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Abstract

In order to solve the problem of poor identification of single-phase ground faults in resonant
grounding earth systems for fault lines with zero initial angle of the fault and high resistance to
earth, an adaptive optimization of VMD parameters (WOA-WOA) is proposed as a wire selection
method. The method simulates the small current grounding system through Matlab/Simulink,
collects the instantaneous zero-sequence current data, inputs the data into the optimized VMD al-
gorithm to decompose the signal, extracts the decomposed high-frequency component data, and
inputs them into a single support vector machine model and the optimized whale algorithm to
compare the results. The results show that the VMD-WOA-SVM model has better line selection ac-
curacy and efficiency.
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2. it Ea
2.1. RS E(VMD)

VMD (Variational Mode Decomposition) /& —F& 5 7 fif i, HJFIE TR NEE o/, setekdEr
G S RN — RIS BRBNIR Z R I, MRS A 155 sy, R Rk 4 (5 5 b 3
TR 3 o R B R A RS A, A R AT IR0 R A5R

22. XFHEEN

CRFIEML(Support Vector Machine, SVM), & —A>4E 2kt or35ds . R B G — AN F i,
EAFAN R AR PR A AR 212 P T AR 11 5 K (22 S KAk, aR B0 H 1o X TR 2 1) ke 5, K i
B2k i 5 R £ B AN S I SYM R ARY (g o, R SA IR H 1 o

FIHA T ;

B {(X Vi )oK =12, 0} RUIZRREARSE, Jorh x W B ZAHIE(R ) K I ZREHR, y, e {-11) Ay, #t
T X N B IREAR SR (IR AAR ) o W 0* x+b =0 NEAE T, Ho e Fikmn & o oK R
K, HAHI b A RBE .

T ERAEA TR R, VAR RN, W] LUK TP A1 10 119 o A% A R 0 AR A ) . i
/NA PR ECN(L):

min® () =Jof [2+C3 ¢,

st Yy (@' +b)21-§ k=121

M

b CONRRIIIE T & uRnatilAl 7, FI ARG ki 0 & ) s
S FAEEE IS, SYM SINTEREK (XX, ), —NEENS 2SS —MERIZRERS T SVM
PRI R AR I 2. AR IR [ (RBF) & sk B, A3 (2):

K(xn,x)zexp(—"xn—x”zg) )

KA g (gamma) W% S5,
SN PR UG 15 30 5 S N A e A 43 20T Ve 3R BB 5 (3) :

f(x):sgn[z:zlynanK(xn,x)erJ 3)

X a BB H T .
AR R 5 AE R R A E P2 (-1 Lkl 1 v ARsibRgi), il SVM Xt VMD 7
Ja I EF BREAT I ZR 5, R IRRIRLL H .

2.3 e RUEE

i £ £ AL 592 (whale optimization algorithm, WOA) /& ii MIRJALILI Z5 A\ T 2016 £ H i) — Fh 4]
SLEERAEAT R e KA E, R — R RO B s . AR R G H bR
W E VR P A1t B SRS =N B, BRI R 1 TR

BB A T SN E, AR OR BOZAE AL B, YO MRS BT TR AL B R i
BUE T I UM, SR b ) A it 38 2 R A A ARV BT AE DT AL AT IR BN, TR B B S P RIRES o
R it R 2 B A A BT AE A B SRS M 28 B I sh 7 1a), T D6 HARAE R AL AT R iR
MR S AR . 22 H 2 4 AT
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Figure 1. WOA algorithm flow
1. WOA EiERiE

D =[C-X'(t)- X (t)

A=2a-r-a
C=2r

A, X(t+1) AApi i B R, X'(t) ASarer BB mg, X (t) B E, t R, r
K01 EE N MR R, a izt S, EREIERUCBIOA B I WEUE 2 LN 0. &
RS, SRR A H AR S BEIAT “ORIGE” , TR RGBT H AR R 05k i A ) S 3
B, o 2 SR A 0, B 1 e 2 Ml 1 77 2% E AR S B AT A 0 R 2 T SR AR

1) Y4t

BIIKAE A=2a 1 —a SO AEMIM AT IR . 24 R M| A< LI, R R A S s SR AR T CE AL
BTN FIRAEZATIR T, 4| AT 1, S5 i A 1 gt £ DA RROK (0 5 R
RHAT B R, 25 WOA HIEERFRIAE S . 4 |Al MM BT 1, Si b i MATE i i 72
ol 22 DL — AR N B R O ST A R, SRS T WOA BEI R Re

2) IRl E

SRHUIE e A 1) 7 S S AR 8 50 AT Al H AR SE P EAT 3R, OB T WOA SLETERA
WM RS ae /), FOd R H LR A (5) ATk

X (t+1)=D"-€" -cos(27l)+ X'(t) (5)

X, D'=|X'(t)—x(t)| e R ER RS A iR B BRI, b WAL | 2B T[0, 112 18— ANl
Pl &, X' 2R
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Figure 2. Parameter optimization chart
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Figure 3. Parameter optimization chart
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Figure 5. Simulation model of resonant grounding system
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Figure 6. Iterative process
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