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ABSTRACT

Fusion of visible and IR images is intended to merge input pictures into a fused image that is predicted to be a higher
informative for human or machine sense as compared to any of the input pictures. Due to this advantage, Image fusion
techniques have shown greater achievements in remote sensing, medical imaging, and visual sense applications. As
expected, conventional techniques like simple averaging fusion, select maximum, select minimum algorithms shows
degraded performance. The ringing tone given within in the fused image can be turned aside using wavelets with shift
invariant property. The proposed fusion technique requires sub-band decomposition using 2D-Discrete Wavelet
Transform (DWT) in order to retain both spatial and spectral information. An optimal variant of the daubechies
wavelet family has been preferred experimentally for improved fusion results. The Daubechies wavelets family is
used to divide the images into detail information and approximate information. The detail information from one image
can be injected into another image using different techniques and different fusion rules. It has been concluded that
image fusion using wavelets with greater level of decomposition showed superior performance.
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I. INTRODUCTION

The need for image fusion for image processing applications has been increased drastically due to constraints
like improper image capturing, optical limitation and lack of clarity and quality with a single image sensor.
Infrared image contain few detail with high contrast about the captured scene compared to the visual
image. On the other hand, visual image contain plenty of high frequency information but has a bad target
contrast especially under bad luminance condition [2]. In the recent years a lots of work is being conducted
in the area of image processing especially in the aspect of image fusion.

New methods have been proposed regularly on the improvements of the existing techniques and
approaches. Image fusion is a technique that is used to combine the similar characteristics of two or more
images to get the final fused image. Many applications that require analysis of two or more images of a
scene have been benefited from image fusion[ 1]. It is often suitable to fuse two or more images of different
characteristics into a single image such that the resultant fused will be more informative than that of the
original source images. Image fusion can be broadly classified into two different categories. They are 1-
spatial domain fusion and 2- Transform domain fusion. They can be done in 3 different levels. They are 1-
Pixel level, 2- Feature level, 3-Decision level. There are several methods that have been proposed to perform
image fusion techniques. These methods are based on the type and level where the fusion has to be applied.
Image fusion decreases the storage cost storing of single image with all the necessary and required
characteristics is more useful than storing of multiple images which are poor in quality and have less
information. Image fusion also increases reliability of an image.
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The elementary multi-spectral image fusion is to take the average of the grey level source images pixel
by pixel. This approach would produce several unwanted consequences and reduced feature contrast. To
beaten this problem, multiscale transforms, such as wavelets, Laplacian pyramids, morphological pyramid,
and gradient pyramid have been proposed. Multi-resolution wavelet transforms could contribute good
localization in both spatial and frequency domains. Discrete wavelet transform would provide directional
information in decomposition levels and contain unique information at different resolutions.

With the advance of research in this field, algorithms such as Intensity—Hue—Saturation (IHS) and
Brovey transform (BT) have been used to fuse visible and IR images implemented the pixel level
decomposition on weighted average fusion law. Though the algorithm was straightforward to implement
still the fused image did not explain the existence of the objects from the set of images used a method “fuse
then decompose’ approach which expressed input image in the form of gradient maps at each resolution
level. Even if it has been noticed that the said technique did not produce tolerable performance but
consecutively increased the computational complexity due to the crisis of gradient maps. The widely used
fusion rule is maximum selection scheme [3]. In selected maximum pixel intensity approach along with
wavelet to perform fusion yielded a focused image but the image experienced blurring and diminished
contrast. On the other hand, in DWT, the output image reduced the noise content; it contained high spatial
distortion, which did not clarify the objective of image fusion. The method produced an image with less
structural comparison with the source images along with low contrast and luminescence. Wavelet basis
functions are generally not expressed explicitly as functions [4]. The above discussion acquired the motive
to improve the quality of the fused image by removing the artifacts from the images. The reason for choosing
the wavelet based technique in comparison to other approaches is that they are confined in time and frequency
and can be represented with specific time span. Hence, the wavelets retain time and frequency information,
thereby producing a suitable approach for image fusion. Else, these fused images are also handled with
denoising, contrast and edge enhancement techniques to improve the visualization of information. Therefore,
the proposed work represents a combination of wavelet transform and PCA as an improvement to the
limitations mentioned before. The results have been assessed using entropy, fusion factor (FF) and standard
deviation as fusion metrics; produced satisfactory performance. The rest ofthe paper is organized as follows:
The proposed fusion approach is discussed in section II. Section III presents experimental results and
finally the paper is concluded in section IV.

II. PROPOSED FUSION METHODS

This part discusses the utilization of PCA fusion rule in wavelet transform as a technique to fuse the
complimentary content from visual and IR images into a single image for definite results. Wavelets saves
spatial and frequency information of the images to be combined. Although the primary dominance of
wavelet transform over another transforms is that it consists of the temporal information of the images. The
Wavelet Transform provides a time-frequency representation of the signal which is capable of revealing
aspects of data which other signal Analysis techniques overlook [5] .Wavelet transform detects the location
and frequency information from the images, which makes it suitable for the image fusion purposes. Multiscale
decomposition is very useful for extracting the salient features of images for the purpose of fusion [6].
Furthermore; wavelet transform can easily captures the local features involved in image process.

(A) Proposed fusion approaches

The first step in the proposed fusion technique involves the pre-processing of visual and IR images, i.e.
transforming source images from RGB scale to Gray scale. The next step is decomposing the original
images using wavelet transform. This dissolve includes the decomposition of the original images into
frequency bands specifically a lower frequency band and other frequency bands. Wavelets can be
represented as the solution of the two scaling functions namely father wavelet and mother wavelet or
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wavelet function. Mother wavelet under goes certain modifications and scaling to produce compatible
wavelet families as

1 t=b

M, (t):_ll't(_] for(a,beR),a>0 1
0= (M)
where p (t) represents mother wavelet function, while a & b are scale and transition parameters respectively,
given as:

a=a/',b=ma/b for (I, m € Z) )
So, the wavelet family can be shown by Eq. (3).
. ()=a,*ua,'t-mb) for (I, m € Z) 3)

If the original images are decomposed using wavelet transform, the detailed and approximation
coeflicients are achieved. Principle Component Analysis (PCA) is used as a fusion rule to selectively fuse
the approximate wavelet coefficients of source images. PCA is among the most notorious data-analysis
tools designed to simplify multidimensional data by tracking new factors supposed to capture the main
features [7]. PCA provides to features of the images from original domain to transformed or new domain
called PCA domain where they are organized in order of their variance. In PCA domain, fusion is obtained
by only preserving those features that hold a pregnant amount of content. This can be obtained by preserving
only those components which have high variance. It is a statistical technique that transforms a multivariate
data set of inter-correlated variable into a data set of new un-correlated linear combinations of the original
variables[8] .The steps convoluted in the proposed PCA design are defined in fig.1. The last step is to apply
inverse wavelet transform for the restoration of the processed coefficients.

BEGIN

Step 1: Wavelet Coefficients are calculated for both Visible & IR images.
Step 2: Column vectors against wavelet coefficients are computed.

Step 3: Covariance matrix is calculated using column vectors.

Step 4: Diagonal elements of the covariance vector are determined.

Step 5: Eigen vectors and Eigen values of covariance matrix are computed.

Step 6: Large Eigen value is computed by dividing individual element with the mean of Eigen vector.
Column vector corresponding to large Eigen value is considered.

Step 7: Perform Multiplication of normalized Eigen vector values through each term of wavelet coefficient
matrix.

Step 8: Repeat all the above steps for all the approximation and detailed wavelet coefficients.
Step 9: Compute inverse wavelet transform of scaled matrices which are calculated in step 8.
Step 10: Combine the images calculated in step 9 for reconstruction of images.

Step 11: The Output is a fused image.

END

(B) Wavelet Based Genetic Algorithm

The proposed technique creates a specific 1 x 40 feature vector for each source image. It is a combination
of a feature vector based on the mean and standard deviation of the magnitude of the wavelet coefficients
and feature vector based on normalized central moments of wavelet edges after multi-resolution
decomposition. The two integrated feature vectors are given as inputs to the genetic search. It calculates the
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optimal weights of the source images, W, W where W+ W =1. To secure efficient accuracy of the
solution, the string length, —¢ is measured using equation (3). The population size is approximated to ten
percent of 2.

_ Ae max—Aemin
201
It should be noted that Aemin = 0 and Ae = 1 which denotes the range of optimal weights. Therefore, ¢
can be calculated for any acceptable choice of Ae. A classical choice of in our case is 0.01. One primary

distinction between this proposed method and the others is the precision. To classify the individuals in the
population, we used the entropy as the fitness function or cost function given as:

Cost function=entropy (WV*V+ WIR*IR)

Ae

1. EVALUATION OF PROPOSED FUSION APPROACH

If the fusion process is completed, the last step requires is the evaluation of the proposed approach using
suitable fusion metrics. In the proposed work, the performance evaluation is accomplished using Entropy,
Fusion Factor and standard deviation as fusion metrics. If entropy of fused image is higher than parent
image then it indicates that the fused image contains more information [9] [11].

(A) Entropy

Entropy of an image is considered as a measuring metric of the information content in the fused data. An
increase in entropy of the fused image can be considered as overall increase in the amount of information.
Hence the quality of the fused image can be assessed by observing the entropy of fused data and original
data.

i—1
E=-) Pilog, Pi 4)

i=0
Where [ is the total number of grey levels and P_is the probability of occurrence of each intensity value.

2) Fusion Factor: F or the two input images say A, B and fused image F, the fusion factor can be given
as

FF=M, . My, )

Where MAF and MBF are mutual information among source images and the fused image. Higher
values of fusion factor indicate better fusion results.

3) Standard Deviation: Standard deviation of i y j image is given by

1/2
|
SD:(.—.ZI Zj (f(l,])—,u)zj (6)
1XJ
Tablel
Entropy Valuesfor Bottle Images

Image Entropy values
Source image 1 7.2507
Source image 2 6.1115
Wavelet Based PCA 7.7424

Wavelet Based GA 7.5061
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Tablell
Entropy Valuesfor Transmission Lines|mages
Image Entropy values
Source image 1 7.5472
Source image 2 6.5740
Wavelet Based PCA 7.7946
Wavelet Based GA 7.4812
Tablelll
Entropy Valuesfor Concealed Weapon I mages
Image Entropy values
Source image 1 7.5472
Source image 2 6.5740
Wavelet Based PCA 7.7946
Wavelet Based GA 8.3031

V. RESULTSAND DISCUSSION

Simulations in this present work have been achieved on two different spectral images (Visual and IR).
Once pre-processing is completed, the two input images are subjected to sub-band decomposition using
daubechies wavelet family. The wavelet representation provides directional information whereas the
Laplacian pyramid does not supply spatial orientation in the decomposition. Since the wavelet basis function
can be chosen orthogonal, the information at each layer of the decomposition is unique [10] [12]. The
suitable wavelet for decomposition is considered as db2 after performing several experiments. The choice
of db2 variant not only contribute high values of fusion metrics but also consistent from the visual point of
view. The results of fused images achieved using the proposed technique are shown in Fig., although the
quantitative analysis of the same is given in table. Results shown in figures say that the proposed fused
images have better visual characteristics than the individual images. In visible light images, we can’t tell
just by looking, whether the bottle contains cold water or hot water. But in Infrared image, we can tell
whether the bottle is having cold water or hot water without physical contact. Infrared image is lagging in
preserving the details other than bottle. So, it can be clearly seen that the fused image reserves the information
from both the images. This is further supported by fusion metrics having high values. A greater value of
standard deviation and entropy represents a good quality and increased information content of fused image;
validates the effectiveness of the proposed fusion technique [13].

The Wavelet based proposed techniques have been compared with traditional image fusion techniques
like select maximum, select minimum, select averaging methods. The achieved results represents the
effectiveness of the proposed technique in visual representation as compared to select maximum, select

Tablelll
Per for mance Comparison of Fused I mages
Fusion Approach FF SD
Select Maximum 1.6390 76.5128
Select Minimum 1.6582 76.4075
Select Averaging 2.2965 76.3596
DWT Based PCA 2.8698 76.5960

DWT Based GA 2.9268 76.7151
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Figure1b : IR Image

Figure 2a: Visual Image Figure2b : IR Image Figure 2c: DWT based PCA fusion Figure 2d: DWT based GA Fusion

3

7
‘ ‘

Figure 3a: Visual Image Figure3b : IR Image Figure 3c: DWT based PCA fusion Figure 3d: DWT based GA Fusion

minimum, select averaging methods. The fused image obtained from the proposed technique shows that
the information from the original images are preserved as related to images obtained from other techniques.
Further, the greater values of the fusion metrics shown in table I1I approve that the proposed fusion technique
has better results than the other. In case of concealed weapon detection images, DWT based GA is effective
and concealed feature (Gun) can be visualized.

V. CONCLUSION

This paper presents a technique for image fusion applying PCA in wavelet domain. Feature enhancement
property of PCA and the time and frequency conservancy property of wavelet make it suitable for all types
of applications of image fusion. The fused image of the proposed technique is more refined in defining
spectral and spatial information. Hence, it is providing the details of two different spectral images in one
single image, validating the purpose of image fusion. Significant results applicable from visual point of
view, likewise high values of the fusion metrics, have been achieved from the proposed fusion technique.
Comparison results indicate a consistent increase in restoration of information and quality features in the
achieved fused image; as interpreted by high value of fusion factor, in correlation to other fused images.
Thus, the proposed fusion technique is more specific and can be more adequately used for all purposes than
the other fusion methods. By visual analysis, we can observe that Wavelet based GA is more suitable for
concealed weapon detection than other techniques.
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