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ABSTRACT 

Medical Image fusion is the process of extracting meaningful visual information from two or more images 

and combining them to form a new single image which contains added information than any individual images. In 

this paper, Images from different modalities such as CT, MRI imaging of same organ are considered because of 

their main dread in diagnostic purpose. While acquiring the images from different imaging system the images will 

be affected by noise. Hence pre-processing technique has been carried out using Wavelet transform followed by 

Curvelet transform. Before fusing an image, the images have to be aligned properly of equal size such that the 

problem of Misregistration has been avoided. The fused image is obtained using Neuro fuzzy system. The 

anomalies present in fused image are classified using Support vector machine. Performance of Image fusion is 

quantitatively measured using Peak signal to Noise Ratio (PSNR), Mean Squared Error (MSE), Entropy. 
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INTRODUCTION 

   Medical imaging has become an essential component in habitual clinical applications, such as diagnosis 

and treatment planning. However, each imaging modality provides only limited information. Hence various studies 

choose the combined analysis of imaging data collected from the same patient using different modalities. Thus the 

combined analysis led to the introduction of image fusion into the medical field and the development of medical 

data oriented fusion techniques. The goal of image fusion is to provide a single fused image, which provides more 

precise and consistent information than any individual source image and in which features may be more apparent. 

Such an improved image facilitates visual perception or further image processing tasks. Image fusion has proven 

valuable in many applications, such as remote sensing, satellite Imaging, medical Imaging. 

With the development of medical treatment technique, multimodal medical images fusion plays a 

significant role in quantitative assessment of treatment planning. Medical images from different modalities give 

harmonizing information. For example, Computer Tomography (CT) image which provide bone information 

effectively whereas Magnetic Resonance Imaging (MRI) image which excel in revealing information about soft 

tissues. The paper is organised as follows Image denoising is in section 2, Fusion Algorithm based on Neuro Fuzzy 

is in section 3, Image classification using Support vector machine(SVM) is in section 4, Performance measure for 

Image fusion experimentation are shown in section 5 and finally the paper is concluded in  

Section 6. 

IMAGE DENOISING AS A PRE-PROCESSING TECHNIQUE 

   Multimodality medical images such as Magnetic Resonance Imaging (MRI), Computed Tomography (CT) 

are mostly affected by random noise during image acquisition process which not only affect the quality of an image 

but also lowers the visibility of low contrast images. Image denoising is one of the standard problems in digital 

image processing, and has been studied for nearly half a century due to its important role as a pre-processing step in 

various applications. Its objective is to recover the best estimate of the original image from its noisy version. There 

are various methods to restore an image from noisy distortions. Selecting the suitable method plays a major role in 

getting the desired image. The image s(x, y) is blurred by a linear operation and noise n(x, y) is added to form the 

corrupted image w(x, y). This is convolved with the restitution procedure g(x, y) to produce the restituted image 

z(x, y) where (x, y) represents the pixel location. The figure shows the denoising concept: 

 

Fig.1.Denoising process 
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FUSION ALGORITHM BASED ON NEURO FUZZY 

Neuro-fuzzy- a combination of neural networks and fuzzy logic can also be used for fusing the images. 

Neural networks are used to tune membership functions of fuzzy systems that are employed as decision making 

systems. Although fuzzy logic can determine proficient knowledge directly using rules with linguistic variables, it 

more often than not takes a lot of time to design and tune the membership functions which quantitatively define 

these linguistic variables. Neural network learning techniques can computerize this process and significantly reduce 

progress time and cost while recovering performance. To prevail over the problem of facts acquisition, neural 

networks are extended to automatically extract fuzzy rules from numerical data. The fused images based on Neuro-

fuzzy logic not only preserve texture information but also it enhances the visual information and the quality of an 

image. 

IMAGE CLASSIFICATION USING SUPPORT VECTOR MACHINE 

Support vector machine plays a major role in classification problem because it has the capability to 

separate nonlinear classes into linear classes in higher dimensional feature space. It’s important feature is the ability 

to solve complex classification problem by means of quadratic programming (QP) which results in sparseness. 

Structural risk maximization is the primary principle of SVM i.e.it tries to minimize the generalization error. It 

outrival well for the data outside the training set. Classification tasks based on sketching distinguish lines between 

two classes of objects is known as “hyperplane classifiers”.    

In this paper, the fused image of CT and MRI imaging system helps to identify and diagnose the anomalies 

in an easy approach with the help of Support vector machine. The anomalies present in an image have different 

pixel value compared to other regions. Hence, by setting the threshold value it has been able to classify the affected 

part using SVM. Thus fused image are given as input to the training set, the trained classifier able to classify it. 

PERFORMANCE MEASURE FOR IMAGE FUSION AND EXPERIMENTATION RESULTS 

Peak signal-to-noise ratio (PSNR): The term peak signal-to-noise ratio (PSNR) is an expression for the ratio 

between the maximum possible value (power) of a signal and the power of distorting noise that affects the quality 

of its representation. The mathematical representation of the PSNR is as follows: 

 
Where MSE- Mean Squared Error is 

 
Where f represents the matrix data of our original image, g represents the matrix data of our degraded 

image, m represents the numbers of rows of pixels of the images, n represents the number of columns of pixels of 

the image, i represents the index of that row, j represents the index of that column, MAXf is the maximum signal 

value that exists in our original image. 

Mean squared error (MSE): The MSE represents the average of the squares of the "errors" between our actual 

image and our noisy image. The error is the amount by which the values of the original image differ from the 

degraded image. Thus higher the PSNR, (or) the lesser the MSE, the better degraded image has been reconstructed 

to match the original image and the better the reconstructive algorithm.  

Entropy (H):  Entropy is a factor which indicates the information profusion of image content. If the value of 

entropy is larger, which implies that fused image contains the abundant information from the input images. It is 

used for comparing the difference of image details. 

 
where  represents the probability of pixel gray value i. 

Simulation results and discussion: This section summarizes the simulation result for different image fusion 

techniques and comparison of the performance factors for the fusion techniques. 
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(a) CT image (b) MRI image; Fused images (c) Discrete wavelet transform (d) Proposed method. 

Fig.2 Fusion of Brain CT& MRI Images 

 

Table 1 Comparison of PSNR,MSE and Entropy 

Fusion Technique PSNR MSE Entropy 

DWT 20.14 0.327 6.05 

Proposed Method 23.61 0.218 6.83 

From the results it is clear that proposed image fusion gives better PSNR (23.61) and Entropy (6.83) than 

the existing technique. In terms of mean square error also the proposed technique well performs. 

CONCLUSION 

In this paper a new image fusion technique is proposed which is based on Neuro fuzzy and Support Vector 

Machine. A set of CT and MRI images are used to test the algorithm. The simulation results indicate that the 

proposed image fusion is well suitable for the fusion of CT and MRI image set. 
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