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Abstract- Medical image fusion is the process of registering and combining multiple images from single or multiple 
imaging modalities to improve the imaging quality and reduce randomness and redundancy in order to increase the clinical 
applicability of medical images for diagnosis and assessment of medical problems. Medical image fusion facilitates the 
retrieval of complementary information from medical images for diagnostic purpose. Exact information regarding the bones 
and tissues must be visually accessible to the physicians so as to obtain exact information and location required for the 
diagnosis and surgery of spinal cord. In this paper firstly the framework for fusing the MRI and CT image is presented which 
will preserve the bone structure and soft tissue details in the single image using the combination of wavelet and graph cut 
fusion technique. Secondly, a comparison of wavelet, graphcut and combination of wavelet and graphcut is made. The 
results of proposed method are analysed and compared visually. The proposed method can be helpful for better medical 
diagnosis. 
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I. INTRODUCTION 
 
A fusion process is a combination of salient 
information in order to synthesize an image with 
more information than individual image and 
synthesized image is more suitable for visual 
perception. These images may be obtained from 
different types of sensors. In other words, image 
fusion is a process of combining multiple input 
images into a single fused image which preserves full 
content information and also retaining the important 
features from each of the original image. Image 
fusion find application in the area of navigation 
guidance, object detection and recognition, medical 
diagnosis, satellite imaging for remote sensing, rob 
vision, military and civilian surveillance, etc. 
 
Computer aided diagnosis is as emerging and 
evolutionary research domain in diagnostic radiology. 
Medical imaging techniques help to create visual 
representations of the internal structure of the human 
body for clinical analysis. The complementary nature 
of medical imaging sensors of different modalities for 
example X-ray, Magnetic resonance imaging (MRI), 
Computed Tomography (CT) has brought a great 
need of image fusion for the retrieval of the relevant 
information from the medical images. 
 
The significance of fusion process is important for 
multimodal images as single modal medical images 
provide only specific information, thus it is not 
feasible to get all the requisite information from 
image generated by single modality. Further, CT 
provides information about the extent of the disease; 
yet it is limited in soft tissue contrast, needed for 
differentiating tumors from scar tissues. On the other 
hand, MRI scores over CT in terms of soft tissue 
discrimination. This highlights the need towards the 
development of multimodality medical imaging 

sensors for extracting clinical information to explore 
the possibility of data reduction along with better 
visual representation. [2] 
 
Medical image fusion is to collect the information of 
multimodality image together, to express the 
information got from multimodal images in one 
image at the same time to highlight their respective 
advantages, to carry out complementary information 
and to provide comprehensive morphology and 
functional information which reflects the 
physiological and pathological changes. 
 
Image fusion means combining the two images into a 
single image that has maximum information content 
without producing details that are non-existent in the 
given images.  
The fusion of multiple measurements can reduce 
noise and therefore eliminates their individual 
limitations. The fused image should preserve as 
closely as possible all relevant information obtained 
in the input images and fusion process should not 
introduce any inconsistencies which can mislead or 
distract the medical professional, thereby guiding 
them for wrong diagnosis.  
 
The simplest way of image fusion is to take the 
average of the two images pixel by pixel. However, 
this method usually leads to undesirable side effect 
such as reduced contrast. Other methods have been 
developed, such as intensity-hue-saturation (IHS), 
principal component analysis (PCA), synthetic 
variable ratio (SVR), and so on [8]-[9]. Due to the 
multiresolution transform can contribute a good 
mathematical model of human visual system and can 
provide information on the contrast changes, the 
multiresolution techniques have then attracted more 
and more interest in image fusion. The 
multiresolution techniques involve two kinds, one is 
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pyramid transform another is wavelet transform. The 
pyramid method was firstly introduced by Burt and 
Adelson [10] and then was extended by Toet [11]. 
However, for the reason of the pyramid method fails 
to introduce any spatial orientation selectivity in the 
decomposition process and usually contains blocking 
effects in the fusion results, the wavelet transform has 
then been used more widely than other methods [3]-
[5], [12]. Although these mentioned references 
applying wavelet transform for image fusion, they 
concerned almost all of remote sensing data or 
multifocus data and seldom concerned about medical 
images. 
 
The fusion methods, such as averaging, the Brovey 
method, principle component analysis (PCA), and 
IHS based methods fall under the spatial domain 
approaches. In frequency domain methods, the image 
is first transferred in to frequency domain. It means 
that, the Fourier Transform of the image is computed 
first. All the enhancement operations are performed 
on the Fourier transform of the image and then the 
Inverse Fourier transform is performed to get the 
resultant image. These enhancement operations are 
performed in order to modify the image brightness, 
contrast or the distribution of the grey levels. As a 
consequence the pixel value (intensities) of the output 
image will be modified according to the 
transformation function applied on the input values. 
The flow chart of the image fusion process is as 
follows: 
The MR is registered to the CT image. The CT is 
thresholded and its histogram is adjusted to match the 
MR image and finally the images are fused.  
 

 
Figure 1: Flow chart of fusion process 

 
Graph cuts proved to be a useful multidimensional 
optimization tool which can enforce piecewise 
smoothness while preserving relevant sharp 
discontinuities. Graph cut methods solve energy 
minimization problems by constructing a graph and 
computing the min cut. The most popular graph cut 
methods, such as the Expansion move algorithm of 
Besag (1986), repeatedly solves an optimization 
problem over binary variables. Such problems have 
been extensively studied in the Operations research 
community, where they are referred to as Pseudo 
Boolean optimization (Boykov & Funka 2001). 

II. RELATED WORK 
 
 A novel CT/MR spine image fusion algorithm based 
on graph cuts has been proposed in [1]. In that 
algorithm,both soft tissue and bony detail can be 
assessed on a single fused image. They worked on the 
three terms: (a) squared error, which encourages the 
solution to be similar to the MR input, with a 
preference to strong MR edges; (b) squared error, 
which encourages the solution to be similar to the CT 
input, with a preference to strong CT edges and (c) a 
prior, which favors smooth solutions by encouraging 
neighboring pixels to have similar fused-image 
values. Their fusion algorithm was evaluatedfor about 
40 pairs of CT/MR images acquired from 20 patients, 
which demonstrate a very competitive performance in 
comparisons to the existing methods.  
 
Shen et al. [3] proposed a medical image fusion 
algorithm employing cross-scale fusion rule for 
multi-scale decomposition based fusion of volumetric 
medical images. This method was designed for joint 
analysis of medical data from various imaging 
modalities and also for efficient color image fusion. 
An optimal set of coefficients from the multi-scale 
representations of the source image is effectively 
determined using neighborhood information. 
Experiment results show that the fusion method 
produces better results compared to other existing 
techniques. 
 
Sharmila et al. (2013) [4] has shown that 
multimodality medical image fusion using discrete 
wavelet transform and entropy concepts provides 
better quality of information and less noise in the 
fused image formed. Medical image fusion is the s 
the technique of deriving very important data simply 
by incorporating multimodality medical images like 
computed tomography (CT), Magnetic resonance 
imaging (MRI), Positron emission tomography (PET) 
and single photon emission computed tomography 
(SPECT) into single image . The information thus 
derived can be used for various purposes such as for 
diagnosing diseases, detecting tumour, surgery 
treatment etc. Single modality image cannot provide 
this useful information. 
 
 Reference [5] presented a multi-region graph cut 
image partitioning via kernel mapping of the image 
data. The image data is transformed implicitly by a 
kernel function so that the piecewise constant model 
of the graph cut formulation becomes applicable. 
Their method gives an effective alternative for 
complex modeling of original image data while 
taking advantage of the computational benefits of 
graph cuts. A quantitative and comparative 
performance assessment was carried out over a large 
number of experiments using synthetic grey level 
data as well as natural images from the Berkeley 
database and their results were evaluated. 
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Reference [6] proposed an image fusion algorithm 
based on Wavelet Transform was proposed. It 
includes multi resolution analysis ability in Wavelet 
Transform. The method applies pixel-based algorithm 
for approximations involving fusion based on taking 
the maximum valued pixels from approximations of 
source images. Based on the maximum pixel values, a 
binary decision map is formulated. Then inverse 
wavelet transform is applied to reconstruct the 
resultant fused image and display the result. The 
wavelet sharpened images have a very good spectral 
quality. 
 
 In [7], a fusion algorithm based on atlas-based 
segmentation was proposed. The atlas-robust-fuzzy c-
means approach combined prior anatomical 
knowledge by means of a rigidly registered 
probabilistic disc atlas with fuzzy clustering 
techniques incorporating smoothness constraints. 
Moreover, this approach could be exploited in 
computer-assisted spine surgery. The simulation 
results showed that the dice similarity indices of this 
method to be 91.6% for normal and 87.2% for 
degenerated discs. 
 
Boykov et al. presented two algorithms based on 
graph cut method in [8] that efficiently finds a local 
minimum with respect to two types of large moves, 
namely expansion moves and swap moves. These 
moves simultaneously change the labels of arbitrarily 
large sets of pixels. This expansion algorithm finds a 
labeling within a known factor of the global 
minimum, while the swap algorithm handles more 
general energy functions. Experimental results 
showed that this method achieved 98% accuracy over 
real data with its corresponding ground truth images. 
 
III. PROPOSED FUSION ALGORITHM 
 
PROPOSED FUSION ALGORITHM  
Fig. 1 shows the block diagram of the proposed 
fusion algorithm. It consists of a preprocessing block, 
wavelet decomposition block, Graph cut fusion, 
Inverse wavelet block and finally, fused image is 
obtained.  
 

 
 
A. Pre-Processing of Images  
Preprocessing is a process to remove the noises from 
the input images. It is also used to convert the 
heterogeneous image into homogeneous image. 
Anisotropic diffusion filter is used here for the 

purpose of preprocessing. MRI and CT images are 
prone to be affected by noise in digital imaging which 
can occur during image transmission and digitization. 
In the resultant image the neighboring pixels 
represent additional samples of the same value as the 
reference pixel, i.e. they represent the same feature. 
At edges, this is clearly not true, and blurring of 
features results. In this paper, we have used 
Anisotropic diffusion filtering to perform de-noising 
and image smoothing. Here, the neighboring pixels 
are ranked according to brightness (intensity) and the 
median value becomes the new value for the central 
pixel. Anisotropic diffusion filters can do an excellent 
job of rejecting certain types of noise, in particular, 
shot or impulse noise in which some individual pixels 
have extreme values. 
 
B. Wavelet Decomposition  
Wavelet analysis was firstly invented in 1980, and 
since then many researches of both theoretical and 
application aspects of wavelet transform have been 
carried out [12]. Discrete wavelet transforms based 
image fusion is the simplest kind of image fusion. In 
this the source images are divided into lower and 
higher sub bands. The pixel having largest wavelet 
coefficients are selected for operation. 
Image fusion using wavelet scheme decomposes the 
source images I1 and I2 into approximation and 
detailed coefficients at required level using DWT. 
The approximation and detailed coefficients of both 
images are combined using fusion rule. Based on the 
maximum valued pixels between the approximations, 
a binary decision map is generated gives the decision 
rule for fusion of approximation coefficients in the 
two source images I1 and I2. 
 

 
Figure 3 

 
Dwt performs a transformation of image in spatial 
domain to image in frequency domain. Two 
dimensional subband coding algorithm for DWT is as 
follows: The source image is decomposed into rows 
and columns by low pass(L) and high pass (H) 
filtering and subsequent downsampling at each level 
to get approximation(LL) and detail (LH, HL,HH) 
coefficients. The final step in DWT technique is the 
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application of inverse discrete wavelet transform to 
the processed image. The major advantage by using 
DWT is that it preserves coefficient information since 
it uses different fusion rules so it provides better 
SNR. 
 
8. Graph Cut 
First of all, we introduce the basic terminology. Let G 
= (V, E) be a graph which consists of a set of nodes V 
and a set of directed edges E that connect them. The 
nodes set V = {s, t}  P contains two special terminal 
nodes, which are called the source, s, and the sink, t, 
and a set of non-terminal nodes P. In Figure 1(a) we 
show a simple example of a graph with the terminals 
s and t. Such N-D grids are typical for applications in 
vision and graphics. Each graph edge is assigned 
some nonnegative weight or cost w(p, q). A cost of a 
directed edge (p, q) may differ from the cost of the 
reverse edge (q, p). An edge is called a t-link if it 
connects a non-terminal node in P with a terminal. An 
edge is called a n-link if it connects two non-terminal 
nodes. A set of all (directed) n-links will be denoted 
by N. The set of all graph edges E consists of n-links 
in N and t-links {(s, p), (p, t)} for non-terminal nodes 
p € P. 
 

 
Figure 4 (a) Graph Construction (b) Graph Cut 

 
IV. SIMULATION AND RESULTS: 
 
In the following, we describe a representative sample 
of the fusion results and  report several statistical 
evaluations 
 

1.Graph Cut method 

 

2. DWT 

 
 

3. PROPOSED METHOD: 
 

 

 
 
V. PERFORMANCE EVALUATION METRICS: 
 
1.Structural Similarity Index Metric(SSIM): 
SSIM is a full reference quality measure that 
measures the similarity between two images. 
The Structural similarity index metric[1] is defined as 
 

푆푆퐼푀 =
2µ µ + C (2σ + C )

µ + µ + C (σ + σ + C )
 

 
Where µ1, µ2, σ1, σ2, σ12 represent the means in the 
1st and 2nd images, the variance in the 1st and 2nd 
images and the covariance of the two images 
respectively. 
The window was defined as 11*11 Gaussian kernels 
with  
C1 =0.01 and C2 = 0.03 as positive constants. 
SSIM index is having values between 0 and 1 where 
1 denotes the exact same image. 
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2. Entropy: 
Entropy of an image is the measure of the 
information content in the fused image. Higher values 
of entropy indicate that the fused image contains 
more information than the other fused images having 
lower value of entropy. Entropy is given by  
following equation 
 
E = −	∑ P log P   
 
Where i represent number of gray level, Pi is the ratio 
between the number of pixels with gray values i and 
total number of  pixels. 
 
3. Standard Deviation: 
Standard Deviation is the square root of variance, 
reflects the spread in the data. It represents the 
deviation of the pixel values from mean. So, the value 
of standard deviation should be high for better 
contrast of the image. 
 
4. Mutual Information: 
The mutual information (MI) of two random 
variables is a measure of the mutual dependence 
between the two variables. More specifically, it 
quantifies the "amount of information" obtained 
about one random variable, through the other random 
variable. 
 
VI. EXPERIMENTAL RESULTS 
 

 
 
CONCLUSION 

 
Medical image fusion combines different modality of 
medical images to produce a high quality fused image 
with spatial and spectral information. Our method can 
successfully combine CT and MR images of the 
lumbar spine, while retaining the significant clinical 
detail. This eliminates the need for radiologists to 
mentally align and fuse two separate datasets, along 
with the associated potential for errors. Although we 
do not intend to have fused images replace CT and 
MR scans for clinical use, we do see this as a strong 
tool to add to the current practice and aid radiologists 
in completing more accurate and quicker diagnosis. 

In this paper, the multi label graph cut technique 
based on discrete wavelet transform is used to fuse 
the spine MRI and CT images, in order to diagnose 
the disorders in spine images. The proposed method 
in this paper has achieved SSIM 0.93327 and mutual 
information of 6.39227. Future work may include the 
combination of some different image fusion 
technique along with the proposed method to achieve 
the better results of fusion. 
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