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Abstract. In this paper we propose a new model for segmentation of an image under
some geometrical constraints in order to detect special regions of interest. Our work
is based on the recent work by Gout et al. [Numer. Algorithms, 39 (2005), pp. 155-173
and 48 (2008), pp. 105-133] using geodesic active contours models, by combining it
with the idea of a piecewise constant Mumford-Shah model as with the non-selective
Chan-Vese segmentation. Numerical tests show that our method is more robust than
the previous works.
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1 Introduction

An important problem in image processing is the segmentation of a picture representing
a real scene, into classes or categories, corresponding to different objects and the back-
ground in the image. In the end, each pixel should belong to one class and only one.
In other words, we look for a partition of the image into distinct segments each hav-
ing some features in common, e.g., intensities, colour or texture. A variety of different
techniques have been developed to solve the problem of image segmentation, such as re-
gion growing and emerging [1], watershed algorithms [31], minimum description length
criteria [21], and Mumford-Shah energy minimization [22]. Recently, PDE-based active
contour models [20,29] for curve evolution have been popular for image segmentation.
In our recent work [4-6], we have developed effective multilevel algorithms for the Chan-
Vese [14] approach for implementing active contours without edges. In [7,11] the authors
discussed the global minimizers of the snake models.
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While the above segmentation models are useful for various applications, however,
other imaging problems require the functionality of selectivity, i.e., only segment a partic-
ular part among those objects that have the same feature. Such situations are ubiquitous
in medical imaging especially in CT images where most objects (organs) have similar in-
tensities. For example, we might like to segment the left kidney only whilst the above
methods will give both kidneys mixed other organs. For the simple example in Fig. 3, it
is fairly easy to segment the image to obtain 4 objects together but not separately because
these four objects belong to the same intensities-based class. The task of a selective seg-
mentation is how to detect only one of them, given additional information. Following
Gout et al. [18], we consider the case of geometric constraints in terms of a list of given
points near the interested objects to aid segmentation.

We remark that geometric constraints are also necessary for normal segmentation
methods whenever the interface between objects is not ‘clearly” visible due to poor image
quality or some occultation. Curve evolution means to evolve deformable contours sub-
ject to constraints towards the boundary of the object to be detected. This deformation is
made trying to minimize a functional depending on the curve and defined so that a local
minimum is obtained at the boundary of the object. Casselles et al. [8] have shown, for
example, that setting one of the regularization parameters to zero in the classical active
contour model is equivalent to finding a geodesic curve in a Riemann space whose met-
ric depends on the image content [18], because an edge in an image is the locus of points
for which the image gradient rapidly varies. However when data acquisition cannot be
performed in an ideal manner, this criterion can no longer be applied. This is the case
when two objects, having similar homogeneous intensity or texture etc, are very close to
each other. Then it is hard to clearly identify the interface without additional informa-
tion. Here we consider geometrical constraints consisting of a set of points belonging to
the contour of interest. For a medical image, practically, the expert needs to click on the
organ under consideration a couple of times.

To proceed, let z(x,y) be the given image defined on a rectangular domain (). The
geometrical constraints in terms of a set of n; points near the boundary of object to be
detected are defined by A= {(x;,y;) €Q, 1<i<n;} C Q. The aim is to find an optimal
contour I' C () that best approaches the points from the set A while detecting the desire
object in an image.

Recently Gout et al. [18] proposed a model based on geodesic active contours for solv-
ing this problem. Their model uses image gradient information |Vz|, to stop the contour
evolution. If the given image z is very noisy, then the isotropic smoothing Gaussian has
to be used, which will smooth the edges in an undesirable manner. While this model
can detect objects correctly for many examples, we found that it is sensitive to param-
eter choice and hence it can fail to work for some images. Here to increase robustness,
we modify their model by combining it with the idea from Chan-Vese model [14], which
helps in segmenting noisy images without an isotropic smoothing Gaussian and also
helps to segment images with fuzzy boundaries, as verified later.

This paper is organized in the following way. Section 2 contains a review of the ex-



