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Abstract

This paper presents an active contour model for extracting accurate facial regions in complex environments. In the model, a contour is
represented by a zero level set of level function ¢, and evolved via level set partial differential equations. Then, unlike general active con-
tours, skin-color information that is represented by 2D-Gaussian model is used for evolving and stopping a curve, which allows the pro-
posed method to be robust to noise and varying pose. To assess the effectiveness of the proposed method, it was tested with several
natural scenes, and the results were compared with those of geodesic active contours. Experimental results demonstrate the superior per-

formance of the proposed method.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

With the rapid development of ubiquitous computing
environments, there is a growing need for human computer
interaction system. Consequently, automatic recognition
systems for face or facial expression have become an
important research area because face plays an important
role in man-machine communication. For accurate human
computer interaction, face or facial expression recognition
systems should ideally work well even when varying
appearance due to changing pose and the relatively low res-
olution of images at a distance. Then to overcome these
problems, an accurate facial boundary can be used as
important information. For example, pose-invariant face
recognition algorithms using 3D face models have been
developed (Hsu and Jain, 2001). However, it is difficult to
align 3D face structure with 2D images and acquire 3D face
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shapes (Hsu and Jain, 2003). Facial boundaries provide
sufficient information to reconstruct 3D face structure with
various face pose. And in case of facial expression recogni-
tion, at present, the recognition of facial expression mainly
focuses on studying the facial motion from image sequence.
However, in many multimedia and human computer inter-
action applications, image sequences of detailed facial
actions are not available but a static image. To recognize
facial expression in static image, sketches or caricatures
based methods have been proposed (Gao et al., 2003).
And to generate the sketches or caricatures, facial bound-
ary detection is very important task.

So far many techniques and algorithms for face detection
have been proposed, then they can be roughly classified
into four categories (Yang et al., 2002): knowledge-based
approaches, feature invariant approaches, template-match-
ing approaches, and appearance-based approaches. Among
these approaches, template-matching approaches have been
widely used due to their simplicity. This approach stores
several templates describing the face, facial features, and
their relations. When given an input image, it computes
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the correlation values between the input image and the tem-
plates to detect facial regions (Yang et al., 2002). The
approach has been proved to be very efficient in detecting
frontal facial images; however, it cannot work well when
no constraints are imposed on the scene content due to
the rigidity of templates. To overcome this limitation,
deformable templates were used. The method deforms the
predefined templates and matches the deformed template
with a given image. These operations are iteratively exe-
cuted until the best fit for the template is found (Yang
et al., 2002). Although these methods perform well, they
are still hampered by noise sensitivity and intensive com-
putational costs.

Recently, active contour models have been used as a
good solution to object detection because of their elasticity.
An active contour model is a description of an object
boundary which is iteratively adjusted until it matches
the object of interest (Fenster and Kender, 2001). Active
contours are successfully used for object detection, but also
for track non-rigid objects (Kass et al., 1988; Caselles et al.,
1993; Chan and Vese, 2001).

The initial active contour model was proposed by Kass
et al. (1988), which is called SNAKES. They used maker
particles to describe contours, so it cannot accurately
detect the boundaries of non-rigid objects and provide
automatic topological changes. As an alternative to this,
a geometric active contour model based on a level set
method was proposed by Osher et al. (Caselles et al.,
1993; Osher and Sethian, 1988). They used the image gra-
dient to stop the curve, which is represented by a zero level
set. Then, a geometric active contour model is described by
the following differential equation:
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In Eq. (1), v is constant, and 7 is the intensity image.
Finally, g(x)=(1+ x?)~' is the edge stopping function.
This model acts as an edge detector. That is, an initial curve
around the object to be detected evolves in its normal direc-
tion with speed g(|VI|) - (k + v) and stops on the boundary
that has large gradient values (Caselles et al., 1993; Chan
and Vese, 2001). However, an object boundary has a low
gradient in natural scenes. In noisy images, a noisy region
may have the higher gradient value than an object region.
Therefore, this model fails to detect accurate object
boundaries.

To solve this problem, Chan and Vese proposed the use
of intensity information of regions instead of the gradient
information to stop the curve (Chan and Vese, 2001). They
assumed that an image [ consists of two regions with
approximately constant intensities, I° and I', and that the
object to be detected is represented by the region with the
value I'. Then, the curve is described as follows:
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where k is curvature, and v, u, 41, and 4, are constants. ¢,
and ¢, are means of intensities of inside of object and out-
side of object, respectively. In Eq. (3), terms (A) and (B) are
squares of intensity differences between the pixel (x,y) and
the mean of the inside and outside regions, respectively.
The curve moves in the normal direction with speed
(B) — (A) until finding the desired boundary where (A) is
equal to (B). In summary, this curve evolves until reaching
the minimization of the sum of the intensity deviations.
This model is useful to detect contours with weak bound-
aries or discontinuous boundaries (Chan and Vese, 2001).
However, the application is restricted to a simple image
that consists of two regions with approximately constant
intensities.

This paper investigates the application of active con-
tours to facial boundary detection problems. Facial bound-
ary detection is formulated as an energy minimization
problem leading to a solution via an active contour model
in a Bayesian framework. Our contour model is repre-
sented and evolved using a level set method, which allows
the automatic topological changes. Additionally, we use
skin-color information to stop the curves, which is repre-
sented by a 2D-Gaussian model. The use of skin-color
information endows the proposed method for robustness
to noise as well as independence of the initial values.

The main advantages of the proposed method include
robustness to noise, multiple views, and changing pose.
Additionally, the proposed method can easily expand
to face detection in video sequence, since it incorporates
tracking mechanisms within its own architecture. These
advantages are proven by experimental results that show
the successful application of the proposed method to
detect facial boundary in complex environments.

The rest of this paper is organized as follows. In Section
2, a skin-color model is described. Section 3 illustrates how
to formulate a facial boundary detection problem as an
energy minimization problem, and the minimization scheme
is shown in Section 4. Experimental results are presented in
Section 5. Finally, conclusions are presented in Section 6.

2. Skin-color model

Every person has different skin tones. Moreover, under
various lighting conditions, the skin tones of a single person
can be observed differently. This is because they differ much
less in color than in brightness (Yang and Waibel, 1996). In
the RGB space, color representation includes both color
and brightness. Therefore, RGB is not necessarily the best
color representation for detecting pixels with skin color.
Brightness can be removed by dividing the three compo-
nents of a color pixel (R, G, B) according to intensity. This
space is known as chromatic color, where intensity is a
normalized color vector with two components (r, g):
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