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FUSION OF INFRARED AND VISIBLE LIGHT
IMAGES BASED ON NONSUBSAMPLED
CONTOURLET TRANSFORM

ZHANG Qiang, GUO Bao-Long
(ICIE Institute, School of Electromechanical Engineering,Xidian University, Xi’an 710071, China)

Abstract : Focusing on the fusion problem of infrared and visible light images with the same scene, a novel multi-sensor im-
age fusion algorithm based on the nonsubsampled contourlet transform (NSCT) was proposed. Firstly, the NSCT was per-
formed on the source images at different scales and directions, thus the low frequency subband coefficients and varieties of
directional bandpass subband coefficients were obtained. Secondly, for the low frequency subband coefficients, a  weighted
averaging’ scheme based on the physical features of infrared images and visible light images was presented; while for the
bandpass directional subband coefficients, a selection principle based on the local energy matching was developed, which
was also consistent with the characteristics of the human vision system. Finally, the fused image was obtained by performing
the inverse NSCT on the combined coefficients. Quantitative and qualitative analysis of the experimental results demonstrate
that the proposed approach performs significantly better than the traditional methods based on the discrete wavelet transform
and the discrete wavelet frame transform.
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Fig.1 Three-stage pyramid decomposition
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Fig. 2  Four-channel nonsubsampled directional filter bank
constructed with two-channel fan filter banks

i3 R Tl A T IR AR AT 5 R IR SE B
B B PR A REI N E— R RA

WEBAHERAERD = [ | REEESI0.

2 5 TR RET 7 BMECR F @ 7 [ %
oA AT 2 G5 1) S gt LA S B PO 380 7 [6) 40 F 1
CZHRER. MR ERET 7 EBHET L Ry
643 8% , WTAR 2 2' A SR A RIS R K/METF
75 1 T B MR T 9% NSCT 435 M 153 1

M T AR T 20 A8 7 1 T AR, K

w L A REE T RJT 1 5 R R

NSCT #k7& T Contourlet Z5#i (1% R £ 75 ]
LUK BT I 28 AN AT SR SR A I , AR S RE B TR
r, REAE B f-h 47 42 A0 BR R MR Th B A LA RRAE



478 g 52K F# 26 %

DL, F NSCT 12 Rl Bl & U P, BE b & R
RUTE S HH FIE 8. R, B NSCT A&y
PANTFE R AL SRAERRTT , R B R o3 A
Hd AR BA RIS, R 48 it B B
R, hf#i5 NSCT B4 ¥ A28 ¥ (Shift-invari-
ance) LA RSB EB S REREA R R/
HRRISEEE , ZERE & AR P B A Bl D L IR 2 X
RS AR M L R BA 5 BB T BR 2 18]
HIXTRIER , NTTA R FRIABE M. B
3CH: NSCT iz TRIGRE & S8 b, BRI T T
NSCT £14M B85 AT WOE R ERE& k.

2 ETFIERH Contourlet THRASNERE
AREGRREEE

B 7E R R & 2 3T, LLANE R 5 7T BB R
BG4 5975 1A B2 . A< SCHR A2 F NSCT
B A BT R AN NI T LA SR (LR IEE
B0 SeR A NSCT K5 7] WIGEUR 1, AL s
R LA BT, BRIER I, 1,4 8/ NSCT
1€ (m,n),Cli(m,n) (j=jo) | F{Cj7(m,n),Cf
(m,n) (j=jo) |, Hth €, (m,n) IR FH REL,
C..(m,n) HBHEH W FHEERE, RA—E
IR A M BA B R F H) NSCT R %01 ¢ (m,
n),Cr(m,n) (j=jy) | s BJa FEHEAT NSCT #4578
FMAERF.

T AR SOR 43T 47 40 MR 5 AT 0 6 B 5 RO
& TS TH R A L.
2.1 {RSRFHRMmA AN

ERMEFARSEE TERNEERE, e
T E{G BE. 7T TOE B AR S 88 5 AL SN AR 15 R
BEMERFNIERIRL. iTE EERRED &
I R BT IR, TG & T B R RIEM R
B RAR. R, 8 % T G EHR AR A T
GRMTEE L, MR GRE A H T HARH
TEAERRYE. BTZES BRI L T XA B R B X B
TR I AR A I RO . TR T R 7 4 R
RIAE , MRAUCR AR B A F ", TR A %
ERALANEMR S T R EHRA A R BT, S 7E—
ERRRE b MR A BRSO XT LB, AT 78 I A 4R
g — el S BBk HILRAE S T—MET
LTHMNE 5 T 6 MR SR AT B INARF 3
BaE s R, mk (1) Pr.

¢! (m,n) = w,(m,n) x C*(m,n)

tuy(m,n) X Chy (myn) . (1)

He,w,(m,n) =

wir(m’n)

wui(m’n’)

w m =
wa(mon) 10, (mm) 22 ()

w,;(m,n) +w,(m,n) yHw,(m,n) w; (m,n)5E X

= (2) MK (3) Fran , FRFRAE AT W E R A LT 4
E1& & B W FEFE.

’E:i(m,n) x (1 + Uji(m’n))
(gﬁf)(fﬁf,-(m,n) x (1 +ay(m,n)))
I mg(myn) -m, | /(1405(m,n))

(%(r me(mn) -m, | /(1 +gi(mpn)))
m,;(m,n) \m.(m,n) 553K 0 LR FILSNE
BB IRIE, 0, (m,n) o (m,n) 53 HIFR A
B R R X 2, m, BARLLSNEBREBEEE. R
(2) FrX A OCERR, R R X WA EMNE
BB EBK, RAZESBEBEAEELHNETRE
B, FEmxEa BRI b R3) #axtF
LIANEMR, G R R ER K EAR X A P 2 R
K, HHZ R 28N, RAZX A BIRH
AT B th SRR K, AT X A MR B9 TRkt B K.
2.2 HEAEFHEREEAS N

- XMTFSEEFTEFEERERBRIRATETR
RGN MY 5EBEHE M AR
s B R Se i T I I 5ORE R R X
BER EY A Eq B

(N -1)72 (My-1)72

(m,n) = G (m+in+)) 1> (4)

i==(N-1)2j=-(M1-) 2

Kb, E) (m,n) B j REUR | AT FHRE
MR AR, N, x M, BT R KA/
RIE R B (5) THE B i 4 3ot 1o J= 388 X g 4 G A
BE S (m,n) ;B jaF#E(6) X (7) B ERGH
BEEHETT A FH R R S, (m,n) <a, W
K (6) #HATER, MR S, (m,n) =a, MK
(7)HATIMACF B R WE T m FHRE K, e
H—IEEREGEREO.5~1) , MEH w) (m,
n) wip (m,n) XK (8) frax. K(6) K (7) %
B, 24 7 i R B AR G BB e , BISR R I AS S 1 89
T, S ERREAEE RSN, R AT R
BRORR, XMERERENE SR E EFE AR
X 2 B LB UG — B 5, TR BB A5 3R 15 8
HFHIRE R
(N =1)72 (M;-1)72

2 L main )G it )]
i= (N -1) 2= ~(M1-1) 2

E}f;'(m,n) + E}f’l(m,n)

(2)

wvi(m’,n) =

(3)

m,(m,n) =

E.

7id

Sj,l(m»n) =

(5)



6 3 W R . — R FIERAE Contourlet ARIRLT SNEIR S vl WL B G h & B 479

K3 IREE R A SR (a) AT ILEESR (b) L5 R () DWT B A BIE L5 R (d) DWFT B A B R G R (e ) NSCT BB B
AR (P SEEBRIR A M) () AR I MBS B R

Fig.3 Test images and Fusion results( a) visible image(b ) infrared image( ¢)fusion result of the DWT-based method( d) fusion result
of the DWFT-based method( e)fusion result of the NSCT-based method ( simple fusion rules) ( f) fusion result of the proposed method
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Table 1 Performance of image fusion results

Method E ¢ Q1,,F) (1, ,F) Q1,1 ,F) L(1,,1; ,F)
DWT-based Method 6.0570  0.1013 0.3001 0.2017 0.5018 0.3565
DWFT-based Method 6.0143  0.0930 0.3177 0.2194 0.5371 0.3747
NSCT-based Method ( simple fusion rules) 6.1734  0.1026 0.3821 0.2211 0. 6032 0.2915
Proposed Method 6.7182 0.1119 0. 4468 0.2149 0.6616 0.2172

EGARX TIHREREEREBMERZRER/DH
—FERE VRN B T, RAKILSCER[14]. |ATAH Q
(1;,F) \Q(L, ,F) S A Rn B & B R F AR F 7] A
HEB I MLSER LK EERER,Q(L,,LF) .
L(1,,5,,F) 2R B a BEAEX T B A B 3R
MEKEEREEMNGFEREZXLE. QG F).Q(,,
F) QG I, F)E# KR R& H R AREERH R
R B8, L(1,, L, F) E8/, RURS R
X SHRERERKEBBLD, TR/ RS HERE
.

R1GHHT 4 MEESHEENMEEEREE A
F 1 LB EEE T LUR X TR T /MRS
BGRERE(BE 1 MBKk2), & T NSCT WE
BRISEE(BE3 MEK4)  HEAEHKY
BEHEE, RENEEGPIRRESHAARFEEHF
EAZREEGT, BRI E SRS EA.

4 £HiE

Ve —FpET R E R 2 R L5 TR, NSCT
FMUBH L R | B &F #9738 U 35087 04 LA &
Z 75 R, BB E A R IR B R AL FTHFAE , B R
AP BALRNE, R A& THEGRSHRER
HEA M RNER . B, NSCT Rz 2| A
BhE ST, BB VRS ERRMESHEE LR
PR B BCHEIR 2 X S R W, U RBE
SRIGETFHEBRZEMM LR, ETHEEE
MISEEL. B, ASCER T — R T NSCT 45N E B
5y e E GRS B B, FRELSNEBR S R
5% B W RSP ERRRIE LA B AR B PR SE R, 1
HHE TR RPN 8 07 13 1 R BRI R
EHN). EWER R KRS B LR g AL
SMEB ST IEE B EE(F B IREGFHEA R
FEGT I BiR R H Bk S AR BB K = 5
BAEMIIABIARFEFUEMRELE LS
FRERLE B R

REFERENCES

[1]WANG Hong, JING Zhong-Liang, LI Jian-Xun. An image

fusion approach based on object region [J]. Chinese Jour-
nal of Lasers(ER ,#UE B, ZEER. —FET BHRXE
B GR A B E . REME) ,2005,32(3) :351—355.

[2]Zhang Z, Blum R S. A categorization of multiscale-decompo-
sition-based image fusion schemes with a performance study
for a digital camera application [J]. Proc. IEEE,1999,87
(8): 1315—1326.

[3]Burt P J, Adelson E. The Laplacian pyramid as a compact
image code [J]. IEEE Trans. Commum. ,1983,31(4);
532—540.

[4]Toet A. Image fusion by a ratio of low-pass pyramid [J].
Pattern Recognition Letters ,1989,9:245—253.

[5]Burt P J, Kolczynski R J. Enhanced image capture through
fusion [ C]. 1993 JEEE 4th Int. Conf. Computer Vision,
Berlin, German ,1993,4.173—182.

[6] Pajares G, de la Cruz J M. A wavelet-based image fusion
tutorial [ J]. Pattern Recognition,2004 ,37 :1855—1872.

[7]LIU Gui-xi, YANG Wan-Hai. Image fusion scheme of pixel-
level and multi-operator for infrared and visible light images
[J]. J. Infrared Millim. Waves( XISHE, %7 1. —Fhi&
RQEHETANESTIARREE T E O SERE
), 2001,20(3) ; 207—210.

[8]CHAO Rui, ZHANG Ke, LI Yan-Jun. An image fusion al-
gorithm using wavelet transform[ J]. Chinese Journal of E-
lectronics (SR 5L, FL, ZFR. —METPEEBRHAE
BREEE. BFEE), 2004,32(5) :750—753.

{9]ZHANG Qiang, GUO Bao-Long. Fusion of multisensor ima-
ges based on the curvelet transform [J]. Journal of Optoe-
lectronics + Laser( 3% , S8 E . —Fb# T Curvelet A5 #2
EBSEGEEHEE. BT - MHK),2006,17(9) :
1123—1127.

[10]Cunha A L, Zhou J P, Do M N. The nonsubsampled cont-
ourlet transform: theory, design, and applications [ J].
IEEE Trans. on Image Processing ,2006,15(10) ;3089—
3101.

[11]Do M N, Vetterli M. The contourlet transform; An effi-
cient directional multiresolution image representation [J].
IEEE Trans. on Image Processing ,2005,14(12) :2091—
2106.

[12]Shensa M J. The discrete wavelet transform: Wedding the *
a trous and Mallat algorithms [ J]. IEEE Trans. on Signal
Processing ,1992 ,40(10) :2464—2482.

[13]LI Zhen-Hua, JING Zhong-Liang, SUN Shao-Yuan, et al.
Remote sensing image fusion based on steerable pyramid
frame transform[ J]. Acta Optica Sinica( =R, HER,
IR, S BT HRSFEERTHRKERBEHME
Bk ¥R ,2005,25(5) :598-602.

[14]Petrovic V, Xydeas C S. Objective image fusion perform-
ance characterisation [ C]. 2005 IEEE 10th Int. Conf.
Computer Vision, Beijing, China, 2005,2.1866—1871.



