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Abstract- Medical image fusion is the tool for the
clinical applications. For medical diagnosis, the edges
and outlines of the interested objects is more important
than other information. Therefore, how to preserve the
edge-like features is worthy of investigating for medical
image fusion. As we know, the image with higher
contrast contains more edge-like features. In terms of
this view, this paper proposed a new medical image
fusion scheme based on Non Subsampled Contourlet
Transform (NSCT) and pixel level fusion rule, which is
useful to provide more details about edges at curves. It
is used to improve the edge information of fused image
by reducing the distortion. This transformation will
decompose the image into finer and coarser details and
finest details will be decomposed into different
resolution in different orientation. The pixel level fusion
rule will be applied and low frequency and high
frequency coefficients are selected, in these fusion rule
we are following Gabor filter bank and Gradient based
fusion algorithm. The fused contourlet coefficients are
reconstructed by Inverse Non Subsampled Contourlet
Transformation (NSCT).The goal of image fusion is to
obtain useful complementary information from CT/MRI
multimodality images. By this method we can get more
complementary information and also Better correlation
coefficient, PSNR (Peak-Signal-to-Noise Ratio) and
less MSE (Mean square error).

Keywords-Non Subsampled Contourlet Transform

(NSCT), Multimodal medical image fusion, Pixel level
fusion, Gabor filter bank, Gradient based fusion.
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I.LINTRODUCTION

Generally, Medical image fusion technique is to
combine the information of a variety of images with
computer-based image processing method. It is being
used for medical image fusion so as to get a better
image  which is clearer and contains  more
information.

In the clinical diagnosis and treatment, the use of fused
images can provide more useful information. It is
important for lesion location, making treatment and
pathological study. In the medical images, CT can
clearly reflect the anatomical structure of bone tissues.
Oppositely, MRI can clearly reflect the anatomical
structure of soft tissues, organs and blood vessels. In the
clinical diagnosis and treatment, the problems about the
comparison and synthesis between CT and MRI were
frequently encountered. For this purpose, the
multimodal medical image fusion has been identified as
a promising solution which aims to integrating
information from multiple modality images to obtain a
more complete and accurate description of the same
object. Multimodal medical image fusion not only
helps in diagnosing diseases, but it also reduces the
storage cost by reducing storage to a single fused image
instead of multiple-source images[1].

The salient contributions of the proposed framework
over existing methods can be summarized as follows.

» This paper proposes a new image fusion frame
work for multimodal medical images, which
relies on the NSCT it will decompose the
images into subbands.

» The sub band images of two source images
obtained from NSCT are utilized for
morphological process to get the enhanced
information to diagnose the brain diseases.
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* Here, the pixel level fusion method is
approached for this process. It will be
implemented based on Gabor-filter bank and
gradient detection for coefficient selection.

* The low frequency subbands of two source
images will be fused by Gabor coefficients
selection and high frequency subbands will be
fused by Gradient measurement to select
desired coefficients.

»  Finally, fused frequency subbands are inverse
transformed to reconstruct the fused image and
parameters will be evaluated between input
and fused image.

The rest of the paper is organized as follows. NSCT can
be described in Section Il followed by the proposed
Multimodal medical image fusion framework and
NSCT decomposition in Section Ill. Experimental
results and discussions are given in Section IV and the
concluding remarks are described in Section V.

Il. PRELIMINARIES

This section provides the description of concept on
which the proposed framework is based. These concept
include NSCT which described as follows.

A. Non-Subsampled Contourlet Transform (NSCT)

NSCT is a kind of multi-scale and multi-
direction computation framework of the discrete
images. It can be divided into two stages including
non-subsampled pyramid (NSP) and non-subsampled
directional filter bank (NSDFB). The former stage
ensures the multiscale property by using two-channel
non-subsampled filter bank, and one low-frequency
image and one high-frequency image can be produced
at each NSP decomposition level. The subsequent NSP
decomposition stages are carried out to decompose the
low Frequency component available iteratively to
capture the singularities in the image. As a result, NSP
can result in sub-images, which consists of one low-
and several high-frequency images having the same size
as the source image which denotes the number of
decomposition  levels. Fig.1 gives the NSP
decomposition with k=3 levels.
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Fig.1 Three-stage non-subsampled pyramid
decomposition.
The NSDFB is two-channel non-subsampled filter
banks which are constructed by combining the
directional fan filter banks. NSDFB allows the direction
decomposition with stages in high-frequency images
from NSP at each scale and produces directional
sub-images with the same size as the source image[1].
Therefore, the NSDFB offers the NSCT with the multi-
direction property and provides us with more precise
directional details information. A four channel NSDFB
constructed with two-channel fan filter banks is

illustrated in Fig.2.
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Fig. 2 Four-channel non-subsampled directional filter
bank.

111.PROPOSED MEDICAL IMAGE FUSION
FRAMEWORK

In this section, we have discussed some of the
motivating factors in the design of our approach to
multimodal medical image fusion. The proposed
framework takes a pair of source image denoted by A
and B to generate a composite image. The basic
condition in the proposed framework is that all the
source images must be registered in order to align the
corresponding pixels. The block diagram of the
proposed framework is depicted in Fig. 3.
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ance Here,the pixel level fusion method is
analysis approached for this process. It will be implemented
based on Gabor filter bank and Gradient detection for
coefficient selection. The low frequency subbands of
Fig. 3 Block diagram of proposed multimodal medical two source images will be fused by Gabor coefficients
image fusion Framework selection and high frequency subbands will be fused by
A.NSCT Decomposition Gradient measurement to select desired coefficients.
NSCT decomposition is to compute the multi Finally, fused two different frequency subbands are
scale and different direction components of the inverse transformed to reconstruct the fused image and
discrete images. The block diagram of Decomposition parameters will be evaluated between input and fused
Flow is depicted in Fig.4. It involves the two stages image.
such as non sub sampled pyramid (NSP) and non C.LF Fusion and HF Fusion
subsampled directional filter bank (NSDFB) to extract 1)Fusion of low frequency coefficients(Gabor Filter
the texture, contours and detailed coefficients. NSP Approach):The low frequency subbands of two source
decomposes the image into low and high frequency images are fused based on selection of appropriate
subbands at each decomposition level and it produces coefficients using Gabor filtering. It is useful to
n+1 sub images if decomposition level is n. NSDFB discriminate and characterize the texture of an image
extracts the detailed coefficients from direction through frequency and orientation representation. It
decomposition of high frequency subbands obtained uses the Gaussian kernel function modulated by
from NSP. This NSDFB includes Fan Filters and sinusoidal wave to evaluate the filter coefficients for
Parallelogram Filters. It generates m power of 2 convolving with an image.The complex Gabor in space
direction sub images if number of stages be m. The domain, here is the formula of a complex Gabor
images of two source images obtained from NSCT are function in space domain
utilized for morphological process to get the enhanced g%, y)=s(x, y) Ur (X, )
information to diagnose the brain diseases. where s(x,y) is a complex sinusoidal, known as the
carrier, and U, (X,y) is a 2-DGaussian-shaped function,
known as the envelop. The complex sinusoidal is
denotes as follows,
s(x, y) =exp (j (2*pi(u0 x + vO0 y) + P))
where (u0, v0) and P denotes the spatial frequency and
the phase of the sinusoidal respectively. The parameters
are: u0=v0=1=80 cycles/pixel; P=0 deg. The real part
and the imaginary part of this sinusoidal are
Re (s(X, y)) = cos (2*pi*(u0 x + v0 y) + P)
Im (s(X, y)) = sin (2*pi*(u0 x + vO y) + P)
The parameters u0 and vO denotes the spatial frequency
of the sinusoidal in Cartesian coordinates. This spatial
Copyright to JIRSET www.ijirset.com 2079
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frequency can also be expressed in polar coordinates as
magnitude FO and direction wO:

Fo-Vuo? + vo?

000000000 ood
=tan"1(v0/u0)
i.e., uo=F, cos [ oo Vo=Fosinll [0
Using this representation, the complex sinusoidal is

s(x,y)=exp(j(2mFo(X cos[ 1o+ y sin [19)+P))
The Gaussian envelop looks as follows

r(%,Y)=K exp(-n(a’(X-xo):"+b*(y-yo%))
where (x0; y0) is the peak of the function, a and b are
scaling parameters of the Gaussian, and the r subscript
stands for a rotation operation3 such that
(X-Xo)r = (X-Xp) cosJ [J + (yyo) sin [
(Y-Yo)r = - (X-Xo) sinCJ LI + (yYo) cos [

2)Fusion of high-frequency coefficients (Gradient
Measurement):High-frequency  coefficients  always
contain edge and texture features which can be fused by
evaluating the gradient of the each sub band
coefficients. The gradient of an image will be defined
as,

G = Sqgrt (dzdx. ~2 + dydx. 2)

Where, the dzdx and dydx are the y derivatives and x
derivatives obtained by the sobel edge operators. Then
these coefficients are fused based on the searching
maximum gradient of these two using decision rule.
The block diagram of coefficient selection is shown
Fig.5. Based on Decomposition Flow shown in Fig.4
this coefficient selection has 2 low and 2 high
frequency inputs.
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IV. RESULTS AND DISCUSSIONS

Some general requirements for fusion
algorithm are:(1)It should be able to extract
complimentary features from input images.(2) it must
not introduce artifacts or inconsistencies (3) it should be
robust and reliable. However, selecting a proper
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consistent criterion with the subjective assessment of
the image quality is rigorous. Hence, there is a need to
create an evaluation system. Therefore, first an
evaluation index system is established to evaluate the
proposed fusion algorithm. These indices are
determined according to the statistical parameters.

A. Parameter Evaluation

1)Peak-signal-to noise ratio and Mean square
error: To establish an objective criterion for digital
image quality, a parameter named PSNR (Peak Signal
to Noise Ratio) is defined in equation as follows:

PSNR = 10*log10 (255*255/MSE)

where MSE (Mean Square Error) - mean-squared
difference between the fused-image and the original-
image. The mathematical definition for MSE is defined
in equation as follows:

MSE=1/(M + N)%iL, XL, (aij — bij)?
Where a; -pixel value at position (i,j) in the input
image.b;; - pixel value at the same position in the output
image. M,N - number of rows and columns. The
calculated PSNR usually adopts dB value for quality
judgment. The larger PSNR is, the higher the image
quality is (which means there is only little difference
between the input-image and the fused-image). On the
contrary, a small dB value of PSNR means there is
great distortion between the input-image and the fused-
image.

2)Correlation Coefficient: It gives similarity in the
small structures between the original and reconstructed
images. Higher value of correlation means that more
information is preserved. Coefficient correlation in the
space domain is defined by:

Correlation = sum (sum (B.*A))/Sgrt (sum
(sum (B.*A))*sum(sum (A.*A)));

Where, B - difference between fused image and its
overall mean value. A - difference between source
image and its overall mean value.

B. Experiments on CT/MRI Image Fusion

To evaluate the performance of the proposed
image fusion approach, two different datasets of human
brain are considered(see Fig. 6 and 7). These images are
characterized in two different groups 1) CT-MR
Dataset 1 and 2) CT-MR Dataset 2. The corresponding
pixels of two input images have been perfectly co-
aligned. All images have the same size of 256 x 256
pixel, with 256-level gray scale. The proposed medical
fusion technique is applied to these image sets .1t can be
seen that due to various imaging principle and
environment, the source images with different modality
contain complementary information. For implementing
NSCT, flat filters and diamond maxflat filters are used
as pyramidal and directional filters respectively. Here
the Experiments are based on decomposition of NSP
and NSDFB with 2 levels, based on that 1 low
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NSSC cosficients: level 2 NSSC coefficients: level 2

frequency and 2 High frequencies are obtained for each Mon.cenged Contrk ool {
image.

The parameter evaluation for fused image
can be shown in Table I and it is clear that the
proposed algorithms not only preserve spectral
information but also improve the spatial detail

information of medical images. (see Table I).

(d) (©) ()

Fig.9 MR Image((d)Low and (e),(f) High Frequency of
Dataset 1)

Fig.7 Dataset 2(CT-MR Images)

Honsutsampled Contowrt coeficents el 1 11990 coeficients: v 2 1155C cosficients: el 2

-
_ ©) ()
(i)
Fig.10 ((g),(h)CT-MR Dataset 1 and (i) Fused Image)
(a) (b) (c)

Fig.8 CT Image((a)Low and (b),(c) High Frequency of
Dataset 1)
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NSSC cosficients: lewel 2 N3SC i oeffici ents: | el 2

(@) (b) (©

Fig.11 CT Image((a)Low and (b),(c) High ) (h) (i)

Frequency of Dataset 2
a Y ) Fig .13((g),(h)CT-MR Dataset 2 and (i) Fused
Image)

TABLE |

NESC 20affcierts: lavel 2 NSSC zoaficients lovel 2
PARAMETER EVALUATION FOR FUSED

MEDICAL IMAGES

Image Parameter
Modalities Parameters values(Fused
Image)

PSNR 39.7911
Image

Dataset1 MSE 6.8229
(CT and MRI)

Correlation 0.6268

(d) (e)
(f) PSNR 39.0268
Image

Dataset?
Fig.12 MR Image((d)Low and (e),(f) High (CT and MRI) MSE 8.1359
Frequency of Dataset 2)

Correlation 0.7918

V.CONCLUSION

In this paper, a novel image fusion framework is
proposed for multi-modal medical images, which is
based on non-subsampled contourlet transform. For
fusion, two different rules are used, by which more
information can be preserved in the fused image with
improved quality. The low frequency bands are fused
by Gabor filter bank whereas Gradient measurement is
adopted as the fusion measurement for high-frequency
bands. In our experiment, two groups of CT/MRI
images are fused using proposed framework. The visual
and parameter evaluation demonstrate that the proposed
algorithm can enhance the details of the fused image,
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and can improve the visual effect with much less
information distortion. Further, in order to show the
practical applicability of the proposed method, two
clinical examples are also considered which includes
analysis of diseased person’s brain with recurrent
tumor.

REFERENCES

[1] Gaurav Bhatnagar, Q.M. Jonathan Wu and Zheng Liu,"
Directive Contrast Based Multimodal Medical Image Fusion in
NSCT Domain" IEEE Trans .Multimedia, vol. 15, no. 5, aug.

2013.

[2] F. Maes, D. Vandermeulen, and P. Suetens, “Medical image
registration using mutual information,” Proc. IEEE, vol. 91, no.
10,pp.1699-1721, Oct. 2003.

[3] G. Bhatnagar, Q. M. J. Wu, and B. Raman, “Real time human
Visual System based framework for image fusion,” in Proc.
Int. Conf.Signal and Image Processing, Trois-Rivieres, Quebec,
Canada, 2010,pp.71- 78.

[4] A. Cardinali and G.P. Nason, “A statistical multiscale
approach to image segmentation and fusion,” in Proc. Int.
Conf. Information Fusion, Philadelphia, PA, USA, 2005, pp. 475—

482.

[5] P. S. Chavez and A. Y. Kwarteng, “Extracting spectral

contrast In Landsat thematic mapper image data  using

selective  principal Component analysis,” Photogrammetric Eng.

Remote Sens., vol. 55, pp.339-348, 1989.

[6] A.Toet, L. V. Ruyven, and J. Velaton, “Merging thermal and
Visual Images by a contrast pyramid,” Opt. Eng., vol. 28,
no. 7, pp .789 792,1989.

[7] V.S.Petrovic and C. S. Xydeas, “Gradient-based multi resolution
image fusion, ” IEEE Trans. Image Process., vol. 13, no. 2,
pp. 228-237, Feb. 2004. [8] A. Toet, “Hierarchical image fusion,
" Mach. Vision Appl.,vol. 3, no.1, pp. 1-11, 1990.

[8] X.Qu,J. Yan, H. Xiao, and Z. Zhu, “Image fusion algorithm
based on s patial frequency-motivated pulse coupled neural
networks in non subsampledcontourlet transform domain,” Acta

Automatica Sinica, vol.34, no. 12, pp. 1508-1514, 2008.

[9] G. Bhatnagar and B. Raman, “A new image fusion technique
Based On directive contrast,” Electron. Lett. Comput. Vision
Image Anal., vol. 8,no. 2, pp. 18-38, 2009.

[10] Q. Zhang and B. L. Guo, “Multi focus image fusion using the

Non subsampledcontourlet transform,” Signal Process., vol. 89,
no. 7, pp.1334-1346, 2009.

[11] Y. Chai, H. Li, and X. Zhang, “Multi focus image fusion

based on features contrast of multiscale products in non subsampled
contourlet transform domain,” Optik, vol. 123, pp. 569- 581,
2012.

[12] G. Bhatnagar and Q. M. J. Wu, “An image fusion framework
based on human visual system in framelet domain,”
Int.J. Wavelets, Multires.,Inf. Process., vol. 10, no. 1, pp.
12500021~ 30, 2012.

[13] S. Yang, M. Wang, L. Jiao, R. Wu, and Z. Wang, “Image fusion

based On a new contourlet packet,” Inf. Fusion, vol. 11,

no. 2, pp. 78— 84,2010.

[14] Q. Miao, C. Shi, P. Xu, M. Yang, and Y. Shi, “A novel
algorithm Of image fusion using shearlets,” Opt. Commun., vol. 284,

no. 6, pp.1540- 1547, 2011.

[15] S.Li, B. Yang, and J. Hu, “Performance comparison of different
multi resolution transforms for image fusion,” Inf. Fusion, vol.

12, no. 2,pp.74-84, 2011.

[16] R. Redondo, F. Sroubek, S. Fischer, and G. Cristobal, “Multi
focus image fusion using the log-Gabor transform and a multi
size windows technique,” Inf. Fusion, vol. 10, no. 2, pp. 163-
171, 2009.

[17] S. Yang, M.Wang, Y. Lu, W.Qi, and L. Jiao, “Fusion of
multi parametric SAR images based on SW-non subsampled
contourlet and PCNN, ” Signal Process., vol. 89, no. 12, pp.

2596-2608, 2009.

[18] Y. Chai, H. Li, and X. Zhang, “Multi focus image fusion
based on Features contrast of multiscale products in non sub
sampled contourlet transform domain,” Optik—Int. J. Light

Copyright to JIRSET

M.R. Thansekhar and N. Balaji (Eds.): ICIET’14

Electron Opt., vol.123, no. 7,pp. 569-581, 2012.

[19] Q.Guihong, Z. Dali, and Y.Pingfan, “Medical image fusion by
wavelet transform modulus maxima,” Opt. Express, vol. 9, pp.

184-190,2001.

[20] V. Barra andJ.Y. Boire, “A general framework for the

fusion of anatomical and functional medical images,” Neuro
Image, vol. 13, no.3, pp. 410-424, 2001.

[21] L. Yang, B. L. Guo, and W. Ni, “Multimodality medical image
fusion based on multiscale geometric analysis of contourlet
transform,” Neurocomputing,vol. 72, pp. 203-211, 2008.

[22] F. E. Ali, I. M. El-Dokany, A. A. Saad, and F. E. Abd El
Samie , “Curvelet fusion of MR and CT images,” Progr.
Electromagn. Res. C, vol. 3, pp. 215-224, 2008.

[23] N.Boussion, M. Hatt, F. Lamare, C.C. L. Rest, and D.
Visvikis , “Contrast enhancement in emission tomography by

way of synergistic PET/CT image combination,” Comput.
Meth.Programs Biomed., vol.90, no. 3, pp. 191-201, 2008.

[24] S. Daneshvar and H. Ghassemian, “MRI and PET image
fusion by Combining IHS and retina-inspired models,” Inf.
Fusion, vol.11, no.2, pp. 114-123, 2010.

[25] Y.Yang, D.S.Park, S.Huang, and N. Rao, “Medical image
fusion via an  effective  wavelet-based approach,”

EURASIP J. Adv. Signal Process., vol. 2010, pp. 44-1-44-13, 2010.

[26] Y.Yang, D. S.Park, S.Huang, and N. Rao, “Medical image

fusion Via an effective wavelet-based approach,” EURASIP J.

Adv. Signal Process., vol. 2010, pp. 44-1-44-13, 2010.

[27] S. Das, M. Chowdhury, and M. K. Kundu, “Medical image
fusion based on ripplet transform type-Z,” Progr. Electromagn.
Res. B, vol.30, pp. 355-370, 2011.

[28] T. Li and Y.Wang, “Biological image fusion using a NSCT

based variable-weight method,” Inf. Fusion, vol. 12, no. 2, pp. 85—

92, 2011.

[29] A.L.da Cunha,J. Zhou, and M. N. Do, “The non subsampled
Contourlet transform: Theory, design, and applications,” IEEE
Trans.Image Process., vol. 15, no. 10, pp. 3089-3101, Oct.
2006.

[30] P. Kovesi, “Image  features from phase congruency,”

Videre: J.Comput. Vision Res., vol. 1, no. 3, pp. 2-26, 1999.

www.ijirset.com 2083


http://www.ijirset.com/

