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Abstract

Iterated function systems have been recently applied to the field of image cding. This paper exploits the fracta
properties included in the ading and deading schemes, in order to add wseful tods for image processng. The first
contribution consists of an improvement of the dasdcal fractal zoom which all ows, with a unique @de, to increase the
image resolution without lossin sharpness The second one, in addition to compresson, aims at enhanced seaurity of
still images thanks to the protection of few code parameter bits.

1 Introduction

The publication of Arnaud Jacquin's article on still im age ading using Iterated Function Systems (IFS) [2], stimulated
much research on IFSfor image processng and coding [7]. Current work on this topic can be dassfied into four main
categories, depending on the problem considered : basic theory, implementation, extension and functionality.
The ategory "basic theory" mainly covers work linked to contractivity constraint notions, general formulation and
basic aspeds of the algorithm. Although some theoretical probems in using IFS for image cmmpresson remain [3],
the majority of studies currently avail able in the literature deals with implementation aspeds uch as sgmentation,
domain blocks classfication, reduction of computation complexity, and combination of IFS with some other
techniques such as DCT. Severa relevant papers have proposed improvements on Jacquin's algorithm [3]. By
extending the basic algorithm adapted for still grey-level images, some authors also work on a posshle design of the
method for video, color, and multispedral images. After a brief review of Jaquin's algorithm in sedion 2, we focus on
the last category of studies. In particular, this paper deals with a possble implementation of some tods sich as zoom
[4], described in the sedion 3, and some seaurity functionalities such as accesscontrol [6], described in sedion 4, as
part of a coding scheme based on the IFS technique.

2 Brief review of image compression by IFS

Given an origina image {, the goal is to huild a losy representation of this image via a transform t. The
reconstructed image, is obtained by the iterative process of recursively applying the transformégtipn
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from an arbitrary initial imagg,,. Note that, is called theattractor of the transformatian
In order to oltain p = , the encoding stage ansists of seleding T that minimizes the wllage aror &.=d(u,T(Y)),
whered is the distance measure. By the collage theorem [1], the reconstructios, =ifai,) is upper bounded by:
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wheres is thecontractivity factor of the transform
In order to reduce the ading complexity, the image p is divided into N non-overlapping blocks [2], called the range
blocks. Each range block R, for i [{1,...N}, is coded independently by matching it with a bigger block D, in the
image W, called a domain block. This match defines a transformation 1, , and the global fractal code is then given by
the union t=01; of local transforms. Moreover, each local code T; is restricted to consist of a reduction, a discrete
isometry and aaffine transformation on the luminance. Hengean bemodeled by:
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where &, b, ¢, d, t; 4, t;, represent the geometric transforms and s, o; the grey-levels transform ; x, y are the pixel
coordinates andthe corresponding luminance value.

3 Zooming using IFS

By virtue of the iterative deaoding process which uses a "fractal” transform T, the crresponding attractor i, is a
fractal obed. Although the original image p has a fixed size defined by its number of pixels, the mde 1, built by
taking advantage of image self-similarities, has no intrinsic size and is theoretically scale-independent. Thus, by
applying the transformation T on an initial image |, we may obtain a reconstruction |, of the original image with the
same resolution as |, (seeFig. 1). Hence, thanks to this coding scheme, we diminate the fixed resolution asped of
digitized images.
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Figure 22 Zoom by a factor 6 ohenna's left eye using
(a) nearesheighbor interpolation, (b) linear interpolation,
(c) classicafractal technique, and (d) improvédctal technique (withoytostprocessing)

The fractal zoom is mainly based on this remark. But the result of such a zoom is visually rather poar (seeFig. 2 (c)),
although thereis no "pixelizaion" asthat due to pixel dugication (seeFig. 2 (a)). Indeed, the fractal zoom causes an



important "blocking effed" due to independent and lossy coding of the range blocks. To oltain a good visual quality,
some improvements have been made, such as the use of overlapping range blocks [4]. In this case, the mding becomes
redundant in overlapping regions of the image |1, and then we average these parts in order to smocath the block effea
and to reducethe mllage eror by chosing among several values for each considered pixel. Thisyields a zoomed image
(seeFig. 2 (d)) with a sharper quality than the dasscal linearly interpolated image (seeFig. 2 (b)), obtained using a
luminance ontinuity hypothesis. Unfortunately, thisimprovement is done at the present time at the price of degrading
the cmmpresson performance However, this method all ows the image to ke displayed, from a unique ade, at different
levels of resolution according to the application requirements.

4 Hierarchical access control using IFS

The advent of multimedia gplications has brought new requirements, espedally in the seaurity field [5]. Here we
propose a hierarchical accesscontrol, a system that all ows different levels of quality according to the accessfee paid.
All the recevers of a broadcast channel can display an image, but only at low quality with no commercial value. This
message, receved through the public channel, remains partially readable in order to attract potential customers who
would apply for the mmmercial serviceto get the higher quality image. The IFS method is siitable for this because it
offers the possibility to control the image quality during the iterated reconstruction process.

More predsely, the contractivity parameter s (see Eq. (1)) is modified throughout the luminance scale-parameters s
(seeEq. (2)) acoording to the accesslevel desired. By partially hiding the value of s through encryption, several access
levels can be obtained. For instance if s is quantized with 8 bits, each of these bits could be let readable (see Fig.
3(a)). In this case the dasscal remnstructed image with highest resolution is obtained (see Fig. 5(d)). On the other
extreme, encrypting all 8 bits of 5 (seeFig. 3(g)) leads to the image of Fig. 5(a) that is unreadable. Between these two
configurations, encryption of § at intermediate degrees leads to intermediate levels of visualizaion quality (seeFig.

5(b), 5(c))-

MSB S bits LSB
(a) 1 0 0 1 1 1 1 0
(b) 1 0 0 1 1 X X x
(c) 1 0 0 1 X X x x
(d) 1 0 0 X X X x x
(e) 1 0 X X X X x x
U] 1 X X X X X X X
(9) X X X X X X X X

Figure 3: s parameters masking from (a) no encryption, to (g) full encryption

Nevertheless we note that any domain block can be viewed as a set of range blocks. Each range block of the decoded
image |, is thus highly dependent on the block mappings performed on a pyramidal fashion during the previous
iterations (seeFig. 4). Hencethe s values, associated with each of the blocks involved with these mappings, strongly
affect the final decoded image. Ttaisppear to be the key parameter in order to provide access control.
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Figure 4: Domain block as a set of 4 range blocks

Then, we propose a hierarchical accesscontrol scheme which provides bath compresson and seaurity functions within
a single algorithm. Note that the multi-resolution access can be achieved without any degradation of compresson
performance. The security evaluation of this scheme is performed in [6].
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Figure 5: Fractal compression @fenna Face with access control using
(a) 8/8 protected bits, (b) 6/8 protected bits, (c) 5/8 protected bits, and
with (d) no access control (0/8 protected bits)

5 Concluding remarks

Although IFSis not a fully understood technique, fractal image cding has been used successully to encode still grey
level images. Until now, efforts have mainly focused on the compression aspect of IFS.

Nevertheless with the growth of multimedia gpli cations and communications, some future cding schemes, such as
MPEG-4, are in progress These schemes consider some functionaliti es and tods in addition to compresson. It is
admitted that IFSis a new and interesting technique for image wding. In addition, in this paper, we have tried to
demonstrate that |FS may also be a very useful technique for smultaneously performing image ading and processng.
Two methods have been described: the first one provides a way to zoom a picture and the second one to contral its
access These methods exploit some particular properties inherent in fractal signal processng (scal e-independency)
and more spedfically to the IFS technique. In practice bath zoom and seaurity could be mmbined for a single
framework to control the image resolution.

One future diredion for thiswork could consist in extending the use of these tod's and functionaliti es from still im ages
to video. Moreover, this gudy may also indiredly contribute to improvements in the general understanding for the use
of IFS in the field of image coding.
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