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Abstract: The basic theory of Jacquin’s fractal block coding is to approximatéuaalamage by its partial subdivided parts, given that
the parts resemble the whole at either the same scale or different Sdaefact that self-similarity most commonly exists within an
entire natural image leads to the development of the proposed methaéisadrc as the fractal descriptor, in which an arc commonly
exists within the entire natural image, named as Arc-Descriptor Frac#ih@gdADFC) method. In the ADFC, each range block is
approximated by using the selected arc-descriptor from an optimal Phisl.paper experimentally demonstrates the ADFC method
on Java and the ADFC system is verified with 5 medical images. The ex@gaahresults indicate the ADFC method can encode and
decode the experimental images effectively. The PSNR of the image®atoding can reach 30 dB at limited cost while the CR is less
than 17%. The ADFC outperforms Jacquin’s method under the cormpasfdhe number of search in matching process. We conclude
that the ADFC successfully encodes and decodes image in an effieechsduring encoding phase without noticeable loss of image
quality.
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1 Introduction blocks the most. Fractal block coding achieves excellent
compression results because it records only the necessary

In the ‘80s, M. Barnsley suggested that Iterated FunctionParameters of transformation in the matching process and
Systems consisting of sets of contractive maps withcorrespondent domain blocks during encodi6gT, [9] ,
associated probabilities could be used not only toand [L0].
generate fractal sets and measures but also to approximate During the encoding phase of fractal block coding, the
natural images. After Barnsley, fractal techniques havesize of domain pool determine how much time the
been applied extensively in several areas of digital imageencoding spends in searching the best match for each
processing, such as image analydisgnd image coding range block. Therefore, there were many researches on
[2,3,4]. Among them, fractal image coding received most how to obtain the best quality with as little searching as
attention which fundamental idea based on encoding aossible. A plenty of studies of some of the researches
image by a contractive transform for which the fixed point can be found in11,12,13,14]. One of the simplest ways
is an approximation of the original image. of decreasing coding time is to decrease the number of
The block-based fractal image coding method wasdomain blocks in order to decrease the number of search
first introduced by Jacquirb[6] and Bernesly 7,8]. The  [15].
fractal block coding method consists of discovering a  Based on such consideration, this paper proposes a
construction rule to build an approximate image based omew approach, with the smallest possible pool of
the observed tendency for all natural images are rich inself-similar descriptors, to find each range block for its
affine redundancy. It divides an image into range blocksoptimal matching self-similarity descriptor according to
and domain blocks, and then searches in domain pool fothe best possible accuracy. The proposed method uses a
the best matched domain blocks which match the rangeet of elaborative designed arc-descriptors to approximat
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range blocks. We named the method Arc-Descriptorexactly or statistically. This concept leads to the cremtio
Fractal Coding (ADFC). of a class of fractal image coding methods. The first

The ADFC approximates the natural image with the fractal block coding was pioneered by Jacquih énd
elaborative designed arc-descriptor. It is motivated gy th Bernesly [,8]. The fractal block coding seeks to
observation that natural images are generally quiteapproximate the image based on the subblocks of that
self-similar, and arc can be found abundantly in theimage.
organic shapes of various natural image, in which the  The basic theory of Jacquin’s block coding method is
organic shapes are shapes with flowing and curving andlescribed as: let be a grayscale image. In fractal block
irregular appearance, and the why the arc-descriptor as eoding, imagd is partitioned into non-overlapping range
self-similarity can be found within the entire natural blocks R, i = 1, 2,...N, so thatl = UR and domain
image commonly. blocks D; C I, j = 1,2,...M, where the size of each

The basic concept related to the fractal block codingdomain block is larger than that of each range block. To
method of an image is used. The ADFC constructs arencode an image, each range block will find a domain
image transformation during encoding an image, and therlock most similar to itself from the domain pool, in
results a fractal code. For an image, the ADFC iterativelywhich the finding is based on minimum mean-squared
generates a set of fractal images to converge to arrror criteria. The search is performed with an affine
approximation of the original. In the encoding phase of transformatiorw;, such thaw; : D; — R whereD; is the
the ADFC, an image is partitioned into a number of best matched domain block. A common form of the
non-overlap range blocks at first. Meanwhile, the ADFC transformation is shown as:
generates a group of arc-descriptors according to the
classified image gray values. The number of W X{ _(ab||X n & (1)
arc-descriptors is much less than that of domain blocks in "ly] T |cdi] |y fi
conventional fractal coding. Consequently, the ADFC
examines how well range blocks are approximated byPut a constrain to the transformatianfor contraction so
arc-descriptors, at either the same scale or differenthat for any two pointp; andpy, the distancel() between
scales, and the information of successful approximation igwo points should fulfill the inequality:
written into the codebook. As a result, the proposed
method greatly reduces the number of searches in the d(wi(p1),wi(p2)) < ad(pa, p2) (2)
matching process.

The ADFC has been implemented in computer Wwherea is a coefficient andx < 1. To encode an
software, and 5 medical images were successfullyimage would start from performing the transformatign
encoded and decoded without noticeable loss of imag@®n domain blockD; for a range blockR;, based on
quality. This paper evaluated the performance of ouréquations) and @) it derives the following:
proposed method by using the image quality after
encoding, compression ratio (CR), search-time wi(Dj) = aDj+co 3)
complexity with peak signal-to-noise ratio (PSNR), the ) . . )
ratio of file sizes, and the searching time in matching ~ Whereco is a coefficient. Theoretically, the union of
process. The experimental results indicate that thdhe aff!ne transformatllonsfor all range.blocks will form
proposed method is successful in reducing the number ofhe affine transformation for the whole image as expressed
search in encoding phase with little quality loss and goodin equation 4) [8,17].

CR.

The rest of this paper is organized as follows. In the _ N _
next section, the fractal block coding method is = UW‘
introduced. In section 3, we describe the ADFC. Section =1

4 illustrates the software implementation and the  The encoding method would seek for a transformation

experiment conducted for the purpose of verifying our ¢ gomain block to the best approximation of a selected

method, and _analyzes_the experimental re_sults Wh'change block. To determine the and co for exactly

show the consistency with the ADFC. In the final section {ransformation on each domain block, it should find the

the concluding remarks are present. minimum distance between range block and domain
block:

(4)

MiNZy m(R)nm— (T(Dj))nm ®)

wherenandmare the sizes of blocks, usually are set to
Mandelbrot based the idea of self-similarity and 2 or 4. The encoding method uses the following distance
demonstrated how “fractal” sets could be regarded asquation to compare the range block with domain block
limits of iteration involving generators inlf]. In other  for determining the best matching:
words, a fractal object is an object which can be
assembled by its subdivided parts similar to the whole d(1(Dj),R) = =(1(Dj) —R)? (6)

2 Fractal block coding method
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Image encoding is achieved by recording thethe
minimal distance, and the respefY;. Fractal codes

recorded in the codebook can later be used in: mital Arcsand | | Transformation| = Geperate
approximating the image. mage ~ | rangeblocks and Codebook |

To decode the image, the coding method would generation maiching 3
perform the transformation iteratively on some initial

image Qi stored in the code book until the encoded
image is restored. The decoding processKr iteration Encoding Phase
is described as:

X =1(Q)Y(Q) @) Iteration
Codebook — and — Approximation
transformation

whereT is the transformation ang is the ensemble
function to assemble the transformations.

Decoding Phase

3 The Proposed arc-descriptor fractal coding
method Fig. 1. Arc-descriptor fractal coding schema.

As mentioned above, the Jacquin’s method approximates

image subblocks by a number of other blocks. The main ) )
difference between the ADFC and the Jacquin’s method idecode process is as the same as the fractal block coding
that the ADFC uses a set of arc-descriptors toMethod. .

approximate the image subblocks. A block diagram in !N the next, this paper demonstrates how to create an
Fig. 1 explains the process of the ADFC. In the encoding2¢-descriptor. In general, an arc is any smooth curve

phase, an image is partitioned into a collection of rangeCONNecting two points. Let angle & and radius b&k.
blocks. At the same time, a set of arc-descriptors isL€t (xo,Yo) be the center point of arc. The arc diagram is

created. For each range block, the search in thdllustrated as Fig. 2.
arc-descriptor pool is performed with affine
transformations to obtain the best matched arc-descriptor
in which the finding is based on minimum mean-squared
error criterion. Image encoding is achieved by storing the
transformations and arc-descriptors in the codebook. In
the decoding phase, image decoding is performed by
approximating the range blocks iteratively by performing
the affine transformations with the recorded
arc-descriptors.
To encode a gray imagke the ADFC firstly divides

the image into non-overlapping square blocks which sizes

(x,y)

arel x | as the range blocks. Then, the ADFC for each (Xor Yo)
gray values exhibited in image creates arc-descriptors
respectively which sizes are larger than that of range Fig. 2: Arc expression by angle and radius.

block. For each range blocR;, the ADFC applies the
affine transformationw; to arc-descriptor Aj, and
compares the transformation result to the range block. For point(x,y) on an arc, a common equation for the
The arc-descriptor with the minimal distortion is said to arc in the anglé’ is expressed as,

be the best matched arc-descriptor for the range block,

— !/
just similar to equations): X=Rx cosf’ +xg

y=Rxsin@’ +yo

minZnm(R)nm = (T(Aj))nm (8) As shown in Figure 2, the arc center point, angle
radiusR , and start pointS are known, then connecting
point on arc can be obtained alongside the arc angle, also
the end pointE can be calculated by equatiori(yj.

(10)

The minimal distance is defined as following equation
similar to equation (6):

d(t(A)),R) = Z(1(A})) - R)? (9)  Therefore, the ar6E is built by connecting the start point
and end point.
The ADFC records the transformatianthe minimal Theoretically the number of arc-descriptors is chosen

distanced(), and the resped; in fractal codebook. The as many as the number of gray values exhibited in image.
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However, the operation is complicate and difficult, and step 4:For each range blo&k an optimal approximation
this paper expects the ADFC achieves the effective R = aAj+cis determined as follows:
approximation of range blocks with as less as possible of 1.Compute the distances between range bRyand

arc-descriptors. Therefore, this paper partitions the gra all of the arc-descriptord(1(Aj),R) = X (T(A}) —
values into several classes, and takes the lowest gray Ri)2_

value in each class as the index gray value for that class. 2.The arc-descriptor saidh; with the minimal
The ADFC creates the arc-descriptor for each class, and distance to range block R,
assigns the gray value as the same as the respected class. ~ min%, ;m(R)nm— (T(Aj))nm, is the best matched
The selection of an optimal number of classes depends on arc-descriptor.

experimental experience. 3.Record the code for the range bldgk

Here, assumels arc-descriptors to form the optimal step 5:After all of the range blocks are processed by step
pool make the best possible accuracy. A bottom threshold 4, the encoding is completed.
r used in the creation of arc-descriptors basedl@nis
obtained by using floor function as expressed in equation

(11). The decoding of the ADFC is as the same as the
Gmax + 1 — Gpiin conventional fractal block decoding. Start from an initial
= ds (11) image. Then perform the transformation iteratively on the

N g o g initial image based on the recorded code.
where Gmax and Gnn, represent the maximum an . . . .
minimum gray values respectively in image. This paper uses 5 EM images for experimentation

Next, the ADFC creates a series of thresholds base(jg/hiCh are from the U.S. Centers for Disease Control and

onr, and consequently lays the gray values of the imag revention. All of . the Images  are c_onv_erted Into
within the thresholds to form a set of gray value classes.soox 300 pixel bmp images as illustrated in Fig. 3.
The arc-descriptor pool comprises arcs each of which is
built and designated a gray value according to the gray
value classes. For instance, class 1 contains the gray
valuesGmin to (r x 1) — 1 , class 2 contains the pixels
with gray value(r x 1) to (r x 2) — 1, class contains the
pixels with gray valudr x (r —1)) to (r xi)—1, until all

of the pixels are assigned to their designated classes. Th
minimal gray value in each class is assigned to be the
gray value of that class. Consequently, we creelte
arc-descriptors for each class and assign arc-descriptor:
the gray values as the same as the associated classes.

|\

4 Experiment and Analysis 998 Lbmp 5990.bmp
4.1 &/stem Al gorithm and Parameters 99110.bmp from : CDC/ Janice Carr

9934.bmp from : CDC
This paper experimentally demonstrates the ADFC on 9937 bmp from : CDC
Java and uses in implementation 5 EM images as the .
experimental data. The flow of the ADFC encoding 9981.bmp from : CDC/ Janice Carr
algorithm is described as follows. 9990.bmp from : Janice Carr

step 1:Read the grayscale medical image..

step 2:Segment the image using a fixed block size into
range blocks. A Z 2 block size is selected as the Fig. 3: Original EM images used in proposed method.
same as that used in Jacquéih 4nd Davis B].

step 3:Select a number for coefficiesis. Obtain a gray
value series based on bottom threshold calculated by
using equationq1). For each gray value in that series, The ADFC is tested with various performance
create an arc-descriptor with the same gray value usingvaluation parameters including PSNR and CR. The
a block size twice the range size, which is 4 asthe  PSNR is described as follows. Lé{(x,y) be the gray
same as the size of domain block used in Jacogiin [ value expression of the original imade Let B(x,y) be
and Davis B]. By averaging four pixels each shrinks the gray value expression of the imaBefter encoding.
the arc-descriptor to match the size of the range blocksThe images are of the same sidex M. Let Iy be the
This step produces the codebook of arc-descripigrs  maximum gray value. The mean square error (MSE) and
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the PSNR is defined in equatioh?). by wusing various numbers, from 2 to 10, of
arc-descriptors. Fig. 4 demonstrated the 9990.bmp after
N-1M-1 the ADFC encoding with various numbers of
2
Zo ZO (B(x,y) —AX,Y)] arc-descriptors.
MSE = X2
NxM (12)

PSNR= 10|og(W*MX%) dB

The CR is defined as the ratio of the number of bits Original Tmage

represents the size of original image to the number of bits
represents the size compressed image. CR show that how
much times the image has been compressed.

CR= Noriginal (13)
Ncompressed

where Ngriginal and Neompressed are the numbers of bits
required to represent the original and compressed image.

4.2 Search Time Complexity Analyses

Assume the time spent in matching process for an image
with a number of range blocks in Jacquin’s method, and

the ADFC are both with brute-force search scheme, and
do not count on the affine transformation. The time spent
in Jacquin’s method is the product of the number of range
block and the number of domain block. On the other hand,
the time spent in the ADFC is the product of the number

of range block and the number of arc-descriptor.

Let N; be the number of range blocks. In Jacquin’s
method, for each range block, the best matched domain. o , .
block in domain pool wittNg domain blocks is searched. ©'9- 4 Decoding images which were encoded with n arc-
The time complexity for every range block searching thedeszlr“mor.S of size élk' Aa The PSNR increases as the number of
domain blocks iQ(Nr 5 Nd)- arc-descriptors applied increases.

In the ADFC, letcls be set to the same as the largest
possible gray value, 256, for obtaining the best possible 1o determine the optimal numbercls  of
accuracy; therefore, 256 arc-descriptors are (_:reated. Fodrc-descriptors in pool, this paper compares the parameter
each range block, the best matched one in the 25swith respect to PSNR. The experimental PSNR results
arc-descriptors is sgarched. The time complexity for everyof various EM images obtained by using various numbers
range block searching the arc-descriptor®{sl x 256). of arc-descriptors are listed in Table 1. Those images have

When the number of domain blocks in Jacquin's heen carried out in the scenarios discussed as the number
fractal block coding method is larger than 256, the ¢ arc-descriptors against the image quality after
number of search by using Jacquin's method is larger thancoding. The PSNR results indicates the situation while
that by using the ADFC. In such a case, the timejncreasing the number of arc-descriptors, we obtain better
complexity of the ADFC is better than that of Jacquin’s quality of decoded result.
method. Table 1 lists the results of CR. It indicates the CR

value increases as the number of arc-descriptors

increases. In this experiment, the CR values in 10
4.3 Experimental Results and Analyses arc-descriptors which results acceptable PSNR of all

images are between 9.54% and 16.5%.
Although applying 256 arc-descriptors created for all ~ This paper also processed the 5 EM images with
possible gray values in image would lead the ADFC conventional fractal coding method. The resulted PSNR
system to an excellent result, it degrades the performancand CR are listed in Table 1. Although the CR values in
due to redundant arc-descriptors. To obtain the bestonventional fractal coding are quite uniform, the PSNR
possible number of arc-descriptors, this paper has/alues are not good enough. Apparently the ADFC is
compared various decoding results of the ADFC obtainedccompetitive to conventional fractal coding.
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Table 1: PSNR and CR of images after the ADFC encodingand  The high PSNR and low CR of 5 medical images after

conventional fractal block encoding the ADFC encoding indicate that the ADFC can
Fractal Block Coding effectively approximate the natural image with
Image | PSNR(dB) | CR(%) arc-descriptor, which shape is arc, of course, that can be
9910 | 24.446 10.62 found abundantly in many natural images. This actually
9934 | 27.215 11.01 explains why the arc-descriptor commonly exists within
9937 29.4 9.77

9981 | 294 10.70 fche_ entire naturall image. The.experimental .results aI;o
9990 26'238 10'46 indicate that the size of'the optimal arc-descrlptor pool is
' ' decreased and the time complexity can save very
ADFC significantly compared to Jaquin’s method.
Image | PSNR(dB) | CR(%) This paper has demonstrated that arc-descriptor is
9910 | 32.665 10.58 suitable to be self-similarity descriptor to encode vasiou
9934 | 24.633 9.73 natural images. The PSNR and CRs are varied by the

5 arc-descriptors gggz gjg;g ibsg(a number of arc-descriptors. The ADFC does achieve the
9990 33.646 91'5 goal of improving the efficiency while preserving the
: . desired image quality. The result has encouraged us to
9910 39.13 16.45 dt t L tud
9934 | 30816 16.07 proceed to remote sensing image study.
10 arc-descriptorg 9937 | 42.382 9.54
9981 31.547 16.50
9990 | 40.721 14.62 Acknowledgement
9910 44.706 20.23
, 9934 | 36.674 18.17 This work was supported by the National Science Council
15 arc-descriptorg 9937 | 46.819 12.91 of Taiwan R.O.C under contract
9981 36.923 19.65 ' v
0990 | 45.688 1704 NSC99-2923-E-022-001-MY3.
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9910 | 42.167 23.36
9934 33.933 21.60
20 arc-descriptors 9937 | 45.228 14.60
9981 34.553 22.68
9990 43.644 20.00
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