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Abstract- Image Fusion is a technique used to integrate information from multiple images such that the fused image is suitable for processing
tasks. Medical image fusion is used to derive useful information from Medical image. The basic idea is to improve the content of an image by
fusing images like Computer Tomography (CT) and Magnetic Resonance Imaging (MRI) images. The proposed method use the Discrete
Wavelet based fusion algorithms on medical image fusion of CT and MRI, implementation of fusion rules and the fusion image quality
evaluation. Therefore the fused image has the information which is useful for human or machine perception. The fused image with such rich
information will improve the performance of image analysis algorithms for medical applications. The fusion performance is done using
Entropy, the Root Mean Square Error (RMSE) and Peak Signal to Noise Ratio (PSNR).
Keywords- Medical image fusion; Discrete Wavelet transform; Fusion rule; Performance evaluation; Entropy; Root Mean Square Error; Peak
Signal to Noise Ratio

I. INTRODUTION
Image fusion involves two or more images to attain the most useful features for some specific applications. For Instance,
doctors can annually combine the CT and MRI medical images of a patient with a tumor to make a more accurate diagnosis.
Medical fusion image is to combine functional image and anatomical image together into one image. The resultant image can
provide abundance information to doctor to diagnose clinical disease. The information obtained will influence the treatment a
patient will receive. Perhaps the most widely used clinical diagnostic and research technique is MRI.
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In this paper, a novel approach for the fusion of computed tomography (CT) and Magnetic Resonance Images (MR) images
based on wavelet transform has been presented. Different fusion rules are then performed on the Discrete Wavelet coefficients of
low and high frequency portions. The registered Computer Tomography (CT) and magnetic resonance imaging (MRI) images of the
same people and same spatial parts have been used for the analysis.

II. DISCRETE WAVELET TRANSFORM BASED IMAGE FUSION
The concept and theory of wavelet-based multiresolution analysis came from Mallet. The wavelet transform is a
mathematical tool that can detect local features in a signal process. It also can be used to decompose two dimensional (2D) signals
such as 2D gray-scale image signals into different resolution levels for multiresolution analysis Wavelet transform has been greatly
used in many areas, such as texture analysis, data compression, feature detection, and image fusion.
2.1 Wavelet Transform
Wavelet transforms provide a framework in which a signal is decomposed, with each level corresponding to a coarser
resolution or lower frequency band and higher frequency bands. The Discrete Wavelet Transform (DWT), which applies a twochannel filter bank (with down sampling) iteratively to the low pass band (initially the original signal). The wavelet representation
consists of the low-pass band at the lowest resolution and the high-pass bands obtained at each step. This transform is invertible and
non-redundant. In wavelet analysis, wavelet transform divides the image signal into wavelets representing each pixel of the original
image as coefficients. Discrete Wavelet Transform can be obtained by multiplying wavelet functions ψ(t) and scaling function φ(t).
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Fig.1 Wavelet Transform based image fusion
The 2D image signals are broken down by a layer by layer decomposition process. Four frequency bands, namely (A) LowLow (B) Low-High (C) High-Low (D) high-High are obtained after first level of decomposition. The next level of de-composition is
obtained by applying a recursive decomposition procedure applied to the Low-Low band of the current decomposition stage. Thus,
N-level decomposition will finally result into 3N+1 different frequency bands including 3N high frequency bands and one Low-Low
frequency band.
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Fig.2 Subband Distribution of Discrete Wavelet Transform for level
2.2 Haar Wavelet Transform
The Haar transform is one of the simplest Wavelet Transforms. The attracting features of the Haar transform, including fast
for implementation and used in computer engineering applications, such as signal and image compression. Haar wavelet is a
sequence of rescaled "square-shaped" functions which together form a wavelet family or basis. Wavelet analysis is similar to
Fourier analysis in that it allows a target function over an interval to be represented in terms of an orthonormal function basis. The
Haar sequence is now recognized as the first known wavelet basis.
The Haar wavelet's mother wavelet function

( ) can be described as
1 0 ≤ < 1/2,
( ) = −1 1/2 ≤ < 1,
0 otherwise

(3)

( ) = 1 0 ≤ < 1,
0 otherwise

(4)

Its Scaling Function ( ) can be described as

2.3 MRI and CT Analysis
The paper forms fused images of CT and MRI image. Fused images can be created by combining information from
multiple modalities, such as Magnetic Resonance Image (MRI) and Computed Tomography (CT).CT images are used more often to
ascertain differences in tissue density depending upon their ability to block X-rays while MRI provides good contrast between the
different soft tissues of the body, which make it especially useful in detecting brain tissues, and cancers. The fused image from
multiple images produce an image which contains combined complementary and redundant information provided by both the source
images i.e. the size of the tumor, the location through the various pixel values of the gray scale images, hence resulting into better
visibility of tumor.
III. IMAGE FUSION ALGORITHMS
The set of image fusion algorithms used to obtain an image with every object in focus, a multi-focus image fusion is required to fuse
the images, giving a better view for human or machine perception. The image fusion methods used in the proposed work are
discussed below:
3.1 Simple Average method
The value of the pixel of each image is taken and added. This sum is then divided by 2 to obtain the average. The average
value is assigned to the corresponding pixel of the output image. The pixels in the resultant fused image are obtained by taking
average of the every corresponding pixel in the input images.
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3.2 Maximum selection method
For every corresponding pixel in the input images, the pixel with the Maximum intensity is selected. The resultant pixel is
used to obtain a fused image. Resulting in highly focused image output obtained from the input image as compared to average
method.
3.3 Minimum selection method
For every corresponding pixel in the input images, the pixel with the Minimum intensity is selected. The resultant pixel is
used to obtain a fused image. Images with dark shades would generate a good fusion image with this method.
3.4 Principal Component Analysis
Principal component analysis (PCA) is a vector space transform often used to reduce multidimensional data sets to lower
dimensions for analysis. PCA algorithm involves the following steps for fusion.
1. Generate the column vectors, from the input image matrices.
2. Calculate the covariance matrix of the two column vectors formed in 1
3. The diagonal elements of the 2x2 covariance vector should contain the variance of each column vector with itself.
4. Calculate the Eigen values and the Eigen vectors of the covariance matrix
5. Normalize the column vector corresponding to the larger Eigen value by dividing each element with mean of the Eigen vector.
6. The values of the normalized Eigen vector act as the weight values which are respectively Multiplied with each pixel of the input
images.
7. Sum of the two scaled matrices calculated in step 6 will be the fused image matrix.
3.5 Laplacian Pyramid method
An image pyramid consists of a set of low pass or band pass copies of an image, each copy representing pattern
information of a different scale. The idea is to construct the pyramid transform of the fused image from the pyramid transforms of
the source images, and then inverse pyramid transform is performed to obtain the fused image.
The three major phases for pyramid transform are
 Decomposition
 Formation of the initial image for recomposition.
 Recomposition
Decomposition is the process where a pyramid is generated successively at each level of the fusion. The number of levels of fusion
is pre decided. Recomposition is the process in which the resultant image is finally developed from the pyramids formed at each
level of decomposition.
The Laplacian pyramid method steps are discussed below.
1. Perform Low pass filtering using
2. w=1/16’, 4/16’, 6/16’, 4/16’, 1/16
3. Subtract the low pass filtered input images and form the pyramid.
4. Decimate the input image matrices by halving the number of rows and columns (we did by neglecting every alternate row
and column).
a. The recomposition phase would include steps:
5. Undecimate the image matrix by duplicating every row and column.
6. Perform Low pass filtering with 2*W.
7. Matrix addition of the same with the pyramid formed in the corresponding level
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IV. PERFORMANCE METRICS
Image fusion performance can be divided into two categories one with and one without reference images. In the present
work, the performance measures are used to evaluate the performance of various fusion methods such as Simple average Method ,
Maximum Selection Method , Minimum Selection Method. MR and CT images are taken as the reference image in the calculation
of performance metric values.
4.1 Entropy (H)
The Entropy (H) is the measure of information content in an image. The maximum value of entropy can be produced when
each gray level of the whole range has the same frequency. If entropy of fused image is higher than parent image then it indicates
that the fused image contains more information.
= −∑
( ) log ( )
(5)
where p(g) parent image.

4.2 Root Mean Square Error (RMSE)
A commonly used reference based assessment metric is the Root Mean Square Error (RMSE). The RMSE between a reference
image, R, and a fused image, F, is given by the following equation:
= 1/
∑∑( ( , ) − ( , )) ²
(6)
where R(m,n) and F(m,n) are the reference (CT or MR) and fused images, respectively, and M and N are image dimensions. Smaller
the value of the RMSE, better the performance of the fusion algorithm.
4.3 Peak Signal to Noise Ratio (PSNR)
PSNR is the ratio between the maximum possible power of a signal and the power of corrupting noise that affects the
fidelity of its representation. The PSNR of the fusion result is defined as follows:
(
)
= 10 × log
(7)
(
)

where fmax is the maximum gray scale value of the pixels in the fused image. Higher the value of the PSNR, better the performance
of the fusion algorithm.

V. EXPERIMENTAL RESULTS
MR and CT images are taken as the source images.Figure.3 (a) shows the bone information and Figure.3 (b) displays the
soft tissues information.

Fig.3 (a) CT Image Fig.3 (b) MRI image
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Table 1 Output for various Fusions Methods
Methods

Result

Simple Average Method

Maximum Selection
Method

Minimum Selection
Method

Principle component
Analysis

Laplacian Pyramid

Table 2 Image Fusion Metrics

Methods

Entropy

RMSE

PSNR

Simple Average

8.6800

0.04

28.89

Maximum

10.1291

0.05

30.81

9.3199

0.06

31.31

Selection

Minimum
Selection
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Principle

10.090

0.04

28.94

Component
Analysis

Laplacian

12.66337

0.03

57.922

Pyramid

VI. CONCLUSION
Image fusion seeks to combine information from different images. It integrates complementary information to give a better
visual picture of a scenario, suitable for processing. Wavelet transform provide a framework in which an image is decomposed, with
each level corresponding to a coarser resolution band. The wavelet sharpened images have a very good spectral quality. Thus the
two different modality images are fused using the various fusion rules based on the Discrete Wavelet Transform. Moreover the
difference in performance of the various fusion methods is clearly exhibited using three performance measures.
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