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Research on network traveling wave fault location based on the decomposition of EMMD

DU Xiangnan', YANG Fei* , GUO Ningming', WEN Fuyue', XU Yong'
(1. C-EPRI Electric Power Engineering Co., Ltd., Beijing 102200, China;
2. State Grid Liaoning Electric Power Supply Co. Ltd., Shenyang 110006, China)

Abstract: At present, with the continuous development of the energy of the Internet, traveling wave location device
upgraded to the provincial Internet, the provincial Internet provides a good data platform to realize the network fault location.
Focusing on the analysis of the network characteristics in traveling wave, this paper puts forward a method of local wave
adaptive traveling wave fault location based on Extremum Field Mean Mode Decomposition (EMMD). This method
effectively restrains the Empirical Mode Decomposition (EMD) overshoot and undershoot phenomenon in the process of
decomposition and proposes a method of adding Complementary Noise based on EEMD (CEEMD) for mode aliasing.
Finally, the effectiveness of the proposed method is verified by a set of field fault recorder data.
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Fig. 1 Schematic diagram of fault traveling wave in

transmission line network
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K 2 il UEH, EMD ZE5r it fEr imf, 4
A TR IR A, X R AR TN
2% M2 S 1R R R S5 LG R 00T 72 A 1 A A
T AR AL 3B (RS S 2 i T 90 DU s b 2 i T it
WA T s i, AR T A i R R e
T UL 2, 7EREAT EMD 2R 1) 2 AT 5
R, SR M EUR PN, AT
HERfR 2 T R ALK IR ZE o
2.4 BXRERETENEFRERAE

EExF EMD 3 il A AR ARSI B il L, SO
[19]5¢ ! T4 RA B/ i#(EEMD), %514 7] LA
HRUAH IS ) EMD REAE, a3t iy gD A v S
M% . EEMD f-4ELL FAE : 1) EEMD i 27 223t
T E AP, FERTEHK, ESEBr N Tk
RANBIAR s 2) AR AT RS I 5, BRI I A i
PR AT DL BR e 75, AEHE S22 B IMF )
PR, MR EA A BRI, SOk
[20]4& H T — B B AP 4R S48 50 AR A 4y i U7
(CEEMD), %7732l x) [F]—1% 543 sl e .
AR, SRR ERA8)BEATARN, 55 AE imf
g3 B R AR 4 10715 S HREEAT EEMD 45
RIEAA], BT ERRR T 4R8P,
LN EREFI S E B Y-

4 EEMD J7iE R F 20N

XF x(nffit EEMD I, A8 E0-FRRECh L,
XF x(0) 5§ RN I, A

X)) =x(t)+u (), i=1,2,--, L (16)
2 (O ult), 133

ROO 850 Q00

x () =x@)—u, (1), i=1,2,-+,L (17)
XFx () X (£) 53 5% EEMD, %159 2—41 IMF,
ey imt | imf;, i=1,2,-, L, %

imf, = (imf;" +imf,")/2 (18)
X imf, SRAE PR, B
!

imf=%2imfi (19)
i=1

W) imf &4} x(2)f CEEMD J3 i #5334 iy [ A A
KR, &V M=log, N-1M71 5, Bl ¢, (0),
ey (1),y e, (t) s e N x(0) B EUL LS IS
3  MEITIKBEELRIE

AL RS T EMMD S07 1) W 28 47 ipke e e
WEE T 20 BN 3 oo JRUATE 5 AR AT I R
TR TARMEZEN 0.1 ML AN IS, ) e J5 s
54T EMMD 43 fif, 133 IMF 431, X4 IMF 4
TR SCPRIE RS THL, AIH imf, 5 EAA
Wity 23 58 i e A, AR R 3 R
PRI A5 2 B WA T D B ()

A
‘ TN TN 5 (1) |

VAN

I x(0" | xi(f)il

\ 4 A,
‘EMMDW@ﬁHﬁﬁﬁﬁ% ﬁfwﬁmﬁﬁsj

Y Y
Limgor || im0 |

4 \ 4
Aimfy()=(imfy(1)+Hmf;(1))/2, IRIHEL T
imf =1/NY" imf,

E 3 IAEMER# EMMD 5 #Ei iz E
Fig. 3 Flow chart of adding complementary
noise EMMD decomposition

4 HBflnHr

2017 4F 7 HIL T8 Med £k e A — IR C A I i
Bz, e A7 T FE B HERG UG 46.675 km, Bk
LA WEL RS AT R, IR L/
AR, A R I ) R e £ 1 A Bk Ah, S
Tl AH AR 1) 22 2% A i 2% %t XA B4 T 3 T I 30 T
SKU . MEHEER SARARLR I P A I W 4 TR



Frrig i, 5

BT EMMD Jeidgisg 73 i (¥ 10 26 AT IR 7 5015

- 179 -

40.673 km

W6 i i

4 FRIELRARBIEIRINGHY

Fig. 4 Topological structure of adjacent station and Yanjian line

T 30t RIS 1 3l [ i e 24 e B AT 08 A i i £
HR PP 5 K 6 Fror, JLp 5 Al
2l 1, ARIIRE S 2~5 235 0] N R o (e £
ML . MR LR, MeF 14k, MR LR, 18 6 PN
TR 1. AR, 2~5 F3 il R -l 1 g
k. digk. e k. due 14k, @k

100

50

0

50

100 IFRrEk 2

150 & b itk s

~200 R V"\
W
—250+ \

=300 L/\/\

-350

Wi L

400

0 500 1000 1500 2000 2500 3000 350040004 500
Hodfi i

5 MEuA LR RIRILE

Fig. 5 Record waveform of each line of Yannan station

15000
10000 yd
ey el
/
S
£ sooof -~

I i 4 e

IRk 3

_5 000 1 1 1 1 1 1 L L ]
0 500 1000 1500 2000 2500 3000 3500 4000 4 500
LICTIIRR 3

6 TR EBRKETE

Fig. 6 Record waveform of each line of Jianping station

Bl 6 A5l (RN A RS R FEAIR 625 kHz.
FIFH EMD FIBR A S o3 Af S 43 ol %ot LTI 38 7
HHTHARALEE, 13201& 7 MK 8 FrsidIE.

FHi bR i 2

100
0
-100

. |'i’s{|5-'i'i§:l€1'fi‘£ 1

i {E

-200 -
2720 2730 2740 27502760 502 720 2730 2740 27502760
Bl i Kol ni Kk
40 |E ek 4
= z 20
z E o Al
y
-5 -20
2720 2730 2740 27502 T80 2720 2730 2740 27502 760
Hls Hedls 7 4

1

—EMD

 —

5 W
2720 2730 2740 2750 2 760
e nide

7 I E Lk E EMMD&EMD 4} ]
Fig. 7 EMMD&EMD decomposition of Yannan station lines

1.0 <10* Mk ek pE 2000 Miline ek 2
- o 1000
= = 0 s A
.8 ~ 1000 / -
1.0 ~2.000 -
15701580 1590 16001610 5701580 1590 16001610
Edl ni A S na
- b o Il B £ 4
con b R 3 1 000 i
Jo b 0 —\ ey
z =-1000

50015707580 1590 16001610 > °°1570 1580 1590 16001610

Hodfi mi Kl ni
— R L 5 .
. 1000 i
= 0 LA !
- —— EMD
1000 1 A

2 000l 5701580 1590 16001610

B i
8 EFuhE Lk EMMD&EMD 43 fRE
Fig. 8 EMMD&EMD decomposition of Jianping station lines

MG Pl 7 A 8 %, [ v &8 2 B I RSN
B RO R WA TSR IR A L, H v LAAS 3
DUR S B A5 R, AICSRAE s B0 b e bR,
Wik 1 FK 2 P

RS B RE ERAEA N 625 kHz, B 1R
FE SR ZE T 1.6 us I TR 22, 35 D8R
294 m/ps, MG T —ARFE AR ZEX N 470.4 m
WIBER2ZE . A3 1 FNR 2 ] DIOR I FH s 28 1%
1 LB, NS, EMD. WA I8 5 fif = Fl



- 180 -

® LRGP B R

R 1M MR R A B KR (R = ED)

Table 1 Calculation of wave head at M side Yannan station

(sampling points)
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