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Abstract— Fractal coding is a very promising technique for
image compression. However, it has not been widely used because
of its long encoding time and high computational complexity
Fractal image compression has received much attention from the
research community because of some desirable properties like
resolution independence, fast decoding, and very competitive
rate-distortion curves. Despite the advances made, the long
computing times in the encoding phase still remain the main
drawback of this technique. So far, many different solutions have
been proposed for this problem, but there is not yet a standard
for fractal coding. Based on adaptive threshold quad tree fractal
compression approach, we consider image’s semantic
characteristic, and apply graph-based image segmentation to
fractal image compression, separating the initial image into many
logic areas, then encoding each area with fractal image
compression method. According to the problem of long encoding
time which exists in the typical fractal compression approaches,
we have proposed a fast image fractal compression approach
based on the combination of adaptive quad tree compression
approach and graph-based image segmentation algorithm.
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based image segmentation

l. INTRODUCTION

In Image Compression, the researchers’ aim is to reduce the
number of bits required to represent an image by removing the
spatial and spectral redundancies. Recently discrete wavelet
transform, wavelet packet, fractal coding has emerged as
popular techniques for image compression. Image fractal
compression is originated from Barnsley’s research for IFS
system and the image fractal block coding proposed by
Jacquin . In 1988, Barnsley applied fractal image compression
based on IFS system to computer graphics, and compressed
the aerial image, which made him get a compressed ratio
1000:1, but the approach requires manual intervention.
Subsequently, Jacquin proposed a new fractal image
compression method based on image block, and the method
can conduct automatically without manual intervention.
Therefore, Jacquin’s method has become a typical
representation for this research direction; fractal image
compression has become practical since then[1].
Although fractal compression has many advantages, but in the
process of fractal encoding, it needs a lot of computing, and
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this results in a long encoding time. Currently, fractal
compression’s research focuses on how to shorten the
encoding time[1].Reference [2] proposed an adaptive
threshold quad tree fractal compression approach, Compared
with fixed square segmentation compression approach, it has a
greater flexibility. It divides the image block which has high
details into smaller sub-block, and for the image block with
low details, divides them into larger sub-block. By doing so, it
can reduce the number of image blocks which need to match
and shorten the encoding time. Reference [3] proposed a
method which applies ant algorithm to fractal compression,
and implements the automatic classification for image block.
When matching, it can use heuristic information and substitute
global search with local research. By the comparison of
average brightness between image block and sub image block,
reference [4] divides sub-block into 15 categories, further, by
sorting the image block’s variance, every category can be
classified into 24 sub-classes. So, total image blocks can be
divided into 360 categories, when matching, we search in the
same category. Based on graph theory, reference [5] proposed
a fast image segmentation algorithm, by comparing the
characteristic difference between regions and interior domains,
it can judge whether there is a boundary between the two
regions. Compared with traditional image segmentation
algorithm, this algorithm can obtain images’ global visual
features. In this paper, based on adaptive threshold quad tree
fractal compression algorithm, we propose a method which
can apply the image segmentation algorithm proposed in
reference [5] to fractal compression.

Following are the disadvantages of the above approaches.
Firstly, they only consider some statistic information of image
block, and neglect the image block’s semantics and the
semantic relationship between block and block. For example,
the image block from the image’s background has little
probability of matching the image block from image’s main
content; secondly, once a R block can’t find the best-match D
block in its own search space, it can’t expand its search to his
adjacent search space, therefore, the decoding image has poor
quality. Section Il will introduce the proposed approach. In
Section Il will introduce the experimental result.
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A. What is Fractal Image Compression?

Imagine a special type of photocopying machine that
reduces the image to be copied by half and reproduces it three
times on the copy (see Figure 1). What happens when we feed
the output of this machine back as input? Figure 2 shows
several iterations of this process on several input images. We
can observe that all the copies seem to converge to the same
final image, the one in 2(c). Since the copying machine
reduces the input image, any initial image placed on the
copying machine will be reduced to a point as we repeatedly
run the machine; in fact, it is only the position and the
orientation of the copies that determines what the final image
looks like.[6]
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Figure 1. A copy machine that makes three reduced copies of the input
image [8],[9].

The way the input image is transformed determines the final
result when running the copy machine in a feedback loop.
However we must constrain these transformations, with the
limitation that the transformations must be contractive (see
contractive box), that is, a given transformation applied to any
two points in the input image must bring them closer in the
copy. This technical condition is quite logical, since if points
in the copy were spread out the final image would have to be
of infinite size. Except for this condition the transformation
can have any form.

In practice, choosing transformations of the form [6]

e

is sufficient to generate interesting transformations called
affine transformations of the plane. Each can skew, stretch,
rotate, scale and translate an input image. A common feature
of these transformations that run in a loop back mode is that
for a given initial image each image is formed from a
transformed (and reduced) copies of itself, and hence it must
have detail at every scale. That is, the images are fractals.
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i i opy Third Copy
Figure 2. The first three copies generated on the copying machine
Figure 1[7]

B. Basic fractal image encoding approach

The basic ideal of fractal image compression is as
following: divide initial image into small image blocks with
non-overlapping (Rang block, R block for short). For each R
block, find an image block (Domain block, D block for short)
which is the most similar to current R block under a certain
transform, that is, use some image blocks’ transformation to
splice the initial image, and make the spliced image similar to
the original image as much as possible[1].

Suppose the image which to be encoded is 256*256 size
with 256 gray shade and R block is a 8*8 size block, so the
whole image can be divided into 1024 R blocks, all the R
blocks composite R pool. Suppose D block is four times larger
as R block, so the number of D block is (256-2*8+1)2=58081,
all the D blocks composite D pool. For each R block, find a D
block from D pool which is the most similar to it. The
concrete steps are as following:

1) Shrink D block to the size of R block, marked D’ block, and
the specific shrinking method is four neighborhoods regional
method

2) Transpose, turn D’ block. Specifically, we can choose eight
affine transformations which proposed by Jacquin, and the
corresponding transformation matrix.

3) Compare each R block with all D’ blocks in D pool, and
obtain the most similar D’ block. The similarity can be
measured with average variance MSE, if we see each R block
and D block as vectors.

4) For each R block, record the corresponding compression
affine  transformation W. All  compression affine
transformations constitute the whole image’s fractal code.
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Figure 3.The schematic diagram of the fractal encoding process[1]

Il.  PROPOSED APPROACH

This paper proposes an image fractal compression approach
based on the combination of adaptive quad tree compression
approach and graph-based image segmentation, which will be
used to reduce the encoding time and increase the compression
ratio.

A. Graph based image segmentation

Graph-based image segmentation  overcomes the
shortcomings of traditional image segmentation algorithm, i.e.
excessive segmentation over image. At the same time, this
algorithm can adjust its segmentation scale according to
different images, thus, it can achieve better content-based
image segmentation. In the fractal encoding process, most
blocks which come from different image’s contents have
different textures, so blocks come from different image
contents can’t be the best-match block for each other in most
cases, but for the blocks come from the same image content,
they can easily match each other well[1]. An example is
shown in figure4.

region 3

region 2

Figure 4. Schematic diagram of image content segmentation [1]

From figure 4, we can see that, blocks come from region 1
can easily find his best-match block in region 1, the situation
for blocks come from region 3 is the same as that in region 1,
but blocks come from region 1 can hardly find his best-match
block in region 3.Inspired by this fact, we combine graph-
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based image segmentation algorithm and adaptive threshold
quad tree fractal compression approach together, and propose
a new fractal image compression approach, use graph-based
image segmentation approach to segment image at an
appropriate segmentation scale, separate the original image
into many different logic areas according to image content,
and construct the corresponding search space for each logic
area. Then encode each logic area using adaptive threshold
quad tree approach. When the encoding for all logic areas in
the whole image is finished, the whole image’s encoding is
completed. But after we separate the initial image into several
different logic areas, it is difficult to encode the irregular
shape with fractal compression approach; in this we adopt the
following method [1].

After the initial image is separated into several different logic
areas, we can set a same label for all pixels located in the same
logic area, by doing so; we indicate that all those pixels are in
the same logic area. When encoding, we can also set a label
for each image block, and the label for image block is the
equal to the labels of pixels located in the block, if there are
several different pixels with different labels in one block, we
can set the block’s label as anyone of them, all the image
blocks with the same label constitute a search space. As shown
in figure 5, image block B can be either partitioned into the
search space which A located in or partitioned into the search
space which located in search space [1].

region A
the label of pixels

located in region A
is1

region B

the label of pixels

lacated in region B
is0

image block €
the Iabel of block
Cisl

image block B

the label of block B

can be either 1or 0

image block A
the label of block Bis 0

Figure 5. Schematic diagram of setting image block’s label[1]

I1l. EXPERIMENTAL SET UP AND RESULTS

In our paper we take standard 256*256 size, colored Lena
image as test image. We have implemented to use the
MATLAB 7.9 as a development tool on WINDOWS platform.
Hardware requirement of proposed approach is general
minimum configuration, Pentium Il or above Processor,
256MB RAM (minimum), 400MB free disk space, etc.. The
standard colored Lena image is shown in figure 6, we have
applied graph based image segmentation on original image
then we got segmented image as shown in figure 7, then
labeling of each region has been done as shown in figure 8.
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Figure8.Lina image after labeling to each region

IV. CONCLUSION

We have considered image’s semantic characteristic, and
apply graph-based image segmentation to fractal image
compression, separating the initial image into many logic
areas. Proposed approach can improve the recovered image’s
quality and compression ratio significantly. This paper
proposes an image fractal compression approach based on the
combination of adaptive quad tree compression approach and
graph-based image segmentation algorithm, which will be
used to reduce the encoding time and increase the compression
ratio.

In future work, we will implement an algorithm based on a
graph based image segmentation and adoptive quad tree to
reduce the encoding time and increase the compression ratio.
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