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Fault Location Method Based on Fusion of Adaptive Time-frequency and Energy Features
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Abstract: To achieve accurate fault location of distribution lines, a fault location method based on adaptive
time-frequency and energy feature fusion was proposed, addressing the problem of inconsistent features in multi-
branch distribution lines during cross-feeding and the low precision of traveling wavehead extraction in traditional
Fourier methods. This method employed wavelet packet decomposition combined with energy ratio and
information entropy features for cross-feed line normalization. It also utilized the energy change rate to trigger an
adaptive windowed short-time Fourier transform (STFT), allowing for the acquisition of time-frequency
spectrograms and the identification of wave crest moments. By weightedly integrating the time difference of arrival
(TDOA) and the energy decay algorithm (EDA) , the localization results were optimized. Research conducted via
Matlab simulations demonstrates that the proposed localization method effectively achieves fault localization under
various signal-to-noise ratios and grounding resistances, thereby enhancing supply reliability.

Key words: wave propagation positioning; adaptive time-frequency ; feature fusion; time difference of arrival
(TDOA) ;energy decay algorithm (EDA)
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Fig.] Wavelet decomposition
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Fig.2 Time difference arrival algorithm positioning
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Tab.3  Entropy of each measurement point H

é‘E\‘ H
S i
a b c
1 1.421 1.435 1.452
5 1.618 1.632 1.658
9 1.895 1912 1.955
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Tab.4 Comparison of average metrics for different K

values under all conditions

MAD KA S Sk RElip
K HER 1% % /m BERE/C
1 68.5 85.2 0.621
2 82.3 52.7 0.735
3 94.8 28.3 0.847
4 86.1 63.5 0.762
5 724 98.9 0.658
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Tab.5 Deviation in the positioning results of different fault points

sy SENLIRZE/m
Fault Location TDOA EDA  ACHiE
50 68.5 78.2 342
Y1 450 72.3 82.5 36.5
580 75.8 88.3 38.7
50 120.6 122.4 52.8
Yisits 450 126.4 127.9 55.6
580 132.8 135.1 58.9
50 162.5 215.8 75.3
Y59 450 169.7 2225 79.9
580 176.3 229.7 83.6
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Tab.6  Average positioning errors for each category

under different working conditions

N SENIIRZE/m
T .
1 2 3 4 ARSIk

30dB/50 Q) 684 527 452 389 343
30dB200Q 721 1185  61.8 436 36.8
30dB/1000Q 759 2236 1885 673 424
15dB/50Q 1327 613 884 771 56.5
15dB/200 Q) 1582 1458 132.6 924 71.7

15dB/1000Q 191.5 2572 2049 1358 83.6
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Tab.7  Comparison results of different methods

under various operating conditions

SENTIR A /m
Yt T8 % BRAEZF O VMD- AKX
[{EE RIS EERITRES TDOA ik

1 30 dB/50 Q) 55.2 58.6 42.3 33.5
2 30 dB/200 Q) 60.8 63.1 45.7 34.2
3 30 dB/1 000 Q) 65.5 68.4 48.9 44.8
4 15 dB/50 Q 120.3 130.7 75.2 57.1
5 15 dB/200 Q) 130.1 140.5 110.6 68.3
6 15 dB/1 000 Q) 140.7 150.2 105.8 79.5
7 0 dB/50 Q) 210.6 230.8 170.3 83.2
8 0 dB/200 Q 230.4 250.1 175.5 95.8
9 0 dB/1 000 Q) 250.8 270.5 182.7 108.5
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Fig.14  Comparison results of different methods

under different operating conditions
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