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Abstract: Medical Image Fusion is the process which deals with 

enhancing multiple images like Computed Tomography scan, 

Magnetic Resonance Imaging scan by fusing them into a single or 

multiple imaging modalities by reducing randomness in them 

using Wavelet Transformation technique. The main objective is to 

improve the understanding of medical images with the help of 

Discrete Wavelet Transformation technique. DWT uses mainly 

fusion rules involving pixel averaging, minimum-maximum and 

maximum-minimum methods. The  basic wavelets are Coiflets, 

Haar, Daubechies, Bi- orthogonal wavelets. The final 

performance of the fusion is then measured on the parameters 

such as increasing the size of the fused image without reducing 

the resolution. 

 
Index Terms: Wavelets; Medical Image Fusion; Discrete 

Wavelet Transformation; pixel averaging; Coiflets. 

I. INTRODUCTION 

Image Fusion alludes to the procedures that coordinate 

correlative data from numerous pictures information with the 

new final image is appropriate and meets the end goal of 

human visual discernment and the computer processing 

undertakings. The fused image ought to have progressively 

total data which is increasingly valuable for human or 

machine observation. The benefits of image fusion [1][2] are 

improving dependability and reliability. In medical imaging, 

Computed Tomography (CT), Magnetic Resonance Imaging 

(MRI), Positron Emission Tomography (PET), Single Photon 

Emission Computed Tomography (SPECT) and different 

methods of therapeutic pictures that reflect human data from 

different positions. In this paper, we will present and discuss 

the goals in fusing CT scan image and MRI scan image. Up 

until this point, many image fusion processes have been 

proposed in the writing. A portion of the techniques is 

identified with multimodality medical image fusion. The 

image fusion mainly governs three types, such as pixel, 

feature and decision level techniques. The pixel level image 

fusion method is normally utilized for medical image fusion, 

due to simple execution and computational proficiency. 

Hence, it is engaged in the proposed work. 
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II. IMAGE FUSION IN MEDICAL FIELDS 

Medical Image Fusion can be ordered into two principal 

branches: spatial fusion and multi-resolution fusion strategies. 

The two classifications have some basic qualities which 

elucidate the common points of interest and impediments of 

these strategies. Spatial fusion techniques give 

straightforward strategies to execution and produce 

exceptionally fused images with increasingly spatial data. But 

the fundamental disservices of spatial fusion strategies are 

obscuring impact that may happen in the blurring of the image 

and pixel degradations[8,9]. On the other hand, the 

multi-resolution technique is used to intensify spectral data in 

the combined image by improving picture qualities of 

brightness, contrast and higher SNR. Anyway, these strategies 

are difficult to implement and give less spatial resolutions. 

Image fusion methods are grouped into various levels: lower, 

middle, and higher; or pixel, feature,  and choice levels. 

Recently specialists have demonstrated that it is progressively 

significant to fuse objects or regions instead of pixels values. 

Numerous references can be found in the region based 

calculation over the pixel values based calculation as it is 

insensitive to the noise. 

 

Fig. 1. Pixel and window based rules 

III. FUSION CATEGORIES 

Use Multi-view fusion: The photographs to be entwined are of 

a similar method and taken in the meantime, yet under 

substitute conditions and the focal target of the blend system 

in this class that have the essential data under the different 

conditions in the combined picture [4]. Multi-temporal 

fusion: The photographs to be joined are of a relative 

procedure also, yet they were taken at various events. 
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 For this condition the mixing framework is finished by 

subtracting the no under two pictures, and the basic 

motivation driving the blend for this situation is to perceive 

changes in the scene on various occasions. 

Multi-focus fusion: The pictures to be fused are isolated into 

regions and the fusion is connected to should have a combined 

the picture that is wherever at core interest. 

Multi-modal fusion: The pictures to be combined are of 

alternative modalities and the fundamental objective in this 

class is to have a merged picture that contains data however 

much as  could reasonably be expected from the different 

modalities without any loss of information in the general 

meaning of the picture. 

IV. SOFTWARE 

Python is a high level interpreted programming language. It 

has plan rationality that makes the users compose the code all 

around dependable. Python includes a dynamic typing in 

which the memory is naturally organized by the software. 

Python was intended to be profoundly extensible. This 

conservative modularity has made it specially well known as a 

method for adding programmable interfaces to existing 

applications. 

Python is indented to be an adequately clear language. Its 

structuring is normally uncluttered, and it as often as possible 

uses English catchphrases where distinctive dialects use 

accentuations. As opposed to various distinctive languages, it 

doesn't use curly brackets to delimit the code of any blocks of 

statements, and semicolons after each statement are not 

necessary. It has less syntactic exceptions and uncommon 

cases than C. 

As the most famous system of the image fusion, the multiscale 

disintegration techniques have grown rapidly as of late, for 

example, Discrete Wavelet Transform (DWT), Framelet 

Transform, Contourlet Transform. Tragically, transform 

based strategies produce poor combination results within the 

sight of noise and it is hard to pick the decomposition levels. 

V. DISCRETE WAVELET TRANSFORMATION 

The One of the far-reaching changes in the processing of the 

image is wavelet transform. Wavelets might be utilized to 

obtain multi-scale and multi-resolution tasks, and it is a 

method for time recurrence localization. 

DWT usage can be spoken to as portrayed in figure 2. The 

signal experiences two digital channels; out of which, one 

acts as a high pass filter which gives information on higher 

frequencies,  and other as low pass filter that gives data on 

lower frequencies, and then those two are trailed by 

subsampled  by a multiplier of 2 that implies that the length 

of the input signal will be half of the past one. This 

procedure is known as the investigation procedure, and the 

turnaround procedure called Synthesis process. The two 

digital channels are used: a high pass and low pass channels. 

Yet, before them, we apply the upsampling process is 

connected by a multiplier of 2, and afterward, after the 

channels, 2 signs are added to frame the input signal once 

more. Examination and union procedures are repeated many 

times upon our requirement, and in each progression, the 

info is the low pass channel yield of the past advance, and 

for this situation, each progression is known as an 

order(order 1, order 2,… ., order n). 

 

Figure 2. Implementation of DWT 

In the process of image fusion, a 2- dimensional DWT 

(2D-DWT) is executed as appeared in the above figure 2, 

which speak to one stage of 2D-DWT of a picture. 

 

Figure 3. Approximation, horizontal, vertical and diagonal 

coefficients. 

It suggests that a 1-dimensional high and low pass filters on 

columns and afterward on sections of the input picture, the 

DWT [6] isolate the picture after examination to four a few 

frequency bands with various types of resolutions, which 

speak to the absolute coefficients and coarse estimation of 

the picture broke down. On the off the chance that the LL 

segment of the picture investigation arrange to utilize DWT 

taken, and DWT [7] is performed to it once more, and that 

procedure repeated more than once, we will have a 

staggered deterioration, and that is called multi-level 

degraded as appeared in figure 3. 

 

 
 

Figure 4. Image decomposition scheme using 2D-DWT. 

The combination procedure [3][5] for this situation is 

performed through the rule of fusion which might be 

application subordinate or not, and furthermore, it very well 

may be subject to the sub-band being intertwined or not. 

Fusion rule utilized might be a minimum method, maximum 

method, an the average principle and so on. The combination 

of 2 pictures utilizing DWT can be spoken to as in the 

accompanying figure 5. 
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Figure 5.  General fusion process of DWT. 

VI. INVERSE DISCRETE WAVELET 

TRANSFORMATION 

The The idwt2 request plays out a lone measurement 

2-dimensional wavelet reproduction in reference to either a 

particular wavelet ('wname') or explicit wavelet recreate 

channels (Lo_R and Hi_R) that you will demonstrate. 

          X = idwt2 (cA,cH,cV,cD,'wname') (1) 

X utilizes the wavelet 'wname' to figure the 1st order 

reproduced estimate coefficients arrange X, in light of 

conjecture network cA and subtitle framework cH, cV, and 

cD (approximation, horizontal, vertical and diagonal). 

          X = idwt2 (cA,cH,cV,cD,Lo_R,Hi_R) 

 

 

 

Figure 4. Image decomposition scheme using 2D-DWT. 

VII. RESULTS 

 

Figure 7. Fusion results of CT-MRI images; (a) CT image 

of patient 1 (b) MRI image of patient 1 (C) Fused image of 

patient 1 (d) CT image of patient 2 (e) MRI image of patient 

2 (f) Fused image of patient 2. 

VIII. CONCLUSION 

In this paper, we have approached medical image fusion using 

Wavelet Transformation Technique. One of the major 

improvements is that the time taken for the entire process is 

approximately less than one and a half second. Firstly, we 

have taken the input dataset images and then we have fused 

them in the Jupyter Notebook which is an IDE for Python by 

performing Discrete Wavelet and Inverse Discrete Wavelet 

Transforms. The biggest achievement of our project is that we 

have enhanced the size of the output image by the second and 

third orders of the input image without reducing the resolution 

of the final image. 
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