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Abstract: In order to suppress pseudo-Gibbs phenomena around singularities of fused image and reduce significant amount of
aliasing components which are located far away from the desired support when the original contourlet is employed in image fusion,
Sum-modified-Laplacian-based multifocus image fusion method in sharp frequency localized contourlet transform (SFLCT) domain
is proposed. First, SFLCT, instead of the original contourlet, is utilized as the multiscale transform to decompose the source
multifocus images into subbands. Second, typical measurements for multifocus image fusion in spatial domain are introduced into
contourlet domain and Sum-modified-Laplacian (SML), evidenced in this paper with the best capability to distinguish SFLCT
coefficients is from the clear parts or blurry parts of images, is employed in SFCLT subbands as measurement to select SFLCT
transform coefficients. Third, inverse SFLCT is used to reconstruct fused image. Finally, cycle spinning is applied to compensate for
the lack of translation invariance property and suppress pseudo-Gibbs phenomena of fused images. Using the proposed fusion method,

experimental results demonstrate that mutual information is improved by 5.87% and transferred edge information Q' is improved
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by 2.70% compared with cycle spinning wavelet method, while mutual information is improved by 1.77% and Q"B

is improved by
1.29% compared with cycle spinning contourlet method. Meanwhile the proposed fusion method outperforms block-based spatial
SML method and shift-invariant wavelet method in term of visual appearance.
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Fig.1

Basis images of original contourlet and sharp
frequency localized contourlet (SFLCT). (a) and (b)
are basis images of original contourlet and SFLCT in
frequency domain, (c) and (d) are basis images of the
two transforms in spatial domain
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Fig.4 Source images for multifocus fusion. (a) and (b),(c) and

(d),(e) and (f),(g) and (h), are the pairs, which are
partly defocused and partly in good-focus.
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Tab.2 Comparison on objective criteria using different
forms of contourlet in image fusion.

Images Criteria. OCT  CS-OCT SFLCT CS-SFLCT
Fig.4 (a) and (b) M 59159  6.4528  6.4590 6.5545
Q"®F 06079 06532  0.6552 0.6628
Fig.4 (c) and (d) M 48757 53899  5.4064 5.4849
Q"®F 06443 06851  0.6888 0.6953
Fig.4 (e) and (f) M 51597 57224 57429 5.8703
Q"®F 06131 06598  0.6635 0.6734
Fig.4 (g) and (h) M 6.1247 65997  6.5550 6.6752
Q"®F 07111 07571  0.7507 0.7581
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Fig.5 Suppress the pseudo-Gibbs phenomena using cycle
spinning. (a), (b), (c) and (d) are fused results using
OCT, CS-OCT, SFLCT and CS-SFLCT respectively. (e),
(), (9) and (h) are the difference image which (a), (b), (c)
and (d) minus the source image shown in Fig.4 (a).
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Fig.6 Objective criteria versus shift arrange using CS-SFLCT in

image fusion. (a) mutual information curve, (b) Q
curve.

K 6

4.3 CS-SFLCT i3 &EF SML AIRE & N

AT B CS-SFLCT 38k 1) e A3 5 9 LB %
SML-max Fll Coeffs—max BN, UiHHIET SML H)mEh&
e g sl S R R R . e TR RRE A=1=
(-1, -2, ~4,-8 1,2, 4,8 . WK 4 (e) F(E)HIh5
B AR R IE ES

K7 (a) A1 (b) %7~ CS-SFLCT 45 ) i 4 135 o
TH S LU A8 P 058 P AR A7 B 1) R 8T LU Y i
B3 B MR A 2 WY R T B 4 o X AL SR
Coeffs—max KW I FH 21 22 ROFE AR 4 il & 07 V5 1) J
Kl B 7(c) F(f) Fomah Gk, Hh LR
B 7 (a) TR A B SR, RN E] 7
(b) XA B FR A TR 4 (o) PARICIER o
FPE 4 () b, DR b AR ) o 55 PR N % e 4 1 6
KRR T A REE K 7 (a) EH.

HZ, B 7 (c) KB Coeffs—max FINIHHRKE
IrAETE R ITE WX UL P R 2. KT (F) KW, 1&
o GRS B R RE R OLT,  SML-max
bR TRV N L B it s I E A% G P
SML-max KI5 281 ) 5 P&l 450l B el 1 2R 4 R I
MG . I 3 PR FRFR ] LATH H, SML-max KU
B Coeffs—max BN A5 EIEE 2.98%, Q" #iw
2.27%, FOUARIRVEM &5 R afer i BR800 40 A 45
R

AB/F



2 x

Ja /NI, S CSIE I B RE R SR B SR K Contourlet 322 SR AL B (R il 15 Uy vk 7

eI RO
i.-J-t.i’.!-;l' i 53" x

A
©

(d) (e) Q]
& 7 SML-max i1 Coeffs-max LML,  (a) A1 (b) =&
() FI I 4 bic 7 i) — A1ty , - (d) 1 (e)
& (@ M ()M SML fH, (c) 1 (f) 25 &
SML-max # Coeffs-max HiM o314
Fig.7 Comparisons on SML-max and Coeffs-max rules. (a) and
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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
Fig4 (a)and (b) Ml 6.5545 6.7401
QABF 0.6628 0.6754
Fig.4 (c) and (d) Ml 5.4849 5.5468
QABF 0.6953 0.7051
Fig.4 (e) and (f) Ml 5.8703 6.1716
QABF 0.6734 0.6992
Fig.4 (g) and (h) Ml 6.6752 6.8646
QABF 0.7581 0.7727
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Fig.8 Comparison on visual appearance using different typical
fusion methods. (a)-(d) are the fused image using
block-based spatial SML methods, shift-invariant wavelet,
spinning and the
CS-SFLCT-SML methods, respectively.
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Tab.4 Comparison on objective criteria using typical
fusion methods.
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