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Fault traveling wave detection method of distribution network based on
adaptive VMD and WVD
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Information Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: Accurate detection of fault traveling wave signals is an important factor to ensure accurate and reliable fault
location results. Aiming at the problem that Wigner Ville distribution (WVD) is prone to produce cross terms when
detecting fault traveling waves, a fault traveling wave detection method based on improved variational mode
decomposition (VMD) and WVD is proposed. Firstly, the selection of VMD parameters is determined by waveform
similarity, and the improved VMD is used to adaptively decompose the line mode traveling wave signal, so as to extract
signals of different frequency bands of fault traveling wave while retaining important fault information. Then, the
original WVD signal is obtained by the calculation and superimposition of each component signal of the WVD, thus
solving the influence of cross terms due to WVD. Finally, the energy spectral density distribution of VMD-WVD is
obtained, and the good time-frequency aggregation of WVD is used to detect the wave head position from 150 kHz to
170 kHz frequency band of the fault traveling wave, so as to achieve accurate detection of the fault traveling wave head.
Simulation results show that the proposed method is faster and more accurate than the wavelet and HHT fault traveling
wave detection methods.

Key words: distribution network ; traveling wave detection;improved VMD ; WVD

%% A #7:2021-04-27 ;18 [E] H #7:2021-07-26

E&TUE [ M4 i A R R RHEH (5216A521003K) 5 K [ R R4 4 (51877012) s W A & TR BF 52 100 H (5 5 10
H)(18A121)

BEEE FEC1975—), 5 W4 20, EENG BT RGP SR HITSR ; E-mail : 820288556 @qq.com



H39EH 2

sk AL AR T E AR VMD A1 W VD A H P R AT A I 81

R G T B AT A S s DR IR AT D R
M RWER TN EERNREZ " TR M
L R A AR A D S5 R S O B AT U TE 1% 1 o R
T L AR S 2 AT RO 25 A A
A7 Ik G 00 e e 4R A B BB AT IR AR S s AL
PEA MRS T, PR, T X R AT I AE S A T
JIEEIFOEGE o X Tl BEAT Pt — Fh AR PR R
LAV RS ) 2 ARG S W, 7
B 5 I 30 3583 A 5k i BBOHG v 80 30 IR R A, DA
TIEAT I8 75 W I o7 285 SR B R PR

JIN U A A R S R AT AR T 1 2 OB A1 BT .
SCHR L8 ] I /N A 43 B X A7 ik A s 338 47 22 J2 R K
A3 B O R A R AT B R A 43
B, LA 38 9 Sk i B8 R HE i 232 5 SCHERL 9 A1 ] 28 56
/N B 72 A8 XoF i B R R I AT I8 A IO )
PEAT VB R M E AL o /NI 728 i ot 22 RUJE Y 5 15 ok
T AR P RAE S A A B, R RO S U A Y 2
T 0T R R AIE AR R A R I 28 I A Oy il
(empirical mode decomposition, EMD) 1£ 17 I 15 =
o I K R AiE & B Bl K S 0 H L fH EMID A7 7E (9 B
BIRE I 5RO AR Oy 4 £ 1R R0 o G 512 s iz
MR =4 T E RS m M, SCHRL 12 )0 ff g i A TR
B (05 00, R AR G 20 3 25 A il ok A I AT D8 I8
Sk AHRREH PR IEETEE S R EI AT
e 30T 1 M ER O A A A B A 45 S bl R s A M S
Bt i B Sk R I A SRS i o A OR AP R R
(Hilbert-Huang transform, HHT) J& 7£ %f {5 5 #E 17
EMD 73 fff Je , 5 05 455 285 0 5 A28 46 SR JBCIBE miof 43 32
A5 5 K I D7 2, ELAT TT BRL L 3 N RN ) R A R
U B PR BT, B[R] B A A7 AR EMD T T i 1 25 sk
1. Wigner Ville 43 4ii (Wigner Ville distribution,
WVD) b — P G &t AU B A5 5 23 A, X3 2 R
PE 1k I AT 3 R ) B Ak 4 R A AR 4F A 5 L
I AR e 14 553 AR LG, WV D FE B A543 B 2R T R
AR O S Ok [16-17 148 1 — Fh 3 F
WVD AT A I I 2%, 2% 07 125 30 3k X R AT I AR
SRSy 1 1) WV D BEAT IS AT, SR S SR AR
A7 1 BE B 2T AR, SE AT MR S R A I
P B R W %7 R I 25 SR AR [ T HHT B
T i A R, I B Tl AL R E 6 25 R i AR RG
TR o SR AC IR WV D L B8 3, 28
WA ES TR Z0 2 NESHEDRBERE . X
Mk [ 18-19 142 ty —Fh F I EMD Fl W VD S 52 B i 45
2 B S AL 1Y D7 1 T AR B R I A3

BRI LT Ll EMD ORI WVD (128 LI 52
Wi, DT 7E — o e BE b 48 ey e B A dpl A TS B L
EMD £# 75 i B A5 1R & DL S Ph 43 6 [ R A 23 0 i e
FRAEAR B4 0™ 4B B R T 0. 78 40 138 O filk
(variational mode decomposition, VMD ) i i3 7£ A 73
[1) REBEATE 8 v 3k AR 48 R 85 A e A i ok 52 B 5
(o3 i, B AT AR G (0 e 7 8 B 1 JF ELAR Dt T EMID
FEAERI AR Z2 B BE0  SCk [ 22 J8E 0 30 A7 Dl A
T3 1 By 32 W TR B M W R 5 e 1 [, 42 1 VMID
IV IE] 25 5% He /DN 10 728 46 A 45 6 1) i R A e A D0y 9
P BE5 LW AT HHT , % 5 B W5 5 4 2 fig
) e g R AR A

25 LI R AT A N R S B R R 4 HC 1k
% 2 BN Tz A8 (6] By 5 i 0 A H A sk
oo /NI 2 BROT O R RBE B B Ry XE L T
EMD HHT {715 & B 2SR & 0 28 455 1k o D) 3% o LA
Koy B4 BREE RAE ) R A )@ . VMDD fE % i
EMD {46 1 22 (0] 8, SE A5 5 19 A 38 6 4 i, i
WVD 1E 435 VR A5 5 2 Br U8 h £ 5 ik 2
— B R e R A M, PR, AR SCA VMDD
5 WV D M G546 1 77 1 > A 0 1 RG24 T 38 4R A
15 5L L HE— 0 4 v S 2 7 1) YA 1

1 THRESEEFMES T

HT =MHSELZEATERUMBEIL, 284
AH T 4 I AT U A A% R ok R 2 B T LA R A
50k AR M, DRI T B G = A R R B O OE AT R
FRAS B TAS 5 e ) A5E s , AT Ak SR A e #E L Bl
& D1 /K (Karenbauer ) 2% 46 3 i:f ¥ J5 A 119 = AH Fo Hs il
FEL I ik 722 96 B — AT A R PR R R R e, S AR
6] RS W 36 A T B A S . AT AR A i
1) I 3y

vﬁfJ(w):ﬁw(w) (1)

A, B, (w) AT W L8 B, RN 0 WIAT
WAL A (0 AR (S E A R i A P i AR R

B0 28 2R AT Il A R R B S ()RR 1Y
T R R 1 Fs il DL Y, B R 1Y
2X Bk 507 v BEL A R A BT /DN, R A R Y AR
R, TR e B A7 HL 0 RE S 3 3, D AR T AT
P LM i, AT U T A A i S 23 23 B R
(R ZE I o AT, R 14 2 A X 2 A8 7 ik 90 T 114 52 T
MG 378 R T X AR i B4 R L, AT L P A o



82 LN B S - R S S I 2024 4¢3 /1
HEAT O GO A LGBt 2SO MR =
AT
e 2 R AR A 5 5., 9 DL A WL AT e 7 i
A = Rz I o 2.1 Wigner Ville 4> %5

K1 RELL BB T AT A6 S
Table 1 Propagation parameters of traveling wave in

each frequency band of overhead line

11k I/ LRVAIY: 4N VA3 T VA3 V)
R fE kHz (Q/km) Q (10%/s)
500.000 0 8.224 29 360.10  2.9899
250.000 0 5.349 69 360.24  2.9899
125.000 0 3.541 99 360.50  2.9879
&R 62.500 0 2.398 99 360.68  2.9858
s 31.250 0 1.661 99 361.09 2.983 1
15.6250 1.173 49 361.60  2.9778
7.8125 0.841 68 362.79 2.974 0
500.000 0 511.790 00 720.39 2.8919
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M
i 62.500 0 112.430 00 761.40  2.7090
31.250 0 63.770 00 779.70  2.6449
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7.8125 19.410 00 821.29 2.510 9
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Figure 1 Wave velocity curves of traveling wave

line-module components for different line types
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Table 2 Line parameters of distribution network
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2R % e
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L4 0.270  2.700  0.968 0.255 0.339  0.280
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Table 3 Line lengths of distribution network ~ km
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Figure 9 Results and energy evolution spectrum of VMD-W VD for fault current under three-phase metal grounding fault

i PO T DL H SR R AT I U T AR AL
B 5 B A R AR 2 200 e, (8 AR 3Ty ik AR IO
VMD-W VD 4 46 47 8 14 5 4535 43 475 2 A6 1R & 19
e, JF Hae s RN RIr, Fi7E 245 VMD 4
fif S, e AR R Ay i g Ay B ok . B T AR SC HGEE
VMD-WVD 1 [ 150, 170 JkHz 9 fig ft 1 48 3%, 9 H.
i F TR A T A DX s, DA TG i A5 ) R AT
W R TERe R I T AR A R A4S T
B A6 AT Bl I TR) A 5 A A A 2 B

2) B v BH 2 1

YL 2 M R R T D R DL A R S R
R A I 28 Wl L I P B A v R S BRE AT U AR S L
XoF A I A D B R T R G PRI X . Ry b, AR SO A
Ab 5 AR R A b R S 3 FLBE D 800 Q, M B
WIAH AR 6000 As Az &b SRS AT I 4G ) 25 R 4 &)
A4 5 B 30 T 40 D 10 s , R0 30 dB Y 11 I R I i

FT AR AR e J A5 21 A9 28 2RS4 B P 11 TR o

B AR 23 4 JEAT VMDD Ab BZE 1 18 12 Fr i,
B E AR E Y VMD-W VD 45 5 Iz A & 96 A8 3%
K13 i

0.1
0.0,

=0.11 A A
0.06
0.04
0.021
0.00¢,
-0.021 q
—0.04¢ ‘ ‘ ‘ ‘ A4

0.045 0.050 0.055 0.060 0.065 0.070 0.075

o ] /s
AWM —BAM —CH

HL i I /K A

10 A8 3 ML 3R 2RI
Figure 10 Current waveforms under single-phase

high resistance grounding fault



F39EH 2 M sk AL AR T E AR VMD A1 W VD A H P R AT A I

87

0 e
50} £

~ 100}

S 1s0

S 20

=~ 10t

@ o g

E 10 1‘4%7

ES

Do
3OM
40 B

594 596 598 600 602 604 606 608 610 612

A /(107 s)

(a) A;ﬂ

L R /(107 KA)

30}
35}
—40}

28

594 596 598 600 602 604 606 608 610 612

A E /(107 s)

(b) Akt

E11 $£MSMEREEERAMETHRER

Figure 11 Phase-mode transformation results for fault current under single-phase high resistance grounding fault

200—Mm
100+ IMF, ]

_ 0l”/////’///kz41/Vﬁhﬁvp4“¥4/’\\//"”“//

S ool .

3 2} IMF,

g 0 A

= o . . . 0 . .

=

/(107 s)
(a) As4b

594 596 598 600 602 604 606 608 610 612

L IR ME/(107° kA)

200

-200

IMF,
0,

10 "
IMF,

I /(107* s)
(b) A kb

B12 FAaZHMEREEE R VMD > BE R

Figure 12 VMD results for fault current under single-phase high resistance grounding fault

4.5
4
3.58
3.0
2.5
2.0
1.5
1.0
0.5
0.0

598 599 600 601 602 603

B2 /(10° Hz)

W] /(107 s)

(a) As4b VMD-WVD %%

800
7001
600+
5007
4001
300+
200
100+

=

qm

1400
1200
1 000
800
600
400
200

598 599 600 601 602 603

A /(107 s)
(c) A3 AbZR A% 4y 5 11 BE 1k i A8 3%

1
2

Wi 2/(10° Hz)

0.0 —— -
598 599 600 601 602 603

e /(107 s)

(b) A4k VMD-WVD %5

600
500(
4007
3001
2001
100f
[Us ‘ ‘ ‘ ‘
598 599 600 601 602 603
AFIE]/(107° s)

(d) A b 2R A 3 1k ) BE 1k 37728 1%

B13 A48 ks s ek VMD-WVD % R B3t 3t 3 0% % 3%
Figure 13 Results and energy evolution spectrum of VMD-W VD for fault current under single-phase high resistance grounding fault

594 596 598 600 602 604 606 608 610 612

1000
900
800
700
600
500
400
300
200
100



88 I <

15

Eid =S 3 202443 A

WAL 13 AT U, B {7 FRLR Ry B 42 i 5 s A7 0
T R AR B A B ) VMD-W VD 25 3 K& Ho g
AR R OR LA R B I AR S & ] LA
G| = I BV P | R P {5 1 1 5
0.060 011 4,0.060 059 4 s, i T # f& 25 A 1 o4 25 LA
ik H BEL A 15 I, 00 B A 7 I8 U Sk e AR G F B
BAWMBMEERBIT —EMiRE Bl TiRER
N BT LAATS BT 50 RE E A6
32 AEXESH

N AR B EL AT A AR R A S SR R A Y
fig AT SR AT I AE 5 1 2 ROE 40 s HHT A5
T B [ 72 A0 5 pR B, BB 98 XTI AR 5 HEAT A IS B 43
B, 3X 2 B0 7 AR 5 e i S LA 1 20 s B
FES AT, C U AT A D R A . i, AR
SC L BACAH v BH B A DL T A R A A 35 B T i
e FL I RS i SR A1), R R BORE AR /DN i AR e
HHT XHZA5 5 #4750 07, SR 5 X5 £ T VMD-WVD
(149 7 35 FUAG 2 1 /N D A8 4 (HHUT J7 2% A8 A6 0 4551 1
HEAT XS L A3 B o AR SC B /N 7 4 19 43 il 2 Rk
5, K R 45 B an i 14 BT oR i RLAE H BT AS [ 4 i
RO A5 1Y 20 B[R] FEAR R BE AR 5 rh (R
L2 EAER Z Mo B WA AT I S 8O 7 5 R A2
SRR A RUE AR b A Y R R o
B 22, DT &5 A6 DN 24 2R ok L RS2 ) 5 7 v U 1Y
5o i (R 3.4.5) BUAR MRS 43 4 /b, (H [R] B 2 d5k
T R B WA IR A it RORE B R W) AR AT I 1
5 G AR EOT- 2%, AT A A5 42 IR 19 ) 1R AT D A B
V1) 8 A A A

ARSCHE W R o D R R AT B R R E
ROBE 2455 i — 20 43 B, S TR 90 4 A7 10k 21 3K B[]
4% 9 oM 0.060 011 8, 0.060 0512 s, #H kb T 3 F
VMD-WVD 7 g 22 0K . [l SEBR Rz H A0y
U 72 e T L 2 /0N Uk R EROR A3 A )2 RO R 1 5
M, RS A5 30 85 Sk AR o i 45 R R O B
HE NI R B TR BN A R 2 B e L IR 7R
TET X AN [ R A 14 0 B A D8 A5 5 I 0 58 1 1 A o
P

HHT 853 Br&s S an 18 15,16 s (AR St ik 1
1T EMD 45 3. gy 7 4 IMF 434 ), ] 1 i
EMD 4k B 45 IMF 43 & 0 40 B 3 16 32 i s /)
IMF, 4 f 0 00 B B i, iR AT R Bl P B S
I [ B W 7 3 19 52 ) A B R P L, LA ERCTRT 16
(a) ¥ IMF g3 i 1Y e 5 3 i € 28 58 i s AR AT 00
o NI, A S xR 15(a) o IME, 43 2 F1E 16

(a) 1 IMFs 40t iff — 20 i HHT 4 2, 45 58 WL E] 15
(b) \16(b), AT W, HHT "1 45 2 4~ BE LW 4 47 0 114 58
S DR, M DR B HHT 45 5 32 BOA 30 00 90 15 17
bl Buyin =i

LE bR /N AR R LA A v R M S R e
A7 RN, 2 BRA) 4 A D B 3k B R A R AR IR
i T £ 8108 25 A K, LR e S A 3 Y /0N I 3 R A
A3 il ROBE s HH'T 32 T8 B4 5 40 5 52 e 8 K, 0
DL R B0 46 A7 0k 15 ., 0k S B0 AT A5 I B A T
PRI, A L 2 R 3T VMD-WVD B9 R 7 1 7
SR T WVD K G B 5 58 45 1, B 42 BG40 46
A7 U I T £ 80 B A v A, T Ay R 7 2 3L B A R
R DR

LA R /(107 kA)

ok

0, X X X X 4

598 599 600 601 602 603
AFIE] /(107 s)
(a)AzﬂL"

2

0

:ﬁ,RJ§1

LI R /(107 KA)

4,
2,
0,
ES ‘ ‘ ‘ ]
598 599 600 601 602 603

1] /(107 s)

(b) A7kb

14 HERFa R THER

Figure 14 Wavelet transformation results of fault current



55 39 F 5 2 I sk AL AR T E AR VMD A1 W VD A H P R AT A I 89

fl/(107° kA)

=3
(i}

HL L

B2 /(10% Hz)

Figure 15 HHT results of fault current at A,

/(104 kA)

]

HL L

B2 /(10% Hz)

Figure 16 HHT results of fault current at A;

/(107 s)

(a) EMD %} %
12
10 1
] |
6 |
4 l |
2 h |
0 I 1 A ﬂ
598 599 600 601 602 603

S E /(107 s)
(b) IMF, 43 #t i) HHT 45 2

E15 AZ#Eeie HHT 4%

598 599 600 601 602 603

/(107 s)
(a) EMD 45 %

—_
(=}

AL =T ST N N

O
oo

599 600 601 602 603
) /(107 s)

(b) IMF; 43 i 1) HHT 24

B16 A, Z&#fEwiisg HHT 4R

4 4iE

Bl X Rl R R AT D A S T LA AT K
R0 4 18] 5, 7 S A WV D B 9 R A 38 4 1 ok
SRR R AT U I HER A . R AR SCE BN T
WVD BIRICH 2, 80 T WVD 32 LT RY F= A s
M), 3 3 ) ek gk Y VMDD X AT 315 B 5 A i L 1
Iy ARy B AE 5 WVD JR B i 21 A 5 5 1
WVD, i ok T WVD 28 I A7 ok B9 520, i 5
P T — P T VMD-WVD 1Y i B 47 3 46 iy
5, 38 5 X LG AR BT, B UE T AR SCRT A I
F1R) 7 Aff 1

BE k-

(1] 0 g O 7 2 U0 T AH DG M 1 I Hh, T 0 s 2 Az 1%
[D]. K Vb K VBT K 2£,2020.

LIU Jidian. Distribution network fault location method
based on transient waveform correlation[D]. Changsha:
Changsha University of Science & Technology,2020.

[2] T ARKH B 5FF A G R g &

2R BARE M W B 7 (D). R TR R 2 41,2023,38(17):
4701-4714.
DING Jia,ZHU Yongli. A fault localization scheme for
single-phase-to-ground faults on collecting lines in wind
farms combining graph learning and zero-sequence
components[J]. Transactions of China Electrotechnical
Society,2023,38 (17): 4701-4714.

3] XU, EHE, DGRBS S BRI BRI L % 1 45

RN R 5 4 e R AG ) v (T, L R B8 A B 46,2022,
46(13):159-167.
LIU Baowen, ZENG Xiangjun, MA Hongzhong, et al.
Equivalent model and grounding fault detection method
for distribution lines with asymmetry parameters[J].
Automation of Electric Power Systems, 2022, 46 (13):
159-167.

[4] BN AR T; i, A T 2 Bh B L 2

W 5 57 77 2 [ HL I 5 )58 ,2022,59(7): 85-90.
HUANG Mingyu,QI Shenglong,LU Xiang,et al. A novel
trajectory purification based fault location method for
transmission  line[J]. Electrical Measurement &
Instrumentation,2022,59(7): 85-90.

[51  fgefh, 2= 2o, 0l IR RS A IR H 1) b g A =X e I 4

A S HRERC B [7]. K LB AR ,2022,43(3):476-484.
LIU Jianwei, LI Xuebin, LIU Xiaoou. Distributed power
access and energy storage configuration in active
distribution network[J]Power Generation Technology,
2022,43(3):476-484.

[6] HIER], 2 KU, R, 55 T i IR AT BEE Y R 1



90 I N N N S S 20244 3 J1
Wk LR P AR Y R[] B DR R, 2023, 42 [14] MAYER J E,BAND W.On the quantum correction for
(4):84-93. thermodynamic equilibrium[J]. Journal of Chemical
GAO Zhengchuang, L1 Fengting, XIE Chao, et al. Fast Physics,1947,15(3):141-149.
protection scheme for flexible DC transmission line [15] Ville J. Theorie et applications de la notion de signal
based on voltage traveling wave steepness[J]. Electric analytique[J].Cables et Transmissions,1948,2A:61-74.
Power Engineering Technology,2023,42(4): 84-93. [16] EEE,F AR, FRA T Wigner-Ville I 45 43 7 19

(7] 2 SO L e A 50 . T 25 ST AR OC 1 B TS Fr W AR =4I Jr v (0] L I 5 4858,2020,57(3):128-133.
P DO B 6 7 R [0 R R 4 A 8N 46,2020,44(21): WANG Dezhen, WANG Zhongyi, WANG Xiaodong.
72-79. The detection method for traveling wave based on
LI Zewen, LIU Jidian, XI Yanhui, et al. Fault location Wigner-Ville time-frequency analysis[J]. Electrical
method for distribution network based on transient Measurement & Instrumentation,2020,57(3):128-133.
waveform correlation[J]. Automation of Electric Power [17] HEW, 2305, 20, 55 .35 kV b K fic v 9 2R A 352 b
Systems,2020,44(21):72-79. IR AT IEE 7 Jr BRI S (9], 0 5 3 3 B R, 2023, 39

[8] 7% 3CUMER,ZR %, 56 56 T AT T S 5 e A I 45 4 b (1):58-63.

B4 TiC A O B A 2 b e o e 6 T ik [J]. B L ,2022,39 HUANG Bo, LI Wenliang, XU Xueshuai, et al. A study
(1):65-73. on the traveling wave location method of single-phase
QIAO Wen,SHI Chen,LI Zhou,et al.Single-phase ground grounding fault in 35 kV medium voltage distribution
fault location method of distribution network based on network[J]. Power System and Clean Energy, 2023, 39
traveling wave refraction and reflection characteristics (1):58-63.

and network topology[J].Distribution & Utilization,2022, [18] XUVEHE = AR AT . 3 T L WA o B At 9l gl R
33 (1) 6:65-73. A 4 PR XSS B R A3 B (0], R T B TR S R

[9] AbZ5 .3 F &5/ P AR 4 09 TR & 4 I s S T 5T 2015,35(16):4086-4093.

[D]. 22 M : 22 M 3238 K 22,2021, LIU Yang, CAO Yundong, HOU Chunguang. The cable
DU Xue.Research on fault location of hybrid line based two-terminal fault location algorithm based on EMD and
on empirical wavelet transform[D]. Lanzhou: Lanzhou WVD[J]. Proceedings of the CSEE,2015,35(16): 4086-
Jiaotong University,2021. 4093.

[10] A B, E % Jy 221 5 . S #E 1Y 3 B EEMD J7 7 K H: [19] HERARFAZ,EHEE . &0 AR A 2 2Bl
BE 7], R Ge0i 2z 41,2014,26(4):869-873. PO ] T 3¢ B S A7 45 2550 ik A AR B4 0], Hhs g 52,2022, 43
HE Xing, WANG Hongli, JIANG Wei, et al. Improved (2): 45-53.
adaptive EEMD method and its application[J].Journal of BAI Xingzhen, SONG Zhaoshan, GE Leijiao, et al. An
System Simulation,2014,26(4):869-873. equivalent decoupling model for fault location in

[11] TR X Tk TG 1,45 25 T DFFT MR E B4k ik £ 30 complex distribution network with distributed generation
PR 5 v 7 VE[T]. P H 17,2023,56(4):184-191. [J].Electric Power Construction,2022,43(2): 45-53.

CAO Fulu, ZHAO Jinbin, PAN Chao, et al. An active [20] DRAGOMIRETSKIY K, ZOSSO D. Variational mode
ground fault location method for low-voltage DC lines decomposition[J]. IEEE  Transactions on  Signal
based on DFFT[J].China Electric Power,2023,56(4): 184- Processing,2014,62(3): 531-544.

191. [21] Smme, B, Lok, % L TRA 2™ 2% KRRl

[12] 7 W50 B 25 W A R, 45 B 7 91 4 U W B 4 1 22 s 45 1 728 8 i 68 3 R 2 W O 1k (O], 1R T H L 2023,
A9 28 SR R 2 BE (D). o0 ) R GRS 40(5):84-91.
2023,51(19):54-66. MA Xiangnan, YANG Tao, WANG Yunlong, et al.
YANG Mingjia, XIA Chengjun, CHI Zibin, et al. Fault Transformer dissolved gas fault diagnosis method based
location of cross connecting cable based on fault on lightweight neural network and model quantization[J].
component difference of along current[J].Power System Distribution & Utilization,2023,40(5) : 84-91.
Protection and Control,2023,51 (19): 54-66. [22] A4 X, ,Z% VMD-SWT B4 28 v 78 B B A7 9% 46

[13] o] B, E A7 A7 B4 28 B0 Fh I 5 15 B I e B N (0] 0 &R 8 KO B Bl 4k 41, 2020,32(5):

o 530 B R AT 2 W T 9k (9. 8 ER Pl J7,2022,50(6):42-49.
HE Ming, WANG Liping, YANG Qi, et al. Analytical
diagnosis method of power grid fault

topology
Smart Power,2022,50(6):42-49.

considering

relationship & information relationship[J].

55-61.
FU Hua, LIU Chao,ZHANG Song, et al. Application of
VMD-SWT joint algorithm in fault traveling wave
detection[J]. Proceedings of the CSU-EPSA,2020,32(5):
55-61.



