5520 % 55 2 ) EHEMEAR Vol. 20, No. 2

2026 4F 2 H SOUTHERN POWER SYSTEM TECHNOLOGY Feb. 2026
NEHRS:1674-0629(2026)02-0066-12 & 4 S TM855; TM595 NHEARERG: A

DOI: 10. 13648/j. cnki. issn1674-0629. 2026. 02. 007

H F GSABO-ICEEMDAN-KELM & /5 Z8 i B2 1R 31
FEESKBGFXESEE 2B N A

TRE, BEE, &, BR, HRHLA

(X FBALHATRER, HR 211100)

WE: A% IT X (gas-insulated switchgear, GIS)R& & A F BT B S ARG 8Ts, MR BLG TG F3H
B3 EAZ T R GIS AR B ZAAZ 4R EREL, KA eke¥% 4 E5%F % (golden sine algorithm, Golden-SA)
P 3t R %= 4L (subtraction-average-based optimizer, SABO) -k, 32| 7 ak4-3% 4 iE 5% & ¥ SABO AL % (GSABO) ,
s 6 T A B E R R B AR A2 A A 4 #E (improved complete ensemble empirical mode decomposition with adaptive
noise ) 55 4% #. Mk 5 3 #L(kernel extreme learning machine ) # 47 4k F-46, VA £ I3 GIS B3Rk W [E 89475, B sk, 4+
*F SABO T FAN B3R AL . Bk E R B A F P, JINRABE S F e B LT, RE, BEEET
&R AR A B 455, 1A GSABO-ICEEMDAN #F it 475, SFAURAR R R ECK R A 250 %, R
Je i R R E AR E T AR RAFIELEME, L N GSABO-KELM #4735 K05, it o4 &9, 48
Yo T ARG 6 SABO Sk, GSABO 8L B3t b . Kk stag B 5 LA Zegte . 2otk ikt iratit,
GSABO-ICEEMDAN-KELM #9125 /& # 5 7T 1% 99. 1667 %, ¥if T o H ke a5 A, aF T GIS A3 b # &
L ey LA B B AE &L

XHEIE: ANBLAELE; Al ; ICEEMDAN; AubmuEtie ik, FAEZ %k, MRS T, HES b

Application of Partial Discharge Identification Method Based on GSABO-
ICEEMDAN-KELM in Fault Diagnosis of Gas-Insulated Switchgear Devices

WANG Sihan, MA Hongzhong, SUN Wei, GE Wei, CHEN Yuelin
(School of Electrical and Power Engineering, Hohai University, Nanjing 211100, China)

Abstract: Gas-insulated switchgear (GIS) exhibits various insulation defects during production and operation, and accurately identify-
ing partial discharge signals caused by insulation defects is of significant importance for ensuring the safety of GIS equipment and
power systems. By integrating the golden sine algorithm (golden-SA) to improve the subtraction-average-based optimizer (SABO), a
fused golden sine-improved SABO optimization algorithm (GSABO) is obtained. This algorithm is applied to optimize parameters
for the improved complete ensemble empirical mode decomposition with adaptive noise (ICEEMDAN) and the kernel extreme learn-
ing machine (KELM) to achieve recognition of GIS partial discharge faults. Firstly, to address issues such as SABO possibly falling
into local optima and insufficient convergence speed, chaotic mapping and the golden sine are introduced to improve it. Then, an
experimental platform is set up to collect four types of typical partial discharge signals, which are decomposed using GSABO-
ICEEMDAN, and effective modal components are screened using the correlation coefficient method. Finally, the sample entropy of
the selected modal components is calculated to form a feature matrix, which is input into GSABO-KELM for fault classification and
recognition. Experimental analysis shows that, compared to the unimproved SABO algorithm, GSABO demonstrates significant
advantages in escaping local optima, convergence speed, and accuracy. Compared with other traditional algorithms, GSABO-
ICEEMDAN-KELM achieves a recognition accuracy of 99. 1667%, verifying the accuracy and superiority of this algorithm, which
holds reference value for engineering applications in GIS partial discharge fault diagnosis.

Key words: gas-insulated switchgear; partial discharge; ICEEMDAN; subtraction-average-based optimization algorithm; golden

sine algorithm; kernel extreme learning machine; fault diagnosis



oW EEM, 5. 5T GSABO-ICEEMDAN-KELM [ Ja il il i 1R 7 v 7 S MR 4 28 T S35 a8 ke 12 W v 1 7 67

0 55§

SR 4s Zx B M OJF G & 45 (gas-insulated
switchgear, GIS)fEfG45M' B3 . BTl M .
LAV | LRB ARSI, CTER RS
B2, AR AR R R B L ) RS AR
AT EESLR T T GIS A TEA
REAFTERRIE, HAZdksird ferh o R, s
Dy AR B e 2 5k b, TFAEIBATING 5| A A R
(SR AT IR o AN RIS A 4 5 Bl T B0 Jeg
HL 257 AR R IR A SRR RIS 5, Sl BFFEaX 2 ey
FAE S RRIE, WX GIS HAETE I AN [F) 28 70 446 2% it
B AT R R

BN GIS 4 2k SR BE A T RIS W, B e R x5
oY G SR Y R AR 5 BEATRRAE SR IR, T A
RS WG B AFTE T 25 S A B BR 57 .
W15 5 4k # vp 22 56 B S 4 f# (empirical mode
decomposition, EMD) A ¥ JE - F2 (5 5 4 5 A [A]
(4 IMF 4355 53 th o, 5 30 2000 SRS TR
BT, TR — R MR L T 5e 4
£ A 4 5 B 5 f# (complete ensemble empirical
mode  decomposition  with  adaptive  noise,
CEEMDAN) ™™ %77 45 38 32 VR AN IF 972 35 307 4 14 i
FE B U b 400 il 455 R e 1), H G0 0 b AT
FATEME S FI PR 43 i . Ik, COLOMINAS 4 i 1
ek 7 MR S8 A 4 0 LA 43 i (improved
complete ensemble empirical mode decomposition
with adaptive noise, ICEEMDAN)"'" | #36 T l s
5REA ) A, SCHk [ 114 ICEEMDAN 1 I T GIS #%
B A5 5 1 J AL B, 25 RAER] T ICEEMDAN (941
ks {H ICEEMDAN S50 0 N i, 51Xt
AR ZE B AR o I ok R f PR RE o DR o X
S o e RE I S AT SO0, SCER(12] 51 A
SEHEF R X ICEEMDAN H i P8 P R (E AR ()
FIME P SN (N ) S8 AT A, I AL 2840
I /ME R IEALTEBE A IE M bn o . % T, EF XS
ICEEMDAN 1) Z 8k )@l , A SCH] ARG 84

EEWA: FEHARFEERERIIA (51577050) ; [FH M L5544 H
T B2 mI R H (52023002)

Foundation item: Supported by the National Natural Science
Foundation of China (51577050) ; the Science and Technology Project
of State Grid Jiangsu Electric Power Co., Ltd. (J2023002).

1E 52 1 Bl R 80k A A 53k (GSABO) X H S ¥ il 47
ek, DLSEBU ALY o3 i ROCR

52 WX 4 2 Bk I Jm A R FL A S B R E 4 R
Jei TR B EUAS B () R A B R AT RS W, W
FH ) 5B 1R 7 vk AL 46 BP M N 4% . SR
ML (support vector machine, SVM) . # [ 2% 2] #L
(extreme learning machine, ELM) %“HSJ o Hirr,
BP 1 25 [0 2 5 i R R R A7 7R 27 2] iAWy .
I 7 R I 5 et 4 S R SVMX I B
SRS T e R B T ELM N AR AR i
AAUEBERLRI G AL . 1 A S g
ELM & B 5z Lae 11, BT O E NI AR
$E R ELM B 55 J2 5 5 B0 0 F 0, iy
¥ W PR %% 2J #l (kernel extreme learning machine,
KELM) . #Aili, KELM #4205 i W 4k 5 Boxd
HARGIERE R 2, A R IS HOW = 3
SR o SCHRL 21 J5R FH i 8 550 125 0 A KELM 2 LA 5
AR g LS R A, SCHR [ 22 ] R F AR 42 M 5
R 3% AR AL B 53 1 Ak KELM DA < 4 4
2 4 J& EF A Hy fB 28 #% (gas insulated transmission
lines, GIL) H1 468 2% Bl 1) Jy & e v, B3R B9 AT
IE W] KELM TE FL 50 A i B A 00 400 88 A9l 47 1
L, A% 3CR FH GSABO fIE 16 KELM A 2 i i i1
M7

g LTt , A 3CH GSABO 5 ICEEMDAN X
KELM #4545, i i1 GSABO-KELM X} £ GSABO-
ICEEMDAN 77 fiff Ji5 i 12 1 ) IMF 43 1 1 58 A4
IR 1 R AR B AT 0 2R, B 2 s LRI
T BRI T B 55 B Bl 9 Tk 1% v
AP
1 EF GSABO-ICEEMDAN B GIS Bl =

5 SHFERE
1.1 ICEEMDANIZit

PR Y 52 4x I N R R AR S 22 T A O i
(ICEEMDAN) 5832 02 75 5¢ 4= F i b M 5 5 22 56
B A& 4> f# (complete ensemble empirical mode
decomposition with adaptive noise, CEEMDAN) %
VERYSERN bk, HAZ O 1 S RS e
(56 i AR AE RS bR 430 (IMIF ) 43 v 128 Jo o 39T 1 e
7. ICEEMDAN Ry EARSfifid #anF .

D) ) B A 5 s IR0 17 F1 R E, (o), 15



68 TR EIAR 520 &
F (1) X, X0 X1 x,
s =5+ BE (0") (1)

e O s A BA I B SRR S B A X=Xl =x o xg x| ()

U VR PR P B SR R R T 0 () BRI 46 i . o

AP 5 E,(+) R —AM7 5 EMD SH 55 14 e T e

IMF4HE X, =b+r, o (bY=DbL),i=1,Nd=1,--,m
(6)

2) F ICEEMDAN 5. v %} J5 4 15} [6] 7 5] 43 i 45
)5 1M IME /i

=1 (2)
Cc, =x—r1
Kby o H—EE2E DhERESEG ORI
WSS, M( - ) RRIBEE T o HFE—A
IMF{H; xRS r Bk,
3) RS 24 IMF 434t 5

r, = iiM{rl + ,BlEz(w“))}
1
i=1

~

C, =1, 1,
L r, M TBER2E s B L YRS IR S (Y R
EEHRIE T E,( - ) AR 24 IMF 23 5 38 0 &
WM o, W5 A IMF .

4)LIBLAHE, TR 12 kS IMF 432 7o

I
ry = lEM{rk—l +Bk*1Ek(w<i))}
1
i=1

~

Co=To — 1y
Kb k=2, 3, 5 reeono BN kL k=1 B BR
e Beoy NS k=1 UCHS IR A ) ir R 45 AT
E( - ) RITREE kA IMF 43 2 U8 0 0% & 40r 1 e s
CONE KN IMF(E; B, =ek—1, std(rk—1)RkiE
PREL, k=1, e WMEFS REL

1.2 BERAEE(SABO)

LTI 1 1Y P A 357 (subtraction-average-
based optimizer, SABO) , J& Pavel Trojovsky T
2023 4F 48 H A — Pl L T ROE AT R A AL S
TSR3 Ao A A A (8 D - JA (B A TR AR L B
R E, BA SRR, WSk
PR BIRRERNT

DE B

FIH T X BEDLW) 16 A1 2R ACHRAE 8 2R 2 [|] Y
FEAE

(3)

(4)

s X SABOBHAKFE; X W58 i M8 RH
TEMR I B 5 xRS R 25 0] R (9 26 a dE Dok 7R
iy N RHEE;, m R ENEE; r,
KICTELO, TJNBIBEALE; by FbY 735l R o d HEk
KA RN RS TR,

2)SABO B85 Al

Wit SABO FURRAS 5 Aok I TR # A&, -k
P $ERACHL B 22 5 DL H b s BRI E Y
PESAFS o T A 4 AR B AR X 47 (R
55 e UEACRY RS ), AN SRSl P i b el e 22
38 22 AR A7 R T BT A 1 AR AR BRI 7 e (PR
(D) URIEACH T AT FPRE R D1 A A ), AR 2
SRS, 1 SABO MTHE R A IE IS 2
SEAEMMEER, KRG T — 8Bt A -7,
P AL R ACHE A Ul 25 48 R ACEE B Y v-iii i, HiE
XUnr
v =A-B=sign(F(A)-F(B))(A-v ® B) (7)
A vI—AEE I m iR, RNES 214
W FENLEL; 1558 Q7 E /R P~ 1] & 1Y Hadamard FX
(B3 30 265 2 9 P A o] 2 119 L 4 6 A T R TP i
GER A RINITE 4 ) s F(A)FIF(B) 45 R 248
PHAFI B BARREGME; sign K signum PREL,

TESABO Fikrp, (T4 R ACHL X, 7R 48 & 25 1]
A AL R R R X (=1,2, LN
“o-" Uk B R E BER T A . B R X
mr,

XM =X, +F, % %i(x - X,),i=1,2,-,N (8)

K XP N EHELE; N RO, 7
NYEE m iy, Horp Rk B IXHI[0, 1]IE
B R BEHLEL
RO, R B A AN (8) s .
X! Fr <F,
X, =
X, F!* > F,
b F AL F 5300 g 18 R AU XA X R E A e

(9)



923 EHE, % . £T GSABO-ICEEMDAN-KELM A4 Rl i IR B 7 BE A SR 2 50T S 15 45 ke b 12 Wi o g o P 69

Bt
SABO B B BB AN & 1 7 o
“SRX)>FX)

i
|

2 )2

X,
FX)<F(X)

1
1
i i
! :
: r 1
L : X / i
1 oy
/ OxU *ip J i “m.\\

1

—

o o X1

El1 SABOEixpygiziEal

Fig. 1 Mathematical model of subtraction-average-based

optimizer
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Tab. 1 Four types of fault optimization results
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Tab. 2 Calculation results of characteristic indicators
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Tab. 4 Comparison of recognition results of various algorithms
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Fig. 20 Diagram of metal shield loosening and opening cavity
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