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ABSTRACT

Authentication system solely based on visual lip
information is of advantage since the uttering
characteristics/manner is unique to individual and difficult
to imitate. This paper will present the study of using lip
shape-based and intensity features in  person
authentication. These features are derived from a 14-point
Active Shape Model (ASM) lip model with the use of
Principal Component Analysis (PCA). The differential
change of the feature parameters reflecting the uttering
characteristics are also considered in the study. A database
containing the visual utterance of 40 speakers has been
generated and each of the utterance is of duration 3
seconds. The visual features are then extracted from this
database and a Hidden Markov Model (HMM) classifier
is used to perform the analysis. It is observed that the best
authentication result is obtained when the first 8 modes of
intensity profile is used together with the lip shaped-based
parameters.

1. INTRODUCTION

In recent year, the use of biometrics in person
authentication has become an important area for research.
Apart from iris, face, voice and hand geometry,
fingerprint is perhaps the most popular feature being used
[1,2]. However, human beings do possess certain habits
that are unique to themselves and difficult to be imitated.
Gait and speaking characteristics are potential candidates
for authentication purpose. Lip features and its associated
intensity information have been successfully demonstrated
for speaker identification [3,4]. In this paper, we will
present the study of using visual lip features, which are
closely associated with speaking characteristics, for
person authentication.

The geometric width/height of the lip and the shape
parameters of the lip are commonly used to describe the
lip features for authentication. These features can be
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extracted from a lip model and a 14-point Active Shape
Model (ASM) lip model is used in our study. In this
model, points are used to represent the outer lip contour
which can be adjusted by varying a few main modes of
shape variation. Thus only a few parameters are required
to describe the lip shape. In order to explore the merit of
the intensity information in authentication, the intensity
information about the horizontal and vertical lip lines,
which are the lines for measuring the width and height of
the lip, are sampled. These information are used to form
an global intensity vector and the Principal Component
Analysis (PCA) is then employed to obtain an intensity
feature vector with reduced dimension.

The flowchart of a Hidden Markov Model (HMM)
classifier based authentication system is shown in Fig. 1.
The candidate will be accepted if the similarity score (the
log likelihood-ratio between the scores of the speaker
model and the speaker-independent model) exceeds a
certain threshold. The performance of various feature
combinations will be examined for their suitability in
authentication application by measuring the equal error
rate (EER), which is defined as the point that the false
acceptance rate is equal to the false rejected rate.
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Fig.1 Flowchart of the speaker authentication system
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2. LIP MODELING

2.1 Lip Segmentation

The RGB lip image is captured by a video camera and
transformed to the CIELAB color space [5]. In CIELAB
color space, each pixel is represented by a color feature
vector {L, a, b} with luminance and chrominance
components denoted by L, a, b, respectively. We then
apply our recently developed Fuzzy Clustering Method
incorporating with Shape function (FCMS) [6] to segment
the lip image. This method takes both the color and shape
information into account and thus gives an accurate
probability map, as shown in Fig. 2, for subsequent
modeling.

(a) (b)
Fig.2 (a) A RGB lip image, (b) Probability map of (a)
2.2 Lip Model

A 14-point ASM lip model shown in Fig. 3 is used to
describe the lip shape. ASM is a shape-constrained
iterative fitting approach [7]. The valid lip shape is
allowed to deform within the main deformation modes
which are obtained from a training data set of lip images
via PCA. One major advantage of using ASM is that no
heuristic assumptions are made to the legal shape
deformation. In addition, the ASM is flexible enough to
capture the shape details with the use of a linear
combination of a small set of deformation modes. In
general, the coordinates of the contour points of an
arbitrary shape x represented by ASM can be
approximated by (1).

x=X+Pb (1)

where X =[x1y1x2y2--x14 y14]T , X is the mean shape, P

is the matrix of eigenvectors of covariance matrix and b is
the weight vector for each eigenvector. In order to better
describe the lip contour, more points are used to describe
the upper lip and lesser points for the lower lip. More
points could be used for the lip modeling, however it is
not considered because too much detail to the lip contour
will eventually reduce the modeling flexibility. Also it
will require more training samples than it is actually
required. After the optimization process [8], an optimal
parameter set given in (2) for describing the lip shape can
be obtained.
A=1{s,0,x.,y.,b} (2)

where (x., y.) is the center point of the lip model, s is a
scaling factor and @ is the rotation angle. Examples of lip
contour fitting results are given in Fig. 4.

Fig.3 The 14-point ASM lip model with the horizontal
and vertical intensity feature lines

Fig. 4 Examples of outer lip contour fitting results for
different speakers and different lip shapes

562



3. LIP FEATURE EXTRACTION

3.1 Shape-based lip features

The outer lip contour is described by the ASM lip model
parameters given in (2). The weight vector b containing
the shape information plays an important role in
distinguishing different lip shapes. Since the first few
eigenvectors corresponding to the largest eigenvalues
dominate the shape variation, the first three weights are
included in the feature vector for our authentication
system. In addition, the scaling factor s and rotation angle
@ can provide useful information for the authentication.
Since these distance features are greatly influenced by the
object-camera distance, simply incorporating these
parameters in the feature vector is unable to provide
reliable performance. By normalizing these parameters
with respect to the first image of the lip image sequence,
s, and ), will be independent to the object-camera distance
and become useful and reliable information. To further
provide the dynamic speaking characteristics of the
speaker to the authentication system, the differential
changes of all these parameters are incorporated into the
visual lip feature vector f;s), as shown in (3). It should be
noted that the differential parameters are designated with
an apostrophe from this point onward.

f;iSM: {Sm Hm b3, Sn ’9 gn ” b3 ’ } (3)
3.2 Lip intensity features

The lip height and width are widely used in visual speech
recognition and speaker identification since these features
can describe the geometric information during speaker
uttering. However, experimental results show that
recognition accuracy based on these geometric parameters
is lower than that of the ASM shape-based features [9]. In
fact, together with the scaling factor s,,, the ASM shape-
based features not only provides the shape information,
but also includes the geometric information. For our
approach, instead of using the geometric information
directly, we will use the intensity profile along the
horizontal line measuring the width and the vertical line
measuring the height of the outer lip contour to enhance
the authentication performance. By sampling the line
joining points 3 and 10, a 15 points vertical intensity
vector (VIV) is formed, as shown in Fig 3. Likewise, a 35
points horizontal intensity vector (HIV) is formed by
sampling the line joining points 6 and 14. These intensity
profile vectors provide critical information on speaking
characteristics.

The VIV and HIV are then concatenated together to form
a global intensity vector h. Since the order of h is 50 and
is too high for processing in practice, a reduced dimension
feature vector is then derived based on PCA over a set of
global intensity vectors obtained from a representative
training set covering all speakers in the database. In fact,

the same approach for obtaining b is used to derive a new
intensity profile weighting factor ¢, as follows:

h=h+Pc, 4)

where h is the mean intensity profile of the training set, P
is a 50 x n matrix whose n columns are the eigenvectors
corresponding to the largest n eigenvalues of the
covariance matrix. In order to incorporate the dynamic
information for authentication, the differential changes of
¢, is also incorporated into the intensity feature vector

S1(n) as follows:

J1my =1ep0¢,"} (5)
4. EXPERIMENTAL RESULTS

A video camera is used to capture the frontal view of the
mouth region of a speaker with 25 fps and size of 110 x
90 for 3 seconds without data compression. It is assuming
that the speaking pace of all speakers is more or less the
same during the 3-second recording. The database
consists of the visual utterance of 40 speakers with 29
males and 11 females and each of them utters the same
phrase three-seven-two-five (3725) ten times in English.
Having extracted the feature vectors from these image
sequences, a left to right, six states and continuous density
HMM classifier with diagonal covariance matrix Gaussian
modes associated with each state is used for the
recognition and authentication experiment. In many
related studies, the experimental result is usually obtained
by analyzing a pre-assigned training set and testing set for
a given database [3,4,10-12]. The same result is not
guaranteed when using another training set and testing set
from the same database. In order to obtain a more
representative result, we randomize the data selection for
each speaker and arbitrarily pick up a training set for each
experiment. The experiment is repeated for a couple of
times. The final result is obtained by averaging the rates
of all the experiments.

4.1 Recognition experiment

To realize an authentication system, recognition accuracy
of the selected features is of primarily concern. The
recognition experiment in speaker dependent test has been
carried out. Four sets of data have been randomly selected
to train the speaker model for each speaker in the database.
The remaining data is used for testing. The experiment is
repeated for 20 times and the result presented in Table 1 is
the average rate of these experiments.

It is observed from the experimental results that the
recognition rate using the shape-based lip feature can be
improved considerably by incorporating the intensity
features. The recognition rate of using shape-based lip
features alone is only 90.23%. A 5% improvement has
been achieved when just adding the first mode of intensity
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features. However, it has been noted that the improvement
in recognition rate for adding more than 4 modes of
intensity features is relatively insignificant. The main
reason is that the change of the intensity profile within
such a short duration of speech is not very large. The first
few modes of intensity variation are sufficient to represent
most of the characteristics of speaker utterance. The
results of adding the first 5, 6 and 7 modes of intensity
features are roughly the same. The accuracy is further
increased to 98.09% when the first 8§ modes of intensity
features are used. Further increasing the modes of
intensity features has practically made no improvement to
the recognition rate.

Features Recognition | Authentication
Accuracy (%) EER (%)

Jasu 90.23 6.25
Jasu T fia) 95.39 3.99
Jasu +fion 96.06 3.68
Jasu * fie) 97.08 3.14
Jasu T fr@ 97.71 2.57
Jasu +J1s) 97.80 2.54
Jasu + i) 97.87 2.47
Jasu +fia) 97.93 2.27
Jasy i) 98.09 217
Jasu 1o, 98.04 2.18
Jasm t+fiao) 98.07 2.17

Table 1. Speaker recognition and authentication results

4.2 Authentication experiment

In the speaker authentication experiment, all the
utterances in the database are used to train the speaker-
independent model for the similarity measure. The
similarity score is calculated by taking the log likelihood-
ratio between the scores of the speaker model and the
speaker-independent model. Four sets of data are
randomly selected for training the speaker model and the
remaining client data are used for testing. In the
experiment, all the visual utterances not belonging to the
subject are used as imposter data. The experiment is
repeated for 20 times. The equal error rate (EER) is used
to quantify the performance of different feature selections.
The result presented in Table 1 is the average rate of these
experiments.

It is observed from the experimental results that the
authentication results follow a similar trend as the
recognition results. The EER of using the shape-based lip
feature alone is 6.25% and it is improved to 3.99% when
the first mode of the intensity features is incorporated.
Same as the recognition experiment, the improvement of
the result is gradually decreased when adding the
subsequent modes of intensity profile to the intensity
feature vector. In fact, the EER cannot be further

improved after adding the first 8 modes of the intensity
profile and the best authentication result is 2.17%.

5. CONCLUSION

In this paper, we have presented the person authentication
results using lip visual features derived from a 14-point
ASM lip model. The experimental results have
demonstrated that: (i) person authentication can be
realized by solely using visual lip features; (ii) the use of
shape-based lip features do not warrant acceptable
performance; (iii) the EER can be substantially improved
by incorporating the intensity information into the feature
vector.
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