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Fault Diagnosis of High—Voltage Circuit Breakers under Strong Noise
Based on a Multi—Level Sensor Fusion Network

WANG Yanxin, ZHANG Zhengrun, YAN Jing, LIU Zhiyuan, GENG Yingsan, WANG Jianhua

(State Key Laboratory of Electrical Insulation for Power Equipment, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To address the issues of mechanical fault signals of high-voltage circuit breakers being
susceptible to background interference under strong noise conditions, insufficient utilization of multi-
source information, and weak discriminative capability under small-sample conditions, a diagnostic
method based on a multi-level sensor fusion network is proposed. This method constructs a multi-
level fusion framework at three levels—data level, feature level, and decision level—to achieve
collaborative modeling and robust diagnosis of multi-source information. First, at the data level,
multi-channel collaborative representation of homogeneous sensor signals is realized to enhance the
identifiability of fault information in the raw signals. Second, at the feature level, a feature learning

network centered on wavelet convolution is built to perform joint time - frequency modeling of
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heterogeneous sensor signals. The wavelet convolution suppresses background noise interference at

multiple scales while maintaining stable feature extraction. Finally, at the decision level, credibility-

weighted fusion of multi-sensor diagnostic results is performed based on information entropy,

reducing the impact of misjudgment by a single sensor on the overall decision. In addition, time -

{requency prototype contrastive learning is employed to enhance intra-class compactness and inter-

class separation. The results shows that, compared with the optimal feature-level fusion method, the

precision, recall, and F1-score are improved by 2.58%, 4.85%, and 2. 70% , respectively. Under

strong noise at — 15 dB, the Fl-score remains above 90%. Compared with traditional contrastive

learning models, the three metrics are increased by 6.52%, 9.24%, and 6.87%, respectively,

verifying the robustness and small-sample diagnostic effectiveness of the proposed method. This

study provides an effective solution for fault diagnosis of high-voltage circuit breakers under strong-

noise and small-sample conditions.
Keywords: high-voltage circuit breaker;

learning; contrastive loss
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Fig. 1 Mechanical fault diagnosis framework for high-voltage
circuit breakers using a multi-level sensor fusion

network
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Table 1 Diagnosis results under single-sensor and multi-

sensor inputs

& AR A Kiwn%k/% BEE/Y%  FU/%
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Fig. 6 Vibration signal waveforms under various working

conditions
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Table 2 Diagnostic performance comparison of different

fusion strategies

il £ SR s K%/ % BEE/Y F1/%
EITE 93.12 90. 84 91.96
FEAE % 96. 48 94. 02 95. 23
iy 95. 67 93. 54 94.59

DS 94.81 92. 36 93.57

KN 99. 06 98. 87 97.93
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Table 3 Fault diagnosis results of high-voltage circuit

breakers using different models

155 1 KR/ %  BREE/Y F1/%
CNN 30. 54 30. 25 29. 85
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ARSI 99. 06 98. 87 97.93
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Fig. 7 Fl-score under different signal-to-noise ratio

conditions
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Fig. 8 Two-dimensional feature visualization results of

different models
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Table 4 Ablation experiment comparison results

iR Kith%/ %  BEE/Y F1/%
CDAN 90. 67 88. 17 89.05
PCCDAN 95. 29 91.45 93.33
CCDA 92. 54 89. 63 91.06
58 ALY 99. 06 98. 87 97.93
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