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High precision detection method for a voltage traveling wave based on L1 regularization inversion
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China; 2. Guangzhou Power Supply Bureau, CSG Guangdong Electric Power Company, Guangzhou 510620, China)

Abstract: There is a problem that the fault traveling wave signal of the secondary side of a voltage traveling wave sensor
cannot truly reflect the characteristics of the primary traveling wave of the power grid. Thus this paper proposes a
high-precision detection method for a voltage traveling wave based on L1 regularization inversion. First, the nonideal
transmission characteristics of the traveling wave sensor are analyzed. Then a method of multi-scale decomposition of the
observed signal using wavelet packet transform and inversion of the signals in each frequency band is proposed to reduce
the distortion error caused by the traveling wave sensor. Second, an L1 regularization constraint is introduced into the
inversion model to describe its sparsity, so that the inversion results can better reflect the characteristics of real fault
waveforms. Finally, FISTA is used to solve the problem iteratively, and the fault traveling wave signal can be obtained by
linear superposition of the inversion waveforms of each component. The outcome of the simulations and experiments
demonstrate that, compared with direct inversion, this method can achieve high-precision real measurement of a fault
traveling wave in the time and frequency domains, and can obtain more accurate inversion results even in a weak fault
and noise environment. This offers value for engineering application.
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Fig. 1 Equivalent circuit of traveling-wave sensor
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Fig. 2 Simulated primary and secondary side traveling wave
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Fig. 11 Experimental waveform and inversion results
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Table 3 Single-phase grounding fault location results

) S — AT P 5 ZRAT W
[
. v/ At/ v/
Z/km - An/us di/m dy/m
(knv/ps) s (kmips)
1 7 0.297 45 41.1 6 0.299 11 102.7
10 67 0.299 05 18.3 66 0.299 11 129.5
30 200 0.299 34 66.3 199 0.299 34 215.9
70 335 0.298 65 23.1 334 0.298 86 90.5
80 268 0.298 61 13.6 267 0.298 83 106
100 134 0.298 55 2.6 133 0.298 83 127.7
119 7 0.298 58 45 6 0.298 83 103.5

H 3 ATAN: SO — AT S 0 B AT
Wk BIAR R 2, UGB A0 B A B
WEAEVEER ., 5 AT E S RA L,
FIFH S — AT W sE AL IR ZE NS T 70 m A,
ENEEIRTF T 56.52%~97.96%. H1tLAEMEI A
SCOTVEAEAT I 58 57 A0 P T A7 M AR e

4 g

R SEBLEEEAT IS S B RS A, ASCH
T —FET L1 BN R 2 R i 7
%, HAPIENMESECRH CMD 77 & Hi&E N E -
JHt7E PSCAD/EMTDC i B-F & #54 220 kv #78
g LR B AT 0 o BT LA S I SEBR BOAIE, WTAR DA
AT

1) B TA7 A% B X A [R) A B A5 5 1 4% AR RE
PEAFAEZE S, 5 RS WG 5 134T 3 B/ ik 28
SIS 2 REE R, G &0 &0 nlxiE, B
PSSR ES N, BTS2 B — R AT I ) v R
forill o A HAEIRRE, ARSCHR H 153 IR I s T 1
PR T BB RO, S WA T I 1) B A A A5 5 L
HHEERIE ARG

2) AR IEMREY T IS FE A A7 AE 0 2 )
B, (EHFRERET SN L1 AL TR fE g Xt i Y
HATRE B2 E , 98 W BRI . R FISTA
SF SO T AT IEARR A B A BRI R 2
B, AIERD BRI EL A Ik B E AL IS SRR

3) I IRAT WS 5 AH B RS 5 HE B 1 A
s ik L X RS S, A ST VA AT AAEAR KRR BE B
T BRAT WAL AR AT I b R e AL () 52, RUASEAE
S5 RR AR DL T R R SE I AR E RS IR )5, A Bh
TS EM ARG, Hyigtae Ry, BfA
R (1) TR F A5



PR, F

BT L1 IR A S8 10 v AT U5 ek ARG 7 12

- 175 -

S5 3R

[1]

FIGF, R, EHY, & B RGM R S5 Re
P T e PRI 5 MO T[], P70 R e PRI 5 F
2023, 51(6): 10-20.

WANG Zengping, LIN Yifeng, WANG Tong, et al.
Challenges and countermeasures to power system relay
protection and safety control[J]. Power System Protection
and Control, 2023, 51(6): 10-20.

OIS, MR, UK, SF R E U AR
FENIIETCERIR )] W RS IRY S ], 2022, 50(11):
178-187.

LEI Zhaoyu, HAO Liangshou, DAI Jiashui, et al. A
review of fault location methods in HVDC transmission
lines[J]. Power System Protection and Control, 2022,
50(11): 178-187.

HMS, T, #W], % J&T CNN-SVM I & i
LR HER A TTIE)]. ARG IR SHEH], 2022,
50(13): 119-125.

TIAN Pengfei, YU You, DONG Ming, et al. A CNN-
SVM-based fault identification method for high-voltage
transmission lines[J]. Power System Protection and Control,
2022, 50(13): 119-125.

VR e, REAUR, 38R, 5. —FhJL Tl fa s g H e
AEEACTH SR B a] T 2 Ay r 2 i i e ) B 7 VR D).
WL RGP S, 2022, 50(20): 1-11.

CHEN Xiaolong, YU Lianke, PEI Dongfeng, et al. A new
fault location method for single-circuit three-terminal
transmission lines based on fault branch determination
and iterative calculation[J]. Power System Protection and
Control, 2022, 50(20): 1-11.

WEAT, sk, PV, 5 B TR D) ILACHIRC H
LR bR e AT VE]. BT, 2022, 55(8): 113-120.
YANG Xihang, HUANG Chun, SHEN Yatao, et al. Fault
location method for distribution lines based on loss
power matching[J]. Electric Power, 2022, 55(8): 113-120.
EHY], B8, RER, 5 ETESEERS A
20 % FL i W A 7 VA [T). TR S R
2022, 37(2): 62-71.

WANG Chunming, LI Jie, XU Zhengqing, et al. Research
on single-ended fault location of transmission line based
on transient information fusion[J]. Journal of Electric
Power Science and Technology, 2022, 37(2): 62-71.
X, BRRAR, EAEAR, 5. R T OB ME— A -5k
AIE DG TE FR) B0 3 £ 98 DR AP RIS B T8 (2 75 4[], v 1 AL
TR, 2018, 38(5): 1475-1487.

DENG Feng, LI Xinran, ZENG Xiangjun, et al. Research
on single-end traveling wave based protection and fault
location method based on waveform uniqueness and feature
matching in the time and frequency domain[J]. Proceedings

(8]

[9]

[10]

[11]

(12]

[13]

[14]

of the CSEE, 2018, 38(5): 1475-1487.

WRHEHH, ZR4RA. T W 3 S IR B IR 122 57 3R
PEEIR A P B AT BRI [0]. I ARG A B,
2022, 46(3): 129-136.

CHEN Tiantian, LI Yinhong. Two-section traveling wave
protection for flexible DC grid based on positive and
negative difference of voltage refractive wave amplitude[J].
Automation of Electric Power Systems, 2022, 46(3):
129-136.

FHUKSAN, 25Mg. BT TR 22 (VL v IO X3 AT 1
HREINBELT]. B TREHIR, 2021, 40(2): 114-120.

HU Bingying, LI Mei. Double ended traveling wave fault
location in distribution network based on the time
difference of zero-mode and line-mode[J]. Electric Power
Engineering Technology, 2021, 40(2): 114-120.

RMATE, BRF, T, FE Tl BE i i g
U AT W BRI BE [J]. BT RS A B, 2021, 4509):
130-135.

ZHU Baihan, CHEN Yu, MA Jinjie. Wavefront steepness
based single-ended traveling wave fault location for
transmission lines[J]. Automation of Electric Power Systems,
2021, 45(9): 130-135.

PR, s, L8, & BBATIBOE R L
ISP ) R 72 1R 52 4% im0 g BORs T SE AL [D]. RO EOR,
2022, 46(11): 4512-4524.

LIANG Rui, WANG Quanjin, KONG Lingchang, et al.
Precise location of complex power grid faults considering
velocity attenuation and time error of traveling wave[J].
Power System Technology, 2022, 46(11): 4512-4524.
R, IR0, R, S FETAT BRI I R R VR
A LR e A VR[], N ST ARE, 2021, 37(5):
33-42,51.

LI Zhou, QIAO Wen, TAN Zhen, et al. Fault location
method for hybrid lines based on traveling wave
characteristic frequency in distribution network[J]. Power
System and Clean Energy, 2021, 37(5): 33-42, 51.
TR, DEREE, EE. BT EAERMATHT R A A
KA 1 i P G A S T VT AT R R,
2017, 32(23): 140-148.

YU Huanan, MA Congcong, WANG He. Transmission
line fault location method based on compressed sensing
estimation of traveling wave natural frequencies[J].
Transactions of China Electrotechnical Society, 2017,
32(23): 140-148.

X, MW HE, wEEAE, & FETATHAEIY EHU &
1) B s 5 SRR AT T]. A E L DR 2R, 2021,
41(6): 2156-2168.

DENG Feng, ZU Yarui, HUANG Yifei, et al. Research on
single-ended fault location method based on the dominant



- 176 -

W) R Gk B

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

frequency component of traveling-wave full waveform[J].
Proceedings of the CSEE, 2021, 41(6): 2156-2168.

XA, R, BHHE. BT 2ERAE R MR R
BN AT PE AL T ] R R, 2018, 33(15):
3471-3485.

DENG Feng, LI Xinran, ZENG Xiangjun. Single-ended
traveling-wave-based fault location algorithm for hybrid
the
Transactions of China Electrotechnical Society, 2018,
33(15): 3471-3485.

KAalE, BAOE, R, % BAER CVT HEAMER
B FC[I]. HLJTHFHIR, 2020, 54(12): 107-110.
ZHU Quancong, ZHAI Shaolei, XU Can, et al. Research
on capacitive CVT voltage compensation circuit[J]. Power
Electronics, 2020, 54(12): 107-110.

ZEYRAE, SRPAME, BAME, & 81F Rogowski &I 1
AE 43 BT M iR ZEAMEE TT VR (D], B R, 2020, 44(3):
1121-1127.

LI Zhenhua, ZHANG Yangpo, JIANG Weihui, et al.
Research on clamp-shape Rogowski coil performance and

transmission line based on full-waveform[J].

error compensation method[J]. Power System Technology,
2020, 44(3): 1121-1127.

LI Z, LU J, X1 Y, et al. Accurate detection method of
voltage traveling-wave-based on waveform inversion[J].
Electric Power Systems Research, 2020, 178.

B, ALEAR, RS, . 454G Tikhonov 1EMIK
F E AT SRS RS I T VR D], R R, 2019, 43(3):
1049-1055.

LI Zewen, DU Yudong, LIN Yigqin, et al. A method of
voltage wave accurate detection based on Tikhonov
regularization theory[J]. Power System Technology, 2019,
43(3): 1049-1055.

WA, ZEEESC, BOA, AT RSN R S SE AT
BB ITET]. B RG H B, 2022, 46(15):
128-135.

LEI Liu, LI Zewen, XIA Yixiang, et al. Accurate waveform
detection method for traveling wave based on adaptive
black-box inversion[J]. Automation of Electric Power
Systems, 2022, 46(15): 128-135.

LI Z, MU L, XIY, et al. Accurate detection method of
voltage traveling waves based on frequency division
inversion[J]. International Journal of Electrical Power &
Energy Systems, 2021, 131.

ZRFESL, AT, BT, 45 EMD R4S 4E g s B
HLEAT B ARG A U AR [T]. T R G A sh ik 3

2019, 31(12): 28-34.

LI Zewen, REN Shen, HE Zining, et al. Accurate
detection method for voltage traveling wave based on
EMD decomposition combined with Wiener filtering[J].

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Proceedings of the CSU-EPSA, 2019, 31(12): 28-34.
BN, HEha, b, & 2 RIGPUEILEGE L 2 8 &
R SR TTIE[T]. HOERVIFES4R, 2020, 63(9): 3431-3441.
YIN Xingyao, PEI Song, LI Kun, et al. Seismic inversion
on joint domain based on multi-scale fast matching
pursuit[J]. Chinese Journal of Geophysics, 2020, 63(9):
3431-3441.

7545, KR, XoH, & FETT SRR AR IR A
B G REEAL[T]. HUBREL AR, 2019, 62(2):
743-751.

SU Yang, YIN Changchun, LIU Yunhe, et al. Inversions
of time-domain airborne EM based on generalized model
constraints[J]. Chinese Journal of Geophysics, 2019, 62(2):
743-751.

VR, Bk, 1Bk, &5 BT m iy iR T R
AN IEREEE TE M SAR BUBTEN]. A TR E T
A, 2019, 41(11): 2471-2478.

CHEN Chen, WEI Zhonghao, XU Zhilin, et al. High-
precision wide angle SAR imaging method based on
sparse representation of Gaussian dictionary atoms[J].
Systems Engineering and Electronics, 2019, 41(11):
2471-2478.

BOYD S, PARIKH N, CHU E. Distributed optimization
and statistical learning via the alternating direction method
of multipliers|M]. Now Publishers Inc, 2011.

BECK A, TEBOULLE M. A fast iterative shrinkage-
thresholding algorithm for linear inverse problems[J].
Siam Journal on Imaging Sciences, 2009, 2(1): 183-202.
MRk, RERE, B, & KM R E EROENG R
TSR], MBI LR, 2005, (4): 937-946.

CHEN Xiaobin, ZHAO Guoze, TANG Ji, et al. An adaptive
regularized inversion algorithm for magnetotelluric data[J].
Chinese Journal of Geophysics, 2005, 48(4): 937-946.
Wik, DRt P B L S TSR SRV I 9 S BRI AL B 5 i
R TSR AR ST K [D]. dbat: H AR Ja Hh
WEFLHT, 2003

CHEN Xiaobin. New forward and algorithms and a visual
intergrated system for MT data[D]. Beijing: Institute of
Geology, China Earthquake Administration, 2003.

FSHER: 2023-02-26;

{&[E HEA: 2023-08-05

UEEEEMIE

BHW(1999—), K, MEHRAE, ARFOARLHEZ

GANRY 53 E 155, E-mail: 1048230566@qq.com

F(1983—), K, @ASHEH, AR, HEAFT,

MR e REMAIRE S %% Z 2%, Email
df csust@126.com

(%h#% # )



