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Abstract — Lip reading has wide spread application, e.g.
audio-visual Automatic Speech Recognition (AV-ASR), silent
speech interface and person identification. Lip segmentation is
one of important step in lip reading, because it provides basic
information to be processed in subsequent steps. Lip tracking is a
process of locating lip to associate lip in consecutive video frames.
Chan-Vese model is a region-based segmentation algorithm,
which also can be used as tracking method. This algorithm can
detect boundary of object which not defined by gradient, while
classical active contour can’t be applied. This method also can
detect object by any initial curve in the image, not necessarily
surround the object. This paper investigates about lip
segmentation and tracking based on Chan-Vese model, preceded
by the color segmentation.
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[.  INTRODUCTION

Recently, lip reading becomes more popular research,
because it has wide spread applications. The automatic speech
recognition (ASR) system is widely used, for example in
robotics, personal computer, and cellphone. But, in the noisy
circumstances, the ASR performance will drop. By lip reading
system, the problem will be overcome. Lip reading system
also can be used as one of silent speech interface for
laryngectomee (person who has no larynx) [1]. In specific
security system, lip reading is used for person identification

(2].

Lip reading system consist several steps, and lip
segmentation is one of important step, because it provides
basic information to be processed in next step. Several lip
segmentation methods based on gray-scale image [3-5], other
methods are based on color image. Some methods use color
image directly [6, 7], the other method use color conversion to
other color space to enlarge the color different of lip and the
background, for example YCbCr [8], NTSC [9], and CIE-
L*a*b* [10-12].

Another important step in lip reading is lip tracking. In this
step, the key points of lip are tracked for each frame. There are
several lip tracking methods, for example pattern matching
snake [13] and watershed [4]. Chan-Vese model is a region-
based segmentation algorithm, which can be used as
segmentation method and also for tracking. The advantage of
this algorithm can detect object in image with contours without
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gradient or weak gradient, which often presence in face image.
In the case of image contour without gradient, classical active
contour like Snake, can’t be applied. This paper investigates
about lip segmentation and tracking based on Chan-Vese
model.

II. COLOR TRANSFORMATION AND IMAGE SEGMENTATION

A. CIE-L*a*b* Color Transformation

Although most of the image in our database have been
stored in RGB color space format, we choose the color space
CIE-L*a*b*. Because of the distance between any two points
in color space is proportional to the perceived color difference,
so we required a uniform space color. CIE-L*a*b* is one of
the color space that satisfy uniform space color. Details of the
transformation from RGB to CIE-L*a*b* are:
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where X, Y, and Z, are the values of X, Y, Z, for the
reference white, respectively. The reference white in the
transformation is defined as {R = G = B =255}
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B. Chan-Vese Algorithm Overview

Chan-Vese model is a segmentation method based on
segmentation method by Mumford-Shah and level set method
by Osher and Sethian. The detail of this model can be read in
[14]. This algorithm is not based on edge function to stop
evolution curve at desired edge. Chan-Vese algorithm can
detect boundary of object which not defined by gradient, while
classical active contour can’t be applied. This method also can
detect object by any initial curve in the image, not necessarily
surround the object.

The objective of Chan-Vese model is to partition an input
scalar image u#o: Q — R defined over a d-dimensional image
domain Q < R? into two possibly disconnected regions €2,
(foreground) and €2, (background) of low intra-region variance
and separated by a smooth closed contour C (2 = QU Q,UC).

Chan-Vese algorithm can be modeled in equation:

Ecy(C,cr,c0) = pulCl+ 44
Q1

+1, fgz (uo(X) — c2)? dx @)

where ¢; and ¢, represent the average intensity level inside Q,
and Q,, respectively, and x 4;, and 4, are user-defined
parameters. The optimal segmentation (C, ¢;, ¢,) corresponds
to a global minimum of (7).

(uo(X) — C1)2 dx

Chan-Vese model has been extended by using a multi-
phase level set framework scheme, for piecewise constant
(PC) [15] and piecewise smooth (PS) [16] optimal
approximations. These models effectively solve the boundary
blur or digital object segmentation and can detect interior
contours in the image. However, their main drawback is the
increased complexity of computing.

A lot of segmentation problems have been solved by Chan-
Vese algorithm, for example in medical image segmentation:
heart [17], CT bone [18], tooth [19], brain MRI [20]. This
algorithm is also applied for segmenting nighttime vehicle
license characters [21], and aerial photographs [22].

Chan-Vese algorithm can be applied in object tracking [23]
and fluorescent cell tracking [24]. This algorithm can be
described as sequential segmentation, where the final contour
from one image frame is used as the initial contour for the
next. The main strength of the algorithm is its ability to handle
the topology changes that result from deformations in the
object being tracked.

ITII. IMPLEMENTATION

In order to test our proposed method, we use image from
FEI Face Database [25]. All images are colorful and taken
against a white homogenous background. In this database, 20
subjects in frontal face image are randomly chosen. Each
subject has two expressions, one with a neutral or non-smiling
expression and the other with a smiling facial expression.
Original image size is 360x260 pixels, then manually cropped
to get only mouth region. The final image size is 56x114
pixels.

A. Lip Segmentation

Color image clustering is used in lip segmentation. There
are many clustering algorithms, and k-means are often used in
color image segmentation. To get a good clustering result,
inputs of clustering should be chosen precisely. In order to
enlarge the color different of lip and the background, input
images are converted to CIE-L*a*b* color space. This color
space consists of a luminosity layer L*, chromaticity-layer a*
indicating where color falls along the red-green axis, and
chromaticity-layer b* indicating where the color falls along the
blue-yellow axis. Since the color information exists in the a* b*
space, the clustering inputs are pixels with a* and b* values.

As a comparison, other color space, i.e. using Cb and Cr
component of YCbCr color space, and also I and Q component
of NTSC, is applied. The result of lip segmentation is used as
input for Chan-Vese algorithm. The block diagram of
implementation is sketched in Fig.1.

B. Lip Tracking

To simulate lip tracking, the first frame is taken from the
neutral or non-smiling expression image, the second from the
smiling expression and the third from the non-smiling
expression. The result of Chan-Vese segmentation from first
frame is used as initial curve for the second, and so forth. The

pseudo-code of simple lip tracking algorithm using Chan-Vese
model is sketched in Fig.2.

IV. EXPERIMENTAL RESULT

Original Chan-Vese algorithm is an image segmentation
method which input is gray-scale image. Therefore, it can be
used directly in lip image, with no color segmentation before.
Input image is only converted to gray-scale image. But, the
result provides that lip segmentation is failed. Examples of
these images are seen in Fig.3.

Our proposed method is implemented in lip image of 20
subjects. To measure the accuracy of the segmentation, our
proposed method is compared with manual segmentation. Of
comparison, the accuracy is calculated by following equation:

TP+TN FP+FN

ccuracy = =1- 8
. B y TP+FP+FN+TN TP+FP+FN+TN ( )

where TP is number of true positive pixel, TN is number of
true negative pixel, FN is number of false negative pixel, and
FP is number of false positive pixel.
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Fig.1. Block diagram of lip segmentation and tracking algorithm



contour o € initial contour
Forj=1ton_frames
{
contour ; € Chan-Vese (contour ;_;, image ;)
draw contour of frame-j

Fig.2. Pseudo-code of simple lip tracking

T Fig.6. Example of lip segmentation and tracking using our proposed method
T (k-means where the inputs are a* and b* components in CIE-L*a*b* color
space), (I) automatic segmentation, (II) manual segmentation,
(III) False Positive and False Negative
The accuracy of segmentation of 60 images, (20 subjects,
each of 3 images), for three kinds color image preprocessing,
I I T v presented in Fig.7. The summary of lip segmentation accuracy

is shown in Table 1.
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Fig.3. Lip tracking without prior color image segmentation,

(I) original image with the presence of teeth, (II) lip tracking of (I), 10
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Fig.4. Example ot lip segmentation and tracking using k-means
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Fig.7. Curve of comparison of lip segmentation accuracy,
for three kinds color image processing

where the inputs are Cb and Cr components in YCbCr color space, Table 1+ Summary of Ii mentation .
(I) automatic segmentation, (II) manual segmentation, abe ummary ot ip segmentation accuracy
(III) False Positive and False Negative Accuracy
I-Q Cb-Cr a*-b*

The lowest 0.592888 | 0.486059 | 0.790570

The highest 0.978383 | 0.983083 | 0.983396

Mean 0.907092 | 0.906386 | 0.940666

Standard deviation 0.081548 | 0.107631 | 0.039814

It can be seen that lip segmentation and tracking using our
proposed method is better than the two other methods.

V. CONCLUSION

This paper presented a new method for lip segmentation
and tracking based on Chan-Vese model, preceded by color
segmentation using k-means and a*-b* component of CIE-

I II 111
L*a*b* color space. The result shows that our proposed
- - - e method achieves 94% mean accuracy, and is better than the
Fig.5. Example of lip segmentation and tracking using k-means i - >
where the inputs are [ and Q components in NTSC color space, two other methods, i.e. using [-Q and Cb-Cr components.
(I) automatic segmentation, (II) manual segmentation, . . .
As future work, we intend to explore the implementation

(III) False Positive and False Negative ! _ © U
of our proposed method in real-time application.
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