Electronics Letters, 17" March 1994, Vol. 30, No. 6, pp. 474-475

Image compression using fractals
and discrete cosinetransform
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A new image data compression method using
fractls and the discrete  cosine
transforms(DCT) is presented. The origina
image is first encoded by fractalsin the DCT
domain, then the error image is encoded using
the DCT. Experiments show that the method
can achieve high fidelity a a high
compression ratio.

Introduction: Recently a new compression method
using fractal theory has been proposed by
Jacquin[l] and widely investigated[2-6].
Experiments have shown that, although the method
can achieve high compression, the quality of the
decompressed image is not very good. Some
measures (such as two-level image partition) have
been taken to improve the quality[1]. In this Letter,
we propose a method, combining fractals and DCT
to improve the quality. It can offer high quality at a
high compression ratio.

Coding scheme:

(i) Compression procedure: The basic theory of
the fractal-based coding method can be found in
[1]; here, we just introduce our method.

The original image is first partitioned into two
kinds of blocks whose sizes are 8% 8 and 16x 16.
They are then transformed by the DCT. The
smaller are called range blocks and the larger are
caled domain blocks. They are denoted as
Fr(u,v) and Fy(u,Vv), respectively.

We then classify F;(u,Vv) into two kinds of
range blocks according to its AC coefficients:

If |Fa(0D)] +|Fe(10) +|Fe (L)
_ O<T Fg(u,v) isasimple range block
N % T F.(u,v) isa mmplicated range bl

where T isathreshold.

For a simple range block, we just approximate
it by storing its DC coefficient F5(0,0). 10 bits
are needed to store the coefficient.

For a complicated range block, we approximate
it by

Fa(u,v) = To §(Fy (u,v))

whereg is a contractivity operator which maps
a 16x16 domain block Fj(u,v) onto a 8x8
range block Fy(u,V). It takes the low frequency
part of F(u,V) shown asin Fig. 1.
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Fig. 1. Contractivity operator and its result. The
black part isits mapping result.

T isthe compound transformation composed of
an isometry, a scaling and a luminance shift of the
form

Fr(u,v) =Tog(F, (u,v))
— [Ag = I:D (O’O) - FR(O,O) u=v=0
B Eln (a(¢(FD (u,v))) aherwise

where o isascaling factor which takes values
inthe set {0.2, 0.3, ..., 0.9}, Agis the luminance
shift and [, is one of the eight isometries which
include reflection rotation[1]. In the DCT domain,
the transformation changes(see Table 1).

The changes are shown in table 1.

Table 1. Changes of the isometries from spatial
domain to DCT domain.

Spatial Domain DCT Domain

1 | identity lo(F(u,v)) = F(u.v)
2 reflection about mid-vertical axis ll(F(U V)) - (_1)V F(u V)

3 reflection about mid-horizontal — (=Y

o L(FUV) = (-D*F(uv)

4 reflection about first diagonal 13(F(u,v)) = F(v,u)
5 reflection about second diagonal I4(F (u,v)) - (_1) u e (V, u)
6 | rotation through +90 1s(F(u,v)) = (-D"F(v,u)
7| rotation through <180 1(F(u,v)) = (-1)"" F(u,v)
OEK|  rotation through 90 1,(F(u,v)) = (-1)"F(v,u)

The derivation process of the isometries
changes from spatial domain to DCT domain is
similar to that presented by Bracewell et a.[7],
Here the detailed derivation is omitted.

The coding procedure of the complicated range
block is to search for the best matching domain
block among all the domain blocks to minimise the
distortion. The distortion wused here is
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d - [Few - 70 §(Fy (uv))]

u,vz0 at the same time

There are four parameters needed to be stored;
the bit allocation is as follows:

1.  Theco-ordinates of the best matching domain block ~ 5+5=10
2.a 3
3.1,

3
4.Ag 10

Next, we calculate the error image between the
rage block and its fractal approximation:

E(u,v) = Fe(u,v) = T2 ¢(Fp(u,v))

For the error image E(u,Vv), we quantise it
and encode it using the Huffman code, then storeit.

When every range blocks is encoded, the
compression procedure is finished.
(i) Decompression Procedure:The

decompression procedure is relatively simple. First
we decode the fractal parameters and then
transform an arbitory image iteratively by fractals.
It needs about eight iterations to converge. This
procedureis similar to that proposed by Jacquin[1].
In contrast to the Jacquin method, our method is
carried out in DCT domain. This procedure
produces the fractal approximation of the original
image; On the other hand, we decode the Huffman
code, degquantise it and transform it by 2-D inverse
DCT. Thus we obtain the error image. Finaly, the
addition of the the fractal approximation and the
error image is the decompressed image.

Experimaental Results and conclusion: We
have compressed the standard test image ‘Lena
using the method. The results is satisfactory. The
compression ratio is 12.4. The quality of the
decompressed image is very good, with
SNR=32.3dB. The origina image and the
decompressed image are shown in Figs 2 and 3.

Fig 2. Original image ‘Lena
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Fig3 Decompressed imade

The method presented in this Letter has the
following features:

() The fractal coding procedureisall carried out
in the DCT doman. It can provide high
compression.

(ii)Although fractals can achieve high
compression, the detailed the origina image have
been lost. In this Letter, we use the DCT to encode
the image details, so the method can provide high
guality at high compression ratio.

@IEE 1994 11 January 1994

Electronics Letters Online No: 19940321

Y. Zhao and B Yuan (Ingtitute of Information
Science, Northern Jiaotong University, Beijing
100044, Peoples Republic of China)

Reference

1. Jacquin, A.E.: ‘Image coding based on a
fractal theory of iterated contractive image
transformations’, IEEE Trans., 1992, IP-1, (1),
pp. 18-30

Beaumont, J. M. , ‘Image data compressing
using fractal techniques’, BT Technol .J, 1991,
9, (4), pp. 93-109

Dettmer, R,: ‘ Fractal-based image
compression’, |EE Rev., September,1992, pp.
323-327

[4]Jacobs, E.W.,Fisher, Y. and Boss,R.D.:
‘Image compression: A study of the transform
method’, Sgnal Processing, 1992, 29, pp.
251-263

Monro, D. M. and Dudbridge,F.: * Fracta
block coding of images’, Electronics Letters,
1992, 28, (11), pp. 1053-1055

Monro,D.M. : ’Class of fractal transforms’,
Electronics Letters, 1993, 29, (4), pp. 362-
363

Bracewell, R.N., Chang,K.-Y ., Wang A .K.
and Wang,Y .-H. : * Affine theory for two-
dimensional fourier transform’, Electronics
Letters, 1993, 29, (3), p. 304



