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Abstract:

Image compression is a method in which we can reduce the
space for storing images and video which will be helpful in
transmission of the same. Some of the application which
requires image compression is multimedia, internet, remote
sensing etc. Fractal image compression (FIC) is an approach
for better image compression, it exploits the self similarity
within the same image to remove the redundancy and get
higher compression ratio. FIC is a lossy image compression
technique. Usually fractal compression suffers from high
complexity in encoding. In this paper the genetic algorithm is
applied to reduce the search time and speed up the process of
encoding. The experimental results shows that the proposed
method will reduce the time required to encode an image while
preserving the image quality well.
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1. Introduction

Image compression is concerned with minimizing the
number of bits which is used to represent an image. Data
compression has become a very vital concept for
information transmission and storage [13]. Huge amount
of data cannot be stored if there is a low storage
capacity. Hence the compression of bits in an image
plays a very important role in storage as well as
transmission. Fractal image compression (FIC) is an
image coding technology which was first projected by
Micheal Barnsley in 1987 [1], who introduced basic
principle of FIC. This type encoding uses the self-
similar portions which exist in the same image. These
self similar portions are called as fractals, and these
fractals are used in order to compress an image. Later
this was improved by Arnaud. E. Jacqgin in 1992 [2].
Encoding and decoding of an image has been a vital
feature in storing and transmitting the image. The
majority of the methods which exist are lossy
compression methods. FIC is a lossy compression
technique, which means that the decoded image is an
approximation of the original image [3], [4]. FIC suffers
from higher complexity in encoding; it takes longer
encoding time but lesser decoding time. Many methods
had been proposed to speed up the encoding process but
still it takes longer encoding time. The main benefit of
this FIC is that it achieves the higher compression ratio
at the same time keeping the reconstructed image quality
well.

The rest of the paper is organized as follows; Section 2
gives the brief description of fractal image compression.
Section 3 explains the Iterative function system. Section
4 tells about the property of self — similarity, Section 5
follows the Genetic Algorithm. Section 6 explains the
implementation of the proposed system using GA and
finally in section 7 conclusions are provided.

2. Fractal Image Compression

Fractal Image Compression (FIC) was first proposed by
Michael Barnsley in 1987, who introduced basic
principle of FIC. FIC is a technique which is used to
encode the image in such a way that it reduces the
storage space by using self-similar portion of the same
image. FIC is a lossy compression technique for digital
image, based on fractals. In certain images, some parts
of the image resemble the other parts of same image,
these self similar parts are called fractals and these
fractals are used in order to compress image. Fractal
algorithms converts these parts (referred as fractals) or
geometric shapes into mathematical data called ‘fractal
codes’ which are later used to reconstruct an image. One
of the images is converted into fractal code it become
resolution independent [5], [6]. In the below figurel we
can observe that whole image is repeated pattern of the
part of the same image.

Fig 1 Example of fractal fern
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3. Iterated Function System

According to Michael Barnsley, an image can be
represented as a set of mathematical equations and
this idea of taking an image and express it as an IFS
code forms the basis of FIC, but this found
impractical because of its complexity, an
improvement is made to it by Arnaud Jacquin, by
using partitioned iterated function system(PIFS).

PIFS consists of metric space X, a group of sub
domain Di, I=1....n and a group of contractive
mappings Wi: Di=> X, I=1.....n. The images with the
IFS are called affine transformations. Affine
transformations can be combination of translation,
rotation and scaling. Let Wi be the affine
transformation on 1-> |2 that

wicn=wi(y)=(* D))+ (5)

Where a, b, ¢, d, e, f are co-efficient which are used to
rotate, shrink, and translate the image. IFS can
produce certain kind of self similar patterns. Affine
transformations are used to map these self similar
fractals. The example of IFS is shown in below figure
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Fig 2 lllustrating IFS

=

Begin with a Square
2. Divide the square into four equal-sized squares

3. Discard the center square
4. Repeat step two

4. Self- Similarity Property

The object which is exactly similar or approximately
similar to a part of itself is called self similar objects and
this feature is called as self similar property. In many
images we can get similar portions and we even get
more number of similar portions when rotate, shrink and
when some transformations are done. In the below figure
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3 of tajmahal we can see that larger portion of the dome
resembles the smaller portion of the same and the pillar
part which is highlighted in the figure 3 is same as the
other part of the pillar. These kinds of similar parts are
called self similarity.

But the exact similarity is not found in all the
images in such cases the transformations are applied to
get the similar portions. In this paper eight step
transformations are applied, they are [14]

Step 1: Identity

Step2: Orthogonal reflection on mid-vertical axis
Step3: Orthogonal reflection on mid-horizontal axis
Step4: Orthogonal reflection on first diagonal

Step5: Orthogonal reflection on second diagonal
Step6: Rotation through +90° with center as reference

Step7: Rotation through +180° with center as reference

Step8: Rotation through +270° with center as reference

Fig 3 llustrating similar portions

5. Genetic Algorithm

Genetic algorithm (GA) is one of the optimization and
search method developed by mimicking the evolutionary
principles in natural legacy. There are numerous
optimization methods used for different domains. GA is
applied in our project in order to reduce the search space
[7], [8], [9]. GA is a search route based on the
mechanics of natural selection and natural genetics. GA
requires only a binary representation of domain variables
to perform the genetic operations i.e. selection,
crossover and mutation [10], [11]. In our work for each
range block the matching domain block had to be
searched, and eight isometric transformations are
applied. The GA parameters are domain block co-
ordinates and the isometric flip [12].
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A. Chromosome:

It is constituted by three genes in our work,
which are submitted to genetic modification which are
optimized by genetic search. The following figure shows
one chromosome format of the IFS, this will improve
both speed and reconstructed quality.

X domain | Y domain Flip

Fig 4 Chromosome type

B. Fitness function
The fitness function assign to each individual in numeric
value that conveys its quality. The fitness denotes the
ability of an individual to survive and to produce its
offspring.

C. Genetic operators:

The principle operator in our work is

v' Selection
v' Crossover
v' Mutation
Selection: It selects the parent block to produce its

offspring to create the new generation.

Crossover: It combines two individual in the population
to produce two offspring.

Eg, Parent A 10110001
Parent B 00111110
Child A 10111110
Child B 00010011

Crossaver operation can be done in three ways i.e. single
point crossover; two point crossover and uniform
Crossover.

Single point crossover: In this type, randomly a position
is chosen in the chromosome to produce the offspring.
The child 1 or offspring 1 is head of chromosome of
parent 1 with the tail of chromosome of parent 2 and
offspring 2 (child 2) is vice versa.

Two point crossover: In this type two random positions
are selected from the chromosome to produce its
offspring’s.

Uniform crossover: In this type a mask is generated
randomly and based on the mask created the offspring’s
will be produced accordingly.
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Mutation: It modifies the chromosome randomly
according to the mutation probability. The genes Xgomain,
Yiomain and flip are changed with a random value
respectively.

10111110
v

10101110

5. Implementation

The proposed algorithm has been tested on various
images of png image formats of grey scale and color
images. These were implemented using the software
MatlabR2010a. The original image is preprocessed of
Lena, Pepper, Barbara, Rose and . Genetic algorithm is
applied to optimize the search criteria of matching
domain block. Experimental results of grey images are
shown in figure 6-10 with original and reconstructed
image. Table 1 shows the results corresponding to
images with the design metrics of compression ratio,
Encoding time and PSNR. Figure 11- 15 shows the
results of color images
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Fig 5 Flowchart of proposed system
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5.1 Experimental Results for Grey Images
Fig 9 Rose

Original image Reconstructed image. S .
9 g g Original image Reconstructed image.

Fig 6 Lena
Fig 10 Taj mahal
Original image Reconstructed image. Table 1
Results obtained for different grey images
Image Compression | Encoding | PSNR
Ratio (CR) time(ET) | indb
in sec
Lena 32.10 17.41 38.51
Pepper 23.79 14.2 40.24
. Barbara 375 175 38.46
Fig 7 Pepper
Rose 15.9 18.03 37.79
Original image Reconstructed image. Taj mahal | 28.06 18.7 39.3
Graph 1

Comparison of CR, Encoding time and PSNR for different images

Fig 8 Barbara
mCR

I . WET
Original image Reconstructed image

= PSNR

5.2 Experimental Results for Color
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Images

Original image Reconstructed image.

Fig 14 Rose color

Original image Reconstructed image.
Fig 11 Lena Color

Original image Reconstructed image

Fig 15 Tajmahal color

Table 2
Results obtained for different color images
Image Compression | Encoding PSNR in
Ratio (CR) time (ET) DB
in sec
Fig 12 Pepper Color Lena 3338 5153 4283
L . Pepper 28.87 52.46 43.43
Original image Reconstructed image
Barbara 43.67 48.57 42.18
Rose 22.3 50.92 40.9
Taj mahal 31.35 53.43 42.86
Graph 2
Comparison of CR, encoding time and PSNR for different color
images

Fig 13 Barbara Color

Original image Reconstructed image.
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7. Conclusion [12]

In this paper, genetic algorithm is applied for
improved fractal compression. In fractal compression the
search of range and matching domain block plays an
important role in reduction in encoding process. Hence a
new searching process is proposed using GA in order to
speed up the encoding process. The proposed Genetic
algorithm greatly reduces the time taken for compression
while preserving the image quality well with better
PSNR than any traditional methods. This algorithm is
best suitable for png and bmp image formats.
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