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Abstract—Image Fusion is the procedure of combining useful features from multiple sensor image inputs to a single composite. The 
resulting image will be more informative than any of the input images. Multiscale transforms are among the most popular techniques in the 
field of pixel-level image fusion. However, the fusion performance of these methods often deteriorates for images derived from different 
sensor modalities. In this paper, we demonstrate that for such images, results can be improved using a undecimated wavelet transform 
based fusion scheme, which splits the image decomposition process into two successive filtering operations using spectral factorization of 
the analysis filters. The actual fusion takes place after convolution with the first filter pair. Its significantly smaller support size leads to the 
minimization of the unwanted spreading of coefficient values around overlapping image singularities. The combination of these techniques 
leads to a fusion framework, which provides clear advantages over traditional multiscale fusion approaches, independent of the underlying 
fusion rule, and reduces unwanted side effects such as ringing artifacts in the fused reconstruction. Here we combine color images also, for 
that we are using discrete wavelet transform. 

 

Index Terms-Image fusion, spectral factorization, undecimated wavelet transform (UWT), discrete wavelet transform(DWT). 

I.  INTRODUCTION  

In computer vision, Image fusion is the process of combining relevant information from two or more images into a single 
image. The resulting image will be more informative than any of the input images. In remote sensing applications, the 
increasing availability of space borne sensors gives a motivation for different image fusion algorithms. Several situations in 
image processing require high spatial and high spectral resolution in a single image. Most of the available equipment is not 
capable of providing such data convincingly. Image fusion techniques allow the integration of different information sources. 
The fused image can have complementary spatial and spectral resolution characteristics. However, the standard image fusion 
techniques can distort the spectral information of the multispectral data while merging. 

Here using a novel undecimated wavelet transform based fusion scheme, which splits the image decomposition process 
into two successive filtering operations using spectral factorization. For the color images we used the DWT technique.  

The process of image fusion can be performed at pixel-, feature- or decision-level. Image fusion at pixel-level represents 
the combination of information at the lowest level, since each pixel in the fused image is determined by a set of pixels in the 
source images. Generally, pixel-level techniques can be divided into spatial and transform domain technique. Among the 
transform domain techniques, the most frequently used methods are based on multiscale transforms where fusion is performed 
on a number of different scales and orientations, independently. 

In multiscale pixel-level image fusion, a transform coefficient of an image is associated with a feature if its value is 
influenced by the feature’s pixel. In order to simplify the discussion, we will refer to a given decomposition level, orientation 
band and position of a coefficient as its localization. A given feature from one of the source images is only conserved correctly 
in the fused image if all associated coefficients are employed to generate the fused multiscale representation. However, in 
many situations this is not practical since, given a localization, the coefficient from image may be associated to a feature and 
the coefficient from image IB may be associated to a feature. In this case, choosing one coefficient instead of the other may 
result in the loss of an important salient feature from one of the source images. For example, in the case of a camouflaged 
person hiding behind a bush the person may appear only in the infrared image and the bush only in the visible image. If the 
bush has high textural content, this may result in large coefficient values at coincident localizations in both decompositions of 
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an infrared-visible image pair. However, in order to conserve as much as possible of the information from the scene, most 
coefficients belonging to the person (infrared image) and the bush (visible image) would have to be transferred to the fused 
decomposition. If there are many such coefficients at coincident localizations, a fusion rule that chooses just one of the 
coefficients for each localization may introduce discontinuities in the fused subband signals. These may lead to reconstruction 
errors such as ringing artifacts or substantial loss of information in the final fused image.  

It is important to note that the above mentioned problem is aggravated with the increase of the support of the filters used 
during the decomposition process. This results in an undesirable spreading of coefficient values over the neighborhood of 
salient features, introducing additional areas that exhibit coefficients in the source images with coincident localizations. In this 
paper, we propose a novel UWT-based pixel-level image fusion approach, which attempts to circumvent the coefficient 
spreading problem by splitting the image decomposition procedure into two successive filter operations using spectral 
factorization of the analysis filters. 

 
 
 

 
Figure 1. Schematic diagram of the proposed framework 

 
A schematic flow-chart of the suggested image fusion framework is given in Fig. 1. The co registered source images are first 
transformed to the UWT domain by using a very short filter pair, derived from the first spectral factor of the overall analysis 
filter bank. After the fusion of the high-pass coefficients, the second filter pair, consisting of all remaining spectral factors, is 
applied to the approximation and fused, detail images. This yields the first decomposition level of the proposed fusion 
approach. Next, the process is recursively applied to the approximation images until the desired decomposition depth is 
reached. After merging the approximation images at the coarsest scale the inverse transform is applied to the composite UWT 
representation, resulting in the final fused image. For the color images we used the DWT technique. The discrete wavelets 
transform allows the image decomposition in different kinds of coefficients preserving the image information. Such 
coefficients coming from different images can be appropriately combined to obtain new coefficients so that the information 
in the original images is collected appropriately. Once the coefficients are merged the final fused image is achieved through 
the inverse discrete wavelets transform. 
 

II. MULTISCALE IMAGE FUSION 

In general, pixel-level techniques can be divided into spatial and transform domain techniques. As for spatial domain 
techniques, the fusion is performed by combining all input images in a linear or non-linear fashion using weighted average, 
variance or total-variation based algorithms. Transform domain techniques map (transform) each source image into the 
transform domain (e.g. wavelet domain), where the actual fusion process takes place. The final fused image is obtained by 
taking the inverse transform of the composite representation. The main motivation behind moving to the transform domain is 
to work within a framework, where the image’s salient features are more clearly depicted than in the spatial domain. 

While many different transforms have been proposed for image fusion purposes, most of the transform domain techniques 
use multiscale transforms. This is motivated by the fact that images tend to present features in many different scales. In 
addition, the human visual system seems to exhibit high similarities with the properties of multiscale transforms. More 
precisely, strong evidence exists that the entire human visual field is covered by neurons that are selective to a limited range of 
orientations and spatial frequencies, and can detect local features like edges and lines. This makes them very similar to the 
basis functions of multiscale transforms 

 

A. Udecimated Wavelet Transform 

The UWT is implemented using a filter bank which decomposes an one-dimensional (1-D) signal c0 into a set 
 W = {w1, . . . ,wJ , cJ }, in which wj represents the highpass or wavelet coefficients at scale j and cJ are the lowpass or 
approximation coefficients at the lowest scale J. The  passage from one resolution to the next one is obtained using the “à 
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trous” algorithm, where the analysis lowpass and analysis high-pass filter h and g are upsampled when processing the jth scale, 
where j = 0, . . . , J − 1.  
      Due to the nonsubsampled nature of the UWT, many ways exist to construct the fused image from its wavelet coefficients. 
For a given analysis filter bank (h, g), any synthesis filter bank( ˜h, ̃ g) satisfying the perfect reconstruction condition of UWT 
can be used for reconstruction. The Isotropic Undecimated Wavelet Transform, which is frequently used in multispectral 
image fusion. In this approach, only one detail image for each scale is obtained and not three as in the general case. It is 
implemented using the non-orthogonal, 1-D filter bank. For example, due to the lack of convolutions during reconstruction no 
additional distortions are introduced when constructing the fused image. Furthermore, since the fused image can be obtained 
by a simple co-addition of all detail images and the approximation image, a very fast reconstruction is possible. On the other 
hand, distortions introduced during the fusion process remain unfiltered in the reconstructed image. 
 

III.  UWT-BASED FUSION SCHEME WITH SPECTRAL FACTORIZATION 

An input image can be represented in the transform domain by a sequence of detail images at different scales and 
orientations along with an approximation image at the coarsest scale. The spectral factorization method proposed here can be 
employed together with any fusion rule. Therefore, in order to assess the effectiveness of the proposed method, we applied 
four different fusion rules. The first investigated combination scheme is the simple “choose max” or maximum selection 
fusion rule. By this rule the coefficient yielding the highest energy is directly transferred to the fused decomposed 
representation. The simple choose max fusion rule does not take into account that, by construction, each coefficient within a 
multiscale decomposition is related to a set of coefficients in other orientation bands and decomposition levels. Since the 
combination schemes of fusion1 and fusion 2 suffer from a   relative low tolerance against noise which may lead to a “salt 
and pepper” appearance of the selection maps, robustness can be added to the fusion process using an area based selection 
criteria “Multisensor pixel-level image fusion” . 
 

IV.  DISCRETE WAVELET TRANSFOM 

The discrete wavelets transform allows the image decomposition in different kinds of coefficients preserving the image 
information. Such coefficients coming from different images can be appropriately combined to obtain new coefficients so 
that the information in the original images is collected appropriately. Once the coefficients are merged the final fused image 
is achieved through the inverse discrete wavelets transform, where the information in the merged coefficients is also 
preserved. The Discrete Wavelet Transform, which is based on sub-band coding is found to yield a fast computation of 
Wavelet Transform. It is easy to implement and reduces the computation time and resources required. 

In the DWT based image fusion, the key step is to define a fusion rule to create a new composite multiresolution 
representation. Up to now, the widely used fusion rule is the maximum selection scheme. This simple scheme just selects the 
largest absolute wavelet coefficient at each location from the input images as the coefficient at the location in the fused 
image. DWT was developed to apply the wavelet transform to the digital world. Filter banks are used to approximate the 
behavior of the continuous wavelet transform. 

In this paper we are including color images also. For this we use the DWT technique. . Color image fusion is the process 
of integrating one or more color images to enhance clarity of the image. As color images are best suited for representation 
and analysis, and these images may be corrupted by addition of noise by any means, that may be caused by an imaging 
system or may due to effects of environment. So, noise must be eliminated for better representation and analysis. The 
application of color image fusion simplifies object identification and helps in better cognition can be applied in robot vision, 
image classification, concealed weapon detection. The fusion of images is performed on images acquired from different 
instrument modalities. The Fusion produces a single image from the set of input images. The fused image should have 
wholesome information useful for human and machine perception. Image fusion improves reliability and capability. Fusion 
of color images can be carried by first converting color images into gray images and apply fusion for the gray images and 
then convert fused grey image back to color image. The use of color in image fusion is motivated by: Color is important in 
object recognition and human eyes can discern thousands of colors. The Discrete Wavelet Transform yields a fast 
computation of Wavelet Transform. It is easy to implement and reduces the computation time and resources required. The 
discrete wavelet transform  was developed to apply the wavelet transform to the digital world. The signal is decomposed with 
a high-pass filter and a low-pass filter. The coefficients of these filters are computed using mathematical analysis. 
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V. CONCLUSION 

An image fusion approach is presented here. Image fusion is the process of integration of two or more source images into a 
single fused image. The resultant fused image is used to retain the important features of the source images. Color image 
fusion is the process of integrating one or more color images to enhance clarity of the image. The method we proposed here 
successfully improves fusion results. Our method spectrally divides the analysis filter pair into two factors which are then 
separately applied to the input image pair, splitting the image decomposition procedure into two successive filter operations. 
The actual fusion step takes place after convolution with the first filter pair.  

For the color images we used the DWT technique. The discrete wavelets transform allows the image decomposition in 
different kinds of coefficients preserving the image information. Such coefficients coming from different images can be 
appropriately combined to obtain new coefficients so that the information in the original images is collected appropriately. 
Once the coefficients are merged the final fused image is achieved through the inverse discrete wavelets transform. 

. 
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