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Abstract: There is a significant bias when imbalanced fault data are dealt with by transformer fault identification meth-

ods . To solve this problem, we have built a hybrid ensemble model based on an improved lightweight gradient boosting

machine. First, we propose a gradient harmonizing mechanism loss and cross entropy loss improved light gradient boost-

ing machine (GCLightGBM). This approach enhances the model’s attention to minority samples in the dataset. Then, to

address the issue of parameter specificity affecting the model’s recognition capability in GCLightGBM, we propose a hy-

brid ensemble model based on GCLightGBM. This model further improves accuracy while ensuring good performance on

real-world varied and imbalanced datasets. The experimental results show that GCLightGBM can effectively solve the

problem of low accuracy of minority samples, and the overall accuracy is as high as 0.911. In addition, for other variable

and unbalanced datasets, the fault identification method based on GCLightGBM hybrid ensemble model has an average

accuracy of 0.988.
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SRRHIE, SRASCER(1 71T LB 7, X 5 Fh
SARIREEHATHE, 3R15 9 40 IR 2R T LU A 08
FEAS B 3 485 41, FF4% 7:3 LbBldt T I 4R 50K
NGRS MAARE A G 2 ek 2 s . Heh KRR
HL 85 5], fEiAETECHR 100 441, SRS 30 4, i
RT3, PRI 77 B, IE R 120 4.
BRI RZ, RS REERD .
3.2 GCLightGBM B3 ML MEIIE

NIAE GCLightGBM A &M, 1% BUAS ok
LightGBM 5 GCLightGBM(a=0.8)# 7% b, AT
B R A S E ) A LA R 2 A TR B 1 R
A ZHUIE £ B8 2 IR EE RS, H S
Bk Pran 3 fizn, Hb, learning rate [0 5 2] %K,
FE i /o S BORE B R P8 s num_boost_round
T 7 EIN SRR A I E s, BUE v DA hnge Y
PR FRERZEGE YT, REFEMIPERE; num class
FoRMPEIE A S E; max_depth ZEd= ] [ 4544
I LFERE . 24 max depth BB BN, B 4574
Bl Re S RIEHHE, FEMEREEZ; max_depth
WEBCRE, WEEHAREEA, A LI LAt &)
gigids, (HA e SECIHE A num leaves A T
2 #l GCLightGBM 1 &F B A (1) i 5 s 4k,
num_leaves {H KK /R Z4; n_estimators
T 7 £ PSR Hh BRI (LU T e S B B

R2 AFEHEIRA A

Table 2 Distribution of different data types
HaERm HdEgs IASEREARE INRAEEREAS B
EH 0 84 36 120
fICHETRC 1 60 25 85
T RE T H 2 70 30 100
PG # 4 54 23 77
T #4 3 51 22 73
JR TR 5 20 10 30

# 3 GCLightGBM #HZH#% &
Table 3 GCLightGBM hyperparameter settings

S Hft
learning_rate 0.5

num_boost_round 1000
num_class 6
max_depth 13
num_leaves 45

n_estimators 1000
bins 10
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e UE 2 HCHUAE 1 T e DL R B8 I R 2 00T
THRE SRR, g B S8 52 ma K 1 2 5
learning rate. max_depth JEA7 5258, XS HUE LT
learning rate 24 0.3. 0.5, 0.7, max_depth y 8. 10.
13, 15, SEERERAE 4 P,

K 4 750, HESEIUE 20 BRI R AL 5
We, A5 TR ) BB T B 3L 240 learning rate .
max_depth BUE G K Z6 T 5 J5 P

Bl 5 452 a=0 BfF1™Y 0=0.8 i, A% 25 i
WG R B PTG RE R R, FERE P TR R
NS W B SR A TE A TR R A4, AT E i () AN
FINZIR R IFEA D EL, B35 B8 (0 R 2 7 T
ARSI FEA L HL

HE S5, 24 a=0 i, SFF /b BREA R
5 EFINEON 3, M FEATIE 2 BE A EON 8. H
B Syl AL 2 a=0.8 BEXETF/DHRE A M 5 455
ANECIG 0, MELPREA TR 2 5N EON 20 B AN
WS, R RS % bR T R A AN
17 K R AR S 43 v 8L

9 4iF GCLightGBM A1 & 7, 4 5 1% BY
LightGBM. ELM. RF. SSDAE. 1D-CNN, SVM,
K Focal Loss £ 1] FLightGBM., L\ f AbBEAST
oK oW ow R OH M d R M OB OR
Borderline-SMOTE(borderline
oversampling technique). R RFEH AR BT XS E .
FLightGBM H Focal Loss [1Z%N g=2.5. a=0.75.
BSLightGBM X H] Borderline-SMOTE X Ji# 455 4
AR AR BOHEAT KA, B B I T e AR 20
N 120, FEASATN 720, FEAE A LightGBM X478
JEREARZEAT IR - QLightGBM Ko R I KA HA
X SR G B i N FE A B AT OR A, BV HH R B
BRI N 30, FEARLF N 180, F{EH
LightGBM X4 78 G FEAEAT IR IR 3 2k
TILAAY:, it —DRAE LBV E R AR, 5
fEG T DGA 78 I 28 B2 W1 77 7(IEC = LhfE
E)HHAT X . K% AN DGA 7k BRI f N
GCLightGBM BT 12 M. A ST B B PP
FabrlnsR 5 o .

H# 5 AlHn, FEASCHE S+ GCLightGBM
fefef:, LT FLightGBM. 1D-CNN. SVM J% it
FEL RORFESSHAR AL PSRN, BEARVERIZE . Kappas
Aiv Ac 4y HIATIA 0911, 0.889. 1.00. 0.966, AH%:
T FLightGBM REARUERAZE . Kappas Asv Ac 73 5ll$2

synthetic ~ minority

R4 HESHIEN B

Table 4 Influence of hyperparameter values on the model

HZE B TR %
learning rate 0.3 0.900
learning rate 0.5 0.911
learning rate 0.7 0.900

max_depth 8 0.900
max_depth 10 0.911
max_depth 13 0.911
max_depth 15 0.900
1E T A 3
35
30
0
1 25
0 20
1 15
0
10
51 0 2 0 0 1 7 g
0 2 3 5
ol &
—0
(2) =08 V& V& 48 [F .
1E 3 T A %
30
0
25
1
0 20
1 15
0 10
50 0 0 0 0 10 s
0 2 3 5
ol &
—0

(b) a=0. 8 V& ¥ %8 fF
K5 ANFE o BUERTRE R

Fig.5  Confusion matrix with different o values

57 0.012, 0.010. 0.100. 0.100, FBHEXTASCEL
P54 GHM Loss M EfLT Focal Loss. BSLightGBM

T LightGBM #EMfZE . A 356 Frdghn, R
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KFET DUARE R BE AR A, (HH 46 /N T
GCLightGBM, & fA&MERE(LT GCLightGBM, #*H
GHM Loss AJ 3 AR % 243 FEAICIEE, HEMR
AR ERfATE . QLightGBM M#: T LightGBM [¥)
Ay SEINT 0.100, 3R B RCRAE AT DARR UL RE AN 1) i
SEES R TR, (B CREEIR T 3 e
P, AUBRUAS R e I S 2R B, R A A
ERFET 0.027. LightGBM % 4 it i & AH i T
ID-CNN # & T 0.018, FHIXF T £ 9335 @
LightGBM £ 1732868 /1t T 1D-CNN, Hi& 5748
JE A5 i2  . F2 T L EE IR A GCLightGBM AH
BT ET = B R 2R 32T T 0.069, 45 KR
BT UL RRAE 0 8 VR LA Gt U7 R i Sl 25 R T A
RS2 WOk B, S0 UE T L BB 7 iR B A B
LightGBM 2 BIAERA 2 . Kappas A1+ Ac ¥ ELM,
RF. SSDAE. SVM %5 H A N TR Getiifly, gf—F
IOUE T A SCi%4% LightGBM #E47 BG4 F 1

& BSLightGBM 4 fig X # T- Borderline-
SMOTE A& R 48 B 38, D 36 1IE AR SO BE 5256
Borderline-SMOTE ] &%, DLJR AR AN
], Do G B R AR RS Y L R R N 2R 6 P
K FH 3 543 43 M1 i3 (principal component analysis,
PCA)R: 1 it AR B 4is bl ok 3] — 4 =% [A) gk AT T AL
AbEE, i 6 B .

6. B 6 ATAl, SEBRERE /5 A BN 7 B
SERR s TR0 5 AR s R, HAR AR Y
TESEBREARIL T LN, BRI AE B oT DUE S REA
M
3.3 ET GCLightGBM R A ERIRRILE R 9

9 56 UF B RO B B AT AT M, AR SCR A T
GCLightGBM [PV & 8 AU 3.1 7 g skin 45
AT oM, SERRLE R 7 MK 7 Fis.

HHIE 7 fI36 7 W4, 146 MR FEAH, dtf
5 AN RSB A (R AR ORAE AR 3 AN, miRe i Fa e
AT PARIRE HREAS 1 AN) o AR SRR H8 A v: 1
F . Kappa FJ3% 0.966. 0.958. %1%/ Ja) & ji B i
BEEAS, ASCHERTIAF] 0.909 (A #ER LK 1.00
A A, REIARSTET] R AR AR AR A 1 S
D BEAER G RAR ) 1) B BT 6] 3 9 14D e i TR R
BEREAS, SCRR[23] AT AL BN 2 7 K d 42 7 VA i 7
2 B ARIAF]0.900 LA _E, A7 ATIAE] 0.935
A HEZ DL 0.967 A4, FREIARSTTIERHE
SIFEARWBEAA RIFIRMMERE . 48 Bk, AT

RS ANFAPET 712 AR A e 1R 45

Table 5 Transformer fault identification results using

different unbalanced methods

A4 79 Ry 2 Kappa As Ac
GCLightGBM 0.911 0.889 1.000 0.966
FLightGBM 0.899 0.879 0.900 0.866
BSLightGBM 0.891 0.862 1.000 0.766
LightGBM 0.869 0.869 0.700 0.766
ELM 0.863 0.853 0.800 0.800
1D-CNN 0.851 0.832 0.600 0.833
GCLightGBM-Z [  0.842 0852 0700 0812
QLightGBM 0.842 0.856 0.800 0.800
SVM 0.839 0.826 0.700 0.812
SSDAE 0.801 0.793 0.600 0.733
RF 0.774 0.765 0.600 0.636

RO JRHEBBRREA 1 SE PR B 5 A
Table 6 Actual and generated data of PD samples

_ SRR %
et
H, CH4 CyHs CyHa CoHa
87.3 6.5 1.1 52 0
Rk
480.5 37 30 6 0
) 91.07 336 8.67 532 0.003
AR
616.25 48.27 10.27 6.93 0.56
100F | * 4 spE A ‘
s SEEREEAR
75
50F & K
B 251 .
b A% !
R P e ,
® 25F :,. * : A
50F
A A
75- "
A
IOOT 1 1 ‘I 1 1
500 0 500 1000 1500 2000
o HEHR

K6 Kt f it e A i

Fig.6 Distribution of data before and after data generation

PRI R AT B, XM AR DB A
AE . BUER R, TREH TAPEEGESE TR RS
R R
34 ET GCLightGBM R & ERER L EFNE
HEMEIIE

NIGIEFE T GCLightGBM VR &8 R 7Y (410
b, A DAHER A AT Fia bR, EEL Stackingl
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IE R TR A %
35
o 0 0 0 0 0 30

23
T &

&7 SRR 7 SIRE R R

Fig.7 Fault diagnosis classification confusion matrix

Stacking2 . Stacking3. Xgboost. ELM. PFfHLFRA
(random forest, RF). LA} % 285023 (multi-layer
perceptron, MLP) 5 A L7 iEAT X b, S2E6 45
i 8 iz

Stackingl. Stacking2. Stacking3 s& H RI#ERf%R
B RTT ik . 3R 8 WA, AT 1% Stacking |
Stacking2. Stacking3 &K FHEE A 77 U TR A AR A i)
DABEG AN S 280 A, AT I — B, iR
R S . BASCHHR TR Rt Rt e, LT 1%
GiEE R TT 3.

NEGIERET GCLightGBM R & 42 AR 1 &
Pettk, ASCABUTPLME. & 2 NEE S, 5
XHFHLE, FET 3.1 TR EORE AL SE ol iR
20 ZH B 2 A D e 7 R (ke 2 — (IR RE TS L ke
ENE eSS oS IT GV ISV R C/T R (P el
oy i P AR SR IO AR o XTI 1, IR EOSCHR[25]
256 HIBEREASIEE N & IREARSE . X EiR%
PTG, SLIRAE Rk 9 s,

K 9 nl&N, ST 2R EMEEREA, AR3T7
EAA EE 0.958 HEREAR . ASCITVEAE % A
Erh it B RUFAPERCHE, AR T E SO, Sk
HERR R SEm 0.048. RHEA RIFHIEHN.
3.5 HthHuESERMLEIE

58 UIE AR S B AR AL 5 T AN [A] il A AS s
A BRI RE JT, ASCHE 7:3 BEHL 5 kKI5
SCHR[26]FTHSbr 413 ZH MR FE A S s . b HR 4R

# 7 FT GCLightGBM [F)R &5 A H PPN 8 AR

Table 7 Evaluation index of hybrid integrated model based on

gclightgbm
BlERA EAeR HMEER R RRE Ken  EHE
1EH 1.000 0.973 0.000 0.027

{GREMCE 0.880 0957  0.120  0.043
EfelcE 0967 0935 0.033  0.065
ERGEH 1.000 1.000 0.000  0.000

0.958 0.966

IR 0957 1.000  0.043  0.000
JHERICE 1.000 0909  0.000  0.091

R AR IR

Table 8 Evaluation indicators of different models

LI TVE T %
ALTiE 0.966
Stackingl 0.922
Stacking?2 0.916
Stacking3 0.892
ELM 0.873
Xgboost 0.862
MLP 0.832
RF 0.823

VE: Stackingl DA LightGBM. SVM, RF. MLP A#E2:>) 88, ELM
HIGYS]88; Stacking2 L LightGBM. CNN. SVM HR#E:2>]4%, ELM
NTLEE ) 8%; Stacking3 DA LightGBM., SVM AJE>]4%, ELM Ny
B

RO RG0S B R 45 R

Table 9 Identification results of raw data and noise data

PN a7 GE A 0.966
ACTTE-RE AR 1 0.966
AT HR 2 0.958
AT - R 3 0.966
ACITE-E R 4 0.952
AT k- HR S5 0.958
JR ST -5 AR 0.949
JR ST - A AR 0.979

HFRAEAH . R REOE . PRI # . miR A
R REA BN 59, 96, 86, 114, 58, #
P A A S, SEEREE Rk 10 Fis.

H 10 AT, A SCI7VETE SCHR[26] i s bril
P B RO ErtE, 5 IRBENLRI IR GEEE &
WERf R ) T R SO VERT 0.968, “FHIUERIR N
0.989, FEHA LAY E F T S bR 2 A2 178 TR 23 30
55 o DHEREART I UER 2N 0.977, & T IS0
[ 0.943, FEHA LT VEX D HERFEAR B A R UF 1R
WIRE ST, TR AR AT 3B R R A 2 . 47
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R 10 ASCTES IR SRS,
Table 10 Diagnostic results of the method used in this paper

and the original paper

ST SAHERf R IHE A HE A 26
SRS T 0.968 0.943
AT 0.984 0.999
AL 2 0.992 0.943
AT B 3 0.992 0.999
A TT AR 4 0.999 0.999
KT - HHE 4R 5 0.976 0.943

ERrIR, ASCHRITEAEA T2 A EEET, &
WHEA . DBESFEALIAIE S 0.943 LLEHERHR,
FE eIV ER

4 g

1) B 28 [T VA i U et AN 2o 5 B0 2
REEARMER R A, $2HH 1 456 GHM Loss Al
CE Loss fRlA43 25 B 2, Z R3] 0% Light GBM
A RANE, Nk LightGBM SR #7 505 o /b %
FEARI TS, AW FE AL 0911,

2) HITREFRREZZH o IR, N
BE— AR T T IR 77 12 A HER 2 LA S SE PR FHBE
FEH—F LT GCLightGBM Vi & 4 Ui A o A7 Ik
T Stacking HEZE, 25424 o AR GCLightGBM

P, BONMEREm T AR Re B, SRR
1k 0.966. FXFZEHARE, LHERE o BE,
AR IRFE R AP IR 2. B0, EH T SLhrAF
T HCH £ T A% TR A W R )

B 5% WA TF1) 9 2% i (http://hve.epri.sgec.com.cn)
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Fig.A Hybrid integrated model framework for GCLightGBM
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