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Combining Shape Prior And Statistical Features For
Active Contour Segmentation

Muriel Gastaud, Michel Barlaud Fellow, IEEE, Gilles Aubert

Abstract— This paper deals with image and video segmentation
using active contours. The proposed variational approach is
based on a criterion featuring a shape prior allowing free form
deformation. The shape prior is defined as a functional of the
distance between the active contour and a contour of reference.
We develop the complete differentiation of this criterion. First
we propose two applications using only the shape prior term:
the first application concerns shape warping and the second
concerns video interpolation. Then the shape prior is combined
with region-based features. This general framework is applied to
interactive segmentation and face tracking on a real sequence.

Index Terms— active contour, shape prior, statistical features,
shape warping, video interpolation, segmentation, face tracking

I. INTRODUCTION AND STATE OF THE ART

The purpose of segmentation is to extract homogeneous
image regions corresponding to semantic objects. The active
contour method consists in applying a velocity to a closed
curve such that the curve evolves towards the boundary of the
object of interest. This velocity derives from the minimization
of a criterion characterizing the object of interest by means of
including region and boundary functionals.

Boundary functionals were first proposed by Kass et
al. [19]. Caselles et al. [5], [4] introduced geodesic active
contours
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The contour minimizing criterion � is the curve of minimum
length in the metric defined by function �. Generally function
� is a function of the gradient of the image. Therefore this
approach is local and not adapted to segmentation of complex
images or videos.

Region-based active contours were introduced by Ronfard
et al. [26], Cohen et al. [9], Zhu et al. [31], Chan et al. [6],
and Paragios et al. [24], in order to better characterize an
object. In this approach regions are characterized by a so-
called “descriptor”
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For instance, in video segmentation, descriptor � �� may char-
acterize the object in terms of velocity.

Jehan et al. [15], [18] addressed the active contour seg-
mentation problem when descriptor � ������� involves region
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features, e.g. the mean intensity, the variance, the histogram
[2], or more sophisticated statistics of region ���
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Although these criterions proved to be very efficient, they
have a weakness: Sensitivity to initial segmentation.

A possible solution is to introduce some shape prior, based
on, for example, statistical shape learning, a shape of reference
of a well known object (it can be provided by an atlas in
medical imaging), or interactive segmentation provided by an
operator.

The first active contour approaches including shape prior
were probabilistic methods. Statistical models of shape
variation were proposed by Wang and Staib [30], Cremers et
al. [12], and Rousson and Paragios [27]. Leventon et al. [20]
defined a statistical shape model to guide the evolution
process. Chen et al. [8] introduced shape prior using an
atlas or a segmentation result of another modality in medical
image processing. This variational method was restricted to a
parametric deformation between the shape of reference and
the active contour. For most segmentation applications, the
assumption of a parametric deformation is too restrictive.

In this paper, we propose a variational approach based on
an active contour technique including a shape prior defined
as a functional of the distance between the active contour and
a contour of reference ���� . The contour of reference may
be defined by an operator for interactive image segmentation,
or it can be deduced from a previous segmentation in
video segmentation and tracking. We relax the parametric
transformation constraint by allowing a free form deformation
between the contour of reference and the active contour.

In Section II we propose a criterion featuring a shape prior
allowing free form deformation. We differentiate this criterion
to determine the evolution equation of the active contour.
In Section III we propose applications using the criterion
based only on the minimization of the shape prior term. The
first application consists in warping a shape onto another one
(Section III-A). The second application concerns the temporal
interpolation of a video sequence (Section III-B).
In Section IV we propose applications combining the shape
prior with statistical region-based features. In Section IV-B,
the proposed free form deformation algorithm is applied to
interactive image segmentation. In Section IV-C, an applica-
tion to region tracking on a real sequence is presented.
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II. GENERAL FRAMEWORK FOR ACTIVE CONTOUR USING

FREE FORM SHAPE PRIOR

In Section II-A we propose a criterion featuring a shape
prior allowing free form deformation. In Section II-B we
differentiate this criterion to determine the evolution equation
of the active contour. In Section II-C we present and discuss
the level set implementation. Finally, in Section II-D we
present the active contour algorithm.

A. Criterion

Let us assume that a frame, 	 , is composed of two regions:
���, the object and ����, the background. The common
boundary of these domains is denoted by �.

Criterion �	 featuring the proposed shape prior minimizes a
“weighted” distance � between � and a contour of reference,
����
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�
�


��������� ���� (4)

Contour of reference ���� may be initialized from an atlas
(e.g. for registration applications), it may be defined in-
teractively by an operator, or it can be deduced from the
segmentation of a previous frame.
Function �������� � may be any distance function between �
and ���� . We choose the following definition(see also Fig. 1):

�������� � � ���
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Fig. 1. Distance function d.

Function 
 is differentiable, even, and increasing function
on ��.
Criterion �	 penalize large discrepancies between the shape of
the active contour � and contour of reference � ��� . However
there are no constraints regarding the transformation between
� and ���� .

B. Differentiating the criterion

The evolution equation of the active contour is obtained
by differentiating the criterion in an Eulerian framework. We
introduced a dynamical scheme using a set of transformations
�� 	 � � ���� such that ����� � �. As a consequence, the
criterion can be written as a function of � :
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The derivative of �	 with respect to � is (see App.I for
details):
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The fastest decrease of �	��� is obtained when ���� evolves
according to the following equation:
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Remark 1: The active contour velocity should be equal to
zero when � � . Therefore 
 must satisfy:�


�� � 

��� � 

(9)

Remark 2: Function distance � needs not be differentiable
since the use of function 
 avoids computing its gradient.

Remark 3: Equation (8) is a combination of two terms:
an hyperbolic term ����� ���
����� and a parabolic term

�����. To ensure stability of the numerical scheme, the
discretization of the hyperbolic term must satisfy the Courant-
Friedrich-Lewy (CFL) [10] condition

������ ���
������Æ�
Æ�

� � (10)

A sufficient condition for stability is to choose 
 such that its
derivative is bounded and Æ� such that

Æ� � Æ�

����
��
(11)

C. Level set implementation

The active contour evolution was implemented using the
level set technique [23]. Assuming that the evolving contour,
����, is the zero-level of a function � 	 �� 	 �� � � i.e.
� � ���� 
� ������ � . Eq. (8) can be rewritten as

������

�
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Function � is often chosen as the signed distance from the
active contour.
The partial derivative of � is approximated using the following
numerical scheme:
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where Æ� denotes the temporal sampling step. Combining Eq.
(12) and (13) a numerical scheme of the evolution equation is
obtained by

��� � Æ���� � ������ � Æ��	�������������� (14)

Remark 4: Concerning the well-posedness of our model
as well as the convergence of our algorithm, the classical
framework for studying such PDEs is the one of viscosity
solution [11], [3], [21]. General theorems proving existence
and uniqueness of a solution in a viscosity sense cannot be
straightforwardly applied to our model. A precise study should
be developed for this particular equation and this will be a
challenge for future mathematical work.
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D. Algorithm

The main steps of our active contour algorithm are:
� Initialization

– Contour of reference:
Contour of reference ���� may be initialized inter-
actively by an operator or it may be taken from an
atlas or a previous frame segmentation.

– Active contour:
The active contour is initialized as the contour of
reference, i.e. �� � ���� .

– Distance map:
A distance map from contour of reference ���� is
computed using a fast algorithm [29] (We may also
use Eq. (15)). The map is positive for pixels belong-
ing to the object and negative for pixels belonging
to the background.

� Propagation of the active contour:
Until convergence, for each iteration, we provide:

– Computation of velocity F: Using Eq. (8)
– Evolution of function u: Using Eq. (14)

Reinitialisation of u: u is regularly reinitialized to remain
a distance map following [28]
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III. APPLICATIONS USING ONLY THE SHAPE OF

REFERENCE

In this section, we propose applications using the criterion
as presented in Section II, i.e. based only on the minimization
of the shape prior term. The first application consists in
warping a shape onto another one (Section III-A). The second
application concerns the temporal interpolation of a video
sequence (Section III-B).

A. Shape warping

In the first application, assuming we have segmented
two shapes, we make a curve warp from a shape onto the
another one. This curve evolves following the evolution
equation defined in Eq. (8). After discussing the choice of
the descriptors adapted to this application, some experimental
results are presented.

1) Choice of the descriptors: For shape warping application
we choose 
��� �


� � �� � � [7], which satisfies Remark

1.
Criterion (6) becomes:

�	��� �

�
����
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The evolution equation is:
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Since 
���� � ��
����

, the contour expands or shrinks if it
is inside the object (� � ) or outside the object (� � ),
respectively.

Moreover 
���� is bounded by �. Therefore the CFL
condition is satisfied if Æ� � Æ

������ , ensuring stability of
the numerical scheme (see Remark 3).

2) Experiment: We experiment the shape warping between
two images: “Foreman” and “Erik”. For this application only,
the initial contour differs from the contour of reference. Except
the initialisation of the active contour, the experiment is
performed using algorithm of section (II-D). First we initialize
the active contour to make it encompass the face of “Foreman”
(see Fig. 2.a). Then we define the contour of reference as
the curve which encompasses “Erik’s” face (see Fig. 2.b).
Figure 3 shows the propagation of the active contour driven

(a) Initialisation on Fore-
man’s face

(b) Contour of reference
on Erik’s face

Fig. 2. From one face (Foreman) to another (Erik)

by evolution equation (8) from the initial shape towards
the contour of reference. The algorithm converges after 720
iterations, with Æ� � ��. These results show that there is no

(a) 1st iteration (b) Iteration 100 (c) Iteration 200

(d) Iteration 300 (e) Iteration 400 (f) Final Iteration
720

Fig. 3. From one face (Foreman) to another (Erik): active contour propagation

rigid constraint on the shape of the active contour and that the
contour evolves following free-form deformations.

B. Video interpolation

This section concerns temporal interpolation in a video
sequence. The goal is to estimate intermediate frames from
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existing frames. This application may be useful in predictive
coding as well as conversion of standard.

1) Algorithm: Let us denote by 	� and 	��� two successive
frames of a video sequence. We assume than each frame
has been previously segmented and we limit our algorithm
to object interpolation. First we estimate the shape of the
intermediate object using a shape warping algorithm, then we
fill the intermediate shape by warping the object of frame 	�
onto it.

� Shape Warping
The intermediate shape is estimated using the algorithm
described in Section III-A. The active contour is
initialized from the segmentation of object of frame 	�.
The reference contour encompasses the object of frame
	���. If the algorithm converges in � iterations, the
intermediate contour is defined as the contour of the
�
� th iteration.

� Image Warping
Once the intermediate shape is defined, we fill it by
warping the object of frame 	� onto it.

– Motion estimation: We first estimate the motion
of each point belonging to the object between the
frame 	� and the intermediate frame. To this end,
we assume that a level set keep constant along the
sequence [16]

���� �� � ���� ��� ��
�

�
� (18)

where �� is the velocity of pixel �, and ���� �� the
level set function for frame 	� and pixel �.

– Filling the object: each pixel of frame 	�� �

�

get
the value of his matching point in frame 	�, i.e.
compensated in motion

	�� �

�

��� � 	���� ��� (19)

2) Experiment: We consider the odd frames of a sequence
called “Stefan”, and estimate the even frames. Figure 4 shows,
on the left, the odd frames of the sequence, and on the right,
the estimated even frames.

This process allows an objective evaluation of the predicted
objects, as we can compare them to real objects extracted from
the even frames. According to [22], the accuracy is assessed
by the absolute distortion criterion:
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������

(20)

where ������ is the number of pixels of a frame and � the
xor operation. ����� and ���� denote respectively the object
of even frames and the predicted objects (see Table I).

Frame 75 77 79

���� 0.467 0.462 0.607

TABLE I

QUALITATIVE EVALUATION OF OUR INTERPOLATION METHOD

(a) Frame 74 (b) Estimation of frame 75

(c) Frame 76 (d) Estimation of frame 77

(e) Frame 78 (f) Estimation of frame 79

Fig. 4. Video interpolation

IV. APPLICATIONS COMBINING SHAPE OF REFERENCE

AND REGION-BASED FEATURES

In this section, we propose applications combining the shape
prior term with region-based and boundary-based features.
When usual criterion, combining region and/or boundary based
terms, failed in segmenting the object of interest, using in
addition the shape prior help improving the accuracy of the
results.

A. General framework

The more general criterion combining region-based,
boundary-based and shape prior term may be written as



6 IEEE TCSVT special issue on ”Audio and Video Analysis for Interactive Multimedia Services”, to appear in may 2004

follows:

���� �

�
����


������������ ����

� �

�
������

����������� ����

� �

�
�������

������������� ����

� �

�
����

������� (21)

where ��������, ���������� and ����� are respectively the
descriptors of the object, the background and the contour.
Reals � and � balance the influence of each term of the
criterion.
In this general criterion, the first term is the shape prior:

�	��� �
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������������ ���� (22)

The associated velocity �	 is (see Eq. 8):

�	 � ����� ���
���� � 
���� (23)

The object-based term of the criterion is written as:
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Using an Eulerian approach, the derivative � ����� with respect
to � is (details are given in App. II):
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The associated velocity ��� is given by:

��� � ������ �

����
�	�

���
� ���� ��� ��� (26)

The definitions of � ��� , ���
� and ��� are given in App. II.

The contribution of the background region-based term is
computed using the same approach.

Descriptor �� is a classical boundary descriptor [5]. Its
differentiation can be found in various articles, including [1].
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The derivative of ����� with respect to � is:
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�
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����� ������������� (28)

The associated velocity is:

�� � ���� ������� (29)

Taking into account the contributions of the different terms
of the criterion, we obtain the following evolution equation:
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which can be detailled as:
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This evolution equation can be implemented using the level
set technique [23] or parametric tools such as B-Splines [25].
First we apply this general framework to homogeneous region
segmentation using a shape prior, and then to video tracking.

B. Application to interactive segmentation

First application concerns segmentation in homogeneous
regions. Classical methods are based on a competition between
object-region and background-region features. When such
criterions failed segmenting the object of interest, adding a
shape prior improves the segmentation. In Section IV-B.1 we
present the two compared methods: the one based on region
competition, and the other using shape prior. In Section IV-B.2
we show results obtained using these two methods.

1) Choice of the descriptors: The method so-called “classi-
cal” is based on a competition between object and background
regions. The criterion to minimize is of the form:

���� �
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����������� ����

� �

�
�������
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�
����

���� (32)

Without the background term, the minimization of the criterion
would make the object-region shrink until it disappears.
For homogeneous region segmentation, the descriptors are
chosen as follows:�	



���� � ����������
��� � ���������
�� � �

(33)

where
� 	���� is the value of the ��� color space component of

frame 	 , (i: 1=Y, 2=U, 3=V) for pixels belonging to
domain � � ��� or ����.

�  ���� is the mean value of 	��� in the ��� color compo-
nent.

� !�� ��� is the variance of 	��� in the ��� color component.
� ���� � !����� � !����� � !�
���.
� � is a differentiable function. We chose � � "#���� $��

(�� � ��
���� ).



M. GASTAUD, M. BARLAUD and G. AUBERT: Combining Shape Prior and Statistical Features for Active Contour Segmentation 7

The evolution equation of the “classical” segmentation
algorithm is:

���� �
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� �	�� (34)

To improve accuracy of “classical” method, we add shape
prior information in the criterion. Adding a shape prior term
introduce a competition between shape prior and region-based
features. Therefore, we do not need anymore a background
term. The criterion using shape prior is written as follows:
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where the descriptors are chosen as:�	
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(36)

The evolution equation of the algorithm introducing shape
prior is:
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Both of the methods were implemented using the level set
technique [23].

2) Experiment: The purpose of this application was to
evaluate the benefits of the shape prior compared to a
“classical” region-based segmentation.

Figure 5.a shows the results obtained with the “classical”
segmentation method (Eq. 34). Using the “classical” segmenta-
tion, the contour drifts from the face towards the hand, because
the hand has the same properties as the face, in terms of
homogeneity.
As the object of interest is only the face, we have to add shape
prior information. Figure 5.b shows the contour of reference
as defined by an operator. This information introduces a
competition between the object region and the shape constraint
(Eq. 37).
Figure 5.c shows the results of the segmentation method using
shape prior. The shape prior, based upon the distance between
the active contour and the contour of reference, compensate
the phenomenon of drifting.

(a) “Classical” segmentation using the
competition between regions.

(b) Contour of reference.

(c) Segmentation using shape prior and
object-based statistical features.

Fig. 5. Segmenting with and without shape prior.

C. Application to tracking

This general framework is now applied for tracking purpose.
First we highlight the additional steps of the algorithm required
by the tracking application. Then we apply this algorithm to
track a face through 50 frames.

1) Adaptation of the algorithm to tracking: The first con-
tour of reference ����

� is initialized by an atlas or an operator.
For each frame 	�, contour of reference ����

� is automatically
deduced from the final contour ���� of the previous frame,
compensated in motion. An additional step in the algorithm
is thus needed to determine ����

� � %����. To this end,
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we have first to estimate the motion model % . The general
algorithm is completed by the following steps:

� For each pixel &��� belonging to ����, we estimate
its position &� in the frame 	� using a robust matching
method.

� Affine model % best representing the whole displace-
ment of contour ���� into the frame 	� is estimated. An
affine model is a good trade-off between performance and
computational cost. The parameters of the affine model
are evaluated by minimizing:�

'��&��� �%&���� (38)

' is Geman and Mc Clure penalization function [14] and
is introduced to increase the robustness of the estimation.
The minimization of criterion (38) is carried out thanks
to Charbonnier et al. half quadratic theorem [7].

� ���� is compensated in motion into frame 	� according
to estimated model % . The compensated contour is
denoted ����

� and satisfies: ����� �%����.
Once the contour of reference is determined, the tracking

algorithm is the same as in Section II-D. The evolution
equation is the one used for segmentation using shape prior
in Section IV-B.1:
�����

��
� ���	
�


�� ��
	 � ��

� �
�
	 � �� � 	�	

� ����������

� ������������
��

���

�����
���� ����

����� � �������

� �	�� (39)

2) Experimental results: We present experimental results
obtained by tracking a face through 50 frames of a sequence
called Erik. We show results coming from our tracking algo-
rithm using shape prior, regularization, and statistical region-
based terms. The parameters are the following: Æ� � �����,
� � �� and � � ���. Image segmentation suffers from a
lack of temporal coherency. The geometric prior increases the
temporal coherency since the contour of reference is computed
from previous frame segmentation results.

V. CONCLUSION

This article proposed a segmentation algorithm in a vari-
ational active contour framework. The proposed approach is
based on a criterion featuring a shape prior allowing free form
deformation. The shape prior minimizes the distance between
the active contour and a contour of reference. The contour
of reference may be defined interactively by an operator or
initialized from an atlas. We proposed applications using only
the shape prior term: the first application concerns shape
warping and the second concerns video interpolation. Then
the shape prior is combined with region-based features. Dif-
ferentiation of each term of the criterion is provided and leads
to the evolution equation of the active contour. This general
framework is applied to homogeneous region segmentation,
in order to evaluate the benefits of the shape prior. Then the
algorithm is adapted to track a face through 50 frames. In this
case the contour of reference comes from the previous final
contour compensated in motion.

(a) Frame 0 (b) Frame 9

(c) Frame 19 (d) Frame 29

(e) Frame 39 (f) Frame 49

Fig. 6. Tracking a face using shape prior.

APPENDIX I
DIFFERENTIATION OF THE SHAPE PRIOR TERM

We focus on the shape prior differentiation:

�	��� �

�
����


������������ ���� (40)

If we suppose that ���� is parameterized by � � 
� ��,
criterion �	��� can be expressed in terms of ���� �� and
���� ��:
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������ ��� ��

���� �� (41)

By differentiating (41) with respect to � , we obtain:

� �	��� �
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�
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�
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�

� �
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���


�

�������
����
�
�� (42)

Let � and � be the outward normal and tangent of ����:

� �
	

	�

� 	
	� � and ��
�	

� �� where � is the mean curvature of
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����.
Integrating by parts the second term of (42), � �

	��� is of the
form:
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� �
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�����


�

��
�
�
�
�������

���� �� (43)

Let us denote by ���� � �� � �

��
� and ���� the outward

normal and tangent of ���� .
As ���� �� � ���� , we deduce that:

������ ������� � �  (44)

By differentiating this expression with respect to � and to �,
we get:

��
�

���� �  and ��
�

���� �  (45)

i.e. �

��

and �

�	

are collinear with ���� .

Therefore, we conclude that:
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Thus it follows:
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���� �� (47)

Then, writing �

��
� as a combination of � and �, � �	��� is

given by:

� �	��� �
� �

�

��
�

� ������� ���
����� 
�������
������

���� ��
(48)

The derivative of �	��� could also be achieved using the
general derivation theorem of [13].

APPENDIX II
DIFFERENTIATION OF A REGION-BASED TERM

We differentiate the object region-based term of the criterion
following the method detailed in [17]:

������ �

�
������

��������������� (49)

Let us denote by ������ the function ������������. Descriptor
������ is modelled as a combination of ��� features (��

� ���
attached to the evolving object:

����������� � ����(��
� ���� � � � � (��

������� (50)

where (��
� ��� can be expressed as:

(��
� ��� �

�
������

� ��� ��� �� ������ for ) � �� � � � ����

(51)

The derivative of ������ according to � can be written as:
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where

���
� ��� �

�
������

������

(��
� ���

����

and � is the velocity vector of the active contour.
We will only consider descriptors, such as mean or variance,
for which the last integral is null.
The evolution equation is then given by:

������

�
� 
������ �

����
�	�

���
� �

��
� ���� � (53)

The contribution of the background region-based term is
computed using the same approach.

REFERENCES

[1] G. Aubert and P. Kornprobst: Mathematical problems in image process-
ing. Partial differential equations and the calculus of variations. Springer
Verlag, Applied Mathematical Sciences, 2001.

[2] G. Aubert, M. Barlaud, O. Faugeras and S. Jehan-Besson: Image seg-
mentation using active contours: calculus of variations or shape gradients?,
SIAM Journal on Applied Mathematics, vol. 63 (6): pp 2128-2154, 2003.

[3] G. Barles: Solutions de viscosité des équations de Hamilton-Jacobi.
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