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ABSTRACT Covered by tiles

The performance of any block based image coder can be W w2(g)
improved by applying fractal terms to selected blocks. Two

novel methods are used to achieve this. Firstly the coder
determines whether a local fractal term will improve each w3 wa4(Q)
image block by examining its rate/distortion contribution, so g( Ax)
that only beneficial fractal terms are used. Secondly, the
decoder deduces the offset parameters for the local fractal An image
transform from the basis functions alone, by inferring the block
dominant edge position, so that no offset information is
required. To illustrate the method, we use a quadtree [ ; ;
decomposed image with a truncated DCT basis. Using a Figure 1. FL?%ZL;ﬁ”;?é,ﬂsoﬁg'gh?%”éﬁiﬁﬂ‘;f‘ mappings
standard test image, the proportion of the picture area .

enhanced by fractals decreases from 16.1% at 0.6 bpp t8Ndfy is the parent blockf,(3x, y) =T (x, + dx, y; + dy)
8.1% at a high compression ratio of 80:1 (0.1bpp). The fractabrthogonalized with respect to the basis using

terms contribute less than 5% of the compressed code in all N

cases. The PSNR is improved slightly, and edge detail is F=f -N<b .f>b 3
visually enhanced. ko 'k ; N

1. BACKGROUND where <b. ,f> = JI f (% y) b (xy)dxdy (4
To compress an image, define an Iterated Function k
System (IFS)[1-5] of orded to beW={w,; k=1,...,.N},
where thew, are contraction mappings, each defined on a . . .
. . To solve, the known imagg, y) is used in place of the

subsetA, of the image support. The attractor \0fis a : S

o : o unknown fractal functiori (x, y) and the approximation is
non-overlapping tiling of the image, as in Figure 1. A fractal known to be valid by the Collage Theorem [1].
function f (x y), is then defined which approximates the  he process is fractal because of the self-similarity
brightnessg(x, y). An image block taken from the location inherent inv,. The mappings form an ensemble of functions

A is referred to as the parent and an image block taken frorthich, when iterated or otherwise rendered [5], form an
w, (A, ) is referred to as the child. For each tile the function approximation to the image. Usually the tiling of the image

and the basis functions are normalized by, bi> =1

is specified by a recursive mappigsuch that is by square or rectangular child blocks, and it is often
_ assumed tha, is a simple brightness level. Much work has
Fm & ) =vx y f(xy) foreey)inA. (1 5 centrated on reducing the complexity of searching for the
In this work we use mappings of the form best parent to map onto each child [6, 7].
V(% ¥, ) = p (% + 3%, Y, +dy) + ekfl”( (3%, BY) 2 An alternative approach uses more complex basis

) functions [7, 8] and restricts or even eliminates searching.

where (x, Y,) is the bottom left corner oA, and  Sych an approach is the Bath Fractal Transform (BFT) [9,
n 10] with which a pre-determined tiling without searching

+3x, y.+dy) =S ¢ b(dx dy), is an approximation  Jives the greatest accuracy at a given compression ratio,

PO Yo+ o) ; B0 &) PP when used with a quadratic basis. In combination with the

. . ‘ . . . Accurate Fractal Rendering Algorithm (AFRA) [5], the BFT
by basis functionsb, ;, € is the single fractal coefficient o5 heen used for real 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 Figure 3. A block is selected for fractal enhancement by

relationship can be deduced from the basis function. the terminal slope of the rate/distortion characteristic.

2. IMPLICIT FRACTALS
In this work we improve the performance of as illustrated by Figure 3. The estimateAit = can be

non-searching fractal compression by allowing any relat_ivecompletely accurate, even if entropy coding is used. The
position of child block and parent block provided the child collage theorem [1, 2] would normaly be used to estimate

is local to the parent. We start from the observation thaty,, which is not completely accurate althouah bounds
fractal terms enhance edges in images provided the SBirac pletely g

alignment of the edges in the mapping is correct. To exploiton its accuracy can be computed. The gradient is also more
this, we determine the dominant edge of the child block fromdifficult to compute if the basis functions and the fractal
the basis functions alone, using a mathematical model of thé0mponent are not orthogonal.
edge. We position the parent block so that the edge passes
through it in the same relative position, as illustrated by 3. IMPLEMENTATION AND EVALUATION
Figure 2.The method applies to any choice of basis functions To evaluate the method, fay, (x, y) we used a DCT
and to any image partition. o

Once the coder has calculated the basis coefficients foP2SiS limited to the 6 tem@po +Co1+ Co2+ C10- Cll_a_”d
a child block, the same process of edge determination an&,q Cywas quantized to 7 bits, and the other coefficients to
matching to find the parent can be carried out as will be useg bits, with a fixed Huffman table derived from a test set of
in the decoder. The coder can then decide whether using gnages. An image is partitioned into 32 x 32 pixel blocks,
fractal term will improve the rate/distortion characteristic of and within each partition a quadtree structure was formed so
the image. The compressed code contains only the fractahat the basis approximation MSE was distributed as evenly
coefficients,, because the offset of the child within the parent as possible over the image. Because it seldom occurs that a
will be computed by the decoder from the same informationfractal term is used with the initial partition, it is acceptable
that was used by the coder. to carry out the fractal selection only as blocks are split.

The coder froms a non-fractal approximation to all or Given the DCT coefficients, we can classify a block as
part of the image by any coding method. The code for anypeing predominantly horizontal or predominantly vertical by

image block adds\b bits to the total image code, and comparingC, to ECOlD To apply the implicit fractal, we
increases its total MSE lAMSE If the slope of the rate  search aZB table using%e edge model, which gives the edge

distortion curve is determined numerically by the coder as itlocation as a function of the ratios

compresses a partition of the image, then the terminal slope o0 01 _

OMSE/db is know quite accurately, poiAtin Figure 3. The M= Oandr, = g for a vertical edge and

coder can then examine each image block to determine 1OEC . 1&% -

whether a fractal term W|I_I improve the compression. It is similarlyr_ = 02Dandr - 1on0r horizontal.

assumed that the terminal slope will not be altered vy 010 Xy 010

appreciably by -thIS progeSS- _ ) It can be shown that these ratios are independent of the
If a fractal is used, it will contribute further bifsy, .. intensity on either side of the edge according to the model

and improve the image MSE WMSE, ... The fractal term  Used, Figure 4. The location is reflected horizontally and/or
is beneficial in rate/distortion terms if and only if vertically according to the signs of the ratios. - |
AMS ® The fractal coefficient is then found by solving equation
Frac  OMSE 2 fore,. By the Collage Theorerh(x, y) is approximated by

Abfrac ob the original parent bloclg ( x,y), orthogonalized with

(i.e. is more negative at poiatin Figure 3.) respect to the basis [1, 7]. In our experiments, using a
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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
Figure 4. A simple model of an edge, in which /and r Table 1. Implicit fractal applied to the standard test image
are the flat intensities on either side of the edge. Gold Hill.
Huffman coded fractal coefficiesf adds less than 2 bits to 5. ACKNOWLEDGEMENTS

the code of each block in which it is used. Because the P.Wakefield is supported by a University of Bath

decoder can determine the fractal offset vectors from theStudentship, with additional support from DigiMedia Vision

basis approximation, the fractal terms are very efficiently (DMV) Ltd. D. M. Bethel is supported by the UK

coded. Engineering and Physical Sciences Research Council
Figure 5 shows the improvement in edge definition that (EPSRC) with additional support from the UK Independent

can be obtained in a synthetic image. The implicit fractal Television Commission (ITC).

method improves all orientations of the edge by computing

the optimum parent location from the decoded basis function. 6. REFERENCES

In Table 1 we list the results of coding the test image[1] Barnsley, M. F., Ervin, V., Hardin, D., and Lancaster, J.,
Gold Hill over a range of compression ratios. Figure 6 shows Solution of an inverse problem for fractals and other sets’,
clearly the improvement in edge detail obtained in the Lennaproc. Nat. Acad. Sci., vol. 83, pp. 1975-1977, 1986.

image where the implicit fractal enhancement is applied. [2] Jacquin, A. E., ‘A novel fractal block-coding technique

4. DISCUSSION AND CONCLUSIONS for digital images’, Proc. ICASSP 1990, pp. 2225-2228.
We have introduced a technique for applying fractal 31 A g jacquin, ‘Fractal coding: a review’, Proc. IEEE
transforms in combination with other image coding methods.y,o| ‘81 No. 10 October 1993 op 1451-1465 ’
It could be used to improve any image coding system in T S i '
which the original and approximated images are available td4] Saupe, D. and Hamzaoui, R., “A review of the fractal
the coder, including wavelet compression. Once an imagdmage compression literature’, Computer Graphics Vol. 28,
has been coded by the basis approximation, one can examif¥o- 4, 1994, pp 268-279.
any partition of the image to decide where a fractal term will[5] Monro. D. M., and Dudbridge, F., ‘Rendering
improve the rate/distortion characteristic. Algorithms for Deterministic Fractals’, IEEE Computer
We have incorporated a fractal term in the test exampleg3raphics, Vol. 15, No. 1, January 1995, pp. 32-41.
only where the L2 measured rate/distortion performance ig6] Saupe, D., ‘Accelerating fractal image compression by
not degraded according to our prediction. While the PSNRmulti-dimensional nearest neighbour search’, Proceedings
is slightly improved over the whole image, in the blocks |EEE Data Compresion Conference (DCC95), March 1995.
actually coded with a fractal the improvement will be severalm Gien, G. E., Lepsay, S. and Ramstad, T., ‘Reducing the
times larger, and the visual quality contributed by greatercomplexi'ty 6fe{'1‘ractal-béséd image coder”, P.r'oc. Eur. Signal

edge definition can be striking, as the examples show. Thi§DroC Conf. (EUSIPCO), pp. 1353-1356, 1992
suggests that the condition for inclusion of a fractal term ' ' e ' )

might be too severe, if the objective is optimum visual [8] Monro, D. M., And Dudbridge, F. : ‘Fractal

quality. It might be useful, for example, to select fractal @Pproximation ofimage blocks’, Proc. ICASSP 1992, pp. Ill:

enhancement for blocks with significant edges even if the485-488

PSNR is slightly degraded. [9] Monro, D. M., ‘A hybrid fractal transform’, Proc.
The implicit fractal method is particularly powerful ICASSP 1993, pp. V:169-172.

because the offset information can be determined by thqu] Monro, D. M. and Woolley, S. J., ‘Optimum parameters

decoder from its reconstruction of the basis approximation for hybrid fractal image coding’, Proc. ICASSP 1995, 4, pp.

Over an entire picture, if only a proportion of blocks are 2571-2574.

fractally enhanced at an average compression penalty of ; . .

bits per block, the overall cost per pixel will be negligible. frligta'\lﬂ\(/)igreo(;’Dl.DP(A)éaInC(:jlyggogsliI"].Z'g.zi-éf(s);v bit rate colour

Wakefield, Bethel and Monro Page 3 ICASSP 97



(© (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. Detail at 0.2 bpp. The PSNR difference is small, but the implicit fractal improves edges visually.
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