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Fusion Algorithm of Multi-Spectral and High-Resolution Images
Based on Region Feature in NSCT Domain
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Abstract  An fusion algorithm for multi-spectral and high-resolution images based on multi-level threshold
segmentation and the nonsubsampled contourlet transform (NSCT) is proposed. Multi-level threshold segmentation is
done for the multi-spectral image, and notions about ratio of region mean (RRM) are used to divide the multi-spectral
image into the areas which need to be spatially enhanced and need to preserve spectral characteristics. Then the
NSCT is performed on the high-resolution image and the intensity component of the multi-spectral image at different
scales and directions. The low-frequency coefficients are fused with the windows-based fusion rules and operators,
and the high-frequency coefficients are fused with the region-based rules according to the RRM. Finally the fused
coefficients are reconstructed to obtain the fused intensity component of the multi-spectral image, and the inverse
IHS transform is performed to get the fused multi-spectral image. Experimental results show that the algorithm
proposed performs significantly better than the IHS transform, the pixel-based a trous wavelet transform and the
pixel-based NSCT.
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Fig. 5 Source images of first set and fused results with different methods (a) multi-spectral image; (b) Panchromatic
image; (c) Region map of the intensity component of the multi-spectral image; (d) fused image with our method;

(e) fused image with method 1); (f) fused image with method 2); (g) fused image with method 3)

B 6 5% ARG RN DT iR A AR (0 2R ER s (D2 A EGR: (o ZOUIEEIMRERE 2 ik T2 51wt
(DEETFAITFENR G E S (ORT Ik DIRSEIR: (ORTI7 2D RGBSR (3T Ik 3R B

Fig. 6 Source images of second set and fused results with different methods (a) multi-spectral image; (b) Panchromatic

image; (c) Region map of the intensity component of the multi-spectral image; (d) fused image with our method;

(e) fused image with method 1); (f) fused image with method 2); (g) fused image with method 3)
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Table 1 Objective assessment index of fusion results of multi-spectral and high-resolution images of first set

Wave band Entropy Average Gradient  Correlation Coefficient  Distortion Degree
R 7.1689 11. 6726 — —
Original multi G 7.1631 11. 7762 - —
spectral image
B 7.2756 11. 8414
R 7.1628 16. 8645 0.5108 29. 2086
method 1) G 7.2005 16. 5902 0.5274 27.8626
B 7.1160 16. 4994 0. 5905 28. 2815
R 7.1258 16. 0602 0. 8246 8.7337
method 2) G 7.1742 15. 8748 0. 8306 8.4078
B 7.2450 15. 8042 0. 8589 8. 3853
R 7.1285 16. 0666 0. 8280 8.6578
method 3) G 7.1763 15. 8810 0. 8340 8. 3347
B 7.2477 15. 8123 0. 8616 8.3111
R 7.2272 16. 4303 0. 8803 8.5245
Our method G 7.2809 16. 2056 0. 8847 8.1853
B 7. 3405 16. 2099 0. 8998 8. 1881

5 4 e

B35 22 ot 5 1 o3 P AR Gk DL A B 25 )
PR S EIEAE B T AR R, 5 AT X
AR 38 i 2 43 5T AR SO S ) DX
F ML LU 48 Aok i 22 00 % R 0 43 o 75 2 1R AT 2 H] 48
TR LR 7 B R R O A 0 X 8 4R S R
NSCT X 35 43 H 3 FEUG A 20638 EUR 10 38 % 43 2 ik
11253 HE o fiit» NSCT BE % b /N i 728 49 0 A5 250 3 42
IR PR ) i G R AE Ry il R 4R A6 T 22 i 40
5L B AR AR SCHR R AR IR X A 45 A
P il 7 00 D % il A B 1 o 4 ff J D 1R 4 0 R 4R
Z I R 0 SR B 4y i R AT LA A e AR B
IYPERI 26T R . LI AE R R AR SO iR
il LR RE RS FE AR R OE S AR ME M AT AR R L R AT BB 4R
A AR B 2 ) 4y B R Rl A ORI TS
HIS 84k TR E M a trous /NS vk FE T

1421 NSCT .

5

4

% X Wk

Li Zhenhua, Jing Zhongliang, Sun Shaoyuan. Remote sensing

—_

image fusion based on steerable pyramid frame transform []].
Acta Optica Sinica, 2008, 25(5): 598~602
IR, HUL R IVRIE. BT U7 1) & T HEAE S AR e 1 i R R R
A A I]. R Fm, 2005, 25(5): 598~602

2 Zhang Qiang, Guo Bao-long. Remote sensing image fusion based
on the nonsubsampled contourlet transform [ J]. Acta Optica
Sinica , 2008, 28(1); 74~80
ik R, FEEJE. BT AERAE Contourlet A8 i 1Y i 2% P R Rl & 5
®I]. K% F 3, 2008, 28(1): 74~80

3 Zhang Qiang, Guo Baolong. Fusion of multispectral and
panchromatic images based on the physical characteristics of
imaging system[ J]. Acta Optica Sinica , 2007, 27(2): 243~248
ik Bk, SRR ST USRS AR 2O BSR4 )k
BREGmALI] k%M, 2007, 27(2):243~248

4 Freeman W T, Adelson E H. The design and use of steerable
filters [J]. IEEE Trans. Pattern Anal Mach Intell, 1991, 13
(9):891~906

5 M. N. Do, M. Vetterli. The contourlet transform: An efficient



54 e 23 4

— P T XA NSCT 3£ 3% 5 & 70 J = R i Bk

1247

6

directional multiresolution image representation [ J ]. IEEE
Trans. Image Proc. ., 2005,14(12): 2091~2106

A. L. Cunha, J. Zhou, M. N. Do.
contourlet transform: Theory, design, and applications [ ] ].

IEEE Trans. Image Proc. , 2006,15(10): 3089~3101

The nonsubsampled

7 Z. J. Wang, D. Ziou, C. Armenakis,. A comparative analysis of

image fusion methods[J]. IEEE Trans. Geosci. Remote Sens. ,
2005, 43(6): 1391~1402

8 X. Otazu, M. Gonzdlez-Audicana, O. Fors. Introduction of sensor

9

spectral response into image fusion methods. Application to
Wavelet-Based Methods [ ] ]. IEEE Trans.
Sens. , 2005, 43(10): 2376~2385

M. Choi.
image fusion with a tradeoff parameter[ J]. IEEE Trans. Geosci.

Remote Sens. , 2006, 44(6): 1672~1682

Geosci.  Remote

A new intensity-hue-saturation fusion approach to

10 Shaohui Chen, Hongbo Su, Renhua Zhang. The tradeoff analysis

11

12

13

for remote sensing image fusion using expanded spectral angle
mapper[ ] ]. Sensors, 2008, 8; 520~528

V. Buntilov, T. Bretschneider.
quality measures for image fusion of optical data[ C]. Proc.

Objective content-dependent

IEEE International Geoscience and Remote Sensing Symposium.
Anchorage, 2004. 613~616

R. H. Bamberger, M. J. T. Smith. A filter bank for the
directional decomposition of images: Theory and design [ ]].
IEEE Transactions on Signal Processing ., 1992,40(4) . 882~
893

N. Otsu. A threshold selection method from gray-level
histograms[J]. IEEE Trans. on Syst. Man, Cybern. , 1979, 9

15

16

17

19

(1): 62~66

G. Piella. A region-based multiresolution image fusion algorthim
[C]. ISIF Fusion 2002 Conf. Annapolis, 2002: 1557~1564
W. Rong., G. Liqun, Y. Shu. An image fusion approach based
on segmentation region [ J ]. Internat. J.
Technology, 2005,11(7): 92~100

Wu Yan, Yang Wanhai, Li Ming. Fusion Algorithm of Multi-
spectral and High-resolution Panchromatic Images [ J]. Acta
Photonica Sinica, 2003, 32(2);: 174~178

2 M, BT, A WL 2005 maHER BG-GBk
[J]. &F54%, 2003, 32(2): 174~178

Huang Haidong, Wang Bin, Zhang Liming. A new method for

Information

remote sensing image fusion based on nonsubsampled contourlet
transform [J]. J. Fudan University (Natural Science), 2008,
47(1):124~128

AR, £ ok, skl — R AERERAE Contourlet B4l
B RS k)] L2 2R (B AHF M. 2008, 4T(1):
124~128

Asha Das, K. Revathy.
sensed spot images [ CJ.

Image fusion techniques for remote
Conf.
Intelligence and Multimedia Applications
India, 2007 :482~489

Li Huihui, Guo Lei, Liu Hang. A region-based remote sensing
image fusion method[ J]. Acta Photonica Sinica , 2005, 34(12) ;
1901~1905

ZEMENE, S8 T, R M. T X B R R B R A Tk
[J]. &5 %4, 2005, 34(12):1901~1905.

on Computational
2007,

Internat.

Sivakasi,



