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Transformer fault diagnosis method based on acoustic ridging and meta-learning
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Abstract: To address the challenges in transformer voiceprint detection, namely, signal susceptibility to interference and
difficulty in obtaining sufficient training samples, a transformer voiceprint fault diagnosis method that integrates acoustic
pattern ridging and meta-learning is proposed. First, based on the ridge feature processing, the optimized transformer
voice pattern time spectrum is selected for physical feature screening and morphological feature compression. A selective
encoder (SE) is then constructed to enhance the correlation between time-frequency and morphological representations,
improving model convergence speed. Finally, a meta-learning network is designed for transformer state evaluation. An
OD-Reptile-based first-order gradient update strategy is introduced, and an inner-outer loop optimization mechanism is
used to enhance parameter generalization. This enables accurate voiceprint diagnosis under limited sample and noisy
conditions. Compared with traditional deep learning methods, such as R-WDCNN, LSTM, and CNN, the proposed
method reduces the number of convergence iterations by more than 10 rounds in low-sample, high-noise environments
(SNR is =12 dB). Accuracy is improved by 6.35%, 12.1%, and 16.93%, respectively. Experimental results demonstrate
significant improvements in accuracy, noise immunity, robustness, and generalization.
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Fig. 1 Overall flowchart of the TVRM algorithm
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Fig. 5 Confusion matrix for different models on the test set

g. 4 Trends of accuracy and training loss with number of
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Table 5 Diagnostic results of different algorithmic models

W 2% 2 B HERA%  WHFE%  dJRE%  FLERU%

TVRM 99.72 99.74 99.70 99.72
R-WDCNN 93.37 93.06 93.04 93.04

MFCC-LSTM 87.62 87.51 86.67 87.09
MFCC-CNN 82.79 82.77 82.69 82.73
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Table 6 Recognition accuracy of different feature methods

under various SNRs

- WU HERRZE/%
B TVRM TVRM TVRM TVRM
(MFCC) (LPCC) (PSO-VMD)  (H#Ab)
-13 85.95 83.75 89.59 99.59
~12(H) 88.02 88.33 91.51 99.36
-12 87.76 88.63 91.92 99.72
0 91.42 91.83 92.63 99.81
1 92.64 93.43 93.07 99.87
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Table 7 Ablation study of encoders
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Table 8 Ablation experiment result of metric function

A IR B8 R RO 90 S HERR R/ %

1 2 3 4
DataA 85.30 89.23 93.43 81.58
DataB 88.60 90.73 98.64 83.45
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Table 9 Recognition accuracy of different models

under various SNRs
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Fig. 7 Distribution of t-SNE features under different algorithmic models
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