F a4 K% 5 TTIRBRARFFROAAAFR) 2025 410 A
Vol.44 No.5 Journal of Liaoning Technical University ( Natural Science ) Oct. 2025
X2 BRI AR, 55 . HE T -SNE Il ECOC-ISSA-SVM 78 FE 4 B B 12 W [1]. 10 7 TR B AR K2 4 (H AR 10),2025,44
(5):606-613.DOI1:10.11956/j.issn.1008-0562.20250166

LIU Meng,ZHAO Chenxiao,ZHU Qiaobo,et al. Transformer fault diagnosis based on -SNE and ECOC-ISSA-SVM[J].Journal of
Liaoning Technical University(Natural Science),2025,44(5):606-613.DOI:10.11956/].issn.1008-0562.20250166

HT -SNE #1 ECOC-ISSA-SVM 175 [T g ik & 12 1k

xRN, RRERR, CRFM, FORL B R, F O£, R OW]
(1. EMEL A RA T, 5T 100089;2. JLRHRHE I H R G0 A FRITEA ], JLET 100089;
3 1L T TR RS TR =B, 107 #)1% 125105)

W OE. NRPE AR AR 2 WP S B L (support vector machine, SVM) # S B L F1 £ 4325 REAS
SER IR, R -5 B BEHLAR FE #X A (¢-distributed stochastic neighbor embedding , --SNE) X 26 27 it A Hr
(DGA) B defTARg /e, 51 A 2454 H 8 (error correction output codes, ECOC) , ¥ ol 7k JbR 46 48 R 5%
(improved sparrow search algorithm, ISSA) 5YI LS RIR MBS | 704 -2 048 SR mg AR ZS &, Rk SVM S,
QhFRZ 43NN, TS5 R W . ECOC-ISSA-SVM (+-SNE) ERIIZWIRGE . A 15 R R F LR 5000k
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Transformer fault diagnosis based on -SNE and ECOC-ISSA-SVM
LIU Meng', ZHAO Chenxiao', ZHU Qiaobo', LI Liang', YAO Xu’, LI Xin*, ZHAO Ming’

(1. State Grid Jibei Electric Power Company Limited, Beijing 100089, China;2. Beijing Kedong
Power Control Systems Company Limited, Beijing 100089, China ;3. Faculty of Electrical and
Control Engineering, Liaoning Technical University, Huludao 125105, China)

Abstract: To solve the problems of insufficient hyperparameter optimization and multi-classification
performance of support vector machine (SVM) in the fault diagnosis of power transformers, the nonlinear
dimension reduction of 26-dimensional dissolved gas analysis(DGA )data is carried out by using the z-distributed
stochastic neighbor embedding (#-SNE). Error correction output codes (ECOC) are introduced, and the improved
sparrow search algorithm (ISSA) was combined with Chebyshev chaotic mapping and Cauchy-Gaussian
variational strategy to optimize the hyperparameters of SVM and handle multi-classification problems. The
research results show that the diagnostic accuracy, recall rate, specificity and F1 value of the ECOC-ISSA-SVM(#-
SNE) model are 95.6%, 97.8%, 99.6% and 97.8% respectively. Compared with the traditional model, the
improvement effect of each index is significant. The diagnostic time is shortened to 11 ms and the diagnostic
efficiency is significantly improved. The research conclusion provides technical support for the intelligent

operation and maintenance of power equipment.
Keywords: fault diagnosis; transformer; dissolved gas in oil; support vector machine; sparrow search algorithm;

t-SNE dimensionality reduction; error correction output codes
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PSR R Z R R LAY, SCRR[9145 A 4% &
B3 53 AT B sC it 1 i RS Bk Ak SVML, - Th R R
G 22 4y AR A AT . SCHR[10) AT STk 11749 31
ok ek RR 48 48 R A 3k ISSA R4l A AR A
VMDSMA-LSSVM AR b 5 B 28 0 4% CNN K i
/NI L HEIRHLLSSVM, (B RIEA ST DGA
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Tab.1 fault type number

% EEES Gy pES
1 T1 4 DI
2 T2 5 D2
3 PD 6 NC

1.2 DGAHEMEN S

R AR R A T AR B ] I i A
R o R ARG FOAE 6 S PR E SR B 9
JE AN 26 FPECFEEFIESS A, HAK LR 2,

R2 WREHFIERE
Tab.2 types of fault characteristics

%' Y BRARRAE %' HRFAE
1 ZH(CH)/AR(H,) | 14 Hi4£(CH,)/G1
2 ZHR(CH)/MHE(CH,) | 15 2A(H,)/G1
3 ZHR(CH)IZHE(CH) | 16 ZHR(C,H,)/G2
4 ZH(CH)/IZH(CH,) | 17 2 (C,H,)/G2
5 LI (CH)/E(H,) | 18 ZHE(CH,)/G2
6 JH(CH)/MEE(CH,) | 19 Fi 4 (CH,)/G2
7 LHE(CH)IZKE(CH,) | 20 A (H,)/G2
8 LEE(CH)/E(H,) | 21 ZHR(C,H,)/G3
9 ZJE(CH)/MEE(CH,) || 22 25 (C,H,)/G3
10 HWHE(CH)/AS(H,) || 23 ZBE(CH,)/G3
11 ZR(C,H,)/G1 24 F e (CH,)/G3
12 2 (C,H,)/G1 25 AAU(H,)/G3
13 2L (C,H /G 26 (G2+G3)/G1

ORI GI=E A B - b S e+ S+ 2 G2=HT Be+1i
L be+ LM+ L G3=AL L Be+ LR+ LB

HARAA G LAY 1) DGA B i 48 71 1 il e
X3, SRR 4R 2 5 25 2 M SVM AL
B T, R -SNEBF LN 26 AERFIFEHE T IE
AERb PR, A5 3 T AR MR AR R R (0 2 B2 AR (A,
L3,

£33 ETIELMPEERARNEEFIEE

Tab.3 dimension eigenvalue based on nonlinear
dimensionality reduction technology

FHIE(E V¢ FHIEME W FHIE(E HfH
-13.011 -16.823 -2.630

-8.599 -11.202 5.649

-0.652 -19.256 -5.339

4.955 -11.712 -4.410

4.936 -14.375 -7.159

3.085 -14.795 -6.002

4219 -1.856 4368

X, 1336 X, -1.654 X, -7.885
5.811 -2.891 4763

5.300 0.535 4.989

5.086 -0.399 2672

5.383 -8.919 7.875

6.442 -6.489 10.295

5.125 1.137 7.289

5.485 0.762 6.112
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FEARIEL

16 Bl 00 SR e RN

t t
Q .ex Xworst_'xi.j l> ﬁ
p l.z 2
t+1 _
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HHE RIS RO E; AR FmmE, HooR
EHE+ RBEHLEL; Al A 1Y Moore-Penrose 4
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B ML B R R A
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K Xy, WA e EARET, AR rbol iy B e i
JFRENE s B RKIERISE, BOo~1 WIRMNIESS
I3 AR I BEALEL £, F L, 53500 R 2 i 4 SRy dR e 3y
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kAR A5 e A/ INIE SEEL
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X SSA HEAT ek . #E4T Chebyshev TR i L5 47]
Gk, E AR SR A 2 AR, VR )R
PRZE VLI s e 8. >R A Salp #F 5815 08T & R
HOLE, EERHAR A, IR THEeRER
5 RER I & e 1. K Cauchy-Gaussian 725 735 s
LR A S AL S TR R 2R, A R R
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P59 53 A U HC S5 I ISk 2R 1

X,.H:cos[t-arccos(X,.)] -1<X<1

Y=X, t=012-.n -1<¥<1 , (7)

Y, = (2/n)arcsin(cosY,) + M
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4=
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xi= v (1+¢,)u,
x;;+0 R,=2S;
EEXT SSA S ) b A R BB e L i ) AL, R 1)
Cauchy-Gaussian %€ 48 3¢ W20 F 47 oe ¢F , b 54
XA

Ro<Sa (10)

Ul =X [1+2,C(0,0°) +1,G(0,0%) ], (11)
! [ (Xw) <f (X))
i exp[f(xb“‘)_f(x") 3 (12
If (Xiww )|

K (1), X (12) W UL XL 5002 S5 R
FAR S AT AR IO B 5 o ] PG - AR 4 0K
WEAUARIEZS 5 C(0,07) i SR ] VY 3 AT (1) REHLAS 1
G(0,07 ) A i /2 o W o A Y BREMLAS 55 A, R B 55
PEAE T N R EL A, W R R R R Y
KRS Wi shSREL, . 4, BkEl RS~
SRISN) DR o
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ISSA Bk HAR St AL B U T .

] SHR. EREGSH.

S22 MEERILGL. Y] T IR G
He ST o

HB|3 G EHEY o RN R HES A
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B4 OE TR LI LA REE 2 BIAR Y
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HHEA (8) HEHAE, W RARER; AL E
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S| ZAbFIWr R, i
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2.4 ISSAEEMEREMIK

R HRIE ISS A SAVE R I R e P [ Aty ek
HRE Sy, 6 MERMEREHE TN, Hob, F~F,
BN R AL, F~F o 20 R A, BRI
Fd, LERIRVERY K Windows 10 (6417), AbHLZR
> AMD R7 5800H with Radeon Graphics.3.20GHz,

THEMLNAEN 16 GB, {EAF-£5 A Matlab 2020b,
F4 TREHAEELSH

Tab.4 test function related parameters

PR Yz i I LfE
F| 30 [-100.00,100.00] 0
F, 30 [-10.00,10.00] 0
Fy 30 [-100.00,100.00] 0
F, 30 [-1.28,1.28] 0
Fy 30 [-32.00,32.00] 0
F, 30 [-5.12,5.12] 0

n

Fi(x)= zx?v
F

Fy(x)= Z|x1| + H::1|x[|,
Fi(x) = z(gx) ,

i=1\j=1

Fo(x) = Dlixt+7,,[0.1),
i=1

1 n
Fy(x) =—20exp( -0.2 /;;xf ) -

exp{;jcos(ani)] +20+e,

i=1

F(x)= 2 x2—10cos (2mx,) + 10
i=1

PEE A LA B (WOA) B W4
Bk (MPA) P IESZAR5%50L (SCA) . &5k
LB (GJO) B9, SSA K ISSA #E 47 X il iz .
KD BEALR 2%, SR TR 2SR TSR, B Ab
FVETE 6 FEME R B LIS BT 30, kS
WS, £, A RWFREE, HTFEE
Y. SEREE R RAT R, SRR 2 etk
I 05 b, WIBIRSEL; Foy RIRA iGN AP K
W+ OMBIIEIRERSEG o, MERISE, F
BRI R AT RBE T C oI Fs PRK
ME (RRHE) R N RAE B8R (0) WLk
Bl SHIMAZE GBREE) MRESCR 5 RAE DGR
[ LA
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Tab.5 setting of algorithm parameters

e R SSi| ZHE
WOA AN2F0,b =1
MPA F=0.2,0=0.5
SCA 0,=2% 0, =0.5
GJO C 152
SSA P=020,5=0.20,R,=0.8
ISSA P=0.20,5=020,R,=0.8

BESLRSHMT . MRS 50, ROk
FRUHEL N 5000 ANFISRTE R R A RIS L LK 6.

TEMR A PEAR R A RS B0, ISSATE 6 1>k
PRECP LT AL . Hirp, JEF ~F R Bk

SIS R, fEF,. F,pRE0H ISSA 5 SSA Hfie
RO WS E e, FPISSA S HAL Y 4 )
RKARIACRE TSI, BEE AR IR R 2|, H
FaE by, TR ISR . AEE AL F,
~F RBP RS E 1, mETTLUE R,
ISSA i U] L35 R W) 4f AL Fn etk &k S5 HLH],
FRTE TR, WS HE RS,
SO RRBCAS, X B T F 25 12 W 1) o P
BRI, i A Rk S A AR AN IR R B ) L Bl B
[R]85

kL BTl A, 5 WOA. MPA. SCA.
GJO. SSA ML, ISSA K Ja it (B ¥k sk fiE 71 . &
B YR BE T A S ERE T 4y, IR B

*6 AREZEHEERERILL

Tab.6 comparison of search results of different algorithms
PR WOA MPA SCA GJO SSA ISSA
F, 3.46x10°% 4.23x10% 7.23%x1072 1.58x10°7 0 0
F, 3.28x107® 1.58x107" 1.03x10* 7.65x107 0 0
F, 1.60x10* 6.44x10” 8.33x10% 5.09%x107% 2.03x10* 0
F, 0 0 1.51 0 0 0
F 8.88x10"° 1.15x10™" 7.05%x1072 4.44x10°" 8.88x107¢ 8.88x107"°
Fy 0 0 1.08x107 0 0 0
10" 107 10"
10° “\\ 10°
10'\0 100 %
-10
M 10'2\) :ﬂ % 10
1= 10%° Elo-zo =0
— WOA )
H 10% ! — MPA " 107
0 10 — SCA
10 GJO
10 SO 10T ZSCA —TSSA
o 10
10707100 200 300 400 500 0100200 300 400 300 0 100 200 300 400 500
LARREL LA EL AU
(a) F, (b) F, (¢c) F,
10° — WOA 10° 10°
— MPA
107} —SCA
10' GJO
i 10 SSA
=100 —ISSA
bt
10"
10°
-3 -15 T —— 5
10 0 100 200 300 400 500 10 0 100 200 300 400 500 0 100 200 300 400 500
AR L AU EL AU
(d) F, (e) Fy () F,
Bl ANHEBERLEF~FRE0h g eih 2
Fig.1 iterative curves of different algorithms in F',~ F functions
3 REBRBEYBER TR % R KM S5 6 A 8 WS 0 8 5 2 1)
AT g S i A P T Sf o] S HLTE JRUR JE 30T
3.1 ZHFmEN TR 5K PR BCA

SRR LS — Rl e T EE T ) BE i ot
OYRIAY, JEALAR S IR I B N B

f(x)=sign[0"p(x,) +b], (13)
Ao x W AFEARFIE ) 5 5 sign AT BREL
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o J R A s () 2 PR SRR AEAS x, U
B GERAE S (8] BN BB b 7 S BME, AT Bk
SR T B

Bl G oy et X IR A DRI sR B A R, ]
W R IR st HRAA

g(x) =sign{i /Iiy,.K(xi,xj) +b}, (14)

Ao 4RI H e, AT RS S 42
T ARy AR x, 1 2R BR A
K(x,.,xj)ﬂﬂ‘ﬁlglﬁ, HARERAN
K(xi,xj):exp( - x,.—)sz ), (15)
20

K, o WLRESEL
3.2 ECOC #A5KR B

ECOC k] —{H 4N, 45alas ] Irik
5o s gm b, B n SR SRR n(n-1)2
PR TALS, AR o AR b S AR Y 2 250
BIFNA]EE DI RER . SR F ECOC % W& R OVO (one
versus one) Zfih b HE 2R, 6 FE L
Wi Ak 15 A~ Zonsr KM, W3k, Hr, 15%
INIEFEA IR ; -1 RoR AR R 0 7R 2% 1%
)R, TEHATE RIS W, 43258 € (=12,
15) B S AR B A A ) T000 S A, 3 sk TP
P DG P02 A A A P, PR R A /N G B
A, B Iz g AL TR N A RS

*£7 OVO%H
Tab.7 OVO encoding
syEEE Tl T2 PD DI D2 NC
C, 1 -1 0 0 0 0
C, 1 0 -1 0 0 0
C, 1 0 0 -1 0 0
C, 1 0 0 0 -1 0
C; 1 0 0 0 0 -1
C, 0 1 -1 0 0 0
C, 0 1 0 -1 0 0
Cq 0 1 0 0 -1 0
C, 0 1 0 0 0 -1
Co 0 0 1 -1 0 0
C, 0 0 1 0 -1 0
C, 0 0 1 0 0 -1
C, 0 0 0 1 -1 0
C, 0 0 0 1 0 -1
C 0 0 0 0 1 -1

@

3.3 ECOC-ISSA-SVM(t-SNE )& F& 12 i £
ECOC-ISSA-SVM(¢-SNE) it [ 12 Wit #5 5 38 1o

M A ISSA X SVM % S 8o FESTIRELC
AT, $RTHSWIRGE R . MR W R DL 2.
F it
DG A% 4b 71 DGA%{%WM&%
ﬁ%ﬁ%%ﬁm%m
HITAET - SNERYRFE A AR 48

' !
%jiill%% AR AR
OVOZi% il
: — . Bk R
L N M i R
SVMI1 SVM2 - SVMI5 |[iEESH
. etk

mw%%m
SR SRR <

A2 WA R

SR
K2 s i
Fig.2 fault diagnosis process

3.4 RO

(1) 5 A H ULE L Wik R LA

K H 26 4 DGA F#1E £ 95 48, %) [k ECOC-
SVM 5 SVM., KNN (KZ4Fi#5). RF (BHALARM) |
ELM (#RBR2~2THL) R IZ Wi R . A 2
e T OSVMRHE I, C=1.0, y=1/d,
y R Wi R A S8, I REUN TR, 4
FRIEE; QKNNRHBRICHEE, k=5, kN7 5
JEal ] 0 T B, 5 AR T A A S A A ) 4
FEARA$; GRF R ] Gini 4324 EN , 435 100 £#
B 5 @ELM B % )2 95 s 5k 50, B0 R
Sigmoid. FEHAH WA | FEFME . FUELDL S
JEVE RS WSO IPAG T b o #5155 20 L [ 12 W 45
XL R 8. MR 8T LIE Y, ECOC-SVM FiRIZE
GUHRRILHEE, ARE, R, FIEL LS
WA FE 43 ) 7 3K 93.5% . 98.9% . 91.9% Fil 88.7%,
FEVU A s #45% JE H B 25 DG B s rh R IR

#8 EAHEAIEISH LRI

Tab.8 comparison of basic model fault diagnosis results

] BIR Y% PR FUE% BRI /%
SVM 85.7 96.9 84.2 83.3
KNN 87.1 97.3 86.6 82.2
RF 88.1 97.5 87.8 84.4
ELM 89.6 97.8 88.5 85.5
ECOC-SVM 93.5 98.9 91.9 88.7

TTFITRERARKRZZR (BARZEM)
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(2) 53k A i 5 2 WA 7R X L
EHUBES-SVM. KPCA-TISOA-SVM. MISSA-
BiLSTM il ECOC-ISSA-SVM #&% &I | % H 26 4
DGA FRIF BG4, FF Rl s 12 Wi g S8 X He S2 56
55 {IF ECOC-ISSA-SVM  (#-SNE) A5 B () mJ 5 4
TR S 212 W 245 SR X LU LR 9, I B 2 W i (] DL
%10,
x99 FEEYEISHERITLE

Tab.9 comparison of model fault diagnosis results

. AE S FIE 2k
kil =
K% % 1% FE /%
BES-SVM 91.6 98.5 90.9 88.8
KPCA-TISOA-SVM 922 98.9 92.8 91.9
MISSA-BiLSTM 91.3 98.2 91.7 91.5
ECOC-ISSA-SVM 96.8 99.3 96.6 96.7

ECOC-ISSA-SVM(z-SNE) 97.8 99.6 97.8 95.6

R10 WIS Ui
Tab.10 fault diagnosis time

HEE 7R el /ms SEH{E/ms
ECOC-ISSA-SVM(#-SNE) 11 14
ECOC-ISSA-SVM 97 101
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L WK 5 B8 X T ECOC-ISSA-SVM.,,  HH 3 10 AJ 41,
ECOC-ISSA-SVM (-SNE) HPEHRZMIE A 11 ms,
24 i ECOC-ISSA-SVM 12 Wi i} [8] i 1/10, % B
ECOC-ISSA-SVM (#-SNE) g % 78 {8 IIE 12 Wi kG &
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