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Abstract: In order to suppress the pseudo-Gibbs phenomena around singularities of fused images and
to reduce significant amounts of aliasing components located far away from desired supports when the
original Contourlet is employed in the image fusion, a multifocus image fusion method in Sharp Fre-
quency Localized Contourlet Transform (SFLCT) domain based on a sum-modified-Laplacian is pro-
posed. The SFLCT, instead of the original Contourlet, is utilized as the multiscale transform to de-
compose the original multifocus images into subbands. Then, typical measurements for the multifocus
image fusion in a spatial domain are introduced to the Contourlet domain and Sum-modified-Laplacian

(SML), and the criterion to distinguish SFLCT coefficients from the clear parts or from blurry parts
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of images are employed in SFCLT subbands to select the SFLCT transform coefficients. Finally, the
inverse SFLLCT is used to reconstruct fused images. Moreover, a cycle spinning method is applied to
compensate for the lack of translation invariance property and to suppress the pseudo-Gibbs phenome-
na of fused images. Using the proposed fusion method, experimental results demonstrate that the mu-
tual information has improved by 5. 87% and transferred edge information Q**" has improved by
2.70% as compared with those of the cycle spinning wavelet method, and has improved by 1. 77 % and
1. 29% as compared with those of the cycle spinning Contourlet method. Meanwhile, the proposed fu-
sion method has advantages of good visual effect over the block-based spatial SML method and shift-
invariant wavelet method.

Key words: image fusion; multifocus image; Contourlet transform; pseudo-Gibbs phenomenon; wave-

let transform
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Tab. 2 Comparison on objective criteria using different

Contourlet forms in image fusion

Images Criteria  OCT CS-OCT  SFLCT CS-SFLCT

Fig.4 (a) MI  5.9159  6.4528 6.4590 6.5545
and (b)  Q™F 0.6079 0.6532 0.6552 0.6628
Fig.4 (¢)  MI  4.8757 5.3899  5.4064 5,484 9
and (d)  Q™F 0.6443 0.6851 0.6888 0.6953
Fig.4 (e) MI 51597 57224 5.7429 5.8703
and () Q™F 0.6131 0.6598 0.6635 0.6734
Fig.4 (g) MI  6.1247 6.5997 6.5550  6.6752
and (h)  Q™F 0.7111 0.7571 0.7507  0.758 1
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Tab. 3 Comparison on objective criteria using SML-max

and Coeffs-max rules in image fusion

Images Criteria Coeffs-max SML-max

Fig. 4 (a) and (b) MI 6.554 5 6.740 1
QAVF 0.662 8 0.675 4

Fig. 4 (¢) and (d) MI 5.484 9 5.546 8
QMWF 0.695 3 0.705 1

Fig. 4 (e) and (D MI 5.870 3 6.171 6
QM 0.673 4 0.699 2

Fig. 4 (g) and (h)  MI 6.675 2 6. 864 6
QMWF 0.758 1 0.7727

4.4 HARBEHELR

AR A4 CS-SFLCT-SML it & 5 1
5w R A Ty AT B A X Ty A A
FHe (8 X 8) 1y 23 [l 5, SML (BBS-SML) J5 i1 F1
R M K AE HL i 7 B AN AR /N B (STWT-
max) 0 5 i SR AR R D) 1 9 2 B /N i
(CS-WT-max)*'"*" J5 ik, 78 CSWT-max #l
CSSFLCT-SML JiE, PR R X=Y= {—
1,—2,—4,—8,1,2,4,8} A REKH 5. KT
B0 4% b 7 ¥ 8 i TR R B W) A R B S R
2R et R BT R R AT 4 K 2 R

P8 J & Bl Oy i ML BOCR X L. AT LA E
i BBS-SML J7 i il £ 119 & 45 B A B 1) e s
M. R4 BBS-SML Jrikfgdkig % 4 i K%
DU R T (E S e SR Ee S GRS | P €l I S I
Gl A 32 B2 S IR WL AL 28 4058 1 55, B Ak
N3 AR A A R i . AR AT DUR TR 5
R P R L FL e Az s R T B B SRR

1115 AN 7T RE 52 4 1 Bk » 0 HR 25 BT 5 B0 0 i Wb 30
IR R B A . 22 RUBE AR 4 AT LA 200 o iRk ol
AN R 3 TR DA 5 A AR AR YO T R R R
BomAE 2 MR R X WA 20T
VS T AE PR Rl v o8 P 22 RUBE D i py i JR 2

€S Magnifier Quality

€S Magnifier Quality

(a)SML J5
(a)SML method

(b) PR AN /NI T 1%
(b) Shift-invariant

wavelet method

€S Magnifier Quality R ES Magnifier Quality R

(d)CS-SFLCT-SML J7 3=
(d)CS-SFLCT-SML

method

(OEIF-R /NI Ty i
(c)Cycle spinning wavelet

method

B8 BRIEh G vk B A A5 R LR L
Fig. 8 Comparison on visual appearance using differ-

ent typical fusion methods

M 8 T LLF H, SIWT-max fl CS-WT-
max JFIEFEN L (B 8(b) Hl (o) FRigHE ) 7=k
BB A SCER ) CS-SFLCT-SML J5 ik #2 4t 1
I AR5 AR 3RS T Bk BBS-SML ik Z
HMRIFI R PP i b . #5384 b 4 IR EHR &
WLPEAN TR 4757189 % B0 L I 2 07 0 O AR 267 B /N
AR HE A R T 5. 87T%., QYT T
2.70% o He 7 B8 A AR /N U AE e 0 BLAE AR T
7.93%., QWTHRET 1.33%. WIS L EMR
RN W VE A 46 A o AR SCIT R Oy 1R 4 Rl
J7 8 h B A
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Tab.4 Comparison on objective criteria
using typical fusion methods
BBS- SIWT- CS-WT- CS-SFLCT-
Images Criteria
SML max max SML
Fig. 4 (a) MI 8.7882 6.4409 6.4195 6.7401
and (b) QMWF  0.7216 0.6829 0.6595 0.6754
Fig. 4 (¢) MI 8.1046 4.9494 5.2684 5.54638
and (d)  Q™F  0.7243 0.7098 0.6921 0.705]1
Fig. 4 (e) MI 8.0882 5.7311 5.7124 6.1716
and (D QY™ 0.7332 0.6752 0.6702 0.699 2
Fig. 4 (g) MI 8.3287 6.3964 6.5282 6.8646
and (h) QT 0.7695 0.7464 0.7563 0.7727
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