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ABSTRACT  

Image fusion is used to enhance the quality of images by combining two images of same 

scene  obtained from single or multiple modalities. In medical diagnosis different types of 

imaging modalities such as X-ray, computed tomography (CT), magnetic resonance 

imaging (MRI), magnetic resonance angiography (MRA), PET scan etc., provide limited 

information where some information is common, and some unique. This paper presents a 

hybrid combination of Discrete Wavelet and Contourlet. For the obtained fused images 

from above case, it is proposed to compute performance metrics like Entropy, Peak signal 

to noise ratio and mean square error and compare them with existing methods as to come 

out with best combination of transformations that yield highly informative fused image. 

Proposed method will be simulated using MATLAB tool. 

Index Terms— Fusion, wavelet, contourlet, Filter banks, Multi- resolution, Multi-direction, 

Geometric image processing, MSE, PSNR, Entropy. 

INTRODUCTION 

 

Medical image fusion is the process in 

which complimentary information from 

multiple images from single or multiple 

imaging modalities are combined to 

improve the imaging quality so that the 

resultant fused image will be more 

informative and suitable for processing 

tasks thereby increasing their clinical 

applicability in diagnosis and assessment 

of medical problems 

In the recent years, Multimodal image 

fusion algorithms and devices, has 

evolved as a powerful tool in  the clinical 

applications, of medical imagining 

techniques. It has shown significant 

achievements in improving clinical 

accuracy of diagnosis based on medical 

images. The main motivation is to 

produce most relevant information from 

different sources into a single output, 

which plays a crucial role in medical 

diagnosis. 

Medical imaging has gained significant 

attention due to its predominant role in 

health care. Some of the different types 

of imaging modalities used now-a-days 

are X-ray, computed tomography (CT), 

magnetic resonance imaging (MRI), 

magnetic resonance angiography (MRA), 

etc., These imaging techniques are used 

for extracting clinical information, which 

are although complementary in nature 

most of the times, some are unique 
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depending on the  specific imaging 

modality used. 

For example, 

X-rays: Is used to detect fractures, 

abnormality in bone position 

CT: Is used to provide more accurate 

information about calcium deposit, air 

and dense structures like bones with less 

distortion, acute bleeds and tumours. But 

it cannot detect physiological changes. 

MRI: Under strong magnetic field and 

radio-wave energy, information about 

Nervous system, structural 

abnormalities of soft tissue, muscles can 

be better visualized. 

MRA: Is used to evaluate blood vessels 

and its abnormalities. 

PET: PET (positron emission 

tomography) offers quantitative 

analyses, allowing relative changes over 

time to be monitored as a disease 

process evolves or in response to a 

specific stimulus by looking at blood 

flow, metabolism, neurotransmitters, 

and radio-labelled drugs. 

SPECT: Single positron emission 

computed tomography provides 

functional and metabolic information. It 

helps to diagnose and stage a cancer. 

FMRI: Functional magnetic resonance 

imaging is a functional neuro-imaging 

procedure using MRI technology that 

measures brain activity by detecting 

changes associated with blood flow 

Hence, we can understand none of 

these modalities are able to carry all 

relevant information in a single image. 

Generally for a physician to analyze the 

condition of a patient, in most of the 

cases he needs to study different 

images like MRI, CT, PET, SPECT 

simultaneously, which  is time 

consuming. Hence the anatomical and 

functional medical images are needed to 

be combined for a concise view. For this 

purpose, the multimodal medical image  

fusion has been identified as a source 

with better potential. It aims to 

integrate information from multiple 

modalities to obtain a more complete 

and accurate description of the same 

object which facilitate in more precise 

diagnosis and better treatment. Fused 

image provides higher accuracy and 

reliability by removing redundant 

information. 

The applications of image fusion are 

found in radiology, molecular and brain 

imaging, oncology, diagnosis of cardiac 

diseases, neuro-radiology and 

ultrasound. Multimodal medical image 

fusion helps in diagnosing diseases, and 

also cost effective by minimising 

storage to a single fused image instead 

of multiple-source images. 

 

BACKGROUND AND RELATED WORK 

 

A. Image fusion techniques: 

Image fusion method can be broadly 

classified into two groups namely, Spatial 

domain and Transform domain fusion. In 

spatial domain techniques, we directly 

deal with the image pixels. The pixel 

values are manipulated to achieve desired 

result. The fusion methods such as 

averaging,  Brovey  method,  principal  

component  analysis PCA) and IHS based 

methods fall under spatial domain 

approaches. The disadvantage of spatial 

domain approaches is that they produce 

spatial distortion in the fused image. 
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It does not give directional information 

and also leads to spectral distortion, 

while the arithmetic combination will lose 

original details as a result of low contrast 

of the fused image. It becomes a 

negative factor while we go for further 

processing, such as classification 

problem, of the fused image. 

This can be overcome by transform 

domain. It involves the decomposition of 

the source image into sub-bands which 

are then selectively processed using 

appropriate fusion algorithm. In 

frequency domain methods the image is 

first transferred in to frequency domain. 

It means that the Fourier Transform of 

the image is computed first. All the 

Fusion operations are performed on the 

Fourier transform of the image and then 

the Inverse Fourier transform is 

performed  to get the resultant image. 

Image Fusion applied in every field where 

images are ought to be analyzed. 

(GENERAL IMAGE FUSION BASED ON 

DWT DWT  comes  under  the  

classification  of    multi-scale 

decomposition. This is used to map the 
wavelet transform to 

A. digital world. Filter banks are used to 

approximate the behaviour of the 

continuous wavelet transform. Double 

channel filter bank is used in discrete 

wavelet transform (DWT). The 

coefficients of these filters are evaluated 

using mathematical analysis. The wavelet 

transform is used to identify local 

features in an image. It also used for 

decomposition of two dimensional (2D) 

signals such as 2D gray-scale image for 

multi-resolution analysis. The available 

filter banks decompose the image into 

two different components i.e. high- and 

low- frequency. When decomposition is 

carried out, the approximation and detail 

components can be separated 2-D 

Discrete Wavelet Transformation (DWT) 

converts the image from the spatial 

domain to transform domain. The image 

is divided by vertical and horizontal lines 

and represents the first-order of DWT, 

and the image can be separated with four 

parts those are LL1, LH1, HL1 and HH1. 

Wavelet Decomposition of Images: 

Wavelet separately filters and down 
samples the 2-D data (image) in the 
vertical and horizontal directions 
(separable filter bank). The input 
(source) image is I(x, y) filtered by low 
pass filter L and high pass filter H in 
horizontal direction and then down 
sampled by a factor of two (keeping the 
alternative sample) to create the 
coefficient matrices IL(x, y) and IH(x, y) 

. The coefficient matrices IL (x, y) and 

IH(x, y) are both low pass and high 

pass filtered in vertical direction and 
down sampled by a factor of two to 
create sub bands (sub images) ILL(x, y) 

, ILH (x, y) , IHL(x, y), and IHH (x, y). 

I. PROPOSED FUSION 

METHODOLOGY 
A. Pre-processing stage: 

Source images are necessary to align or 

register as perfectly as possible prior to 

the main fusion process  in order to 

produce the best fusion results. Image 

registration process can also be called as 

image alignment. The datasets of input 

images are not aligned to each other, it is  

impossible to yield best fusion results 

although fusion framework, scheme and 

algorithm are optimum for maximum 

counterlet transformation. 

A. Decomposition -1: 

After pre-processing these source images 

are first decomposed using Wavelet 

Transform (WT) in order to realize multi-

scale sub band decompositions with no 

redundancy. 

CONCLUSION 
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In this project, a hybrid technique for 

image fusion using the conbination of 

DWT-Contourlet is being simulated. The 

simulated results obtained for proposed 

method for different combinations of 

medical images like CT, MRI ,PET, and 

also for various input image sizes are 

compared with existing techniques  

 In all cases , DWT Contourlet based 

hybrid technique is observed to be 

outsmarting than one which provide best 

quality fused image when compared to 

other fusion techniques in terms of PSNR, 

MSE, & Entropy. So it is best suited for 

better medical diagnosis. 
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