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Multi-dimensional feature fusion identification of tree-line grounding faults

Han Lei', Chen Chun®

(1. Qingyuan Power Supply Bureau, Guangdong Power Grid Co., Ltd., Qingyuan 511500, China; 2. State Key Laboratory of Disaster

Prevention & Reduction for Power Grid, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: High-resistance grounding faults induced by tree-line contact are characterized by weak signal features and
difficult fault localization, and are one of the significant hidden risks in power grid operations. Existing studies mostly
focus on the feature extraction, monitoring, and early warning of faults, but there are still deficiencies in the precise
identification and classification of tree-line grounding faults. To address this issue, a tree-line grounding fault
identification method combining Bayesian optimization-extreme gradient boosting (Bayes-XGBoost) model was
proposed. First, a tree-line grounding fault simulation model was established to simulate the zero-sequence current
characteristics of different tree species under high-resistance grounding faults, and the signal envelope was extracted
combining the Hilbert transform. Second, by analyzing the feature differences of tree-line grounding faults, multi-
feature parameters such as shape entropy, waveform smoothness, and root mean square variation rate were designed to
comprehensively characterize the global and local characteristics of fault signals. Finally, the Bayes-XGBoost model
was adopted for multi-feature fusion classification, and Bayesian optimization was utilized to automatically adjust the
model hyperparameters. Experimental results indicate that this model performs excellently in the task of distinguishing
tree-line grounding faults from other single-phase high-resistance grounding faults.
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Figure 3 Zero-sequence current(hibiscus)
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Figure 4 Zero-sequence current (Chinese ash)
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Figure 5 Zero-sequence current envelope (hibiscus)
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Table 4 Comparison results of multi-feature and

single-feature
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PL K K-3T 4l (k-nearest neighbor, KNN) & &=t 47 T
XFEE a3 A1, AN R BRI XS LR 45 SR 3R 5 fro . SE e R
B, AR SCHR Y Y Bayes-XGBoost #5515 5o 45 4 01 i
Hr AL R % 8 XGBoost S35 I A 3, i 25 3 T 1A
T A R 2 42 b e I A T ) B R R A SRS B
545 XGBoost J5 i AH L, A% SO AL Y DL - B fE 4k
RE 08 /o RO R e 02 80, b S ik 4005, AR AL S
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2] RE Ty, REfS B BN AR B T O Ak g R
W, 7E Kb R 4E R R BRI R B LA b,
XGBoost #& #1 % F] Boosting Ll , i i 2 4~ 55 428
i I 20 G B TR R A 2 P e L i DL R SO AL i — 2
WO T 3K — b R (R AE MR R R TR M F 1A%
GrEEFE bR b A e Aty s
%5 RAMALER

Table 5 Comparison of different models

A W=/ % KR/ % F1/%
1448 XGBoost 96.53 96.53 96.53
SVM 75.69 83.64 74.17
BP i 25 [ 4 71.53 78.32 69.85
KNN 91.67 91.79 91.66

11 WA/ % K%/ % F1/%
ZAHERS 97.92 100 97.84
B 75 i AE A% 85.42 87.88 84.63
WL - 18 58.33 56.47 61.54
AR ] 72.22 71.23 72.22

34 AEREFIEBISLLSH

R B R AR Sy 5 AN [ R B 2 2] LR HE Y
P M 8 H 5 4 Bk 28 W 2% (convolutional neural
network, CNN) Fl Transformer 7£ A [A] () £ 5 & T
AT LA B, 45 R AN 3R 6 iR o S A5 SRR M, A3
JIT & 7 TR R 4 42 1 ik B 1 B TR 55 b b CNIN AR
Transformer 33X 7§ F J7 2 B AT BTG 8 ) R g, H 3
B R R R B 2 ) U Gk pr T B RR AR B AR,
FE O A BR B 25 45 2 I B RS Bt G
Y15 L

R6 FRIREF I LR

Table 6 Comparison of different deep learning models

33 SIS AREEET LS5 HT
T 56 R T R AR T A A 2 4 M R A I v Y

A e 2/ %
CNN 95.72
Transformer 92.78

35 HIRMERESH
J T B UE Bayes-XGBoost 15 7 ¢ I 75 PR 55 R
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