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Pan-sharpening Model on Account of Edge Enhancement and

Spectral Signature Preservation
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Abstract In order to provide a multispectral (MS) image with both high spectral and spatial qualities, a novel pan-
sharpening model is proposed based on the variational method. The weight coefficients of MS bands are obtained by linear
regression of the degraded panchromatic (Pan) and the original MS images. After that the spatial details are extracted
from the Pan image and are injected into the MS image. The weight function is defined to enhance the strong edges
with the gradient of the Pan image and suppress the false edges caused by image noise, so as to reserve the geometrics
structure of the Pan image effectively. A low-pass filter is developed with the modulation transfer function (MTF) of the
multispectral band sensors, which restrains the number of spatial details merged into MS images adaptively and reduces
the spectral distortion of fused MS images. To deal with the ill-posed problem formulated by fusion operation, the L1
regularization term is introduced into the variational framework to ensure the stability of the numerical solution. The split
Bregman method, which can improve computational efficiency, is used to acquire the optimization solution of the energy
functional. The experimental results on QuickBird/IKONOS/GeoEye-1 datasets demonstrate that the proposed model
can achieve competitive fusion performances in comparison with MTF-CON, AWLP, SparseFI, TVR and MTF-Variational
methods.
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Table 3  Quality assessment of the fused images for QuickBird dataset
sCC ERGAS SAM QNR D, Dy
MTF-CON 0.9074 1.1001 1.3404 0.7960 0.1286 0.0865
SparseF1 0.9016 1.2000 1.3428 0.8800 0.0692 0.0545
AWLP 0.9364 1.1306 1.3596 0.8002 0.1248 0.0857
TVR 0.9360 1.4574 1.5448 0.8712 0.0538 0.0793
MTF-Variational 0.9701 0.9920 1.1124 0.8428 0.0925 0.0713
ARk 0.9564 0.9695 1.0853 0.8816 0.0696 0.0525
# 4 IKONOS @ &4 R E R4
Table 4  Quality assessment of the fused images for IKONOS dataset
sCC ERGAS SAM QNR D D,
MTF-CON 0.9196 3.4550 4.4411 0.7970 0.0998 0.1146
SparseF1 0.9465 4.0197 4.3311 0.8274 0.0747 0.1058
AWLP 0.9461 3.5247 4.3598 0.8125 0.0838 0.1131
TVR 0.9886 4.3916 4.9391 0.7775 0.0819 0.1531
MTF-Variational 0.9843 3.3412 3.8671 0.7994 0.0880 0.1234
RITT¥E 0.9613 3.2632 3.6353 0.8432 0.0619 0.1012
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(a) IKONOS A= 173 Br 1% (b) IKONOS £t Bty i (©) AXHIEMALER (d) AWLP fl &5 45 R
(a) Pan image of TKONOS (b) True-color image of IKONOS  (c¢) Fusion result of the proposed algorithm (d) Fusion result of AWLP

() SparseFI fili {45 (f) TVR B3 45 (g) MTF-CON gl 45 (h) MTF-Variational gy 45 %
(e) Fusion result of SparseF1 (f) Fusion result of TVR (g) Fusion result of MTF-CON (h) Fusion result of MTF-Variational
K 4 IKONOS fléras R
Fig.4 Original IKONOS images and pan-sharpening results using different methods

(b) GenEye-1 2 St B Ay 1k &] () ACHVERG E R (d) AWLP Fi & 45 4
(a) Pan image of GenEye-1 (b) True-color image of GenEye-1 (c¢) Fusion result of the proposed algorithm (d) Fusion result of AWLP

(e) SparseFI & 45 4% (f) TVR filigh 3 (g) MTF-CON fili 545 11 (h) MTE-Variational fli¢5 455
(e) Fusion result of SparseFI (f) Fusion result of TVR (g) Fusion result of MTF-CON (h) Fusion result of MTF-Variational
K5 GeoEye-1 fl&45%
Fig.5 Original GeoEye-1 images and pan-sharpening results using different methods



383 H 3l 1k

¥4 45 %

JUMEE PR 5 SparseFT SYAM ML, AU
&1 sCC Wy, {H D, AL, RSB EA
S 22 A3 (A A 1T 1 (R F, BB 8 B G- MO LR H AR A T LA
ZEM). MTF-Variational §) sCC } SAM & 54
SCEYE, U R A R 4 TS B0 A ROt
WREIRE IR, ASCEER sCC LT TVR
RSN, HARIEIR A, EWE A BA GRS A
AU OREE E 8 H AR LA S5 A8 ARG RR .

AT LR A A N, N E R
Fredericton #i[X ) IKONOS R&/EEkfa4E 21T @l &
SUE. RBIREMYEEERE, SARZWE O
B3, A SO B 4 o BRI 2 A A
RELB S A R0 DX S A7 0 U ST, £ &5 SR an 1]
6~8 fiR, ERIFM IR LR 6, NS A itk
fatn. MBEIRCR ok A, 78 =2 KA, Z A X

Wi g B S NI . SparseFI 5 MTF-CON
SELYE A BT T R AR A JE T B e b S5 AT K X3
AT HEAAR L. TVR Bk B B 25 ) 4
AR, HCE R EM S ™ E. AWLP, MTF-
Variational 574 SCHEEA: B @& 1535 i ELG 3%
R EARFEAR, X HE -5 AR I ] DU B, AR S
A A RGBS E N E, ek S50
R MS R E . MIehr EoR R, AR SCAYETE
ANTE] DRI 48 TN T A 25 B e i

3 B&
AR T AP T 0 S O R

PRFFI S 70 Al Sy 2R, DAZE JCH A o 5 18] 20 B R
Fws ot o B MS BB, BB R RE T

#£5 Geoyerl AR RN

Table 5 Quality assessment of the fused images for GeoEye-1 dataset
sCC ERGAS SAM QNR D, D,
MTF-CON 0.9282 2.0588 2.3398 0.8009 0.1162 0.0938
SparseF1 0.9185 2.4023 2.6090 0.8932 0.0572 0.0526
AWLP 0.9465 1.9823 2.3003 0.8233 0.0986 0.0866
TVR 0.9854 2.4718 2.5682 0.8546 0.0685 0.0826
MTF-Variational 0.0.9827 1.8705 1.8881 0.8520 0.0788 0.0751
ARCT5VE 0.9515 1.8289 1.7632 0.9100 0.0406 0.0515
6 N FIRE B DX S A A R E B T
Table 6  Quality assessment of different areas of the fused images
sCC ERGAS SAM QNR Dy D
TR A X MTF-CON 0.9147 2.5807 2.1891 0.6347 0.1598 0.2446
AWLP 0.9381 2.5409 2.1481 0.6914 0.1304 0.2049
SparseF1 0.8889 2.3891 1.8947 0.6945 0.1206 0.2103
TVR 0.9458 3.0313 2.5235 0.6096 0.2109 0.2275
MTF-Variational 0.9777 2.3864 1.9506 0.6842 0.1458 0.1990
A 0.9725 2.3521 1.8318 0.7002 0.1122 0.2112
HH 28 A X MTF-CON 0.9008 2.6798 2.5738 0.7178 0.1187 0.1855
AWLP 0.9167 2.5791 2.5158 0.6894 0.1627 0.1767
SparseF1 0.9135 2.4626 2.2991 0.6942 0.1520 0.1814
TVR 0.9611 3.0606 2.8873 0.7503 0.1018 0.1647
MTF-Variational 0.9687 2.4408 2.2390 0.7424 0.1183 0.1580
ATV 0.9755 2.4400 2.1686 0.7614 0.0883 0.1648
EZet MTF-CON 0.8900 4.1248 4.6158 0.5766 0.2528 0.2283
AWLP 0.9602 4.0810 4.5489 0.5890 0.2396 0.2254
SparseF1 0.9575 4.0404 4.5037 0.7407 0.1304 0.1483
TVR 0.9857 4.7771 5.0041 0.6618 0.1589 0.2132
MTF-Variational 0.9664 4.1813 4.6367 0.7865 0.1043 0.1219
ARIHHE 0.9751 3.9230 3.7936 0.7879 0.1141 0.1106
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(a) IKONOS 4> {35 B el % (b) IKONOS 2tk B £ 1 4 () ACFLERA 4R (d) AWLP i 545 5
(a) Pan image of IKONOS (b) True-color image of IKONOS  (c¢) Fusion result of the proposed algorithm (d) Fusion result of AWLP

(e) SparseFI ffi 5 &5 % () TVR 458 (g) MTF-CON Fi &5 5 1 (h) MTF-Variational ffi#545 %
(e) Fusion result of SparseFI () Fusion result of TVR (g) Fusion result of MTF-CON (h) Fusion result of MTF-Variational

Bl 6 g e X Il A 45 R xt He P

Fig.6 Pan-sharpening results of the MS images with sparse vegetated area

(a) IKONOS 21 iR Bl 1% (b) IKONOS Z i Be s il (c) ALTLVERE & 45 R (d) AWLP Fifi {345 W
(a) Pan image of TKONOS (b) True-color image of IKONOS  (c) Fusion result of the proposed algorithm (d) Fusion result of AWLP

(e) SparseFI fli{y 45 % (D TVR @454 (g) MTF-CON Rl 45 W (h) MTF-Variational gy 45 %
(e) Fusion result of SparseF1 (f) Fusion result of TVR (g) Fusion result of MTF-CON (h) Fusion result of MTF-Variational

BT AR el £ 2 R0

Fig.7 Pan-sharpening results of the MS images with moderate vegetated area



385 H 3l 1k 2 Eibd 45 %

)
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(a) Pan image of IKONOS (b) True-color image of IKONOS  (c¢) Fusion result of the proposed algorithm (d) Fusion result of AWLP

L2

(e) SparseFI fii 445 5% (f) TVR @A 45 R (2) MTF-CON @& 45 R (h) MTF-Variational fifi& 45 5
(e) Fusion result of SparseFI (f) Fusion result of TVR (g) Fusion result of MTF-CON (h) Fusion result of MTF-Variational
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Fig.8 Pan-sharpening results of the MS images with dense vegetated area
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