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Abstract - Image fusion is a process that combines
complimentary information from multiple image into a
single image. Image fusion is used in many application like
satellite imaging, multifocus imaging, and medical
imaging,. Here | have implemented multilevel image fusion
in which fusion is takeout in tow stage. Firstly, Discrete
wavelet or fast discrete curvelet transform is applied on
both source image and secondly image fusion is carried out
with either spatial domain methods like Averaging,
Minimum selection, maximum selection and PCA or with
Pyramid transform methods like Laplacian Pyramid
transform. After that, analysis of fused image obtained from
both wavelet and curvelet is done 7 quality metrics
parameters which that proves curvelet transform is effective
image fusion then wavelet transform. The proposed method
can be applied to medical and multifocus imaging
application in real time and can be helpful for better
medical diagnosis.

Index Terms - Averaging, AG, Cc, CT, Discrete Wavelet
Transform, E, Fast Discrete Curvelet Transform, Image
fusion, Image Quality Metrics, Laplacian Pyramid,
Maximum Selection, Minimum Selection, MRI, PCA,
PSNR, RMSE, SD.

I. INTRODUCTION

The purpose of image fusion is to combine information from
several different source images to one image, which becomes
reliable and much easier to be comprehended by people.
When the two objects A and B, which have different distance
from the same lens, are photographed, it is not often possible
to get an image ,that contain the two objects A and B “in
focus”. Sometimes the source images have been degraded in
different parts. Technology is growing very rapidly and there
are many sensors available in the market which provides
multimode images with different physical characteristics,
geometry, time, frequency domain characteristics. To acquire
all these characteristics into a single image is very difficult
for sensor. Hence image fusion is a technic which combine
all these characteristics into a single image with more
information content. Image fusion commonly used term in
different application like satellite imaging and remote sensing
application many research work has been done but very few
attempts are made for medical imaging. Image fusion
methods are classified into two domain spatial domain
transform domain method and transform domain method.

The spatial domain method includes fusion method namely
averaging, principal component analysis (PCA). Spatial
domain method has disadvantage that they produce spatial
distortion in fused image. By frequency domain we can
handle spatial distortion. Transform domain methods include
multiresolution Analysis (MRA) such as Pyramid transforms
(Laplacian pyramid, gradient pyramid, etc.), Wavelet
transforms (Discrete wavelet transform, Multiwavelet
transform, Complex wavelet transform, etc.) and Multiscale
transforms such as Ridgelet [8], Curvelet and Contourlet.
These methods show a better performance in spatial and
spectral quality of the fused image compared to other spatial
methods of fusion. Most of research work has been done for
Medical image fusion, use spatial domain method like
averaging, PCA, multiresolution teansforms like Laplacian
pyramid transform, Discrecte Wavelet transform and
multiscale transforms such as curvelet transform. The
disadvantage of Laplacian pyramid is that it causes blocking
effects in fused image and it also fail for spatial orientation
during decomposition process [4,5]. The discrete wavelet
transform proves that it is better than pyramid transform
because it has better signal to noise ratio and it detect straight
edges well, as it operate on point singularity. But discrecte
wavelet transform has disadvantage it has poor directionality
and also fail to represent curvilinear structures[6].curvelet
transform is better than wavelet transform because it has
high directionality, representing curve like edges efficiently
and reduces noise effect[7]. Literature survey for image
fusion reveals, mostly all image fusion had been done so far
is carried out only at single level but in this paper | have
implemented multilevel image fusion in which fusion is
carried out in two stages. Also until now in all the research
work [3], only one of fusion method, either spatial domain or
transform domain is used. Recently, image fusion with single
transform and spatial domain are used to improve fusion
result [1, 2]. So here in this paper two transform domain
methods like Wavelet and Curvelet transform along with five
spatial domain methods are used. None of the research paper
covers such broad implementation of two different domain
methods with comparative performance analysis. Further, the
fused image obtained from both Discrete Wavelet and Fast
Discrete Curvelet transform are compare by 7 quality metrics
parameters, which proves effective image fusion using
proposed Curvelet transform than Wavelet transform through
enhanced visual quality of fused image and by analysis of 7
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quality metrics parameters. The method is modern which
carries out complex fusion algorithms at 2-levels which can
be used for medical and multi-focus image fusion. | have
implemented firstly, transform domain methods which gives
high quality spectral contents in fused image. High spatial
resolution is also obtained due to spatial domain methods
applied at second level. So, the proposed multi-level image
fusion method is very innovative which can be applied to
medical and multifocus imaging applications in real time.
The rest of the paper is organized as follows: Section 2
presents the proposed image fusion algorithm. Section 3
gives the experimental results and comparison of different
fusion rules. Finally, section 4 gives the concluding remarks.

Il. THE PROPOSED MULTI LEVEL IMAGE FUSION
METHOD

A. Block Diagram

SPATIAL DOMAIN
METHOD

SPATIAL DOMAIN
METHOD

SPATIAL DOMAIN
METHOD

SPATIAL DOMAIN
METHOD

Figure 1: Block diagram of Proposed Method

The Figure 1 represents the block diagram of multi-level
image fusion which is carried out in two levels. Two source
image, input image 1(CT) and input image 2(MR) are taken
as an input images. Image fusion is carried out at 2 stages.
Firstly, 2-DWT and FDCT is applied on both the input image
which give decomposed wavelet coefficients and
decomposed curvelet coefficient respectively at level the 1.
Curvelet coefficient is obtained by calculating image
orientation from different angles at level 1. The decomposed
coefficient from both wavelet and curvelet preserves better
information content from source images. And then at second
level any of image fusion methods namely Averaging,
Minimum selection, Maximum selection, PCA, and
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Laplacian pyramid method are applied on both wavelet and
curvelet coefficient to get the new wavelet and curvelet
coefficients. The new wavelet coefficients obtained of both
the images after level 2 are combined together to get fused
wavelet coefficients which gives high spatial resolution and
high spectral quality contents. Similarly, the new curvelet
coefficients obtained of both the images after level 2 are
combined together to get fused curvelet coefficients which
gives higher spatial resolution and higher spectral quality
contents than those obtained from wavelet transform as
curvelet transform has high directionality. The final wavelet
fused image and curvelet fused image is obtained by
applying Inverse Discrete Wavelet transform and Inverse
Fast Discrete Curvelet transform on both fused coefficients.
Comparative analysis of wavelet fused image and curvelet
fused image is done by analysis of 7 quality metrics
parameters which proves effective image fusion using
Curvelet transform than Wavelet transform.

B. Multilevel Image Fusion Algorithm

The proposed algorithm is implemented for fused of medical
and multifocus imaging application. In medical image CT
and MR are of main concern. The CT image contains only
bone details and MR image contains soft tissue details. And
both CT and MR contain complementary information. If
both the image fused the fused image contain bone as well as
soft tissue details. The same proposed algorithm is
implemented for multifocus image. Images take for different
focus such as right and left focus images can be fuse for
complementary information.

The steps involved in proposed algorithm can be
summarized as follows:

e The two source images CT, imagel [m1,nl] and
MR, image2[m2,n2] to be fused are applied as input
to system.

e Both the source images are registered and are made
of same dimension, 256 x 256.The images of file
format namely, .bmp, .jpg, .tif, .gif, .png etc can be
read.

e In the proposed multilevel image fusion algorithm

the fusion of two source images undergoes into two
stages which works as follows.

Stagel.

A. The 2D Discrete Wavelet Transform is applied on both
the source images using haar transform which undergoes
column filtering and then row filtering at 2 levels.

B. The wavelet coefficients from both the source images are
obtained which preserves original contents from source
images.

C. Similarly, Fast Discrete Curvelet transform with wrapping
method is applied to both source images.

D. The FDCT algorithm steps is explained as follows-
e Apply 2D FFT transform to both source image and
obtain fourier samples of both images as and where

.The obtained frequency samples of both images are
periodized.

e The periodization of widowed data is done for each
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scale s and angle a, form the product for source
image X[il,i2]as

D1[i1,i2]=Us,a=[i1,i2] X[il1,i2] (@)
And source image YTil,i2] as
D2[i1,i2]=Us,a[i1,i2]Y[il,i2] (2)

e The obtained window data D1[i1,i2] and D2[i1,i2]
are wrapped around the origin to restrict the
rectangular window length L1,a*L2,a near the
origin. The product obtained is

e Xs,a[il,i2]=W(Us,aX)[i1,i2] (3)

e Ys,a[il,i2]=W(Us,aY)li1,i2] 4)

Where dimensions must be in range 0<=il<L1,a,0<=i2<L2,a

e Hence, the wrapping transformation is a simply
reindexing of data.

o  Apply the inverse 2D FFT ti each Xs,aand Ys,a

e The curvelet coefficients, Xs,a and Ys,a .of both the
source images which are obtained contains high
directionality.

Stage2.

a) The different image fusion methods based on spatial and
pyramid transform are applied on obtained wavelet and
curvelet coefficients from stage 1.

b) The spatial and Laplacian pyramid transform methods
used are discussed as follows

A. For Minimum selection rule, fusion is done by taking the
minimum valued pixels from X(i1,i2) and Y(il1,i2) sub
images.

Fmin = min imum(X(i1,i2),Y(i1,i2)) (5)

B. In PCA rule, fusion is done with principal component
analysis calculation for X(il1,i2) and Y(i1,i2) sub images and
then integrating product of principal components (PI ,PIl)
with each source sub images into a single image.

FPCA =PI (X(i1,i2)) + Pl (Y(i1,i2)) (6)

C. Averaging Rule, fusion is done by taking the average of
pixels values from coefficients matrix obtained after DWT
and DFCT applied on two source images, namely X(i1,i2)
and Y/(i1,i2) sub images.

FAvg = (X(i1,i2) + Y(i1,i2)) / 2 @)

D. For Laplacian pyramid rule, fusion is done by first
filtering the X (i1,i2) and Y(il1,i2) sub images and then
difference is calculated by expansion or interpolation way
and then discrete convolution is performed to reconstruct the
fused image, Flap .

E. For Maximum selection rule, fusion is done by taking the
maximum valued pixels from X(i1,i2) and Y(i1,i2) both sub
images of source images.

Fmax =max imum(X(i1,i2),Y(i1,i2)) (8)
Based on the maximum valued pixels between X(i1,i2) and
Y(i1,i2) sub images, a binary decision map is formulated. Eq.
(9) gives the decision rule Dr for fusion of DWT and FDCT
obtained coefficients of two source images.
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Dr (i, j) =1, X(i1,i2) > Y(i1,i2)=0, otherwise ©9)

C. Either spatial or Laplacian pyramid transform method is
applied separately to both wavelet coefficients and curvelet
coefficients of both the source images which gives two
separate new coefficients of wavelet and curvelet transform .

D. Fusion is applied separately on both wavelet and curvelet
based new coefficients obtained at level 2.

E. The two concatenated images are obtained based on
wavelet and curvelet transform whose coefficients contain
both high spatial resolution as well as high spectral quality
contents.

F. Apply Inverse 2D Discrete Wavelet transform (IDWT)
and Fast Discrete Curvelet Transform (IDFCT) on both the
concatenated images based on DWT and FDCT to
reconstruct the resultant fused images and display the result.

G. Comparative statistical analysis of fused image obtained
from multilevel fusion process based on DWT and DFCT is
done with 7 quality metrics parameters such as Mean,
Standard deviation, Entropy, Average Gradient, PSNR,
RMSE and Corelation Coefficient.

I1l. EXPERIMENTAL RESULTS AND STATISTICAL
ANALYSIS

The figure 2(1, I1, 111, IV, V) and figure 3(I, II, I, IV, V)
shows the experimental result of proposed algorithm for
medical image fusion and multifocus image fusion
respectively with different transforms at two levels.
Comparison of DWT and FDCT is done by analysis of 7
quality metrics parameters. The 7 quality metrics parameters
are mean, Standard deviation, Entropy, Average gradient,
PSNR, RMSE and CC. The mean of an image represents the
average of pixel values, for better contrast the mean value
must be high in an image. Standard deviation represents the
deviation of pixel values from mean. The SD must be higher
for higher contrast in an image. Entropy (E) is measure of
information content in an image, so for higher information
content in an image entropy should be higher. Average
gradient (AG) represents the clarity or contrast in an image,
thus for more clarity in an image the AG value must also be
high. The PSNR represents the peak signal to noise ratio, so
for less noise in an image the PSNR value must be high.
RMSE represents root mean square error, for better fused
image the RMSE must be small, so the error in the fused
image will be less. The Correlation Coefficient, CC
represents correlation of fused image with any of one source
images, thus value of CC must be near to one foe better
fused image. The result of both DWT and FDCT with stage
2 fusion method is compared by statistical analysis of 7
quality metrics parameters ans it shows that the laplacian
pyramid fusion method with FDCT at stage 2 gives best
result for both medical and multifocus fused image than any
other method at stage 2.
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Figure 2(1): Result of Image 1 and Image 2 fused
by proposed method with PCA Method.
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Figure 2(IV): Result of Image 1 and Image 2 fused
by proposed method with Laplacian Pyramid.
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Figure 2(I1): Result of Image 1 and Image 2 fused
by proposed method with Averaging Method.
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Figure 2(111): Result of Image 1 and Image 2 fused
by proposed method with Maximum Selection.

Figure 3(1): Result of Image 3 and Image 4 fused
by proposed method with Minimum Selection.
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Figure 3(I1): Result of Image 3 and Image 4 fused by
proposed method with PCA Method.

wWww.ijtre.com

Copyright 2014.All rights reserved.

1218




International Journal For Technological Research In Engineering

Volume 1, Issue 10, June-2014

ISSN (Online): 2347 - 4718

) Comp_WT_CT_gul ED R
Comparitive Analysis of Image Fusion algorithms based on DWT and FDCT
(Image 1| [image 2| Statistical Analysis |
Imaga 1 Image 2 owr FDCT
F Meat 58.83 117898
ket Devistin: 2745 579845
Entropy 6.1132 7.0301
Averaie Gralent 3 4.3706
DWT | ] FDCT | RHSE 5217 53104
PSNR 364808 40.8795
Fusion Method  Awiaging Method v
Corretation Coefficient 097102 0.9799
[Fusion|

FDCT Fused Image

DWT Concatensted image

DWT Fused Image

FDCT Conestenated image

roe] |

Figure 3(I11): Result of Image 3 and Image 4 fused
by proposed method with Averaging Method.

) Comp_WT_CT_gui £l ﬂ?
Comparitive Analysis of Image Fusion algorithms based on DWT and FDCT

Image 1/ Image 2| | statistical Analysis |
Image 1 Image 2 DWT e

Mean 61.7435 122284
Standard Deviation 30.2686, 57.4324
Enteopy 6213 7.1052
Average Gradient 3.7283 16248
DWT | L FDCT J RMSE 14.487 38022
PSR 36.521 42.3304
Fusion Method | Maximum Selection v
Correlation Coefficient 093554 0.97399
Fusion

70
60 /.‘-—'_ —#— Mean
50
—&—SsD
ap 4
30 Entropy

20 ——( R AG
s

u 4 1 4 T £ T . 1

—#%— RMS5E

—&— PSNR
——cc

o o CH & £
@‘é\é\ ‘.‘.‘e’@ o g

Graph 1. Statistical analysis of proposed DWT
based multilevel algorithm for medical fused

140
120 —&— Mean
100 3 —&—SD

80 -

60 - Entropy
;g ] AG

R e —— = —%— RMSE

&S & 0‘}0" @é“ ’bbo“ —e— PSR
N AN
& & @& & ——CC

Graph 2. Statistical analysis of proposed FDCT based
multilevel algorithm for medical fused image

DWT Coneatenated Image FDCT Concatenated image DWT Fused Image FDCT Fused Image 70
—&— Mean
—&—SD
.l 4: =_ Entropy
. >— AG
Figure 3(1V): Result of Image 3 and Image 4 fused by 10 -EE— —
proposed method with Maximum Selection. 0 e e ———— RMSE
& o
) Comp_WT_CT_gui ’&Q& Qo (;‘}o '\6\\)& \’bé’b —&— PSNR
)
Comparitive Analysis of Image Fusion algorithms based on DWT and FDCT ‘x‘s\o v:"' ‘§°+ R —t—CC
|lmage 1 Image 2| Statistical Analysis |
P e e owt Foct Graph 3. Statistical analysis of proposed DWT based
ean 62905 11416 multilevel algorithm for multifocus fused image
Standard Devietion 30,5092 571.3718
Entropy 6.2974 7.1538 140
Average Grardient 3 16057 120 — 2 — > | ¢— Mean
DWT | " FDCT RMSE 14,4099 33206 100 ®— SD
Fusion Method | Laplacian Pyramid~ » i et e 80
Correlation Cosfficlent 092656 097332 _ = i e — = Entro|
fuslon 60 py
DWT Concatenated Image FDCT Concatenated Image DWT Fused Image 7FDCYFusedlmaqe 40 -_?._-—.—dé— AG
| 20
(1owT | IFDCT] | 0 X% | ——nRMsE
S & @\,@ & —e— PSNR
\*&° 4"@ & oQ\Q
. —+—CC
Figure 3(V): Result of Image 3 and Image 4 fused s L

by proposed method with Laplacian Pyramid.

Graph 4. Statistical analysis of proposed FDCT based
multilevel algorithm multifocus fused image

Www.ijtre.com Copyright 2014.All rights reserved. 1219



International Journal For Technological Research In Engineering

Volume 1, Issue 10, June-2014

The above graphs show the comparison of different image
fusion methods with DWT and FDCT. Graph 1 shows the
Statistical analysis of proposed DWT based multilevel
algorithm for medical fused image. Graph 2 shows the
Statistical analysis of proposed FDCT based multilevel
algorithm for medical fused image. Graph 3 shows the
Statistical analysis of proposed DWT based multilevel
algorithm for multifocus fused image. And Graph 4 shows
the Statistical analysis of proposed FDCT based multilevel
algorithm for multifocus fused image. As we can see in all
the above graphs, the quality metrics such as mean, SD, E,
AG, CC, and PSNR value either increase or remain constant
from minimum fusion method to laplacian pyramid fusion
method. But RMSE quality metrics value decrease from
minimum fusion method to laplacian pyramid fusion method.
So the laplacian pyramid fusion method with FDCT at stage
2 gives best result for both medical and multifocus fused
image than any other method at stage 2.

IV. CONCLUSION

The proposed multilevel image fusion algorithm based on
DWT and FDCT works expeditiously for fusion of medical
and multifocus imaging applications. In this paper, the
comparison of DWT and FDCT is done by tabular and
graphical representation which shows improved fusion
quality by statistical analysis of 7 quality metrics parameters.
The FDCT based multilevel image fusion works better than
DWT based multilevel image fusion. But of all the
combinations of transforms implemented, the FDCT with
Laplacian pyramid transform gives the best fusion result for
both medical and multifocus images in terms of enhanced
visual quality, richness of information content in fused
image, better PSNR and low RMSE value. The proposed
algorithm and results obtained can be used by researchers or
academicians for further research work on image fusion. The
future work includes, implementing other fusion methods
based on latest multiscale geometric analysis transform and
some improvements in pre as well as post processing of
image fusion.
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