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Abstract— Image fusion is the technique of merging several 

images from multi-modal sources with respective 

complementary information to form a new image, which 

carries all the common as well as complementary features of 

individual images. Image fusion provides an effective way 

of reducing this increasing volume of information by 

extracting all the useful information from the source images. 

Image fusion creates new images that are more suitable for 

the purposes of human/machine perception, and for further 

image-processing tasks such as segmentation, object 

detection or target recognition in applications such as 

remote sensing and medical imaging. The overall objective 

is to improve the results by combining DWT with PCA and 

non-linear enhancement. The proposed algorithm is 

designed and implemented in MATLAB using image 

processing toolbox. The comparison has shown that the 

proposed algorithm provides a significant improvement over 

the existing fusion techniques. 
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I. INTRODUCTION 

Image Fusion is used extensively in image processing 

systems. Various Image Fusion methods have been 

proposed in the literature to reduce blurring effects. Many of 

these methods are based on the post-processing idea. In 

other words, Image fusion enhances the quality of image by 

removing the noise and the blurriness of the image. Image 

fusion takes place at three different levels i.e. pixel, feature 

and decision. Its methods can be broadly classified into two 

that is special domain fusion and transform domain fusion. 

Averaging, Brovery method, Principal Component Analysis 

(PCA) [4] [7], based  methods are special domain methods. 

But special domain methods produce special distortion in 

the fused image .This problem can be solved by transform 

domain approach.  

The multi-resolution analysis has become a very 

useful tool for analyzing images. In the recent years, the 

study of multimodality medical image fusion attracts much 

attention with the increasing of clinic application 

demanding. Radiotherapy plan, for instance, often benefits 

from the complementary information in images of different 

modalities. Dose calculation is based on the computed 

tomography (CT) [3] data, while tumor outlining is often 

better performed in the corresponding magnetic resonance 

(MR) scan [6]. For medical diagnosis, CT provides the best 

information on denser tissue with less distortion, MRI 

provides better information on soft tissue with more 

distortion the idea of combining images from different 

modalities becomes very important and medical image 

fusion has emerged as a new and promising research field. 

II. LITERATURE REVIEW 

Since last few decades, an extensive number of approaches 

to fuse visual image information. These techniques vary in 

their complexity, robustness and sophistication. In medical 

imaging, various modalities provide different features of the 

human body because they use different physical principles 

of imaging. CT and MRI images with high spatial resolution 

provide the anatomical details. So it is very useful and 

important to combine images from multi-modality scanning 

such that the resulting image can provide both functional 

and anatomical information with high spatial resolution. The 

main principle of some of the popular image fusion 

algorithms have been discussed below. 

A. Image Fusion Schemes Using ICA Bases: 

Mitianoudis and Stathaki demonstrate the efficiency of a 

transform constructed using Independent Component 

Analysis (ICA) and Topographic Independent Component 

Analysis based for image fusion in this study [10]. The 

bases are trained offline using images of similar context to 

the observed scene. The images are fused in the transform 

domain using novel pixel-based or region-based rules. An 

unsupervised adaption ICA-based fusion scheme is also 

introduced. The proposed schemes feature improved 

performance when compared to approaches based on the 

wavelet transform and a slightly increased computational 

complexity. The proposed method can outperform the 

wavelet approaches. The Topographical ICA based method 

offers a more accurate directional selectivity, thus capturing 

the salient features of the image more accurately. 

B. Fusion using Discrete Wavelet Transform (DWT): 

Wavelets are defined as the finite duration oscillatory 

functions [9] with zero average value with finite energy. 

They are suited for transient signal analysis. The irregularity 

and good localization properties make them better basis for 

analysis of signals with discontinuities. The wavelet 

transform decomposes the image into low-high, high-low, 

high-high spatial frequency bands at different scales and the 

low-low band at the coarsest scale. The L-L band contains 

the average image information whereas the other bands 

contain directional information due to spatial orientation. 

Higher absolute values of wavelet coefficients in the high 

bands correspond to salient features such as edges or lines. 

C. Fusion Using Principle Component Analysis (PCA): 

The PCA image fusion method basically uses the pixel 

values of all source images at each pixel location, adds a 

weight factor to each pixel value, and takes an average of 

the weighted pixel values to produce the result for the fused 

image at the same pixel location. The optimal weighted 

factors are determined by the PCA technique [8]. The PCA 
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image fusion method reduces the redundancy of the image 

data. 

D. Region-Based Multi-Focus Image Fusion: 

Li and Yang first describe the principle of region based 

image fusion in the spatial domain [11]. Then two region-

based fusion methods are introduced. They proposed a 

spatial domain region-based fusion method using fixed-size 

blocks. More specifically, in spite of the crudeness of the 

segmentation methods used, the results obtained from the 

proposed fusion processes, which consider specific feature 

information regarding the source images, are excellent in 

terms of visual perception. It is also valuable in practical 

applications. Although the results obtained from a number 

of experiments are promising, there are more parameters to 

be considered as compared to an MR-based type of method, 

such as the wavelet method.  

III. TECHNIQUES USED FOR IMAGE FUSION 

A. Discrete Wavelet Transform Algorithms for Image 

Fusion: 

Discrete Wavelet Transform (DWT) is a mathematical tool 

for hierarchically decomposing an image. With strong 

spatial support, the DWT provides a compact representation 

of a signal‟s frequency component. DWT decomposes a 

image into frequency sub-band at different scale from which 

it can be perfectly reconstructed. The signal into high and 

low frequency parts is split by the DWT. The low frequency 

part contains coarse information of signal whereas high 

frequency part contains information about the edge 

components. The DWT analyses [2] the image at different 

frequency bands with different resolutions by decomposing 

the image into approximation and detail coefficients. 

 Cascading And Filter Banks 

This decomposition is repeated to further increase 

the frequency resolution and the approximation coefficients 

decomposed with high and low pass filters and then down-

sampled [3][5]. This is represented as a binary tree with 

nodes representing a sub-space with different time 

frequency localization. The tree is known as a filter bank. 

 
Fig. 1: Pyramid Hierarchy of 2-D DWT 

After one level of decomposition, there will be four 

frequency bands, namely Low-Low (LL), Low-High (LH), 

High-Low (HL) and High-High (HH). The next level 

decomposition is just applied to the LL band of the current 

decomposition stage, which forms a recursive 

decomposition procedure. Thus, an N-level decomposition 

will finally have 3N+1 different frequency bands, which 

include 3N high frequency bands and just one LL frequency 

band. The 2-D DWT [1][4] will have a pyramid structure 

shown in the above figure. The frequency bands in higher 

decomposition levels will have smaller size. 

B. Principal Component Analysis Algorithms for Image 

Fusion: 

Principal component analysis (PCA) is a vector space 

transform often used to reduce multidimensional data sets to 

lower dimensions for analysis. PCA is the simplest and most 

useful of the true eigenvector-based multivariate analyses 

[9][1], because its operation is to reveal the internal 

structure of data in an unbiased way. If a multivariate 

dataset is visualized as a set of coordinates in a high-

dimensional data space (1 axis per variable), PCA supplies 

the user with a 2D picture, a shadow of this object when 

viewed from its most informative viewpoint.  

IV. FLOW CHART OF PROPOSED IMAGE FUSION METHOD 

In the first step users have to scan the MRI and CT image of 

brain of same person. Then check that both images having 

same size on which have to perform fusion. After checking 

the size of images then we can say that these images are 

ready to perform the fusion on it. In the next step first select 

the MRI image and then select CT image of brain [11]. 

After selecting images perform the discrete 1st level image 

fusion technique on it. After the fusion has being done the 

image form by the fusion is saved by clicking the save 

button. As same we perform the process for discrete 2nd 

level fusion technique. After this we perform the same 

process for fusion using PCA and we get the fused image. 

Then the final process for image fusion is the combined 

image fusion using PCA and DWT [1][4] form that 

technique we can get the better quality of fused image which 

is our proposed method.  Finally we calculate the various 

performance quality from which we can say that our 

algorithm gives better quality of fused image as compare to 

other fusion method. 

 
Fig. 2: Flow Chart of Proposed Method 
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A. Algorithm Used For Proposed Method: 

Input: -     MRI and CT image of brain of same person from 

database. 

Output: -  Fused Image 

1) Step 1: Matched the size of input images A and B 

image from database. 

2) Step 2: Select Input images for fusion (Specify 

images which user want to fused). 

3) Step 3:  Apply 2D-discrete wavelet transform to 

these images which decompose it into four sub 

bands (LL, LH, HL and HH). 

4) Step 4: The Wavelet coefficients obtained from 

both the images are fused using the rules for fusion 

[5] [8]. Create the data vector X1, X2… Xn and 

Y1, Y2… Yn for n window block of source images 

A and B respectively.  

5) Step 5: The final fused image is constructed by 

applying combine discrete wavelet transform and 

principle component analysis to fused image. Now 

calculate the weighted coefficients of 

corresponding blocks between the two images 

through the PCA image fusion method [9]. A 

coefficients matrix would be gained by the image 

block matrixes. 

6) Step 6: Then it takes the weighted fusion on the 

voxels of the two sub images by making use of the 

weighted coefficient [11] matrix of each voxel. 

7) Step 7: Then calculate the performance qualities 

like Peak signal to noise ratio, Mean Square Error, 

Average Difference, Maximum Difference, 

Normalized Absolute Error, Normalized Cross 

Correlation, and Structural Content. 

8) Step 8: Exit 

V. RESULTS AND DISCUSSION 

The Screenshot of how the image fusion done on MRI and 

CT image is given below form that we can say that the 

proposed method can get better quality of image as compare 

to other methods. Results using all algorithms are displayed 

below. From the experimental results as shown in Table 1 it 

can be observed that the values of various performance 

matrices of the fused image generated by our algorithm are 

greater than values for the fused image generated by the 

other fusion algorithm. 

 
Fig. 3: Fused Image after Performing Discrete 1

st
 Level 

Image Fusion with Its Quality Measures. 

Image fusion has become crucial part of medical 

diagnosis. This project gives introduction to image fusion 

methods based on principle component analysis and discrete 

wavelet transform. Fusion of CT scanned images and MRI 

images using multi resolution wavelet transform with 

necessary preprocessing of it is proposed. It also compares 

the performance of the various types of wavelet basis 

families used and the different fusion rules used to fuse the 

approximation and detail wavelet coefficients. 

 
Fig. 4: Fused Image After Performing Discrete 2

nd
 Level 

Image Fusion With Its Quality Measures. 

 
Fig. 5: Fused Image After Performing Principle Component 

Analysis (PCA) Based Image Fusion With Its Quality 

Measures. 

 
Fig. 6: Fused Image After Performing Combine Discrete 

Wavelet Transform And Principle Component Analysis 
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(DWT+ PCA) Based Image Fusion With Its Quality 

Measures. 
 Performance Measures 

Parameters PSNR MSE AD MD NAE NCC SC 

Discrete 1
st
 Level 18.4361 6994.59 46.9574 254 0.999684 0.0064 7090.01 

Discrete 2
nd

 Level 17.7983 6995.41 46.9743 254 0.999899 0.00633727 7212.93 

PCA 23.5883 6994.59 46.9573 254 0.999684 0.00640004 7089.5 

PCA + DWT 28.9649 6995.79 48.1573 254 0.999684 0.00640004 7090.7 

Table 1: The Proposed Method PCA+DWT Can Achieve Better Quality of Fused Image As Compare To The Other Methods. 

Image Quality is a characteristic of an image that 

measures the perceived image degradation (typically, 

compared to an ideal or perfect image). Imaging systems 

may introduce some amounts of distortion or artifacts in the 

signal, so the quality assessment is an important problem. 

There are several techniques and metrics that can be 

measured objectively and automatically evaluated by a 

computer program. Therefore, they can be classified as Full 

Reference Methods (FR) and No-Reference Methods (NR). 

In FR image quality assessment methods, the quality of a 

test image is evaluated by comparing it with a reference 

image that is assumed to have perfect quality.  
Here the graphical representation shows the output 

obtained by the various image fusion techniques that we are 

used in our system. Here we calculate the image quality 

measure in the various forms. As the four different lines in 

table indicates the different technique that we are used in 

which the combined principle component analysis and 

discrete wavelet transform gives the better result in fusion of 

medical images. 

 
Fig. 7: Graphical Representation of Various Evaluation 

Parameters 

VI. CONCLUSION AND FUTURE WORK 

The fusion methods based on large decomposition levels are 

sensitive to noise, also it consumes more time as well as it 

requires more memory. The Wavelet transforms is the very 

good technique for the image fusion provide a high quality 

spectral content. But a good fused image have both quality 

so the combination of DWT & spatial domain fusion method 

(like PCA) fusion algorithm improves the performance as 

compared to use of individual DWT and PCA algorithm. In 

this project, a method of image fusion is proposed. It is 

based on the use of Discrete Wavelet Transform and 

Principal Component Analysis. By surveying all the 

techniques with its parameters it is concluded that proposed 

method appears as an improvement over the respective 

existing methods. This system is providing improved image 

fusion algorithm on medical images using the combined 

principle component analysis and discrete wavelet transform 

for getting the better quality of fused image.  
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