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RESUME. Le but de ce travail est de présenter une nouvelle technique de filtrage et de segmentation
d’'images en utilisant la théorie de la morphologie mathématique. La technique utilisée est basée sur la
ligne des partage des eaux. Afin d’éviter une sur-segmentation, on se propose d’adapter une méthode
utilisant le gradient topologique. Loutil Ligne de Partage des Eaux combiné avec un algorithme rapide
basé sur I'approche du gradient topologique donne des résultats prometteurs. Les tests numériques
proposés montrent I'efficacité de notre méthode pour le probléme de la segmentation.

ABSTRACT. The goal of this work is to present a new method for filtering and segmenting an image
using mathematical morphology theory. The approach used is based on the watershed transforma-
tion. In order to avoid an oversegmentation, we propose to adapt the topological gradient method.
The watershed transformation combined with a fast algorithm based on the topological gradient ap-
proach gives good results. The numerical tests obtained illustrate the capabilities of our approach in
image segmentation.
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1. Introduction

Segmentation is one of the most important problem in image processing. It consists
of constructing a symbolic representation of the image : the image is described as homo-
geneous areas according to one or some attributes chosen a priori. In the literature, we
can find various ways of segmentation, the first method is appeared during the sixties and
different ways have constantly advanced since the time. The purpose of this work is to
adapt a new method for segmenting an image using the watershed transformation [11]
and topological asymptotic expansion [7]. In this work we deal with two approaches :

— the topological gradient approach : the goal of topological optimization is to
find the optimal decomposition of a given domain in two parts : the optimal design
and its complementary. Similarly in image processing, the goal is to split an image
in several parts, in particular, in image restoration the detection of edges makes this
operation straightforward. The authors in [5] show that it is possible to solve the image
restoration problem using topological optimization tools. The basic idea was based on the
topological gradient approach used for crack detection [1], in fact an image can be viewed
as a piecewise smooth function and edges can be considered as a set of singularities. To
solve restoration problem, diffusive methods were associated to the topological gradient
to detect edges. Then, by using the same idea, the authors in [2] extend the topological
gradient approach to classification problem.

— the watershed transformation is one of the oldest segmentation techniques which

was initially due to Beucher and Lantuejoul [3, 4], this technique is well known to be a
very powerful segmentation tool. The principle is to consider the image as a topographical
relief. This relief is flooded from its minima, when two lakes merge, a dam is built : the
set of all dams define the so-called watershed. Efficient algorithms for computing water-
sheds are described in [3, 11]. One of the advantages of the watershed computation is that
it provides always closed contours corresponding to the high crests of the gradient image,
which is very usful in image segmentation. However, usually we observe an oversegmen-
tation if one watershed algorithm is applied directly on the image or the gradient image
without any treatment. To avoid this oversegmentation, various ways have been proposed
in the literature, we can cite for example the techniques based on the markers [13], region
merging [12] or scale space approaches [14].
The goal of this work is to deal with the oversegmentation by proposing a new method to
solve segmentation problem by combining a fast algorithm using topological gradient ap-
proach with a watershed algorithm. The structure of this work is the following. We review
in section 2 the topological gradient approach for image restoration and edge detection.
According to [8, 9, 10] some principle notions and operators of topological morphology
are described in section 3. Numerical tests are presented and discussed in section 4.

2. Application of the topological asymptotic expansion for
edge detection

In this section, we use the topological gradient as a tool for detecting edges for image
restoration. First, we recall the principle of the topological asymptotic expansion [7] and

[1].
Let  be an open bounded domain of R? and j(2) = J(ugq) be a cost function to be
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