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Abs t r ac t .  In this paper, we present a discrete dynamic contour model 
which simulates a liquid expansion on homogeneous flat surface and the 
outlining of encountered obstacles. It is implemented as a radial expan- 
sion of an initial closed curve which determines a reference region. The 
curve is locally stopped when it attempts to expand in regions which do 
not exhibit the same features as the reference region. The main interest- 
ing properties of this model are : it does not require an initialization close 
to the solution, it is able to detect several objects of an image just by 
performing the initialization on the background of the image and it al- 
lows short processing times compared to methods based on optimization 
procedures. Nevertheless, this approach involves some delicate algorith- 
mic problems that are exposed and solved. Experimental results on real 
and synthetic images are presented. 

keywords: deformable contours, edge detection, image segmentation, region 
growing. 

1 I n t r o d u c t i o n  

Image segmentat ion refers to the decomposition of a scene into its components 
usually called objects. It is one of the most  significant problems of image analysis 
because segmentation is a necessary step before carrying out scene interpreta- 
tion or recognition. Image segmentation can be performed by detecting object 
contours tha t  are locally characterized by image at t r ibute  variations. However, 
most  of edge detection methods are based on local derivative operators which 
are very sensitive to high frequency noise. 
Kass et al. [1] [2] have introduced deformable contour models as a new approach 
to find object contours. The main  idea consists in the deformation of an initial 
closed curve by a variational computat ion tha t  minimizes an energy function 
related to internal and external forces acting on the deformable curve. Many 
definitions of the deformation constraints have been proposed leading to various 
deformable models [3] [4] [5] [6] [7]. 
In the present paper, we propose a geometrically deformable contour model tha t  
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simulates a liquid expansion and leads to the outlining of the objects of the im- 
age. The model is implemented as a deformation of a discrete closed curve which 
is i teratively expanded on regions presenting the same features as the reference 
region determined by the initial curve. 

2 D e f o r m a b l e  c o n t o u r  m o d e l  

In image segmentation it is wished to represent a contour of an object by a 
closed curve. In a continuous 2D space, this curve is made of an infinite number  
of points, and it divides the plane into two regions (internal and external). In a 
bounded discrete 2D space, a closed curve is described by a linked list made  of 
a finite number  of points, with the last point connected to the first one. In the 
following sections, the curve points are called vertices. 

2.1 L i q u i d  e x p a n s i o n  s i m u l a t i o n  

To initialize the process, the user only need to point at the object to segment. At 
this place, we put a basic discrete curve constituted of three equidistant vertices. 
The pixels belonging to this triangle determine a reference region. Then, an 
iterative deformation of the curve is carried out by moving the position of its 
vertices in a raBial direction. Vertices get a blocked status when they a t t emp t  
to expand on regions which do not present the same features as the reference 
region. The mobili ty of each vertex also depends on the status of its neighbours 
in order to control the curvature. The deformation process is completed when 
all the vertices are blocked. 
When the process is initiated on the background of the image (rather than inside 
an object) the expansion allows to simultaneously delineate all the objects of the 
scene. In such a case, the algorithm simulates the expansion of a liquid on a flat 
surface and the outlining of objects placed on this surface. Implementing this 
geometrical algorithm on a discrete 2D space involves two main difficulties. On 
the one hand, the deformed curve can generate intersection with itself. On the 
other hand, the resolution of the curve decreases during the expansion process. 
Therefore, after each iteration of the deformation process, the intersections of the 
curve have to be detected and suppressed by mean of a reconstruction process 
while its resolution is updated by a resampling process. All of these issues are 
explained in the next sections. 

2.2 D e f o r m a t i o n  p r o c e s s  

In a cartesian coordinate system, the position of a vertex at iteration k of the 
deformation process is represented by the vector -is~i,k = (xi,k,yi,k). The  de- 
formable contour can then be defined by : 

(Ck = { ~ , k ; i  = 1, ..., Ark}; k = 1, ..., M) 
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where Nk represents the number of vertices at iteration k, and M the number 
of iterations of the deformation process. 
The deformation is performed by iterative radial displacements of the vertices 
of the curve. The new position of a vertex at the next iteration is obtained by a 
geometrical transformation of its curent position expressed as follows : 

-~i,k+l : T(~i,k, Cq,k, -~i,k) 

where a{,k represents the magnitude of the displacement of the vertex 79{,k, and 
--~{,k the local radial unitary vector of the curve at 79{,k. 

. . . .  i . . . . . . . .  

Fig. 1. Local radial unitary vector of a continuous curve 

As illustrated in fig.l, in a continuous 2D space (O, u--~, v-+), the local tangent 
unitary vector of a closed continuous curve can be expressed at P = (x, y) in the 
local coordinate system (P, "if, v--d'), with regard to the orientation of the curve, 
by : 

-~ = (cos 0, sin 0) 

with: 

0 = arctan ~xx 
P 

The normal unitary vector of the curve can be derived from -/~ by a rotation of 
- ~ -  radians : 2 

- ~ = ( O l - l o ) * = ( - s i n O ,  cosO ) 

In the discrete case, the derivative dy/dx can be numerically approximated in 
the neighbourhood {-~i-l ,k, ~i,k, ~i+l ,k}  by: 

dy P~,~ = yi+l,k - Y i - l , k  

dx X i - t - l , k  - -  X i - l , k  

The radial displacement of the vertex 79i,k leads to the new position given by : 

o r  : 
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I Xi ,k+l  -~ Xi,k -- Oli,k sin 
Yi,k + l ~ Yi,k -4- oli,k cos 0 

Some examples of such vertex translations are graphically represented in fig.2. 
At the end of the deformation process, the final result which is the contour of 
the object is truncated and reported on the discrete bounded space represented 
by the image. 

V" V" 

Fig. 2. Examples of radial vertices translations (a=2) 

2.3 D e f o r m a b l e  c o n t o u r  r e c o n s t r u c t i o n  p r o c e s s  

In the proposed model, the contour of the object is found by iterative deforma- 
tions of an initial closed curve. This model is valid as long as the deformable 
curve does not intersect itself. Such situations may occur when the deformable 
curve has to outline a small size region (representing either a subregion of the 
object or an artefactual region due to the presence of noise -fig.3-). 

Fig. 3. Generation of secondary closed curves 

Intersections are detected and processed by a reconstruction process after each 
iteration of the curve expansion. Let us consider the previous example repro- 
duced in details in fig.4. The curve deformation leads to the intersection of the 
segment [Pi, Pi+l] with [Pi+m, Pi+m+l]. The reconstruction process consists in 
changing the vertex connexions by interverting Pi+l and Pi+m+l.  Thus, when 
all the curve intersections are processed in this way, we obtain two closed curves 
with positive orientation and one closed curve with negative orientation. 
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Fig. 4. Reconstruction process 

Closed curves having negative orientation correspond to secondary curves gener- 
ated by the main curve expansion. Furtheremore, since the direction of a vertex 
displacement is determined with regard to the orientation of the curve, negative 
orientation means that the vertices will now be displaced toward the interior of 
the closed curve. Thus, the next iterations of the expansion process will produce 
a contraction of the deformable curve which leads to the detection of the contour 
of the outlined object. 
All the positively orientated closed curves are artefactual and must be suppressed 
except the external one denoted Ck that corresponds to the main deformable 
curve. 
The orientation of secondary curves is determined by the sign of A~ A ~ where 
the vertices A, B and C are randomly chosen from the linked list describing the 
considered curve. 

2.4 Model  reso lu t ion  

The length of the line segment [Pi, P~+I], denoted di, represents the local contour 
resolution. If di is large, the model will not be able to outline accurately objects 
having irregular frontiers. In  addition, the length di is iteratively modified by 
the curve deformation. This involves variation in the local model resolution. 
To keep this resolution close to a user specified value, the lengths of the edge 
segments are evaluated at each step of the contour deformation, and updated 
by a resampling process which consists in inserting additional vertices in the 
deformable contour. 
In fact, the model resolution can be characterized by the maximum distance 
d allowed between neighbouring vertices. The resampling process consists in 
checking after each deformation step the entire contour for segments longer than 
the maximum length d. As illustrated in fig.5, such an edge segment is divided 
into two shorter ones of equal length by inserting a new vertex at the midle of 
this segment. 
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Fig. 5. Model resolution updating 

2.5 C o n t r o l l i n g  the expansion by a r e g i o n  g r o w i n g  s t r a t e g y  

To control the expansion of the curves, we assess the similarity between the 
features of the reference region and those of the adjacent regions to each ver- 
tex. The adjacent region to the vertex Pi,k is determined by the set of pixels 
{Pi-l,k, Pi-l,k+l, Pi,k+l, Pi+l,k, Pi,k} (fig.6-1). 

P 
l~-l,k+l i-l,k+l 

© 

k+l 

/ P 
/ i+l,k 

Fig. 6. Controlling the expansion by assessing the similarity between the reference 
region and the adjacent regions to the deformable contour 

When the similarity criterion is satisfied, the vertex Pi,k is displaced to Pi,k+l. 
Otherwise, a smaller region defined by {Pi-l,k, P/,k+l, Pi+l,k, Pi,k} (fig.6-2) is 
considered. If the similarity criterion is satisfied in this case, in addition to dis- 
placing the vertex Pi,k to Pi,k+l, a new vertex is inserted at the intersection 
between the edge segments [Pi-l,k+l, Pi,k] and [Pi-l,k, Pi,k+l] to include only 
the tested region. If the similarity criterion is still not verified, the vertex Pi,k is 
blocked after a dichotomic adjustment of its position on the object contour. 

2.6 I n t e r a c t i o n  b e t w e e n  v e r t i c e s  

Most of active contour models consider a deformation constraint deduced from 
the local contour curvature. In our model, this parameter is introduced through 
a mobilty coefficient which depends, for each vertex, on the status of its neigh- 
bours. Thus, we avoid to derive strong curvature around the blocked vertices of 
the deformable contour. 
Given the initiM deformation magnitude a of the model, each vertex P~,k is 
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affected a mobility coefficient #i,k E [0, 1] so that  the magnitude of the displace- 
ment of Pi,k is given by : 

Oli, k ~ ]Ai, k Ol 

At the first step of the deformation process, the mobility coefficient is set to 
1 for all the vertices. During the next iterations of the curve deformation, the 
mobility coefficient /Ai,k remains constant as long as Pi,k has no blocked vertices 
in its vicinity. When a vertex is blocked, on the one hand its mobility becomes 
null, and on the other hand it influences the neighbouring vertices in such a way 
that  it slows down their displacements by reducing their mobility coefficients. 
This interaction can be expressed by the following relationship : 

#i,k = #i,~- l Fi,k 

where Fi,k is a decreasing function which depends on the number of blocked 
vertices in the neigbourhood of Pi,k. Fi,k is defined as follows : 

Fi,k = 1 -  ~ e -p~j 
j , P j b l o c k e d  

where p is a positive constant which determines the size of the neighbourhood 
of Pi,k, and sj is the length of the arc linking Pi,~ to the blocked vertex Pj. 

3 R e s u l t s  

The examples of fig.7 show a free deformation (with no constraints). The vertices 
of the deformable contour are affected a constant mobility coefficient # = 1 
during the deformation process. 

(a) ~ > d/2 (b) a = d/2 (c) a < d/2 

Fig. 7. Free expansion of the model 

We note that  the curve deformation is quasi-uniform. The shape and dimension 
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of the elementary regions merged by the contour deformation depend on the 
model resolution d and on the deformation magni tude a .  
Fig.8 shows the results obtained by the deformable contour model on a leaver 
image where it is wished to detect nodules. The similarity criterion is evaluated 
as follows : let Vr represent the grey level average of the reference region and V/,k 
tha t  of the adjacent region to the vertex Pi,k; the similarity criterion is verified 
if IV~ - Vi,kl <_ th  (where th  is a threshold level interactively set by the user). 

(a) original (b) ~.~ = 5, d = 10 (c) c~ = ,t, d = 8 

Fig. 8. Examples of edge detection 

In this example, the initial contour is placed on the background of the image. 
At the end of the deformation process, the main deformable curve corresponds 
to the image border, while the contours of the objects localized on the image 
background are detected by secondary generated closed curves. The example 
illustrates the influence of the parameters  c~ and d on the ability of the model to 
separate very close objects. In such a situation, a large value of d does not allow 
the deformable contour to pass between the two objects, which are detected 
as a single object (fig8-b). With a larger value of d, the two objects can be 
separated (figS-c). This example shows how the parameter  d can be interpreted 
as a viscosity coefficient. 
The  model performances are illustrated in fig.9 in the case of a scanographic 
image of the heart. We note the good detection of the contours of the two 
ventricles. 

4 C o n c l u s i o n  

We present a deformable contour model based on a geometrical deformation,  
which leads to a polygonal description of the contours. The initialization consists 
in pointing at the object to be segmented or on the background of the image. The 
model simulates a liquid expansion by an isotropic deformation of a closed curve. 



518 

(a) original (b) ~ = 5, d = 25 (c) c~ = 5, d = 15 

Fig. 9. Detection of the endocardial contour 

Two parameters  are required to guide the dynamic deformation process : the 
radial deformation magni tude ¢~, and the model resolution dl These parameters  
stand for the "liquid viscosity" tha t  regulates the ability of the model to follow 
variations of small scale in the image features. The deformation constraints are 
inspired by region growing techniques, which leads to an algorithm that  combines 
active contour models with region-based segmentat ion methods. The model is 
presented in a general framework, but it can be adapted to particular images. A 
method to quantify the interaction between the contour points is introduced to 
adapt  the deformable contour curvature to the shape of the object contour. For 
processing a particular class of images, the model can be improved by adapt ing 
the similarity criterion to the characteristics of the image. 
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