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1. Project Summary

1.1 Objectives

ViSiCAST will develop, evaluate and apply realistic virtual humans (avatars) to the generation of
European deaf sign languages and develop systems for the storage and transmission of virtual
signing. It will refine user-friendly methods for capturing signs (where appropriate) and will create a
machine-readable notation to describe sign-language gestures (hand, face and body) which can be
used to retrieve stored gestures or to build them from low-level motion components. It will use this
descriptive language to produce tools which can translate from both speech and text into signing. By
building applications for the signing system in television, multimedia, World-Wide Web and face-to-
face transactions, ViSiCAST will enhance the status of Europe’s deaf citizens by improving their
access to public services and entertainment, and enable them to develop and consume their own
multimedia content for communication, leisure and learning. The systems created by ViSiCAST
have much wider application to information technologies. Both the gesture description language and
the associated real-time virtual humans will be employable in the human-computer-interface of many
applications.

1.2 Description of Work

ViSiCAST seeks to improve access to information, entertainment and educational services for people
who are pre-lingually deaf and for whom a sign language is their first language. Their difficulties
approximate to those of hearing people learning a second language. Many deaf people find it very
difficult to acquire verbal skills, especially reading. ViSiCAST will develop enabling technologies to
provide signing (in different European languages) from (initially annotated) text, from the captured
motions of a skilled human signer, and from speech. These technologies will be utilised in
applications for the Internet, broadcasting and face-to-face transactions with the goal of increasing
the independence and enhancing the quality of life of deaf people. The project has research and
application components: they will interactively develop a number of essential tools. A core enabling
technology for all the applications is a text-to-sign language generator and the project will research
techniques for providing semi-automatic signing from text. This process will require techniques for
moving from English to an intermediate representation and thence to a European sign-language
expressed in a flexible computer-readable notation (we intend to extend the HamNoSys system
developed at the University of Hamburg to conform to the emerging XML standard). The project
will build upon existing work on virtual humans to produce a photo-realistic signing avatar, acquired
by 3D scanning of humans, which can be driven in real-time from the motions of a human signer or
from animation parameters. The avatar will also be used to provide signing to investigate the
provision of communication for deaf people in face-to-face transactions in a post office. A key
component of the project will be evaluation. Field-trials of the applications developed will be
evaluated by deaf users in conjunction with the RNID and the IvD. Feedback from users will be used
to refine the applications.
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1.3 Milestones and Expected Results

A key result in year 1 will be a live signing system for TV using a virtual human according to a new
standard transmission format, trials of face-to-face communication with deaf subjects and initial
Web-based tools. In ‘face-to-face communication’ the project will not consider a return path (sign
recognition to speech synthesiser) the assumption is that answers to questions communicated through
the speech-to-sign system will be simple, for example yes or no.

Year 2 will deliver an ambitious prototype text-to-signing tool and an avatar driven from HamNoSys.

Key year 3 results include a face-to-face dialogue system, a semi-automatic translator from text to
signing implemented within a Web browser.
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2. Project Objectives

The goal of ViSiCAST is to improve the quality of life of Europe's deaf citizens by widening their
access to services and facilities enjoyed by the community at large. The chosen medium of
communication for the deaf community is the European deaf languages and hence services and
facilities must be made accessible through these recognised European languages. The project
identifies a number of aspects of life where the integration of deaf individuals in society would be
improved if sign language communication was available: access to public services, commercial
transactions and entertainment, learning and leisure opportunities including broadcast television and
the World-Wide Web.

European legislation (being implemented within the statutes of the Member States) now requires that
access to all services is made equally available to all citizens. This will mean that a very large
number of companies, offering very diverse services, will have to address the issue of
communication with sensory impaired people. At present, such communication relies heavily upon
human sign language interpreters, but there can never be enough of these skilled individuals to be
present at every face-to-face interaction or even to sign a large proportion of broadcast television.

The objective of the ViSiCAST project is to produce adaptable communication tools allowing sign
language communication where only speech and text are available at present. These tools will be
based on advanced technology for the synthetic generation, transmission, and storage of sign
language to be developed by the project.

By the end of the project:

(1) a face to face transaction virtual signing system will have been trialed in UK Post Offices by
at least 2 clerks and a panel of 5 deaf users;

(11) the signing preparation and virtual signing system will have been used to prepare and present
at least 4 sample television programmes with virtual signing, and the feasibility of broadcast
transmission of virtual signing within MPEG-2 multiplexes will have been established both
through transmissions in the UK and Germany;

(i11))  the World-Wide Web tools will have been installed and used in Web sites, and these will
have been evaluated by representative members of the deaf community. The aim is to install
examples of the annotated GML-based signing on at least 5 of the Web sites of the
ViSiCAST participants.

To achieve these objectives the project is structured to have three application-orientated
Workpackages, each focusing on the technical issues in delivery for that specific application area,
and two enabling technology Workpackages, focusing on virtual signing, sign language
representation, and sign language synthesis from conventional textual sources. A further evaluation
Workpackage is concerned with eliciting feedback from deaf people at various stages within the
development of the system.
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3. Participant List
Role | Partici | Participant name Short Country | Status | Date Date
pant name enter | exit
no. project | project
CO |1 Independent Television Commission ITC UK C start end
CR |2 Institut fiir Rundfunktechnik GmbH IRT D P start end
CR |3 Televirtual Ltd TV UK P start end
CR |4 University of Hamburg (Institute of UH D P start end
German Sign Language and
Communication of the Deaf)
CR |5 University of East Anglia (School of UEA UK P start end
Information Systems)
CR |6 Institut National des INT F P start end
Télécommunications
CR |7 Instituut voor Doven IVD NL start end
CR |8 The Post Office UKPO | UK start end
CR |9 Royal National Institute for Deaf People | RNID | UK start end
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4. Contribution to Programme / Key Action Objectives

ViSiCAST will comply with the 5™ Framework’s thematic programmes by improving quality of life
and of living resources for deaf people and for the hearing who need to communicate with them.
ViSiCAST will also aid the creation of a user-friendly information society: its signing virtual human
will be a natural, intuitive human-machine interface. This aspect will be enhanced by its linking,
within the project, to speech-to-text systems.

This work is state of the art, building directly on relevant past experience in the field held by
individual members of the consortium. It will contribute to the 5™ Framework’s horizontal
programmes by confirming the international stature of European Community research in the field of
computational linguistics and real-time virtual human animation. Key companies in the project are
SMEs. This is again in-line with 5™ Framework horizontal programme objectives.

ViSiCAST contributes to the particular aims of the IST work programme as follows:

Key Action 1: Services and Systems for the Citizen

1.1.2.-1.3. Persons with special needs, including the disabled and elderly

ViSiCAST addresses the needs of a section of society which suffers a functional impairment. It will
extend access to communications, entertainment, leisure and learning systems to this section of
society, in what is for many of them, their language of first choice. It should be understood that the
differences between sign language and verbal language are such that people who are born deaf, and
who have signing as their first language, rarely achieve full fluency with verbal means of
communication. Not only do they have (obvious) problems with speech, but many of them never
achieve reading speeds comparable to those of the adult population at large. Because modern
communications systems are increasingly text-driven, the deaf community finds itself at an
increasing disadvantage. Through the production of digital systems which communicate in sign
language, ViSiCAST addresses this problem.

1.1.2.-1.3.1 Systems and Services for Independent Living

ViSiCAST will improve access for members of the deaf community to information and leisure
services (broadcast TV and the Internet) and to face-to-face transactions in post offices and other
commercial outlets. It will help them to integrate more fully into society and to enjoy services and
sources of information taken for granted by most people. The ability to conduct transactions with
officials, counter clerks, sales assistants and others through the medium of sign will greatly enhance
their independence.

Key Action 3: Multimedia Content and Tools

1.1.2.-3.4.1 Multilinguality in digital content and services
The ViSiCAST project draws on a number of human language technologies, including machine

translation, speech to text, and facial and gesture animation. In particular, it addresses multi-
linguality in digital content and services by creating tools which allow services based predominantly
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on verbal language - speech and text - to offer a signed equivalent. Moreover, the system will be
developed to translate between English and the sign language equivalents of English, Dutch and
German). Thus the signing component of that system should be seen not as a unique service for the
deaf, but an extension of services being developed for society at large, to include deaf people.

1.1.2.-3.4.2. Natural Interactivity

The human machine interface at the core of all ViSiCAST objects is based on a natural interactivity,
using human languages - signed and verbal. The virtual human will communicate with deaf people in
their own first language. The Web activity will create a new form of interactive electronic
publishing, while the face-to-face transactional systems will be interactive in direct, real-time
communication.

Other aspirations within key action three will also be addressed: the communication flow is multi-
sensory, in that it takes in speech (as well as text) and outputs a visual means of communication
(1.1.2.-3.5.2.). The Web and broadcast television activities will generate new protocols and standards
- some of them capable of incorporation within existing standards such as MPEG-2 and possibly
MPEG-4 & 7 (1.1.2.-3.5.2.).
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5. Innovation

ViSiCAST will use new multimedia technologies to improve radically the quality of life of deaf
people by providing more effective and cheaper ways to communicate. Video, CD-ROMs and
videophones are already improving communications for deaf people by providing a medium for
recording and transmitting sign language. They do not, however, address all situations - for example
in television, cinema or the theatre, or in a face-to-face interaction with a non-signer. In interactive
web systems deaf children are also found to have greater problems than those who can read more
easily. Despite recent advances in video compression, the bandwidth and storage demands of video
still make video an expensive medium. ViSiCAST addresses all these problems by providing low-
bandwidth and hence low-cost solutions.

Members of the ViSiCAST consortium (TV/UEA/ITC) have previously developed a system to
translate a text stream into simplified forms of sign, such as Sign Supported English. Although
many do not regard ‘sign supported’ communication as true sign languages (because they broadly
follow the syntax of verbal communications), such forms of signing are widely used by members of
the deaf community. This system assumes a direct, sequential correlation between ‘word’ and
‘gesture’. It stores individual gestures as a file comprising motion data for hand, body and face
movements. Run-time software calls these files on the basis of an input text stream and creates a
synthetic, virtual human, signing-stream by interpolating in 3D space from one gesture to the next.

A key innovation of the ViSiCAST project will be to develop an automatic system to generate
synthetic signing in what may be regarded as the true, or complex, forms of sign language, such as
German Sign Language (DGS), Dutch Sign language (NGT), or British Sign Language (BSL).

These sign languages have different lexicons and grammar. Different body parts are used to generate
gestures for different signs in parallel; modifiers - such as facial expressions - are used to provide
context which may radically change (or even reverse) the meaning of a signed sequence. Position or
direction of signing may relate it to somebody present or previously mentioned, or may indicate a
temporal variation (past, present or future). Totally different signs may be used to indicate certain
objects depending on context. For instance, a book is usually indicated by an iconic gesture, palms
together, outstretched, opening to simulate the opening of a book and its pages. But in a sequence
describing the giving of a book to somebody else, the gesture for the book may be in the form of the
hand shape used for taking a book down from a shelf.

A system to address these complex languages will require many new state of the art features. The
ability to construct hand shapes and movements dynamically will be essential. This in turn will
require an innovative machine-readable notation to describe gestures (including the various elements
of hand, body and face). No such detailed notation currently exists, although the ViSiCAST
consortium includes the team which has to date progressed furthest in the field. The option to
capture basic static shapes through motion capture technology will be explored, in conjunction with
the possibility of acquiring longer, frequently occurring sequences (idioms) as discrete files. This
will serve the double objective of ensuring maximum flexibility and maximum realism. This
combination of capture and synthetic generation is itself an innovative real-time animation technique

ViSiCAST will also innovate in the field of human motion capture itself. Members of the
consortium have developed a hi-resolution system to acquire sign language gestures. This uses
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optical capture of facial expression, magnetic body suit capture of body position and posture, and
bend-sensor data gloves to acquire detailed information of hand and finger position and orientation.
Having researched in this field for three years, participants in the project believe it is clear that no
purely optical system to acquire all the elements of sign currently exists or is likely to become
available in the immediately foreseeable future. It is the intention of the project, however, to define
and create increasingly simplified and user-friendly tools (hardware and software) for the acquisition
of signing gestures, and by implication therefore, human movements in general. Such a system is
likely to use off-body mounted cameras to acquire facial and body moves, using statistical pre-
cognition of ‘legal’ positions. The intention is to create innovative tools using this technology,
coupled with data gloves, to produce a motion capture system capable of use by non-specialist
operators. This will allow the easy data-recording of signed performances within a television studio
and by members of the deaf community themselves. The run-time signing software will also be
further developed to allow the integration of virtual human models acquired from life by the latest 3D
scanning techniques.

ViSiCAST will address the text-to-signing problem in a novel way by decomposing it into two
stages. First, English text will be translated into an internal representation (envisaged as Discourse
Representation Structure) to support resolution of inter- and intra-sentential co-references. From this
internal representation, conversion of British, Dutch and German sign languages will be via
language-specific lexicons and a generic formulator/planner which models the 3D signing space
around the signer during sign formulation.

Another important area that ViSiCAST will address is face-to-face communication for the deaf.
Some members of the consortium have already begun experimenting with a system to provide very
limited signing to deaf customers in a post office setting. This system will be greatly extended to
enable the post office assistant to speak in an unconstrained way to a system that will recognise and
‘understand’ his/her speech and which will then synthesise an appropriate response in sign-language.
The system will go on to use newly developing image- and pattern-processing techniques (that are
well advanced in the labs of consortium members) to incorporate recognition of a limited number of
signs made by the deaf customer. Although there are now several experimental systems that
incorporate speech understanding to provide a service, they are mostly based around remote
(telephone) access and upon understanding the speech of the caller alone. The innovative system
proposed here will integrate understanding of the post office assistant’s speech and the deaf
customer’s signs, to control the dialogue in an intelligent fashion. The naturally restricted nature of
the transactions at a post office helps to make this novel approach potentially successful.
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6. Community Added Value and Contribution to EU
Policies

Deaf people, who comprise an increasingly active and aware section of European society, are at a
disadvantage compared to hearing people not only on account of their disability but as a consequence
of their being prevented from engaging in services enjoyed by the community at large. ViSiCAST
will improve the quality of life of Europe’s deaf citizens by offering them access to many of those
services and facilities. It will do this by creating advanced tools for the synthetic generation, storage
and transmission of European deaf sign languages.

These tools will improve the integration of deaf individuals in society by allowing them access to
widely available communications tools. This will in turn give them increased access to public
services, commercial transactions, entertainment, educational and leisure opportunities, including
broadcast television and the World-Wide Web.

The ViSiCAST project will operate at European rather than national level because:
It requires access to varied expertise and resources distributed around Europe.

(1) It requires detailed understanding and analysis of a number of European languages, both
verbal and signed, which is only really available from individuals and organisations
experienced in those languages as native speakers.

(i1) Product from the research element requires subjective and technical evaluation which will
benefit from cross national testing to ensure that methodologies have not been adopted which
are language or local culture specific.

(iii)) It will generate new protocols and standards for the distribution of signed content via
broadcast TV and the Internet which will require adoption at International level.

(iv) By addressing the particular requirements of the DVB/MPEG standards régimes, where
appropriate, ViSiCAST will strengthen the international position and standing of European
Commission-supported research.

There is a relatively high proportion of UK participants within ViSiCAST. This is because the initial
first-generation work on virtual signing was carried out as part of the ITC’s private out-sourced
research programme. ViSiCAST represents the ‘export’ of this work to the wider European
consortium and also brings in additional European expertise.
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7. Contribution to Community Social Objectives

With regard to social policy, ViSiCAST will comply with the EU’s objectives by improving quality
of life and of living resources, for deaf people and for the hearing with whom they need to
communicate. ViSiCAST will also aid the creation of a user friendly information society: its signing
virtual human will be a natural, intuitive human-machine interface. This aspect will be enhanced by
linking it, within the project, to speech to text systems. These measures will help a larger section of
society to use and interact with computer-based information systems.

ViSiCAST contributes to the social objectives of the Community as enshrined in Key Action 1 of the
IST work programme as was described in Section 4.

ViSiCAST participants are aware of serious ethical dimensions pertaining to their work.

Deaf communities around Europe have a shared history of repression and neglect. Historically, many
deaf people were treated as mentally deficient. In some countries, the use of sign language was
actively repressed. It is only relatively recently that deaf communities came to be appreciated as
blessed with a culture and value system of their own. Deaf people regard sign language as the natural
expression of this culture. While many are keen to enjoy the rapidly developing benefits of the
digital age, they do not want to do so at their expense of their identity. It is important that synthetic
signing systems as envisaged by ViSiCAST are developed to be used, and to be of use, to deaf
people. They will need to be able to use the new systems to both generate and consume signed
product - otherwise it will become nothing more than a mechanism for dictating to deaf people.

ViSiCAST will ensure adherence to these principles by involving and empowering deaf people at
both the stages of evaluating and testing of systems, and - equally important - in the defining of
legitimate goals. The University of Hamburg (which will be working on the development of sign
language notation and translation) is a teaching institution with the active involvement of deaf
individuals. The IvD, in The Netherlands (which will be working on the development of multi-media
learning tools) is closely involved with its own deaf community. The Royal National Institute for
Deaf people (RNID) in the UK is run by deaf and hearing people working together. It provides
services for the deaf community and manages teams of sign language interpreters.
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8. Economic Development and Scientific and
Technological Prospects

It is only in recent years that the technology required to produce 3D virtual humans which are capable
of intelligible and smooth deaf signing, has been possible. Experience has already shown the
ViSiCAST participants that if the virtual human is to be acceptable to deaf people as a means of
communication, it must have a high degree of verisimilitude. Furthermore, technology to do this no
longer requires super computers for real-time operation but can be handled on the humble PC. Of
course, the production and interpretation of sign languages requires far more than merely the virtual
human; linguistic representation, summarising and interpretation all require computer processing.
These functions, however, can be separated as part of the media production or editing task or, in the
case of constrained speech recognition, can also be handled in the PC. Thus for the application areas
of ViSiCAST, the economic as well as technical landscape is right for product prototype
development within the 3-year span of the project.

The size of the market for products employing deaf signing is not large, amounting to less than 0.1%
of the population, however, the number of services which will be required by European disability
discrimination laws to be available to pre-lingually deaf people is large, making commercial
prospects more optimistic than they might at first appear.

In the UK, legislation under the 1996 Broadcasting Act has required broadcasters of digital terrestrial
television services to begin providing signing for 1% of their output in 2000. This must increase to
5% over the first 10 years of the services. A simple look at the economics reveals that (given that
there are about 20 digital terrestrial channels excluding BBC services for which the legislation does
not apply), the costs of signing using real humans and the associated studio equipment runs into
many millions of Euros and will increase year upon year. It is worth pointing out, too that the same
companies are required to produce audio description for blind people (for up to 10% of programmes
over 10 years) and to increase subtitling from the present 50% to 80%.

Money is not the only scarce resource influencing the provision of signing on television. The number
of highly qualified signing interpreters is small and the capacity of the digital terrestrial transmission
multiplex would be strained by having to carry conventional MPEG-2-encoded pictures of real
humans signing.

If virtual human signing can eventually operate from the sub-titled text, not only would many of the
resource problems be solved, by the deaf community could have access to between 50 and 80% of
programmes through signing. Solving all the linguistic problems necessary to produce British Sign
Language automatically is beyond the term of the project, but substantial progress in this direction
will be made. The transmission system will be developed and proven, as will the virtual human,
which will be capable of running in the processor of any set-top box or domestic PC.

Although at its start, signing in the UK will have to employ MPEG-2-based transmission, because the
technology is more readily understood at this time, no working prototypes of this approach have yet
been demonstrated. There remains great interest in the potential of ViSICAST’s work, and as yet
there is no legislation for UK satellite services, or closed signing of any kind in other countries
world-wide which have adopted the standards set by DVB.
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Web and multimedia access for those who are not fluent in text-based languages is a major untapped
area of product development which ViSiCAST is aiming to address. The Web is increasingly
becoming a communication medium as well as an information medium, and ensuring that everyone
has access to it for education and trading, makes powerful commercial sense. The strategy of
ViSiCAST is to give away a version of the browser to seed as large a market of users as possible, and
then to charge companies for the authoring tools which will allow them to be able to present their
Web sites as accessible to deaf people.

Similarly, the potential number of face-to-face transactions involving deaf and hearing people is
enormous, involving every shop, bank, agency, cafe or social service. The opportunities to sell
products into their market are obviously significant.

Of course, there will be spin-off applications, which the participants in ViSiCAST are well-
positioned to exploit, either directly or through licensing of the required IPRs. One such area is the
virtual human itself. How long will it be before we are addressed by a real-looking virtual human at
ever hole-in-the-wall money access centre, for example? Or when we attempt to programme the
VCR or call an number on a mobile phone? He or she, might sign for the benefit of pre-lingually
deaf people but might equally speak Spanish or Punjabi for those who wish to be addressed this way.
ViSiCAST’s virtual human will have much more detailed and natural hand or face gestures than any
other available, and this alone will enhance their para-social interaction with user. Having the
friendliest virtual human at your bank or in your product could give you a commercial advantage in
many products.

In the entertainment industry, motion-capture is a correspondingly important technology. Currently it
figures highly in computer games, but as the capture becomes more sophisticated it will contribute to
the task of recognising gestures, which will further improve person-to-person and person-to-machine
interactions for the population as a whole.

General advances in computer linguistics will also emerge from the project, advancing the way that
language interpreting and summarising operate. This may well make it easier for work beyond the
term of the project to convert from text or speech to other sign languages such as American Sign
Language.
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9. Work Plan

9.1 General description

Introduction

The ViSiCAST project addresses the needs of the deaf community across Europe. The project aims
to improve two-way communication between the deaf and the speaking community, and to allow the
deaf community to continue to develop its own unique culture. Poor access to television excludes
deaf people from the major source of news and information, entertainment, education, and (modern)
culture available to the speaking world. With the convergence of digital broadcasting and broadband
multimedia on the Internet, it is increasingly important that the needs of deaf people are addressed
through signing, as recognised by legislation in the UK. The emerging MPEG-7 standard makes
provision for simultaneous captioning through description schemes using XML.

To address these needs, ViSICAST will employ the technological expertise of the participants to
support translation between written or spoken languages and signing. Automatic assistance with
translation of text, and where appropriate spoken language, into sign language will give access to a
wide range of materials currently inaccessible to the deaf. In addition to broadcast captioning,
systems for recognising a limited range of signs will allow deaf people to participate with greater
ease in many transactions in social contexts such as post offices, health centres and hospitals, advice
services, and shops. A simple system by which the deaf can add signing commentary to text and
pictures will enrich interaction between the deaf using the World-Wide Web.

Most of the technical deliverables from ViSiCAST involve the animation of signs from gestures
using an avatar. Existing systems which translate text to sign (such as that previously developed by
ViSiCAST participants) are based on ‘stitching’ together motion sequences corresponding to a series
of signs, in turn corresponding to spoken words. The second generation system produced by
ViSiCAST aims to handle full signing languages from a number of European countries, rather than
the sign supported languages addressed by first generation systems. It will also handle other
idiomatic gestures. The avatar technology will form the basis for presentation of signing by
television, in kiosks and at counters in social environments, and third-party software and through web
browser plug-ins for Internet access to signing.

Since the deaf community constitutes a relatively small economic sector, defining and using pan-
European and international standards for communication through sign language will enable the
largest number of deaf people to benefit from the outcome of the ViSiCAST project. It is essential
that organisations for the deaf are closely involved in the project, ensuring a clear focus on the key
needs of the community, and promoting the outcome of the project to the widest audience.

The means to achieve the ViSiICAST objectives are provided by a series of eight Workpackages. The
first three directly address applications of virtual humans to signing: to television, to multimedia and
the Web, and to face-to-face service transactions. These are, in turn, dependent on technology and
research carried out in Workpackages 4 and 5 respectively. The remaining Workpackages are
designed to monitor, manage and disseminate results from ViSiCAST.

ViSiCAST envisages three main application areas for its technology:
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(1)

(ii)

(iii)

The project will progress broadcast system specifications and standards for the transmission
of ‘closed’ signing through participants from national broadcast regulatory authorities and
participants participating in the DVB consortium and the activities of the Moving Picture
Experts’ Groups (MPEG). Associated with these developments will be experiments with
various approaches to presenting photo-realistic signing, building on participants’ existing
first generation technology which delivers realistic signing motion using 3D animated virtual
humans. The aim will be to deliver effective signing through relatively low capacity channels
using encodings that capture the semantics of the signed language [1,2].

To enhance the opportunities for deaf people to interact with the speaking community,
leading experts in speech recognition within the project will develop speech-to-sign systems
coupled with limited gesture recognition to provide two-way communication. This is
technically ambitious, but will be made tractable by focussing on situations where the range
of dialogue is naturally constrained, such as transactions in a post office. The UK’s national
Post Office is a member of the project.

Tools will be placed under the control of the deaf community by the project providing text-to-
signing applications and plug-ins for use in education and personal communication on the
Web and broadband multimedia. Tools will provide semi-automatic translation and allow
editing to create true signing.

Enabling Technologies

Development of the application areas relies on research to enhance underlying technologies in the
area of language translation, animation, and gesture recognition.

Existing technology will form the basis of text translation to Discourse Representation Structures
(DRS) [3] to identify the object references that are crucial to true sign language translation.
Speech recognition systems will provide source text in some applications. Previous work by
participants has translated English text to Sign Supported English [4,5], which provides a first
step and delivers benefits in educational contexts, but by no means addresses all the concerns of
the deaf community. DRS, principally from English text, will be analysed to generate signs in
several European sign languages such as British Sign Language, German Sign Language, and
Dutch Sign Language. This will be a major task for the project and considerable manual
intervention will be needed in early deliverables.

Representation of the sign languages will be based on the universal notation system, HamNoSys
[6], developed by one of the participants. This notation has been developed for the study and
analysis of signs, and will now be adapted by ViSiCAST to form a notation for driving a signing
avatar. A novel and innovative computer-readable version of the notation, ViSICAST Gesture or
Sign Mark-up Language (GML) will be developed. ViSiCAST-GML will conform to the XML
standards, and will be integrated with the work on broadcast standards within the applications
Workpackages.

The first generation avatar system developed by participants will be enhanced to respond to
ViSiCAST-GML, to provide signing that is as effective as systems based on direct transmission
of motion parameters. Adaptations to provide photo-realism are needed to improve the
subjective quality of the signing and enhance ‘legibility’ for the consumer.
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e For two-way communication and for real-time broadcast experiments it will be necessary to
capture gesture information from signers. For early experiments, a hybrid approach will be
pursued, using analysis of video images to identify gross body movements and lip movements,
but employing sensitive data gloves to capture fine hand movements which are central to signing.
(Experiments with analysis of video images of hand movements will also be performed to
explore the possibility of systems based on purely video information, but the success or failure of
the project as a whole will not depend on the success of these experiments).

Supporting Activities

ViSiCAST participants realise that the value of their work depends on the extent to which it
addresses the real needs of the deaf community. The partnership includes members from national
deaf organisations, deaf schools, and leading academic deaf studies departments.

e A deaf organisation will lead a strand of evaluation of early project deliverables, allowing
feedback to focus the project in its later stages. Deaf signers and translators will be essential
members of the ViSiCAST team.

e [t will also be important to promote the project carefully within the deaf community, so that
expectations are realistic and so that tools are matched to appropriate application areas.
Promotion of broadcast specifications and standards developed by the project will be an
important part of ensuring the lasting impact of the project and eventual exploitation of its
product.

e Effective and strong management of the project is essential and the co-ordinating participant has
a successful record of leading national and European collaborative projects.

Methodology

The starting point for the project is a working prototype automatic signing system [4,5,8]. As has
been indicated above, to structure development from this point, the participants have identified three
main application areas and two areas requiring new basic research. The applications (which are
closely inter-related to the project’s ultimate exploitation aims) are in TV, in the signing of stored
text and in face-to-face transactions [7]. Work on the applications will start immediately using the
existing signing system. The application systems will be refined on the basis of feedback from the
evaluation process, which has been assigned its own Workpackage to reflect the crucial dependence
of the project on the involvement of the deaf community.

The underlying methodology is that results from the research Workpackages are input to
Workpackages that address applications, which are then evaluated. Results from evaluations may be
used to both revise the research objectives and to refine the applications. In general, the project
methodology is to break a task into sub-tasks and to conceptualise each of these in the simplest
possible terms. The experience and knowledge gained from this process is then used as the basis for
research into a task that more accurately reflects the real-world situation.

The Work plan is arranged so that some effective Deliverables are available relatively early. These

will be based on a large degree of manual intervention in the process of translating to sign language,
or on the use of unmediated signing recorded as discrete performances. Some may be based on sign

ViSiCAST Page 17 of 74



ViSiCAST IST-1999-10500 12 October 1999

supported languages as an interim stage towards full sign languages. Feedback from the deaf
community will refine the objectives for later stages, when improvements in language translation
technology will allow high-quality signing with less manual intervention.

Teams working on a group of related Workpackages will be able to progress between milestones/
deliverables with relatively little dependence on other groups, so that changes in the pace of progress
within the project will not have serious repercussions.

Summary of Workpackages

Workpackage 1: Television & Broadcast Transmission

Workpackage One is concerned with the deployment of virtual human synthetic signing in broadcast
television. The Workpackage thus has two related aspects: the development and integration of the
appropriate technology, and the monitoring and establishment of appropriate standards.

Workpackage 2: Multimedia and WWW Applications

This Workpackage will develop applications of virtual signing aimed at the WWW, multimedia and
third party software. An Internet browser plug-in will be developed, which will allow the viewing of
text as signs. A version will be provided free of charge to deaf users.

Workpackage 3: Face-to-Face Transactions

This work package will develop applications of the virtual human signing system to be used in face-
to-face transactions, such as post offices, health centres and hospitals, advice services, and shops.

The scenario for these transactions will be a post-office. The system to be developed will allow the
counter clerk serving the deaf customer to speak into a microphone and have his or her speech
translated into on-screen virtual human signing. To improve the efficiency of the transactional
system, it will incorporate available technologies to “read” limited signs from the deaf customer and
translate these into text (or speech) that the counter clerk can understand.

Workpackage 4: Animation & Modelling

This is the first of the technology work packages underlying the planned applications described
above. Individual components of shape and movement may be acquired from life (motion capture)
or constructed in 3D graphic space using physical modelling tools. Tools based on each system will
be developed in parallel, evaluated, and deployed as appropriate. For use with the direct recording of
signed sequences, the project will develop a refined suite of advanced Motion Capture Tools,
forming a single, coherent, capture, recording and replay system, using robust techniques and
equipment capable of use in TV studios and other industrial, non-laboratory settings.

Workpackage 5: Language and Notation

This is the second of the underlying technology packages. This package will move from the
presentation of manually encoded versions of sign language (such as Sign Supported English)
generated from text — as in the ‘Simon-the-Signer’ prototype system previously developed by
ViSiCAST participants — to the much more complex problem of describing, encoding, and presenting
natural European sign languages, derived from English textual sources. The enabling technology
here is a sign language notation already under development by the University of Hamburg,
HamNoSys, which will be further developed to give an XML-compatible notation, ViSiCAST-GML.
The required lexicons will be developed using this notation.
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Workpackage 6: Trials and Evaluation

Informal feedback and evaluation is an inherent aspect of the entire project methodology.
Furthermore, more formal evaluation of the work — by deaf users — is seen as of such importance that
it has been given its own work package. Throughout the project, members of the deaf community in
several countries will evaluate the quality of ViSiCAST virtual humans, and the signing they
generate.

Workpackage 7: Project Management, External Communications and Publicity
This Workpackage is concerned with the overall management of the project including external
communications. The aims of the project management are to monitor and co-ordinate the activities
of participants to ensure that that the work plan is followed, that any adjustments are made in a
properly controlled manner, and that the project is thus effective in producing output which will meet
the needs of EU deaf citizens.

Workpackage 8: Exploitation and Dissemination

This Workpackage is intended to ensure that the outputs of the project are disseminated and
exploited as effectively as possible. In conformity with the co-ordinator's guidelines, a detailed
dissemination and exploitation plan will be developed in the first six months of the project (as the
first deliverable of this WP) and submitted for approval by the Project Officer.
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B1. Workpackage list
Work- Workpackage title Lead Person- Start End Phase Deliv-
package contractor months? month? month* 5 erable
no.' No®
1 Television & Broadcast ITC 50 1 36 I-1to
Transmission 1-3
2 Multimedia and WWW IvD 79 (+15) 1 36 2-1to
Applications 2-3
3 Face-to-Face Transactions UKPO 56 (+14) 1 36 3-1to
3-3
4 Animation & Modelling TV 115 (+4) 1 36 4-1 to
4-4
5 Language & Notation UH 118 (+29) |1 36 5-1to
5-4
6 Evaluation RNID 34 (+4) 1 36 6-1to
6-3
7 Project Management ITC 20 (+6) 1 36
8 Exploitation and ITC 18 (+1) 1 36
Dissemination
TOTAL 490 (+73)

! Workpackage number: WP 1 — WP 8.

? The total number of person-months allocated to each Workpackage (figures in parentheses refer to
effort provided by ‘Additional Cost’ participants from their own resources).

3 Relative start date for the work in the specific Workpackages, month 0 marking the start of the
project, and all other start dates being relative to this start date.

* Relative end date, month 0 marking the start of the project, and all end dates being relative to this
start date.

> Used only by combined research and demonstration projects: R indicates ‘research’ and D indciates
‘demonstration’.

% Deliverable number: Number for the deliverable(s)/result(s) mentioned in the Workpackage: D1 —
D8.
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9.3 Workpackage Descriptions

Note: In the following Workpackage descriptions additional participant code designations are
introduced for the administrative convenience of the project. Both ‘ITC-U’ and ‘UKPO-U’ mean
‘UEA’, and ‘ITC-T’ means ‘TV’.

B3. Workpackage description
Workpackage number : 1 Television & Broadcast Transmission
Start date or starting event: Month 1
Participant number: 2 5 6 6
IRT UEA INT ITC-T
Person-months per participant: 21 7 16 6
Objectives
1 Development of technology for low bit-rate signing transmission in broadcast TV. This will

use signing captured directly from an expert signer, and will produce a television broadcast
system for delivering sign language from this source to a photo-real virtual human driven at
the receiver. The broadcast will either be of a live signer or of a recorded signer.

2 Further development of technology to transmit signing represented in the ViSiCAST-GML
intermediate language (defined in Workpackage 5).

2 Ensure that ViSiCAST technology is properly integrated into relevant international
standards. On the one hand, ViSiCAST technology should exploit existing standards,
wherever relevant. On the other hand, the innovative aspects of ViSiICAST technology
should be incorporated into emerging standards and systems, such as the multimedia home
platform (MHP) within DVB, and the MPEG series of standards.

4 Develop strategies for the implementation of the virtual signer in television set-top boxes,
through consultation with the consumer electronics industry.

Description of work

Proposal of appropriate XML-extension for standardisation to the Multimedia Home Platform
(MHP) project within the DVB standard.

Suitability research on existing broadcast transport layers, such as Intercast/ATVEF, DAB or DVB
for ViSiCAST data transmission.

Definition and development of software converter tools for sign-language into broadcast format
(VBIL, MPEG-2 and/or MPEG-4 and/or MPEG-7).

Requirements definition for, and development of hardware insertion tools (“multiplexer”) on
transmitter side via VBI or appropriate MPEG standard.

Virtual human body animation, within MPEG-4 framework, including:
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1. translation of captor’s parameter set into MPEG-4 Body Animation Parameters
(BAPs);

ii. modelling and animation of ViSiCAST-VH (analogous to VRML H-anim) virtual
humanoid in MPEG-4 context;

iil. encoding of BAPs.

Development of appropriate sign language Description Schemes (DSs) for ViSiICAST-GML within
the framework of the emerging MPEG-7 standard for a general purpose ‘Multimedia Content
Description Interface’, investigating also different approaches allowing the derivation of the
corresponding descriptors from monoscopic video sequences.

Deliverables

1-1  Direct-sign 12

Demonstrator of system for low-bandwidth transmission of signing to accompany broadcast TV,
based on captured motion parameters driving a virtual human at the receiver. An extract of pre-
recorded television together with an associated ViSiCAST data-file will be transmitted and
successfully reconstructed in a PC-based receiver.

1-2  GML-sign 33
Prototype implementation of broadcast TV system for low-bandwidth transmission of broadcast TV
with signing represented in ViSiCAST-GML.

1-3  TV-Specifications 30

Report on specifications and standards activity, covering inter alia:

i. relation of ViSiCAST transmission technology with MPEG-2 transport layer standards;

ii. integration of ViSiCAST motion parameters into MPEG-4; and

iii. integration of ViSiCAST-GML signing notation and into the Description Schema (DS)
framework of the proposed MPEG-7 standard

Milestones and expected results

1 TV Specifications-1 12
Report on broadcast system transport layer standards and service requirements for direct signing
from a motion capture system.

2 TV Specifications-2 21

Reports to relevant international committees on the compatibility, or otherwise, between a fully
functional signing-fidelity virtual human used for direct signing from a motion capture system and
the associated standard.
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B3. Workpackage description

Workpackage number : 2 Multimedia and WWW Applications

Start date or starting event: Month 1

Participant number: 1 3 4 5 7 9
ITC-U Televirtual UH UEA IvD RNID

Person-months per participant: 10(+3) 10 13(+3) 16(+5) 22(+4) 8

Objectives

This work package aims to produce tools that will allow a deaf citizen to access multimedia
resources though sign language.

Existing multimedia resources are not adapted to support signing so tools must work from text or
provide a simple mechanism for adding closed captioning for sign language.

The package relies on the virtual human signer (WP4) which is driven by ViSiCAST Gesture Mark-
up Language (GML) (WP5). For partially or fully automatic translation of text into European sign
languages, it will rely on translation and editing tools (WP5).

The Workpackage aims to provide access to existing resources by developing an Internet browser
plug-in (D2-1), which will allow the viewing of text as signs. It will provide unsophisticated
translation into simplified, sign-supported languages. The browser will also provide high-quality
signing for pages annotated with GML. A simple version will be made available for free
downloading for individual use. The user will be able to control certain parameters of the signer,
such as speed, pose, flamboyance and will have a choice of avatars ranging from photo-real to
cartoon characters.

Another Workpackage (WP5) will support captioning with high-quality signing using GML by
providing authoring tools for creation of new and varied signs and the editing or changing of the
virtual human model (D5-4). This technology will enable deaf people to create their own WWW
sites in sign language.

Signing support is desirable in other computer software. Versions of (D2-1) could also be produced
as plug-ins to third party software. For instance, in the form of a signing lexicon to accompany
word-processing packages.

To show that the signing tools produce benefits, it will be necessary to investigate the impact of
adding signing to multimedia resources. The browser technology will be used within the project to
develop interactive learning materials utilising sign language.

To demonstrate the value of the multimedia tools by enhancing some existing multimedia content
for the deaf by the use of signing (D2-3).

An educational package will be produced to help in the learning of sign language and the training of
signing translators (D2-3). This package will be available through the World-Wide Web.
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Description of work

A tool will be constructed using the first generation avatar, which will take GML (D5-2), using a
standard XML parser, and animate a limited number of predefined GML sequences corresponding
to symbols in Sign Supported English handled by the existing avatar. The tool will facilitate
research into the culture, language development, and education of those using signs for
communication. It will provide a vehicle for assessing the capabilities of HamNoSys, the universal
sign notation system behind GML.

A prototype version will be produced early in the project (M2-1). The tool will be enhanced as
developments are made to both GML and the avatar and will form the basis of the browser plug-in.

The avatar will be enhanced to respond to HamNoSys encoded in GML and hence will be able to
sign symbols from any sign language. GML will be enhanced to incorporate additional gestures and
idiomatic expressions which will be transferred to the avatar as motion parameters

The browser plug-in (D2-1) will be developed from the GML signing tool and will be tuned for the
Web environment. It will incorporate simple text to GML translation (WPS5) enabling the signing of
arbitrary text with limited accuracy based on sign supported languages. As advanced text
translation becomes available, this will be incorporated in a professional version of the plug-in.

A separate package will be produced for semi-automatic translation of text to signs. This will
combine translation from text to sign languages (WPS5) with facilities for editing the resulting
sequences to produce high quality GML sequences for animation by the plug-in (M2-2).
Demonstrations of this will be available on at least 5 Web sites of ViSiCAST participants.

A number of existing web sites specifically designed for deaf people will be analysed to determine
the vocabulary and range of material that might benefit from signing.

Interactive multimedia educational material developed by IvD, a ViSiCAST participant, will be
enhanced with signs using the plug-in driven by specially prepared GML (D2-2).

Materials will be prepared around the sign lexicon developed for (WPS5). A multimedia database of
signs will be produced using the plug-in to animate GML sequences for individual signs and typical
phrases. An educational package will be produced to help in the learning of sign language and the
training of signing translators (D2-3). This will be available via the World-Wide Web.

Deliverables

D2-1 Browser-plug-in 12
D2-2 Web-page-sign 30
D2-3  Signing-tutor 30

Milestones and expected results

M2-1 GML-Tool-Initial 9
M2-2 GML-edit-tool 33
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B3. Workpackage description
Workpackage number : 3 Face-to-Face Transactions
Start date or starting event: Month 1

Participant number: 5 8 3

UEA UKPO-U TV
Person-months per participant: 31 (+4) 21(+10) 4

Objectives

This work package will develop applications of the virtual human signing system to be used in face-
to-face transactions, such as post offices, health centres and hospitals, advice services, and shops.
The system will be developed for use in a post office scenario, but it is expected that other
applications will be researched independently during the course of the project using the knowledge
and experience gained during the project. In the post office scenario, the counter clerk serving the
deaf customer will speak into a microphone and his or her speech will be translated into on-screen
virtual human signing using technologies provided through work package 4. The first two systems
will allow only speech from the clerk to be translated into signing. The final system will provide
limited sign recognition to enable a dialogue between clerk and customer.

Description of work

The first deliverable of this system will translate only a constrained set of spoken phrases from the
clerk, which may contain a number of variable quantities, such as prices, weights, countries etc.
This system will recognise 100 different phrases spoken by the clerk and give him/her the potential
to accomplish 80% of all transactions that take place in a typical UK post office using automatic
signing. The system will be evaluated by 2 counter clerks, and a panel of 5 deaf users from the
RNID, who will be asked to accomplish a number of transactions using the system.

The second deliverable will be a system which extends the initial system to accept much less
constrained speech from the clerk: for instance, instead of being required to say “Do you want first
or second class postage?” the system would accept “First or second?”. The system will be able to
“understand” 95% of phrases spoken by the clerk that have a translation into a phrase contained in
the signing lexicon. In addition, the number of transactions that can be performed will be increased
to 90% of the transactions that take place in a UK post office by adding extra signs to the signing
lexicon. Again, the system will be evaluated by 2 counter clerks and a panel of 5 deaf users from the
RNID, who will be asked to accomplish a number of transactions using the system.

The third deliverable will be a system that incorporates a limited dialogue between the clerk and the
deaf customer. This system will incorporate available technologies to recognise a limited number of
signs from the deaf customer and translate these back into text (or speech) the counter clerk can
understand. The intention here is not to attempt a comprehensive translation system for the whole of
sign language into text, but rather to recognise a very limited number of signs to develop an
appreciation of how sophisticated such a system needs to become before it can begin to be of
practical use for members of both hearing and deaf communities. The sign recognition system will
achieve an accuracy of 90% on a vocabulary of ten signs recorded by ten members of the deaf
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community recruited through the RNID. The complete system will be evaluated by 2 counter clerks
and a panel of 5 deaf users from the RNID, who will be asked to accomplish a number of
transactions.

Deliverables

3-1 Constrained PO sys 7
3-2  Unconstrained PO sys 19
3-3  Dialogue PO sys 34

Milestones and expected results

Milestones related to Deliverable 1:
Month 2: Recordings of transactions from post offices; real-time speech recognition system
Month 4: Lexicon of avatar signs available
Month 6: Evaluation of system
Month 7: Report

Milestones related to Deliverable 2:

Month 10: Review of current translation systems and decision on approach to translate
unconstrained speech into one of a number of transactions

Month 15: Initial system using unconstrained speech to text translation

Month 17: Extended sign lexicon incorporated

Month 19: System evaluation

Month 19: Report

Milestones related to Deliverable 3:

Month 21: Review of current technology for sign recognition and decision on approach to sign
recognition

Month 27: Initial results on sign database

Month 30: Enhanced recognition results, incorporation of dialogue system

Month 20: System evaluation

Month 22: Report

ViSiCAST Page 27 of 74



ViSiCAST IST-1999-10500 12 October 1999

B3. Workpackage description
Workpackage number : 4 Animation & Modelling
Start date or starting event: Month 1

Participant number: TV ~ UEA INT ITC-T
Person-months per participant: 19 30 (+4) 38 28
Objectives

This is the first of the Workpackages generating the technological advances underlying the
applications addressed in Workpackages 1-3.

It will develop visualisation tools for photo-realistic, real-time animated signing. This will require
state of the art modelling and animation tools, both soft- and hardware.

Description of work

The tools will be able to integrate scanned-from-life human models for the virtual signer. Run-time
software will be able to dynamically combine individual elements of signing gesture: individual
hand and body movements, facial expression etc. to create the complex, non-sequential elements of
the true European sign languages. The individual components of shape and movement may be
acquired from life (motion capture) or constructed in 3D graphic space using physical modelling
tools. Tools based on each system will be developed in parallel and compared for functionality and
subjective realism (c.f. Evaluation WP). It is likely that a final system will combine relevant facets
from both techniques.

These systems will be capable of being driven directly, using real-time motion capture, from the
performance of a human signer or interface to the ViSiICAST Gesture Mark-up Language, written in
XML and based on extensive further refinement of a gesture notation scheme being perfected in
WPS35, Language.

For use with the direct recording of signed sequences, the project will develop a refined suite of
advanced hardware and software motion capture tools. These will form a single, coherent capture,
recording and replay system, using robust techniques and equipment capable of use in TV studios
and other industrial, non-laboratory settings. This system will be available for display, testing and
practical evaluation. Similar systems will be developed as appropriate, for physical modelling of
shape and motion.

Deliverables

4.1 Prototype animation system for direct (unmediated) TX 9
4.2 Notation-avatar software driver 24
4.3 Final Avatar 3D model(s) 29
4.4  Advanced MPEG4 animation system 30

| Milestones and expected results |
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Visualisation of Advanced-avatar 18
Advanced software and hardware for integrated human motion capture (Televirtual) 26
Advanced software and hardware for physical modelling of shape and motion (INT) 26
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B3. Workpackage description
Workpackage number : 5 Language and Notation
Start date or starting event: Month 1
Participant number: 1 4 5 6 7 9
ITC-U UH UEA INT IvD RNID
Person-months per participant: 20 (+16) 57(+8) 9(+2) 4 15(+3) 13
Objectives
1. To define the computational and communication interfaces between the various system

components. This defines the main interfaces between participants’ co-operative work on
major system components of the core English to signing translation system.
These are reported in deliverable 5-1 Interface Definitions.

2. To define a ViSiCAST Gesture Mark-up Language (GML) which will be an XML-

compliant representation of gestures used to link linguistic analysis work with animation
technology.
These are reported in deliverable 5-2 GML-def and continuation of this work will integrate
with proposals for Description Schemes in the MPEG 7 standard. The XML definition will
be proposed for adoption through W3C, the World-Wide Web consortium (milestone Final-
GML-def) and will be reported in deliverable 6-3 Evaluation Report 3.

3. To implement a provisional text (English)-to-sign notation translator
The result of this activity will demonstrate:
(1) that the sign lexicon and sign formation rules permit synthesis of readable signs for the 500-

sign lexicon concept.

(i1) that standard English construction of active, passive, interrogative and imperative sentences

involving relative clauses and adjectives are converted to appropriate semantic
representations.
These will be demonstrated in deliverable 5-3 Proto-text-to-semantic, evaluated in milestone
Eval Proto text-to-sign and reported in deliverable Evaluation Re