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ABSTRACT

Restoration of degraded satellite images are in demand. The
sources of degradation can be aliasing, blur, noise and
atmospheric turbulence, which are usually an ill-posed in
nature. This paper introduces Memetic algorithm for image
restoration. Previous restoration techniques have been
investigated, but except for certain special cases the maximum
cases solve the resulting criterion approximately only. So
there is a requirement of more demanding optimization
methods. A Memetic algorithm herein proposed give efficient
image representation by using hill climbing method for
population initialization and using extended neighborhood
search. The algorithm is performed on a quickbird test
satellite image for the optimization of result. The optimization
codes are written in Matlab. The proposed method shows 25%
improvement from degraded image. Competitively our new
approach performs better than some best existing methods. to
demonstrate the effectiveness of the proposed method,
comparisons are given from the existing methods.
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1. INTRODUCTION

Images are generated to produce the useful information but
due to imperfections in imaging and capturing process,
recorded or generated images represent a degraded version of
original image or scene [1, 2, 4]. These imperfections are very
difficult to remove. It is crucial task in image processing. The
bandwidth of an ideal image is reduced due to blurring and
making an image into the imperfect image. Degradation can
be caused by motion between the object and camera, an out of
focus optical system, aberrations in optical system and
atmospheric turbulence [3]. Noise is also always present to
corrupt the signal. Noise can be introduced by random
absorption of optical system and the image is created by
which medium that is also responsible. Noise is also a major
source of degradation. Image restoration of these degraded
images are long standing problem in image processing for
remote sensing images. Image restoration can also be known
as image deblurring or image denoising. Locating an edge of
an image is known as edge detection process. Edges are
containing very meaningful information. Edge detection is an
important step in image processing feature extraction [4].
Sometimes a satellite image is itself sufficient to acquire the
information. Satellite image is usually corrupted by blur,
aliasing and noise. To reflect the better radiometric &
Geometric quality of image, it needs to be processed [5].
Image restoration is performing a inverse operation of the
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imperfections on the image in the image forming system.
Plain FIR filter have limitation to remove the noise [6].
Assuming the characteristics of the noise and degrading
system are a priori. The estimation of the features of the
imperfect imaging system from the observed image is called
blur identification [7]. Blurring function can also be known as
point-spread function d (n, k) is time independent variable. It
is assumed that the point-spread function is constant
throughout the image or spatially independent.

Degradation

Function Corrupted Image

Original Image

Fig. 1 Degradation Model

These assumptions can be mathematically described as
follows.

gn k) =dm, k) * f(n k) + w(n,k) (8]

The original discrete image is denoted by f (n, k) that does not
have any noise and blur and the degraded image is modeled
as g (n, k) [8]- [10].

The w (n, k) is the additive Gaussian noise. It corrupts or
destroys the blurred signal. The goal of image restoration
process is making an approximate f* (n, k) of the original
signal f (n, k) from the corrupted or degraded signal g (n, k).
The noise is considered to be white and having zero mean
[10].

2. IMAGE RESTORATION

There are many algorithms and techniques that are used for
image restoration. Every algorithm and technique has its own
features and attributes. Generally image restoration techniques
have been classified into two categories. These techniques
estimates both PSF h and the desired image f, from the given
degraded image g. and allows the reconstruction of original
images from degraded images no knowledge about PSF.
These techniques are very difficult to implement and a little
bit complicated as compared to non blind restoration. When
there is a priori knowledge about the degradation function or
about the PSF. Then this technique is very much useful.
Reconstruction of image with full iteration is insensitive to
noise and able to reconstruct the image with partial data but
these algorithms are very challenging and would take so much
time. Now a day’s DWT is become the standard tool for
image compression [11, 12].
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In early applications of image restoration [13] is widely used
and adopted. The wiener filter is having very high efficiency
that is why still it is widely used. [14]. After that projections
onto convex sets, the regularization and maximum posterior
(MAP) are also very popular for image restoration. Sparse
restoration and nonlocal means are also used for image
restoration. Recently a method used is marginal likelihood
optimization (MLO) method which estimates the PSF first,
then making the estimation of image. Maximum methods fall
into the joint methods category. Image and blur are estimated
in frequency domain in an iterative blind deconvolution
algorithm (IBD) method. Maximum likelihood methods and
MAP method is proposed in wavelet domain. It is worth to
note that majority of blind restoration methods are having an
assumed size of set PSF [15]-[22].

2.1 Genetic and Memetic Algorithm

In this paper we are presenting a Memetic algorithm in which
population is initialized by hill climbing method and local
search is based on the extended neighborhood search. The
more fit individuals are produced in the beginning phase
because of wusing hill climbing method for selective
initialization. This optimization converges to a minimal point
because a global as well as local search criterion is used.
Genetic algorithms are based on natural selection and
evolution. Genetic algorithm is a early search algorithm. It
starts with random initialization of population .if the
population initialization is good then good results come while
poor initialization of population are tending to give poor
results. Convergence of the algorithm is possible globally in
case of poor initialization. In genetic algorithm population is
generated by iteration process [23].

Memetic algorithm is introduced by Dawkins and it is inspired
by memes. Meme is the unit of information. In Memetic
algorithm memes are the carriers to propagate part of mental
ideas like stories, knowledge, information and gossip.
Memetic algorithm is the hybridization of genetic algorithm
with local search.

Population

Offspring \ . Decoting

Crossover & Mutation Parent Selection Fitness Evaluation

Matching Parent Selection

Selection

Fig 2.Flow Chart of Genetic Algorithm

International Journal of Computer Applications (0975 — 8887)
Volume 130 — No.1, November 2015

Initialize cromosomes

|

Calculate fitness value of each
cromosome

Is current
fitness value is
better than
previous?

Assign current fitness Keep previous
to child chromosome chromosome

|
W

Perform crossover on the selected
chromosome

v

Local search

T

Vv

Mutation and crossaver

T

J

Target
achieved?

Fig.3 Flow Chart of Memetic Algorithm
Hill climbing algorithm consists of following steps [24].
1. Start. Randomly generate population of solutions.

2. Generate neighbours till better solution not found (better)
solution depends upon fitness value of each individual.

3. New solutions become the parent solutions.
4. Repeat step 2 for new solutions.
5. Terminate if no improvement in parent solution.

The generated new population are called offspring population.
Each offspring individual is further optimized by a local
search method called extended neighbourhood search. Firstly
it will search a small area near the current solution and after
reaching to the local optima the search step size increase to
reach the global optima.

3. PERFORMANCE EVALUATION

The quality of image can be evaluated by two methods,
subjective assessment and objective assessment. Visual
observation is generally comes under the subjective
assessment and one or more parameter of the model come
under objective assessment. The proposed method is tested on
quickbird test image. Two performance metrics are used to
evaluate the objective assessment of recorded image .Those
are peak signal-to-noise ratio and the metric Q, used for the
comparison. The ideal value of PSNR is +c. Metric Q reflects
the amount of noise and blur blindly. Image quality will be
higher with high value of Q.
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Where M x N is the size of image , §(i, ) and f (i, J) are

the pixel values at (i,j)th position of restored and original

image respectively. fin and fax are the minimum and
maximum intensity values of the gray image. Ideally the
minimum and maximum values of gray image are 0 to 255.
For the gray images having 300 x 300 pixels and intensity
values between 0 to 255, the PSNR is given as

PSNR =10 X log
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According to the Memetic Algorithm the initial population is
formed first and the image is converted into two dimensional
gray image having 256 colors.

A particle is denoted by the image and the dimension of the
particle is denoted by gray value of an image. If, to generate
the initial population all possible gray values are used, then
the total possible images will be 28XMXN = 2300x300
is very large in number, where M number of lines, N number
of columns and gray value 256 is used. The possible numbers
of images are very large for a small 300 x 300 image. So it
becomes necessary requirement to preprocess the initial
population. Hill climbing method is used to preprocess the
initial population and preprocessing of degraded image they
represent only a part of initial population. If the degradation
model is assumed to be linear then the equation (1) can be
written in matrix form as.

g=H+f+n ®)
Inll? = |lg — H = £||” (6)

Where f denotes the estimate of original signal f, * is

~

convolution operator and H * f is restored image .fitness
function can be describe as

fitness(f) = |lg — H = f||” @

Where f; the restored value and g is denotes the degraded
value. The aim of restoration is to find the best restored value
fi- To store the best result f; and f are compared but both
these values are unknown..The information is available only
about the degraded image. The generation of g; will be same
as that of f; and both the values are compared .The smallest
value is selected as restored image f that is close to original

image. The smallest value of fitness(f;) function decides
the best restored value and restoration will reach at optimal
value [25].

4. SIMULATION RESULTS

The simulations are done on a real pre-processed high quality
quickbird remote sensing image. The original and blurred
images are shown in fig.4 (a) and fig.4 (b) respectively.
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Fig. 4(b) Blurred Image

The experiments are performed with standard deviation ¢ =
2.1 and 5x5 Gaussian blur. Subimages are formed by
cropping the images into 300x300, for the restoration process.
Fig. 4(b) is a blurred image having 5x5 Gaussian blur with
standard deviation ¢ = 2.1.

Fig.5 Restored Results of Noise free Case (a) Degraded
Image (b) IBD Method (c) MLO Method (d) Restored
Result of Proposed Method
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Fig 6. Restored Results of Noisy Case (a) Degraded Image
(b) IBD Method (c) MLO Method (d) Restored Result of
Proposed Method

5. COMPARATIVE ANALYSIS

The proposed method is iterative and it is tested on noisy and
noise free images. Noise free image is obtained by adding
Gaussian blur of 5 x 5 and standard deviation o = 2.1 to the
original image whereas noisy image is generated by adding
Gaussian noise (PSNR=20dB) into the blurred image. To
validate the performance of proposed method, comparisons
are done with IBD method and MLO method. The restored
results of noise free and noisy case are shown in fig.5 and
fig.6 respectively. Evaluated results are shown in bar chart. It
can be seen in fig.7 and fig.8 that in either the absence or the
presence of noise, the proposed method works well and it is
less sensitive to noise.
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Fig. 8 Bar Chart of Noisy Case

The value of PSNR is higher in comparison to MLO and IBD
methods. From the fig.5 and fig.6 one can see that proposed
method is much effective than other methods because the
restored images of the proposed method are very sharp and
effective. Fig.9 shows the percentage improvement of PSNR
for IBD, MLO and proposed method from the degraded image
in the noisy case. The proposed method shows 15% higher
PSNR from the MLO and 16% higher PSNR from IBD
method.

Table 1 Quantitative Results of Noise-Free and Noisy Case

50 459 46.81 56.91
45 + 41.76

40 -
35 1 31.1

30 -
B PSNR noise
257 free
20 - .
H Q noise free
15 -

10 A

o

Noise Free Case Noisy Case
Image
PSNR | Q PSNR Q
Degraded 22.719 41.76 21.465 18.81
IBD 27.712 45.90 22.559 30.86
MLO 31.147 46.81 23.342 39.32
Proposed 32.56 56.91 26.869 48.85

Fig. 7 Bar Chart of Noise Free Case
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Fig. 9 Bar Chart of % improvement in Noisy Case
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6. CONCLUSION

The proposed technique exploits the Memetic algorithm with
extended neighbourhood search that does not require large
number of iteration. The optimal results are obtained with less
number of iteration. The proposed method provides the
flexibility to restore results degraded by linear and non —linear
function. The proposed method has analyzed the reason of
degradation and reviewed some of the restoration techniques.
The proposed method gives new restoration technique using
Memetic Algorithm and the local search is done by extended
neighbourhood criterion.. This method is performed well on
visually as well as quantitatively and it can be seen by
experimental results. Through the experimental results one
can see that proposed method performs visually as well as
quantitatively. It is showing 25% improvement in PSNR from
the degraded image while MLO and IBD show 9% and 5%
improvement respectively. However this proposed method is
considerable amount of computationally expensive.

7. REFERENCES

[1] M. R. Banham and A. K. Katsaggelos, “Digital Image
Restoration,” IEEE Signal Processing Magazine, Vol.
14, No.2, pp.24-41, March 1997.

[2] M. Ben-Ezra and S. K. Nayar, “Motion Based
Deblurring,” IEEE Transaction on Pattern Analysis and
Machine Intelligence, Vol. 26, No. 6, pp. 689-698, June
2004.

[3] Swati Sharma, Shipra Sharma and Rajesh Mehra, “Image
Restoration using Modified Lucy Ricardson Algorithm in
the Presence of Gaussian and Motion Blur,” Advance in
Electronic and Electric Engineering, Vol.3, No.8, pp.
1063-1070, 2013 .

[4] Rupinder Verma and Rajesh Mehra, “Area Efficient
FPGA Implementation of Sobel Edge Detector for Image
Processing Applications,” International Journal of
Computer Applications, Vol. 56, No. 16, pp. 7-11,
October 2012.

[5] Yanfei He and Shunfeng Wang, “Adaptive Reiprocal
Cell based Sparse Representation for Satellite Image
Restoration,” Advance Science and Technology Letters,
Vol. 49, No. 50, pp. 281-285, 2014.

[6] Nidhi Rastogi and Rajesh Mehra, “Analysis of Savitzky-
Golay Filter for Baseline Wander Cancellation in ECG
using Wavelets,” International Journal of Engineering
Sciences & Emerging Technologies, Vol. 6, Issue 1, pp.
15-23, August 2013.

[7] R.C.Gonzalez and R.E.Woods, “Digital Image
Processing Second Edition,” Prentice-Hall India, 2007.

[8] H. F. Shen, Huanfeng, Lijun Du, Liangpei Zhang, and
Wei Gong. “A Blind Restoration Method for Remote
Sensing Images,” IEEE Geosciences and Remote Sensing
Letters, Vol. 9, No. 6, pp. 1137-1141, November 2012.

[9] R Lagendijk “Basic Methods for Image Restoration and
Identification”, Handbook of Image and Video
processing, Academic Press, 2005.

[10] Stanimirovic, Predrag S., Spiros Chountasis, Dimitrios ,
Pappas and Igor Stojanovic. “Removal of Blur in Images
Based on Least Squares Solutions”, Mathematical
Method in Applied Sciences, Vol. 36, Issue 17, pp.2280-
2296, November 2013.

International Journal of Computer Applications (0975 — 8887)
Volume 130 — No.1, November 2015

[11] Payal Agarwal and Rajesh Mehra, “High Speed CT
Image Reconstruction using FPGA,” International
Journal of Computer Applications, Vol. 22, No. 4, pp. 7-
10, May 2011.

[12] Sugreev Kaur and Rajesh Mehra, “High Speed and Area
Efficient 2D DWT Processor Based Image
Compression,”: An International Journal on Signal And
Image Processing, Vol. 1, No. 2, pp. 22- 31, December
2010.

[13] L. Lucy, “An lterative Technique for the  Rectification
of Observed Distributions,” Astronomical Journal., Vol.
79, No. 6, pp. 745-765, June. 1974.

[14] Z. Liu, C. Wang, and C. Luo, “CBERS-1 PSF Estimation
and Image Restoration,” International Journal of Remote
Sensing, Vol. 8, No. 3, pp. 234-238, September 2004.

[15] J. Papa, N. Mascarenhas, L. Fonseca, and K. Bensebaa,
“Convex Restriction Sets for CBERS-2 Satellite Image
Restoration,” International Journal of Remote Sensing,
Vol. 29, No. 2, pp. 443-458, January,2008.

[16] Y. You and M. Kaveh, “A Regularization Approach to
Joint Blur Identification and Image Restoration,” IEEE
Transaction on Image Processing, Vol. 5, No. 3,pp. 416—
428, March 1996.

[17] R. Pan and S. Reeves, “Efficient Huber—Markov Edge-
Preserving Image Restoration,” IEEE Transaction on
Image Processing, Vol. 15, No. 12, pp. 3728-3735,
December. 2006.

[18] Y. Lou, A. L. Bertozzi, and S. Soatto, “Direct Sparse
Deblurring,” Journal of Mathematical Imaging and
Vision, Vol. 39, No. 1, pp. 1-12, January. 2011.

[19] M. Zhao,W. Zhang, Z.Wang, and Q. Hou, “Satellite
Image Deconvolution Based on Nonlocal Means,”
Applied Optics, Vol. 49, No. 32, pp. 6286-6294,
November. 2010.

[20] A. Levin, Y. Weiss, F. Durand, and W. T. Freeman,
“Efficient Marginal Likelihood Optimization in Blind
Deconvolution,” Proceedings of the IEEE conference
on computer vision and pattern recognition, pp. 2657—
2664, 2011.

[21] G. Ayers and J. Dainty, “Iterative Blind Deconvolution
Method and its Applications,” Optics Letters, Vol. 13,
No. 7, pp. 547-549, July. 1988.

[22] X. Chen, S. Yang, X.Wang, and Y. Qiao, “Satellite
Image Blind Restoration Based on Surface Fitting and
Iterative Multishrinkage Method in Redundant Wavelet
Domain,” International Journal of Light Electron Optics,
Vol. 121, No. 21, pp. 1909-1911, November. 2010.

[23] D. E. Goldberg, “Genetic Algorithms in search,
optimization and machine learning,” Addison-Wesley
Longman, 1989.

[24] Rakesh Kumar, Sudhir Narula, Rajesh Kumar, “A
Population Initialization ~ Method by  Memetic
Algorithm”, International Journal of Advance Research
in Computer Science and software Engineering, Vol. 3,
issue 4, pp. 519-523, April 2013.

[25] Na Li and Yuanxiang Li, “Image Restoration using
Improved Pariticle Swarm Optimization,” Internatinal
Conference on Network Computing and Information
Security, pp. 394-397, 2011.

24



[26] Lingwei Chen, “Blind Image Restoration using
Divisional Regularization and Wavelet Technique,”
IEEE Fourth International Conference on Natural
Computaion, Vol. 5, pp. 476-480, October 2008.

[27] Ganapati Panda, “Improved Adaptive Impulse Noise
Suppression,” IEEE International Fuzzy System
Conference, pp. 1-4, July 2007.

8. AUTHOR’S PROFILE

Dr. Rajesh Mehra: Dr. Mehra is currently associated with
Electronics and Communication Engineering Department of
National Institute of Technical Teachers’ Training &
Research, Chandigarh, India since 1996. He has received his
Doctor of Philosophy in Engineering and Technology from
Panjab University, Chandigarh, India in 2015. Dr. Mehra
received his Master of Engineering from Panjab Univeristy,
Chandigarh, India in 2008 and Bachelor of Technology from
NIT, Jalandhar, India in 1994. Dr. Mehra has 20 years of

IJCA™ : www.ijcaonline.org

International Journal of Computer Applications (0975 — 8887)
Volume 130 — No.1, November 2015

academic and industry experience. He has more than 320
papers to his credit which are published in refereed
International Journals and Conferences. Dr. Mehra has guided
70 ME thesis and he is also guiding 02 independent PhD
scholars in his research areas. He has also authored one book
on PLC & SCADA. He has developed 06 video films in VLSI
area. His research areas are Advanced Digital Signal
Processing, VLSI Design, FPGA System Design, Embedded
System Design, and Wireless & Mobile Communication. Dr.
Mehra is member of IEEE and ISTE.

Mrs. Parul Gupta: Mrs. Parul is currently pursuing M.E
from National Institute of Technical Teachers Training &
Research Chandigarh, India. She has completed B.Tech from
LLE.T. M.J.P. Rohilkhand University Bareilly (U.P.). She is
having six years of teaching experience in Institute of
Technology & Management GIDA, Gorakhpur (U.P.). Mrs.
Parul’s interest areas are Image processing, VLSI, Wireless
and Mobile Communication and Digital Electronics.

25



