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Abstract

The Teleface Projed, a projed that aims at evaluating
the posshiliti es for a telephore comrmunication ad for
hard o hearing persons, is presented as well as the
different parts of the projed: audo-visua speed
synthesis, visual speed measurement and multimodd
speed intelli gibility studies. The exeriments iowed a
naticeable intelli gibility advantage for the addtion o
the face information, both for natural and synthetic
faces.

INTRODUCTION

It is well known that visual information oliained by
speedrrealing and interpretation d body gestures improves
perception d speed, espedaly in a noisy environment.
The anourt of visual information from lip reading has been
described as a function d the signal-to-noise level [1,2].
The visua information is even more important to persons
with a hearing loss.

The Teleface projed at KTH focuses on the usage of
multimodal speed techndogy for heaing impaired people.
The first phase of the projed aims at evauating the
increased intelligibility heaing impaired people might
experience from an auditory signal if it is suppemented
with a synthesized face The main focus of this paper will
be an intelligibility study.

In the seand ptase, which has nat yet been initiated, we
will try to implement a demonstrator of a telephore
communicdion aid for hard of heaing persons. This device
will generate asynthetic facethat articulates in synchrony
with the telephore speed. Control parameters for the face
will be extraded from the telephore speedt signal. Such a
device would suppat the user with speedireading during
any telephore @nversation. It shoud be emphasized that
this is in contrast to video telephory, which requires both
parties to be euipped with compatible video telephore
hardware. This visual heaing aid could be implemented as
software running on a PC, or as a dedicaed stand-alone unit
(the “Teleface” unit).

Our reseach on multimoda speet synthesis is also
targeted at speedr-based user-interfaces and spoken da-
logue systems. Taking animated agents, employing visual
speed synthesis, have been used in recent spoken dalogue
system reseach projeds sich as Waxhalm [3] and Olga[4].
When implemented as red life gplicaion, such systems
will also prove useful to hearing impaired persons.

AUDIOVISUAL SPEECH SYNTHESIS
AND ANALYSIS

The projed’s different stages involve different kinds of
procesing of aoustic and visual speed data. Paramet-
ricdly controlled synthetic visual speed is used in the
intelli gibility study and will aso form the basis for the
intended telephore @nversation aid of Phase Two of the
projed. Automatic extradion o fadal parameters from the
aooustic signal require extensive analysis of the relationship
between the fadal parameters and the aoustics. To this
end, we have bult a framework for automatic
measurements of visual speed movements [5]. In the
intelli gibility study, we utili ze arule-based audiovisual text-
to-speedr-synthesis framework [6] to generate synthetic
acoustic as well as visual speech stimuli.

A set of phoretic rules cdculate parameter trgjedories from
a phoreme string. A formant synthesizer [7] is used to
generate synthetic voices. Fada images are generated using
athreedimensiona fadal mode, which is a descendant of
Parke’s model [8], that includes teeh and a tongue, (Figure
1 left). The model isimplemented as a polygon surfacethat
can be aticulated and deformed through a set of
parameters, rendered with lighting and smoath shading and
animated at 25 frames per sewnd on a graphics
workstation. Parameters for speed movements include jaw
rotation, lip roundng, bilabial ocdusion, |abiodental
occlusion and tongue tip raise.

In the intelligibility study, we use two dfferent face
models: in addition to the extended version d the Parke-
face[6], thereis a catoonlike female charader, developed
for an agent-based spoken dialogue system Olga [4]. The
Olga tharader employs a parametrisation technique similar
to that of the Parke model and can be @ntrolled using the
same set of phonetic rules.

For the opticd measurements, a data base of video
sequences of a spedker uttering 270 Swedish sentences and
51 VCV words has been recorded. Parts of the spedkers
facehave been marked with ablue @lour to fadlit ate image
analysis of lips and aher parts of the facethat are important
for lip-reading. For eat frame in the video (25 frames per
seoond), the following data were aitomaticdly extraded
from the front view of the spe&ker: upper lip areg lower lip
area mouth opening area lip width, mouth opening width,
lip height, mouth opening height, mouth circumference,



Figure 1: Facial synthesis model (left). Points and borders extracted for the face measurements (right).

outer lip circumference, and jaw opening (using fix points
for the mandible and the skull), and from the profil e of the
spedker: lip area protrusion o upper and lower lip, and
displacement of the mandible in the aterior-posterior
direction (Figure 1 right).

The resulting 14 trajedories will be mapped orto the
parameter set used in the generation model and then
statisticdly analysed together with the aoustic signd,
providing knowledge @ou the relationship between the
visuadl and aoustic modes of speed. The opticd
measurements will also be used to improve naturalness of
the visual speech synthesis.

INTELLIGIBILITY STUDY

We have aeded a database of video recordings of a male
speker's face pronourting Swedish VCV-words and
everyday sentences. The audio tradk has been separated
from the video recordings and phormticdly labelled. By
processng the label filethrough a rule system for audio-
visual text-to-speed synthesis [6], parameter trajedories
for face modd animation as well as formant synthesizer
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control have been cdculated. In the synthesis procedure, all
the phoreme durations were wpied from the original
utterances in the video sequences. The parameter files have
been used to generate two dfferent synthetic voices as well
as animations of two dfferent synthetic faces. With the
natural face ad the natural voice this adds up to three
faces and threevoices, which are dl synchronised with eat
other when played together. Tests are aurrently performed
in two rounds, the first one with namal heaing subjeds
and VCV-words, and the second a so incorporating hard-of -
heaing subjeds and everyday sentences. Results below are
from Round One and one of the synthetic versions only.

Method

Subjects

In the first test series, the subjeds were 18 fourth-yea
MSc-students at KTH. The test was made & part of a
mandatory laboration in the Speed Communicaion course
given by the departement. A screening test was performed
to check that all the subjects had normal hearing.
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Figure 2. Results from intelligibility tests. Number of correct responses (in %). Aeratf& normal hearing subjects.
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Figure 3. Confusion matrices. Natural voice accom-
panied with - from top to batom - no face synthetic
faceand ndural face Simuli onthe vetical axisand
resporse on the horizontal axis. Bottom line shows
total number of responses.

Stimuli

In the first test series we used lists consisting of VCV-
words with 17 Swedish consonants, /b, d, g, p, t, k, s, [, ¢, f,
v, m, 1, 1, j, I, t/, in symmetric context with the vowels /a/
and /u/. When performing tests with this material on namal
heaing persons, the audio signal was degraded by adding
white noise. The signal-to-noise ratio in these tests was 3
dB. Eadh subjed performed with 8 dfferent combinations
of voices and faces.

Procedure

The tests were performed in a mputer-based test
environment [9]. This gave us the oppatunity to play video
sequences of the faces with soundfil es of the voices. In this
way, it was posshle to evaluate the intelligibility of
different audio-visual combinations. A monitor was used
for presenting the visua stimuli and a loud-spe&er for the
audio. A forced choice resporse for the VCV-words was
made using the mouse on the mmputer screen presenting all
consonants in the stimuli set. There was no time limit for
the response.

Results

Data from the tests were analysed using confusion matrices
and feaure analysis. Results from a subset of the eght
combinations are presented here. Overall results are shown
in Figure 2. Adding a synthetic faceto a natural male voice
improves the @rred resporse rates from 63% to 70%. The
correspondng result when adding a natural faceis 76%.
Synthetic male voice gave 31% corred responses compared
to 45% with a synthetic face added.

Confusion matrices for norma heaing subjeds (Figure 3)
show that a number of confusions are reduced by adding a
synthetic faceto the natural voice Results for bil abials and
labiodentals are equally well improved for synthetic and
natural faces.

Negative dfeds from the synthetic face such as the
increased tendency for /n/ being identified as /I/ can also be
found This type of information may be useful when
improving the quality of the synthetic face Generaly the
results for /s/, /[/, and /¢/ were poar, which was expeded
because of the characteristics of the masking noise.

Results for the mnsonants in the mntext of /a/ was
generally better than in the mntext of /u/, both amusticaly
and visually.

The propation d corred respornses with resped to placeof
articulation (‘total’ in Figure 4), increased from 72% for
natural voiceonly, to 83% with a synthetic face ad to 86%
with a natura face Figure 4 shows that the highest
improvement for bilabials and labiodentals is adieved
when adding a synthetic or natural face This is hardly
surprising, since they are two of the most salient visemes
[10]. The dfed is enhanced by their poar voice-only scores.
Dentals showed almost no dff erence between the audio and
audiovisual condtions. Palatal and velar consonants did na
benefit a al from adding a face to the natural voice
condtion. Thisis not surprising considering the high voice-
only score in combination with the badk articulatory
movements.
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Figure 4. Results from feature andysis of intelli gibility tests. Corred resporses (in %) with resped to five places of
articulation: bilabials /p, b, m/, labiodentals /f, v/, dentals /t, d, s, 1, r, n/, paatals /j, ¢, [/, andvdars /k, g, /. The
overall result with respect to place of articulation is shown as ‘total’. Average for 18 normal hearing subjects.

CONCLUSIONSAND FUTURE WORK

The results give agood illustration d the wmplementary
nature of multimodal speed. The visua mode is most
important for the front consonants (bilabials and labio-
dentals receved low auditory but high audio-visual score),
whereas austic-only information is most important for
badk consonants. Results show that a synthetic face
substantially improves the intelli gibility of synthetic and
natural speed. Further tests will be made with hard-of-
heaing persons as sibjeds. While the use of VCV-words
serves a phoretic analyticd purpose, it may not tell the
whole truth abou the visual suppat in a ommunicaive
situation like the intended Teleface gplicaion. Therefore
tests with a material of short everyday sentences will aso
be peformed. The work with visua articulatory
measurements is in progress and the results from these,
aong with the results from the intelli gibility studies, will
serve & a basis for improving the audio-visua speed
synthesis.
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