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Abstract: In response to the demand for accurate assessment of infrared thermal fault characteristics of power equip-
ment,a multi-feature aggregated characterization of circuit breaker thermal fault diagnosis rating method is proposed,
and the data test is carried out using infrared images of high-voltage circuit breakers as examples. Firstly,on the basis
of the background separation of high-voltage circuit breaker infrared images,the equipment is accurately divided into
regions to extract the temperature information of each region. Secondly,the Mean-shift and the improved region growth
method are applied to fuse and accurately extract the area of the fault heat-emitting region. Then,a multi-dimensional
aggregated characterization matrix is designed to combine the heat-emitting area, hot spot temperature , hot spot temper-
ature difference , heat-emitting location , temperature rise of two identical positions of the same equipment and other ei-
genvalues into a multi-feature vector matrix,and the on-site case data is adopted to construct a correlation library of
this vector matrix and HV circuit breaker fault types,levels and treatment opinions. Finally,1002 sets of multi-feature

vectors from 350 infrared images of high-voltage circuit breakers are trained and tested. The results show that the F-
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measure and Kappa coefficients of the multi-feature vector data extracted by this method using GWO-SVM classifier

test are 96 % and 95. 43 % ,respectively,which can achieve the all-types of diagnostic rating and accurate localization

of thermal faults in high-voltage circuit breaker equipment.

Keywords: infrared image ; circuit breaker;multiple eigenvectors; GWO-SVM

1 3 &

LT ARG B A PR L fdrly oL AL 7o 10 4
JIZ N FTE LR L B IE T 20 {42 70 4R
B AR T2 W8 L 545 i P L e
BEA R, #3580 % (e R B pE D L Bl
TR ) RGBS R 2 S i A
BYEIE SR N T2 AN B F B2 R AL
BRI, B TIRE T PR A 5
1, IR HERCRAR , I ELis 2 N\ 51 00T 2 5 30R A
s

VLA B BN AR B & R R, T E T IG
HEEA A, N TR RER ARSI 50
R LT AN F BB A R S B AL
LWIE 2RO AR RS W i (E R AR B
A BT Bk, AT 4 A 5k 1 BT S BT K
T 14 4 2 TR TR 2 1) L1 S

B o} R 22 o R A0 15 38 v 7 18 B AR 11 (1)
L SCERL6 ] ~ [ 10 1 HRE 5 1Y Zernike i Hu A7E
FRAEH A F] SOM W25 Fl1 SVM 4325 gs v, SE B T 48
IR 528, SCHR11] ~ [ 14 JHEHU & 1Y Zerni-
ke SR IEL R R I E4 A S BP W26 MLP [% %%,
SCBL T AR FL R I 40 26 Rk B RE S M. SOk
[ 15 AR AR 2= 43 A1 % 25 4 K] 43, S BB 1) 12
A K i B TR A T, SCRR [ 16 ] 4R
VLA B PR AE o (0 B S AE X, 7 15 4 2T MR A
T BCFACR , FEI A T RRAE ) (ER I AR 4
AE AT IO . SCRR[ 17 ] DR 7R3 3 5 Ni-
black 55 550 4 20 IR SR I T 220 TR ANEIE 1Y
FARR T e iR CE RS, IR BAT-SVM
Oy RBRE G AT 5328, YN ZR 0 2ok BE A i o
a2 B3R5 F T 99. 0991 % #197.5 % . k[ 18]
{1 20 MR R (G ] 23 A T DA AR 5 4B 1 TR
A, 5IATCE ) RG I GV Rk e 1
TR X RO 432, MR R RN 7 [ 355 T 90 %
JiAr o SCHKL 19 ] FOUEE 75 5540 5 15 3] 15 & A4
DX 38, 325 FH 1 365 7 P9 A% 7 2 3 BT P4 3L R AN 25, 52
BT HL T A TR K B A2 W, OE 0 R 3 F)
96 %

IR SCERAN SE B T IR BRI ) B2 BCRRRAIE 7Y
I3, IF R SRS Y (A s SRS s fir, L2

TR 2SR 9 7 15 DL REAS S B — i 2 R Y
LW INIEASSCRR ) — P 2RISR 5 SR AR A BT 4%
KL RRAS PP T 15 , B AR T B 13 R AT
AL RE AR 22 R AT RR (A5 DX R A
{37 R AR )07 3L 2 2 22 R & A T AR
[ i, SR HK 350 K 1B % 4 1 S0 A 9 1002 445 AE
i, GWO-SVM J32eae X FEA YN 2RI 3L, i
HERRE IR 95. 5 %o , SEBL T BTt il e 19 42 28 1 12
Wi SRTHERE L o ASSCRIFEANIA 1 FT7R o

HEETE

BT
AR

BRKRIITHZ
FHIES B3I

v
[ wmesswnR > 0-T,TASLY)

}

BT

v

| oxawe |

ERR
Fig. 1 Flow chart
2 YR ARSI W RIS EITR T E
A5 DL/T664 —2016 i HL B3 & £L A2 Wi i JH
BLAEY 2 SCURLAE | F ) B 46 W1 W o 503 5 44
AR AFX I 22 0 R AL TS B AT R g
IR TR, 73 530) 2 R U AR L R BA R
—HMKEE TR T R 22 T I AN B At (4 1] iy
DR B RS T DR MR S i PR R R B R
2 IFEEG R AR 5 e S PR R AR 22 T,
LR FIBT B A R o T g L T o i e i
B e iy 1 Sl Sk AN [l 62 A AR, PRI AS ST
FIAZEF IR A AL EAF B LT LIRS i o il X
B
ASCHR I T —Fh 2RI 3R 5 AR AE 1 TR B e Al
B2 W PR T 15 , S IO I 2 SR AT B o Hh A A e A
MITPGTIREE T R 22 T ORI L S 45
FIX I A NEEAF R LA R AL 22 T, 25 2 51k
FEH 2 AL [ i, BB 6% 52 S0 T 5 48 150 A AR )



B¢ 5 40 4 No.3 2024

REMFF SRRSO e SRS W T ik 425

EITLSWIPF R AR e L. SRILLAM AR
ST B BN A AT O I 2 R AL , K R A
fik i, AN -

Q=1[1,TAS,L,T] (1)

PRIAR SO g s W e e A T A9F S, KT IO B B
TSI 3R 4 TRy, A I e 22 AL 16 R A X
I -

Q=1[T,TA A ,A,A,,S,L,T.] (2)

3 PREHRFEREUR B

TEWT S 2L MEHG T A7 AR5 22 MR IE T L3R
IRBEAE I PR, I SO AREAE TR AR AT 1) 1 R A
DB o ARV 1415 B 1 R RSB PR 12 T
3.1 WY BB AR IR A A AR

ORI SRR 20 K A DA s 18 T 26 20 %
B R WS e 22 i SAC B U1 8 22 B i A
— R WA R GIWREANR 1 PR

F 1WA B K AL S A T AT

Tab. 1 Judgment standard of circuit breaker fault type and grade
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Fig. 2 Effect picture of tilt correction
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Fig. 3 Equipment structure division diagram
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Fig. 4 Design sketch of fault area segmentation
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Fig. 6 Test result chart
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