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Research on Traction Network Traveling Wave Fault
Location Method Based on Time-Frequency Mode
Feature Extraction

Zhou Huan, Chen Jianyun

(School of Electrical and Automation Engineering, East China Jiaotong University, Nanchang 330013, China )

Abstract: To address the challenge of identifying traveling wave components, including fault point incident
waves, reflected waves, and waves reflected by auto-transformer (AT), which complicates fault location in all-
parallel AT traction networks, this paper proposes a wave similarity-based fault location method using adaptive
projection intrinsically transformed multivariate empirical mode decomposition (APIT- MEMD). The APIT-
MEMD algorithm is applied to adaptively decompose fault signals from multi-conductor lines in both directions
to extract transient high-frequency characteristics representing different components of fault traveling waves. By
constructing the cross-correlation coefficient matrix of different wave mode components to identify traveling waves
along different paths and calculating the corresponding maximum time delay, fault location in the traction net-
work is achieved. Experimental results demonstrate that the proposed method, based on time- frequency mode

feature extraction, achieves a fault location error within 102 m with an average absolute error of 49 m. Compared
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with the results of the multivariate empirical mode decomposition (MEMD) algorithm using different projection

parameters, the proposed method effectively improves fault location accuracy.
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components with different projection directions
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Tab.2 Fault location results
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Tab.3 Fault location accuracy of different algorithms m

Ak T-R J5 % T-F J5 % F-R %6 %
MEMD 95 108 117
EMD 130 136 149
APIT-MEMD 49 53 55

SERBN], AR SCIAR A A SO e A B AR
THA X S



41 JA W AE SR T I AR E SR R A 5 | AT IR e T RIS 61
4 QE -]{g Yu Guowang. Check distance measurement accuracy of

TEA T AT 25| N b BT I A 7E 2 B 1%
RGNS, AN TR T I8 B o e 38 A A B8 A
X4y, T BN A0 RIME X% Il AR SCR
3T APIT-MEMD 533 B A0S 5 AR i 4 B 71k
HERA IR 2 B AR AT, T S8 B0 42 IR 1 AT 22 5| W)
FIA TR R 67, A5 LA R 4538

1) BEX AT AN [ B3Rk e LA 2 5 B0 il
Wi 2 A7 PR ¥ [ 831, >R F APIT-MEMD 5.3 %) 2 4%
TBEAR 5 - T 2 Tn A IS A il , WA AR U ]
B AR 118 e L T A A PRETCRAAE

2) AV R EERATEE 3@ 1L 500 2 e 2 afst
A RATICRRE , SR A AR 3 AR R
B, WA B AN R B AR A TR 80 5 45 B B A
FEIEFR IO A B RS AE | SIEEORE VS 3

3) I T R S AR B B S A T K
B 7, oA AR AT B Sk , WA AT Ik A 7
PER MR, 51458 MEMD Il EMD Bk 1L, % A 1k
P IERTIE S A 5 NE S i ibrxe ) AT ]
RUCHR TR E RS B ELA 3 i T A
Btk

S0k

[1] Saber A, Zeineldin H H, El-Fouly T H M, et al. A new
fault location scheme for parallel transmission lines using
one- terminal data[J]. International Journal of Electrical
Power & Energy Systems,2022,135:107548.

[2] An Jianwei, Zhuang Chijie, Rachidi F, et al. An effective
EMTR- based high- impedance fault location method
for transmission lines [J]. IEEE Transactions on Electro-
magnetic Compatibility,2021,63(1) :268-276.

[3] Hu Haitao, Pan Pengyu, Song Yitong, et al. A novel con-
trolled frequency band impedance measurement approach
for single-phase railway traction power system[J]. IEEE
Transactions on Industrial Electronics, 2020, 67 (1) :244-
253.

[4] Pan Pengyu, Hu Haitao, Yang Xiaowei, et al. Impedance
measurement of traction network and electric train for sta-
bility analysis in high-speed railways[J]. IEEE Transac-
tions on Power Electronics,2018,33(12):10086-10100.

(5] TR, F LA 5 i e e 56 AT 8 1 L 3 L K
JELT ] Rl TR, 2014,31(7) :95-98.

AT suck current ratio with locomotive load current[J].
Journal of Railway Engineering Society,2014,31(7) :95-
98.

[6] Naidu O D, Pradhan A K. Precise traveling wave- based
transmission line fault location method using single-end-
ed data[J]. IEEE Transactions on Industrial Informatics,
2021,17(8):5197-5207.

[7] Jimenez H A, Guillen D, Tapia-Olvera R, et al. An im-
proved algorithm for fault detection and location in multi-
terminal transmission lines based on wavelet correlation
modes[J]. Electric Power Systems Research, 2021, 192
106953.

[8] Parsi M, Crossley P, Dragotti P L, et al. Wavelet based
fault location on power transmission lines using real-
world travelling wave data [J]. Electric Power Systems
Research,2020,186:106261.

[9] Chen Jingwen, Chu Enliang, Li Yingchun, et al. Faulty
feeder identification and fault area localization in reso-
nant grounding system based on wavelet packet and
Bayesian classifier [J]. Journal of Modern Power Sys-
tems and Clean Energy,2020,8(4):760-767.

[10] Wang Dong, Hou Menggian. Travelling wave fault loca-
tion algorithm for LCC- MMC-MTDC hybrid transmis-

sion system based on Hilbert-Huang transform[J]. Inter-
national Journal of Electrical Power & Energy Systems,
2020,121:106125.

[11] Ur Rehman N, Mandic D P. Filter bank property of multi-
variate empirical mode decomposition[J]. IEEE Transac-
tions on Signal Processing,2011,59(5) :2421-2426.

D12 ] R BREI 2, B, 45, 2RIk AT 25| AT f%

FERF RIS S B s B I B RV [T ). k1B 41, 2021,
43(7) :66-76.
Fu Qincui, Chen Jianyun, Zhong Hanhua, et al. Research
on traveling wave propagation characteristics of all-par-
allel AT traction network and single terminal fault loca-
tion algorithm[J ]. Journal of the China Railway Society,
2021,43(7):66-76.

(13 ] PR, AL, e B, 45, T30/ N s 46 1 TR 5 i
HL L BN e b S R B (0 ). Hl ) R Ge O S 45
2021,49(10):105-112.

Tao Caixia, Du Xue, Gao Fengyang, et al. Single-phase
to ground fault location of hybrid transmission lines

based on empirical wavelet transform[J]. Power System



N

62 R & OR AR

2026 4F

Protection and Control,2021,49(10):105-112.

[14] FPHTAL, MR 2, 40400, 45, JE TIPS A DLEE 42 01K AT
G| WA TN ). BB =A4, 2022,44(6) :37-45.
Shu Xinxing, Chen Jianyun, Hua Min, et al. Traveling
wave ranging method for all parallel AT traction network
based on time spectrum similarity[J]. Journal of the Chi-
na Railway Society,2022,44(6) :37-45.

[15] Thirumalaisamy M R, Ansell P J. Fast and adaptive empiri-
cal mode decomposition for multidimensional , multivari-
ate signals[J]. IEEE Signal Processing Letters, 2018, 25
(10):1550-1554.

[16] Komaty A, Boudraa A O, Flandrin P, et al. On the behav-
ior of MEMD in presence of multivariate fractional
Gaussian noise[ J ]. IEEE Transactions on Signal Process-
ing,2021,69:2676-2688.

[17] 295, R8I . H T AR S AN B s s L 2 B0t

SELT]. BB, 2019,41(8) : 45-49.
Peng Tao, Chen Jianyun. Calculation of the high frequen-
cy-dependent impedance of rail using a equivalent tubu-
lar conductor model [J]. Journal of the China Railway
Society,2019,41(8) :45-49.

(18] JEE X, Ja iy, g L o o PO A T B A 4 R M AT Y

[J]. kii~#42,2014,36(2) : 25-30.
Dai Pan, Liu Tian, Zhou Hao. Characteristics of travel-
ling wave propagation in catenary of high-speed railway
[J]. Journal of the China Railway Society,2014,36(2):
25-30.

[19] TRHEZS, BRAEH, B TS, 55, 5T APIT-MEMD FJHL ]

ARG A IO L L], I RGP 5 1%
1il,2020,48(14) : 165-174.
Zhang Yanjun, Yin Xiangxiang, Ge Yanfeng, et al. Low
frequency oscillation mode estimation in power systems
using adaptive-projection intrinsically transformed multi-
variate empirical mode decomposition [J]. Power Sys-
tem Protection and Control,2020,48(14) :165-174.

FE—1EE W (1993—) , Lo WL A W58 05 1] 225
PRAT I 5 % 2 (745 . E-mail : jemiya_zhouhuan@163.com,

BEEE MO = (1962—) , B 2082, 4 1A i, #F
X7 W) R A T AT I E A 4 . E-mail ; tiger984@163.

como

(BTG £ 4030)



