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Fault location of transmission network combining Wide-area traveling
wave information and graph attention network

Zhang Yi,Liu Fuzhou,Zhu Yongli, Xiao Jianping
(School of Electrical and Electronic Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: Fusion of wide-area traveling wave (TW) information in the power network can improve the accuracy and reliability of fault
location. However, there is no available multi-source fusion location method which can adaptively determine the importance of each TW
measurement point at different fault locations according to network topology. Hence, a novel fault location method based on wide-area
TW and graph attention network ( GAT) is proposed in this paper. Firstly, all TW measuring points of the whole network and the
overhead lines among them are taken as the nodes and edges to construct the graph data of wire-area TW, while the variational mode
decomposition (VMD) theory is employed to obtain the nodes’ features. Then, GAT mines the wide-area TW characteristics according to
the topology correlation of the power network, identifies the fault line, and outputs the adaptive weight that represents the importance of
the measured points. Furthermore, the adaptive weight is used to fuse multi-source TW information to calculate the precise fault
location. The results show that this approach can locate multiple types of line faults, and the location errors at many typical fault points
are within 100 m. Compared with the traditional methods, this approach has more obvious advantages in case of fewer measuring points,
and the location accuracy under different fault points is improved by 20~400 m.
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Fig.2  Fault location model of transmission network combining

wide-area traveling wave information and GAT
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Table 4 Comprison of different graph neural networks

WA TR/ %
HBRZ Bz
R MA FA G-mean
SAGPool 96. 06 4.07 4.26 95.65
GCN
Edgepool 93.70 6. 14 5.23 94.11
SAGPool 95. 67 4.51 4.04 95. 60
GAT
Edgepool 98.43 1.48 1.54 98.43
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Fig. 8 The arrival time of travelling wave at

measuring points 2~6
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Fig. 9  Sub-graph and first-order links across the fault line
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Table 5 Experimental results of different fault points

WS PR E/km Z/Q S EMEER/km R E/m

F, [1-2,10.0] 20 90
Fy [1-11,23.0] 30 75
Fy  [14-15,8.0] 50 82
F, [2-3,6.0] 70 77
Fs  [3-5,40.0] 90 82
Fg  [5-6,7.0] 100 105

[1-2,10.031]  +31
[1-11, 22.993] -7
[14-15,8.031]  +31
[2-3,6.003]  +93
[3-5,40.048]  +48
[5-6,7.012]  +I12
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Fig. 10 Comparison of traveling waves under

different fault types
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Table 6 Location results in different fault types
BB A & e R Y R 25 JETES 1658 2 Stk AR5

frE/km M 5 B/ km R%/m 5 B/ km R%/m 5 L/km % /m SEf/km R%/m

I [1-2, 10.183] +183 [1-2, 10.002] +2 [1-2, 10.065] 65 [1-2, 10.031] +31

F, Il [1-2,9.769] -231 [1-2, 10.056] +56 [1-2,9.932] -68 [1-2, 9.986] -14

[1-2, 10.0] [} - - [1-2, 9.930] -70 [1-2, 10.093] 93 [1-2, 10.087] +87

\Y - - [1-2, 10.980] -20 [1-2, 10.082] 82 [1-2, 10.075] +75

I [3-5,40.169] +169 [3-5, 40.170] +170 [3-5, 40.065] 65 [3-5, 40.048] +48

Fs I [3-5,40.205] +205 [3-5, 40.179] +179 [3-5, 40.074] 74 [3-5, 40.058] +58

[3-5, 40.0] i} - - [3-5, 40.220] +220 [3-5,39.939] -61 [3-5, 40.054] +54

\% - - [3-5, 40.220] +220 [3-5, 39.934] -66 [3-5, 40.048] +48

I [5-6, 6.856] -144 [5-6, 7.014 +14 [5-6, 7.038] 38 [5-7, 7.012] +12

Fy Il [5-6, 6.856] -144 [5-6, 7.045 +45 [5-6, 6.958] -42 [5-7, 7.018] +18

[5-6, 7.0] Il - - [5-6, 7.014 +14 [5-6, 7.043] 43 [5-7, 7.015] +15

\Y - - [5-6, 7.036 +36 [5-6, 7.033] 33 [5-7, 7.016] +16

R OBDITIR A SRR E RE
Table 7 Reduces fault location capability after traveling

wave measurement points

MR 2E/m

b ORISR BREWE ASONE
F, -546 +120 +130 +98
F, -226 +212 +96 +35
Fy +233 +132 -67 -40
F, -149 -131 +120 +95
Fy +376 +229 =75 -50
Fe -195 -97 +158 +87
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