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Abstract - Image fusion is a process of combine the complementary as well as the common features of a two images, to 
generate a resultant image with superior information content in terms of subjective as well as objective analysis point of 
view. Medical image fusion plays an important role medical diagnosis and treatment. In medical applications which can give 
more accurate information for radiologist to diagnose diseases. In this paper, a new image fusion rule for computed 
tomography and magnetic resonance images based on the wavelet analysis is proposed. After both the input images are 
decomposed by wavelet transform then four coefficients are found. By using the maximum frequency image fusion rule 
combined maximum absolute component. After that the resultant image is reconstructed by using inverse of wavelet 
transform. 
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I. INTRODUCTION 
 
Image fusion has most common word used in medical 
diagnostics as well as treatment. Image fusion means 
it is combination of two input images of same scene 
to form a single image. Which is more informative 
than any input image.The resultant image which is 
high resolution image which is suitable for easy 
diagnosis. The fusion of images obtained from 
different instruments has been successfully used for 
remote images.  
 
There are number of medical images in medical field 
such as computed tomography (CT) and magnetic 
resonance images (MRI). CT images only give bones 
information do not provide soft tissue information 
and MRI Images provide soft tissue information do 
not provide information related to bones. So, it is 
expected that the fusion of the Computed tomography 
(CT) and Magnetic resonance imaging (MRI) the 
images of the same organ would result in an 
integrated image of much more details. Then the 
wavelet transform is computed. The fusion of these 
two medical images depends on different image 
fusion rule .in this paper Biomedical image fusion 
using wavelet transform used the Maximum selection 
fusion rule. And fused image is reconstructed by 
inverse of wavelet transform. Number of methods 
exists to perform image fusion such as high pass 
filtering as well as simplest method of pixel 
averaging and more complicated method such as 
wavelet transform.  
 
In wavelet transform used for image we obtain four 
wavelet coefficients which are called as horizontal, 
approximation, vertical and diagonal coefficients. 
These coefficients of  each of the image are to be 
fused together by applying fusion rule.in last section 
judge the performance this is the experimental result 
of image fusion.in experimental result we judge the 
performance like Entropy, PSNR, Erms and 
Correlation. 

II. IMAGE FUSION METHODS 
 
The pyramid method was firstly introduced by Burt 
and Adelson and then was extended by Toet. 
However, for the reason of the pyramid method fails 
to introduce any spatial orientation selectivity in the 
decomposition process and usually contains blocking 
effects in the fusion results, the wavelet transform has 
then been used more widely than other 
methods.Laplacian method for image fusion is 
proposed by Burt and Adelson which is designed for 
capturing image details over multiple scales. It 
implements a pattern selective approach for image 
fusion.   

 Pixel based image fusion.   
 Gradient based image fusion.   
 IHS transform based image fusion. 
 Laplacian pyramid based method.   
 Image fusion using wavelets 

transform 
III. WAVELET BASED IMAGE FUSION 
 
The wavelet transform gives a time frequency 
representation of signals .its overcomes the 
disadvantages of the short time Fourier transform 
(STFT) which can also be used to analyze non 
stationary signals .While STFT gives a constant 
resolution at all frequencies, the  discrete wavelet 
transform uses multi-resolution technique by which 
different frequencies are analyzed with different 
resolution. The Discrete wavelet transform (DWT) 
enabled the application of two -dimensional DWT 
using one dimensional filter banks. 

 
3.1. Wavelet Transform 
In Wavelet transform signal is decomposed, with 
each level that is higher frequency and lower 
frequency band. Two main parts of transform discrete 
and continuous wavelet transform. In discrete wavelet 
transform of two dimensional images involves sub –
sampling and recursive sampling. At each level we 
obtain three images as HH(containing diagonal 
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information in high frequency),LH(containing 
horizontal information in high frequency) and 
HL(containing vertical information in high 
frequency).These decomposition produces one 
approximation image known as LL(low frequency 
information ).By using recursively process LL sub 
band can be achieved. 
 

 
Fig.1.Decomposation by DWT 

 
IV. IMAGE FUSION  
 
This is where the fusion essentially occurs. The 
wavelet transform coefficients obtained from the 
input images need to be combined to form a new set 
of coefficients to be used for backward transform. 
There are different fusion rules to form the fused 
wavelet coefficients matrix using the coefficients of 
the input images. In this study, taking the largest 
absolute values of the corresponding wavelet 
coefficients among input images is chosen as the 
basic fusion rule.  After selecting the new fused 
wavelet coefficients according to a fusion rule, an 
inverse wavelet transform is done to reconstruct the 
fused image 
 
4.1. Maximum frequency selection 
In this proposed work used maximum frequency 
rule which selects the coefficients that have the 
maximum absolute values. 
Mat = (abs (A1)>=abs (A2)) 
A= (A1.*Mat + A2*(~Mat))/2 
WhereMat =1    if abs (A1)>= abs (A2) 

        =0 Otherwise 
 

V. FLOW OF PROPOSED WORK 
 

 
Fig.2. Flow of Proposed work. 

The flow for our proposed work is given in Fig.2 
 
5.1. Input image: 
There are two input images one is CT image and 
other is MRI image.  
 
5.2. Image Resize: 
One of the main issues in image fusion is image 
alignment or resize. For the resultant output image to 
be distinct and have a better visual interpretation. It is 
necessary to have both the CT & MRI images of 
same size. Same size of images becomes a basic 
requirement for point to point correspondence 
between two pixel values.  
 
5.3. Wavelet Transform: 
In Wavelet transform signal is decomposed, with 
higher frequency and lower frequency band. Two 
main types of transform discrete and continuous 
wavelet transform. In discrete wavelet transform of 
two dimensional image involves sub –sampling and 
recursive sampling. At each level we obtain three 
images as HH(containing diagonal information in 
high frequency),LH(containing horizontal 
information in high frequency) and HL(containing 
vertical information in high frequency).These 
decomposition produces one approximation image 
known as LL(low frequency information ). 
 
5.4. Fusion Rule (Maximum frequency): 
The wavelet transform coefficients obtained from the 
input images need to be combined to form a new set 
of coefficients to be used for backward transform. 
There are various fusion rules to form the fused 
wavelet coefficients matrix using the coefficients of 
the input images. In this proposed work, taking the 
largest absolute values of the corresponding wavelet 
coefficients among input images is chosen as the 
basic fusion rule. Proposed work use maximum 
frequency fusion rule. 
 
5.5. Inverse Wavelet Transform:  
In inverse wavelet transform the fused image is 
reconstructed.  
 
5.6. Fused Image: 
At the final step get the aligned image that is 
registered image and having the fused coefficient of 
both the input images. When transforming points 
from one image to other different selection criteria is 
being to estimate a resulting fused image quality of 
images improves.  
 
VI. EVALUATION CRITERIA 
 
The four popular evaluation criteria were used. 
 
6.1 Entropy 
H=-i=1GP(i) log2(P(di)) 
G= Number of possible gray scale level 
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P (di)=Probability of occurrence of a particular gray 
level. 
Entropy is a quality metric. Entropy is defined as 
amount of information contained in a signal. Entropy 
can directly reflect the average information content of 
the image. The maximum value of entropy can be 
produced when each gray level of the whole image 
has the same frequency. If the entropy of fused image 
is higher than the parent image then it indicates that 
the fused image contains more information. 
 
6.2. PSNR 
PSNR= 10 log10( MAX2/MSE) 
= 10 log10MAX  -   10 log10   (Square  root of MSE) 
It is the ratio of reference signal and distortion signal 
in the image. It is given in db. The higher the PSNR 
the closed the distorted image is to the original. MAX 
is the maximum possible pixel value of the image = 
256 for 8 – bits/sample.MSE is the average square 
difference between the reference image and distorted 
image.It is computed by pixel by pixel by adding up 
the squared difference of all the pixels and divided by 
the total pixel count. 
 
6.3. Correlation 
Correlation coefficient measures the closeness / 
similarity in small size structures between the original 
and fused image .It can vary between -1 to +1 value. 
Value close to +1 indicates that they are highly 
similar while the values close to -1 indicate 
dissimilarity.  
 

6.4. Erms 
Erms of the fused image with respect to an original 
image is given by 

 
Where R (i,j) is original image and F(i, j) is the fusion 
result. M and N are the dimensions of the images to 
be fused. The smaller the value of RMSE, the better 
the performance of fusion algorithm. 
 
VII. EXPERIMENTAL RESULTS AND 
ANALYSIS 
 
There are two types of analysis visual analysis and 
mathematical analysis 
 
1. Visual Analysis 
By using wavelet transform we can observe the edges 
of fused image which is very useful for correct 
diagnosis. This shows in table 1. 
 
2. Mathematical Analysis 
In this analysis we take the four parameters entropy, 
correlation, PSNR and Erms for comparison point of 
view for fused image and original image. Here we 
take the reference of normal patient images with 
abnormal patients. Out of these four parameters 
entropy gives us the correct analyses which gather the 
more information from input images to fused image. 
This shows in table 2. 

Table 1:Visual Analysis 
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Table 2: Mathematical Analysis 

 
 
CONCLUSION 
 
By using wavelet transform we fused the CT and 
MRI images for getting correct diagnosis of affected 
part of body by observing the edges which is not 
observing in original CT and MRI images. 
In this work I do both analyses: Visual Analysis and 
Mathematical Analysis with reference images.  

1. By using visual analysis we easily observe 
the edges in fused image which is useful 
correct diagnosis. 

2. By using mathematical analysis I got how 
much information carry from input image to 
fused image 
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