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Abstract. In this paper, we present a flexible partitioning scheme for fractal
image compression based on adaptive Delaunay triangulation. Such partition is
computed on an initial set of points obtained with a split and merge algorithm in
a grey level dependent way. The triangulation is fully flexible and returns a
limited number of blocks allowing good compression Ratios Moreover, a vector
quantization algorithm is implemented on pixel histograms directly generated
from the triangulation. The aim is to reduce the number of comparisons
between the two sets of blocks involved in fractal image compression by
keeping only the best representative triangles in the domain blocks set. Quality
coding results are achieved at rates between 0.06 b/pixel and 0.2 b/pixel for a
PSNR between 22 and 25 dB depending on the nature of the original image and
on the number of triangles refereed.

1   Introduction

This paper focuses on a fractal image coding technique based on the Delaunay
triangulation, in association with a vector quantization of the triangles in order to
reduce the complexity of the coding phase. The partitioning has the advantage of
being fully flexible. It is computed on a set of points placed on images support in a
grey level dependent way, with the help of a split and merge approach. The fractal
method offers high compression ratio, good image quality, and resolution
independence of the decoded image. Its disadvantage is the long encoding time due to
the repeated search of the domain pool, much effort has been spent in devising ways
to overcome this problem [1].

2   Fractal Image Coding

The principle of fractal image compression is to construct an eventually contractive
operator W for which the fixed image At is a close approximation to a given image A
to encode. The operator W is computed so that it minimizes a distances between
W(A) and A, noted as d (W(A), A). In order to find W, Jacquin proposed [2] the use
of a partition of the image A into N non-overlapping range squares Ri so that :
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Each original square Ri is then approximated by a collage block produced by a linear
combination of a constant block and another domain block noted Dα(i) larger than Ri

and extracted from the original image itself. α is an application from [1, ...N] to [1,
…M]. The collage block is noted Wi(Dα(i)). The compressed representation of the
image A typically contains the partition R construction rule, the coefficients of the N
local contractive transforms Wi associated to each block Ri and the coding of the
shapes and locations in the image of the corresponding blocks Dα(i).

3   Partitioning

We propose a very flexible scheme based on the well-known Delaunay triangulation.
Principle : Let S be a set of points in the plane. The Delaunay triangulation DT(S)
associated to S is the unique triangulation with empty circles. More formally, we can
write :

} r) q, (p, -S   r) q, (p, C ,S  r) q, (p, {  DT(S) 3 ∅ = ∩ ∈=  . (2)

Where C (p, q, r) is the circle circumscribed by the three points p, q and r forming a
Delaunay triangulation [3]. To compute the Delaunay triangulation (or the Voronoï
diagram), the best known approaches are based on the “divide and conquer” [4] and
the “incremental” algorithms [5]. For computing Delaunay triangulation we an
incremental approach working by local modification of the diagram by insertion of
new vertex. The method is based on split and merge approach initialized on a small
number of regular triangles computed on regular grid of vertices [6]. The algorithm
proceeds in the following three major steps :

Split and merge algorithm

1. Initialization
Construct a lattice S (triangle vertices) on the
image support.
2. Split
Repeat until convergence :

a- Calculate the Delaunay triangulation of
the set of vertices.
b- For each triangle : if the triangle is not
homogenous then insert a vertex on its
barycenter.

3. Merge
Extract the useless vertices (merge the triangles
under the star polygon criteria).

A vertex pi ∈ S is said to be useless if all the triangles for which pi is a vertex similar
with respect to their grey level variance and mean. The aim of the third step is to
decrease the number of triangles obtained after a new triangulation of all the star
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polygons [3]. Two parameters are used in this algorithm of split and merge : the grey
level variance and the mean value. They are related to the concepts of homogeneity
and similarity between adjacent triangles. Two partitions R and D will be extracted
from the split and merge algorithm.

4   Implementation

4.1   Encoding Principle

Let N the number of blocks Ri of the partition R, obtained after an adaptive Delaunay
triangulation which used the merge and split algorithm, and Q the number of block Di

of the partition D (a regular partition) (Fig. 1). The algorithm consists on finding for
each block Ri, a block Di, minimizing the Root Mean Square Error (RMS) d between
grey scale values of Ri and those of the block image transformation Wi(Di). The
triangles in the partition D have the same sizes and shapes, they are nonoverlappings.
When the number of triangles is great, the transformed image W(A) can be very
similar to the original one A. However, the time coding increase with respect to the
number of inter-blocks comparisons (N*Q).

  (a) (b)
Fig. 1.  Partition D (a) and partition R (b)

As the partition D is regular, and not depending on the image content, only the step of
partitionement needs to be stocked. One octet is used to stock it. For the partition R
and as we use the split and merge algorithm, it is not necessary to stock vertices of
each triangle. The procedure consists on memorizing details of each step, starting
with a partitionement known by coder and decoder. During the split step, adding a
point to the barycentry of no homogeneous triangles, is coded on 1 bit. Extracting the
useless vertex, during the merge step is also coded on 1 bit.

4.2   Improving Codec Speed

To speed up the matching process of the encoding algorithm, we propose to reduce
the number of the triangles Di resulting from the Delaunay triangulation. by using a
classification algorithm that permits the construction of a codebook of triangles Di.
The goal of such an algorithm is to design a codebook containing the best
representative triangles Di. The classification algorithm that we use is the Linde, Buzo
and Gray (LBG) algorithm [7]. A modified version of the Loyd algorithm was
developed. The best representative element of a cluster is not the centroid but the
training vector nearest to the centroid according to the criterion ρ (average MSE). The
aim of the classification process is to keep the most significant grey level histograms.
Also in order to improve the speed of the decompression, we used an
orthogonalization of the collage space proposed by Oien in [8].
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5   Performances

The coder's performance is achieved by computing the PSNR between the original
image f(x, y) and the decoded image F(x, y). The compression ratio for a 2nx2nx8
b/pixel image is computed differently depending on whether we use the entiere
triangulation D during the encoding process or not.

6   Experimental Results

Coding simulations have been performed on the image Lena of 256x256x8b/pixel.
Decoded images are close to the original image and the obtained compression ratios
are very interesting comparing to the classical fractal algorithm. It performs a reduced
encoding complexity while preserving good decoding quality (PSNR-25db)at rates
between 0.06 and 0.2 b/pixels depending on the nature of the image (Fig. 2).

Fig. 2. Left : the Original Lena Image, Middle Lena at the tenth iteration, and the Right the
Reconstructed Image

7   Conclusion

A fractal coding algorithm. based on a Delaunay partitioning was proposed in this
paper. Such a partition is very attractive because it provides a reduced number of
blocks compared with square based partitions. Which minimizes the number of
mappings. In a future work, we propose to merge neighboring stretched triangles into
quadtrilaterals.
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