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Abstract: This paper introduces a thermal fault diagnosis method called multi-scale guided filtering and de-
cision fusion. The proposed method combines multiscale guided filtering and decision-fusion techniques for
fault diagnosis. It comprises three main steps. First, the Mahalanobis distance between the fault area and
background is estimated, and initial thermal fault diagnosis results are generated. The initial diagnosis result
is then filtered using guided filtering with various parameters, and several filtering feature maps are generat-
ed. Different filtering feature maps contain complementary spatial-structure information. Finally, a principal
component analysis algorithm fuses these filtering feature maps to capture their spatial structure information
and thermal information in filtering feature maps. Experimental results show that the proposed diagnosis
method has a better detection performance than the current state-of-the-art detectors.

Key words: power equipment, infrared image, thermal fault diagnosis, guided fusion, multi-scale, decision
fusion

51

jilll3

A B HL ) A A AT IR LR — A i 2R

LN R T R T D WA R e e A S

is BEA: 2022-05-19; 1&iTHHER: 2022-07-11.
fEER N B8 (1972-), B, WimEMAA, WL, SHLTEIE, EEHFA TR NEINTEGE, B &H BRI . E-mail

952897509@qg.com.

WBEMEE: HEM (1993, J, WMk A, Wt SR TR, FEHFRTRNE AR G2 E . 44 B, E-mail: zhi

hong_huang111@163.com,

EEWE: EMHEEHEIERARRHLINE (5216A522000U).
1344



44 % 12 3 \ol.44 No.12
2022 412 H BogIEE. BT 2 RS SRR SR B A 1 A& RS W TV A Dec. 2022

HEE . EFR, AANRBEARRG R T KLt
A, 38 F ' ARG TN P A AR S 1K) 2 A R S B
BfEe, meARGRERm RS RN, )
Bk P E 2N .

bt R ) R G PR B, ek LA A
JE A R 2 AR A ™ EAKA T A
RG] XA IR A RCRAR . R R AR
HRESEGRAL. VIL, BHEA B 2 R REAL Y H
WL REETTIE R R R

B KRR T G BB AL 112 W 7 B8
— T 7 B T R B T U A R F b B
NP —Ph St ) K- E I EM T 2040 Pl b
W BANSE NS R N A BB R S
O3 AT RIS W R, 205k i sl IG5
BORIR MRS WO B . — Rkl 7 B R 23 1P
ARFITF 20 B EMGR X H Fr I FHEAT il bz Wy . 3408
P ILE N R — MR R (71, M) P Ao ) A
GO AREE R IR MRAR TS SR B ok 5
TORRRIET IR MW T RRTIEEF
AL A BN IZ e, B AR S NDOR A i ) ph 42
0 28 5 o7 7 TR H bR o SCHIR[LOIR Z0 A0 B 3EAT
GrE, IR BN A W 2 AT AR RN . T
U DN/ R B Gr ek o AR LA TS R A
IR R AT S W .

Initial diagnosis result

Input infrared image

guided
filtering

Mutil-scale filtering
characteristic maps

SCRR[L19 e — ik 5] 5 i B ) Al e 12 W
o HARRUL, 9] g A FE I AR QBR8] Y
AR GHAE IS, (RIS [ (R e 7 2 SR AR 40 5
PRAF A B DX S (R TL A5 8, BE T $ T # i e
M WIRs L. SR, XTI AR — AR R
PE, B G] G IR T T8 R S A B2 I R G 5
SR . BT B — S HOR/NE 5] 3 U8 A P DL
FEo ARAELL AR R 2k s T 5 R 5 )

IR LR A, AR A T 2 RUE 5]
U RS R ) e RS W TR . %
TE EEAH ST, BRE 91 IR 2 R ok
RELEHOR, FE A FE IR AN BB I 2 TR S5 4 45 2 AT
RS, BRI ISR 2 W L. %07 iR
3 ANEEOPR. B, ATAGEXESEGE
FAELLANEMR B R 2 R, BRI
b DX S A 1 B S IR EE R, SRENT R 1 FA i b
CWiEiR . RE, KRS EBCE R 5] 3 IR
Wl W g R AT UM, R 2R 3 T 51 3 I8
PRt S AR, &JE, AR ZIARRER
513 U PR AL 1 1) 2 TR A A AR AR R
A 2 B3 o3 M2 X 51 3 i U R A 1 3E AT R SR
o, EREA N AR R B 1 it
THERITAER .

PCA
fusion
——

Final diagnosis result

Bl1 Friiif MGDF J5 ki fe
Fig.1 The flowchart of the proposed MGDF method

1 S| RIERAMIEZ RN S RHIE

1.1 S5IREKRBEXERE

BIG U8 2 ER A B A i WM AR 2 —, H
I S AR R PR AR AL I A SR AE AL B AL A A A
Jrz RS W LI SRR AR A . 5 TR
B, XUAPEREE . B g S, BT
HAR LRI GAORFFIE IR, 5] FUE R — P 5
AR R ERZ A AL, LA S N A e R S AR
A R F e H RRAR D S5 AU A E B Dy — B

AREIER T H . Bk, 512 EIMR | £ )R aasE
B 1wy A EEAT 2 AR A R Y R O:

O =a,l; +b;,View, (1)
Arbe wi RoR BB R J OB R B IX IR, A5 E R/

HNEr+1)X(2r+1). FeErRE E(ay,b) H T g
# R oy A by:

E(@.b) =2, (@l+b-p)+ea) (2

A SPEHEBCHE TR S 8. Wl K% T
1345



445 512 40 4 B R Vol.44 No.12
2022 412 A Infrared Technology Dec. 2022

] A 2] 2245 &y AT by:

®)

1 =
|W_|Ziewj ULy
a;="—

b.=P —a. /.
S +e e

efe P ORABILAMNENR: W] 9w X S 1% 3
Hs g MG RFIREG 1 h w KR B A
Y Py RMAEG P b ow KA. i
ARQ)AE RS EE O,
12 BT 3SR MRS

LERATZ BT B TR, 32 Rk 5] Sk
RS T i BRI, R 8] S i 2
AT A58 0 B 2 ) R 1 L RN 900 ) 4 o e
7 205 G O AR A X R 2% (R 4
SRTHABIS TR . e, WA B
IX 358, 5 I 75 5 DX 4 A7 2 0K H UL P 2 S e,
U7 APV I il 0 B 95 1 9 P A8 R
Bk, SCHR[A]9 KA Reed-Xiao o Kl AR
W7 H A X . %R A R

DRX(mi) =(m, _ﬂ)Fil(mi _ﬂ)T 4

A mARERRMAMLLINEG m FREETMER. u

MR m PEEMY T 7. Dexm,) €[04
A2 | ME R B T i POl B i R AR R

HE R R XS 2 RS BE, SCHR L% 4

B2 Wr s R AT 5] PR P AL, 1298 BEUE 2= (A)
P ARG B, ST IS I PR e

F=G, , (O,1) (5)

Reb: RGO RES FUEBIRME | K

NG R O f5— 5l T EIME, el
LLANIAR IR — D R ARG v A ey A 2
TER AR S H

2 ETZRESSEEFREKRMS MBI
BHAE

2.1 MR XIEANIAIS B

MR4E 1.2 W LAE, AXH KM Reed-Xiao
(RX) 57 6 I By 08 2 W i s [X 45, 383 %1%
FIMEG— AW SRS, 5K S5 MR
FAERGREZMREZER. B 2 NWIHRIZE S
B, A MARILEE W A A e R B

1346

H146 12 W 45 2R RIS RE R I b S ke L S A e ) A
X (R B R B B e S S R AR AR
(7 IR 25 R A e X 3l oS 73 2 ) T 25 41

Kl 2 lihk Pl iz i )
Fig. 2 Initial thermal fault diagnosis result
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F 1 AFEWTTER AUC FEHR
Table 1  AUC values of different diagnosis methods
Test

. RX LDP LRR MGDF
images
1 0.9707 0.8312 0.8974 0.9852
2 0.9901 0.9132  0.9326 0.9993
3 0.9893 0. 9253 0. 9486 0.9989

® 2 AFSWITTERIZATNE
Table 2 Running time of different diagnosis methods
Test

. RX LDP LRR MGDF
images
1 0.59 0.75 0.47 231
2 0.53 0.61 0.34 2.27
3 0.84 0.98 0.56 2.15

#3 B RULIEERZ N AUC bR
Table 3 Diagnosis methods with various parameters
Test

. GF1 GF2 GF3 GF4 MGDF
images
1 0.9403 0.9433 0.9681 0.9562 0.9852
2 0.9787 0.9464 0.9805 0.9908 0.9993
3 0.9693 0.9712 0.9485 0.9824 0.9989
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