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A New Variational Model for Panchromatic and Multispectral Image Fusion
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Abstract Image fusion is a powerful tool to provide a single image which contains the complementary information from

the input images. A novel variational model is presented for panchromatic and multispectral image fusion. Based on

the Socolinsky’s contrast model, an advanced energy minimization problem is posed to find the solution whose gradient

is closest to that of the panchromatic image. To improve the multispectral image’s spatial resolution and preserve its

spectral information as much as possible, spectral coherence, interband correlation and contrast enhancement terms are

explicitly enforced into the fusion process. The performance of our model is evaluated on several IKONOS and QuickBird
datasets. Experimental results show that our model can produce images with both high spatial and high spectral quality.
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Table 2 Choice of parameter set

a ¢ B v n
A 0.2 2 0.001 0 0 0
B 0 — 0 0 0 0.2
c 0.5 5 0.001 0 0 0.4
D 0.1 1 0.001 1 1 0.1
E 0.1 2 0.001 0.5 0.4 0.2

Kl 2 43 T %5 24047 TKONOS %4 Tkl &
(PR 4 R B Tkl BEA IR TR AR (a0 Rt s
N ) AT BIRRHIE (WH).

N T RPN R G R, R FII B (Av-
erage gradient, AG). X &% (Correlation co-
efficient, CC)P4 | M Xf # Ak 4k $ 45 4517 2% (Erreur
globale adimensionnelle de synthese, ERGAS)24
FHE G FR 4L (Universal image quality in-
dex, UIQI)2 1 4P ARk,

SEW Es M a=0=p=0 YHWHEGN MS, i, X (16) (0t BRE MS,.



24 Ly & PR I At 2 6 1 B 15 A2 7 B 183

(a) ZHUE A

(a) Parameter set A (b) Parameter set B

(d) 284 D
(d) Parameter set D

A

(c) 284 C
(c) Parameter set C

A 1B

*x

!
g

(f) &S HdE
(f) Suggested parameter set
2 KPS Ikl NGS5 R
Fig.2 Fusion results of the different parameter sets on
dataset Ikl

(e) ZHEFE

(e) Parameter set E

CC M+ vl & BRI 2 5610 B BAT G
T, s R

cCy =
ﬁ i (Fo(a.y) — i) (M Sy ) — n)
\/ % ﬁ (Folz,y)— )’ % ﬁ_’:l(Msb(x,y)—ub)z

(18)

b g, AU g, ANRRZ SRS MS, Pl K
% F, H35M. CC BARAE 1.

ERGAS S Wit 7t i i & A 4 (1) ARG B0,
D&/

dy |1 <& (Rl\/ISE(F,,,Msb))2
ERGAS =100=2,| =
d; J B ; o

(19)

o, dy/dy A A BB R 2 O0 i B &

7 ) gy B A 2 M, X T IKONOS Hil Quick-

Bird % 4 % 4 1/4, RMSE(F, MS,) =

VIl S (Fo(e,y) - MSy(x.)). ER-
GAS [HHARE N 0.

UIQL Al T 1r O il 5 5 5 i 22 063 IR 1 45

TR ERS) 5 SR

2fippy,  20p,0us,

OF,Ms
UlQl, = Ll B, .
L R t2 7% + ol

UFb UMSb

(20)

=

=

1 M N N2
e \/<M—1><N—1> 2o o)~ )

rx=1y=1

1 M N 2
oMs, = \/(M—I)(N—l) > 2 (MSy(z,y) — ms)

r=1y=1

rz=1y=1

\/(M—l)l(N—l) 5 5% (B y)—jn) (M S (2, ) m)

QPR B G e A — 30 W) UTQI ik 21 5 K 1.

Bl 2 P SRR 4T R IR BN S5 R LR
3. Hrp, AG. CC MUIQI 7y Er2 itk KG BT
HikEI AG. CC M UIQI F&F5 1.

*3 K2 h &SRR E RN LR
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SHE AG cc UIQI ERGAS
A 0.0507 0.7778 0.9833 0.0156
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c 0.1253 0.2502 0.7563 0.0438
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(d) NSCT method

(c) DWT Ji%k
(¢) DWT method

-

(g) Piella £ B
(g) Piella’s model B

(h) ASCARERY
(h) The proposed model

5 HITEAEEE k2 RS g R
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Table 4 Quantitative results of different fusion methods on each data

el WAREA AG cc UIiQr ERGAS AT (s)
PCA 0.0248 0.8604 0.9172 0.0143 —
DWT 0.0459 0.8792 0.9577 0.0114 —
NSCT 0.0443 0.8957 0.9907 0.0106 469.6
k1 o Ll AR 0.0313 0.6808 0.8550 0.0202 21.3
Piella #71 A 0.0379 0.6640 0.8798 0.0188 48.4
Piella #% B 0.0144 0.9966 0.9165 0.0105 32.9
AR 0.0482 0.9157 0.9943 0.0101 9.1
PCA 0.0338 0.7641 0.7701 0.0330 —
DWT 0.0457 0.8791 0.9278 0.0124 —
NSCT 0.0448 0.8871 0.9502 0.0118 360.7
k2 o Ll AR 0.0322 0.7352 0.7903 0.0321 17.4
Piella #7% A 0.0422 0.7231 0.8055 0.0316 31.3
Piella #% B 0.0172 0.9956 0.8983 0.0074 18.6
AR 0.0470 0.9127 0.9528 0.0109 8.9
PCA 0.0317 0.8101 0.6370 0.0083 —
DWT 0.0477 0.8590 0.9281 0.0095 —
NSCT 0.0468 0.9111 0.9344 0.0042 5960.9
Qb o Ll AR 0.0441 0.5830 0.5684 0.0314 317.6
Piella 5% A 0.0451 0.5513 0.5832 0.0306 568
Piella #% B 0.0159 0.9941 0.9491 0.0041 349.6
AR 0.0506 0.9349 0.9525 0.0038 151.5
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