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Abstract. The VANESSA system provides speech-driven assistance for eGovernment and other transactions in British Sign
Language (BSL). The system allows speech or text input over a limited subject domain to be translated into sign language,
which is then signed for clients using an avatar. The avatar animation is generated synthetically. VANESSA also enables text
communication by means of computer keyboards and an interface similar to that used by internet chat room software. The system
can be easily modified to translate into other spoken languages, and multiple updates to the content are possible.
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1. Overview of the VANESSA System

VANESSA (Voice-Activated Network-Enabled
Speech-to-Sign Assistant) is a computer-based system
developed to facilitate communication between the as-
sistants and their Deaf clients in a local government
Council Information Centre (CIC), or in any similar
environment. A signing avatar, or virtual human, con-
veys the signed information in British Sign Language
(BSL) on a screen facing the client. A text version of
each message is also displayed. A simple outline of
the system’s operation is shown in Fig. 1. As indicated
there, each participant in the dialogue is equipped with
his/her own display screen, which is the primary means
via which messages are received from the other partic-
ipant. However there is an inherent asymmetry in this
arrangement: the primary output to the Deaf client is
via the signing avatar, while the primary output to the
clerk is via text.

Input from the assistant can be via a microphone or
it can be typed in as text using the assistant screen in-
terface. Both inputs are processed by comparing them
with a statistically-based language model, on the basis
of which the system suggests the most closely match-
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ing phrases from among those that it has available for
signing. These phrases are displayed on the assistant
screen. The preferred phrase is then selected by the
assistant and dispatched to the client side of the sys-
tem where the correspondingsign language sequence is
performed for the Deaf client by the signing avatar. If
none of the phrases proposed to the assistant is consid-
ered appropriate then, as a fallback, English text alone
may be sent to the client side for display there.

There is also a communication channel allowing a
response to be transmitted from the client side of the
system back to the assistant side for display on the
assistant’s screen. In this case the client’s response
can be generated either as typed text, or as a selection
made from a small set of response choices offered by
the assistant and presented on the client’s screen via an
appropriately labelled set of on-screen buttons.

The sign language sequences performed by the sign-
ing avatar on the client’s screen are generated synthet-
ically using the technology developed for this purpose
in the ViSiCAST and eSIGN projects [1,5–8,11]. Each
sign in the sequence must be accurately described in
the HamNoSys notation [13]. A sequence of signs
generated in this way is then translated into SiGML
(Signing Gesture Markup Language) [5], a notation be-
longing to the XML (eXtensible Markup Language)
family, which can be used to drive the signing avatar.
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Fig. 1. Overview of VANESSA system operation.

The phrases which are generated and transmitted in this
way vary from those used in general conversation, such
as “Hello, how can I help you?”, through to sentences
specifically relating to a particular task, such as form
filling, for example “You will need a passport sized
photo of yourself to send with the form”.

An adapted version of the VANESSA system has
been developed in order to demonstrate the feasibility
of using the basic framework to support communication
in a second spoken language as well as in sign language.
There are also supporting software tools which allow
new content to be added to the system in a relatively
straightforward manner. If required, additions of this
kind may be made in multiple languages.

2. Background

Many Deaf people, especially pre-lingually Deaf
people, experience significant communication difficul-
ties every day of their lives because the majority of
hearing people do not know their first language, that is,
sign language. When, for example, a Deaf person needs
assistance with filling in a complicated form, the infor-
mation an assistant needs to convey may be specialised,
and writing it down clearly and unambiguously can
be quite laborious. Moreover, many people who have
been profoundly Deaf since birth do not have particu-
larly strong reading or writing skills. This is because
sign language is their first language, while the language
being written, for example English (in the UK), is their
second language. The VANESSA system represents
an attempt to make communication in client assistance
environments easier both for the hearing assistants and
for the Deaf clients alike.

VANESSA has been conceived from the outset as a
natural development from the TESSA system [1–3,12].
TESSA was designed to help clerks in UK Post Offices
to communicate with their Deaf customers. This was
achieved by combining speech recognition technology
with signing avatar technology, allowing a phrase spo-

ken by the clerk to be translated to a correspondingsign
sequence which was presented to the Deaf client by the
signing avatar. For all its strengths, this system had two
significant limitations:

– Speech was the only method by which the Post
Office clerk could activate the system. Although
the system’s speech recognition had a high level
of accuracy, on the rare occasions when it did
not recognise a particular spoken phrase, the clerk
would have to resort to pen and paper, or rudi-
mentary gesticulation, since the vast majority of
clerks, unsurprisingly, do not know any sign lan-
guage themselves.

– There was no satisfactory back-channel, that is,
there was no effective means for the Deaf client to
respond to the signing initiated by the clerk: the
unfortunate Deaf client was forced to use forms
of communication that were to a greater or lesser
extent unsuitable, such as: signing (natural to the
Deaf client, but unintelligible to the typical clerk),
more general forms of gesticulation (imprecise,
and open to misinterpretation, at best), speech (fre-
quently unclear or inaudible), pen and paper (cum-
bersome).

The more serious of these limitations is the second,
since it places Deaf clients at a significant disadvantage:
the system does not really provide them with a satis-
factory way of maintaining their side of the dialogue.
The ideal solution to this problem would probably be
to use some form of video-based sign recognition. But
unfortunately the technology to do this is some way
beyond the current state of the art, although significant
advances have recently been made in this area [10,14].
Thus a less ambitious way of addressing the problem
is needed.

The way VANESSA has sought to do this, and to
address also the less serious problem of a failure in
the recognition system is by including text, generated
from a computer keyboard and viewed on a computer
screen, as an alternative method of communication in
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both directions. In addition the system provides the
Deaf client with the facility to communicate back to
the assistant, where appropriate, by using a small set
of dynamically labelled buttons. These buttons, allow
a selection to be made from a small range of choices
offered by the clerk. This approach was adopted fol-
lowing an investigation by the Royal National Institute
for Deaf People (RNID) into the preferences expressed
by Deaf users.

Another significant difference between the two sys-
tems is that VANESSA uses signed animation se-
quences that are generated using the synthetic anima-
tion technology developed at the University of East
Anglia (UEA) in the ViSiCAST and eSIGN projects,
whereas the signing in the TESSA system was imple-
mented using animation data obtained via motion cap-
ture from a human signer. As with synthetically gen-
erated speech, synthetically generated sign language
animation has the drawback that it does not guaran-
tee the same level of authenticity and naturalness as
animation generated from real human motion. How-
ever, the period of the eSIGN project (2002–2004)
has seen a steady improvement in the quality attain-
able with synthetic signing. Moreover, since motion-
capture sessions are extremely resource-hungry and
time-consuming, synthetic signing has the advantages
both of being easier to produce in the first place, and of
being more adaptable in use.

The design and development of VANESSA has been
undertaken, under the auspices of the European-funded
eSIGN project, by a partnership consisting of UEA
(responsible for the development of the software), the
RNID (responsible for requirements analysis, and liai-
son with Deaf users, and also for creation of the BSL
sign sequences), and Norfolk County Council (respon-
sible for requirements analysis and deployment), using
virtual human technology provided by Televirtual Ltd.
A working version of the system was installed in the
CIC in the Millennium Library at the Forum in Nor-
wich, UK, in August 2004. Before this, CIC staff were
given comprehensive training on the use of the system
and its capabilities.

3. Assistant screen interface

As indicated in the previous section, the VANESSA
system provides a separate computer screen to each of
the participants in the dialogue. Since these screens are
the primary means via which each participant receives
information, and since each receives several kinds of

information, some care has been devoted to their de-
sign. The screen organisation adopted is the outcome of
discussions between the implementation team at UEA
and the RNID who have liaised with Deaf users in order
to establish requirements.

The Assistant interface screen is shown in Fig. 2. In-
put and output controls are grouped appropriately and
at every stage event messages and guidance are dis-
played in blue at the top. Boxes and buttons are enabled
and disabled in accordance with the current state of the
dialogue, which determines what the assistant is able to
do at any point in time. While the avatar is performing
a sign language sequence for a client, the assistant’s
entire screen is disabled, and an appropriate message is
displayed.

An Activate Microphonebutton starts the speech
recognition, which is the usual way for the clerk to gen-
erate messages to the client. The recognition will then
be terminated by a short silence on the part of the assis-
tant. The voice recognition subsystem generates a se-
quence of words from this speech input. Alternatively,
the assistant may generate the initial word sequence by
typing a phrase, or indeed simply by typing one or two
keywords from the intended phrase.

However it is generated, this input text is displayed
in the Input panel at the top-left of the screen, and it
is then analysed, using a statistically based, domain-
specific, language model to identify the most probable
entries in the set of available signed phrases [12]. In
practice, despite its probabilistic character, this process
has a high level of reliability. The result is a ranked
list of four or five phrases which are displayed in the
Suggested phrases to signpanel in the middle-left of
the screen. The assistant may then select one of them
with a mouse click in order to have it transmitted to the
client’s screen and signed there. If the assistant deems it
appropriate for some reason, theRepeat signingbutton
may be used to have a sign sequence presented to the
client for a second time.

In the (rare) event that none of the offered phrases
is acceptable to the assistant, then as a fallback he/she
can send the input text itself for presentation on the
client’s screen, using theJust send textbutton. To
emphasise its role as a fallback, and to encourage the
use of signing where possible, this button is not enabled
until completion of the input analysis stage.

A Commonly used phrasespanel at the bottom-left
of the screen provides a fixed display of useful phrases
any of which the assistant may have signed simply by
clicking on it, without using the main input mechanism
described above.
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Fig. 2. Assistant interface screen.

A Record of the Conversationpanel on the right of
the screen displays a log which contains the text of
all messages sent or received during the course of the
conversation with a Deaf client. The presentation style
here is similar to that of an internet chat room interface.
Assistant messages are displayed in red and Client mes-
sages in blue. ThePrint dialoguebutton provides a
printed transcript of the entire conversation. This could
be useful to the client, for example, in providing a
record of dates, times, phone numbers, addresses, and
so on. TheClear All Dialoguebutton effectively noti-
fies the system that a particular client dialogue is at an
end.

4. Deaf Client screen interface

The Client interface screen is shown in Fig. 3. Most
of this screen, that is, the top three-quarters of it, is
dedicated to the provision of information to the Deaf
client. On the right is the panel displayingVGuido,
the signing avatar. Every sign sequence transmitted by

the assistant is performed by the avatar. TheRecord of
Conversationpanel at the top-left of the screen displays
a complete transcript of the conversation, which in both
form and content exactly matches that displayed on the
assistant’s screen.

When the assistant transmits a text-only message,
the avatar explains this in sign, indicating the text panel
to his right as a source of new information. After the
avatar has performed a sign sequence, the client may
have it performed again using theSign again please
button, or by indicating to the assistant that this is what
he/she wants.

The bottom quarter of the Client screen provides the
means by which the client may transmit information to
the assistant. TheType what you want to saypanel al-
lows the client to type a message for the assistant. This
message is not transmitted for display to the assistant
until the Send your messagebutton is clicked, allow-
ing the client to compose the message as carefully and
deliberately as he/she wishes.

Quite often the assistant will pose a question to the
client for which there is only a small repertoire of ex-
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Fig. 3. Deaf Client interface screen.

pected responses. In such a case, this range of choices
can be presented to the client via the selection buttons
on the bottom right of the screen. Each button is la-
belled with one of the options, one of which will always
be Don’t know. Unused buttons are disabled. When
this mode of communication is provided, the avatar is
used to communicate this fact to the client, pointing
to the buttons below him. An example of the use of
this mechanism is the question “Which local authority
area do you live in?” for which there are seven pos-
sible responses,Norwich, Broadland, South Norfolk,
etc., which are displayed on the choice buttons, along
with the standardDon’t knowchoice. When a choice
is made via one of these buttons, this is recorded as an
entry in theRecord of Conversationpanel.

5. System hardware configuration

A schematic view of the VANESSA system hard-
ware is shown in Fig. 4. Two computers are required,
each with a screen, keyboardand mouse, and connected
to each other via a standard network. In the current

deployment in Norwich, the two computers are physi-
cally very close indeed, but this is not essential to the
operation of the system The assistant computer has a
microphone. Headset microphones do not encourage
use of spoken input, as was shown by experience with
TESSA [12], so the assistant’s microphone is placed
on the desk next to the assistant screen. The assis-
tant’s computer also has a printer connection which is
used for when a printed transcript of a conversation is
required.

The Deaf client’s computer system has a relatively
high hardware specification,particularly in its graphics,
in order both to support the synthetic signed animation
engine and to support the animated avatar rendering.
For the installation in the Norwich Forum CIC, the
client computer has a 2 GHz Pentium 4, 512 Kb RAM,
and an nVIDIA GeForce4 graphics card.

6. Software configuration

The functionality of the VANESSA system is pro-
vided by a pair of cooperating software applications:
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Fig. 4. Schematic of Vanessa system hardware.

one on the assistant computer and one on the client
computer. Each of these applications manages the spe-
cialised software components appropriate to its partic-
ular role – notably the speech recognition module on
the assistant’s side, and the signing avatar modules on
the client’s side. Each application also manages its side
of the dialogue with the other, based on a simple robust
communication protocol implemented over a pair of
standard TCP/IP network channels. Finally of course
each application manages its own display screen, so
that it effectively reflects the current state of the dia-
logue in the fashion outlined in earlier sections. Both
applications are based on the Windows platform and
are written in Visual Basic.

On the assistant side, the main supporting module is
the ViaVoice speech recognition subsystem. The dic-
tionary used by this recognition module is adapted to
this particular application. This is augmented by the
internal language model which, as explained earlier, is
used to map the text provided by the speech recognition
module to the most appropriate sign sequences. This
language model allows for several natural variants of
the canonical form for each spoken phrase to be recog-
nised as acceptable alternatives to that canonical form,

for example, allowing “Please tell me which council
area you live in” as an alternative to “Which council
area do you live in?”.

Each of these sign sequences is the result of an offline
content creation process described in more detail in the
following section. Each is expressed in the SiGML
notation [5] which is used to drive the signing avatar.
The currently installed system uses approximately a
hundred of these sequences. As this set of sequences is
both small and fixed, each sequence can be identified
simply by a numeric code, which is all that needs to be
transmitted to the client computer, where the sequences
themselves are stored. However, the SiGML represen-
tation of a sequence is sufficiently compact that in a
situation where sign sequences need to be generated
dynamically (for example because they mention dis-
tances, or specific sums of money, as in the TESSA
system) it would be perfectly feasible to transmit the
SiGML texts themselves from the assistant computer
to the client computer.

The supporting modules on the client side of the
system are theSiGMLToAnimationsubsystem [5] and
Televirtual’s Mask subsystem. These subsystems,
which are packaged as ActiveX controls, form a com-
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Fig. 5. Extract from Vanessa system log.

plementary pair. TheSiGMLToAnimationsubsystem
generates avatar animation data, using Kennaway’sAn-
imgensoftware [11]; this data stream is then passed in
real-time to theMasksubsystem for rendering in the
Avatarpanel of the Deaf client screen.

A complete log of all system events is maintained in
a text file. The brief extract in Fig. 5 shows the kind of
events recorded.

This log allows various aspects of the system’s use
to be monitored and analysed. For example, it might be
used to identify phrases which are frequently used but
for which sign sequences are not available,or to identify
commonlyoccurring situations in which the Deaf client
finds it difficult to make an effective response to the
assistant.

7. Signed content creation

The accuracy of the translations from English to BSL
is a crucial factor for the success of a system such as
VANESSA. All the people involved both in the creation
of the signed animations and the verification of their
quality were expert signers. The starting point for the
creation of the required sign sequences is the identifi-
cation of a corresponding set of English phrases. Such
a set was built up gradually on the basis of a period
of observation of conversations between assistants and
clients in the CIC, by consulting CIC staff themselves,
and also by consulting past enquiry logs.

As it was not practical to include all phrases that
could assist with all enquiries, the required phrases

were classified under three distinct headings, according
to the role they play: general phrases, phrases to help
with filling in forms, and phrases to support the process
of booking a session with a sign language interpreter.
This last group of phrases is useful if the assistant or the
client feels unable to proceed with the enquiry because
the subject matter is too complex. All the English
phrases resulting from this process were then translated
by experiencedBSL signers, and video recordingswere
made of these BSL translations for future reference.

Once the set of sign sequences required for this par-
ticular application has been identified, the signed con-
tent creation process follows a standard pattern estab-
lished during the eSIGN project. Experienced signers
who are familiar with the appropriate software tools
generate a sign lexicon containing a phonetic-level tran-
scription for each of these BSL signs [9]. (The term
“phonetic” here is used in the sense appropriate to
sign languages, rather than to spoken languages [13].)
Each lexicon entry is expressed in the HamNoSys no-
tation [13], and defines the manual features of the sign,
as well any “non-manual” features, such as mouthing,
movement of the eyebrows, shaking of the head, and
so on. Each of the BSL signed phrases required by
the current application is then built up as a sequence
of sign lexicon entries. This is automatically translated
into the SiGML notation [5] which is used to drive the
signing avatar.

8. Related applications

Several other software applications have been devel-
oped in connection with the VANESSA system.
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To allow new sign sequences to be added to the sys-
tem, or to allow the creation of a complete variant of
the system to support some other assistant-client en-
vironment than the Norfolk CIC, a standalone Phrase
Maintenance application has been developed.

There is also the VANESSA Language application,
written as a prototype to demonstrate that translation
would be possible not only into sign language but into
other spoken languages as well. French was selected
as the spoken language for this demonstration. This
application requires that a text-to-speech synthesiser is
installed on the client computer. The Euler software
was chosen for this purpose, using the Mbrola speech
engine [4], together with a French database for the
actual phonemes used.

When French is the selected language, translations
are spoken in French, rather than signed. If this ap-
plication were to be further developed, it is envisaged
that talking head technology would replace the signing
Avatar on the screen facing the client.

9. User evaluation

VANESSA was one of several applications and web-
sites based on synthetic signing avatar technology that
was developed in the eSIGN project. Most of these
applications were developed over a longer period than
VANESSA, for which most of the development work
was undertaken fairly near the end of the project. The
pattern for these other applications was to have two
rounds of user evaluation, the first of which was per-
formed relatively early, indicating aspects which would
benefit from improvement or further work while de-
velopment was still in progress. VANESSA’s develop-
ment schedule did not permit this pattern of user eval-
uation: since the first integrated version of the system
was scheduled for completion shortly before the end
of the project, only one round of user evaluation was
possible.

This user evaluation involved three distinct compo-
nents. One of these was an on-site evaluation con-
ducted with the live VANESSA system in the CIC. This
involved two Deaf users. A second component was a
laboratory-based evaluation with a group of seven BSL
users. This involved a role-play session, with a hearing
RNID staff member playing the role of CIC assistant,
followed by an interview intended to obtain user feed-
back. The other component of the evaluation was a
simple evaluation of the intelligibility of the sign se-
quences performed by the avatar. This involved play-

ing a sample of seven avatar-signed phrases to each of
15 participating BSL users, and recording on each oc-
casion whether or not the phrase was understood. Two
of the seven phrases were classified as short, three as
medium-length, and two as long.

The main results of the evaluation are briefly sum-
marised in Table 1. All role plays were successfully
completed, and show that the user response to the sys-
tem was positive. The recognition tests show that there
is some room for improvement in the quality of the
avatar signing. Perhaps unsurprisingly, the quality of
the facial expression and lip movements, was subject
to some criticism. In some cases, defects in the signing
may have been due to the comparative inexperience of
the content creation staff, who were effectively asked
to “learn on the job” to use the sign lexicon creation
tools. A poor recognition rate for a phrase could usu-
ally be attributed to difficulties with a particular sign
in that phrase. A problem of this kind can usually be
addressed by further work on the relevant sign lexi-
con entry. Where this has been done, anecdotal evi-
dence indicates that recognition levels have improved
substantially.

10. Conclusion

The VANESSA system, as described above, inte-
grates several advanced real-time computing technolo-
gies, notably speech recognition, 3-D virtual human
animation, and scripted generation of sign language
animation, to produce a multi-modal application that
facilitates communication in both directions between a
Deaf client and the Information Centre assistant. The
initial user response to the system indicates that its ba-
sic organisation is sound, enabling systems of this kind
to play a useful role in improving levels of accessibility
for Deaf people in public spaces such as retail outlets
and information centres.

There are two areas in which VANESSA incorpo-
rates significant developments with respect to its pre-
decessor, TESSA: in the user interface and in the use
of synthetically generated signing. The most important
innovations under the first heading are in the support of
communicationvia text as well as sign, and in the use of
graphical buttons for client feedback. A crucial benefit
of these innovations is that they significantly improve
support for communication from the deaf customer to
the clerk.

The other novel aspect of the system is its use of syn-
thetic sign-language animation technology. The recog-
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Table 1
Summary of VANESSA evaluation

1. CIC evaluation 2 CIC staff and 2 Deaf users. 2 Role Plays: Refuse bins not collected, and Benefits form
required. All role plays successfully completed.

Deaf user comments VANESSA definitely helped. Better than TESSA. Understood 50% of signing. Text filled
in the gaps. Easy to use but more phrases needed. Regional signing differences caused
comprehension problems.

CIC Staff comments Easy to learn and enjoyable to use, particularly finding phrase using keyword. Made
enquiry much easier to deal with. More phrases needed.

2. Laboratory evaluation Hearing member of RNID staff as assistant, 7 Deaf users, 3 Role Plays: Broken street
light, Benefit enquiry, Interpreter booking. All successfully completed.

Results Understood signing 60% of time. Used signing in 20/21 tests.
VANESSA considered useful by 6/7 participants and enjoyed by 5/7. 4 participants found
VANESSA easy or quite easy to use. Layout was liked.

Deaf user comments I felt in control of the situation. Easy and simple to use. I like the text input, easier than
pen and paper, changes possible if you make mistakes. Colour shades on buttons, and
larger text input area would be nice.

3. Phrase recognition 15 Deaf participants. 7 representative VANESSA phrases used.
Total phrases recognised 61%. Wide variation in phrase comprehension. Between 2 and 15 participants successfully

understood certain phrases.
Overall signing quality Liked: 2, Quite liked: 2, Neutral: 5, Not much liked: 2, Disliked: 4
Participant comments Harder to understand phrases when out of context. Easier to understand at a slower playing

speed. Regional and social differences sometimes made comprehension difficult. Repeat
playing helped comprehension.

nition tests indicate the importance of exercising care in
the preparation of signed content using this technology,
and that there is scope for improvements in the expres-
siveness of the synthetically generated sign language
animations. Nevertheless, the overall user response
shows that the technology is now mature enough for
deployment in “real-world” applications.
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