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Fault Location Method for Transmission Lines Based on Nonlinear Correlation Estimation

Using Gaussian Kernel Function

HU Bei, WEI Zhuo, GUO Zijun, TANG Peng, GUO Jianliang, XIAO Liangle
(China Electric Power Research Institute, Wuhan 430074, China)

Abstract: The high-frequency attenuation of the fault transient traveling wave signal caused by line loss significantly
reduces the resolution and reliability of the traveling wave time difference method and the fault location method based on
the linear correlation of transient signals. To address this issue, this paper proposes a fault location method based on non-
linear correlation estimation using a Gaussian kernel function. The method maps transient fault signals into a
high-dimensional Hilbert space, where the kernel correlation principle is employed to amplify the subtle differences in
resonant waveform features. By tuning a controllable scale parameter, the proposed method achieves enhanced spatial
resolution. Simulation results demonstrate that, in lossy transmission media, such as underground cables and
long-distance overhead lines, and under high-resistance fault conditions, the method maintains high resolution and strong
robustness, effectively mitigating the resolution degradation and sidelobe interference observed in linear criteria. Field
tests on a 10 kV distribution network further validate the approach, achieving a relative location error of only 0.85% and a
spatial resolution of 60 m which is approximately five times higher than that of the conventional linear correlation method
(310 m).
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Fig.1 Schematic diagram of data mapping from a linear

low-dimensional space to a high-dimensional Hilbert space
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Fig.5 Linear and RBF kernel correlation coefficient curves for single-phase-to-ground fault in underground coaxial cable
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Fig.7 Linear and RBF kernel correlation coefficient curves under different fault impedance conditions
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topology, fault location and sensor placement

B ) T 23 ) P S B2 s S RS )T LI P ] 9
B
HR¥EE] 9 7E PSCAD-vS Hoff i 2 iR ,

55 A ACEN IR MATLAB 58 i, A
KABE P 10 Jr7R o8 T 5L GAT IR AT
SE NI RABARIIRT EL, ASCRA TATHE I )
Z R E R RIAEL TR R S, 1R
W f FIEHN:

S = pre. (T + 2km) (13)

PR T RMEAGE . R BUAHGES AR ETR
BRI EM S RIS TR 4 o EIRIRIERH
BRAS LR R )R I E 2.9%10%m /s I, @A B %
INFHITR 221 6.6%; T 2 Fft 3 A1 S M 1 g ik AR G
RZEEN 0.85%, IREFRTHIT 12 5. R EH M
TIEAERLC =1 BEBS 3 HE 208 60 m, Xf LU PEAH
FMETTIER 310 m ) HRA 5% 5 AR$HETH, HATb
TR A ZE i 2k 500 m 5 1900 m b i,

v

0.9m

g & =]
1.8 m
10.2m
SRS

(b) LA 2 B R

B9 FHE 10 kV BCHLZBRFTHE Sz B pi et b n = 1
Fig.9 Schematic diagram of actual 10 kV distribution line

(a) & AT R B E

tower structure

o 2
8'3: - —RBF(C=1)
Bl RBF(C=0.6)
0.7 o RBF(C=0.3)
& 0.6
K o.5)
junng
=04
03F===un
0.2 N e e\t s
o N ) A\
(o= e ————— o Ve jmmmmmm—m—=1

TN 1
500 1 000 1 500 2 000 2 500
B B /m

K10 sl 2 h 5 RBF A% pf Bi0i 5% S 8uith 2k
Fig.10 Linear and RBF kernel correlation coefficient curves

for actual fault data



Mo s, BYH, %

BT v B R Bl AR Al T A S e A T

3325

R4 ANFEEMTTER RS R

Table 4 Comparison of location results for different methods

A
SR GrEREm gy, O
F/m
LR DM 13 0.85 310
b giiPSed . 0.85 6
(C=0.1)
H Ay
[SESp7 R 103 04
(v=3x10"m/s)
77 32 Y
RSP SR . 66
(v=2.9x10°m/s )
22y
RSP SR 108 06
(v=2.5x10"m/s)
5 Zhig

B S A 45 i P G B P R A DG T A A R
FEE R R A R, AR T — PR T T R A
JRLR AR Ak T IR R T A 572 o S R A R 2R 3
WK R B % BELBL ) 1 A S B it 78, R4
WrFprik

1) Frd 5 30 v i o B0 e 24 25 (8] 50K
55 2%, BEWR [ RBFE R0 IR e,
H ATl R AR S B R S S RN 5

20 ASCTTIFX AN RN A A R PR AT R A
EpvE, AR, K B LR B R B BH 4
PR ReSRAR BRAR I B 3 2R, FEREA M
PV 5 55 T

3) BT 10 KV PC HLZR % (1) S E0ah: 36 UE 23 A,
A FENAIT R ZAUN 0.85%, BAEGAT I LR
T 12 £%; BEES RIS 60 m, BERVEAISCIEIR
FHi 5 f5 . ATE RO 1A A1 T (% Fe 2R % A
253 SR L A B s v 3 s

S22 #k References

[1] STEFANIDOU-VOZIKI P, SAPOUNTZOGLOU N, RAISON B, et al.
A review of fault location and classification methods in distribution
grids[J]. Electric Power Systems Research, 2022, 209: 108031.

[2] AR, B R S Az M), JEnt: Rl mifriL, 2016.
SHU Hongchun. Distribution network line selection protection and
fault location[M]. Beijing, China: Science Press, 2016.

[3] AEwE, IR K52, 5. B U A RS WS e s
BE R EHEERAR, 2023, 49(2): 660-671.

ZHAN Huiyu, LIU Keyan, SHENG Wanxing, et al. Review and pro-
spects of fault diagnosis and location method in active distribution
network[J]. High Voltage Engineering, 2023, 49(2): 660-671.

[4] M6 IR, A, E (RERRCH B R G MR IR e T 1
WFARLER[T]. P EEYL TR, 2026, 46(5): 1868-1886.
FENG Xiaofei, SU Sheng, LI Bin, et al. Review of earth fault percep-
tion and location in low-voltage distribution and consumption
systems[J]. Proceedings of the CSEE, 2025, 2026, 46(5): 1868-1886.

[3]

(6]

(7

(8]

]

[10]

(1]

[12]

[13]

[14]

[13]

[16]

[17]

(18]

HOB. SRRAT R S LR M. dERG: Rl R, 2022
DONG Xinzhou. Fault traveling wave theory and its application[M].
Beijing, China: Science Press, 2022.

Wt AT S B IT SIENEEIM]. Jbnt: RBlas AL, 2016.
SHU Hongchun.
loca-tion[M]. Beijing, China: Science Press, 2016.

WANG D, LIU J Z, HOU M Q. Novel travelling wave fault location
approach for overhead transmission lines[J]. International Journal of
Electrical Power & Energy Systems, 2024, 155: 109617.

M, WER, KT, 5 HET AR 18] SR A% i B HOH S )
T M i AL 7Tk ], R EEOR, 2023, 49(5): 1851-1859.
HE Shaoyin, XIE Yanzhao, SONG Yu, et al. Fault location method in

transmission line network based on transfer function correlation of

Traveling wave transient analysis and fault

electromagnetic time reversal[J]. High Voltage Engineering, 2023,
49(5): 1851-1859.

HE S Y, XIE Y Z, WANG Z Y, et al. Norm criteria in the electromag-
netic time reversal technique for fault location in transmission lines[J].
IEEE Transactions on Electromagnetic Compatibility, 2018, 60(5):
1240-1248.

Bk, Wi, ARV, S [FAA PR S RN R SR A A 2 3L
TP e T8 L] R ROR, 2025, 51(3): 1103-1113.
YANG Qing, HU Yi, CUI Haonan, et al. Fault location method for
multi-terminal distribution network combined with natural frequency
and electromagnetic time reversal[J]. High Voltage Engineering, 2025,
51(3): 1103-1113.

WANG Z Y, RAZZAGHI R, PAOLONE M, et al. Electromagnetic
time reversal similarity characteristics and its application to locating
faults in power networks[J]. IEEE Transactions on Power Delivery,
2020, 35(4): 1735-1748.

SAEE, RELEE, SR, 5 BT ESRIERIVARCUE R
B R AL TTVAD]. TR T, 2025, 38(1): 63-72.

NIE Dezhi, LIU Kaiying, CAI Guichao, et al. Single-terminal fault lo-
cation for transmission lines based on transient voltage waveform
similarity[J]. Guangdong Electric Power, 2025, 38(1): 63-72.

HE SY, COZZA A, XIE Y Z. Electromagnetic time reversal as a cor-
relation estimator: improved metrics and design criteria for fault
location in power grids[J]. IEEE Transactions on Electromagnetic
Compatibility, 2020, 62(2): 598-611.

X, GRA, B, . MEAT R BV -SR],
AL TSR, 2019, 39(11): 3231-3242.

DENG Feng, ZENG Xiangjun, LI Zewen, et al. Research on charac-
teristics of traveling wave full-waveform in the time and frequency
domains[J]. Proceedings of the CSEE, 2019, 39(11): 3231-3242.

M, G, SR, 5. FETATEABIY T B R Hi e A
TP P E AL TR AR, 2021, 41(6): 2156-2167.
DENG Feng, ZU Yarui, HUANG Yifei, et al. Research on sin-
gle-ended fault location method based on the dominant frequency
component of traveling wave full-waveform[J]. Proceedings of the
CSEE, 2021, 41(6): 2156-2167.

A, K, HIEAE, 2 CNN-LSTM 4 5 Mk 238 1 c B
IR RV, o B TR, 2023, 43(HEF 1): 114-126.
DENG Feng, SHI Hongfei, FENG Sixu, et al. Single-ended traveling
wave location method for distribution network based on CNN-LSTM
panoramic fault feature mining[J]. Proceedings of the CSEE, 2023,
43(Supplement 1): 114-126.

COZZA A, HE S Y, XIE Y Z. Impact of propagation losses on fault
location accuracy in full transient-based methods[J]. IEEE Transac-
tions on Power Delivery, 2021, 36(1): 383-396.

THEODORIDIS S, KOUTROUMBAS K. Pattern recognition[M]. 4th



3326

i LR

2026, 52(7)

[19]

[20]

[21]

[22]

[23]

[24]

[25]

ed. Amsterdam, Netherlands: Academic Press, 2009.

KUYORO A O, ALIMI S, AWODELE O. Comparative analysis of the
performance  of  various support vector machine  ker-
nels[C]//Proceedings of the 5th Information Technology for Education
and Development. Abuja, Nigeria: IEE, 2022: 1-7.

CAMASTRA F, VERRI A. A novel kernel method for clustering[J].
IEEE Transactions on Pattern Analysis and Machine Intelligence, 2005,
27(5): 801-805.

PEREZ-CRUZ F, BOUSQUET O. Kernel methods and their potential
use in signal processing[J]. IEEE Signal Processing Magazine, 2004,
21(3): 57-65.

MAULANA B W, UTOMO S B, ANAM K, et al. Analysis of move-
ment patterns based on electroencephalograph signals using Pearson
correlation coefficient[C]//2023 International Seminar on Intelligent
Technology and Its Applications. Surabaya, Indonesia: IEEE, 2023:
593-597.

HE S Y, COZZA A, XIE Y Z. On the spatial resolution of
fault-location techniques based on full-fault transients[J]. IEEE Trans-
actions on Power Delivery, 2020, 35(3): 1527-1540.

OPPENHEIM A V, SCHAFER R W. Discrete-time signal pro-
cessing[M]. 3rd ed. Upper Saddle River, USA: Pearson, 2010.

FERRE, A, BREE, S5 BT ARSI A R A e
WK E (L TTVED]. MR AEs, 2025, 61(10): 82-93.

YAN Youxiang, WU Tong, LI Zhenjia, et al. precise location method
for high
self-generated wavelet transform[J]. High Voltage Apparatus, 2025,

61(10): 82-93.

impedance faults in distribution cables based on

[26]

[27]

[28]

AR, L, ROt &5 BT IRSUES I 8w e
R e SRS EEAR T AL )], R EHIR, 2024, 50(9): 4152-4162.
LI Shurong, WANG Binjiang, ZHU Xiaoguang, et al. Location accu-
racy improvement research for high impedance fault of long-distance
cable based on frequency modulated continuous wave[J]. High Voltage
Engineering, 2024, 50(9): 4152-4162.

FEORMG, W&, XU, 55 FeTAb e foA%oE il G i b e 2k
FEL IS R[], R B 5@EERA, 2025, 23(6): 23-30.
YAN Ermei, SHI Lei, LIU Bodi, et al. Application research on online
monitoring of transmission lines based on beidou positioning and data
fusion[J]. Electric Power Information and Communication Technology,
2025, 23(6): 23-30.

HE Z Y, LIAO K, LI X P, et al. Natural frequency-based line fault
location in HVDC lines[J]. IEEE Transactions on Power Delivery,
2014, 29(2): 851-859.

A TECEEIED)
1986—, 53, mit, #HREET
RS AELRINTS B . SRS SCEART /L

E-mail: hubei2@foxmail.com

HU Bei

Professor

Corresponding author

Wk

2025-11-13  TEZRHARHM  2026-04-08  ZwiH



	基于高斯核函数非线性相关估计的传输线故障定位方法
	0　引言0F
	1  基于核函数相关性的传输线故障定位原理
	1.1　基于高维空间映射原理的核函数相关性分析
	1.2　基于核函数相关性估计的定位判据

	2  基于核函数相关性的超分辨率特性讨论
	2.1　核函数相关性定位方法的超分辨率特性
	2.2　缩放因子的影响以及选取原则

	3  仿真算例分析
	3.1　埋地电缆
	3.2　长距离架空输电线路
	3.3　不同故障阻抗的影响

	4  针对真实配电线路故障数据的验证分析
	5  结论
	参考文献　References


