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Abstract

A new no search fractal image coding scheme is introduced which is able to improve the speed of fractal image
compression greatly. Every time-consuming part of fractal coding is redesigned and accelerated with new techniques.
Compared with the most recent scheme of Tong and Wong, this method speeds up the encoding process by 22 times and
maintain the compression quality. Experiments on standard images show that the proposed scheme gets the fastest
speed of fractal image coding up to the present and holds high reconstruction fidelity. For example, using PII 450 MHz
PC, the proposed scheme spends 0.515 s to compress the Lena (512 x 512 x 8) with 36.04 dB PSNR decoding quality.

Using Dell PIV 2.8 GHz PC, it spends only 0.078 s to finish the encoding process and gets 36.04 dB PSNR.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Fractal image coding has been used in many
image processing applications such as feature
extractions, image watermarking, image signa-
tures, image retrievals and texture segmentation
[19]. Tt has the advantage of very fast decompres-
sion as well as the promise of potentially very high
compression ratios. Another advantage of fractal
image compression is its multi-resolution property,
an image can be decoded at higher or lower
resolutions than the original, and it is possible to
“zoom-in” on sections of the image [13]. These
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advantages make fractal-image coding a very
attractive method for applications in multimedia:
for example, Microsoft adopted it for compressing
thousands of images in its Encarta multimedia
encyclopedia [2].

Several natural image features such as straight
edges and constant regions are unchanged by
rescaling and this type of redundancy is not
exploited by transform coders. This local scale
invariance is one of the main properties of fractal-
image coding. Although pure fractal coders cannot
get as good performance as wavelet transform, the
hybrid fractal coders based on transform coding
and fractal image compression have been shown to
give appreciable improvement in image quality,
and better compression than transform coders
[21]. One such coder proposed by Zhao and Yuan
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[22] combined the discrete cosine transform (DCT)
and block-based fractal coding; and Li and Kuo’s
fractal-wavelet coder [11] worked better than
wavelet coders such as the embedded zerotree
wavelet coder (EZW) proposed by Shapiro [17].
However, the pure fractal coders or the fractal part
in the hybrid fractal coders suffers from long
encoding time, which is its major deficiency.

According to the idea that there is affine
redundancy in the real-world images, Barnsley
and Sloan [3] brought forward the original idea of
fractal image coding in 1988. They tried to set up
the iterated function system (IFS) of one image to
compress that image. In 1989, Jacquin [10] gave a
fractal compression scheme based on block search-
ing. This scheme was fit for computer processing
and established the foundation of fractal image
compression. He separated one image to non-
overlapping range blocks, and then searched the
domain pool globally or partially to get the
optimal affine transformation.

The drawback of Jacquin scheme is that the
block matching process is very time consuming.
Plenty of research focused on how to improve
the speed of fractal-image coding and almost all
of them explored how to reduce the amount of
domain blocks in domain pool. One kind of
methods classified image blocks in some way. A
range block was compared with the domain blocks
in the same class. For example, Jacquin [9]
classified blocks on their edge content and Jacobs
et al. [8] used block brightness orientation. Monro
and Dudbridge [12] localized the domain pool with
domain blocks closing to a given range block.
Saupe [16] excluded the domain blocks with the
smallest variance. Tong and Pi [18] only searched
the domain blocks that satisfied some adaptive
searching condition. Shen and Hasegawa [6]
searched the domain pool with the help of
simulated annealing. Let Np be the size of the
domain pool, these time complexity reduction
methods can only reduce the factor of proportion-
ality in the O(Np) complexity.

Different from reducing the domain blocks in
domain pool, some other researchers focused on
making the search faster. Hurtgen and Stiller [7]
proposed a hierarchical encoding scheme that is
based upon a two level codebook search and a

structural classification of its entries. Bani-Eqbal
[1]arranged the domain block in a tree structure to
direct the search and speed up the searching
without noticeable loss of image quality. The tree
search approaches are able to fundamentally
reduce the order of the searching time from
O(Np) to O(log Np).

In this paper, we shall discuss some of the
drawbacks of the basic fractal compression scheme
and propose a new scheme without searching that
can get the fastest speed of fractal encoding up to
the present and hold the coding fidelity in the
meanwhile. The proposed method can be extended
to speed up the hybrid fractal coders and improve
the performance of hybrid fractal coders.

The organization of this paper is as follows.
Section 2 analyzes the basic fractal compression
method and discusses some techniques to improve
every part of the fractal image encoding. Section 3
adjusts the Quadtree scheme, defines a method to
measure the similarity between two blocks, and
introduces the no search scheme. In Section 4,
experiments for some famous images are processed
by the proposed method. The results show that
this method can get the fastest speed of fractal
image coding up to the present and maintain high
reconstruction fidelity.

2. Fractal image coding
2.1. Review of basic scheme

We suppose that the size of original image 1 is
M x N. During the process of fractal image
coding, image f will be segmented into non-
overlapping range blocks. The size of every range
block is B x B. For each range block f|R;, we
search the domain pool @Q in order to get one
domain block f|Dy, and then apply contractive
affine transformation Wy to f|Dy. The optimal
selection of f|D; and W) must assure that the
image g = {Wy(f|Dx),k=1,2,...,N}, which is
obtained by transforming f|D; with W (k =
1,2,...,N), has the minimum difference from
f =R, k=1,2,...,N}. The size of f|D; must
be greater than the size of f|R; to assure Wj
contractive. Usually we set the size of domain
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block 2B x 2B. The domain pool is extracted by
sliding a window of size 2B x 2B from the top left
corner of original image f* with integer step Iyip in
horizontal or vertical directions. When I, equals
1, the searching is full searching and there will be
(M —-2B+1)x (N —-2B+1) domain blocks in
domain pool.

If Wi, k=1,2,...,N, is contractive, the set of
all transformation W = {W;,k=1,2,...,N} is
also contractive. According to the contractive
mapping fixed-point theorem [5], there would be
one unique image * and W (f*) = f*. The collage
theorem guarantees that f* will approximate to
original image f. Transformation W) and position
of domain block f|Dy. constitute the fractal code of
range block f|Ry. Fractal codes of all range blocks
form the iterated function system (IFS) of image f.

Contractive affine transformation W is com-
posed of spatial contractive transform S and gray-
level transform G.

Spatial contractive transform S maps f|D; (with
size 2B x 2B) to Dy (with size B x B). We define
gray-level ¢(i,j), (i=1,2,...,B;j=1,2,...,B) of
Dy as the mean of corresponding neighboring four
pixels of f|Dy, it is

1]
9iN=7 D [@.9), ()
) eu;' (i)
where uy, is the mapping from f|Dj to Dy.

Gray level transform G can be defined by the
linear function

G(D) = aD + bl, (2)

where the affine parameter a is the scaling
coefficient, b is the luminance offset. D is the
spatially contracted domain block, and 7 is a block
of the same size of D, but with all elements equal
to 1. With this definition of gray level transforma-
tion (2), the fractal encoding problem will become
searching the domain pool @ to find D, a and b
to make

E(R,D) = min E(R,D)

€

= min min |laD + bI — R|. (3)
DeQ ab

Here, R is range block. The least-squares results of
optimal affine parameters are

(R—FI,D—dI)
a = =0
IlD —dI|

where 7 is the mean of range block, d is the mean of
domain block.

However, such a least-square solution is un-
satisfactory. One reason is that the solution takes
no account of the constraint on scaling as required
by the condition of contractivity. And in IFS, the
scaling and offset coefficients must be quantized
for digital storage and transmission. It is well
studied that the post-quantization often leads to
poorer reconstructing results and pre-quantization
can get much better decoding quality. Thus, the
scaling coefficient must be constrained in [—1, 1]
and both transformation parameters must be
quantized to a;, i=1,2,...,m and b, j=
1,2,...,n, here, m and n are determined by the
bits allocated to the scaling and offset parameters.
And the fractal encoding problem becomes

E(R, D) = min E(R, D)

, b=F—ad, )

DeQ
= mi in ||a;D + b;I — R||*. 5
min min llaiD + b; I Q)

The basic fractal image coding method is outlined
in the pseudo-code in Algorithm 2.1.

Algorithm 2.1. Basic fractal image coding algorithm

e LOOP Range Block: For every range block
R,‘, = 1,2, ...,NR, do
{
o LOOP Domain Search: For every domain
block D;, j=1,2,...,Np, do

{
LOOP a: For every ai, k=1,2,...,m,
do
{
LOOP b: For every b, [ =1,2,...,n,
do
{
Error Calculation
error = ||axD + bl — R|?  (6)
}
}
}
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o Record the a, b and position of D that make
the error minimum.
}
Here, Ng is the number of range blocks, Np
is the number of domain blocks in domain
pool Q.

2.2. Computational problems and the solution

In Algorithm 2.1, there are quadruple LOOP in
the process and for every step we need to calculate
the error defined by (6). Thus, the minimization
problem defined by (5) needs quite a lot of time to
find the best matching domain block and affine
transform. The computational time is composed of
four parts:

(1) Parameter search: the search of «;, i=
1,2,...,m and b;, j=1,2,...,n. It depends
on how many bits allocated to a and b.

(2) Error calculation: the calculation of ||a;D +
bil — RI. It depends on the size of range
block.

(3) Number of range blocks Ng: if the number of
range blocks is larger, the encoding speed will
be slower.

(4) Domain search: the search of domain pool. It
depends on the number of domain blocks Np
in the domain pool.

In order to improve the encoding speed, we need

speed up the error calculation and cut down the

parameter search times, domain search times and
number of range blocks.

® Parameter search problem
Different from (2), Qien and Lepsey [14]
subtracted the DC component of all the
image blocks (both range blocks and domain
blocks) and defined the gray-level transform
G as
G(D) = a(D — dI) + 1. (7)

They used (7) to analyze some properties
of fractal image coding and proved (7) can work
well. During our research, we find that (7)
is suitable for our “‘speed up” target and it
can solve the parameter search problem par-
tially. With (7), the fractal encoding problem (5)

will be
E(R, D) = min E(R, D)
= min min |la;(D — dI) — (R — FI)||*.
DeQ i

®)

In (8), the IFS parameters become «; and 7.
Instead of searching the a;, i=1,2,...,m and
bj, j=1,2,...,n in (5), now we only need
search the a;, i=1,2,...,m. To further limit
the searching times, we can restrict the bits
allocated to scaling parameter a.

Error calculation

With the gray-level transform (7), the error

calculation part becomes

error = |la,(D — dI) — (R — FI)||*. )

The calculation complexity is determined by
the size of range block. To speed up the error
calculation part, we partition D into two blocks
D% " D%z with size B x B/2 and partition R into

Ry . R, with size B x B/2, then calculate the
2t 2
error, = ||a,~(D%l —dI) - (R%l — F|P. (10)

If error, is larger than one predefined thresh-
old, the a; will not be chosen and go on the
search. This scheme can save nearly half of the
calculation and will not influence the compres-
sion results.

Number of range block

We can increase the size of range block to
reduce the number of range blocks, but it will
lead to poor decoding quality because there are
regions that are difficult to cover well with
larger range blocks. To decrease the number of
range blocks without loss of reconstruction
fidelity, we use larger range blocks for constant
regions and smaller range blocks for other
regions. Quadtree scheme discussed in Section
3.1 is one of the techniques that can be used to
reduce the range blocks and improve the
encoding speed and compression ratio.
Domain search

For domain search, unlike the search methods
with O(Np) or O(log Np) complexity, in this
paper, we will give a scheme without search to
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speed up the encoding process greatly. For every
range block, we fix the position of domain block
corresponding to the position of range block and
only search for the best ae{a;,i=1,2,...,m}.
How to fix the position of domain block for every
range block is a very important part of this
scheme, we will give the detail in Section 3.3.

3. No search fractal image coding

With the discussion in Section 2.2, in Algorithm
3.1 we outline the pseudo-code of all solution for
every time-consuming part of Algorithm 2.1.

Algorithm 3.1. Improved fractal image coding of
Algorithm 2.1

e Choose a tolerance level T.
e Set R = f and mark it uncovered.
e  While there are uncovered range blocks R; do

{

o According to the position of R;, take out
the corresponding domain block from the
original image f.

o LOOP a: For every ai, k=1,2,...,m,
find the best ¢; which minimizes expres-
sion (9).

o Iferror<T or sizeof (R;) = Bmin then
Mark R; as covered, and write out the
transformation parameter ¢; and F.

o else
Partition R; into smaller ranges which are
marked as uncovered, and remove R;
from the list of uncovered ranges.

H

The Bpin in Algorithm 3.1 means the allowance
minimum size of range block. Comparing with
Algorithm 2.1, Algorithm 3.1 only need duplicate
LOOP: range block loop and parameter search of
a. We can set m, the number of «;, very small to
further improve the speed.

In Algorithm 3.1, there are two problems must
be solved:

(1) How to partition the range block R; into
smaller ranges. We adopt but adjust the
traditional Quadtree structure to solve this
problem (in Section 3.1).

(2) How to fix the position of domain block
according to the position of range block. We
define one term “‘similar degree” in Section 3.2
to measure the similarity between two blocks,
then use the similar degree to induce the
position relationship of range block and
corresponding domain block in Section 3.3.

From now on, we will do some experiments to

compare our proposed method with some other

methods. We choose bpp (bit per pixel) and PSNR

(peak-to-peak signal-to-noise ratio) as criterion of

comparison. The definition of PSNR is

2552
PSNR = 1010g]0 ﬁ , (11)
NZ:’:] (fl _fi )

where f; is the pixel of the original image and f;* is
the pixel of the decompressed image. N denotes
the total number of pixels.

3.1. Quadtree scheme

There are regions that could be covered well
with larger range blocks as well as regions that are
difficult to cover well this way. In a quadtree
partition, a square in the image is broken up into 4
equally sized sub-squares, when it is not covered
well enough by a domain. This process repeats
recursively starting from the whole image and
continuing until the squares are small enough to be
covered within some specified rms tolerance. Small
squares can be covered better than large ones
because contiguous pixels in an image tend to be
highly correlated.

The traditional quadtree scheme [5] used con-
stant rms tolerance but it could not get the most
satisfied results. In this paper, we propose the
adaptive rms tolerance to improve the perfor-
mance of the quadtree scheme. The reason is, for
large range blocks, we hope the reconstruction
fidelity be higher in order to assure the decoding
quality of the whole image; and for small range
blocks, we have to loose the threshold criterion to
get satisfied compression ratio. It means that, for
large range blocks, the tolerance error must be
stricter than small range blocks. We can increase
the tolerance 7 in Algorithm 3.1 linearly or non-
linearly to improve the compression quality. For
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constant tolerance and adaptive tolerance, we
tested Lena (512 x 512 x 8) with Algorithm 3.1.
Fig. 1 is the experiment results. From Fig. 1 we
know that this proposed adaptive tolerance
technique could get better compression results
than traditional constant tolerance. In this experi-
ment, linear relation

Tyt = 2T, + 1 (12)

is used to change the tolerance. Here n means the
Quadtree level, T,, means the error threshold of the
n level.

3.2. Similar degree

Self-similarity is one important property of
fractal. For real world images have a local self-
similarity, fractal image coding is to find the most
similar domain block of range block. It means that
the matching of two blocks depends on some
measure of their similarity. From the fractal
coding problem (8) we find that, to make (9)
minimum, the block Deyor = D — dI and block
Rerror = R — FI must be similar, and «; is the factor
of proportionality between two blocks.

To measure the similarity, at first, we normalize
the Derror and Ry to range [—1, 1] to eliminate
the influence of factor of proportionality between
two blocks; then add 1 to every element of the
blocks to make all value of the blocks greater
than 0, and we get DIo™ and RIO™. There are

error error *

n = B x B pixel intensities, di, ...,d, (from DI

37
3B /T
Bt
% | —— Adaptive
o 3
o Threshold
2r 0 e Constant
Threshold
27+
25 1 1 1 1 1
02 0.4 06 08 1 12

bpp

Fig. 1. Comparison of proposed adaptive tolerance with
traditional constant tolerance.

and ry, ...,r, (from RJOT). We define the similar
degree as

Sgp =Y _ min(r, d;). (13)
i=1

This similar degree gives a measure of the
similarity of two blocks. If the similar degree is
larger, the domain block will match the range
block better.

Fig. 2 gives the geometric explain of similar
degree. The shadow area of Fig. 2 is the similar
degree Sgp between range block R and domain
block D.

Similar degree can be used to accelerate the
searching speed. Giving a threshold T, we reject all
domain blocks for which Spp<T, hence the
computational load will be substantially reduced.
We must emphasize that this condition only
depends on the similar degree of two blocks and
most of the calculations can be prepared before the
searching process, i.e., in the pre-process part of
fractal image coding, the normalization of every
domain block needs to be computed only once,
and then the results of normalization will be stored
for future use. And the similar degree condition is
independent of scaling factor «;.

A constant tolerance will not get very satisfied
results. If it is set too low, it cannot lead to
considerable speed-up in the matching procedure.
If it is set too high, the quality of the matching will
suffer poor reconstruction fidelity. From (13), the

RD
R D

i,

Fig. 2. Similar degree Sgp between range block R and domain
block D.
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maximum similar degree of range block R is
Smax = Z i, (14)
=1

we define the threshold value as T = tSnax, here ¢
is a factor and 7€[0, 1]. And

SRD 2T = tSmax (15)

gives the search condition. When ¢ = 0, the search
is full search. To check whether the similar degree
condition works well or not, we incorporated
condition (15) in Algorithm 2.1 and tested Algo-
rithm 2.1 with Lena (256 x 256 x 8). Table 1 is the
result.

The results show that, the PSNR of 1 =0.5 is
nearly the same as PSNR of ¢ = 0. It means that
the value of factor t = 0.5 would ensure that all
range blocks and their best matching domain
blocks satisfy this similar degree condition. In
other words, we will achieve speed-up without
suffering any loss of error. Increasing the tolerance
t will further speed up the encoding, but at the
expense of poorer matching since some of the best
matching range block-domain block pairs will no
longer satisfy the search condition.

3.3. No search scheme

According to Table 1, even similar degree
condition is adopted, the encoding speed of fractal
image compression cannot satisfy the real time
processing requirement. Like some other fast
methods, the similar degree method only reduces
the factor of proportionality in the O(Np) com-
plexity. We need a way to eliminate the search of

Table 1

Encoding results with different ¢

t Encode time Speed up ratio PSNR

(s) (times)

0 576 32.222
0.5 474 1.22 32.220
0.6 232 2.48 32.083
0.7 108 5.32 31.908
0.8 41 14.05 31.079

domain pool to make the encoding speed of fractal
image compression fast enough for real time task.

A scheme requiring no search has been de-
scribed by Dudbridge [4], in which groups of four
range blocks share their union as a common
domain block. In that case encoding and decoding
both have linear cost with image size, but the
approximation quality is poor.

Different from the union of four domain blocks,
we use the similar degree to induce the position of
domain block corresponding to position of range
block. Algorithm 3.2 gives the detail.

Algorithm 3.2. Fix the position of domain block
by similar degree

(1) Separate the original image f to range blocks
with size B x B.

(2) For every range block, search the domain
pool to find the domain block with similar
degree greater than ¢Sy,,x. Record the position
difference between best matching domain
block and range block.

(3) If B = Buin, count the position difference
recorded for every range block, report the
position difference with highest repeat times,
stop.

Else, adjust B to B/2, go to step (1).

Suppose the position of range block is
(rowg, colg), we check Lena (512 x 512 x 8), Girl
(512 x 512 x 8), and Baboon (512 x 512 x &)
with Algorithm 3.2. The initial B is set as 16
and B, 1s set as 2. For r=0.5,0.6,0.7,0.8, we
count the position difference with highest repeat
times, respectively. The statistic results show that,
for most range blocks, the probability of high
similar degree happening in the position of
(rowg — B/2,colg — B/2) is larger than other
positions. It means that if we fix the domain block
position in (rowg — B/2,colg — B/2), we can get
better reconstruction fidelity than other positions.
Fig. 3 is the geometric description of the relation
between range block R and domain block D. We
compare this new position scheme with Dudbrid-
ge’s scheme using Algorithm 3.1. Fig. 4 gives the
comparison results and shows the advantage of
new scheme. With the same bpp, proposed position
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D ! B2

B2

Fig. 3. Position relationship between range block R and
domain block D.

35
34
33
32
31 r
30

28r Proposed Scheme

e ------- Dudbridge Scheme
271 -

26 1

25 . \ . . \ ! ‘
0 0.1 02 03 04 05 0.6 0.7 0.8

bpp

PSNR

Fig. 4. Comparison of DudBridge position scheme with
proposed position scheme.

scheme can get much higher PSNR than Dud-
bridge scheme.

In summary, our proposed no search scheme is
different from Dudbridge’s scheme in such aspects:

(1) Similar degree is used to induce the position of
domain block and get better results (Fig. 4).

(2) Incorporating the Quadtree structure of range
blocks to the no search scheme can improve
the coding fidelity significantly. The adoption
of adaptive tolerance can further improve the
coding fidelity (Fig. 1).

(3) Instead of (5), (8) is used as the fractal encoding
problem. It can make the encoding process
much faster. The adoption of technique defined
in (10) can speed up the error calculation thus
further speed up the encoding process.

4. Experiment

With all the above discussion, we suggest the
following no search algorithm to be used for
fractal image coding.

Algorithm 4.1. No search fractal image coding

® Give one threshold error 7, separate the
original image to range blocks with size Biy
and mark all range blocks uncovered.

® While there are uncovered range blocks R;, do

{

o Suppose the position of R; is (rowg, colg), size
of R; is B x B, take the domain block in
position (rowg — B/2,colg — B/2) and calcu-
late the error. defined in (10).

o If error, < T or B = Bpn, use (9) to search for
the best scaling parameter a; and store the «;
and 7, mark R; as covered.

o If error.>T, separate the range block into
four equally sized sub-blocks, increase the
threshold value T corresponding to such
blocks, mark these sub-blocks as uncovered
range blocks and remove R; from the list of
uncovered range blocks.

}

In Algorithm 4.1, Bj,; means the initial block size
of range block. We test the no search scheme with
standard Lena image (512 x 512 x 8). For every
range block, we use 3 bits to store the scaling
parameter a¢; and 1 byte to store the mean of range
block 7. In the Quadtree structure, we considered
four levels, starting at 16 x 16 blocks and finishing
in 2 x 2 blocks, i.e. By, = 16 and B, = 2. The
rms error threshold 7' will be changed by T, =
2T, + 1, n=1,2,3, here T, means the error
threshold of the n level. In the IFS code, we need
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to spend other 2 bits to save the quadtree level
information. For those range blocks with position
rowg < B/2 and colg < B/2, we choose the domain
block in (rowg, colg). For those range blocks with
position rowg < B/2 or colg<B/2, we choose the
domain block in (rowg,colg — B/2) or (rowg —
3/2, COIR).

During the calculation of spatial contractive
transformation of domain block, there is some
repeat calculation. To eliminate the repeat calcula-
tion, before encoding of range blocks, we pre-
process the original image f* (with size M x N) to
image f, with the same size of /. The method is to
express every pixel (7, /) by the mean of neighbor-
ing four pixels in the corresponding position of f.
It is that, fori=1,2,....M; j=1,2,...,N

1 1 1
ep=73> > fla+mj+n). (16)
m=0 n=0

During the encoding of range block, supposing the
position of domain block is (rowp, colp), we only
need to take out the contractive domain block
from f,, with the following method:

D(i,j) = f(rowp + 2i,colp + 2j),
i=12,...,B, j=12,...,B. (17)

This technique eliminates the repeat calculation
successfully.

In experiment, we use the Dell Pentium IV
2.8 GHz PC without special image processing
hardware to test our method. The operating
system is Windows 2000 and the programming
language is Visual C+ + 6.0. Table 2 (column 5 is
the encoding time) is the results of Lena (512 x
512 x 8). We see that, the no search fractal coding
is very fast, when PSNR >36, it only needs

Table 2
Encoding results of Lena (512 x 512 x 8)

T PSNR bpp Time (s)

Pentium IT 450 M

Time (s)
Pentium IV 2.8 G

3 36.04 1.38  0.515 0.078
7 3530 0.97 0.438 0.062
16 34.02 0.67  0.359 0.062
26 33.07 0.54  0.328 0.046
39 32.03 0.43 0.313 0.046

0.078 s, if PSNR = 34, it only spends 0.062 s to
finish the encoding. It also shows that, with the
present standard personal computer, the speed of
the proposed method is enough for some real time
applications of fractal image compression. Fig. 5 is
the original image of Lena, Fig. 6 is the

Fig. 5. Original image of Lena (512 x 512 x 8).

Fig. 6. Decoding result of Fig. 5, PSNR = 34.02 dB, bpp =
0.67 b/p, encoding time = 0.062 s.
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reconstruction result of proposed method with
0.062 s encoding time. Comparing Fig. 6 with
Fig. 5, we know that the proposed method works
well.

To compare our method with the updated
results of fast method reported by Tong and
Wong [20], we use the same test environment of
Tong and Wong: a PC with an Intel Pentium II
450 MHz CPU and 128 MB memory. Column 4 of
Table 2 lists the encoding time with this Pentium II
450 MHz PC.

Tong and Wong improved the algorithm de-
signed by Saupe [15] and gave the results for Lena
(512 x 512 x 8) and Baboon (512 x 512 x 8). In
their results, compression ratio was reported and
we change the compression ratio to bpp to make
the comparison convenient. The results for Lena
are listed in Fig. 7. From Fig. 7 we find that, with
the same bpp, our no search scheme can improve
the speed of Tong and Wong’s scheme by nearly
22 times with a little loss of PSNR (less than 0.55).
Compared with Saupe’s algorithm, our scheme
improves the bpp from 0.947 to 0.676 and speeds
up the encoding by nearly 108 times with 0.55 dB
loss of PSNR.

Table 3 is the comparison of Tong and Wong,
Saupe and our method for Baboon (512 x 512 x
8). The experiment environment is PC Pentium 11
450 MHz. Table 3 shows that, with 1.6 dB loss of
PSNR and 0.37b/p loss of bpp, we speed up the
Tong and Wong’s scheme from 8§ to 0.658 s. And
for Saupe’s scheme, we speed up the encoding by
91 times with 1 dB loss of PSNR.

Time(s) Ni 29
o

O Proposed
R B Tong & Wong(2002)
PSNR(dE) Eﬁgﬁ W Saupe(1995)

PSNR(dB) opp(bip) Timels)
OProposed 02 0576 0359
W Tong & Wong(2002) 3457 0674 g

W Saupe(1995) U5 0947 3¢

Fig. 7. Comparison of Tong and Wong scheme, Saupe scheme
with proposed scheme.

Table 3
Comparison results of Baboon (512 x 512 x 8)

PSNR bpp Time (s)
Proposed 24.2 1.7 0.658
Tong and Wong 25.82 1.33 8
Saupe 25.19 1.69 60

-
2

Fig. 8. Original image of Baboon (512 x 512 x 8).

When we do the test on Dell Pentium IV
2.8 GHz PC, the encoding of Baboon only spends
0.1 s (PSNR =24.2 dB, bpp = 1.7 b/p). Fig. 8 is
the original image of Baboon, Fig. 9 is the
decoding results. From Fig. 9 we find that, for
Baboon, even the PSNR is not so high, it is
difficult for the human eye to detect the difference
between original image and decoding image.

We also test our algorithm on some other well-
known gray level images such as Girl and Gold-
Hill. For the images with constant regions, our
scheme works well (such as Lena); but for images
with too much details (such as Baboon), the
proposed scheme cannot get good compression
quality (in the mean of PSNR), and nearly all
fractal coders cannot work well for such images.
For both kinds of images, the speed of proposed
method is very fast.
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Fig. 9. Decoding of Fig. 8, PSNR = 24.2 dB, bpp = 1.7 b/p,
encoding time = 0.1 s.

5. Conclusion

In this paper, we have examined the basic fractal
image compression method and discussed some
methods to improve every part of the fractal image
encoding. We designed many new techniques to
improve some traditional fractal methods and
compounded these techniques to form the pro-
posed no-search scheme. In the proposed no-
search scheme, a simple but very efficient similarity
measure method was introduced to determine the
domain block’s position; one technique was
designed to reduce the calculation of rms error;
and we gave an adjusted quadtree scheme and
incorporated it to the no-search scheme to
improve coding fidelity significantly. Experiments
showed that this method could get the fastest
speed of fractal image coding up to the present and
maintain high reconstruction fidelity. Thus, this
research supplied a strong support for the fractal
image compression using for real time products.

Furthermore, we can combine the fractal-coding
method with some frequency methods such as
DCT or wavelet transform to improve the
compression ratio and get better results than pure

fractal coders and pure transform coders. For
example, Zhao and Yuan [22] partitioned the
original image to range blocks and domain blocks,
then did the DCT for every block (range block and
domain block). After that, they did the fractal
coding in the frequency space and saved the fractal
code as the results. This scheme gained better
results than JPEG. Our next research plan is to use
this proposed no search scheme to improve the
speed of hybrid coders that based on fractal coders
and transform coders so as to improve the
performance of hybrid coders.
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