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Abstract – Image Fusion is a process of extracting the
relevant information from a set of multi-resolution images,
and then combining it intelligently to form a single composite
image with extended information content. Image fusion
combines registered images perfectly to produce an enhanced
image with spatial and spectral information for image
analysis and computer vision. In this paper, we proposed a
region based multi resolution image fusion using marker
controlled watershed algorithm and DWT. In our proposed
technique, the algorithm is divided into five parts-Image
wavelet decomposition, watershed segmentation, merging of
segments, weighting of coefficients, decision of selecting
coefficients and inverse discrete wavelet transform. Our
proposed technique is efficient and having clear perspective
of real time implementation and is more robust to image
noise and blurring.
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wavelet transform and Watershed transform.

I. INTRODUCTION

Multi-sensor image fusion has become an area of
intense research in the past few years. Image Fusion is the
process of extracting the appropriate information from a
set of multi-resolution images and then combining it
intelligently to form a single composite image with
extended information content. 0nce a set of images is
registered, different types of information can be extracted
from them to create an enhanced image. The sub-pixel
information from multiple images of the same scene can
then be combined to provide both more detail and
increased resolution beyond that provided by the sensor
itself. In this approach it provides an all environmental
conditioned system that compensates the weak points of
one sensors with another’s strong points [1]-[2] . In recent
years, image fusion process has become an essential and
useful tool for image analysis and computer vision,
medical diagnosis, remote sensing, concealed weapon
detection (CWD), night vision applications etc , [3]–[5].
Broadly the actual image fusion process can be
implemented at different levels of information
representation [6] but the most popular methods used in
research are categorized as pixel level, feature level and
symbol level. Pixel-level image fusion means fusion at
lowest processing level and generates fused image by
merging associated local neighborhoods or by considering
individual pixels for fusion decision. Fusion at feature-
level involves two steps. First, feature extraction is
employed separately (e.g by segmentation procedures) on
each input image, and the features can be identified with
characteristics such as edges or regions of similar
intensity, shape, contrast or texture, then the fusion
process accomplished based on the extracted features.
Symbol level image fusion generates fused image by
combining information form the highest level of

abstraction. The choice of the suitable level may be factors
such as data sources, available tools and applications.

Generally people pay more attention to fused objects
rather than individual pixels of an image in most various
application of image fusion. Currently, it seems that most
image fusion applications employ pixel-based methods
[15]. The advantage of pixel fusion is that the images used
contain the original information. Furthermore, the
algorithms are rather easy to implement and time efficient.
The existing fusion methods based on pixel-level are very
sensitive to misregistration, thus the accuracy of image
registration is demanded in sub-pixel level. In some
examples of image fusion, the fusion method based on the
region feature has more meaning than the one based on
pixel method. Since objects could be represented by
regions. The region based fusion methods first transform
the source images to multi-scale representations and
regions are extracted from the transformed coefficients in
each scale. Some simple activity level measurements are
calculated from each region. The source images are then
fused based on these activity level measurements region
by- region. In this paper, we proposed a novel region-
based multi-resolution image fusion using marker
controlled watershed transform and discrete wavelet
transform. The experimental results show that the
performance of our method is more robust to image noise
and blurring.

II. THE 2-D DISCRETE WAVELET

TRANSFORM

Wavelet means small wave. Wavelet analysis is
analyzing signal with short duration finite energy function.
It transforms the signal under analysis into another
representation that present the signal in more useful form.
wavelet transform is computed for various scales of the
wavelet at various locations of the signal [7]. If the scales
and position are in discrete points, the transform is called
DWT as given by eq (1).
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Where j and k are integers representing the sets of
discrete translation and dilation and , ( ) is the mother
wavelet.

By applying the 2-D Discrete wavelet transform on a
image, the image signal is decomposed in two according
to frequency content resulting in one high pass component
and one low pass component [8]. The high frequency
component is regarded as the details of the image and the
low frequency component the approximation. The next
level decomposition is done using the low pass signal. The
process continues till the required level is reached. wavelet
decomposition of images gives us four components for
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further processing i.e Approximation(LL),Horizontal
details(LH) ,Vertical details(HL),and Diagonal detail(HH).
Assuming the transform kernel as separable function i.e. f(
x, y) =f(x) f(y), then the scaled and translated basis
functions are defined as :
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Where i={H,V,D}

The DWT of image f(x,y) of size M × N is defined as :
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Where i = {H,V,D}
Image f(x,y) is obtained using equation (6) via the

inverse discrete wavelet transform:

),(),,(
1

),(),,(
1

),(

,,
,,

,,0

0

0

yxnmjW
MN

yxnmjW
MN

yxf

i
nmj

DVHi m n

j

jj

nmj
m n









   

 











(6)
A way to display the transform components is to do a

mosaic containing the approximation in the upper left
corner , horizontal details to it's right, vertical details at the
bottom left and diagonal details in the bottom right. The
inverse transform seen in (6) is a summation of the four
components of the level above. It reconstructs the original
image from the components

III. MULTI-RESOLUTION IMAGE FUSION

PROCESS USING MARKER CONTROLLED

WATERSHED TRANSFORM

The region based image fusion using water shed
algorithm method is shown in fig (1). The basic steps of
this process are: wavelet decomposition, watershed
segmentation, merging of segments, decision map, inverse
wavelet transform, fusion of images.
Step 1: The two source images, image X and image Y with
different focuses is being used an input image for fusion .
Step 2: Perform wavelet decomposition of two input
images until the required level of decomposition is
reached to get approximations  iLL and detail  iLH  iHL

 iHH , for i = 1,2,3,4……..L
Step 3 : After creating a pyramid image using wavelet
trans form , the image was segmented by application of
marker controlled watershed algorithm. The segmentation
is done by using a series of morphological operations to
sets the markers for back ground and foreground of the
image and then applying watershed segmentation
technique on the marked image.

Step 4 : calculate the weights of the specific object or
region using equation (7).
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Where j is either image X or Y
Step 5 : Based on maximum value rule the binary decision
map is formulated equation (8) , which gives the decision( , ) for fusion of approximation coefficients in the
two source images(X and Y) as :
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Step 6 : Finally the region based multi resolution image
fusion through maximum value criterion is obtained .
Step 7: A new matrix is obtained after concatenation of
fused approximation and details .
Step8: Applying inverse wavelet transform using equation
(6) we obtain the resultant fused image.

IV. RESULTS

Recently most image fusion applications employs pixel-
based methods because the images used contain the
original information, the algorithms are rather easy to
implement and time efficient. But the existing fusion
methods based on pixel-level are very sensitive to
misregis-tration, thus the accuracy of image registration is
demanded in sub-pixel level. In some examples of image
fusion, the fusion method based on the region based has
more meaning than the one based on pixel method. The
robustness of region based method is better than the one
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based on pixel, which avoids the problem existing in pixel
fusion method, such as the sensitivity to noise and
misregistration The region-based approach have some
advantages that the fusion process becomes more robust
and avoids some of the well-known problems in pixel-
level fusion such as blurring effects and high sensitivity to
noise and misregistration. Image fusion methods based on
wavelet transform have been widely used in recent years.
Wavelet transforms provide a framework in which an
image is decomposed, with each level corresponding to a
coarser resolution band. The wavelet sharpened images
have a very good spectral quality. Fourier transform
provides information regarding frequency. Short time
Fourier transforms give only constant resolution. So,
wavelet transform is preferred over Fourier transform and
short time Fourier transforms since it provides
multiresolution.

To verify our algorithm we use a set of clocks images as
source images. Fig 2(a) and 2(b) are the two source
images. In fig 2(a) the big clock, the table and the
background wall behind it is out of focus whereas the
small clock is in focus, similarly in fig 2(b) the small
clock, the table and the background wall behind it is out of
focus whereas the big clock is in focus. Fig 2(c-d) are the
segmentations of fig 2(a) and fig 2(b). Fig 2(e) shows the
merged segmentation of fig 2(c) and fig 2(d) and finally
fig 2(f) shows the region based fusion image obtained by
using our algorithm.

Fig.2. (a) input image 1 small clock in focus
(b) input image 2 big clock in focus
(c) segmentations of (a).
(d) segmentations of (b).
(e) merged segmentations.
(f) Final results of region based image fusion using
maximum selection rule.

V. CONCLUSION

In image based applications, image fusion is widely
used as an efficient tool for improving overall
performance of an image. In this paper we proposed a
multi resolution image fusion algorithm based on region
based segmentation using discrete wavelet transform. First
the input images are decomposed by using wavelet
transform and then segmentation is done using watershed
algorithm and the coefficients weights calculation,
decision making and coefficient combinations are done in
these segmentation regions. Finally applying inverse
wavelet transform we obtain the resultant fused image.
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