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ABSTRACT: Image fusion based on the Fourier and 

wavelet transform methods retain more multispectral details 

but less spatial details from source images [5]. Wavelets 

perform well only at linear features but not at non linear 

discontinuities because they do not use the geometric 

properties of structures [5]. Image fusion enhances the 

spatial, spectral & radiometric resolution of images. Dual-

tree Complex Wavelet Transform (DTCWT) method 

overcome such difficulties in feature representation. Fusion 

rules are defined via high pass modulation using Dual-Tree 

Complex Wavelet Transform (DTCWT) domain. These 

fusion rules generate HR multiband image by fusing LR 

multiband image with HR singleband image. Proposed 

method spatially outperforms and retains rich multispectral 

details. 

KEYWORDS: Image Fusion, Dual tree complex wavelet 

transform, Fusion rules, Matlab, Verilog. 

 

I. INTRODUCTION 

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. Spatial quality and spectral quality are the two 

important indexes that are used to evaluate the quality of any 

fused image. Most of the existing methods for this purpose, 

however, considered only the spectral quality except for that 

proposed by Zhou et al.[2], while the latter cannot be used to 

compare directly the spatial resolution between the fused 

image and original high-resolution images. Image fusion 

enhances the spatial, spectral and radiometric resolution of 

images. We propose a new universal objective image quality 

index, which is easy to calculate and applicable to various 

image processing applications[4]. In satellite imaging, two 
types of images are available. The panchromatic image 

acquired by satellites is transmitted with the maximum 

resolution available and the multispectral data are transmitted 

with coarser resolution. This will usually be two or four times 

lower. At the receiver station, the panchromatic image is 

merged with the multispectral data to convey more 

information. Multiresolution methods are deeply related to 

image processing, biological and computer vision, scientific 

computing, etc[3]. In this paper we are implementing Dual-

tree Complex Wavelet Transform (DTCWT)) for performing 

image fusion. The DTCWT calculates the complex transform 

of a signal using two separate DWT decompositions (for ex: 
tree a and tree b). If the filters used in one are specifically 

designed different from those in the other it is possible for 

one DWT to produce the real coefficients and the other the  

 

imaginary. DTCWT also provides approximate shift-

invariance (unlike the DWT) yet still allows perfect 

reconstruction of the signal. Further, we consider recent 

applications in image/video processing, seismic exploration, 

uid mechanics, simulation of partial different equations, and 

compressed sensing [3]. In this paper, a hardware 

implementation of a image fusion system is proposed. Here 

using MATLAB we can convert images into pixel-format 

files and to observe simulation results. To implement this 

paper XPS (Xilinx platform studio)& VB(Visual basic) are 
needed. Using XPS, first select hardware & software 

components then by adding source and header files & 

converting it into bit streams and download into FPGA, to 

obtain fused image. 

 

II. METHODOLOGY 

In existing systems, image fusion was done using many 

methods like Discrete Wavelet Transform (DWT), Fast 

Discrete Curvelet Transform (FDCT)[1], High Pass Filtering 

(HPF) technique and few more. Initial methods for image 

fusion were concentrated mainly on spectral quality of the 

image [2]. Existing systems doesn’t concentrated on spatial 
quality of the images, which is also an important feature to 

consider for image fusion[2]. Since quality of the fused 

images is evaluated with both spatial and spectral quality 

measures[2]. In the proposed system we are implementing 

Dual-tree Complex Wavelet Transform (DTCWT) method 

for Image fusion. The DTCWT calculates the complex 

transform of a signal using two separate Discrete Wavelet 

Transform (DWT) decompositions. If the filters used in one 

are specifically designed different from those in the other it 

is possible for one DWT to produce the real coefficients and 

the other the imaginary. The assumption made in this project 
is that, the images used in Low Resolution (LR) multiband 

and High Resolution (HR) singleband must be at identical 

geometry and of same size. Fusion rule to inject high spatial 

details from HR singleband image into LR multiband image 

is defined using the directional high frequency sub-bands.  

The image fusion techniques mainly perform a very basic 

operation like pixel selection, addition, subtraction or 

averaging. The image fusion rules applied are: 

Average Method: 

Here, the resultant image is obtained by averaging every 

corresponding pixel in the input images. 

Select Maximum/Minimum with absolute value: 
A selection process if performed here wherein, for every 

corresponding pixel in the input images, the pixel with 

maximum/minimum intensity is selected, respectively, and is 
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put in as the resultant pixel of the fused image and then 

absolute value of maximum/minimum is calculated. By using 

fusion rules we get HR multiband image by Inverse Dual-tree 

Complex Wavelet Transform (IDTCWT) method. IDTCWT 
has the reverse effect of the DTCWT. DTCWT increases 

spatial and spectral quality of fused images. 

Fig1: Data Flow Diagram of the proposed System 

 

III. RESULTS 

 
(a)                       (b) 

 
(c)                                           (d) 

Fig 2: a) LR image 1; b) LR image 2; c) HR image; d) Fused 

image. 

Entropy: Entropy is used to measure the performance of 

image fusion. Commonly, the greater the entropy of the fused 

image is, the more abundant information included in it, and 

the greater the quality of the fusion. 

Band DTCWT FDCT

[1] 

1 7.99 6.22 

Table 1: Comparison of FDCT and DTCWT in terms of 
entropy. 

 
Fig 3: Entropy of the fused image. 

PSNR: Peak signal to noise ratio is the ratio between the 

power of corrupting noise and maximum possible power that 

affects the accuracy of its representation. PSNR is used to 

measure the quality of compressed image.  

 
Fig 4: PSNR of the fused image. 

PSNR is defined in terms of mean square error: 

 
The PSNR value for the fused image is 20.05(db). 

 

AVERAGE GRADIENT: 

The average gradient of an image with size of is 

defined as:  

 
The average gradient reflects the clarity of the fused image. 
It is used to measure the spatial resolution of the fused 

image; that is, larger average gradient means a higher 

resolution.  

The average gradient for the fused image is 3.7109. 

 
Fig 5: Average gradient of the fused image. 
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The simulation result of the fusedc image is as shown in fig 

6. Implementation and simulation is done by using Xilinx 

12.2 ISE software. 

 
Fig 6: Simulation result for the fused image. 

 

IV. APPLICATIONS 

Image fusion techniques are used in medical applications, 

face recognition, navigation, etc. 
 

V. CONCLUSION 

A new fusion method based on Dual-Tree Complex Wavelet 

Transform (DTCWT) is proposed. Fusion rules are defined 

for images. Image fusion enhances the spatial, spectral and 

radiometric resolution of images. Coefficients of HR single 

band image and LR multiband image represent sharp local 

feature. This technique directs the injection of high frequency 

details of the local image feature in HR single band image 

into fused image. This fusion rule generates HR multiband 

image of high spatial and spectral resolution. Proposed 
method spatially outperforms and retains rich multispectral 

details. 
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