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Feature extraction of IGBT open circuit fault in active power
filter based on multi-feature fusion

Sun Shuguang, Ding Mingzhen, Tian Peng, Wang Jiaxing
(' School of Control Science and Engineering, Hebei University of Technology, Tianjin 300130, China)

Abstract: In order to reliably diagnose the open circuit fault of IGBT in active power filter, a fault feature extraction method of IGBT in
active power filter is proposed based on multi - feature fusion. The method acquires the voltage across the clamped diode bridge arm in
the three-level APF main circuit as the measurement signal, to which wavelet decomposition is conducted. The energy coefficient, power
spectrum entropy and singular spectrum entropy of each frequency band are extracted to compose the multi-feature parameter matrix.
Then, the feature dimension reduction is conducted to compose the eigenvector matrix. On the basis of theoretical analysis, correspond-
ing experimental analysis was performed. Firstly, the measurement waveforms under different working states were obtained based on the
above measurement signals, which were compared with those of other measurement signals; then, the kernel fuzzy C-means clustering
method was used to analyze the distinguishing performance of the extracted features for the fault type, and the adaptive experiment of fea-
ture extraction on a three-phase rectifier bridge harmonic source under load mutation and triggering angle change was conducted. Finally,
the practical experimental platform of APF is built for further testing. The experiment results show that the measurement method based on
the voltage across the diode can effectively distinguish different working states, and the adopted multi-feature fusion extraction method o-
vercomes the one-sidedness of single feature extraction method, and has good distinguishing performance under various working condi-
tions.

Keywords : active power filter; IGBT ;fault diagnosis ; multi-feature fusion;kernel fuzzy C-means
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Main topology structure of three-level active power filter
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Table 1 Energy coefficient characteristics
BITRE
oty
0 1 2 3 4 5 6
a4 0.437 2 0.480 4 0.580 8 0.563 5 0.783 5 0.5196 0.747 4
dl 0.180 6 0.166 6 0.1459 0.141 4 0.047 3 0.161 4 0.068 3
d2 0.204 8 0.160 2 0.1322 0.145 8 0.050 4 0.154 3 0.064 3
d3 0.102 9 0.1180 0.079 3 0.095 6 0.056 5 0.113 1 0.0555
d4 0.074 4 0.074 7 0.061 7 0.0536 0.062 2 0.075 2 0.064 3
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Table 2 Power spectrum entropy characteristics
BIPIRES
o3
0 1 2 3 4 5 6
a4 1.6158 1.708 1 1.449 7 1.226 8 1.506 7 1.586 4 1.663 5
dl 3.034 7 2.8950 2.863 0 2.929 5 2.9703 2.879 4 2.959 1
d2 2.937 6 3.0222 3.062 0 3.005 3 3.1135 3.081 0 3.173 5
d3 2.945 4 3.0309 3.0911 3.046 1 3.079 2 3.137 6 3.2017
d4 3.003 1 3.089 2 2.9351 3.0133 2.9159 3.005 7 3.079 2
R3 TRIEHEHE
Table 3 Singular spectral entropy characteristics
BITRE
Faiis
0 1 2 3 4 5 6
a4 0.079 5 0.079 5 0.079 5 0.079 5 0.079 5 0.158 8 0.079 5
dl 2.641 1 2.19717 2.5379 2.3320 2.763 5 2.930 6 2.663 2
d2 1.059 3 1.442 1 1.718 8 1.5855 1.979 0 2.259 1 2.342 1
d3 1.3657 1.459 0 1.514 1 1.498 2 1.4655 1.610 1 1.526 9
4 0.8119 0.787 5 0.897 0 0.916 6 0.807 1 0.962 3 0.962 3
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Table 4 Characteristic distribution after dimension

reduction
BIPRES it R RSy A5G
0 0.203 0 2.939 6 1.056 7
1 0.160 2 3.0310 1.442 1
2 0.1322 3.084 7 1.719 1
3 0.145 8 3.046 2 1.5355
4 0.050 4 3.074 2 1.979 0
5 0.1543 3.1326 2.259 1
6 0.060 5 3.2170 2.342 1
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Table 5 Clustering centers for seven signal statuses

BITIRE AL
0 (0.194 1,2.928 8,1.051 8)
1 (0.160 7,3.036 9,1.420 6)
2 (0.1334,3.086 5,1.738 9)
3 (0.073 8,3.244 8,1.531 0)
4 (0.0542,3.0743,1.972 5)
5 (0.1527,3.1524,2.253 3)
6 (0.061 3,3.249 9,2.353 3)
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Table 6 Comparison of the feature extraction methods

LR BT % DRFEBF SRR P
(AT EST 0.92 0.18
et + W 0.90 0.15
IES RS 0.91 0.16
ARSIk 0.96 0.09
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Table 8 The eigenvector under different working

conditions at normal state
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