Zooming with Implicit Fractals
D.M.Monroand P. D. Wakefield

School ofElectronic and Bectical Engineeing, University of Bath
Claveton Down,BA2 7AY, England

e-mai: D.M.Monro@bathacuk

paulv@eebathacuk

Fax:+441225 826073
Intemet: http:/dmaun4bath.acuk/

ABSTRACT

One advantageof fractal image compression £hemesis
their multiresolution properties. An imagecan bedecodel
at highe or | ower resolutionsthan the original, and itis
possible to ‘zoomin’ on sctionsof the image Even so the
problemd fractal zooming has received very little atention.
In this pape we examine these multi-resolution propeties.
We study the problem of fractal zooming in general ard in
particular with a hybrid fractal tr ansform with im plicit
fractal terms. Wien decoding at a resdution higher than the
original, artefact can be created which affects the visual
guality of the zoomed image Wepresent one solution o the
problem of obtaining clear and sharp edgeswhere the
original approximation quality was goad. Our enharced
implicit fractal transform method @mpares favourably with
fractal zooming using pr evious standard fractal
approximation algorithms.

1. BACKGROUND

Much i nterest has fo cused on the It erated Fundion
System (IFS) as a method of i mage coding, the theay of
which s widdy available in the literature. [1-6]. To mmpress
animage, cfine anlFSto be W= {w,; k=1,.., N}, where

the w, are contraction mappings each defined on asubset
A, of theimage suppott S.

The atrador of W is a non-overlapping tiling of the
image. A fractal function f(x,y), i s then defined which
approximatesthe image krightnessg(x, y). An image block
taken from the location A, is referred to asthe paent and its

mappingw, (A, ) is referredto as the child. For each tile the
brightness function is specified by a recursive mapping v,
such that

Fwxy) =vx y.fxy) for(x,y)inA,. @)
In this work we use mappingsof the form

V(X + 8% Yo + 8y, f) = pxy + 8%, Y, + By) + & fj (3x, By)
)
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Figure 1. A local fractal transform, with an edge
aligned in the parent and child blocks.

where (x;,Y,) is the bottom left corner of A, and

n
P Xy + 8, ¥y +8y) = ) ¢ b,(8x By), is an approximation
=1

by baisfunctions b, ;, & is the sngle fractal coefficiert
andf, is the paent block f,(3x, 8y) =f (x, + 8, ¥, + dy)
orthogondized with respect tothe basis. Tosolve, the knavn
imageg is used in place of theurknown fractal functionfard
the approximation i sk nown to be valid by t he Collage
Theorem if suitable condtions are satisfied [1].

Usually th e tilin g of theimageis by square or
rectanguar child Hocks, and it is often assumed that p, is a

simple brightness | evel. Much work has concentrated on
redudng the complexity of searching for the best parent to
map onto each child [6, 7]. An alternaive approah uses
more complex basis functions[7, 8] and can restrict or even
eliminate £aching. With the Bath Fractal Transform (BFT)
[9, 10] a pre-determined tiling without searching gives the
gregtest accurecy at a given compression raio, when used
with a quadratic basis. I n combination with the Accurate
Fractal Rendering Algorithm (AFRA) [5], the BFT has been
used for real time fractal video [11].
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Figure 2. Lena image with zoomed areas marked.

@ (b)

A recent development [12] is the use of an implicit
paent blodk location which the decoder can deermine from
the kasis coefficients. If the existence of an edgeis assumed,
its location can be calculated from the retiosof the low order
DCT coefficients udng apre-generated look-up teble. The
parent block |ocation is then computed so thatthe edge is
aligna in the shrunken parentand dhild, asin Fgure 1. This
implicit parent method has been shown to give a griking
improveament in visud fiddity on some images. In [12] the
implicit fracta was used in a near-optimal i mplementation
in the rate-distortion sense. Table 1 shows measurements
taken on the Lena image. The PSNRis slightly higher than
that oltained by Fisher and Menlove a smilar compression
ratios[13], with much lower coder complexity (at 0.2 bpp,
2.8 $¢. on a200 MHz Pentium compared with 11221 sec
on aSlicon Gaphics IRIS 4D/35)

2. FRACTAL ZOOMING

The fractal encoding is independent of resolutionand a
finite resolution decoding is p erformedw ith ite rates
produced a the desired resolution. In this manner the image
or pat of the image may be decoded to a highe resolution
than the original, prodwcing a‘’zoomed’ image.

To determine the efect of zooming we chose severa
fractal tr ansforms that would r esult ina high fidelity
appraximation to the origina. We used fixed sze 6x6 child

© (d)

Figure 3. Zooming x16 (x256 pixels) in fractally encoded images with fixed 6x6 child blocks. (a) Original image.
enlarged by pixel replication. (b) Zoomed fractal with DC basis and local searching.(c) Zoomed fractal with
limited cosine basis and local searching. (d) Zoomed implicit fractal.
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PSNR | PSNR | PSNR | Fractal | Fractal
Basis |Centred| Implicit| % of | terms
bpp |Approx| Child | fractal | Area bpp

0.6 35.35 | 35.29 | 35,57 | 10.5 .016
05 34.62 | 3453 | 34.80 | 154 .017
0.4 33.68 | 33.68 | 33.83 | 10.1 .010
0.3 3243 | 3242 | 32.66 | 13.2 .009
0.2 30.71 | 30.70 | 31.07 | 16.9 .007
0.1 28.13 | 28.09 | 28.35 | 26.3 .005

Table 1. Implicit fractal applied to Lena.

blodks with searching over +5 child block widths for the best
12x42 paent. We implemented astandad fractal transform
as invented by Jacquin [2] with asimple DC basis, and dso
aversion with a2D DCT basis limited to the 6 lowest order
terms. We compared these with an i mplicit f ractal
approximation [12] alsousing a fixed 6 x6 block size
Figure 4. Cose up of edge in Figure 3(c), showing partition. Because the distarceof the parent from thechild is

misalignment at block boundaries. limited in extent, when zooming we need to render only the
area of interest extended by 5 child blocks, rather than the

(@) (b) (c) (d)
Figure 5. Fractal zooming x16 and enhanced fractal zooming with implicit fractals, using fixed 6x6 child blocks.

(a) Original image with pixel replication. (b) Zoomed basis image. (c) Implicit fractal zoom.
(d) Enhanced implicit fractal zoom.
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entire image which would behuge. This greatly reduces the
computation cost. Figure2 marks two areas of interest. The
results of zooming onthe upper oneof these by afactor of
16 in each spatial dimendion (giving 256 tmes as many
pixels) for each transform are displayed in Figure 3.

From these results we make severa observations

1. Whenedyesare well approximated at tre aigi-
nd resolution they are sharp and farly well pre
servedin the zoomedimages

2. The ‘traditiona’ D C basis zoom produces sig-
nificant distortion, while the more complex basis,
asusd in the BFT, gives nore gabledecodingfor
both theloca searching ransform and the implicit
fractl

3. Edges d o not alw ays match w ell at block
bourdaies (see figure 4).

3.ENHANCED ZOOMING WITH IMPLICIT
FRACTALS

In [12] the implicit fracta transform, used in aopimal
quad-tree implementation provided excellent rate/distortion
results. It was dso shown that the peformance of fracta
coding schemesi si mproved by using implicit parent
locationshecause they have zerobit-cost. Asaresult, wegive
the implicit f ractaltr ansform special consideration f or
zooming.

In [12] fractal terms were only used in a minority of
blocks, in which they improved the PSNRofthe compressel
image, asin Table 1. When zooming, the nonfractal blocks
are less visually satisfactory. For example, in Figure5 (c),
one block near the top kft corner deesnot have afractal term
despite being pat of an edge Elsewhere along Lends
shoulder, ‘notches’ are created by non4{ractal blocks, which
are prgpagaed by teration orto néghbauring bbdks.

Weimprovethe implicit fractal zoom by introdwing
additional fractal terms at t he decoding stage. U sing the
mathemetical edge model fromthe cading $age, we estimate
where edgesin fradal blocks will intersect non-fractd
blocks. If two edges meet the sdes of anon4ractal block, we
assume that block had an edgein the origina which was
judged to betoo insignifi cant in the MSE senseto be coded,
or which was lost when the image was digitised. We then
compute apaent location and factal effi cient based onthe
location of he intersecting edges and the coeffi cients of the
fractal blocks. Theimprovement may beseen inFigure 5(d).

4. DISCUSSION AND CONCLUSIONS

We have zoomed on i mages encoded with severa
different fractal techniques commonly employed for image
coding and compression. The zooming process worked as
expected andall the fractal z0omsweproduced looked better
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than pixel replication fromthe original resolution. The fractal
zoom provides sharp edges in each of the edge blodks which
are reanably well preserved in the normal decoding,
although edges between bl ocks do notalways line up.
Increasing the nunber of fractal blocks improved the visual
qudity of the zoomed implicit fractal transform.

Detail i ntrodwced by zooming isnot presentinthe
origind pictures, sothereisno ‘origind’ with which to
compare. As aresult evaluation must be aubjecive, based n
whether the new detall isvisually anaccefable exersion of
the origind. Assuming te origind goproximation quéity is
good we conclude thatthe zoomedimage can be visually
supeior to pixd replication. We bdieve zooming on elges
isakey problem in the development of fractal zooning. We
see this as an important area of interest in further work.
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