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NSCT) K JE N EREEBS V1M il & (Nonsubsampled
Shearlet Transform, NSST) AIRITEIERZ HR
(Liu et al., 2022) - B PR T S5  £FHE
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Qi et al., 2022) -
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d4 (m,n) ; EA(mn) = EE (mn
%mm={f )¢ B\ n) > Bf )

dj(m,n) 5 Ejj(mn) < Ej(m,n)
.............................................................................. (26)

T Oy BEIRE R © dY B G Sk
By Qe y) BIEARES L 5 dfy (m,n) Ryl & 1% 2 R
B8 -

bl T A

C*(,) = Bixpeana (@ (mm)(x,y) -

a;*(m, n))2 .......................................................... 27

aF(mom) = {a]“‘(m, n) if C4(m,n) = CB8(m,n)
ST af(m,n) if CA(m,n) < CB(m,n)

T Qe BEIRE IR/ of Ry 2 ABSER B
aff (m, n) (x, y) BEIE O P ERECFSME © af (mn)
Rl 1% Z(ERIRAREL -
() G EWH

{50 P B it i 25 A B 5 RORERZ 28 » 70 S
SRS ARSFEAR S BARAR I AR AR

Vo X Go(2) + Y1 X G1(Z) = Ypeeveooveeeiieeeen, (29)

Sl ¢ yo BESEEG ¢y B e B
Bie: Go() BIEBEHIENE: 6 () BB LHIE
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254 JETREEIVINEBHARS

JE T EHEETY) A (Nonsubsampled Shearlet
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BT —AHARIE RS B ) FRECR 25 0 DAJE T BR
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Ty R R SRR ARAT - SRR G TR V)R 2540
(Shear Filter Bbank, SFB) 47 ; {BAEFEKAEITIET
PRER DI 0 -
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2.6 FEESEE
2.6.1 fEEE=

fE#E2 (Standard Deviation, STD) FINE R
G E BB MRE - EfEEREERE - a8
EI > SRR AT (Wu et al., 2020) ©

(b) HEE T 24,081
A | FORPESE - i~ = B
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A o B © M X N BRI
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p(i,j) Fsse



kiggh ~ 2R

2.6.2 PRERISTEEE

FEE & F5f2 (Gradient-based fusion metric,
Qc) AT R G EIIEEHE « BEREGH
BRI 0~1 2R 51l 1 - R Gng

RHEE > G HEN (Xydeas & Petrovié, 2000) o

y r

(a) Q; : 0.541 (b) Qg : 0.501
14 B mEHEE T EE

AB/p _ N-y 3= 0AF (nm)W A (n,m) +QBF (nm)W B (n,m)

@ SN, SM (WAGH+WB(L))

.............................................................................. 31)
QfF (0,) = s (32)
Q4F(n,m) = m ............................ (33)
GAF(n,m) = % ............................................. (34)
ga(n,m) = \/Sj‘(n, m)2 + 87 (N, m)? .ocooverenne. (35)
A4F (n,m) = ||aA(n'm)_:F(n'm)|_%| ........................ (36)

2
a,(n,m) = tan =t AT e 37

SX (n,m)

A A~ B Bls s Q4 QFF B IRHE (QFF
STEAELQATEE) s WA (n,m) ~ WE (n, m) FyfiIHE
185 Q4" ~ Q4F R B4 B P BT R AR DI S Ty »
T~ kg~ ko~ 0y~ 0 Ry HEEOR > FILAMESY sigmoid pf
BIAIR 5 GAF ~ AYF Ry MBS RS R84 T ] -

2.63 EREEE

i EFEFE (Mutual Information, MI) FHX &
ARG HIAE S - 2@ 15 FoR - WlEi5sg
ENEBEM S  ForRmiEZ G HAEN (Qu e al,
2002) -
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15 Bl EfErnEE

I(A, B) = H(A) + H(B) — H(A,B) cooooeeceerre (38)
H(A) = ¥, P (@) 108 Pa (@) covooooreoeeeeeoe (39)
H(B) = ¥ Pg(b) 108 P(D) cevecereeerre e (40)
H(A,B) = — Y Pag(a,b) log Pag(@,b) ccoo..... (41)

AT AB Bfgacb BB IRFEE  Pa(a) »
Py (D) st 2 IKIEHRR 534 + Pap(a, b) Ry (RHTIK
PR bR o A1

2.6.4 SEREMEDUETRER

SEFAHLEAS IR (Phase Congruency, Qp) /&
LRGSR LR AR 450
RESSHIFIARS » ZRTIBRREAD, » EIES
BB FORRIER RSB (Huetal,2017) -

-

16 &SRR

0p(X,Y) = I(X, V)ECK, V)PSCK, Y)Y o 42)
I(X,Y) = %yfjj ................................................ (43)
CX,Y) = 2;*3:;; ................................................ (44)
S(X,Y) = % .................................................. (45)

Af e XY BRIEZ G 1Y) Rre S
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CX,Y) R EEM B + SO Y) BB © a B BERAE 17 Ao B 17(a) BT B

By Rt —fGEOERy L o~y P GOKPRME T REEHARTZ B2 - 8 17(b) Ryl B REE IR

Ox> GyP% ARBRAERS 00y RGR ZIRBER T2 G 2R - ATLUBRE B B E T LR
G REE O BRI EIEHAR - BRETES A A RO AR - (CR M B XTI RE

TEFHRAGHIIER -
\\\D%‘Eﬂﬂﬁ-ﬁ
3.1 R HHL

AREFFCAAHREEMELIAE 0.8 m 7245 - ik 3 TSh
Tl 2HETE - AR AR P BR ST RS
i -

(b)

(a)
= 1 o RGN IS8 i st
A E B 17 A EEg SR =R

Testl Test2 Test3 Ftg fEAE=

) 0.080 0.099 0.104 0.09 0.013 B A2 Bl ASHI
o0 1352 1342 1354 0.006 3.2 BRSNS

(0] @) 1.350

k() 0426 0426 0.430 0.427  0.002

X,(m) 0372 0372 0372 0372 o000 3.2.1 HEEE—

Y, (m) 0.296 0.296 0.296 0.296 0.000 SHI: o o fore v 5
Zl;(m) 0.682 0.682 0.682 0.682 0.000 /Eﬂniﬁ—afm PR RESIZ SR RAE LG
I SREITES S EE 18 B - 7Ll

R 2 GBI I 2B E5] NSCT AESfEis Sy it KV s

LTH NN
Testl Tei;? Tf; T s WA NN IGH RS B E R - LP A RRER FRHR
w() -0.717 -0.666 -0.657 -0.680 0.033 WRALS NG R &
o) 0988 0.956 0.970 0972 0.016
k() 0.081 0.084 0.070 0.078 0.008
X, (m) 0380 0379 0.380 0.379 0.000 M‘“
Y (m) 0315 0314 0314 0314 0.000
Z,(m) 0.679 0.680 0.680 0.680 0.000

% 3 SN ERSEE
AN
Testl Test2 Test3 “Fiy fHEAE=E
w() 0797 0.765 0.761 0.774 0.016
¢() 0364 0386 0384 0.378 0.010
Kk(*) 0.345 0342 0360 0.349 0.008
X,(cm) -0.750 -0.725 -0.743 -0.739 0.011
Y (cm) -1.880 -1.850 -1.842 -1.858 0.017
Z,(cm) 0253 0.191 0.177 0207 0.033

* 4 PEEHIER 28

B 28E

w(’) 0.765

0] @)] 0.386 NSCT NSST
Kk(*) 0.342 .
X, (cm) -0.725 i 18 JHIES B —Rh a5 E
Y;(cm) -1.850

Z,(cm) 0.191
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3.2.2 HEREE—

MIER B AR = RfR 18 2 S AR R & A3
SRbE Az mEEAE 19 Fise olbL BHAE
WT ~» NSCT Fz NSST J/EEHB/RHAL 482
G E R A EE ) LP R RAEEIRH JFHIBLI4N
BRIV ER ©

NSCT NSST

19 HE HE e G

323 EEEENHERGS I

A% HRREL#L - 3830 WT ~ NSCT f NSST

REA IR R A ] R GAER - thae R ARAL

S B 2R LR R B WT B iR VTR b
NSCT Kz NSST REfREAELZHILNET > H NSCT 245
HARETENER T > R BRI BRI
27588 LP R S A A E R FIELLIH
B 2 ANE -

WT HER/KF -~ B ARYER - T NSCT
ke NSST Hd 5 % AEHERR - ATt ERAT R
EVEIES-HINPES SiE Sy A Dl e A
AR e

3.3 BB ETERINT

OSSR R AR PR - SRS
Gy BRI P ROER G R R AL N BAREE
B FOEMHEEIR RIS - orBl e GER a] 7ot
FEEAPEL > BN B LR MERER - BUE
Eln] FOE AN GAEEE Z 158 E & - Tonile
REARBAH IR 4G ] RO g - TREEURIBEIIN
ook -

b
&

3.3.1 HRABEE—

M EE—h - BRETAZMETERNE 5
AR - ALEFoRZiERRE 2B - EORRZE
TR BUE - LP A aR S R AS AR DU FE I
Bn] BB E R S - (HBRIIMZEAEE
BEARRE > T8 LP @iapG T aai/ G
KLHNRGARERE > NSCT FEAEAE IR LP 23RS
Fy NSCT S8 R ARSHAG Rl & 2 BERU AR B A E
(BIRIKPE(ESEAT 255 %) @ GG RN
% - WT Je NSST £ IHfEHEH L -

% 5 N EE AT Bl
S AT (i)
- N RE
e R

151%
BAw] BALT BT BEAT
Fot M

ROt S
wg e v #8

WT 31.027 0.541 1.143 0.424 0.917 0.537
LP 36.042 0.507 3.024 0.212 0.990 0.526
NSCT 19.096 0.529 0.223 1.442 0.584 0.869
NSST 20.820 0.534 1.141 0.410 0.766 0.790

PRI
s MG

1E1%

3.3.2 HEEE—=

AHBRE T BRGITAZRETEROR 6
FR o AEEEREIEFET R DUEE] LP Bln] RO G
EERVERE - HERLIMGE G LR EAEIFEE
FoR LP PR EE/ D FIRALI MG BER B - NSCT £
RN > HAEGNE SRR DR Z A R
FEEAT NG MHEE R E AR BT - For B[R
BERS RG] RO R FAGAI N GRS - NSST
K WT A£ 5 3SR St i (DU FE ARAVEE AR -

* 6 WA HIR &AM ETainR

AEERE RS (EE)

CERERAL
CR TN I e
T G G G
Rk MR S
7R N R
0.295

B
s Mo

=y

AT
HPEN
B

WT 30.707 0.283 0.749

0.803 0.683
1.426

LP  27.109 0.241 0.124

0.895 0.557
1.531

NSCT 35.055 0.263 0.721

0.842 0.542
0.257

NSST 25970 0.313 0.707 0.810 0.676
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3.33 BEHERENEERGS M

BLETBRGERLEEH - AROISE IR IR S 15
TR - BRI Z IR » REA
BB B B MESR PRI & 035 2 B - B
WSS 0 A TR LA R G & 773
ZRPBTINDS » Rt BRI T TR o
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A Study on Different Fusion Methods of Visible Light and
Infrared Thermal Images for Internal Damage Detection of
Concrete Bridges

Yi-Ru Zhang I Szu-Pyng Kao 2 Feng-Liang Wang 3 Jhih-Sian Lin *

Abstract

Bridge inspection can use infrared thermal images to display internal damage, but it is difficult to identify the
location of damage. By combining infrared thermal images with visible light images, image details and
temperature anomalies can be obtained. This study uses Wavelet Transform (WT), Laplacian Pyramid (LP),
Nonsubsampled Contourlet Transform (NSCT) and Nonsubsampled Shearlet Transform (NSST) to fuse reinforced
concrete bridge images, measure, and compare the accuracy of internal damaged areas. This study shows that LP
is difficult to highlight the information of the original infrared thermal image, WT, NSCT and NSST can
effectively integrate visible light image and infrared thermal image, and NSCT can highlight infrared thermal
image. The area difference between NSCT and other non-destructive detection methods is 0.057 m?2, 0.005 m?,
NSSTis 0.094 m2,0.007 m?, WTis 0.153 m2,0.007 m?. NSCT is the closest to the actual area and is not affected
by the stains on the bridge deck, so this study recommends NSCT to be used for the detection of concrete bridges.

Keywords: Nondestructive Testing, Images Fusion, Internal Damage Detection
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