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ABSTRACT

The pattern of mixing multiple images so as to get a single,
well developed image is well established. Various fusion
methods have been advanced in literature. The current paper
is based on image Fusion using PCA and Genetic Algorithm.
The pictures of equal size are considered for experimentation.
In order to overcome the problems of conventional
techniques Genetic Algorithm can be used in collaboration
with the technique of PCA (Principal Component Analysis).
In Image Fusion, Genetic Algorithm can be signed when
optimization of parameter is required. Also for the
optimization of the weight values, Genetic algorithm is used.
The various parameters used to measure the ability of image
fusion technique are Mean Square Error, Entropy, Mean, Bit
Error Rate, Mean, Peak Signal to Noise Ratio. From the above
experiment we find that this method works well and the
quality of the output image is far better than previous
methods.
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1. INTRODUCTION

In the 21% century, digital image processing technique has
been widely helpful in various occupations[1]. However, it is
difficult to produce an image in which all related objects are
focused because of the limited depth-of-focus of optical
lenses in CCD devices. As a result, the final image will not be
in focus everywhere, i.e., if certain object of the scene is in
focus, one or another will be out of focus. To eliminate this
drawback, a fusion process is needed so that all objects are
focused. Image fusion combines conclusive information from
various images clicked from the same scene to produce a new
fused image. Now this new image will contain the most
information. Therefore, the fused image has better
characteristics than any of the original images[2]. This final
image is more apt for human perception and computer-
processing tasks such as segmentation, feature extraction and
object recognition[3]. The methodology of image fusion is
being used in various applications like medicine, remote
sensing, machine vision, automatic change detection, bio
metrics etc[4]. Fusion techniques works on the method of
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pixel averaging to other  methods such as principal
component analysis and wavelet transform fusion[5].The
major aim of image fusion is to mix the information from
various source images of the same scene to output a new final
image which provide much more visual information than the
source images[6]. Image Fusion increases authenticity,
decreases ambiguity and brings down the storage cost by a
single effective image than storing multiple images[7][8]. The
other benefits of image fusion are wider spatial and temporal
coverage, decreased  uncertainity, improved reliability and
increased robustness of system performance[9]. The present
image fusion techniques can be classified into four categories

pixel level, feature level, decision level and symbol
level[10][11]. In the end, we can say that two images are
mixed in best possible way to reduce the ambiguity and get
maximum clarity.

2. IMAGE FUSION TECHNIQUES

These techniques having the two input images and these two
images are fused with PCA and Genetic algorithm. In the
output we get a single image consisting of the major attributes
of the both the images.

2.1 PCA

It is mathematical method that transforms interrelated
variables into the unrelated variable. The verbosity of image
can be decreased or eliminated using this technique. The first
principal component is fixed along the direction with utmost
variance and the second principal component lie in the
subspace perpendicular to the first. The third principal
component is taken along the direction with utmost variance
and in the subspace perpendicular to the first two and so
on[13].

Advantages of Principal Component Analysis

1. This is a spatial domain technique of image fusion,
in which works using the pixels. The pixel values
are modified to achieve the final results.

2. The property of the PCA of transforming the
correlated variable into uncorrelated variables that
is used for image fusion.

3. The redundancy of the data is decreased.

4. Large amounts of the inputs are decreased without
the actual loss of the information.[9][12][13][14]

54



Produce the column vectors of the input images
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Calculate the covariance matrix of the two column vector
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The diagonal elements of the covariance vector would contain
the variance of each vector with itself,respectively
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Calculate the eigen vectors and eigen values of the covariance
matrix
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l

The values of the normalized eigen vector act as the weight
values which are respectively multiplied with each pixel of
the input images

A 4

be the fuse image matrix

Sum of the two scaled matrices calculated in previous step will

Fig 1:PCA Algorithm
2.2 Genetic Algorithm-

Genetic Algorithm is an modern algorithm that uses the
guided random search techniques. The GA is designed to
imitate processes in natural systems necessary for evolution
that follow the Darwin’s “ survival of the fittest” principle.
The genetic algorithm is based on the method of natural
selection in which a string of bits is taken as genetic material.
The fitness function evaluates each bit. High fitness
individuals will take part in coming generation and low fitness
bits are eliminated. Next comes the selection step in which
there are methods such as tournament selection, truncation
selection, roulette wheel selection, rank based selection,
steady state selection, elitism and stochastic universal
selection. The genetic algorithm has been used in various
fields such as function optimization, system identification and
control, image processing, robotics, facial recognition,
parameter optimization and controllers and multi-objective
optimization. In Cao et al. and in Zhang et al., the multifocus
image fusion using quality assessment of spatial domain and
genetic algorithm is explained. The images are divided into
blocks. Each block size is determined using genetic algorithm.
The quality assessment can be spatial domain assessment or
frequency domain assessment. The image fusion is repetitive
process. The GA runs until a final image of greater quality is
obtained or maximum numbers of repetitions are executed.
GA can also be used for longer duration to get best solution.
In medical applications, MRI is considered for the feature
elements. Here , optimized feature vector is selected by using
genetic algorithm. Das et al. has proposed image fusion
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scheme in which input images are disintegrated into two sub-
bands as low frequency sub-band and high frequency sub-
band by using wavelet transform. The average data from low
frequency sub-bands and maximum information from high
frequency sub-bands are selected by applying GA. Finally
inverse wavelet transform is used to get fused image. In an
approach proposed by Lacewell et al., the GA is used to mix
images using the method that combines the pixel level and
discrete wavelet transform information. The calculation of
fused images done by using the performance parameters such
as Mean squared error, Peak signal to noise[17].

1. In Image fusion the GA is used for optimizing the
parameters. This method will choose one of the
best set of solutions.

2. Genetic algorithms are used in image processing
because these are best efficient in solving the large
solution space.

3. Genetic algorithms are also used where the
intensive search for solution is expensive in terms of
computation time.

4. In image fusion the GA is experimented on the
obtained features to get the best quality combined
image.[15][16]

Advantages of Genetic Algorithm

1. GA technique will select the best solution and thus
solves the problem of multiple solutions.

2. The solution structure and solution parameter
problems can be solved at the same time by
Structural genetic algorithm.

3. This is the easy and best method with greater clarity
and understandability[15][16].

3. PROPOSED HYBRID MODEL

1. Initially select two images namely image | and
image Il from the given set of the data images, so
that the fusion is applied on it.

2. After selecting the images apply Principal
component analysis on the images to fuse them.

3. Now the initializations of the parameters are done
by using Genetic algorithm. This is done in order to
obtain the optimized values.

4.  After initialization of the parameter by using the
genetic algorithm, next step is to generate the
population.

5. Now create the fitness function of the population
that is generated. This is further used for the
calculation of the fitness value.

6. After calculating the fitness value, next step is to
perform the cross over and mutation in order to
obtain the more optimized fitness value.

7. In this step the value that is obtained by applying
the crossover and mutation and the initial fitness
value is compared.

8. If the initial value is greater than the new fitness
value then save the results.

9. Ifthe value is less than the initial value then go back
to step number 7.

10. Finally the calculation of the parameters are done
and the fused image is obtained.
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Fig 2: Proposed Hybrid Model
4. PERFORMANCE ANALYSIS

There are certain statistical characteristics of the image using
which the quality of image fusion can be evaluated; these are
entropy, mean, mean square error, bit error rate, peak signal
to noise ratio. The average amount of information contained
in the number is represented by the size of image entropy, the
greater the value, the better the image fusion effect. The
various parameters are explained as follows:

1. The probability that the pixel gray level appears is
called Entropy. It is an index to calculate the
information quantity present in any image. If the
measure of entropy increases after fusion, it means
that the information increases and the fusion
performances are better.

n
H= —Zpt X log, (p¢)
i=0

2. Mean is the Characterization of the average image
of the entire pixel values of the image, the greater
the mean value, the greater the average brightness
of the image, I (i, j) of the image (i, j) of the pixel
values.
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3. PSNR, The value of PSNR will be high when the
fused and original images are similar. Higher value

indicates better fusion.
255 (_3MN

[P EN D) - B

B is the perfect fused image, i is the index of rows
.j is the index of columns.

4. MSE differentiates the two images. If it has lower
value ,it means fused and reference images are
similar and better performance.

m n
1 2

i=1j=1

I

PSNR(dB) = 20log

A - the perfect image, B - the fused image to be
assessed, i — pixel row index, j — pixel column
index, m, n- No. of row and column

5. BER is the reciprocal of PSNR. It implies the
amount of error between the original image and
fused image.

Left side blur Right side blur  Final fused image

Fig3: Imagel

Left side blur Right side blur  Final fused image

Fig4: Image2

Left side blur Right side blur Final fused imageFig5:
Image3

56



International Journal of Computer Applications (0975 — 8887)
Volume 145 — No.6, July 2016

Table 2: Entropy of 4 images

Results using Results using GA
DWT and PCA
Imagel 6.3298 7.7052
Image2 6.8547 7.9051
Image3 5.9690 7.4603
Image4 6.3675 7.5347

Left side blur Right side blur  Final fused

imageFig6: Image4

Comparison between Mean VWalue using DWT & GA-PCA
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Table 2 presents the results obtained while testing the
algorithm with respect to Entropy.From the result obtained,it
is clear that the proposed method shows the significant
improvement in terms of Entropy when it is compared with
traditional technique.
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Table 1: Mean of 4 images
Results using Results using GA
DWT and PCA

Imagel 87.3258 103.0964
Image2 114.6719 130.62
Image3 109.49 119.6260
Image4 59.7323 78.7770

Table 1 presents the results obtained while testing the
algorithm with respect to Mean.From the result projected,it is
clear that the proposed method shows the significant
improvement in terms of Mean when it is compared with
traditional technique.
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Fig 9: PSNR
Table 3: PSNR of 4 images
Results using Results using GA
DWT and PCA
Imagel 21.2793 27.5619
Image2 21.2724 31.4252
Image3 25.3931 28.4682
Image4 19.8627 33.0310

Table 3 presents the results obtained while testing the
algorithm with respect to PSNR.From the result obtained,it is
clear that the proposed method shows the significant
improvement in terms of PSNR when it is compared with
traditional technique.
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Fig 10: MSE
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Table 4: MSE of 4 images

Results using Results using GA
DWT and PCA

Imagel 0.4843 0.1140

Image2 0.4851 0.468

Image3 0.1878 0.0925

Image4 0.6711 0.0324

Table 4 presents the results obtained while testing the
algorithm with respect to MSE.From the result obtained,it is
clear that the proposed method shows the significant
improvement in terms of MSE when it is compared with
traditional technique.
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Fig 11: BER
Table 5: BER of 4 images

Results using Results using GA
DWT and PCA
Imagel 0.0470 0.0363
Image2 0.0470 0.0318
Image3 0.0394 0.0351
Image4 0.0503 0.0303

Table 5 presents the results obtained while testing the
algorithm with respect to BER.From the result obtained,it is
clear that the proposed method shows the significant
improvement in terms of BER when it is compared traditional
technique.

5. CONCLUSIONS

Method implemented for PCA and genetic algorithm is gives
reliable fused image than original image for finding the
quality of the image taken parameters was Mean Square Error,
,Bit Error Rate of fused image reduce both kind of error and
increases the Entropy, Mean, Peak Signal to Noise Ratio. In
lot of applications image fusion is used to obtain the high
quality image from two source images. Experimental results
are obtained by using the hybrid approach. Based on the
results obtained from experiments it can be seen that the
proposed method provides a good results. Image fusion using
PCA and genetic algorithm has been simulated using
MATLAB.

International Journal of Computer Applications (0975 — 8887)
Volume 145 — No.6, July 2016

6. FUTURE WORK

The traditional image fusion have drawbacks and do not meet
the needs of fusion. This can be eliminated by using the
hybrid systems. After obtaining the results it is analyzed that
the above proposed technique is far better than the traditional
techniques. Hybrid techniques are more efficient techniques
than the traditional techniques. Therefore in the future work
we focus on improving conventional system by employing the
hybrid system.
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