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ABSTRACT

Image fusion is the process of combine different images from

one or multiple imaging to raise the imaging quality. The
concept is to improve the image content by combing images.
Image fusion is important for improving the image quality and
clinical application of medical image. Computed Tomography
best suited for bone rift and reduction in providing
information of the tissues, at the same time Magnetic
Resolution Imaging gives soft tissue information and lacks in
boundary information. In this paper Ripplet transform is
resolving 2 dimensional singularities and show image edges
more efficiently. At beginning the medical images are
reconstruct by discrete ripplet transform. Fusion rules are
applied to low frequency and high frequency subband. Apply
inverse discrete ripplet transform to fused coefficient of low
frequency and high frequency, for getting fused image. The
performance of proposed system is calculated by quantitative
approach such as spatial frequency, entropy, mutual
information, peak signal to noise ratio, and root mean square
error.
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1. INTRODUCTION

Nowadays, in medical field researcher (doctors) require high
spatial and spectral information in single image for purpose of
monitoring and treatment. This sort of information cannot be
achieved using individual modality images. Particular
modalities of imaging reflect knowledge of organs and tissue
of human body [3]. According to their application range, they
have different species such as CT, MRI, PET, SPECT, and
FMRI. A Computed tomography (CT scan) is best suited for
viewing bone injuries, diagnosing different organ problem
such as brain, lung, chest etc. An MRI is suited for soft tissue
and organ. SPECT and PET are the nuclear medicine
tomographic imaging technique by applying gamma rays.
FMRI is a procedure that measures brain movement by
detecting correlated changes in blood flow. CT and MRI
provide high resolution image with biological information.
Functional image such as PET, SPECT, and fMRI gives low
spatial resolution with basic information. A single medical
image cannot give complete and detailed information. For this
situation fusion is a technique used to combine medical
images from MRI, CT scanner. The aim of image fusion is
integrating equivalent give redundant information from
multiple images to create fused images. These fused images
are more suitable for radiologist and machine approach or
further image analysis task. Image fusion is used in many
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operations such as remote sensing, in satellite imaging,
machine vision etc.

Image fusion methods have been proposed by different
researcher in literature [2]-[9]. Image fusion techniques
divided into unite state as pixel, feature and decision level. It
has been found that pixel level IF method shows contrast
reduction. Technique based on intensity hue saturation,
principal component analysis and brovey transform gives
good result than previous technique but go through spectral
degradation. Multiresolution analysis based IF techniques
have been proposed to enhance the fusion result. Pyramidal IF
system having subtype as laplacian pyramid, the gradient
pyramid, the contrast pyramid, and the morphological
pyramid. It fails to spatial orientation selectivity hence these
IF system causes blocking effect. The dilemma with wavelet
transform is that it can keep the spectral information but
cannot spatial aspect.

In this paper we proposed image fusion of medical image with
the help of ripplet transform. The other part of paper is
organized as RT in section2, in section 3we have the proposed
method. Performance evaluation given in section4.
Experimental Results in section 5and Conclusion is given in
section 6.

2. RIPPLET TRANSFORM (RT)

Fourier transforms and wavelet transform suffers from
discontinuation such as boundary and curve in image. Hence
for this problem, jun xu and dapeng wu proposed a new tool
called Ripplet transform. Ripplet transform is greater
dimensional generalization of curvelet transform (CVT),
suited for representing image or two dimensional signals in
different scale and direction [11]. Anyhow RT gives us a new
compact frame work with representation of image.

2.1 Continuous Rlpplet transforms (CRT)
For 2 dimensional image F(y) and inner product of F(y) and

ripplets paba({/) as

R@D.6)=(f.p [ )=[tQ)p, [ )Y &)

R(a, t') 0) is ripplet coefficient.
2.2 Discrete Ripplet Transform (DRT)

For digital image processing we need discrete transform than
continuous transform, hence define discretization of Ripplet
transform.

For image MxN as
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The image can get back with help of inverse discrete ripplet
transform

Pn1n2) = zzzR (nL,n2) 3)
ikl
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3. PROPOSED SYSTEM

The fused image is fused well or not statistical analysis is
carried out.

The medical image fusions to be registered and assure that the
equivalent pixel are adjusted. The proposed method is as
follows:

(i)The source images CT image as (X) and MRI image as(Y)
are break down by DRT.

(ii)For next Stage the original source images breaks as low
frequency and high frequency subband. These subbands are
merging using different fusion rules.

(iii) By applying Fusion rule we get respective fused low
frequency and high frequency subbands.

(iv)To get final fused image F, apply inverse ripplet transform
to fused low frequency and high frequency subband. It is
shown in figure 1

The alphabets are used as follows X, Y, F shows that source

image as CT image and MRI images also fused image
N

respectively. M (p) giving the subband after applying DRT.

(M=X, Y, F) and (N=L, H) where L and H are low and high

frequency subband.

For fusing subband the fusion rules are as follows

3.1 Simple Average Fusion rule:
Simple average fusion rule gives importance to both source
images i.e. CT and MRI images,

N 1 N N
CF(p) :E(Cx(p)+CY (9) (4)

3.2 Maximum Selection fusion rule:
It selects the maximum frequency coefficient of the fused
image.

N(10) I N(|f>) 2 N(|o) I
N 2
cpP = C)N( C,)\l( cr ®)

N
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4. PERFORMANCE EVALUTION

The fused image is fused well or not statistical analysis is
carried out.

4.1 Standard Deviation (STD):

Standard deviation measure the variation in the fused image.
An image with high variation will have a high STD.

1 M N
STD = J 2 2 ((F(m,n) — mean)2 )
MN m=1n=1

F (m, n) is gray value of pixel of image F at position (m, n)
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1 N
mean = — Z 2 | F(m, n) | @)
MN m=1n=1

42 Entropy (EN):

It measures information of image content. If entropy of fused
image higher than input image i.e. means it have more
information.

L1
- Z p(9) log, p(9) ®)

P (g) is probability of grey level g, and its range from

4.3 Spatial Frequency (SF):
SF can used to calculate activity and clarity level of an image.
Greater the spatial frequency value gives better fusion result.

SF = VRFZ + CF? ©)

Row frequency denoted by RF and column frequency denoted
by CF

1 M-1N-2
RF= | — ¥ Z (F(m,n+1) - F(m, n)) (10)
\/M(N 1) m=0 n=0

1 M-2N-1
CF=|— X Z (F(m+1,n) — F(m, n)) (11)
\/(M )N m=0 n=0

4.4 Mutual Information (MI):

MI measures the degree of dependency of the two images.
Greater the measure means better quality.

Ml = 1(Xy ;XE)+ 1(Xy ;XE) (12)

4.5 Root Mean Square Error (RMSE):

Root mean square error between the reconstructed image and
the original image presents error of mean intensity of
image[12].

The RMSE is stated as,

1
RMSE = J(Mx N) [ZXZY(Itrue(X'Y)_ I fused(X’Y)ﬂ (13

I wie (X, Y) is reference image, | nsea (X, Y) is fusion image
also M, N are dimension of images.

4.6 Peak Signal to Noise Ratio (PSNR):
It given by,

MxN

PSNR =10* LOG 10 5
RMSE

(14)
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5. EXPERIMENTAL RESULTS

Table 1 Parametric analysis of Source Images

Sr. System Image EF 5TD ENTROPY | MI
No No.
1 existing cl 278 3004 | 068 429
ml 373 3378 | 307 554
proposed | ¢l 49 3204 | 273 6.58
ml 508 3378 | 525 T.87
2 existing c2 396 43359 [ 099 623
m2 9.09 8177 | 743 13.40
proposed | 2 6.14 43359 [ 304 831
m2 1131 [ 8377 | 9.62 13753
3 existing c3 i 3476 | 193 12.11
m3 430 3873 |3.52 6.33
proposed | 3 9.89 86.76 | 3.97 14.39
m3 6.33 4073 [ 3.70 3.68
4 existing cd 6.63 7317 | 1.66 1045
m4 6.32 3871 | 534 962
proposed | c4 B.83 7317 |31 12.74
m4 8.73 60.71 | 7.52 1193
3 existing c3 5.36 3897 | 134 542
m3 047 4.19 0.38 0.69
proposed | o3 734 6097 | 3.39 10.71
m3 2.69 6.19 2.56 3o
6 existing ch 239 2846 | 0.63 407
m6 825 T427 | 6.75 12.18
proposed | ef 477 3046 | 2.49 633
mé 1047 | 7627 | 8.93 14.50

Here for parametric analysis of source images first consider as
six images of CT and MRI images. They are having mainly
existing system and proposed system. For existing system we
are having contourlet method where as for proposed one
ripplet method. Table 1 shows better value for source images
in proposed system compare to existing one.

For table 2 the parametric analysis of fused image is shown
.Here fused image no is denoted as F. In the proposed system
we are calculating root mean square error (RMSE) and peak
signal to noise ratio (PSNR).Here in fig 2 image set 3and 5
shown in below

(d) () ®
Fig.2 image (a), (d) are CT images (b), (e) are MRI
images and (c) and (f) are respective fused image
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Table 2 Parametric analysis of fused images

Sr | System Image | SF STD EN M EMSE PENE
o 10
1 exising F1 00 | 4584 | 4358 218 - -
proposed 732 | 4784 |6.78 428 133240 | 1577
2 | eising | F2 507 [4561 (436 [217 |- -
proposed T2 | 4761 (676 | 427 263.793 | 1832
3 exising | F3 G20 | 83463 | 836 |[398 - -
proposed 1151 | 8563 | 1036 | 6.08 | 246469 | 1322
4 existing F4 413 3731 | 373 1.78 - -
proposad 6.37 3931 | 393 387 254469 | 1268
5 | enisting | F3 724 | 6318 [ 632 [300 |- -
proposed 046 67.18 | 8.72 520 78230 1111
6 exising | Fé 413 | 3714 |53 1 |- -
propeosed 6.35 3004 1591 386 170.894 | 2095
. 14
& 12
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[=2
§ N Wexisting
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[
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Graph 1.Analysis of spatial frequency of fused image
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Graph2. Analysis of standard deviation of fused image
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Graph3 .Analysis of Entropy of fused image

Entropy of an image is the average numbers of bits need to
quantize the intensities of image. The entropy of an image is
measure of information content. Analysis of entropy is shown
in Graph3.In Graph4 for MI analysis shown ,MI is measures
of degree of dependence.
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Graph 4. Analysis of mutual information of fused image
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Graph5. Analysis of Peak signal to noise ratio and Root
mean square error of fused image

CT Image LF Subband of CT
X) and MRI images
MRI HF Subband of CT

Image(Y) and MRI images
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6. CONCLUSION

The fusion of medical images plays a necessary role in many
clinical applications. CT and MRI image subband are fused
using different fusion rule. Image fusion using ripplet
transform support more extensive and accurate information
than individual source image. Proposed system shows higher
value of spatial frequency, standard deviation, entropy, mutual
information, root mean square error, and peak signal to noise
ratio parameters for CT and MRI images as compared to
existing system. Now for these system we used mainly brain
images, we can analysis of other human body part such as
abdomen, chest etc.
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