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ABSTRACT

A new dynamic method for the analysis of facial
gestures used in natural dialogue languages in order to
obtain linguistic information is proposed. Sign language
is a typical natural dialogue language. In sign language,
it is well known that facial gestures communicate very
important linguistic information (Kimura, H. 1996, etc).
We try to develop a methodology for the dynamic
analysis of facial gestures used during sign language.
_The proposed method is based on the dynamic
programming pattern matching method without any
distinguishing marks on the subject's face. The
experimental results show the feasibility of this method
for the analysis of facial gestures which contain
linguistic information. The computational load of the
proposed image processing method is very light.

1. INTRODUCTION

With respect to natural dialogue languages, facial
gestures have some linguistic roles. For example, a facial
gesture may express negativity in contrast to a person's
verbal expression.

Sign language is a typical natural dialogue language. In
sign language, it is well known that facial gestures
communicate very important linguistic information. For
example in the case of Japanese Sign Language (JSL), a
sentence topic is indicated by the signer's jaw position,
the past tense is indicated by his mouth and his tongue,
and an argument (the pronoun of the subject) is indicated
by the direction of his glance. Negation is expressed by
the position of his eyebrows.

Professor Kanda, the President of the Japan Association
of Sign Language, reported that native signers could
understand almost all sign language utterances without
finger gestures, but could not comprehend any of the
sign language utterances by a signer wearing a mask
(Kanda, K. 1994).

It seems that, currently, there is no method for the
automatic analysis of facial gestures with regard to
linguistic information.

From the above viewpoint, we are working toward the
development of a method for the dynamic analysis of
facial gestures used in sign language as the first step.
Using the proposed method, we are currently analyzing
with regard to grammatical information, the facial
expressions used during the usage of JSL.

By comparing spoken and sign languages, further
progress is expected for the establishment of the
essential structures of natural dialogue languages.

2. PROPOSED METHOD
2.1. Pattern of face

The proposed method is based on the dynamic
programming pattern matching method by which each
position in a TV picture for specific features (for
example, mouth, eyes, and eyebrows) of a face can be
traced frame by frame. The patterns are composed of
horizontal and vertical line integral of TV monochrome
facial image pictures (30 frames / second) without any
distinguishing marks on the subject's face.
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Figl Line Integral Pattern

Line integral indicates the value of integration of pixels
along a horizontal or vertical line in terms of black and
white density. In this report, an envelope line of the line
integral is called a pattern. The pattern has a peculiar
shape for each feature (Fig.1).

The process of pattern detection is shown in Fig.2. First,
vertical line integrals of the face are obtained.

In the zone of the face area of the subject, the vertical
line integral has a high value due to his hair. So from the
line integral, the face zone can be detected by the slope
of the envelope line of the vertical line integral. The
detected zone is chosen as the area from which to
calculate the horizontal line integral of the face.

The initial reference patterns, which were obtained
previously, have identical marks, for example the
location of the eyes, the mouth, the upper and lower
boundaries of the face, etc. Plural reference patterns are
pre-stored for unspecified persons.

2.2. Relay DP (R-DP) matching

A reference pattern and an input pattern are matched to
each other using a new DP matching method proposed.

By using the obtained matching path, we can find each
identical mark location on the input frame. Therefore we
can obtain the positions of the specific features on the
pattern of the new frame. Then the just inputted pattern,
which has obtained the position marks of the specific
features, can be replaced as a new reference pattern,
where a newly inputted pattern is the pattern of the next
frame (Fig.3). The method is called "Relay DP (R-DP)
matching”.

In the R-DP matching method, like a relay race, frame
hands over the information regarding the position of the
feature to the next frame.

Therefore, using each identical mark, the location and/or
size of a quadrangle bounding each features., can be
traced frame by frame.

The R-DP matching method has 2 advantages for tracing
the specific features.

One is that information of the positions order of specific
features (neck, lower boundary of face, mouth, nose, eye,
eyebrow, upper boundary of face and upper edge of hair)
works effectively as a restriction. The other is that
introduction of a limited matching area for R-DP also
works effectively as a restriction. These restrictions
facilitate the identification of these identical marks with
a higher level of accuracy (Fig.4).

Fig2 Process of Pattern Detection
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Fig4 Restrictions in Relay DP Matching

2.3. Detection of movement

A vector, which is composed of the locations of the
opposite vertices of each quadrangle, is defined (Fig.5).
To reduce the observation noise, a running-average
method is adopted. Then, a temporal trajectory of the
vector is corresponded to linguistic information.

In this way, we can analyze facial gestures which
contains linguistic information.

3. EXPERIMENT

FigS Quadrangles of Specific Features

To confirm the feasibility of the proposed method, some
experiments have been conducted. That is, the position
of the eyebrows, the mouth, and the upper and lower
boundaries of the face are traced by the method under
the conditions of nodding and moving the head from side
to side.

Fig.6 shows the experimental results of the nodding case.
The dotted lines depict the experimental results and solid
lines depict results which are obtained by manually. The
values obtained by the two different methods are in good
agreement.

Fig.7 shows the experimental results of the case
involving moving the head from side to side.

The dotted line depicts the experimental resuits without
using the R-DP method and using only the slope
information of the horizontal line integral of the area
detected by R-DP applied to the vertical line integral of a
face. The solid line depicts a trace line which is obtained
by manually. This figure shows that the trace line
obtained by the proposed method is shifted from that
obtained by the manual method. Comparing these results
with the ones shown in Fig.6, it seems that the R-DP
method works effectively.

4. CONCLUSION

A new dynamic analysis method for linguistic
information of facial gestures in natural dialogue
languages is proposed. The experimental results show
the feasibly by the proposed method for the detection of
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rhythm, may be reflected in synthesized speech of a sign
language to voice translation system.

160 " -

We may also use it in a spoken-language-understanding
system to detect additional information about linguistic
nuances from facial gestures.

had | Subjects requiring further study include; how to process
a case in which the hands conceal the face from the
camera view, and an analysis of the effect of color coded
information from the MPEG-coded frames.
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facial gestures which contain linguistic information.

Since the computational load of the proposed image
processing method is very light, we can perform the
computation using a PC. Therefore a sign language to
spoken language translation system is expected to be
used to extract grammatical information from the facial
gestures in the future. Furthermore, some nuances of the
expression of sign language, including size, speed or
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