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Abstract

Image compression techniques play an important role
in data reduction and transmission. This work proposes a
fractal image encoder based on a small domain pool with
constant size constructed from the neighborhood of each
range block and an efficient spatial subdivision data struc-
ture. This method is compared to a searchless algorithm us-
ing well-known grayscale images. The proposed approach
is capable of performing fast compression and decompres-
sion, while maintaining high visual fidelity and operating at
low bit-rates.

1. Introduction

Most fractal image encoders are characterized by ex-
tremely slow encoding times (taking a few hours to encode
a single image) and fast decompression [5]. This is caused
by the fact that constructing a fractal to approximate the
content of an image is much more complex than displaying
it [10]. Unfortunately, they are not competitive with other
encoders based on transform coding both in encoding speed
and rate-distortion performance.

A fractal encoder outputs a transform called collage
that, given a downsampled version of the original image,
it can create an approximation of the signal in its original
scale. The usual method to create this is based on numer-
ous searches for similar blocks between the image in these
two scales which can be accelerated by specially designed
heuristics [5].

A fast method for constructing a collage, called search-
less fractal compression, was proposed by Furao and
Hasegawa [3]. Each block in the original scale (called range
block) is associated to a single block in the higher scale
(called domain block). If the similarity between these two
blocks is acceptable, the range block is encoded, otherwise,
it is partitioned and the process is applied to the resulting
sub-blocks. The encoders based on this concept are faster

by orders of magnitude when compared to other fractal en-
coders employing more complex fractal-based algorithms,
taking less than one second to encode an image instead of
hours.

This work proposes a fast method for encoding images
that is not as restrictive as the searchless encoders while
keeping the encoding speed approximately at the same or-
der of magnitude and improving the image quality at simi-
lar bit rates.

The next sections are organized as follows. Section 2
presents a brief review of fractal coding and searchless
methods. The proposed method is described in Section 3.
Experimental results comparing the proposed method
against a searchless encoder are presented in Section 4. Fi-
nally, the conclusions of the work are given in Section 5.

2. Background

This section presents a brief review of fractal image cod-
ing and the searchless fractal encoders.

2.1. Fractal Coding

Fractal image encoders [5] generate a transform as out-
put, called collage, that approximates the original image
given a downsampled version of it. This transform is cre-
ated in such way that when applied several times to any im-
age, it will converge to an approximation of the original sig-
nal. Based on this property, starting with an arbitrary image,
the decoder only needs to apply the collage and downsam-
ple its results repeatedly until it converges to the desired
output.

Most fractal encoders construct the collage through a
subdivision of the image into blocks (range blocks) that
are matched against higher scale blocks (domain blocks) in
the downsampled image by means of costly searching algo-
rithms. This process makes the encoding process extremely
expensive, specially when compared to the decoding time.

The collage can apply any affine transform to map a do-
main block into a range one. The collage also changes the
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Figure 1. Relationship between range (R) and
domain (D) blocks in a searchless fractal en-
coder.

intensities of the pixels contained in the domain blocks by
using a transform such as the one proposed by @ien and
Lepsay [7], shown in Equation 1, where G is the resulting
pixel intensity, D is the intensity in the domain block, D is
the mean intensity of the pixels in the domain block, 7 is the
mean intensity of the pixels in the range block and « is a pa-
rameter determined by a least squares estimation.

GD)=a(D—D)+7 (1)

2.2. Searchless Fractal Coding

Initially proposed by Furao and Hasegawa [3], the
searchless fractal coding aims at quickly constructing a col-
lage avoiding the complex search for the best match be-
tween range and domain blocks. Each range block at the
coordinates (x, y) with dimensions a x b is matched against
only one domain block with dimensions 2a x 2b located at
(x—a/2,y—0b/2), as shown in Figure 1. To encode a range
block, only « and 7 must be transmitted, instead of the large
number of parameters used in other state-of-the-art fractal
encoders.

The image is partitioned into equally sized blocks using
a quadtree, which are encoded by the process previously de-
scribed. For each block. if the obtained error is larger than a
certain threshold, the block is recursively divided into four
sub-blocks until a certain minimum size is reached.

The searchless encoder proposed by Furao and
Hasegawa [3] was later refined in [16] by employing a more
flexible data structure to subdivide the image, in which a
range block can be split into half either in the horizontal or
vertical directions. There is no limit to the size of the range
blocks, but smaller regions always have their « parameter
set to zero and 7 is encoded using fewer bits.

3. Proposed Method

This paper proposes a new method for encoding the re-
lationship between the domain and range blocks in images
that is not as restrictive as the searchless methods, but is
not as complex as the classical brute force or heuristic algo-
rithms [1].

A more flexible domain pool with a larger selection of
possible domain blocks is created to avoid the necessity of
the searchless encoders to split certain regions of the im-
age several times until they reach the desired reconstruction
quality. This selection avoids such excessive use of subdivi-
sions and also can reduce the number of bits used to encode
the image.

For each range block with dimensions a x b located at
(x,y), there are 9 possible domain blocks that can be used
to represent it. The position of these blocks can be expressed
as

¥ =x—a+p; xa/2
r_ 2
Yy =y—b+p, xb/2

where p, and p, must be equal to 0, 1 or 2. All possi-
ble domain blocks given by this equation are illustrated in
Figure 2. These candidate domain blocks have dimensions
equal to 2a x 2b and only one of them is chosen as the defini-
tive mapping by testing which one of them has the lowest
error when compared to the original range block, after hav-
ing its gray values properly transformed by Equation 1.

If the range block must be split to achieve a lower re-
construction error, then it is divided into two equally sized
sub-blocks. However, to do so, it must decide in which di-
rection this subdivision will be performed. The heuristic
used to choose how to properly partition a block tries to en-
code both sub-blocks separately without actually subdivid-
ing them, but by evaluating the two possible directions that
can be used to split the original block. The direction result-
ing in the lowest estimated error is chosen.

The encoder initially subdivides the image into a uni-
form grid of blocks with 64 x 64 pixels. The rate-distortion
heuristic proposed by Saupe et al. [12] is used for rate con-
trol, the blocks are inserted into a priority queue to sort the
range blocks according to their sum of squared differences
(SSD) instead of the mean squared difference (MSE), this
replacement was proposed by Fisher and Menlove [2] to im-
prove both the PSNR and the perceptual quality of the re-
sulting image. At each iteration of the decoder, the range
block with the largest SSD is subdivided into two blocks,
which are reinserted into the queue. The total number of it-
erations, N4, is defined by the user.

After the last iteration, the range blocks in the queue are
transmitted by a context-adaptive arithmetic encoder [11],
where « parameters are quantized into one of the values
in the set {0.25,0.5,0.75,1.0}, as suggested by Tong and
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Figure 2. All possible relationships between
the range (R) and the domain blocks (D) in
the proposed encoder.

Pi [15], and encoded by an adaptive context chosen by the
|logy A|, where A is total area of the block, p, and p,
values are encoded by their own adaptive contexts. Range
blocks with only one or two pixels have their o parame-
ter set to zero as suggested by Wu et al. [16].

The parameter i is encoded by a prediction method sim-
ilar to the one proposed by Teuhola [14], in which the range
blocks are scanned recursively from the left to the right and
from top to bottom. Each visited range block predicts its
mean value by averaging four mean values from neighbor-
ing blocks (as shown in Figure 3), quantizes the prediction
and the real mean value using a uniform quantizer and an
adaptive context chosen by the |log, A, as shown in Ta-
ble 1 to encode the difference between them.

The spatial subdivision binary tree is transmitted by two
different symbols: a binary flag for each node to mark it as
either a leaf or an internal node, which is encoded by an
adaptive context based on the |log, A| and another sym-
bol to indicate the direction that node was split, which has
two different contexts, one for blocks with b larger than a
and another one for the remaining blocks.

The decoding process is accelerated by 3 different and
complementary methods. The initial image that is used in
the first iteration of the decoder is composed by filling each
range block with its mean (for more details, see [6]). The
used pixel intensity transform is the one proposed by @ien
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Figure 3. The prediction rule used to encode
the mean values.

Decision Table for the Quantization of 7
area quantization step ‘ number of used bits
1 16 4
2 16 4
4 8 5
8 8 5
16 4 6
32 4 6
64 2 7
> 128 1 8

Table 1. Quantizers applied according to the
area of the range block.

and Lepsgy [7] with additional proofs and details given
by Pi et al. [9]. Each iteration is applied according to the
Gauss-Seidel inspired method proposed by Hamzaoui [4],
which uses only one image during the iterations overwrit-
ing each range block with its updated contents. The use of
these methods assures that the decoding process converges
in 4 iterations or less, instead of the usual 8 to 10 iterations
used by other fractal decoders.

Finally, the image is post-processed by the same de-
blocking filter proposed by Fisher and Menlove [2] that
adapts itself according to the size of the range block, ig-
noring the ones with smaller areas and using more aggres-
sive parameters in the larger ones.



Images Searchless Constant-Sized Domain Pool
encoding time (ms) ‘ decoding time (ms) ‘ encoding time (ms) ‘ decoding time (ms)
Baboon 21.9 19.2 100.6 19.3
Barbara 21.0 19.0 92.3 19.2
Boat 20.3 18.8 94.5 19.2
Goldhill 21.6 19.0 98.0 19.2
Lena 21.6 19.2 99.3 19.5
Peppers 21.4 19.0 99.3 19.3

Table 2. Average encoding and decoding time of the proposed and the searchless method for the

benchmark images.

4. Experimental Results

All experiments were conducted on an Intel Core 2 Duo
E6750 processor, 2.66 GHz with 3GB of RAM running the
Linux operating system. The method was implemented in
C++ programming language using only integer values and
running on a single thread.

The proposed approach is compared to a searchless en-
coder using the standard grayscale benchmark images Ba-
boon, Barbara, Boat, Goldhill, Lena, and Peppers, with
512 x 512 pixels. The metric used to compare the origi-
nal and the decoded images is the peak signal-to-noise ratio
(PSNR), which can be calculated as:

2557
PSNR = 10log; (MSE) 3)
where MSE is the mean squared error between the com-
pared images. The resulting PSNR for each image using
both methods at different bit-rates is shown in Figure 4.

The searchless encoder used in the comparisons is based
on exactly the same base code from the constant size do-
main pool encoder, but assigning a fixed value for p, and
py of each range block, it is extremely similar, but not ex-
actly equal to the one proposed by Wu et al. [16]. This al-
lows a fair comparison between the two proposed domain-
range mappings, avoiding possible differences in the imple-
mentation.

Both encoders were compared by varying N;; from 100
to 10000 iterations. The rate-distortion curves show that
the proposed method maintains a lower distortion in the
compressed images at the same rates even though there are
fewer range blocks in the transmitted data, since each block
uses a larger amount of bits.

Table 2 presents the average encoding and decoding
times for each image. Although the proposed domain pool
is nine times larger if compared to the searchless method,
the total encoding time is only increased by a factor of five
since there are fewer range blocks. The number of range

blocks, as shown in Table 3, is smaller because they are sub-
divided less frequently and consequently they cover larger
areas.

Number of Range Blocks
Images searchless proposed method
Baboon 6005 4223
Barbara 5807 4025
Boat 5708 4025
Goldhill 6005 4223
Lena 5708 4025
Peppers 5708 4124

Table 3. Number of range blocks generated at
0.20 bpp for each tested image.

5. Conclusions and Future Work

This paper proposed a novel domain pool for fractal cod-
ing which is an intermediary between the searchless en-
coders and the usual methods employing brute force or
heuristics in a large domain pool.

Due to the smaller number of encoded range blocks, the
proposed method outperforms the searchless encoder even
though the latter uses less bits to encode each block. The ad-
ditional complexity of the larger domain pool has a signif-
icant performance impact, however, the encoder still takes
approximately 100 ms to encode a 512 x 512 image com-
pared to several minutes of the original fractal encoders
based on large domain pools.

It is important to note that p, and p, parameters are
transmitted without any form of optimized compression and
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Figure 4. Rate-distortion curve for a number of tested images.




the domain block is chosen by exhaustive search, which
causes a major decrease in the rate-distortion performance
and an increase in the encoding time of the proposed ap-
proach. Future experiments will analyze possible heuristics
to choose the proper domain block and compress its rela-
tive position.

Other proposals for future work include the use of a pyra-
midal algorithm during the image decoding [13], a more ef-
ficient method for the quantization and coding of # parame-
ter, improvements on the heuristics and data structures used
in spatial subdivision, and the use of rate-distortion opti-
mization methods to choose between different domain pools
and quantizers [8].
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