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Abstract

Image fusion is a process of blending the complementary as well as the common features of a set of images, to generate a resu ltant
image with superior information content in terms of subjective as well as objective analysis point of view. The objective of this
research work is to develop some novel image fusion algorithms and their applications in various fields such as crack detection, multi
spectra sensor image fusion, medical image fusion and edge detection of multi-focus images etc. Image Fusion is still a challenging
problem for researchers. There have been several published algorithms and each approach has its assumptions, advantages, and
limitations The search for efficient image fusion methods still is a valid challenge, at the crossing of functional analysis and statistics.
In spite of the sophistication of the recently proposed methods, most algorithms have not yet attained a desirable level of a pplicability.
All show an outstanding performance when the image model corresponds to the algorithm assumptions, but fail in general and create
artefacts or remove i mage structures. The main focus o f this paper is first to define a hybrid Transform Domain algorithm and based
on that two medical images (CT and MRI images) are fused. This algorithm provides better MSE, PSNR, Entropy and Standard
Deviation than other classic algorithms (The Wavelet Transform Method and The Curvelet Transform Method) which will be clearl y
shown in result section.

Index Terms: Wavelet Transform, HAAR, MFHWT, CT & MRI, MSE, PSNR etc .
--------------------------------------------------------------------- *** -----------------------------------------------------------------------1. INTRODUCTION
Image fusion is the process by which two or more images are
combined into a single image retain ing the important features
fro m each of the original images. The fusion of images is often
required for images acquired fro m different instrument
modalities or capture techniques of the same scene or objects.
Several approaches to image fusion can be distinguished,
depending on whether the images are fused. The purpose of
image fusion is to combine info rmation fro m several d ifferent
source images to one image, which becomes reliable and much
easier to be comprehended by people [16]. Image fusion can
be broadly defined as the process of combing mult iple input
images or some of their features into a single image without
the introduction of distortion or loss of information. The
objective of image fusion is to co mbine co mplementary as
well as redundant information fro m mult iple images to create
a fused image output. Therefore, the new image generated
should contain a more accurate description of the scene than
any of the indiv idual source image and is more suitable fo r
human visual and machine perception or fu rther image
processing and analysis task. The fusion process should be
shift and rotational invariant; it means that the fusion result
should not depend on the location and orientation of an object
the input image. The main principles of image fusion are the

redundancy, the complementary, the t ime-limit and lo w cost
[6].

1.1 Basic Levels of Image Fusion
Image fusion can be divided into three levels:
1.1.1 Pixel-level fusion
1.1.2 Feature-level fusion
1.1.3 Decision-level fusion.

1.1.1 Pixel Level Fusion
Pixel level fusion generates a fused image in which
informat ion content associated with each pixel is determined
fro m a set of pixels in source images. Fusion at this level can
be performed either in spatial o r in frequency domain.
However, pixel level fusion may conduct to contrast reduction.
[4]

1.1.2 Feature Level Fusion
Feature level fusion requires the extraction of salient features
which are depending on their environ ment such as pixel
intensities, edges or textures. These similar features from the
input images are fused. This fusion level can be used as a
means of creat ing additional co mposite features. The fused
image can also be used for classiﬁcation or detection.[9]

1.1.3 Decision Level Fusion
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Decision level is a higher level of fusion. Input images are
processed individually for in formation extraction. The
obtained information is then co mbined applying decision rules
to reinforce co mmon interpretation.[1]

1.2 Conventional Methods of Image Fusion
1.2.1 Spatial Domain Methods
The term spatial domain refers to the image plane itself and
approaches in this category are based on direct manipulation
of pixels in an image. Spatial do main processes can be
denoted by the expression as given by equation
g (x , y) = T [f (x,y)]
…(1.1)
where f (x, y) is the input image, g (x, y) is the processed
image and T is an operator on f, defined over so me
neighborhood of (x, y ). One of the principle approaches in this
formulat ion is based on the use of so-called masks (also
referred to as kernels, templates, windows or filters). A mask
is a s mall 2-D array in which the values of the mask
coefficients determine the nature of the process, such as image
sharpening.
The various spatial do main techniques are illustrated below:

1.2.1.1 Average Method
The simplest way of image fusion is to take the average of the
two images pixel by pixel. Averaging work well when the
images to be fused are fro m the same type of sensor and
contain additive noise [8].

1.2.1.2 Brovey Transform
Brovey transform (BT), also known as color normalized
fusion, is based on the chromaticity transform and the concept
of intensity modulation. It is a simple method to merge data
fro m d ifferent sensors, which can preserve the relative spectral
contributions of each pixel but replace its overall brightness
with the high spatial resolution image. As applied to three M S
bands, each of the three spectral components (as RGB
components) is mu lt iplied by the ratio of a h igh-resolution coregistered image to the intensity component I of the MS data.

1.2.1.3 Intensity Hue Saturation (IHS)
It is most popular fusion methods used in remote sensing. The
fusion is based on the RGB-IHS conversion model, whose
various mathemat ical representations have been developed.
No matter wh ich conversion model is chosen, the principle of
the IHS transformation to merge images attributes to the fact
that the IHS color space is catered to cognitive system o f
human beings and that the transformation owns the ability to
separate the spectral informat ion of an RGB co mposition in its
two components H and S, while isolating most of the spatial
informat ion in the I component. In this method three MS
bands R, G and B of low resolution Image are first
transformed into the IHS color coordinates, and then the
histogram - matched high spatial resolution image substitutes
the intensity image wh ich describes the total color brightness
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and exhib its as the dominant component a strong similarity to
the image with higher spatial resolution. Finally, an inverse
transformation fro m IHS space back to the original RGB space
yields the fused RGB image, with spatial details of the high
resolution image incorporated into it. The intensity I define the
total colour brightness and exhib its as the dominant
component. After resolution using the high resolution data,
the merge result is converted back into the RGB After
applying an IHS transformat ion on the low spatial resolution
images, we replace the Intensity component by the high spatial
resolution image. The fused images are obtained by applying a
reverse IHS transformation on the new set of components

1.2.1.4 Principle Component analysis (PCA)
This technique, also known as the Karhunen-Loeve transform,
is extensively used in image encoding, image data
compression, image enhancement and image fusion for
various mapping and informat ion extraction. The PCA method
is similar to the IHS method, with the main advantage that an
arbitrary nu mber of bands can be used [12].

1.2.2 Transform Domain Method
Transform do main processing techniques are based on
modifying the Fourier transform of image.

1.2.2.1 Pyramid Method
Image pyramids have been initially developed for
mu ltiresolution image analysis and as a model fo r the
binocular fusion in human vision. A generic image pyramid is
a sequence of images where each image is constructed by low
pass filtering and sub sampling fro m its predecessor. Due to
sampling, the image size is halved in both spatial directions at
each level of the decomposition process, thus it leads to an
mu ltiresolution signal representation. The difference between
the input image and the filtered image is so much necessary to
allo w an exact reconstruction fro m the pyramidal
representation. The image pyramid approach thus leads to a
signal representation with two pyramids: The smoothing
pyramid containing the averaged pixel values, and the
difference pyramid containing the pixel differences which is
edges. So we can say that the difference pyramid can be
viewed as a mu ltiresolution edge representation of the input
image. The basic idea is to construct the pyramid transform of
the fused image fro m the pyramid transforms of the source
images, and then the fused image is obtained by taking inverse
pyramid transform.

1.2.2.2 Wavelet Transform
More recently with the develop ment of wavelet theory, people
began to apply wavelet decomposition to take the place of
pyramid deco mposition. It retains most of the advantages for
image fusion as compare to other fusion methods. Wavelet
Transform - The most co mmon form of t ransform image
fusion is wavelet transform fusion. In co mmon with all
transform do main fusion techniques the transformed images
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are co mbined in the transform do main using a defined fusion
rule then transformed back to the spatial domain to give the
resulting fused image. Wavelet transform fusion is more
formally defined by considering the wavelet transforms ω of
the two registered input images I1(x,y) and I2(x ,y) together
with the fusion rule φ. Then, the inverse wavelet transform ω 1 is computed, and the fused image I (x ,y ) is reconstructed .

1.2.2.3 Multiwavelet transform
Multi-wavelets is an expansion of tradit ional wavelet and has
more advantages. It is most important that a mult iwavelets
system can simultaneously have these characteristics that are
preserving length (orthogonality), good performance at the
boundaries because of linear-phase symmet ry, and a high
order of approximat ion also named vanishing mo ments. Thus,
mu lti-wavelets transform offers the possibility of superior
performance for image fusion, compared with tradit ional
scalar wavelets [13]. Multiwavelet is an extension from scalar
wavelet. It not only maintains the good time -domain and
frequency domain localizat ion properties which scalar wavelet
possess, but also overcomes the shortcomings of the scalar
wavelet

1.2.2.4 Curvelet Transform
The curvelet transform has evolved as a tool for the
representation of curved shapes in graphical applicat ions.
Then, it was extended to the fields of edge detection, image
denoising and image fusion [5]. When the curvelet transform
(CT) is introduced to image fusion, the fused image will take
more characteristics of original images and more info rmation
for fusion is maintained [11]. The aim of curvelet transform is
to generate an image of better quality in terms of reduced
noise than the original image. Conventional methods have
very erratic decision making capabilities when compared with
curvelet method. Curvelet Transform is a new mu lti-scale
representation most suitable for objects with curves. Curvelet
Transformat ion is an enhancement technique to reduce image
noise and to increase the contrast of structures of interest in
image. Co mpared to other techniques, this method can manage
the vagueness and ambiguity in many image reconstruction
applications efficiently [11].

2.
3.

4.

5.
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Load the image first and then load the second image.
Apply Hybrid Filter on both medial images:
i.
Apply Gaussian Filter to Input Images to
produce Output Image 1.
ii.
Apply Wavelet Transform to this Output Image 1
to produce Output Image 2.
iii.
Apply Curvelet Transform to this Output Image
2 to produce Final Enhanced Output Image.
By applying this Hybrid Filter on both the input images
we will get two enhanced images as Enhanced Image 1
fro m Input Image 1 and Enhanced Image 2 fro m Input
Image 2.
The Enhanced images are then fused using Modified Fast
Haar Wavelet Transform to produce Final Fused Image.

3. EXPERIMENTS AND DISCUSSION
The proposed technique is compared with the existing Image
Fusion Methods: wavelet transform and Curvelet transform.
To check the performance of the proposed fusion method as
well as the existing fusion method, the performance-measures:
MSE and PSNR are evaluated for all cases. Here, three M RI
and CT images are taken as test images. Table clearly shows
that our proposed fusion method gives improved MSE and
PSNR.

Fig 1: Medical Image Input Set 1

Fig 2: Fused Images by Wavelet Transform (left), Curvelet
Transform (center) and The Proposed Techni que (right)

2. HYBRID TRANSFORM DOMAIN ALGORITHM
When an image is captured with some media, some artefacts
are introduced in the image, which need to be averaged or
denoised. Thus a mult i enhancement technique is required as
we don‟t know which type of noise may come in the image.
So, we are presenting here the hybrid transform algorithm to
enhance the images [7] and then fuse the enhanced images.

Fig 3: Medical Image Input Set 2

The detailed algorith m for the proposed Hybrid Transform
Do main A lgorith m is given as follo ws:
1.

Take the two med ical images.
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Fig 4: Fused Images by Wavelet Transform (left), Curvelet
Transform (center) and The Proposed Techni que (right)
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Image
set
Image
Set 1
Fig 5: Medical Image Input Set 3
Image
Set 2

Fig 6: Fused Images by Wavelet Transform (left), Curvelet
Transform (center) and The Proposed Techni que (right)

Image
Set 3

4. QUANTITATIVE ANALYSIS
In order to compare the Wavelet based image fusion, curvelet
based Image Fusion and The proposed Technique, we have
selected two parameters: Entropy and Standard Deviation
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Techni que Applied

MS E

PSNR

Wavelet Based Image
Fusion
Curvelet Based Image
Fusion
The proposed Technique
Wavelet Based Image
Fusion
Curvelet Based Image
Fusion
The proposed Technique
Wavelet Based Image
Fusion
Curvelet Based Image
Fusion
The proposed Technique

8704.8379

20.1089

3250.2393

29.9604

1243.982
3833.0595

39.5645
28.3111

5222.7581

25.2175

2945.5952
4718.5551

30.9446
26.2327

2393.5864

33.0198

1747.0307

36.1685

4.1 Mean Square Error (MSE)
𝑀𝑆𝐸 =

1
𝑀𝑁

𝑀−1
𝑖=0

𝑁−1
𝑗=0

𝑓 𝑖, 𝑗 − 𝑓(𝑖, 𝑗)

2

where M is the height of the Image imply ing the number or
pixel ro ws, N is the width of the image, imply ing the number
of pixel colu mns, f(i, j)‟ is the original image and „f i, j ‟ is the
reconstructed output image.
Mean square error is one of the most co mmonly used error
projection method where, the error value is the value
difference between the actual data and the resultant data. The
mean of the square of this error provides the error or the actual
difference between the expected/ideal results to the obtained
or calcu lated result. The difference between the pixel density
of the perfect image and the fused image is squared and the
mean of the same is the considered error. M SE value will be 0
if both the images are identical.

4.2 Peak Signal-to-Noise Ratio(PSNR)
PSNR is considered to be the least complex metric, as it
defines the image quality degradation as a plain pixel by pixel
error power estimate. The Peak Signal-to-No ise Ratio (PSNR)
is most commonly used as a measure of quality of
reconstruction in image co mpression, image denoising and
image fusion etc. It is measured in decibels (db). It is
measured as given by Eq.

𝑃𝑆𝑁𝑅 = 10 log10

The above table shows the comparison of Wavelet Transform
Method, Cu rvelet Transform Method and The Proposed
Method in terms of MSE and PSNR. It is very clear fro m the
plot that there is decrease in MSE and increase in PSNR value
of image with the use of proposed method over other methods.
This represents improve ment in the objective quality of the
image.
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where the Mean Square Erro r (M SE) is defined as given by
the above equation.
The MSE and PSNR for three Image sets are tabulated in
Table 1.
Table 1. MS E and PSNR
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Fig 7: Comparison of Wavelet Transform Method,
Curvelet Transform Method and The Proposed Method in
terms of MS E for Image Set 1 to Image Set 3
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The above figure shows the comparison of Wavelet Transform
Method, Cu rvelet Transform Method and The Proposed
Method in terms of MSE. It is very clear fro m the plot that
there is decrease in MSE value of image with the use of
proposed method over other methods. This decrease represents
improvement in the objective quality of the image.
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Figure 4.17 Comparison of Wavelet Transform Method,
Curvelet Transform Method and The Proposed Method in
terms of PSNR for Image Set 1 to Image Set 3

The above figure shows the comparison of Wavelet Transform
Method, Cu rvelet Transform Method and The Proposed
Method in terms of PSNR. It is very clear fro m the plot that
there is increase in PSNR value of image with the use of
proposed method over other methods. This increase represents
improvement in the objective quality of the image.

6. ACKNOWLEDGMENTS
The authors would like to thank DA VIET, Jalandhar for the
valuable comments and suggestions.

7. REFERENCES
[1] A. H. Gunatilaka and B. A. Baert lein, “Feature-level and
decision-level fusion of non coincidently sampled sensors for
land mine detection” IEEE Transactions on Pattern Analysis
and Machine Intelligence 23(6), pp. 577– 589, 2001.

IJESAT | Mar-Apr 2014
Available online @ http://www.ijesat.org

ISSN: 2250-3676
Volume-4, Issue-3, 252-256

[2] A.K.Jain, Fundamentals of digital image processing,
Prentice-Hall, 1989.
[3] Ali, F.E. Do kany, I.M. El.Saad, A. A. and Abd El-Samie,
F.E. (2008), “Fusion
of MR and CT Images Using The
Curvelet Transform”, 25th Nat ional
Radio
Science
Conference (NRSC 2008).
[4] S. Li, J. T. Kwok, and Y. Wang, “Combination of images
with diverse focuses using the spatial frequency,”Information
Fusion 2, pp. 169–176, 2001.
[5] Daljit Kaur and Palwinder Singh Mann “Hybrid Transform
Domain Algorithm for Medical Image Fusion”, International
Journal for Science and Emerging Technology with Latest
Trends(IJSETT), Vo lu me 8, Issue 1, pp. 23-27, June 2013
[6] Dawei , Z. and Fang ,Z .(2007) ,“A New Improved
Hierarchical Model of Image Fusion”, The Eighth
International
Conference
on
Electronic
MeasurementandInstruments ,pp.25-35.
[7] Naga Sravanthi Kota and G.Umamaheswara Reddy
“Fusion Based Gaussian noise Removal in the Images using
Curvelets and Wavelets with Gaussian Filter”, International
Journal of Image Processing, Vol. 5, No. 4, pp. 456-468,
October 2011.
[8] Sabari Banu, R. (2011) ,“Medical Image Fusion by the
analysis of Pixel Level Multi-sensorUsing Discrete Wavelet
Transform ,” Proceedings of the National Conference on
Emerging Trends in Co mputing Science, pp.291-297.
[9]S. Kor and U. Tiwary, “Feature level fusion of multimodal
medical images in lifting wavelet transform domain ” IEEE
International Conference of the Engineering in Medicine and
Biology Security, pp. 1479–1482, 2004.
[10] Starck, J .L . Candes, E. J. and Donoho,D .L(2002),“The
curvelet transform for image denosing”, IEEE Trans. Image
Processing, vol. 11 , pp. 670-684.
[11] Sun , F . Li , S .and Yang , B. (2008), “A New Color
Image Fusion Method for Visible and Infrared Images”,
Proceedings of IEEE International Conference on Robotics
and Bio mimet ics Sanya, China , pp 2043 -2048.
[12] Wang, Z . Ziou , D . and Armenaki , C .(2005) , “A
comparative analysis of image fusion methods”, IEEE
transaction on geosciences and remotesensing,Vol.43,No
6,pp.1391-1402
[13] Wu, K .Wang ,C .and Li , L .(2010) , “Image Fusion at
Pixel Level Algorithm Is Introduced and the Evaluation
criteria” , International Conference on Educational and
Network Technology (ICENT 2010) , pp.585-588.
[14] www.curvelet.org
[15] www.imagefusion.org
[16] Yang, Y. Han , C. X. and Han, D. (2007), “An Overview
on Pixel-Level Image Fusion,” Proceedings of the IEEE
International Conference on Automation and Log istics, Jinan,
China , pp.2339-2344.

256

