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Abstract 

 

 Medical image fusion is the process of combining multiple images from single or multimodal medical 

image. In this article, we have presented an hybrid image fusion based on non-subsampled contourlet 

(NSCT) enhancement to highlight the presentation of the original image appearance taking into account the 

difficulties of classical methods linked to the traditional enhancement methods. This algorithm is performed 

in CDF 9/7 wavelet transform based on lifting scheme to combine magnetic resonance imaging (MRI) and 

Positron emission tomography (PET) with applying fusion rules. The coefficients of the low frequency band 

are combined by a maximal energy rule and coefficients of the high frequency bands are combined by a 

maximal variance rule. Finally, the results of image fusion are evaluated with mutual information (MI) and 

spatial frequency (SF) then compared with the existent methods such as (PCA, DWT). 
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1. Introduction 

 

 Image fusion in medical has become the 

focus of research now. Image fusion based on 

multi-resolution method can be divided into three 

types [1]: the first type is based on the pyramid 

decomposition. 

The second type is based on wavelet 

decomposition, such as discrete wavelet 

transform [2], wavelet packet [3], multi-wavelet 

transform [4-5-6]. The third type is the second-

generation wavelet transform (SGWT), such as 

image fusion based on curvelet transform [7], 

Nonsubsampled contourlet transform [8],  and a 

medical image fusion algorithm based on lifting 

wavelet transform [9]. In [10] are proposed the 

performance analysis of multi source fused 

medical images using multiresolution transforms. 

In [11] are developed a new algorithm of 

multimodal medical image fusion using modified 
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daubechies wavelet transform. In the recent 

research [12], we cited the new approach of data 

fusion for cardiac resynchronization therapy 

optimization.  

We introduce in this paper a hybrid image 

fusion algorithm based in modified (NSCT) non-

subsampled contourlet coefficients of images in 

corresponding subbands via a new and operable 

nonlinear mapping function [13-24] and take the 

noise into account for more precise 

reconstruction and better visualization. The 

second step for our algorithm we applied the 

wavelet transform CDF 9/7 based on lifting 

scheme [14]. The algorithm may consider both of 

the result and speed of the fusion with tools of 

wavelet based on lifting scheme. In addition, we 

compare evaluation parameters results obtained 

with the existing techniques namely the PCA and 

DWT. 

The organization of this paper is as follows, 

the Section 2 explains the non-subsampled 

contourlet transform for Contrast-enhancement 

and In Section 3 biorthogonal wavelet CDF 9/7 

and proposed method are presented. In Section 4 

we present the evaluations parameters. In Section 

5. The experimental results are shows and we 

compared with the existing techniques. Finally 

the conclusion in Section 6. 

 

2. Non Subsampled Contourlet Transform 

 

Cunha and al [17] propose the NSCT (figure  

1), which is a shift-invariant version of the 

contourlet transform. NSCT not only has the 

multiscale and time-frequency-localization 

properties of wavelets, but also offers a high 

degree of directionality, anisotropy and shift-

invariance, thus, can effectively capture geometry 

and directional information of images. 

 

 

 

Figure 1. The NSCT decomposition. 

 

 

3. CDF9/7 based on lifting scheme [18] 

 

These wavelets are part of the family of 

symmetric biorthogonal wavelet CDF. The low 

pass filters associated with wavelet 9/7 have p=9 

coefficients in the analysis, p=7 coefficients to 

synthesize.  

The wavelets 9/7 have a great number of null 

moments for a relatively short support. They are 

more symmetrical and very close to 

orthogonality. Antonini and al [19] were the first 

to show the superiority of the biorthogonal 

wavelet transform 9/7 for the decorrelation of 

natural images and is used by the JPEG-2000 

[20-23]. 
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The Lifting scheme of the biorthogonal 

transform 9/7 goes through of four steps: two 

prediction operators and two update operators as 

shown it figure 2 [21-22]. The synthesis side of 

the filter bank simply inverts the scaling, and 

reverses the sequence of the lifting and update 

steps. 

 

 

 

Figure 2. Lifting implementation of the Analysis / Synthesis side of the CDF 9/7 wavelet. 

 

 

Finally, our proposed method can be 

summarized in the following steps (is the 

continuation of the article[15]). 

Step 1: Contrast-enhancement using NSCT : 

 Applied NSCT for each input images 

using five scales of decomposition and 4, 

8, 8, 16, 16 directions in the scales from 

coarser to finer respectively and obtain 

the NSCT coefficients 

 Estimate the noise standard deviation with 

the median operator [16]; and average 

energy distribution of standard white 

noise in each subband 

 Modify the NSCT coefficients for each 

subband via the proposed nonlinear 

mapping function in [13] 

 Reconstruct the enhanced image from the 

modified coefficients for two image 

Step 2: Decompose the enhanced image using 

three level by wavelet transform based lifting 

scheme LWT (Biorthogonal CDF 9/7) apply our 

algorithm on each image independently. 

Step 3: Applied the fusion rules :according to 

lower subband equation (1) and higher subband 

equation (2) defined in section 2. 

Step 4: Reconstruct image fused by taking 

inverse LWT (CDF 9/7). 

 

 

- Rules for lower subband coefficient  

 

The approximation coefficients is a smooth 

and sub sampled version of the original image. 

Therefore, most of the source images information 

is kept in low frequency bands. The proposed 

selection principles for the sub band coefficients 

are finally defined as the maximum selection rule 

is: 

 

     
                     

                      

                 (1)                           

                     
 - Rules for higher subband coefficient  

 

The high pass sub band coefficients represent 

the detailed components of the source image. 

Therefore, we propose a scheme by computing 

the variance rule method to select the high 

frequency coefficients. 

 

      

                        
       

                      
       

         

 
                

          (2) 

 

Apply the same technique for: 

               . 
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4. Evaluations parameters 

 

In the present work, we have used two 

performance measures to evaluate the 

performance of hybrid fusion algorithm 

(NSCT+CDF9/7 LWT).  

 

4.1 Mutual Information (MI)  

Compares the image source and the fused 

image, more value is small, the relationship 

between the two images is non-existent. 

 

                            
        

          
                   (3) 

                                                   

          The joint histogram between fused 

image F and the source image A. 

 

4.2 Spatial Frequency (SF) 

It measures the total activity and the level of 

clarity of an image, an important value mean that 

the result of fusion is good. 

 

                                          (4) 

 

Where RF and CF are the row frequency and the 

column frequency respectively. 

 

 

5. Results and Discussion 

 

In the first, we used the NSCT toolbox; 

while for the contourlet transform, we choose the 

biorthogonal Daubechies “9-7” filters for the 

laplacian stage and the fan filters. It’s clear that 

the medical image contrast has been improved by 

proposed NSCT-based enhancement approach In 

[17] with p=0.75 where P is a constant which 

controls the shape of the mapping function as 

well as the enhancement rate. 

We applied our algorithm (NSCT+ CDF9/7 

LWT), on different multisource images MRI, CT 

& PET are downloaded from 

(www.imagefusion.org) of size (512×512), 

encoded by 8bpp, we calculated the parameters 

for assessing quality (SF, MI) to extend the 

effectiveness of this algorithm. These images 

were tested on Intel Core (I3) 2.13 GHz PC with 

2GB of RAM using Matlab 2010a.  

To show the performance of our method, we 

will now make a comparison between these 

different types of transform Principal Component 

Analysis (PCA) and Discrete Wavelet Transform 

(DWT). The fused image output based on 

proposed methods illustrated in Figure 3, 4 and 5, 

then the performances of fused medical images 

are shown in Figure 6. 

 

 

 
                         (a)                                                        (b)                                                         (c) 

Figure 3. MRI fusion results, (a) image (MRI), (b) image (CT), (c) Fused image (NSCT+CDF97LWT) 

 
 

 

http://www.imagefusion.org/
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                        (a)                                                         (b)                                                         (c)      

 Figure 4. CT-PET fusion results (a) image (PET), (b) image (CT), (c) Fused image (NSCT+CDF97LWT) 

 

 

 

                             (a)                                                    (b)                                                    (c) 
Figure 5. MRI-PET fusion results (a) image (MRI), (b) image (PET), (c) Fused image (NSCT+CDF97LWT) 

 

 

                        

Figure 6. Variations of evaluation parameters with different fusion methods. 
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6. Conclusion 

 

In this paper, the essential objective is the 

diagnosis aid of medical images after the 

multisource images fusion. We used the CDF9/7 

based on lifting scheme with NSCT toolbox 

enhancement to obtain fused image. After, 

several applications were compared with (PCA 

and DWT). These results are Performed and 

analyzed with calculate different evaluation 

parameters. Finally, we found the proposed 

algorithm that gives better results than the other 

fusion methods.  

In perspective, we try to extend our study to 

annotated databases. We aspire to apply our 

algorithm to fusion 3D medical images and video 

sequences. 
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