds, the residual information of source-domain samples relative to their corresponding class centers is
transferred to the vicinity of the target-domain seeds. In this way, reconstructed samples that integrate source-domain
intra-class variation diversity and target-domain distribution priors are generated in the target-domain feature space.

Furthermore, to avoid blurred decision boundaries caused by simple global alignment, a balanced distribution adaptation
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mechanism is introduced to dynamically coordinate the alignment weights of marginal and conditional distributions,

enabling the model to reduce cross-condition distribution shifts while preserving inter-class discriminability. Multiple

closed-set multi-source transfer experiments constructed on the CWRU and PU public bearing datasets demonstrate that

the proposed DTRSR method outperforms comparative methods, including PD, MDA, and BDA, in terms of

classification accuracy, diagnostic stability, and cross-condition generalization capability. Feature visualization, noise

robustness analysis, efficiency evaluation, ablation experiments, and fine-grained damage severity recognition

experiments further verify the effectiveness of the DTRSR in suppressing negative transfer, enhancing feature

discriminability, and improving the stability of few-shot cross-domain diagnosis. The proposed method provides an

effective solution for multi-source few-shot transfer diagnosis of rolling bearings under varying operating conditions.
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