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Abstract

Image Fusion is a process of attaining relevant information from the multiple images of same scene. More than one image is
combined to form a single image which contains better description of the scene. Any of the individual input images are not
capable in providing that much informative information which can only present through a fused image. Basic requirement of
image fusion is for high resolution on panchromatic and multispectral images for better visibility. Image fusion process has used
to remove the noise from the images. As noise can deteriorate the actual quality of the image thus it is required to remove noise
from the acquired image. There are numerous methods of image fusion has introduced till now such as DCT, DWT, SF but due
to the issues like quality degradation and edge preservation directs a new technique which is a combination of SWT and
Laplacian pyramid Fusion. Experiments have been performed which shows that proposed technique has better efficiency as
compare to traditional techniques.
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I. INTRODUCTION

Image fusion is a technique or a process which combines two images together to form a visually attractive image. In such process
information is obtained from multiple images of the same scene. Obtained images are captured from different sensors at different
times having different spatial and spectral characteristics. The main idea behind using such process is to retain the most desirable
characteristics of the individual image. Due to the availability of multisensory data in various fields, image fusion has become
the most receiving attention of the researches for different applications [1].

(@) (b) (c)
Fig. 1: Represents example of image fusion (a) image focused on left (b) image focused on right (c) obtained image after fusing of image (a)
and (b).

In image fusion two images are combined to form a single image so that maximum information content without producing
details which are non-existent in the image acquired before can be generated. Nowadays due to the advancement in the
technology it is possible to obtain high quality fused images from multi source images. Obtained fused images are full with
spatial and spectral information. Thus it is a helpful method that can be used to improve the quality of the image based upon set
of images [1]. With the rapid advancement of this technique it has been used in certain areas like medical imaging, remote
sensing, computer vision, microscopic imaging and robotics. Consequently, several techniques have been used for image fusion
such as DWT and Principal Component Analysis, Morphological Processing and Combination of DWT with PCA and
Morphological. But these techniques are able to recover good fused image [4]. Parameters can be involved in order to check the
quality of the certain techniques used such as Peak Signal to Noise Ratio, Normalized Correlation, and Mean Square Error etc.

[1]
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Fig. 2: Block Diagram of Image Fusion [3]

As image fusion is referred as a process where superior image is obtained by extracting certain good features of the input image
explained in the figurel. Object is the source and from different sensors images are obtained and good quality features has
extracted from different sensors and then fusion has performed which resultant into better quality image than the input images

[4].
Il. IMAGE FUSION TECHNIQUES

Classification of Image Fusion can be done in two ways as: [2]
—  Spatial Domain Fusion method
—  Transform Domain Fusion method

A. Spatial Domain:

This fusion method works on the pixels of the input image. Thus it process pixels of an input image. Expression used for spatial
domain processing is as follows [2]:
g XY)ETHEY)] oo, (1)

Equationl. Shows that f (X, y) is the original image whereas g (x, y) is the processed image and T is the operator over
neighborhood of (X, y). Neighborhood about a point (x, y) can be used as a square or rectangular sub image area centered at (X,
y). These types of methods can be used for sharpening and smoothening purposes.[8]

Types of spatial domain fusion techniques are: PCA, Averaging method, IHS method, High pass filtering [18].

#. Frequency Domain:

modifies the Fourier transform of the image where first image or input image has transformed into frequency domain using 2D
Fourier transforms. Then after transformation, obtained image is then processed in frequency domain. [12] Lastly, output image
is acquired through 2D inverse Fourier transforms. Steps followed by frequency domain image processing are as follows [2]:
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Fig. 3: Frequency Domain Image Processing [16]

Figure3 represents processing done by frequency domain where an image is taken from the source, perform frequency
transformation and then process it into inverse and acquired output image [16].

Techniques used in frequency domain fusion are: Discrete Wavelet Transform, FSD pyramid, Laplacian Pyramid, Ratio-of-
low-pass pyramid, Gradient Pyramid [18].
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I11. PROPOSED WORK

Acquiring a single image from set of images on the basis of relevant information is a process known as Image Fusion. Several
image fusion techniques are developed till date like DWT, DCT, and DFT etc. These conventional techniques fused images and
formed a more informative image but had some disadvantages due to which required results were not obtained. The problems
that were faced by the conventional techniques were shift invariance, edge preservation and degrade the quality etc. Existing
Techniques like DCT, i.e. discrete cosine transform degrades quality of the fused image. DWT i.e. Discrete Wavelet Transform
caused the problem of shift invariance and it could not properly conserve the edges of the object in the image. Other techniques
like DFT were able to overcome this problem but it always gives output in terms of complex values. Moreover computational
efficiency of DFT is also very poor. Consequently reduced efficiency of the existing techniques disallows their usage.

Two or more images are fused in the technique of image fusion to make the resultant image more informative and complete
than the input images. Till date DWT, DCT etc techniques were used for image fusion that had disadvantages of either brightness
preserving, edge preserving etc. To overcome the problems of the conventional techniques a new hybrid technique is proposed.
In this Stationary wavelet transform implements and extract the features; fusion is done using Laplacian pyramid technique.
Stationary wavelet transform is used to conquer problem of discrete wavelet transform and also compare the performance
parameters (Peak signal to noise ratio (PSNR), Mean Square Error (MSE), MI (Mutual Information), Entropy) of new proposed
work with old approach.

While in the existing technique efficiency, quality and edge preservation are the drawbacks so a new technique has proposed.
Methodology for the proposed technigue is given below:

1) Step 1: Select two images on which the fusion is to be implemented in MATLAB.

2) Step 2: Apply SWT on both selected images independently.

3) Step 3: Now after selecting the images apply the Laplacian pyramid fusion technique on them in order to acquire quality
oriented output image.

4) Step 4: Now apply Inverse of SWT technique on the image preserved through previous step.

5) Step 5: Final fused image obtained in this step.

6) Step 6: Lastly, performance parameters such as PSNR, MSE, MI and Sl are calculated to check the performance of the
technique applied for fusion of the image.

Selection of imagel Selection of image?
hd Y
Apply SWT Apply SWT

Y

Apply Laplacian
Pyramid Fusion

h 4

Apply Inverse of
SWT

h 4

Obtzin Fmal Fused
Imags

h 4

Perfonmance
Parameter
Calculations

Fig. 4: Block Diagram of Proposed technique
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IV. RESULTS AND DISCUSSION

In this section results are evaluated using proposed technique and the performance of the proposed technique in comparison with
the existing technique is described also as:
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Fig. 5: Evaluation of performance parameters on sample 1

Comparison of Sampla2

| N
MSE il SO

F3SMR

Fig. 6: Evaluation of performance parameters on sample 2
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Fig. 8: Evaluation of performance parameters on sample 4

Evaluation of performance parameter has done which shows in fig5, fig6, fig7 and fig8. Comparison has performed between
old and proposed technique which clearly shows that proposed technique outperforms. PSNR i.e. Peak Signal to Noise ratio
shows that noisy data in the obtained image is less which means that PSNR should be high. Moreover in the proposed technique
it is high compared with existing technique. MSE is the Mean Square Error shows the average error which should be less and
follows by proposed technique. Mutual Information (MI) shows similarity between the input images and output image which is
high in new method and lastly SD (Standard Deviation) evaluates the contrast of the image. Furthermore proposed technique
based upon all the samples performs efficiently. Thus proposed technique is better in terms of accuracy and quality.

V. CONCLUSION

In computer vision, process of combining relevant information from two or more input images into a single image is known as
multi-sensor image fusion. Basic idea is to obtain resulting image more informative than any of the input images. Due to the
availability of the space borne sensors, different image fusion algorithms have been proposed in remote sensing applications.
Owing to this several situation required high spatial and high spectral resolution in a single image. But most of the available
techniques are not capable enough in providing convincing approach. The problems that were faced by the conventional
techniques were shift invariance, edge preservation and degrade the quality etc. Consequently a new technique has proposed. In
this work Laplacian and SWT techniques are used for the purpose of effective image fusion.
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