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Abstract- The main objective of image fusion is to combine higher spatial information in one band with higher spectral 
information in another dataset to create synthetic higher resolution multispectral datasets and images. The spine image fusion 
includes fusion of CT images and MRI images of spine into a single image containing both information of CT and MRI 
modalities. CT image gives information about bony structure whereas MRI gives soft tissue details. NSCT method 
eliminates the need of correlation and alignment as method allows physician to observe soft tissue and bony details on single 
image. The proposed algorithm Non Sub sampled Contour let transform (NSCT) gives fast performance as it provides 
mutiscale, mutidirectional and shift invariant property. 
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I. INTRODUCTION 
 
Image fusion is a technique that assimilate 
complimentary details from multiple input images 
such that the new image give more information and 
more suitable for the purpose of human visual 
perception which makes job of physician easy. The 
output of image fusion gives better results as fusion 
criterion is to minimize error between fused image 
and input image. Magnetic resonance image (MRI), 
computed tomography (CT), positron emission 
tomography (PET) and Single positron emission 
computed tomography (SPECT) is the different 
image fusion techniques. This fusion technique 
provides accurate diagnosis and also helps in 
reducing the storage cost by reducing storage to a 
single fused image [1].CT images provides dense like 
structure. The physiological changes cannot be 
detected easily using CT images whereas in MRI 
images even the soft pathological tissues can be 
visualized better. For better visualization medical 
images are needed to be combined for better 
visualization and for accurate diagnosis. Due to 
advantages of medical image fusion it is considered 
as efficient way to generate information from medical 
image fusion. This fusion technique not only provides 
accurate diagnosis and analysis but also helps in 
reducing the storage cost by reducing storage to a 
single fused image [1]. 
 
Image fusion techniques are categories into two 
techniques- spatial domain and frequency domain 
techniques. Spatial domain image fusion techniques 
provide high spatial resolution. But it has image 
blurring problem. Spatial domain techniques results 
poor performance as it produces edge distortion in 
fused image. Further image techniques include pixel 
level, feature level and decision level fusion. The 
pixel level is computationally efficient and original 
quality of image is not lost during process as its 
information is  associated with each pixel. In feature 
level fusion, source  images  are  segmented  into  
regions  and these  features  are  used  for fusion.  

 
Decision level fusion uses decisions coming from 
various fusing sensors [2].  
 
The discontinuities at edge points is easily detected 
by wavelet based fusion techniques, but it cannot 
capture two dimensional singularities from the input. 
Curvelet is characterized by three parameters scale, 
orientation, and translation. Contourlet-based fusion 
method performs better than the conventional 
wavelet-based fusion methods. It is good in both 
spatial and spectral analyses. In contourlet transform 
its basis images are not localized in the frequency 
domain which is a major drawback [3]. Curvelet 
transform is good at representing smooth and edge 
parts of image. It provides more image information 
than wavelet transform. The disadvantage of this 
transform is missing texture and contrast information. 
Wavelet transform is challenged with representation 
of edges while curvelet can’t represent texture 
information clearly. 
 
Spine image fusion is performed using NSCT. Fusion 
image of CT and MRI provides both characteristics in 
the single image. NSCT is performed on source 
images then low and high frequency coefficients are 
fused together. For low and high frequency 
coefficients phase congruency and directive contrast 
are incorporated as fusion rules. The phase 
congruency is used for low-frequency coefficients to 
provides frequency coefficients brightness-invariant 
representation whereas directive contrast efficiently 
determines the frequency coefficients from the clear 
parts in the high-frequency. Directive contrast is used 
to combine high-frequency coefficients. The low 
frequency bands are fused by considering phase 
congruency whereas directive contrast is adopted as 
the fusion measurement for high-frequency bands 
The combinations of these two can preserve more 
details in source images and further improve the 
quality of fused image. The visual and quantitative 
analysis show that the proposed framework provides 
a better fusion outcome when compared to 
conventional image fusion techniques. 
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II. IMAGE FUSION TECHNIQUES 
 
Spatial domain fusion method directly deals with 
pixels of input images. The fusion methods such as 
simple maximum, simple minimum, averaging, 
principal component analysis (PCA) and HIS is a 
spatial domain methods. In transform domain method 
image is first transferred in to frequency domain.  
 
Pixel Level Algorithm 
In max-min technique fused image is obtained by 
averaging smallest and largest values of 
corresponding pixels in all input images. 
2.1 Simple Maximum Method: Fused image is 
highly focused image but it has major drawback of 
blurring effect is more 
 
2.2 Simple Minimum Method: In this method, the 
resultant fused image is obtained by selecting the 
minimum intensity of corresponding pixels from both 
the input image. 
Simple maximum/minimum technique produce 
blurred output which in turn affects the contrast of the 
image. Therefore these techniques are not suitable for 
real time applications. 
 
2.3 Simple Average Method:  
This method is simple in implementation. a simple 
way of obtaining an output image with all regions in 
focus Simple average is basic fusion method in which 
resultant fused image is obtained by taking the 
average intensity of corresponding pixels from both 
the input image. But the Resultant fused image is not 
clear. 
 
2.4 Weighted Average Method:  
Weighted averaging technique in which different 
weights are assigned to all source images. It improves 
detection consistency but increases signal to noise 
ratio of the fused image. The resultant fused image is 
obtained by taking the weighted average intensity of 
resultant pixels from both the input image. 
 
2.5 Principal Component Analysis (PCA) method:               
PCA is a tool which transforms number of correlated 
variable into number of uncorrelated variables; this 
property can be used in image fusion. Principal 
Component Analysis is a sub space method, which 
reduces the multidimensional data sets into lower 
dimensions for analysis. This method determines the 
weights for each source. It is very easy to use for 
image fusion and fused image has high spatial 
quality. But it also results in spatial degradation [4].  
 
2.6 Discrete Wavelet Transform Method: The 
Discrete Wavelet Transform Method (DWT) provides 
better signal to noise ratio. DWT is a multi scale 
approach used to manage the different image 
resolutions [5]. The discrete wavelets transform 
(DWT) allows the image decomposition in different 

kinds of coefficients preserving the image 
information. Such coefficients coming from different 
images can be appropriately combined to obtain new 
coefficients so that the information in the original 
images is collected appropriately. Once the 
coefficients are merged the final fused image is 
achieved through the inverse discrete wavelets 
transform (IDWT), where the information in the 
merged coefficients is also preserved. The DWT 
fusion method may outperform the slandered fusion 
method in terms of minimizing the spectral distortion 
but in this method final fused image have a less 
spatial resolution  
 
2.7 Combine DWT and PCA method 
It is transform based method. Multi level fusion is 
performed where the image undergoes fusion twice 
using efficient fusion technique. The output image 
contained both high spatial resolutions with high 
quality spectral content. This method is complex in 
fusion algorithm [6].  
 
2.8 Combination of Pixel & Energy Fusion rule  
This method preserves boundary information and 
structural details without introducing any other 
inconsistencies to the image. The disadvantage of this 
method is its complexity of increases [7]. 
 
2.9 Curvelet Transform 
If there is any discontinuity along the curved edge 
that will affect all the wavelet coefficients. So there is 
need of a better algorithm to represent the curved 
shapes efficiently.The Curvelet Transform is used as 
time frequency and multiresolution analyses tool. The 
fused image using the curvelet-based image fusion 
method yields almost the same detail as the original 
panchromatic image, because curvelet represent 
edges better than wavelets. It also gives the same 
colour as the original multispectral images [8].It helps 
in shape detection of the fused image. But it has 
limited availability of wavelet transform leads to 
curved shapes of the fused image. Curvelet has an 
advantage that it can solve the blurring of edges and 
details in wavelet image fusion, but its disadvantage 
is that it  has no good performance of the local 
variation of the image. 
 
2.10 Contourlet Transform 
The wavelet transform has disadvantage such as 
limited directions and non-optimal-sparse 
representation of images. To overcome these 
limitations, the new multi scale transforms Contourlet 
is introduced in image fusion. Contourlet 
transformation has good direction sensitivity, and 
catches accurately the image edge information, but 
the Contourlet transform lacks the shift invariance. 
The contourlet transform has a major shortcoming, 
which is that its basis images are not restricted in the 
frequency domain. The new Contourlet transform 
with shift invariance, called non-subsample 
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contourlet transform (NSCT) has been proposed 
[7].CT provides provide accurate image edge 
information. 
 
III. THE NON-SUBSAMPLED CONTOURLET 
TRANSFORMS 
  
To overcome the problem of Contourlet transform 
NSCT is used.The main property of NSCT is 
providing a multidirectional, multiscale, shift 
invariant image decomposition that can be efficiently 
implemented by means of the fusion techniques or 
algorithms.  
 
3.1 Non-Subsampled Pyramid Structure (NSP)  
The main multi scale property of non sub sampled 
contour let transforms is conserved by NSP. It is 
assembled by combining the directional filter banks 
and Laplacian pyramid. The pyramidal filter bank 
structure plays important roles in the compression 
applications as a result of production of very little 
redundancy by the pyramidal filter bank with the 
contourlet transform. Two channel non-Subsampled 
2D filter banks can be used to achieve the multiscale 
property in the NSCT domain 
 
3.2 Non-Subsampled Directional Filter Bank 
(NSDFB)  
The up samplers and the down samplers are 
overlooked from the directional filter bank to contain 
the nonsubsampled directional filter bank.It provide 
directional property. The nonsubsampled directional 
filter bank produces a tree structured filter bank. 
NSDFB offers the NSCT with the multi-direction 
property and provides us with more precise 
directional details information. NSDFB provides 
more detail directional information.  
 
3.3 Combination of NSDFB AND NSP  
The NSCT is the mixture of both NSP and 
NSDFB.NSCT is fabricated very carefully such that it 
does not disturb the upper stages of the pyramid 
because applying directional response at lower and 
higher frequencies may cause aliasing due to the tree 
structured format of the NSDFB.  

 
3.4 Directive Contrast  
The difference of intensity value at some pixel from 
neighboring pixel is measured by contrast feature. 
The directive contrast is useful for fusion of high 
frequency coefficients of the input images. For the 
better interpretation of the image selection of high 
frequency coefficients are necessary. The bright and 
sharp regions of the image are generally symbolized 
by the high frequency coefficients of an image. 
Directive contrast also produces accurate result. 
 
3.5 Phase Congruency  
The phase congruency is useful for fusion of low 
frequency coefficients of input images. It yields the 

contrast and brightness invariant representation of the 
low frequency coefficients of the image. The main 
useful of the phase congruency is in feature 
perception of the image based on local energy model, 
which postulates the important features of the image 
at points of pixels. It express luminance and contrast 
invariant feature extraction.  
 
IV. PROPOSED SYSTEM 
 

 
Fig.1.Block diagram of proposed spine image fusion 

framework 
 
Proposed Methodology: 

A. Different Level NSCT 
B. Energy Measurement 
C. Pixel Level Fusion 
D. Validation 

 
Image acquisition 
The medical images are taken from different sensors 
(like CT and MRI) at different time and at different 
view point. Before the images to be fused should be 
properly aligned and should have equal size which 
can be achieved from image registration techniques. 
 
NSCT: 
NSCT is a shift-invariant version of CT (Contourlet 
transform) and has some excellent properties 
including multilevel and multidirectional properties. 
NSCT provides a better representation of the 
contours. CT employs the Laplacian pyramid for 
multiscale decomposition and the DFB for directional 
decomposition. To reduce the frequency aliasing of 
CT and to reach the shift invariance, NSCT 
eliminates the down samplers and the up samplers 
during the decomposition and the reconstruction of 
the image; it is built upon the non-subsampled 
pyramid filter banks and the non-subsampled 
Directional filter banks, by applying this transform 
we will get low and high frequency component of 
input image. Apply different level of transform to CT 
and MRI image.  
 
Fusion: 
In our system high frequency component of CT and 
MRI is fused based on Energy level. Fused low 
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frequency is nothing but MRI low frequency 
components. Then apply inverse NSCT to get a 
reconstructed panel.Same process is repeated for 3 
panel i.e RGB panel.  
 
V. RESULTS 
 

 
Fig.2. (A) CT image (B) MRI Image 

 

 
Fig.3. Decomposition of CT images 

 

 
Fig.4. Decomposition of MRI R panel image 

 

 
Fig.5. Decomposition of MRI G panel image 

 

 
Fig.6. Decomposition of MRI B panel image 

 
Fig.7. Fused image 

 
CONCLUSION 
 
The proposed framework is based on Non 
subsampled countoulet transform(NSCT) which 
overcomes the disadvantage of curvlet 
transform,wavelet transform,contourlet transform as 
it has shift variant property.In NSCT filter bank 
replace upsampler and downsampler to obtain shift 
invariant property and NSDFB offers multidirectional 
property with more directional detail information  and 
improve visual effects. 
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