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Series fault arc detection in low voltage power supply line based on improved CEEMDAN
decomposition and spatial-temporal features
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Abstract: There is a problem of series arc fault detection in low voltage lines. Thus a series arc fault detection method
based on improved CEEMDAN decomposition and spatial-temporal features is proposed. First, the CEEMDAN algorithm
is used to complete the decomposition of the current signal, and the rough selection of the high-frequency signal is
realized based on the kurtosis index, margin index, energy feature and energy entropy feature of each IMF component.
Then, a feature construction method combining spatial and temporal scales is proposed to capture the local feature of each
high-frequency IMF component. This enhances the contrast and discriminants of the current feature. Finally, some
subspace transformation algorithms are used to implement the second dimension reduction of the current spatial-temporal
feature set, and the series fault arc detection is realized based on SVM. The actual test shows that the average fault arc
detection accuracy of the proposed algorithm is 88.33%, which is efficient for series fault arc detection.
This work is supported by the National Natural Science Foundation of China (No. 52077221).
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Table 1 Definition of statistical feature indexes
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Fig. 1 Calculation steps of spatio-temporal fusion features
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Fig. 2 Series fault arc generation circuit
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Table 2 Current data sets under different loads
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Fig. 3 Fault arc current waveforms under different loads
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Fig. 4 Display of fault arc current and decomposition results
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Table 3 Calculation results of eigenvalues of different IMF components
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IMF2 -7.10x10°° 2.72x1077 5.20x107* 1.69x1077 0.000 41 0.007 7 7.60 -0.32
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Table 4 Calculation results of the eigenvalues of IMF6 component in 10 time intervals

ER S BIE i % 7 RAH J7 MR A PR VA Ui i &5
XE 1 -4.73x107 1.26x107° 0.003 6 6.29%x107° 0.002 5 0.0129 4293 -0.174
X B2 1.34x10° 1.46x107° 0.003 8 7.33%x107° 0.002 7 0.0142 4.089 0.093
X B3 -2.34x107° 1.56x107° 0.003 9 7.90x107° 0.002 8 0.0124 4.013 0.128
X Bt 4 -3.31x107° 1.39x107° 0.003 7 6.65x10™° 0.002 6 0.0115 4.101 -0.011
XES 5.68x107° 2.45x107° 0.005 0 1.09x107° 0.003 3 0.020 6 6.645 -0.003 6
XE 6 238107 5.45x107° 0.007 4 2.48x107° 0.005 0 0.022 4.467 0.014 1
X Bt 7 -8.55x107° 4.10x107° 0.006 4 1.94x107° 0.004 4 0.021 8 4.835 0.043 3
X B8 -3.76x107° 5.41x107° 0.007 4 2.64x107° 0.005 1 0.0214 4313 -0.006 9
X B9 8.49x107° 5.29%107° 0.007 3 3.06x10° 0.005 5 0.023 1 3.659 -0.070 8
X B 10 1.10x10™* 7.54x107° 0.008 7 4.41x107° 0.006 6 0.025 4 3.443 0.113 6

ER S WIESERS VAR FR A Jik b b U bR 6 S ks fiE BRI SRR il B R AE
XE 1.415 3.62 5.128 2043.72 2.69x10'"° 0.012 6 2.56 0.118
X B2 1.409 3.719 5.24 1935.35 1.93x10"° 0.014 6 2.55 0.130
X B3 1.404 3.137 4.40 1565.86 1.65x10'° 0.015 6 2.67 0.136
[X Bt 4 1.448 3.075 4.45 1726.83 2.11x10" 0.013 9 2.60 0.126
X Bt 5 1.502 4.163 6.25 1897.97 1.11x10" 0.024 5 223 0.183
X B 6 1.483 2.995 4.44 892.63 1.50x10'"° 0.054 5 225 0.286
X Bt 7 1.455 3.408 4.96 1126.76 2.87x10° 0.041 1 248 0.248
X B8 1.432 2914 4.17 813.15 1.48x10° 0.054 1 2.69 0.285
X B9 1315 3.180 4.18 755.59 1.31x10° 0.0529 2.74 0.282
X Bt 10 1.308 2931 3.83 577.44 6.06x10° 0.075 4 2.80 0.328
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Fig. 5 Influence of feature dimensions of PCA and LDA

on detection accuracy
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