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Fusion algorithm for infrared and visible light images based on region
segmentation and NSCT

YANG Yue-tao'*,ZHU Ming' ,HE Bai-gen'”,GAO Wen'"
(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences,Changchun 130033, China;
2. Graduate University of Chinese Academy of Sciences,Beijing 100039, China)

Abstract : Aimed at the infrared and visible light images in the same scene,a fusion algorithm based on region seg-
mentation and nonsubsampled contourlet transform ( NSCT) is proposed in this paper. Firstly, regional segmentation
and regional association are used in the infrared and visible light images , the joint region map is divided into the target
area, the background area and gray area. Then,the source images are performed to multi-scale and multi-direction de-
composition in NSCT domain, after which both low-pass sub band coefficients and band-pass directional sub band co-
efficients are divided into three areas in accordance with the joint region map. According to the characters of the differ-
ent areas,different fusion rules are designed in NSCT domain. Finally, the fused result is obtained through inverse
NSCT. The propose algorithm has been experimented on three different scene images, experimental results are com-
pared both in subjective and objective standards. It is showed that the algorithm can not only keeps the spectrum infor-
mation of visible light image completely and richly,but also extracts the target characters of infrared ray image accu-
rately and effectively. The proposed algorithm is superior to those conventional fusion methods based on nonsubsam-
pled contourlet transform , using pixel or neighborhood energy,and is feasible and effective,also can manifest better fu-
sion effect.
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Fig. 1 an example of generating a joint region map for fused image
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Fig. 6 the nonsubsampled Contourlet transform
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4.1.2 EBEAKREZRB B

(1) PG 8 DX 3R 0 7R X I 15

RFATC 2.1 35 H 2.2 5P R T IE R LLAh
FIAT WG PG IEA T X8R 31 R DX I O BB , 75 281 7 56
WK e TRTE P58 03 D E A DI L T 5% DX AR JE X
=Ry

(2) [E1{5 /49 NSCT 73 fift

R IASCER 3 19 i/ 44 9 A R A Contourlet 75
e, W ELAMIE VA 5F R] DL YR 1A 5 50 3l #E 47 NSCT
oM, ROBES i 0 T 2 A RUBE T J7 1) 43 il KA
Ko 53 1% JG vT A5 3045 A 05 % R 8 {H) LY
{H},, L'}, NSCT 43 250 & 1AM KR
A RUEE T A [R5 1] A4 g A . IR, Hoh L
AR B G H, R R4S kA5 1] Y g 43

FETER. AICERHTR=3,k=3,

(3) £ XIS Rl & KLU BE TR & 7 e i

ZLBR (1) 13 2 Y SIS 18] v, A [a] DX 38 e
FAE AR AR T R 2800 20 3R (2) 7Y NSCT
O IE S ARIIAE B A  E R A B AN R 4 B
SC, AR R B T R v 5 A 0 A [ DX Aont [ Y
e AL A SRR U B A X 73, R AN R
AR R R S R

a) HARX I (T)

% B AR LLANE G — R B B 1 X
sk, [R) 2 3 7 5 v AR AR — DN, T 5 X
SR AR — ORI A AR DA Rl U T

SR -

HT T8 H AR X RE B I s A X, AT
Lot I AE AL 5 B e PR R & R AL, AR IE
LLAMNER R FA HARE B RE A8 S KBR BE AN A 2 & ]
%o XIBERMITARAXANT

E(R) = 3 f7(xy)

EA 2 2 R TSR0y - i % X S Bt
R XA ARG 5 i XIS TR aT

; Li(x,y) E(Ry)ZE,(Ry)

Ly(x,y) = { v

Li(x,y) E/(R;)<E,(R;)



1254 O S AN

5 40 &

b Ly A G R H A X AR A A 2R 8
E(R,) HIEEG A B b X3k ey Xk Ge &5 L, iR Kl
1% NSCT 43fiftJ5 H bs X S8 0 A0 22 55

R AER Y -

N7 ARBUEAG 2 5 A0 R Bl B R A
P DX 38 e A R B B U R 7 7. 1R
W
H (x,y) |H  (x,y)[=[H (x,y)]
H (x,y) |H (x,9) | < [H!,(x,y) |
X H R A G AP B b XA 0% il R B
H, R EG NSCT 2556 7 2 b J5 1a) i s R 50

b) ¥ 5 X4k (B)

ZIEF ] W ER OGS E R EE  BEEXR
TRANTTRE S B, ELIANRR 0 FE R BE N 4k
AR AL T 2240115 B A R A, T s DX Y il B
/(I

AR5 -

DADK Il - 2540 B SR PR B B ke 1 ]
AR AN AR S T 22, R A R RGOS B FE 1 — A~
o EART

A2 (x A2 (x
G“>=héw/fx’w;f“’”

A N D KR R BRI AF A, 350000« Ay
i 2257
AR Rl 5 2% 50 2 JBORL ) oAy - e 45 IX S 24 s
JE G RIS il e A XA
, (xy) G(R) =G, (Ry)
Lﬂnw={v
Li(x,y) G,(Ry) <Gy(Ry)
2, Ly o fh A PG T 5% DX AT AT Rl £ 2R
G(Ry) HIREGH 5 DY X S B S L Ry
R NSCT J3iff Jo 15 5% DX ) E A 2R 48
AR SY
T SRR S 2 i SCHARAE , Bl KRR
S DXI ) fe AR B R X R e K I T vk . TR
N ANE

@ﬂmw={

wmmw:{

H, (x,y) |Ey(Ry) |=|EL(R,) |
H;:,[.(x,y) |E2(RB) | < |E£(RB) |

e) KIEXIH(G)

IR DX 3 A — e i 1 REAE DL I SO8AE B BR
A] LG R B & B 15 B4, 20 A1 R 4 7 25 38
SANAE R, G AR A A5 R L 2% L AT UG R
ST . R R K BE KA IR, AR SO K
DX 3 Fr il LU 4

AR5 -

X R B DX I A IR 4, B AT 55 S AR AL
SAEUZR R E AR B, HOR Z R AT e PR ] I
HEMG S S . BT E bR X8 R i B
i A DX, AT et BR R S R AR5 S E SR ERAIN
WA R B DMRUEZL AR EG A H bR B R 18 i
KB EE DA Bl A BUR 5 TR IR R H AR X, AR 4
PGP T R B, B DX ) - 6 B G s IR it ik
A 80 LU REARRR ] OB e s B

R il B ZR 50 S BRI Ay

M EL(R,) =EL(R,) I

Li(x,y) =Li(x,y)

M EG(R;) <Eg(Ry)H:
Li(x,y) G, (Ry) =G (Ry)
L(xy) G(R) <G (R,

x,D’ERc

Lﬁmﬂ={ yeR,

R«

X R BE RIS = W 4, o T s B B RE LR B
JAR UG KA B, X5 TSR FHAR 2RIk 115 .
I BB 5 G DX 35k PN 5 28 A A G, B8 Al R
TR RE VG v T s W ) 300 25 e R R AL A RIS, AR SC
TEEL T —FhHEF AL g X d8 RE & F0 X e fE & D B
AHEE A R R A R

DX 358 Fi 0 DG JC B2 7 ) A A s PR ) DX 33 1)
DX 3B RE R/ AR LI AR B, AR B R A DG ik
jt[B: .

DX Sl D e BE e A

2x 3 fCey) xf1(xy)

M= Ry + £'(R)

Ao, MAEEREET 1, DB W B 1 X 3k A o DG I
B . ARSCHBEE M BIEN T, .

MM <T, W, 150 B P S ) DX S e & DS JC BT 48
1%, iR A AR BRI MG X SR 1 AR/ R
H (x,y) |EG(Ry) [=EG(R,) |
Hy (x,y) [EG(R) [ < |EG(R,) |

M M=T, W, 156 BRI DX 8 RE i DG T B 4%
15, e A A R BCR AL B X 3 RE & ok e B .

H¢(x,y) =, xH ,(x,y) +w, xH,(x,y)
K, 0, Fl o, FIECREL, & T,

1-M
w; =0.5-0.5 Xq,wy=1 —w;

4.2 IR ROM TN
4.2.1 Fibsk
T B UEAS SCHE Y 3 X 3k o B A HE SR AR

@ﬂmw={



Wot 5 4 sh No.11 2010 B ST X EI IR R AR Contourlet 84 (LT AMNFIAT WG A B Rl & 1255

Contourlet 2546 [ £ b 5 7] WG IG5 S5 06 9 A
RUOPE JEH T 3 LHELLAMRIAT WG MR A TR G S50,
HEHIETHREAIERHME Contourlet 5 4 (14 il 5 1k
FE TR R AR I AE 1 (19 R AE Contourlet 75 46 i
BRI
S—2HZLAM RN AT O B B E £ 22 TNO Hu-
man Factors Research Institute 4% 1) “ UNCamp” £T.
SPFTAT DGR S, & 8 (a) FIE 8 (b) Fis, K18
(c) E18(d) [ 8(e) sl HLLAMFIAT LGS H
AR SR X303 1 5 1 AR 0 X ORI J5 1) STk ke
SR B8 () R A TR R W ERATE Contourlet
A RS SR RIERAT 2R R 5 R USRS
B3, v AR A RV FH BB Fpe ITEAR B Y Rl 5
KI5, 15 8(g) AR FIEE TR R FIAR I RE B (R
Contourlet 246 1) il 5 53125 , BRIV ey AP0 2 5k & 0 )
PR FHIIAS ) DI RE e R4 B A Rl 5 R &
8(h) R A S A B RS R 55 4K
182 Octec 24 FIHRHLAYLLAMFI AT DLGEMG T H A, 4n
K9 firzs, 18 9 (f) ~ & 9 (h) JgR =Rl G 550219
HRORE 5= HENR R 10 s, B 10(f) ~
P10 (h) SR FH =il Bk i i 5 ORI

(a) infrared image (b) visual image

(g) window energy based algorithm  (h) this paper algorithm
K8 S —ZH IR IEHR B RSk & 45

Fig.8 source images of set one and fused results using

different algorithms

(a) infrared image (b)visual image

(‘e)joint region map (f) pixel based algorithm

(g) window energy based algorithm (h) this paper algorithm
PO 5 2l PR PG KON RIS i il 45 2R
Fig.9 source images of set two and fused results using

different algorithms

e
=]

(a) infrared image (b) visual image

n "N
G

(¢)region map of infrared image (d)region map of visual image

(‘e) joint region map (f) pixel based algorithm

. PR .
(g) window energy based algorithm  (h) this paper algorithm
P10 5 = 2R PR UG B A RV ik 45 45

Fig. 10  source images of set three and fused results using

different algorithms



1256

ot 5 4 sh

5 40 &

M FMERHCR R, %) b5 A Pl 5
S ASSCR R B R T8 20 S 1 X0 R
HFRRIE RS IBUE T, Toie AR B ARTE S i 25 2
JE IR SR TE G AN Y R ILAE ) 07 T, ¥ W AR T oA
PR RS 5 e SOR T 4F
4.2.2 MHREIEN

T RE S A T AR AR SO A RO BR T
FH AW E AR 3 5 B & WP 46 bR A8UE o
Bro ASSOR BRI B, SR S8 SUIR I X 16
J& =P RE 95 AR R X =Rl Bk AT RO
AR

{Z B} (information entropy, IE) : 15 B Be & it
M AR R A &5 15 B O R/ o UG P e A 2
FRCE G, AR BRROEOR, B EHR AL S 1R R
OB, HERIR N

IE= =% p(Dlogs p(i)

o L o EHR B IR BESE s p (1) RN IRBES A i 1Y
BB 5 BR R B LB

SR AE IR (overall cross entropy, OCE ) : FLfA
S SUIR S e P15 5 il PRGOS LA R IR FE AL ) 2
S, S AR AN, 27 [EIAR 8] 114 22 53 /)N, B Rl 5 (]
GO0 P W R PR Y B 05 R B R A B T 2 T
FREAMYRGZOR . KRR
pv(0)
pr(i)

pi(0)
pr(i)

L-1

+ 2 p,(i)log,
j=0

2

L-1
2pi(i)log,
OCE =

SE-59%E E (averaging gradient, AG) : S35 I
e T R RN e 22 5 SOR S RHE, 7R —
SEFEE FARAE T RGO TG T RE . P26 BBk, 3R
AN ER IS AN T SCPRAR B B 22 | R R it s
Mo H&XRA N
1 M-l~\-ﬂl\/[Aﬂ(i,j>]2+[Aﬁ.(i,j>]2

=W xNZ & 2

AG

A, M, N G353 RS VBONAT R Af, F1Af, 73
AN fG D) AE x,y Tl ERYTT %%

K1 EheSERMENFN
Tab. 1 objective evaluation to fusion result
LI G H—dH R W ER = ER
PEREPEM T % IE OCE AG IE OCE AG IE OCE AG
HFHBE 4.3812 0.4792 0.0275 4.4395 1.8318 0.0236 4.6849 0.8115 0.0269
KT 4Rk RE 4.5703 0.3560 0.0309 4.6081 1.3236 0.0273 4.8482 0.3966 0.0292
VN =R 4.9199 0.2026 0.0381 4.9782 0.6569 0.0344 5.0002 0.3324 0.0315

T T F AR, A0k 5314
A AL TR RE R AL T IR B U 4 BT
FEai iR o IWEE S R o0, 76 = 40 BUR iRl & v, B
FHASC Wl & BRI E BRI B B2 A KT
FLAPRRR T 3%, AR S SUR B /N T LA P Fh 12 3
155 A E RS 25 A — 2 X EL 2 SR 160
AR ST 0 W FER  BE 2(E B R RE R AR B 4, OF
HAGF R T IR BB & 455 8, S T8
B B R OR
5 HRiE

BEXTELANFAT WG BR B BUAGRR , TEFE 2R
W NSCT (i 3 iy I, $2 3 17— 3 F X 3k 4350 il
NSCT () B G A vk . A e LT OT-
SU 114386 U1 4 1) 385 92 0 U5 TR AR AT DX 358 4 S50 0 X
B, SRJE SR R 2T NSCT 3 , 46 IR IX I 06 4
(1) S IR L SR T, X6 45 A DX IR FHAE B 10 45 0 D
NSCT 3 fift I ) = I3 3 B AT BB, B Ja
RSB A R . SEER A R R U], A SO Al

PRk ERERS TR B DR RS eI 15 5, SCRERS A 30k
IR ER R A (5 B, E& WIEHr 45 R A —8 [
ISR TS [F) 3755 1 Z LD RT] ROG R AT Y
SEYRAE R, AN SR X PR 3 I R 5, 42 i
TRRE BRI, AR 0 A U — 2 1
e

S 3k :

[1] Li Qi-shen,Li Jun-feng, Jiang Ze-tao. Image fusion based
on nonsubsampled Contourlet transform and evaluation
[J]. Application Research of Computers,2009,26(3) .
1138 — 1142. (in Chinese)
I, R W VLIV AF T R AE Contourlet 22 4 f
KRG mG L (1], 7H3ALA TS, 2009,26(3)
1138 - 1142.

[2] He Guo-dong, Liang Dong, Yao Hong, et al. Fusion of in-
frared and visible light Images based on nonsubsampled
contourlet transform [ J ]. Microelectronics & Computer,

2009,26(2) :8 —11. (in Chinese)



WOt 54 s Noll

2010

B ST X EI IR R AR Contourlet 84 (LT AMNFIAT WG A B Rl &

1257

(9]

A R, A5, k2L, 45 & T AR AlAT: Contourlet 2842
LLAMEUG AT WO R B RS R LT ). M 72 53T
HH,2009,26(2) .8 —11.

Ostu N. A threshold selection method from gray level his-
togram[ J]. IEEE trans. Syst. Man. Cybern. ,1979 ,SMC -
8.62 - 66.

Wang Guo-you,Zou Yu-lan, Ling Yong. An algorithm for
salience-based local recursive OTSU segmentation [ J ].
Journal of Huazhong University of Science and Technology
('Nature Science) ,2002,30(9) :57 —59. (in Chinese)
TEFEA AR 2 R 5. kT 2 PR OSTU J&y & i )1
rEVAE L] A B R 22 22 4, 2002, 30 (9) -
57 -59.

Tao Wen-bing, Liu Li-man, Tian Jin-wen, et al. A recur-
sive threshold analysis for infrared object segmentation
[J]. Opto-electronic Engineering, 2004, 31 ( 10 ).
46 —49. (in Chinese)

P SO 14T 45 SR B IR T T BR 23 B 2150 H AR 43
FI[J]. J6H TA2,2004,31(10) :46 - 49.

Ye Chuan-qi, Wang Bao-shu, Miao Qi-guang. Fusion of
infrared and visible light images based on region charac-
teristic [ J]. Acta Photonica Sinica, 2009, 6,38 (6):
1498 — 1503. (in Chinese)

WA, EER, BA T — R T O 20 Ah
IR REE S L] Ot 7441, 2009, 6,38 (6)
1498 - 1503.

Bamberger R H,Smith M J T. A filter bank for the direc-
tional decomposition of images: theory and design[ J].
IEEE Trans on Signal Processing, 1992, 40 (4 ).
882 —893.

Cunha A L,Zhou J P,Do M N. The nonsubsampled cont-
ourlet transform ; theory, design and applications[ J]. [EEE
Trans on Image Processing,2006,15(10) ;3089 —3101.
Chai Qi, Wang Li-ming, Yang Wei. Algorithm of infrared

[10]

[11]

[12]

[13]

[14]

and visible image fusions based on atrous-contourlet
transform[ J]. Laser & Infrared,2009,39(4) :435 —438.
(in Chinese)

Y7y, ERW] fh. 2T aTrous-contourlet 254 [ £1 51
Sl ot B S Bk [T ] BOt 5 204, 2009,
39(4) :435 -438.

Xu Ting-fa, Qin Qing-wang, Ni Guo-qgiang. A Trous wave-
let real-time image fusion algorithm based on DM642 fu-
sion system[ J ]. Optics and Precision Engineering,2008,
17(10) :2045 -2050. (in Chinese)

VISE K, 28 IR I, {5 [ 5tk 56T DM642 fil 5 RGEHY A
Trous /NS I PG Rl A S 05 [T ]. 6 K L1,
2008,17(10) ;2045 -2050.

Shensa M J. The discrete wavelet transform: wedding the
atrous and mallat algorithms [ J ]. IEEE Transactions on
Image Processing,1992 (10) :2464 - 2482.

Liu Kun,Guo Lei, Chen Jing-song. Sequence infrared im-
age fusion algorithm using region segmentation[ J ]. Infra-
red and Laser Engineering,2009,38 (3) :553 - 558. (in
Chinese)

X3, SRFE  BRASOAS . T DX K B 51 214 14 il
BELL]. 4N S0 TR, 2009,38(3) 1553 - 558.
Qu Xiao-bo, Yan Jing-wen, Yang Gui-de. Multifocus image
fusion method of sharp frequency localized Contourlet
transform domain based on sum-modified-laplacian [ J ].
Optics and Precision Engineering, 2009, 17 (5):
1203 - 1211. (in Chinese)

Jet /NI, IS, A S . TRt i i S0 i R SR
B SRR AL Contourlet S8 20 5 £ P 5 Jr i [T 06
2 AR TR 2009,17(5) 11203 - 1211.

Huang Wei, Jing Zhong-liang. Evaluation of focus meas-
ures inmulti-focus image fusion [ J ]. Pattern Recognition

Letters,2007,28(4) :493 - 500.



