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ABSTRACT

The performance of any block based image coder can be
improved by applying fractal terms to sdected blocks. Two
novd methods & usel to achieve this. Firsty the code
determines whether a local fractal term will improve each
image block by examining ts rte/distortion contribution,so
thatonly beneficial fractal terms are used. Secondly, the
decoder deduces the offset parameters for the loca fracta
transfam from the basis furctions done by inferring the
dominant edgeposition, so that no offseti nformation is
required. To illustrate the method, we e a quadree
decomposedi mage with atruncted DCT bask.Using a
standardtest image, the propottion of the picture area
enhanced by fractals decreases flom 16.1% at 0.6 bpp to
8.1% & ahigh compresson ratio d 801 (0.1bpp. Thefractal
terms contribute less han 5% d the compressel code in dl
cases. The PSNR simproved slightly, and edge detail is
visudly enhanced.

1. BACKGROUND

To compressan image, deine an Iterated Fundion
System (IFS)[15] of orde N tobeW={w); k=1,.,N},
where the w, are contraction mappings, each defined on a
subse A, of the image suprt. The attractor of W is a
non-overlgpping tiling of the image, asin Figure 1. A fracta
fundion f(x, y), i sthen defined which appraximatesthe
brightnessg(x, y). An image blod taken from the location
A isreferred to as the parent and animage block taken from

w (A, ) isreferred to as he child. For each tile the fundion
is speified by arecursve mapping v, sud that

Fw 06 y) =vx y,fxy) for(xy)ina. (1
In this work weusemappings oftheform

V% Y, f) = pXo + 8%, ¥, +8y) + & fi (5x, 8y) (2
where (x;,Y,) is the bottom left corner of A and

n
PXy+ 8, y, +dy) = z ¢, b,(3x, dy), is an appraximation
1=1

by bass fundionsib, , e, isthe single fractd coefficiert
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Figure 1. Fractal transforms apply contraction mappings
of parent blocks onto child blocks.

andf;( is the paent block  f,(3x, 8y) =f (x, + 8%, ¥, + dY)
orthogondized with respect to the basis using

n

f;(:fk_z<bi J>b, S
whae  <b.f> = [[ e (x )b, (xy) dxdy “
k

and the basis fundions aenormelized by <b ,b>=1

To solve, the knownimageg(x, y) is used in place of the
unknown fractal function f(x, y) and the approximation is
known to bevdid by the Cdlage Theaem[1].

The process is fracta because of the sef-similarity
inherent inv,. The mappingsform an ensemble of functions

which, when iterated or otherwise rendered [5], form an
appraximation to theimage. Uswally thetiling of the image
is by squee or rectangular child blocks, and it is often
assuned that p, is asimple brightness level. Muchwork has

concentrated on redudngthe complexity of sarching for the
best paentto mep onb each child [6, 7].

An alternative gproach uses more complex basis
functions [7, 8] and restricts or even eliminates sarching.
Sud an approach is the Bath Fractal Transfam (BFT) [9,
10] with which a pre-determined tiling withou searching
gives the greatest accuracy at a given compression ratio,
when usal with a quadratic bask. In combination with the
Accurate Fractal Rendering Algorithm (AFRA) [5], the BFT
has beenusedfor red time fractal video[11].
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Figure 2. A local fractal transform, with the child block
inside the parent block. For a strong edge, the parent/child
relationship can be deduced from the basis function.

2. IMPLICIT FRACTALS

In thisw ork we i mprove the perform ance of
non-serching fractal compressian by dlowing any relative
position of child block and parent block provided the child
is locd to the parent. We start from the obsewation that
fractal terms enhance edgesin images provided the
alignment of the edges inthe mapping is rrect. To exploit
this, we ddermine the doninart edge of the child block from
thebasis functions &one, usinga mathematical modd o the
edge. We postion the parent block sothat the edge passes
through it in the same reative position, asillustated by
Figure 2 Themethod gplies b ay dhoice d besis tindions
and to any image partition.

Once the coder has cd culated the basis coefficierts for
achild block, the sare processof edgedetermination and
matching to find the parent can be carried outas will beused
in the decoder. The coder can then decide whether using a
fractal term will improvetherate/distortion characteristic of
the image. The compressedcode contains only the fracta
coefficierte,, becausetheoffsetd the child withintheparent
will becomputed by the decoder from the sane information
that was use by the code.

The code froms anon-fractal approximation o all or
part of theimage by any coding mehod. The code for any
image block adds Ab bits to the total image code and
increases fs total MSE by AMSE. If the dopeof the rate
distortion curve is determined numericdly bythe coder as it
compresss a partition of the image, then the termina sloge
OMSE/db isknow quite accuraely, point Ain Figure 3. The
coder cant hen examine eachi mage block to determine
whether a fracta term will i mprove the compressian. It is
assumed that th e terminal slope will not be altered
appreciably by this proess.

If afractal is usel, it will contribute further bits,Ab,, -
and improve the image M SE by AMSEﬂaC. The fractal term
is beneficial in rate/distottion terms if and only if

AMSyro: _ OMSE ®
Ab ob

Jrac
(i.e. ismore negdive at point Ain Figure 3.)
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Figure 3. A block is selected for fractal enhancement by
the terminal slope of the rate/distortion characteristic.

as illustraed by Figure 3. T he estimate of AbﬂaC can be

completely accurate, even if entropy coding isused. The
collage theorem [1, 2] would normally be usel to estimate
AMSEfr 2 Which is na cmpletely accuratealthoughbourds

on its accuracy can be computed The gradent is also more
diffi cult to compute if the basis fundions and the fractal
component are na orthogond.

3. IMPLEMENTATION AND EVALUATION

To evauate the method, for p, (x, y) we usel a DCT

basis limited to the 6 terms C00 , C01 , C02 , C10 , C11 ard

C,o Cygwasquantized to 7bits,and heother coefficients to
6 bits, with afixed Huffmantable derived from atest se of
images An image is partitioned into 32 x 32 pixe blocks,
and within each patition a quadree sructure was formed so
that the bass gpraximation MSEwas dstributed as evenly
as passibke over the image. Becauseit seldom occurs that a
fractal term is used with theinitia partition, it is acceptable
to carry out the fractal sdection on/ as blocks ae split.
Given the DCT coeffi cients,we can classify ablock as
bang predominartly horizontd or predominantly vertical by
comparing [, ;to [, 00 To goply theimplicit fracta, we

search aZDQabIeDusian the edgemode , which givestheedge
location asafunction of the ratios

_[Cyo0 _ Ko .
P = gand r,_= O for a vertical edge and
100] 100]
imilar =02 e = 1950 horizont
similady r__ = Oandr, = Ofor horizontal.
W o Cog

It can beshawn that theseratios ae indgpendent of the
intensity on either side of the edgeaccording to the model
usel, Figure4. The locationis reflected horizontdly and/or
vertically according to the signs of he ratios.

The fractal coeffi cient isthenfoundby soling equation
2 fore,. By the Cdlage Thearem, f (x, ) is approximated by

the origina parent bl ock g (x,y), orthogonalized with
respect to thebask [1, 7]. In ourexpeiments, usinga
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Figure 4. A simple model of an edge, in which /and r
are the flat intensities on either side of the edge.

Huffman coded fractal coefficiert Y adds kss lhan 2 bits o

the code of eachblock inwhichit isused. Because the
decoder can determine the fractal offset v ectors from the
bask gppraximation, the fractal terms are very efficiently
coded.

Figure 5 shows e improvement in edgedefinition that
can be obtained in a synthetic image. The implicit fracta
method improves al orientationsof the edge by computing
the gotimum paent locationfromthe decoded bassfunction.

In Table 1 welist the results of coding the test image
Gold Hill ove arange of compressionratios. Figure6 shows
clearly the improvement in edyedetail obtained in theLenma
image wherethe implicit fractal enhancement is applied.

4. DISCUSSION AND CONCLUSIONS

We haveintroduced atechniquefor applying fracta
transfams in cmbination with other image coding methods.
It could be usel to improve any image coding systen in
which the original and gproximated images are availableto
the coder, including wavel et compressial. Once an image
has teen coded by the basis gproximation, one can examine
any patition oftheimageto decide where afractal term will
improwe the rate/distartion characteristic.

Wehave incorpaated afracta termin the testexamples
only where the L2 measued rate/distottion performance is
not degraded according to our prediction. While the PSNR
is slightly improved ove the whole image, in the blocks
actudly aoded with afractal theimprovementwill be sverd
times larger, and the visual qudity contributed by greater
edge definition can be striking, as the examples show.This
suggests that the condition for i nclusion of afracta term
might be too severe, if the objective is optimum visua
quaity. It mightbe useful, for example, to sdect fracta
enhancement for blocks with significant edges even if the
PSNRis dightly degraded.

The implicit fractal m ethod is particulady powerful
becauset he offse i nformation can be determined by the
decoder from its reconstudion of the basis approximation.
Over an entire picture, if only a propottion of blocks are
fractally enhanced a an average compressionpendty of 2
bits per block, the overall cost per pixe will be nggligible.
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PSNR PSNR PSNR | Fractal | Fractal

Basis | Centred | Implicit % of terms
bpp Approx | Child fractal | Picture bpp

Area

0.6 31.39 31.50 31.53 16.1 .028
0.5 30.74 30.88 30.90 16.1 123
0.4 30.01 30.16 30.18 154 .018
0.3 29.15 29.33 29.35 14.8 .014
0.2 28.09 28.28 28.30 13.0 .009
0.1 26.60 26.70 26.71 8.1 .004

Table 1. Implicit fractal applied to the standard test image
Gold Hill.
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(© (d)
Figure 5. Edge enhancement with implicit fractals, fixed 16x16 blocks. (a) Original. (b) Basis approximation.
(c) Local fractal with child centred on parent. (d) Local fractal with implicit alignment.

(a) DCT basis, PSNR 29.14 (b) Implicit fractal, PSNR 29.21 (c) Blocks selected for Implicit Fractal
Figure 6. Detalil at 0.2 bpp. The PSNR difference is small, but the implicit fractal improves edges visually.
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