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A Novel Fractal Coding Method
for Image Communication

Jeong-11 Kim*, Byong-Cheon Kim**

Abstract

This paper proposes a novel fractal image method for image communication to shorten
time to take on fractal encoding by using limited search area method and scaling method.
First, the original image is contracted respectively by half and by quarter with the
scaling method. And then, the corresponding domain block of the quarter-sized image
which is most similar with one range block of the half-sized image is searched within the
limited area in order to reduce the encoding time extremely. As the result of the
evaluation, the proposed algorithm provided much shorter encoding time and better
compression ratio with a little degradation of the decoded image quality than Jacquin's
method.
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I . Introduction

Today. image coding techniques have been
developed and used in several application
areas. Especially, the fractal coding has an
attraction because of scalable image magni-

fication.

A word fractal means that a partial shape
represents the whole shape., and Man-
delbrot{1] established fractal theory for the
first time. In 1980's, Michael Barnsley(2-4)
applied the fractal theory to practical image
codings. Although his coding method provided
very high compression, it required a lot of time
on encoding because manual operation was
required. Jacquin(5-8) suggested a new image
coding algorithm to remove the manual
operation used by Barnsley's fractal image
coding algorithms. Jacquin’s method divides an
original image and the corresponding contracted
image into range blocks and domain blocks
respectively and then the corresponding domain
block which is most similar to the range block
of the original image is searched in the
contracted image. Jacquin’s method requires
the large amount of computation during
encoding process because of searching the whole
area of the contracted image to find the
corresponding domain block for each range
block. Also, Monro(9) suggests the method
which performs encoding process in the unit of
Although his method

reduces encoding time, discontinuity on the

independent  block.

boundary of the reconstructed image exists. The
proposed method in this paper first converts a
8 bit-plane image into a 4 bit-plane image {10}
and uses the 4 bit-plane image as an original
image in order to improve compression ratio.
And then, the 4 bits original image is reduced
by half with scaling method(11). Finally. the
corresponding domain block which is most
similar to the range block of the reduced
original image is searched in the limited
area(12] of the corresponding contracted image

in order to reduce encoding time considerably.

The contents of this paper are as follows. In
section II, we describe theoretical background
of fractal coding. In section I, we explain the
proposed algorithm of the fractal image coding.
In section IV, we compare the proposed method
with the traditional Jacquin's method and
analyze the results. Finally., we finish section

V with concluding remarks.

II. Theoretical Background

2.1 Fundamental Concept
Fractal coding adopts affine transformations
with rotation, scaling, reflection and translation
and can be expressed by following equation (1).

x x a bl x e
J=w =AU ] @
[y ] ¥ cdlyl Lf
where W is two-dimensional affine transfor-
mation. Therefore, Equation (1) implies that
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Table. 1. 8 symmetries

Symmetry}l Matrix Description
0 ( (l) (1)) Identity
1 (V(; (1) ) Reflection in y-axis
2 ( é _(i ) Reflection in x-axis
3 (_é _?: 180" rotation
4 (%5) Reflection in line y=x
b5 (_? (1)) 90° rotation
6 (975) 270° rotation
7 (_? _é : Reflection in line y=-x

coordinate (x, y) on plane is replaced with
new coordinate (x'. y') by parameters a, b, c,
d, e and f. The parameters a, b, ¢ and d
indicate rotation, scaling and reflection, while
the parameters e and f indicate translation.
The parameters a, b, ¢ and d are such that the
transformation acts in the xy plane according

to the symmetries in Table 1.

Also, the affine transformations have to be
contractive in order to ensure convergence, and
the conditional equation can be expressed by

following equation (2).

d(WMA), KB))<s- d(A, B)
(2
Vv A,BEU, 0<s<]

where U is metric space, d is a metric in
metric space. And s is contraction ratio for

transformation W.

2.2 Fractal Image Coding
Since a gray level or a color image has its
pixel value, the general affine transformation

can be rewritten in 3- dimensional model.

x x a b 0][x e
Vi=wlyl=|cd0O||yl+]|f (3)
z' z 00 Pllz Q

where parameters a, b, ¢, d, e and { are
equal to those of equation (1), while parameter
P is chosen a positive number with O(P{1. P

and Q represent modified pixel value.

The fractal coding system is based on the
construction, for any given original image to
encode, of an image transformation of a special
kind which, when iterated on any initial image,
produces a sequence of images that converges
to a fractal approximation of the original
image. The requirements on the transformation
are (i) it is contractive in the metric space of
images endowed with L2 metric. (ii) it leaves
the original image approximately invariant. and
(iii) its complexity is smaller than that of the
original image. The mapping between domain
blocks of the contracted image with range
blocks

Fig. 1. The detail encoding scheme can be

of an original image is illustrated in

found in references (5.6.7.8).
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[Range Pool] [Domain pool]

Fig. 1. The mapping between some range blocks
and the corresponding domain blocks
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I. The Proposed Fractal Algorithm

The proposed fractal algorithm is performed
as follows:

(i) Bit-plane image is constructed to enhance
compression ratio.

(ii} Corresponding domain block which is
most similar with one range block is
searched within limited area using the
proposed limited search area method.

(i) Image divided into shade blocks and
edge blocks using the proposed block
classifier.

{iv) Bit allocation : 6 bits for shade blocks
and 15 bits for edge blocks.

(vl Encoding is perform by using the
result of bit allocation

(vi) Decoding is carried out using transm-
itted fractal parameter values.

(vil) Estimation of the reconstucted image
uses the root mean square error (RMSE)
and peak signal-to-noise ratio(PSNR).

3.1 Construction of Bit Plane Image

Firstly. bit-plane image is constructed to
enhance compression ratio. Each pixel in a gray
image is represented by 8 bits. The image is
composed of eight 1-bit planes, ranging from
plane O for the least significant bit to plane 7
for the most significant bit. The level of a gray
image can be described for 256%256 pixels like
the following equation :

ay ap ayg "t Qyp
Az Qp A4z "ttt A2y
Q3 dxp Qg v a3n (4)
Ami Gmy Gy o @on

where n=m=256.
Each pixel in equation (4) can be described 8
bits like the following equation :

[b7 bﬁ b5 b4 b3 bg bl bO] (5)

Using the equation (5). the n-bit plane
image can be constructed with an bit of each

pixel in the image.

a composite(b7+b6+b5+b4)
bit plane image for Lenna image.

Fig. 2 shows

Fig. 2. Bit-plane images for
Lenna image
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3.2 Limitation of Search Area
The proposed algorithm uses Fig. 2 as
reconstructed original image. First, the original
image is contracted respectively by half and by
quarter with the scaling method. And then, the
corresponding domain block of the quarter-sized
image which is most similar with one range
block of the half-sized image is searched within
the limited area in order to reduce the encoding
time extremely. The idea is illustrated in Fig.
3. Fig. 3 shows classificaiton of search area in
the domain pool. The limitation of search area

is as follows :

Case 1 : Area a, ¢, g and i
Search range of these areas is 8
pixels in the arrow direction in
Fig.3

Case 2 : Area b, d, f and h
Search range of these areas is 4 or
8 pixels in the arrow direction in
Fig.3

Case 3 : Area e
Search range of these areas is 4
pixels in the arrow direction in Fig. 3

If the selected block is an edge block, the
block is divided into 2 by 2 size blocks, and
the limited search area is the same as before.

Fig. 3. Classification of search
area

3.3 Block Classifier
In this paper, we use a block classifier to
satisfy the following relationships in order to
classify the block type (shade or edge).

Edge block if g:l (Pi - Pavg) >= Th (6)

Shade block if gl (Pi - Pavg) ¢ Th (7

where one block size is B x B (B=4 for
parent block and B=2 for child block), Pi is
value of each pixel in the block., and Pavg is
the average pixel value of the block. Threshold
value, Th. has been determined by considering
compression ratio and image quality through
experiments with more than 20 image samples.
We have assigned 10 as the threshold value for
both parent block and child block.

If a fractal coding algorithm does not contain
any block classification process, the algorithm
has to search the whole area of the domain
image for all range blocks in order to find a
domain block corresponding to a range block. It
requires a lot of encoding time. For example,
when we tested a fractal coding algorithm
without block classification for a 256 x 256
sized Lenna image, it took more than 15 hours
in encoding the image on a 486 IBM PC. If the
image can be divided into shade blocks and
edge blocks, the edge blocks need the search of
the whole domain area as before but the shade
blocks need no search in the domain area
because the shade block needs its mean pixel
Therefore, the block

classification process reduces fractal encoding

value for encoding.
time significantly.
The fractal block coding algorithm is a lossy
algorithm by nature. The fractal algorithm tries
to find the most similar domain block to a
range block. However, if the range block is
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exactly shade type, the mean pixel value for
the range block will provide better
reconstructed block image on decoding than the
most similar domain block information. Through
experiments, in most cases we found that
Jacquin’s method using its block classifier
achieved higher PSNR on decoding than a
fractal block coding method without a block
classifier. However, poor block classifiers
considerably drop the quality of the
reconstructed image. Therefore, the selection of
the block classifier determines the quality of

the reconstructed image. (i.e. PSNR)

3.4 Bit Allocation
For improvement of compression ratio and
reduction of search time, each block in an
image is classified into two types : shade type
and edge type. Bit allocation for the proposed
fractal algorithm is as follows 6 bits for
shade blocks and 15 bits for edge blocks. The

details are shown in Table 2.

Table 2 Bit allocation

Block information in bits
§ Parameters
ype Details Total
block type 2
Shade mean pixel 4 6
value
block type 2
mean pixel 4
value
Edge 15
coordinates 6
isometry 3

The computation of bit rates is as follows.

Let Is and Ie denote the total bits required for
expressing the shade block and the edge block
respectively. Let Ns and Ne denote the total
number of the shade block and edge block
respectively. If the parent block has size of B
XB and the child block has size of B/2xB/2.
the bit rate is given by:

E»IC + Nsls + Nele
N,B*

where Ic is the bits for twelve possible

bits/pixel (8)

coding configuration of a parent block. The
configurations can thus be encoded with Ic=4
bits. Np is the total number of parent blocks in
the image.

3.5 Decoding

Decoding is carried out using transmitted
fractal parameter values. Shade type blocks are
decoded with B size while edge type blocks are
decoded with B/2 size. Of course. the decoding
process should be recursively iterated to get a
reconstructed image. In most cases, 8 iterations
tolerable

for decoding are enough for

reconstructed image.

3.6 Estimation of the Reconstructed
image

The estimation of the reconstucted image

uses the root mean square error (RMSE) and

peak signal-to-noise ratio (PSNR). If the

original image of size BXB is A and the

A. RMSE can be

calculated by following equation

reconstructed image is

RMSEs\/ ]—éf gg(A(i,j)—A(i,J))z 9
PSNR for 256 gray level image can be
calculated by following equation :

PSNR=20 log 1{ 7027 (10)
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IV. Simulation Results

We simulated Miss America, Girl, Cronk,
Lenna and Peppers images with 256 gray level
and 256 by 256 size on 486DX-66 IBM PC.
Figures 4, 5, 6, 7 and 8 show original images
and decoded images. Although Jacquin's
algorithm decreases encoding time by using
block classification, it takes a few hours.
However, as shown in Table 3, the proposed
algorithm not only reduces encoding time
extremely but also improves compression ratio
with a little degradation of the decoded image.
When PSNR falls in range from maximum
5.28dB to minimum 2.58dB, there is a little
degradation of image quality. But in the light
of subjective vision, there is almost no
difference.

(a) Original image (b) Decoded image

Fig. 4. Miss America image

(b) Decoded image

(a) Original image

Fig. 5. Girl image

(a) Original image (b) Decoded image

Fig. 6. Cronk image

(a) Original image (b) Decoded image

Fig. 7. Peppers image

(b) Decoded image
Fig. 8. Lenna image

(a) Original image

Table 3 Performance comparison between
proposed
method and Jacquin’s method

Proposed Jacquin
thods method method
Encoding b PSNR| Encoding b PSNR
time(sec) e (dB] |time(sec) P (dB)
Images
M|s§ 34 10.35(34.30] 9180 [0.71{37.04
America
Girl 57 |0.57]29.81| 14040 |0.82|32.87

Cronk 45 10.48(31.13] 7020 |0.54|34.76
Peppers 61 0.67(28.29{ 11279 (0.85} 32.57

Lenna 79 ]0.57|25.66) 20840 [0.89{27.24
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V. Conclusions

The proposed fractal algorithm has reduced
encoding time and increased compression ratio.
We not only considerably reduce encoding time
by using limited search area method but also
improve compression ratio by using bit-plane.
Compared with Jacquin's algorithm, the
proposed algorithm increases compression ratio
in range from 0.36 bpp to 0.06 bpp and
reduces remarkably encoding time in range
from maximum 20561 seconds to minimum
6975 seconds for five different images.
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