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Department of Speech, Music and Hearing, KTH -  *names in alphabetic order  

Abstract 
The SYNFACE project has as its primary goal to facilitate for hearing-impaired 
people to use an ordinary telephone. This will be achieved by using a talking face 
connected to the telephone. The incoming speech signal will govern the speech 
movements of the talking face, hence the talking face will provide lip-reading 
support for the user. 

The project aims to define the visual speech information that supports lip-
reading, and to develop techniques to derive this information from the acoustic 
speech signal in near real time. This requires the development of automatic speech 
recognition (ASR) methods that detect speech articulation information in the 
acoustic signal that correlates with the speech movements. Three different 
languages will be investigated, Dutch, English and Swedish. 

A prototype system will be constructed containing the results. This system will 
be tested and evaluated for the three languages by hearing-impaired users. 

SYNFACE is an IST project with partners from the Netherlands (IvD), UK 
(UCL and RNID) and Sweden (Infovox and KTH). SYNFACE builds on experiences 
gained in the Swedish Teleface project. 

 
Introduction 
SYNFACE is a European project under the IST 
programme that has as its main purpose to 
increase the possibilities for hearing impaired 
persons to communicate by telephone. To 
achieve this goal a talking face controlled by the 
incoming telephone speech signal will be 
developed, see Figure 1. The talking face will 
facilitate speech understanding by providing lip-
reading support. This method is intended to 
work with any telephone and is cost-effective 
compared to video telephony that need 
compatible equipment at both ends and text 
telephony that need a relay service where 
somebody types the spoken message. 
Furthermore, the participants in the spoken 
interaction can maintain privacy. Systems for 
three European languages: English, Dutch and 
Swedish that work in real time will be 
developed.  

SYNFACE builds on experiences gained in 
the Swedish Teleface project carried out at the 
Department of Speech, Music and Hearing, 
KTH, (Agelfors, Beskow, Granström, Dahlquist, 
Lundeberg, Spens & Öhman 1998). Teleface 
was aimed at evaluating the possibilities of 
using synthetic visual speech in tools for 
hearing-impaired people. The Teleface project 
included a simulation of a demonstrator 

prototype of a telephone communication aid for 
the hearing-impaired. This non-real time device 
generated a synthetic face that articulated in 
synchrony with the telephone speech using only 
the information contained in the telephone 
speech signal. Teleface has already proved able 
to deliver useful visual speech information for 
profoundly hearing-impaired users. 

 

 
Figure 1. Projected use of the SYNFACE 
technology, (picture borrowed from the Teleface 
project). 

The SYNFACE project will use the Teleface 
experiences as a starting point and develop, 
assess the impact of, and prepare for the 
marketing of, user-friendly multilingual 
technology for a speech-derived synthetic face 
that provides essential visual speech information 
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in real-time. The primary application is for 
hearing-impaired users, where this information 
will substantially enhance access to telephone 
and other voice channels. The system can also 
be used more widely for public voice 
information channels in noisy environments. 
There is a wide range of other applications, for 
example that of avatars, and in audio-visual 
tools for language training, to which the results 
of the project will also contribute. 

The SYNFACE project includes work in 
several areas: multimodal speech synthesis, 
audiovisual speech intelligibility studies, visual 
speech measurement, speech signal analysis, 
real time automatic phoneme recognition, 
construction of a prototype and evaluation of 
this prototype with hearing-impaired subjects.  

Partners and their roles 
The Department of Speech, Music and Hearing, 
KTH, Stockholm, Sweden and the Department 
of Phonetics, UCL, London, UK are both 
internationally renowned University research 
centres with expertise in speech and language 
engineering and in the development and 
evaluation of communication aids for disabled 
persons. Department of Speech, Music and 
Hearing, KTH provides the project with 
background knowledge and a prototype system 
(not real-time) for Swedish gained in the 
Teleface project. KTH will be mainly 
responsible for the automatic recognition of 
speech and extraction of articulatory movements 
and of the talking face development. UCL will 
be mainly responsible for the definition and 
evaluation of the visual speech information 
requirements of auditory-visual communication. 

The industrial partner Babel-Infovox is since 
October 2001 a Sweden-based subsidiary of 
BaBel Technologies SA. Babel-Infovox has 
long been involved in speech synthesis 
development and products under its earlier name 
Infovox. Babel-Infovox will be responsible for a 
market survey and in building a prototype for 
the project. 

Royal National Institute for Deaf People 
(RNID), London, UK and Instituut voor Doven 
(IvD), Sint-Michielsgestel, the Netherlands are 
both user-based organisations with a track 
record of innovation in technology for hearing-
impaired users and the conduct of user-
evaluations. Their main responsibility in the 
SYNFACE project will be the evaluation of the 
prototype. 

All partners will of course also to varying 
degrees take part in the different tasks. For 
example RNID is heavily involved in the market 
survey, as is IvD. IvD will supply knowledge of 
the Dutch language. UCL will participate in the 
work on ASR and assembling and evaluating the 
prototype. KTH will also be involved in 
building the prototype and evaluate the Swedish 
version. KTH is coordinating the project. 

Tasks 
The key technological task for the system to be 
developed in SYNFACE is to control a 3-D 
model of a talking face so as to generate, in real-
time, prominent information-bearing oral 
movements derived from arbitrary acoustic 
speech signals. While current technology is able 
to synchronise lip movements with arbitrary 
speech, the result is neither very natural nor does 
the visual information carry substantial phonetic 
information. Thus there are two main research 
areas that will be addressed in the SYNFACE 
project and the outcome of which will be crucial 
for the success of the project. 1. We need to 
clearly define the visual speech information 
requirements of auditory-visual communication, 
and 2. develop techniques to derive this 
information from the acoustic speech signal in 
near real time. The definition of targets for such 
a speech recognition system requires the 
development of automatic speech recognition 
(ASR) methods that are attuned to the detection 
of information in the acoustic signal that 
correlates with prominent and informative facial 
movements (Brooke and Summerfield 1983). 

The project’s results will be combined in a 
multilingual prototype for the generation of 
articulatory movements of a talking head from 
live telephone speech. Hearing-impaired users in 
three countries and languages will evaluate this, 
in everyday home or workplace situations. 

Visual information requirements 
This task represents necessary research to 
specify the required accuracy of synthetic facial 
movements, and hence, the target accuracy for 
speech recognition  

1. definition of speech (viseme) features 
that need to be accurately recognised 

2. assessment of user tolerance of class 
and frequency of recognition error 

3. review of existing knowledge of 
tolerable audiovisual delay and 
audiovisual asynchrony 
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The investigations of how the visual speech 
information is presented as lip movements will 
lead to specification of visual information 
requirements that will determine the target 
performance for speech recognition. The 
minimum required precision of visual speech 
information will be measured against two 
reference points 1/ information gain compared 
to purely heard speech for hearing-impaired 
listeners and 2/ information gain compared to 
heard speech supplemented by a natural talking 
face.  

The exact lip shape appropriate to any given 
instant in speech cannot as yet be accurately 
reproduced from speech. In other words, current 
systems produce facial movements that appear 
plausible to a perceiver who can readily process 
auditory speech, but which only very 
occasionally correspond closely to movements 
appropriate to the sequence of speech sounds. 
For hearing-impaired users, visual speech has a 
far greater contribution to auditory-visual speech 
intelligibility than for persons with normal 
hearing. Hence, if such systems are to be of 
value for them, it is critically important to 
provide facial movements that are phonetically 
informative. 

There are systems now emerging, notably 
those produced by KTH (Agelfors et al 1998 
Gustafson, Lindberg. Lundeberg 1999) that can 
produce accurate face movements from pre-
prepared data and synchronise these to synthetic 
speech produced from text. These text-to-speech 
driven systems, while effective, still fall 
substantially short by comparison to the 
information available from a human face. There 
is, therefore, a pressing need for research to both 
characterise the most important visual informa-
tion elements, and to develop speech recognition 
techniques that can derive these elements from 
associated acoustic information in the speech 
signal.  

Bases for the derivation of these visible 
movements from the acoustic speech signal are 
beginning to be understood. The perceptual 
significance of the components of visible speech 
movement is an issue that demands to be 
addressed both for its basic knowledge value 
and to establish priorities for the information 
that needs to be extracted from speech to drive 
an informative synthetic talking face. 

Speech recognition tools 
In speech recognition, the project will involve 
basic technology development for systems 

adapted to detect in the acoustic speech signal 
correlates of prominent visible features of facial 
movements in speech. There is already a 
substantial baseline within the consortium for 
this work from several years of development by 
KTH, who have developed Hidden-Markov-
Model (HMM) and Neural Network (ANN) 
methods that can automatically derive useful 
visual speech information from the acoustic 
speech signal through training from phonetically 
annotated speech (Öhman & Salvi 1999). 
Additional background information comes from 
the work of the European SpeechMaps project, 
in which KTH was involved, and which 
examined links between acoustic and articu-
latory speech features. Other recent develop-
ments in the USA (Cohen, Beskow & Massaro 
1998) and in Japan, e.g. (Morishima 1998) 
represent a broader background. 

The project calls for innovation in automatic 
speech recognition in two respects: 

1. The required speech recognition tools have 
substantially different targets to those used in 
regular speech recognition – visual speech 
features must be generated from phoneme 
strings, or from sub-phonemic properties of a 
sequence of speech sounds. Furthermore, target 
information must include timing information as 
an inherent property of the targets. Acceptable 
error types and rates in this application need 
definition, and this will be one significant and 
re-usable outcome of the project. 

2. The recognition software must run in real-
time, and with only a small delay of a few 
hundred ms at most. This demands innovation in 
recognition techniques since accuracy cannot, 
unlike typical ASR, be improved by the use of 
linguistic context models, spanning several 
seconds or more of speech. Rather the 
innovation will come from a sharpened 
definition of targets and the links between 
acoustic and visual speech elements. A complete 
solution to the problem of speech recognition in 
real time is far beyond current knowledge. 
However, emerging developments demonstrate 
that by concentrating on a limited class of 
speech information, that which is related to 
prominent visual speech elements, performance 
that yields useful information is achievable. 
Indeed the results obtained in this task by KTH 
(Öhman & Salvi 1999), using HMM models to 
generate visual speech cues from speech, are 
already sufficiently good to substantially 
enhance auditory speech intelligibility for the 
profoundly hearing-impaired person. In this 
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formative study, a synthetic talking face 
controlled in this way increased intelligibility to 
54% from an audio alone baseline of 34%. 

Prototype 
Software will be developed for a complete 
prototype for the target languages, Dutch, 
English and Swedish. Development will include 
an assessment of the language-independence of 
recogniser performance, the need for language 
adaptation before the system can be applied to 
additional languages, and the degree of 
advantage to be gained from adaptation to 
specific individuals with whom users often 
converse. The design of the prototype will 
reflect the needs of users and market factors that 
are established early in the project. 

One component of the prototype is already 
under development. A telephone interface for 
SYNFACE has been created as a thesis project 
for a master’s degree at KTH by Klara Ward (to 
be published). The screen design of the interface 
can be seen in Figure 2. The interface picks up 
the incoming speech signal from the telephone 
and feeds it to the ASR unit. The speech 
gestures that the ASR unit extracts will then be 
combined with the speech signal in the talking 
face unit. The interface then shows the talking 
face synchronously with the speech signal. The 
speech signal will be delayed by the interface to 
leave some time for the ASR. The amount of 
delay that users can accept will be investigated 
in the project. The interface also handles the 
connection between the user and the telephone 
net and allows the user to build up a personal 
phonebook, as can be seen in Figure 2. The user 
can also choose between different talking faces, 
both male and female.  

Project evaluation 
A substantial part of the project effort is directed 
at the assembly and user-based evaluation of the 
prototype. It will be evaluated in trials involving 
hearing-impaired users, with a focus on those 
persons with severe and profound hearing 
impairments. Tests will be performed in the 
three project languages both in home and work 
environments. However, it should be added that 
any ambient noise would broaden the group of 
potential users who will benefit substantially 
from the device. 

 
Figure 2. Telephone interface for SYNFACE. 
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