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Abstract— Image fusion consists of an advanced set of digital 
image processing techniques, which are used to combine 
images of different sensors. The main objective is to obtain a 
synthetic image that gathers the best qualities of each original 
image. This paper presents a new image fusion method  based 
on selection of coefficients that takes into account the image 
fusion from sensors of either different or same satellites. The 
method is based on wavelet transform and multiresolution 
analysis. It separates fusion and resampling in different stages, 
allowing the use of different filters or bases of wavelet 
transform, in each one of them, in order to get better results. 
The advantage of the image fusion is to join the best spatial 
resolution of an image with spectral data of other image in a 
synthetic one. The results obtained with this method allow us 
to infer that the synthetic image produced has better spectral 
and spatial quality than IHS. 
 

Index Terms— image fusion, image processing, remote sensing, 
wavelets. 
 

I. INTRODUCTION 
his paper presents the image fusion with Coefficient 
Selection Method (CSA) [1]. The method is a variation of 

those methods that use wavelet transform (WT) and the 
multiresolution analysis (MRA). It separates fusion and 
resampling in two different stages and allows the use of the 
different filters in each stage. First, the fusion stage uses an 
algorithm to calculate the ratio between the images to be 
fused, i.e. the high spatial resolution image (HSRI) and the 
low spatial resolution image (LSRI). Secondly, the resampling 
stage uses another algorithm to compensate the loss of spectral 
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information on the pixels of the edges of the image, since 
most of the edge information of the synthetic image that 
comes from the HSRI and not from LSRI. Finally, the results 
obtained with the fusion by the CSA method are compared 
with the results obtained with the fusion of the same images 
using the Intensity-Hue-Saturation method (IHS). 

The methods based on WT and MRA are common in the 
image fusion literature. They have been studied at least for 
one decade, which stand out their studies in the processes of 
selecting filters coefficients, scale levels, and type of sensors 
to be used [2]-[6]. 

The application of WT in digital image processing is a 
natural consequence of the evolution of the methods based on 
spectrum of frequency analysis obtained through a transform. 
The computational treatment of WT is made through 
algorithms that operate on data in different scales or 
resolutions.  

According to [3], the synthetic image resultant of the fusion 
depends on the wavelet base used. 

To accomplish the image fusion it is necessary that all 
images are under the same coordinate system, or they have 
been preprocessed in such a way that they represent the same 
geographic area, called registration. The registration error 
should be smaller than a pixel. 

The registration superimposes two or more images of a 
same scene. The registered image is called reference image, 
and the other is called adjustment image [7]. This process is 
accomplished in such a way that the coordinates of a point in 
each image corresponds to the same geographical space [8]. 
After the images are superimposed math operations are done 
in each pixel. There are factors that may influence the quality 
of the image fusion, such as: acquisition date, weather 
conditions and illumination which facilitate, restrict or 
obstruct the processing, combined or isolated. 

As the fusion always happens among two images, and one 
is a LSRI and the other HSRI. We generalized the term 
panchromatic referring to images of higher spatial resolution. 
Panchromatic image is barely available for a scene that is 
going to be fused. A multispectral band of a sensor with high 
spatial resolution could be used to accomplish of image fusion 
processing. 

This paper is structured in six sections. Section II, a brief 
overview of WT and MRA theory; section III, concepts of 
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image fusion and the classifications of different fusion levels 
are presented; section IV, details of the CSA method; section 
V, results obtained by the CSA and IHS method are compared 
with each other. Finally, section VI, conclusions about CSA 
method. 

II. WAVELET TRANSFORM AND MULTIRESOLUTION ANALISYS 
WT has been in use in digital imaging processing 

applications since late 80`s. 
The WT using the pyramid algorithm allows the MRA [9]. 

This is how it works, the processing builds images with 
resolution that differs from theirs originals [10]. This 
construction reaches a level that allows changing of 
information between the images that are being fused or math 
operations between them. The images that are on the top of 
the pyramid are the ones with largest level of details or larger 
resolution when compared with the original, while copies of 
lower level of details or smaller resolution are on the bottom 
of the pyramid. It’s knew as reverse pyramid. 

There are three types of pyramidal images: a low-pass, a 
band-pass and a wavelet pyramid [10]. The wavelet is the 
most used and it can be defined as a type of band pass filter, 
with the difference of storing the details of the image 
separately by means of the horizontal (LH), diagonal (HH) 
and vertical details (HL). The image’s spectral information is 
stored in approximation coefficients (LL). Details or edges in 
images are simple and connected contours, one pixel 
thickness, placed in the center of two adjacent areas with a 
considerable difference between its gray levels [11]. The 
details images are the representation of the edges, in each 
directions obtained by the WT. 

The WT capability allows one to differentiate image parts 
represented in different resolutions [10]. The WT handles 
different parts of image appropriately. Besides posses compact 
support, the wavelets contains also the following 
characteristics: number of pixels of the transform match the 
image and the transform is a recursive structure, with tree 
level’s resolution. 

The Continuous WT is obtained by the dilatation and 
translation properties in a prototype of a base function. With 
that, we obtain both continuous and orthonormal wavelet 
functions, where the dilations and translations defined by two 
variables a and b, respectively (1). 
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Keeping in mind that human perception of the universe uses 
a scale concept, where each accomplished observation is made 

in an adapted scale for understanding necessary different 
details. Based on this concept, one can build families of 
discrete wavelets and develop fast algorithms for the 
transform calculation.  

The resolution levels are described under the form of a 
nested of function spaces, where each space with higher 
resolution contains spaces with smaller resolution, as 
expressed below: 

   ...... 21012 ⊂⊂⊂⊂⊂⊂ −− VVVVV     (5) 
Bidimensional WT of an image is obtained by applying the 

transform to the image’s columns and then to the lines. That is 
possible because the WT is a unitary transformation. It means 
that, the bidimensional transform becomes separable falling in 
the unidimensional transform case for each dimension of the 
image, i.e. it’s columns and lines. 

III. IMAGE FUSION 
Image fusion is defined as the combination of two or more 

different images to form a new one, through the use of an 
algorithm [12].  

The data fusion is classified on three levels: pixel level, 
feature level and decision level. Details of the data fusion 
classification levels is obtained in [13]-[14]. 

Image fusion at pixel level means to process it in the lowest 
processing level corresponding to the fusion of physical 
parameters of the image. In the pixel level, data in raster 
format must be registered or georreferenced. An image with 
significant errors of registration usually leads to bad 
interpretation, appearance of false colors and artificial features 
at the end of the fusion process. The registration includes the 
resampling of the image to a new spacing between the pixels 
and new projection. Comparison between the methods of 
geometric correction can be obtained in [15]-[16]. 

The geometric correction aims assure that the images to be 
fused represent the same geographic region, independent of 
the acquisition from different sensors or  they possess 
different spatial resolutions. 

The pixel level is the most developed method and contains 
three fusion methods, as follows [14]: 

•Color transformation, as in, fusion with the IHS method; 
•Numeric and statistical methods, as in, analysis of 
principal components; and 
•multiresolution analysis. 

These methods processes image fusion using arithmetic 
procedures, substitution components techniques such as 
Intensity-Hue-Saturation (IHS) and Principal Components 
(PCA) [17]-[19]. Nevertheless, those methods might lead to 
significant distortion of radiometric resolution of the synthetic 
image, They produce high quality images for visual 
interpretation, because of texture enhancement 

The radiometric correction consists of adjusting brightness 
and contrast of HSRI, with the brightness and contrast of the 
LSRI bands. It is necessary, because the quality of the fusion 
is directly dependence of the high correlation issue between 
the images [21]. 
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The objective of fusing HSRI with contains high spatial 
resolution and LSRI, which contains high spectral resolution, 
is to increase the image details and preserve spectral 
information. This is useful for applications based on spectral 
signature. 

 

IV. THE COEFFICIENT SELECTION ALGORITHM 
The CSA is an algorithm method designed as an image 

fusion method that provides tools to fuse images from 
different sensors, spatial and spectral resolution. It can 
accomplish in two stages called fusion and resampling. The 
aim of separate the method in two stages is: 1) It  allows the 
use of either different or same filters (wavelet bases), in each 
stage; Using different fusion algorithms, as explained below, 
in the fusion stage; and 2) The use of different levels of 
decomposition by WT in each stage. In contrast ,image fusion 
methods, like IHS, that require the selection of spectral bands 
before the fusion, while methods based on WT, generally 
requires one band at a time, i.e., each spectral band must be 
fused with HSRI band separately. Therefore, WT based 
methods are more flexible. The CSA method uses a decimated 
WT (DWT) and MRA. Details about decimated and 
undecimated WT can be obtained in [22] and [23].  

A. Fusion stage 
The fusion stage is based on analysis of the methods [2]-

[6]. It was verified that those methods execute in one stage the 
fusion and the resampling of the image. Disadvantages of 
having fusion and resampling in only one stage are: 1) only 
one filter can be used for fusion and resampling; and 2) the 
levels of decomposition of the image by the WT are fixed 
with base in a ratio between the images, meaning that one 
cannot choose in which level to fuse and in which level to 
resample. 

Before images can be fused they must be evaluated as the 
ratio between its lines and columns. That is done to verify if 
the ratio between them is a power of 2 and if it is not, a 
resampling of the image is made to reach the closest power of 
2, using the nearest neighbor interpolator (6). 
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Where: 
 ηLpan is the number of lines in HSRI; 
 ηlold is the number of lines in LSRI before interpolation; 

and  
ηlnew, is the number of lines of LSRI after interpolation. 
In the same way for the columns we have: 
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Where: 

 ηCpan is the number of columns in HSRI; 
 ηCold is the number of columns in LSRI before 

interpolation; and  
ηCnew, is the number of columns in LSRI after interpolation.  
 
The fusion stage is divided in three phases: decomposition, 

sum of subbands and fusion properly said. 
First, the decomposition of image consists in obtaining the 

subbands LL, LH, HL and HH by WT and MRA, in a level 
where all the involved subbands have the same size. Second, 
the sum of subbands (8) is used as an intermediary stage 
fusion, and its objective is to enrich the subband LL of the 
LSRI, with the details coefficients of the subbands LH, HL 
and HH of HSRI through a direct sum of them. The 
summation will produce an image IMA, with spectral 
information and details similar to those in the HSRI. 

The methods based on sum of coefficient were first 
proposed by [3] and more information about these methods 
can be obtained in [24]. 

 
)()( HRSIHRSIHRSILRSIA HHLHHLLLIM +++= ,    (8) 

Where: 
LRSILL : Subband of approach of the LSRI; 

HRSIHL : Subband of vertical details of the HSRI; 

HRSILH : Subband of horizontal details of the HSRI; and 

HRSIHH : Subband of diagonal details of the HSRI. 
 
Third, the fusion is made by starting from the image IMA 

and LSRI. In this stage the images have the same dimensions 
and are decomposed in the fusion level Fusionl . In this level, 
an algorithm is used to select coefficients between the LL 
subbands of IMA and LSRI. 

The simplest algorithm to select coefficients is the 
substitution of the subband LL of IMA by the subband LL of 
the LSRI. The algorithms tested and implemented in the CSA 
method are: minimum, maximum, absolute minimum, 
absolute maximum and the selection coefficients algorithms 
from [2] and [20]. They are used to select among the subbands 
LL of the IMA and LSRI, which coefficient will be selected to 
form a new LL subband. After an algorithm is chosen to select 
the coefficients, the subbands are processed using inverse 
wavelet transform (IWT) and the synthetic image IMF is 
obtained finishing the fusion stage. The whole fusion process 
is presented in the fig. 1, and described below: 

a) The process begins with the registration of the images; 
b) A scale algorithm is used to verify the ratio between the 

images. When the ratio between them are different from a 
power of 2, the nearest neighbor interpolator algorithm is used 
to achieve it; 

c) the images are decomposed through WT to the level of 
the sum of subbands; 

d) The subband LL of the LSRI replaces the subband LL of 
the HSRI; 
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e) The algorithm sum of subbands (8) is used then in the 
bands of details and approach of the HSRI, resulting in the 
image IMA; 

f) Both the image IMA and the LSRI are decomposed 
through WT at the fusion level. In this stage, the subband LL 
of the LSRI replaces the subband LL of the image IMA; and 

g) Next, we use one of the implemented algorithms to select 
coefficients of subband LL among IMA and the LSRI; 

h) IWT is used to reconstruct the image IMA, which results 
in image IMF. 
 

 
Fig. 1 - Stage fusion diagram. 

 

B. Resampling Stage 
It is necessary that both histograms of HSRI and LSRI be 

adjusted. This adjustment may approach the values of the 
mean and variance by giving them same center and spread. 

The resampling by WT is accomplished decomposing the 
adjusted HSRI and the image IMF, in the resampling level Rl . 
It is the smallest useful level that can be used. Although, 
larger levels than Rl  can be used. Once the images have been 
decomposed, the substitution of subband LL of the adjusted 
HSRI by the subband LL of IMF is done. After that, the 
Addition Algorithm With Color Compensation Factor 

(AAWCCF) is used, as proposed by [6], for the selection of 
details coefficients of IWT. The value of each coefficient in 
the reconstruction is calculated by the equation (8), as follows: 
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Where: 
S
jd  are the coefficients of the subbands of details of the S 

synthetic images in the level j; 
XS
jd  are the coefficients of the subbands of details of the 

LSRI;  
P
jd  are the coefficients of the subbands of details of the 

HSRI; and 
)1( jk−  is the color compensation factor, where jk  is the 

correlation coefficient (CC) among the subband LL of both 
images in the level j. 

The AAWCCF is used to allow that some details 
coefficients of the LSRI be introduced in the synthetic image, 
to compensate the loss of spectral information on the edges of 
that image. The details coefficient of the LSRI and adjusted 
HSRI are inserted in IMF, based on its color compensation 
factor. As smaller the factor is, more details of the LSRI is 
used. The algorithm also allows more details of the adjusted 
HSRI be inserted without loss of the spectral information. 

Synthetic reconstruction, of the image is obtained with 
spatial resolution of the original HSRI and spectral 
information of the LSRI band. 

Step-by-step decryption of the resampling stage showed in 
the fig. 2 is described below: 

a) The resampling begins with the adjustment of the mean 
and the variance of the HSRI with the LSRI band that will be 
fused; 

b) The images are decomposed at the resampling level 
through WT; 

c)  After decomposition, the substitution of the subband LL 
of the adjusted HSRI by the subband LL from IMF is made; 

d) The AAWCCF is used to compensate the loss of spectral 
information at the edges; 

e) IWT is used to reconstruct the synthetic image; and 
f) After the processing of IWT, the synthetic image is 

obtained. 
The presented method follows the ARSIS concept as 

proposed by [25]. 
 
 



36

 5

 
Fig. 2 – Resampling Stage Diagram. 

 

V. CASES OF IMAGE FUSION WITH CSA AND IHS 
This section explores case which are part of the set of tests 

developed to evaluate the results of CSA method. Besides 
that, others were accomplished with images from the 
satellites: SPOT5, Landsat 7, Quickbird and Radarsat. 

Image fusion Landsat 5 and IRS-1C 
Here the image fusion uses TM and Panchromatic sensors. 

The multispectral bands used with 30 meters of spatial 
resolution are from Landsat 5 satellite and the HSRI with 5 
meters of spatial resolution is from IRS-1C satellite. The 
images are of the city of Anápolis - GO, Brazil, and they were 
acquired on June 8th and 9th, 1999, respectively. The spectral 
intervals of the bands used are showed in fig. 3. 

The levels of decomposition used in the fusion and 
resampling stages were 3 and 4, respectively. The filters used 
were proposed by [26]. 

The fig. 4 (a) presents the original TM543 image. For the 
presentation of the results, due to size restrictions, sub areas of 
the HIS fig. 4 (b) and synthetic images fig. 4 (c) were 
selected.  

For the comparison between the proposed fusion process 
and the IHS method, the original LSRI was resampled to the 

spatial resolution of the original panchromatic image, which 
had its histogram adjusted to each of LSRI bands. 

 

Fig. 3 – Spectral interval of the images IRS-1C and Landsat 5. 
 
As result, in fig. 4 (b) and 4(c) we see the images fused by 

IHS and CSA, respectively. The IHS image has a variation in 
the spectral response when compared with the original LSRI. 
The spectral response of the targets presented in the image, in 
general, was attenuated. The synthetic image had a variation 
in its contrast; its spectral response is better than in the IHS 
image as we can see with the statistics of both images showed 
in table II. Both images have a variation in contrast. This is 
due to the fact of the bands 5 and 4 of TM sensor be out of 
IRS-1C spectral interval. This leads to a lack of correlation 
between TM bands and HSRI even after the histogram 
adjustment. 

Fig. 5 presents details of the LSRI, synthetic image and 
HSRI. As one can see in Fig. 5(a), some details of the airfield 
have problems in its edges, probably associated to the 
acquisition or to the preprocessing of the original image. On 
fig. 5(b), the problem is solved, due to the prevailing HSRI 
detail information. Fig. 5(c) presents the comparison of the 
edges preserved in the synthetic image when compared to Fig. 
5(d), that corresponds to a cut in the panchromatic image. Fig. 
5(e) and 5(f) presents the preservation of the details (edges) in 
a not very populated area. Fig. 5(g) twice increased, presents a 
cut of the original TM543 image of the area presented on figs. 
5(e) and 5(f). At closer look the contrast was not very altered 
by image fusion. 

In conclusion, as presented in table I there is a high 
correlation between the data. The smallest correlation in the 
band 4 happens because the predominant target, in the scene, 
is an urban area, which possesses low spectral response in this 
band. The other bands show a better correlation because they 
present better spectral response to the targets of the scene. In 
the case of urban areas, bands 3 and 5 have high responses, 
better in the latter case. Vegetation presents a smaller answer 
in the band 3 than in bands 4 and 5, namely that the 
predominant target in the scene is the urban area. 
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Fig 4 - original TM543 image (a), TM 543 fused by IHS 
method (b) and Synthetic IRS1-C/TM543 (c). 

 
 
 
 
 
 
 
 
 
 
 

Fig 5- Details of images, (a) details of airfield on the LSRI 
image with acquisition or preprocessing problems, (b) the 
problem was solved by the fusion process, (c) a cut of 
original HSRI image, (d) a cut of the synthetic image, (e) and 
(f) shows agricultural field on Synthetic and HSRI images, 
respectively, (g) a cut of original LSRI image, the same area 
of (e) and (f). 

 

 
(a) 

 

 
(b)  (c) 

 
 
 
 

(a) 
 

(b) 

 
(c) 

 
(d) 

 (e)  
(f) 

 
(g) 
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TABLE I 
Statistics of Images on Fusion Stage 

 
In table II statistics for images on fusion stage are 

summarized.  As it can see, the results of CSA are better than 
IHS. CC, mean and standard deviation values, when 
compared, ratifies our evaluation. The statistics of synthetic 
image is better than IHS image in all cases, specially when the 
LSRI band is out of the spectral interval of the HSRI.  

 
TABLE II 

Statistics of Images on Resample Stage 
Band CC Mean Std. Dev. 

TM3_resampled 1.00 33.72 11.30 
Synthetic_3 0.79 33.42 12.63 
IHS_TM3 0.78 47.38 33.89 
Pan_TM3 0.74 33.22 11.41 
TM4_resampled 1.00 46.24 9.21 
Synthetic_4 0.67 50.71 10.89 
IHS_TM4 0.27 59.21 30.32 
Pan_TM4 0.03 50.90 11.23 
TM5_resampled 1.00 78.05 17.71 
Synthetic_5 0.68 85.04 21.15 
IHS_TM5 0.56 103.61 56.32 
Pan_TM5 0.54 84.73 22.64 

 

VI. CONCLUSION 
The largest problem in the accomplishment of image fusion, 

using methods based on WT and MRA, consists on the search 
of the best bases or filters to be used. There is not only one 
optimal base and scale factor and the difference of spectral 
interval between the bands used in the fusion is a factor that 
has a great influence in the final result. 

The images used in this study presented different: spectral 
intervals, spatial resolutions, dates and acquisition geometries, 
and they demonstrate the flexibility of the CSA method in 
processing different remote sensing images. 

The division of the method, in two stages, brought the 
benefit of accomplish the fusion and resampling in different 
levels, independent to each other, as well as the use of 
different bases (filters) for each of those stages. 

The scale algorithm and WT allow a most precise use of the 
nearest neighbor interpolator, Since the presented method 
does not resample LSRI to the same size of HSRI as made in 
[2]-[5]. 

The analysis of the results allows us to conclude that: 
• The proposed method preserves the spectral information 

better than IHS method; 
• In the IHS method, there is a loss of spectral resolution, 

mainly for the bands not included in the spectral interval of the 
HSRI; 
• The synthetic image produced by the CSA method 

presents the same dimensions of HSRI; it doesn't happen with 
the IHS method. 
 

Now we are studying the à trous wavelet transform, that 
consists of the application of the non decimated wavelet 
transform and using as resampling algorithm the direct cosine 
transform - DCT. The first results are promissing. 

Therefore, the accomplished experiments demonstrated the 
wide possibilities of the application of synthetic images 
produced by the proposed method in an array of activities such 
as environmental surveying, defense, cartography, geological 
surveying, vegetation analysis, urban occupation and forensic. 
The last one in a wide area of forensic applications. 
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