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Abstract

This research work for image fusion method gives an increased vividness with the definition of a variety of fusion based
assessment parameters. An energy based wavelet transform (ETWT) is used to calculate features of the input images to be fused,
separately, to produce a region for fusion map. Fusion intensity of each region is calculated and fusion is done, region-by-region,
in the wavelet domain. This method gives results comparable to original wavelet based fusion method, HPF fusion, PCA fusion
and it has a number of advantages over given methods. These include: the intelligent semantic fusion for improved perception;
and for areas with certain space to be attenuated or accumulated as unfit for fusion and hence not fused. The result of any image
fusion is a new generated image that has the most needed information and properties of each input image. Due to the various
multi-scale transform, in the proposed fusion algorithm. The fusion has resulted to be very effective in all fusion assessment
algorithms and has improved the overall gain needed for a system using image fusion for any particular need.
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I. INTRODUCTION

Image fusion is the process that combines information from multiple images of the same scene. These images may be captured
from different sensors, acquired at different times, or having different spatial and spectral characteristics. The object of the image
fusion is to retain the most desirable characteristics of each image. With the availability of multi sensor data in many fields,
image fusion has been receiving increasing attention in the researches for a wide spectrum of applications. Image Fusion is
defined as the task or technique of combining two or more images into a single image. The new single image retains important
information from each input image. Image fusion is a powerful tool used to increase the quality of image. Image fusion increases
reliability, decreases uncertainty and storage cost by a single informative image than storing multiple images Image fusion can
take place at three different levels pixel feature, decision level Image fusion technique can be classified into two categories—
Direct Image Fusion and Multi resolution Image Fusion. Multi Resolution fusion uses wavelet and multi wavelet transform at
multi scale for the representation of the input images. Image fusion based on the DWT can provide better performance than
fusion based On other multiscale methods such as Laplacian pyramid, morphological pyramid. Wavelet transform in multi-
resolution can provide good localization in both frequency and space domains. In comparison with other multi-scale transforms,
the discrete wavelet transform is more compact, and give detail about directional information in the low-low, high-low, low-
high, and high-high bands, and contains unique information at different resolutions. Multiwavelets have more than two scaling
and wavelet functions. The multi-wavelet has many outstanding properties like orthogonally, short. A multi-wavelet system
provides perfect reconstruction also preserve length (orthogonally), good performance at the boundaries, and a high order of
approximation . The image fusion (IF) process is to integrate multisensory or multi-view or multi-focus information into a new
image that contains better quality features and is more informative of all the individual input information. The term quality, and
its meaning and measurement depend on the particular application. Image fusion is called Pan sharpening used to integrate the
geometric details of the high resolution (Panchromatic) images and colour of the low resolution or multispectral (MS) images.
The resultant image contains high resolution multispectral image. Panchromatic image is broad visual wavelength range which is
rendered in black and white. Multispectral image is that is obtained in different spectral band. Image fusion finds its application
in various fields such as satellite imaging, medical sciences, military applications digital cameras multi-focus imaging etc.

Il. IMAGE FUSION: SCALAR WAVELETS

The wavelet transform is use to detect local features in a signal process. It also used for decomposition of two dimensional (2D)
signals such as 2D gray-scale image signals for multiresolution analysis. In wavelet transforms a signal is decomposed in lower
frequency band and high frequency bands. In discrete wavelet transform (DWT), two-channel filter bank is used. When
decomposition is performed, the approximation and detail component can be separated 2-D Discrete Wavelet Transformation
(DWT) converts the image from the spatial domain to frequency domain. The image is divided by vertical and horizontal lines
and represents the first-order of DWT, and the image can be separated with four parts those are LL1, LH1, HL1 and HH1. [10]
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Fig. 1 Wavelet decomposition

A. General process of image fusion using DWT
—  Step 1: Implement Discrete Wavelet Transform on both the source images to create wavelet lower decomposition.
— Step 2: Fuse each decomposition level by using different fusion rule like simple average , simple maximum ,simple

minimum ,etc.

—  Step 3: Carry Inverse Discrete Wavelet Transform on fused decomposed level, for reconstruction of final fused image F.
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Fig. 2: Wavelet Based image fusion

Fig. 3(c): Resultant Fused image using maximum fusion rule with wavelet

111.IMAGE FUSION METHODS

There are various methods that have been developed to perform image fusion. Some well-known image fusion methods are listed

below [5-9].
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Intensity-hue-saturation (IHS) transform based fusion

cipal component analysis (PCA) based fusion

Arithmetic combinations

Brovey transform
Synthetic variable ratio technique
Ratio enhancement technique

. Multiscale transform based fusion
1) High-pass filtering method

2) Py

ramid method

Gaussian pyramid

Laplacian Pyramid

Gradient pyramid

Morphological pyramid

Ratio of low pass pyramid
Contrast pyramid
Filter-subtract-decimate pyramid

3) Wavelet transform

Discrete wavelet transform (DWT)
Stationary wavelet transform

Dual tree discrete wavelet transform
Lifting wavelet transform
Multi-wavelet transform

4) Curvelet transform

E. Total probability density fusion

F. Biologically inspired information fusion

1VV.WAVELET BASED IMAGE FUSION

The standard image fusion techniques, such as IHS based method, PCA based method and Brovey transform method operate
under spatial domain. However, the spatial domain fusions may produce spectral degradation. This is particularly crucial in
optical remote sensing if the images to fuse were not acquired at the same time. Therefore, compared with the ideal output of the
fusion, these methods often produce poor result. Over the past decade, new approaches or improvements on the existing
approaches are regularly being proposed to overcome the problems in the standard techniques. As multiresolution analysis has
become one of the most promising methods in image processing, the wavelet transform has become a very useful tool for image
fusion. It has been found that wavelet-based fusion techniques outperform the standard fusion techniques in spatial and spectral
quality, especially in minimizing color distortion [6,7,8]. Schemes that combine the standard methods (HIS or PCA) with

tradeoff is higher complexity and cost.

V. METHODS

wavelet transforms produce superior results than either standard methods or simple wavelet-based methods alone. However, the

Image fusion methods can be broadly classified into spatial domain and transform domain fusion Brovey method, Principal
Component analysis (PCA) IHS (intensity hue saturation) and High pass filtering methods fall in the spatial domain fusion
techniques.
Spatial image fusion work by combining the pixel values of the two or more images. The simplest is averaging the pixel values of
the input images [6] wavelet transform and Laplacian transform come in the transform domain. In the transform domain method the
multiscale decomposition of the images is done and the composite image is constructed by using the fusion rule. Then inverse
multiscale transform is applied to achieve the fused image.

A. Brovey Transform
The Brovey Transform was developed to visually increase contrast in the low and high ends of an images histogram (i.e., to
provide contrast in shadows, water, and high reflectance areas such as urban features). Consequently, the Brovey since the
Brovey Transform is intended to produce RGB images, only three bands at a time should be merged from the input multispectral
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scene [14] The Brovey transform is based on the mathematical combination of the multispectral images and high resolution Pan
image. The following equation shows the mathematical algorithm for the Brovey method.[3]

Fi = Mi
NMj+C
"
is the fi
Whe! Band

M; is the multispectral Band
P is the Panchromatic Band
N

> Mj is sum of all the multispectral Bands j=1

B. IHS Transform

The IHS technique is one of the most commonly used fusion techniques for sharpening of the images. It has become a standard
procedure in image analysis for color enhancement, feature enhancement, improvement of spatial resolution and the fusion of
disparate data sets [4 The commonly used RGB (XS3, XS2, XS1) colour space is not suitable for a merging process, as the
correlation of the image channels is not clearly emphasized. The IHS system offers the advantage that the separate channels
outline certain colour properties, namely intensity (I), hue (H), and saturation (S). This specific colour space is often chosen
because the visual cognitive system of human beings tends to treat the three components as roughly orthogonal perceptual axes.
The IHS system is defined as C

C. Principal Component Analysis

Principal component analysis (PCA) has been called one of the most valuable results from applied linear algebra. PCA is used
abundantly in all forms of analysis - from neuroscience to computer graphics - because it is a simple, non-parametric method of
extracting relevant information from confusing data sets. With minimal additional effort PCA provides a roadmap for how to
reduce a complex data set to a lower dimension to reveal the sometimes hidden, simplified dynamics that often underlie it. [9]
For images, it creates an uncorrelated feature space which can be used for further analysis instead of the original multispectral
feature space. The PC is applied to the multispectral bands. The PC analysis transform converts inter correlated MS bands into a
new set of uncorrelated components [12].

D. High pass filtering (HPF) fusion

For the high pass filtering (HPF) fusion, first the ratio of the spatial resolution of the panchromatic and the multispectral image is
calculated. A high pass convolution filter kernel is created and used to filter the high resolution input data with the size of the
kernel based on the ratio. The HPF image is added to each multispectral band. Before the summation, the HPF image is
weighted relative to the global standard deviation of the multispectral bands with the weight factors are again calculated from the
ratio. As a final step, linear stretch is applied to the new multispectral image to match the mean and standard deviation values of
the original input multispectral image [12]. It shows acceptable resultsalso for multisensoral and multi temporal data. Sometimes
the edges are emphasized too much. [10]

E. The Laplacian Pyramid
The Laplacian Pyramid implements a “pattern selective “approach to image fusion, so that the composite constructed not a pixel
at a time, but a feature at a time. The basic idea is to perform pyramid decomposition on each source image, and then integrate
all these decompositions to form a composite representation, and finally reconstruct the fused image by performing an inverse
pyramid transform. The first step is to construct a pyramid for each source image The fusion is then implemented for each level
of the pyramid using feature selection decision. There are two modes of the combination averaging and the selection. In the
selection process the most salient component pattern from the source image are copied while less salient patterns are discarded.
In the averaging case source patterns are averaged reducing the noise. Selection is used where the source images are distinctly
different and the averaging is used where the source images are similar. The laplacian pyramid has the following steps:

— Images size checking.

—  Construction of pyramid level n

—  Pyramid level fusion

— Final level analysis

— Reconstruction of fused image. [13]

F. Wavelet Transform
Wavelet transform is one of the important tools used for signal processing and image processing. Wavelet transforms find its
application in the compression and cleaning of the images. Basically wavelets transforms are of two types, first which is easily
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reversible, where we are able to easily recover the original signal after its transformation. It is used in image compression and
image cleaning. Second type is the one which is used for the signal analysis and sensor measurement fault detection. The basic is
the decomposition of the signal which can be written by the equations
c(n) = 0.5x(2n) + 0.5 x(2n+1) 3)
d(n) = 0.5x(2n) - 0.5 x(2n+1) 4)
The reverse of the decomposed signal is given by the equation
y(2n) = ¢(n) + d(n) ©)
y(2n +1) = ¢(n) - d(n) (6)

When we repeat the simple AVE/DIFF signal decomposition procedure a number of times, each time on the average signal
c(n), we get the Haar transform.

. AVE/ —»
2(n) DIFE cs(n)
AVE > —>
»| /DIF | dg(n) ds(n)
— o -
X(n —» di(n)

Fig 4: Basic diagram of the simple AVE/DIFF signal decomposition

The signal is decomposed by repeating the process of obtaining the coefficients c(n) and d(n) M number of times, where the
length of the original signal is given by 2. For image fusion, a wavelet transform is applied to the panchromatic image resulting
in a four-component image: a low-resolution approximation component (LL) and three images of horizontal (HL), vertical (LH),
and diagonal (HH) wavelet coefficients which contain information of local spatial detail. The low-resolution component is then
replaced by a selected band of the multispectral image [14]. This process is repeated for each band until all bands are
transformed. A reverse wavelet transform is applied to the fused components to create the fused multispectral image [15].The
block diagram representing the wavelet based image fusion is shown in Fig.

— Method 1: All the four sub bands of the fused image F is simply acquired by averaging the wavelet coefficients of
source images A&B. i.e. & F; = (IA+IB;) /2..

— Method 2: All the four sub bands of the fused image F is simply formed by taking the wavelet coefficients from source
images which is having the maximum value. i.e. Fj* = max(Aj*,Bj* ) & F; = max (IAJ, 1BJ) .

— Method 3: Since larger absolute transform coefficients correspond to sharper brightness changes, the good integration
rule is to select, at every point in the transform domain, the coefficients whose absolute values are higher i.e. Fj = max
(abs(Aj*), (Bj*)) & F; = max(abs (IA,), abs(IB))) .

— Method 4: This method uses methodl for low frequency sub bands and uses method 3 for high frequency band. i.e. Fj
= max (abs(A"), (Bf)) & F; = (IA+IB)) /2.

— Method 5: This method is slight modification of method 4. It takes the average of approximation and diagonal details of
source image to form the LL and HH sub band and uses absolute maximum criterion to form the LH and HL sub bands
of fused image. [16]

k

G. Multi Wavelet Transform

Multiwavelets are similar to scalar wavelets but have some important differences. Unlike scalar wavelets, in multiwavelet each
decomposition level consists of 16 subbands. In 2D-DMWT prefilter is first used on each row of the image. Then resultant rows
are then decomposed by using 1D DMWT. The same steps are used on the columns. Result of 2D-DMWT decomposition is 16
sub images containing Multiwavelets coefficients related to low pass and high pass filters as shown in Fig. (5).

LL LLLHLH
LL LL L LH
HL HL HHHH,
HL HH | :
HL, HL HH HH,
Fig 5: Image subband a) Wavelet b) Multiwavelet

In image fusion process a registration step is required before applying 2D-DMWT. The registration step is used to overcome
imaging parameter differences between two source images. After prefiltering and apply 2D-DMWT to the registered input
images, an activity level measurement (AL) step is used for appoint different weights to multiwavelet coefficients. There are
three methods including coefficient-based, window-based, and region-based [19] for computing the AL for an image I.
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Fig. 6 Image fusion algorithm based on 2D-DMWT [3]

V1. PROPOSED FUSION TECHNIQUE

As per the study done in literature survey, we propose the designing of an optimized fusion filter which constitutes the image
restoration features known from previous techniques which will be enhanced with new parameters and then finally applying the
fusion on the multi-focus images, we will also improve a parameter of Colour balance restoration which is very critical in
spectral images for increasing visual scene quality.

VIl. RESEARCH METHODOLOGY

As one image is not enough, thus, we need more images and the technique how to combine them. Multi-sensor data fusion has
become a discipline to which more and more general formal solutions to a number of application cases are demanded. The most
effective solution for providing high-spatial-resolution and high-spectral resolution remote sensing images is to develop effective
image fusion technique. Depending upon the purpose of a given application,

—  Some users may desire a fusion result that shows more detail in color, for better image interpretation or mapping.

— Some may desire a fusion result that improves the accuracy of digital classification.

— Some others may desire a visually beautiful fused color image, solely for visualization purposes. Thus the proposed

scheme is a robust and it withstand with problems which encountered during literature survey

A. Functional Block Diagram
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Fig VII: Proposed Image Fusion Flow Chart and Diagram

All rights reserved by www.ijirst.org 11



Energy Based Wavelet Image Fusion
(IIRST/ Volume 1/ Issue 6 / 002)

Methodology

— The images are selected with different focus points The images are sent to the pre-processing stage for compression

— The next stage is the calculation of the energy in image pixels using the 2D-DWT based decomposition

—  We repeat the steps for both the images for all layers Red, Green and Blue, which constitutes a tree like decomposition
giving the elements of the images for study using mapping

—  Fuse images with RGB Energy Wavelet transform and apply IDWT for final Image

VI1Il. RESULTS AND DISCUSSION

A. Results for Images of Books

§ (=) = 2 )
Fig VII1.1: Shows the original images (a) and (b) which were fused, (c) shows result of the PCA based fusion output, (d) shows the Base
wavelet based fusion output, (e) shows the HPF fusion output and (f) shows the Proposed wavelet based fusion output

MEAN VALUIES OF PIELS CHANGED MEAN VALUES OF PIEELS CHANGED

1 z 3
RED 'GREEM BLUE

1 2 3
RED GREEN Bue
) (a)

Fig VI11.2(a): shows the RSME values from PCA fusion, (b) shows the RSME values from Wavelet fusion, (c) shows the RSME values from
HPF fusion and (d) shows the RSME values from Proposed Wavelet fusion
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Table 1
Shows the results of the fusion processes using various parameters like MSE, Qe, Qabf, IE
STDR STD G STD B Qe Qabf IE

PCA 199.4572 | 118.6568 | 105.4786 | 0.933763 | 1.465422 | 6.632533
Wavelet | 201.0456 | 118.6536 | 104.7585 | 0.931705 | 1.48324 | 6.623672
HPF 220.8761 | 137.8203 | 126.9543 | 0.81798 | 0.613389 | 6.038777
Proposed | 128.1599 | 68.67723 | 55.29372 | 0.997024 | 2.439829 | 8.885757

I’X. CONCLUSION

Image fusion has become important in digital image processing research area. The main objective of image fusion is to combine
information from two or more source images of the same scene to obtain an image with completely information. The evaluation
of the information of the input images with better quality of image is the need. Thus, various techniques of fusion like PCA,
Wavelet transformation, high pass filtering method and proposed ETWT fusion were designed and compared, based on the
results of which the conclusion is made by us that the proposed fusion technique is very accurate in all the assessment parameters
and shown outstanding results with the given dataset, and making the system robust to the variations in the scenes due to change
in focus of the images. Extraction all the useful information from the source images and optimized fusion of the image data is
done , our fusion results are very similar to the previous technique of the wavelet based fusion which was simple 2D-DWT based
substitution. Thus from given results in the Tabular charts and visual results of the images we conclude that the designed system
of fusion is robust to imperfections of the previous algorithms and has the scope of improvements in future use for fusion based
applications.
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