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Abstract: Efficient multi-resolution image fusion aims to take 
advantage of the high spectral resolution of Landsat TM im-
ages and high spatial resolution of SPOT panchromatic images 
simultaneously. This paper presents a multi-resolution data 
fusion scheme, based on multirate image representation. Moti-
vated by analytical results obtained from high-resolution mul-
tispectral image data analysis: the energy packing the spectral 
features are distributed in the lower frequency bands, and the 
spatial features, edges, are distributed in the higher frequency 
bands. This allows to spatially enhancing the multispectral 
images, by adding the high-resolution spatial features to them, 
by a multirate filtering procedure. The proposed method is 
compared with some conventional methods. Results show it 
preserves more spectral features with less spatial distortion. 
Keywords: Image fusion, Multi-resolution, Multispectral data. 
 
 

1. Introduction 
 

The aim of remote sensing is the acquisition and inter-
pretation of spectral measurements made at a distant 
location to obtain information about the Earth’s surface. 
In order to produce a high accuracy map, the classifica-
tion process assigns each pixel of the image to a particu-
lar class of interest. In remote sensing systems pixels are 
observed in different portions of electromagnetic spec-
trum, therefore the remotely sensed images are vary in 
spectral and spatial resolution. To collect more photons 
and maintain image SNR, the multispectral sensors (with 
high spectral resolution and narrow spectral bandwidth) 
have a larger IFOV (i.e. larger pixel size and lower spa-
tial resolution) compared to panchromatic with a wide 
spectral bandwidth and smaller IFOV (higher spatial 
resolution) sensors. 

With appropriate algorithms it is possible to combine 
these data and produce imagery with the best characteris-
tics of both, namely high spatial and high spectral resolu-
tion. This process is known as a kind of multisensor data 
fusion. The fused images may provide increased inter-
pretation capabilities and more reliable results. Multisen-
sor image fusion combines two or more geometrically 
registered images of the same scene into a single image 
that is more easily interpreted than any of the originals. 
This technique finds application in remotely sensed mul-
tispectral image data interpretation, and they are per-
formed at three different processing levels according to 
the stage at which the data fusion takes place; are named, 
pixel level, feature level and decision level [1]. 
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Fig. 1. Multisensor image data fusion by the spatial-spectral fea-
ture synthesizer 

 
 At the pixel level, which is the lowest processing 

level, the measured physical parameters by sensors are 
merged together. At this level, the higher resolution im-
age is used as the reference to which the lower resolution 
image is geometrically registered. Therefore, the lower 
resolution image is up sampled to match the ground 
sample interval of the higher resolution image. In addi-
tion to the resampling process, the images must have 
some reasonable degree of similarity; thus this process 
requires radiometric correlation between the two images. 

At the feature level, image fusion requires a robust fea-
ture selection scheme for the multisensor images and a 
sophisticated feature extraction technique. The proposed 
method in this paper is a feature level image fusion tech-
nique. The decision level image fusion represents a 
method that uses value-added data where the input im-
ages are processed individually for classification [2]. The 
objective of the multi-resolution image fusion is to gen-
erate hybrid high spatial resolution multispectral images 
that attempt to preserve the radiometric characteristics of 
the original low spatial resolution multispectral data. 

For example, the combination of SPOT panchromatic 
image data, having a spatial resolution of 10m, with 
Landsat Thematic Mapper images, having six spectral 
bands at 30-m resolution, can provide a hybrid image 
having a good spatial detail, and useful spectral informa-
tion for identification of small stands of species, which is 
not possible from neither the Landsat nor SPOT images. 
There are many algorithms for spatially enhancement of 
low-resolution imagery by combining of high and low 
resolution data. 

Some widely performed in the remote sensing com-
munity are intensity-hue-saturation, principal component 



analysis [1], and the Brovey transform [3]. Recently, the 
wavelet transform has been used for merging multireso-
lution images. A quantitative comparison has been done, 
in both spectral and spatial features, to evaluate the 
wavelet transform and other traditional algorithm in [4] 
and [5]. 

All of these methods are performed in the pixel level 
of multisensor image fusion. The objective of this paper 
is to present a new feature based multisensor image fu-
sion technique; to merge low-resolution multispectral 
images with high-resolution panchromatic image, and 
compare the results with those of pixel based methods. 

 
2. Fusion by Multirate Filter Banks 

 
The above methods can create a composite image of 

enhanced interpretability, but, those methods can distort 
the spectral characteristics of the multispectral images 
and the analysis becomes difficult. Artifacts in the 
merged images arise from poor spectral correlation. As 
an example, in fusion of near IR images with higher 
resolution panchromatic image. Since the panchromatic 
band's sensory does not extend into the near IR, images 
with vegetation will show good correlation between the 
visible bands and panchromatic band, and poor correla-
tion between the near IR and panchromatic band. Thus, 
false color IR composites of fused imagery will tend to 
have artifacts, particularly near vegetation-soil bounda-
ries, where the original image contrast reverses between 
the visible and near IR bands. 

To overcome the above problems, this section presents 
a multi-resolution data fusion procedure, allowing the 
use of high- resolution panchromatic image while con-
serving the spectral properties of the original low-
resolution multispectral images. It is desirable that this 
procedure for merging high-resolution panchromatic data 
with low-resolution multispectral data should preserve 
the original spectral characteristics of the later as much 
as possible. The procedure should be optimal in the 
sense that only the additional spatial information avail-
able in higher resolution data is imported into the mul-
tispectral bands. Let the observed scene be an L-m by L-
m area on the Earth, the low-resolution sensor produces 
an N1 by N1 image, called f

Li
(x,y), and the high-

resolution sensor generates an N2 by N2 image, called 
f

H
(x,y). Then the Fourier transform of the images in the 

spatial-frequency domain are given by F
Li
(u,v), and 

F
H
(u,v). 
It is clear that, the low-resolution image is located in 

the low-frequency region, and the high-resolution image 
occupies also the higher frequency, this suggests a multi-
rate image coding scheme, or multiresolution scene rep-
resentation. 

This scheme is based on multirate filter banks image 
synthesizer, motivated by analytical results obtained 
from high-resolution multispectral image data analysis: 
the energy packing the spectral features are distributed in 
the lower frequency subbands, and the spatial features, 

edges, are distributed in the higher frequency subbands 
[6]. This allows to spatially enhancing the multispectral 
images, by adding the high-resolution spatial features 
(extracted from the higher subbands of a panchromatic 
image) to them, in an inverse subband coding procedure: 

),(),(),(),(),( vuFvuGvuFvuHvuF HLiHi +=  (1) 

where fHi(x,y) is the spatially enhanced multispectral 
images. The schematic diagram of the above transform is 
depicted by Fig. 1. Each filter can then be described as a 
radial-frequency band-pass filter, which preserves each 
images interested features (spatial of spectral features). 
H(u,v) is a low spatial  resolution filter of N1, and 
G(u,v) is the high spatial resolution filter of N2. The spa-
tial-frequency domain, feature level data fusion can then 
synthesis a multispectral high resolution image of the 
scene with the spatial resolution of N2. 
 

3. Experiments 
 

Three famous and commonly used, pixel level, image 
data fusion methods are based on IHS, PCA and Brovey 
transforms. Image registration is the first and important 
preprocessing stage of the multisensor image fusion by 
the IHS, PCA and Brovey methods.  The test area is 10-
Km by 10-Km, located in the North-West of Tehran, Iran, 
which included various land cover types such as: dif-
fered urban usage, international airport, natural Park, 
small lake, agricultural, mountains, bare soil, highways, 
etc. The images were taken by Landsat satellite on May 
1998 and by SPOT satellite on July 1998, provided by 
Iranian Remote Sensing Center. Fig. 3 shows part of the 
original images of TM bands. 

At this stage the images should cover the same geo-
graphical area and have 100% of overlap. The TM im-
ages were registered geometrically onto SPOT panchro-
matic as a reference image, by selecting 20 control 
points. The registration accuracy was lese than 0.75 pixel 
size. 

For all merging methods, except our proposed method, 
the TM images resample to 10-m resolution, by using 
first order polynomial, and nearest neighbor interpola-
tion algorithm. The IHS and Brovey methods can merge 
only three multispectral bands with the PAN image; thus 
the six multispectral bands were divided into two groups 
and merged separately with the PAN. The combination 
of TM bands 2,3,4 was selected because these bands 
most closely covered the same portion of the electro-
magnetic spectrum as the PAN image has. The other 
group consisted of TM bands 1,5,7 image. 

The PCA and the proposed methods can merge all 
multispectral bands with the PAN image at once. 

Visual evaluation of the 432-bands and 157-bands 
color composite images, indicates that the IHS, PCA and 
Brovey methods change color of the composite images, 
which means the spectral features are distorted by these 
methods. Due to limitation of space, only one band of 
images is printed in this paper; there are 10 full size im-



ages, which will be presented in the Congress. Fig. 4 
shows a single band image of the enhanced TM data by 
the proposed method. Color appearance of the natural 
Park, small lake, agricultural, mountains, bare soil and 
highways indicating that the spectral features have been 
preserved by this method. The clearly identify street 
blocks; the highway and the airplanes in the international 
airport are indicating additive spatial resolution which is 
not clear in Fig. 3. (Fig.2 to Fig.4 will be presented at 
conference session). 

The quantitative evaluation of methods can be calcu-
lated based on the spectral features performance in the 
classification results. The data fusion should not distort 
the spectral characteristics of the original multispectral 
data. The spectral quality of the spatially enhanced im-
ages is measured band by band by the correlation be-
tween the pixel value of the original images and the spa-
tially enhanced images, presented in the Table 1. 

The spectral performance is calculated by the classifi-
cation correlation between the original images and the 
spatially enhanced ones. Classification performance 
evaluated by using two independent supervised classifies, 
Maximum Likelihood, Minimum Distance, and by an 
unsupervised classifier ISOCLASS. 

 
Table 1. Correlation between the original TM bands and 

the spatial enhanced TM bands 

 TM1 TM2 TM3 TM4 TM5 TM7 

IHS 0.634 0.702 0.725 0.541 0.765 0.703 

Brovey 0.554 0.632 0.711 0.483 0.730 0.807 

PCA 0.897 0.796 0.857 0.653 0.940 0.928 

Filter 0.909 0.842 0.913 0.865 0.944 0.927 

 
Table 2. Classification correlation between original TM 

composite and the enhanced TM composite 

 MLC MDC ISOCLASS 

TM432/IHS432 0.519 0.331 0.464 

TM432/Brovey432 0.501 0.300 0.407 

TM432/ PCA432 0.552 0.387 0.619 

TM432/ Featurefusion432 0.639 0.487 0.650 

TM751/IHS751 0.585 0.366 0.666 

TM751/Brovey751 0.523 0.458 0.650 

TM751/ PCA751 0.705 0.560 0.889 

TM751/ Filter Banks 751 0.733 0.688 0.888 

 
 

Table 3. Spatial correlation between the original SPOT 
PAN and the spatial enhanced TM bands 

 TM1 TM2 TM3 TM4 TM5 TM7 

HIS 0.952 0.921 0.921 0.922 0.934 0.912 
Brovey 0.826 0.930 0.938 0.850 0.897 0.909 
PCA 0.696 0.863 0.908 0.702 0.585 0.879 
Filter 0.976 0.978 0.979 0.977 0.963 0.974 

The comparison is done with seven land cover classes; 
bare soil, water, two vegetation covers, two urban struc-
tures, and highways. The classification correlation as a 
quantitative parameter is presented in Table 2. 

Also the quantitative evaluation of methods can be 
calculated based on the spatial qualities. The data fusion 
should not distort the spatial characteristics of the origi-
nal high-resolution panchromatic data. Spatial quality of 
the enhanced multispectral images is measured band by 
band by the correlation between the pixel value of the 
panchromatic image and multispectral images, presented 
in the Table 3. 

 
4. Conclusions 

 
In this paper, a spectral-spatial feature data fusion 

method has been introduced to spatially enhance the 
multispectral images. The spatial features were extracted 
from high-resolution panchromatic image, added to the 
spectral features of multispectral images by filter bank 
synthesizer.  

A qualitative and quantitative comparison used to 
evaluate the spectral and spatial features performance of 
the proposed method and HIS, PCA, Brovey methods. 
The following conclusion may be drawn from this re-
search. 

Multiscale image fusion is usually a trade-off between 
the spectral information extracted from multispectral 
images and the spatial information extracted from high 
spatial resolution images. The filter bank can control this 
trade-off. The proposed method achieves the best spec-
tral quality in all bands. Comparing this with HIS, PCA 
and Brovey methods. The best spectral and spatial qual-
ity is only achieved simultaneously with the proposed 
feature based data fusion. In this method, there is no 
need to resample images, which is an advantage over 
HIS, PCA and Brovey method; it can be performed in 
any aspect ratio between the panchromatic image and 
multispectral images’ pixels. The resampling procedure 
degrade the spectral features of the multispectral images 
in any image merging method, so, it is important to 
avoid the resampling process as much as possible. 

 
References 

 
[1] C. Pohl, “Multisensor image fusion in remote sensing, 

review article,” Int. J. Remote Sensing, vol. 19, no. 5, pp. 
823-854, 1998. 

[2] Hassan Ghassemian, "A Retina Based Multi-Resolution 
Image Fusion”, Proceeding of IEEE International Geo-
science and Remote Sensing Symposium IGRSS2001, 
July 2001. 

[3] J. Zhou, D. Civo, and J. Silander "A wavelet transform 
method to merge Landsat TM and SPOT panchromatic 
data," Int. J. Remote Sensing, vol. 19, no. 4, pp. 743-757, 
1998. 

[4] J. Nunez, X. Otazu, O. Fors, A. Prades, V. Pala and R. 
Arbiol, "Multiresolution based image fusion with additive 
wavelets decomposition," IEEE Trans. Geosci. Remote 
Sensing, vol. 37, no. 3, pp. 1204-1211, May 1999. 


	Return to previous screen
	Multi- Resolution MSS Image Fusion


