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Abstract: The converter valve, as a key equipment in high-voltage direct current transmission converter stations, may
experience an abnormal state when operated for a long time. To address the problem that non-intrinsic background noise
in the valve hall may cause voiceprint anomalies and unstable anti-noise performance of the converter valve, an anomaly
detection method for the converter valve based on voiceprint signal filter banks (Fbank) features and an improved
denoising auto-encoder (IDAE) is proposed. Firstly, the voiceprint data generated during the operation of the converter
valve is collected; the Fbank features of the voiceprint data are extracted; the samples containing temporal information
through sliding window (SW) processing are obtained. Then, a denoising auto-encoder (DAE) based on environmental
noise and dual channels is constructed to train normal samples, and multiple feature thresholds are calculated through
fused directional distance (FDD) reconstruction error. Finally, speech, white noise, and industrial background noise
with different signal-to-noise ratios are added to the test data for comprehensive performance evaluation. The
experimental results show that compared with other anomaly detection models, the proposed method has better
performance and stronger noise resistance.
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& JOOOF S H R I R BE A 52, B S-iForest Fl S-
IDAE 43 331 2 i J5 46 75 SC80HR Y iForest Al IDAE
AL,
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Table 2 g value of each model under speech background noise

ENGIEEL AL
ik g W ME
—10 —5 5 10
B QKRS 0.920£0.080  0.9694+0.047  0.99940.002  0.974£0.077  1.000+=0.000  0.97240.041
FS-DAE 0.923£0.036  0.9884+0.016  0.943+0.094  0.873£0.204  0.98140.043  0.94240.079
FS-AE 0.896+0.062  0.93740.077  0.959+£0.066  0.8824+0.168  0.758+0.214  0.886+0.117
FS-CAE 0.632+0.372  0.7164+0.248  0.814+0.178  0.993+0.011  1.000+0.000  0.831+0.162
FS-CDAE 0.435+0.211  0.5384+0.422  0.869+0.087  0.966+0.042  1.000+0.000  0.762+0.152
FS-iForest 0.120+0.189  0.1674+0.143  0.418+0.110  0.643+0.205 0.9184+0.037  0.453+0.137
S-iForest 0.072+0.01 0.270£0.007  0.5474+0.025  0.76340.013 0.8424+0.01 0.499+0.013
S-IDEA 0.564+0.221  0.6774+0.271  0.708£0.214  0.818+0.161  0.851+0.074  0.724+0.188
RI OFTRATHEHEA g
Table 3 g value of each model under white background noise
AT WL Y g fE
ik gV fE
—10 —5 5 10

AT 0.958+0.092  0.932+0.152  0.97140.087  0.99740.009  1.000+0.000  0.972+0.068
FS-DAE 0.79840.259  0.9234+0.189 0.93240.18 1.000£0.000  1.00040.000  0.931+£0.126
FS-AE 0.724+0.292  0.9284+0.184  0.896+0.193  1.000+0.000  0.91640.205  0.893+0.175
FS-CAE 0.000+£0.000  0.000#0.000  0.941£0.037  0.970+0.059  1.0004#0.000  0.582+0.019
FS-CDAE 0.000+£0.000  0.0004+0.000  0.622+0.534  0.964+0.061  1.0004+0.000  0.517+0.119
FS-iForest 0.087+0.252  0.1424+0.276  0.132£0.111  0.188+0.221  0.53440.225 0.217£0.217
S-iForest 0.000£0.000  0.0004£0.000  0.143£0.028  0.671+£0.018  0.82740.014  0.328£0.012
S-IDAE 0.700£0.188  0.8734+0.185  0.836+0.217  0.938£0.082  0.7854+0.132  0.82640.161
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Table 4 g value of each model under industrial background noise
ANTFF R LB g (i
7k Py IR

—10 —5 0 5 10
ARSI T vk 0.681+0.193  0.91040.079  0.946+0.078  0.969+£0.089  0.9984+0.005  0.90140.089
FS-DAE 0.77540.095  0.906+0.078  0.841+0.174  0.9814+0.038  0.848£0.196  0.8704+0.116
FS-AE 0.77440.086  0.789+0.156  0.793+0.187  0.7534+0.140  0.894+0.168  0.8014-0.147
FS-CAE 0.333+0.170  0.5714+0.310  0.669+0.185  0.973+0.076 ~ 1.00040.000  0.709+0.148
FS-CDAE 0.369+0.030  0.446+0.156  0.765+0.187  0.965+0.092  1.0004+0.000  0.709+0.093
FS-iForest 0.021+0.027  0.2064+0.262  0.240£0.092  0.339+0.169  0.8824+0.018  0.338+0.114
S-iForest 0.000+£0.000  0.0964+0.005  0.240£0.092  0.339+0.169  0.8344+0.011  0.302£0.055
S-IDAE 0.579+0.468  0.7254+0.188  0.764£0.078  0.770+£0.135  0.82340.127  0.732£0.199
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