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Abstract
This paper presents an analysis of technologies and resources
needed for building of a multimodal information kiosk for deaf
people. The considered information kiosk will use sign lan-
guage as main communication means, since it is main language
of communication of deaf users. Thus, the sign language syn-
thesis and recognition modules will be main part of the kiosk.
Additional modules include lip-reading support for sign lan-
guage recognition (since sign language is accompanied by lip
articulation), touch screen input, and graphical user interface.
To design and build the mentioned modules, large amounts of
data are needed for training, especially in the case of recogni-
tion modules. The information kiosk is intended for use for pro-
vididng/gathering information to/from deaf users, such us train
connection or communication with authorities.

1. Introduction
A lot of data are nowadays stored in computers. This moti-
vates more direct and more natural ways of users acquiring or
modifying the data. Various type of dialogue systems are used
for such purpose. In last years, the domain of human-computer
interaction uses voice-based dialogue systems. Such systems
can offer high level of naturallness of human-computer com-
munication. However, such systems are inaccessible for deaf or
hearing impaired users. Such users have also limited possibility
of communication with hearing people, which can be problem
especially in the case of communication with authorities or in-
formation providers (train connection, sales, etc.) In these cases
dialogue system accessible by deaf users would solve the prob-
lem.

Such dialogue system for deaf users should be based on
sign language, since it is main communication means for deaf
people. By information kiosk it is meant in this paper an alone
standing dialogue system that can be used for providing various
types of information to any user or vice versa for gathering some
information from a user. The scale of possible applications is
very broad, from train connection information and communi-
cation with government or local authorities [1] to sign language
tutoring tool [2]. Design of such a system comprises a hardware
setup and definition of necessary technologies.

2. The information kiosk setup
Similarly as in case of speech-based information systems, we
need to design a concept for sign language-based information
system. For such system, special hardware will be required to
be able to acquire input data. To be able to recognize sign lan-
guage (both manual gestures and oral articulation) we need to

collect both detailed (facial) and whole body visual data. It is
putting restrictions to the recording conditions. We present de-
sign of hardware setup for such information system as an infor-
mation kiosk allowing to be used in public places, such as train
station and at the same time allowing to capture data allowing
best possible recognition rates.

The information system can be divided into several basic
parts: central control unit, input sensors, and output part. Input
sensors comprise a visual part, an acoustic part, and a touch
screen part. Output is presented to the user using graphical
screen. Central control unit will be typically a multimedia PC
equipped with special hardware for recording and processing of
the input data. Central control unit will also take care of the
connection to external data sources, such as various types of
databases (about train connections etc.)

Visual input sensors are made up by cameras situated in the
rear part of the kiosk. Camera 1 looks from horizontal view at
the user (the upper part of the body) standing in front of the
kiosk. Camera 2 is situated at the top of the rear part of the
kiosk. It looks downwards at the user’s whole body. It enables
to gather 3D information about the position of hands. Camera
3 is situated near Camera 2, but looks at the user’s face. Data
from Camera 3 will be used for automatic lip-reading. Whole
hardware setup is depicted in Figure 1.

Figure 1: Setup of cameras proposed for information kiosk for
deaf users. This setup was used for recording SLR-A and SLR-
B databases.

Acoustic input sensor will be a microphone situated at the
top of the screen, closest to the user. It should capture voice
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of the user with highest possible sensitivity. Acoustic part is an
optional part of the system and can be used in case when com-
munication of hearing (and speaking) people with the system is
expected. However in the case, when aurally people who can
speak, will try to use voice part of the system, expected recog-
nition rate of such speech will be very low and can be used only
as an accompaniment.

Haptic input sensor will be realized as a touch screen. For
some easy tasks such as selection from several choices it will
be more efficient to present graphically several choices and let
user select by touching the screen at the position of one of the
choices instead of forcing him to use sign language, as the ex-
pression in sign language can be complicated (city names that
has to be spelled etc.)

Graphical screen output will be used to guide the user
through the whole information providing process, allowing
him/her to quickly enter most frequently used modes, letting
him to choose from several choices when appropriate, and giv-
ing him feedback for his/her actions. Design of the graphical
user interface will be done with respect to the special needs of
users and will be as intuitive as possible to efficiently help the
user to reach his/her goal.

3. Modalities and Databases
For deaf people, the acoustic information is useless, since they
do not receive it. Thus, they can have only visual speech in-
formation. This lack of data has to be solved somehow. One
approach is for example so-called cued speech, when articu-
lated speech is accompanied by very simple manual signs that
has the only aim to distinguish between visually similar phones.
Another approach is sign language. Sign language is a language
with its own vocabulary and grammar. Basic unit of it is a sign,
which corresponds to a word, a part of a word or a phrase. Sign
language is accompanied with exaggerated oral articulation that
also helps better understanding.

To allow communication of deaf users with proposed in-
formation kiosk, we use several modalities. Sign language is
main communication means here, thus main modalities are sign
language synthesis and recognition. Since sign language is al-
ways accompanied by lip articulation, we need to employ visual
speech recognition as another modality. In synthesis case, the
lip articulation is included in sign language synthesis. As a ad-
ditional modality we use graphical user interface with simple
design using haptic interface - touch screen display.

3.1. Sign language output

As an output to a deaf or hearing-impaired user, synthesis of
sign language is used. Sign language synthesis module is a
parametrically controlable 3D model of an upper part of a hu-
man body. The model can be controlled to move hands and
lips to perform animation of oral articulation (lip movements)
and manual gestures of sign language (movements of hands and
arms). Sign language is perceived by deaf people as a combina-
tion of signs and articulation. Signs are presented by position,
orientaion, and special actions of hands. Articulation is pre-
sented by lip movements. Presented on a screen, an upper part
of a virtual human body is animated to perform manual ges-
tures and oral articulation. To synthesize sign language from
textual input, two animation paths are used. For oral articula-
tion, the same system as for audio-visual speech synthesis is
used. Although voice output is useless for deaf people, it can be
usefull for people with remains of hearing or for hearing people

accompanying handicapped people. That is why the text is syn-
thesized, accompanied with lip articulation provided by talking
head module that is set to the exaggeration mode for overartic-
ulation. At the same time, the sign language synthesis process
is perfomed. Firstly, translation from Czech to textual sign rep-
resentation is performed. Then this textual sign representation
is converted to symbolic representation that represents a hand
shape, a position, movements, an orientation and a mutual re-
lationship. From this symbolic representation, hand trajectories
are generated and finally animation of the 3D body model is
rendered, synchronously with audio-visual speech synthesis at
the sign level. An example of sign language animation is in
Figure 2.

Figure 2: Sample output of sign language synthesis animation
system.

3.2. Sign language input

Sign language is the main form of communication for deaf in
the Czech Republic and many other countries. Inspired by
speech recognition, where the rate of progress has been enor-
mous in the past decade, new ways of communication between
deaf and computers or hearing people are being developed.
Main task of automatic sign language recognition is to recog-
nize one isolated sign or multiple signs performed by a signer.

Sign language is main communication means for deaf peo-
ple. Taking this into account, main input modality is sign lan-
guage input. A shape, a position, an orientation, and movements
of hands are detected and represented by a manual gesture rep-
resentation. An example of hand position detection is depicted
in 3. Uncertainty and similarity of many signs causes most
problems during recognition of sign language. While some
signs are quite specific, an thus easily distinguishable from oth-
ers using specific hand shape or trajectory, there remain many
signs that are confusable with others. That is why specific meth-
ods for detecting the trajectories have to be found. As a result
of sign language recognition process, the sequence of signs in
textual sign representation is obtained.

Current state-of-the-art in sign language recognition is still
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Figure 3: Sign language input - detection of position of hands.

far behind speech recognition. There are many reasons for this
disparity: research in SLR started later, usage of advanced in-
put devices, higher computational requirements, sign language
uses simultaneous events for expressing terms, unavailability of
large number of training data etc. Despite of all this there are
many successful achievements [3, 4]. Ong and Ranganath [5]
present survey of SLR and comparison of many gesture and sign
language recognition systems. Our effort is focused on creation
of assisting HCI systems for hearing impaired people .

3.3. Audio-visual speech input

Sign language is accompanied by exaggerated articulation that
serves as additional channel providing information about the
pronounced speech. Some handicapped people can even speak.
That is why audio-visual speech is used as another input chan-
nel. Visual and acoustic speech features are obtained from mi-
crophone and from facial data (camera 3) and combined to-
gether. Since this information stream is only additional, rather
than producing textual output with very low reliability, this
module provides additional information that can help distin-
guish signs with similar manual gesture. To design this mod-
ule, we used experiences gained in previous research on audio-
visual speech recognition

3.4. Touch screen input

The aim of this information system is to be designed to use
communication means used in direct human-human communi-
cation. It means use rather speech/sign language than textual
communictaion. However, there are cases when for example
showing the user several choices on a screen and letting him an-
swer by simple touching an area corresponding to his selected
choice can be much more efficient in communication than per-
sisting on signing and articulating the name of the choice. This
can be the case for example if there are several choices of city
names in traffic information system and the user would have to
sign the names letter by letter, instead of just touching the name
on the screen.

4. Databases

For described input or output functionalities, we need to col-
lect data for training recognizers or obtaining representation for
driving the animation. Since data requirements for synthesis
and recognition differ, we need to collect databases for these
two tasks separately.

4.1. Sign language output

The task of sign language synthesis from text is performed in
several steps. Since the sign language has different grammar
than the spoken language, the text to be synthesized in sign lan-
guage has to be first translated to the textual representation of
sign language [6]. For each sign from an utterance we then need
a description for control of animation. Since signs are presented
as manual gestures, the description has to contain information
about the position, shape and orientation of hands together with
the information about movements of hands during performing
the sign.

To allow the animation to be avatar-independent, appropri-
ate symbolic representation has to be employed. Each sign is
represented by a record in the dictionary, which contains the
symbolic representation. There are several notation systems de-
veloped and used across the world. In our work we decided for
the widely used HamNoSys (Hamburger Notation System).

As a graphical output the animation is then rendered us-
ing the rendering engine, which uses the symbolic represen-
tation as an input and converts it into the geometrical coordi-
nates of the avatar control points. This part of the animation
process is avatar-dependent. But the whole approach allows to
have avatar-independent or rendering-independent dictionary of
signs and then one or several independent rendering engines that
use the same dictionary.

4.1.1. Database description

The database for sign language synthesis comprises the sym-
bolic descriptions of isolated signs. First version of the dic-
tionary is targeted to the information system for train connec-
tions. Thus the dictionary contains vocabulary of signs from
this domain. 3D shape of isolated signs is represented by the
HamNoSys notation system. For entry, editing, and viewing of
created signs the developed application SignEditor [7] is used,
the screen shot of which is depicted in Figure 4. For assessment
of correctness of created sign descriptions the feedback is used
in the form of an avatar animation that immediately renders the
entered description. At present the dictionary contains about
200 signs, but it is continually growing.

Figure 4: Screen shot of the SignEditor, the application for edit-
ing the dictionary of symbolic description of signs

4.2. Sign language input

On the other hand, for sign language recognition (SLR), we
have to collect larger database to train body-tracking and hand-
tracking algorithms, and to train autonomous description algo-
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rithm. For recording SLR database, we use the same camera
setup as depicted in Figure 1. Firstly, we recorded a small pre-
liminary database using amateur signers. We verified the tech-
nique on it and modified setup for obtaining the best properties
of collected database. Second, larger database is collected by
professional signers. Deaf signers that have certificate in us-
ing sign language were hired. Their performance is checked by
another signer that corrects their possible mistakes and ensure
intelligibility of signs in the database. The set of signs to be
recorded depends on the application area. We decided to record
700 elementary signs in the Czech sign language, each in 5 rep-
etitions for 2 professional users available.

4.2.1. Database specification

During the last years two databases were collected in our labora-
tory for sign language recognition purpose. The first one (SLR-
A) was collected with the intention to verify database setup and
perform few signs by several non-professional signers. This has
the advantage of easy hiring the volunteers (usually lab mem-
bers) and short recording time thanks to the small number of
signs per signer. On the other hand signs can be performed
unprecisely due to the fact that the signers were not profession-
als and were not used to use the sign language (and thus did
not verified that they are correct in signing). The experiences
gained during the collection of the first database, its processing
and initial experiments, were used to refine the recording setup
for collecting of the second database (SLR-P). This time we de-
cided for 4 professional signers, it means rather for less signers
and larger database.

Both corpora are captured with three cameras. One camera
produces a frontal view of the scene, where the signer is facing
in a direction orthogonal to the camera image plane. Second
camera is situated approximately a meter above the first camera
and is focused on the signer. This setting allows us to recon-
struct a trajectory of signer’s hands and head in 3D space. The
last camera is focused on the signer’s head. The camera setup
is depicted in Figure 1. The video-stream from this camera can
be used for facial expression recognition and lip-reading / lip-
tracking.

The UWB-06-SLR-A [8] contains 15 signers performing
25 sings. The signers are not hearing impaired. The signs were
chosen so that some are similar in trajectory of hand move-
ments, some in facial expression and some in hand shape. The
intention was to create a universal corpus for designing and test-
ing automatic sign language recognition systems. Example of
data from this corpus is shown in Figure 5.

Figure 5: Example of data from the SLR-A corpus.

The UWB-07-SLR-P [9] contains 4 signers preforming 378
signs. Two of the signers are hearing impaired and the other two
are professional sign language lecturers. The signs are from the
domain of train connections announcements. The corpus can be

used for training a domain dependent sign language recognition
system. Example of data from this corpus is shown in Figure 6.
The corpus contain following structure of signs: numbers (35
signs), day and month names (19 signs), finger alphabet, both
one- and two-handed (64 signs), town names (35 signs), se-
lected signs (225 signs). Each sign is stored in separate AVI
file. For 378 signs, 4 signers, 5 repetitions, 3 views we have
22680 avi files in total length of 3.5 hours.

Figure 6: Example of data from the SLR-P corpus.

4.3. Audio-visual speech input

For audio-visual speech recognition we need a corpus con-
taining both streams, acoustic and visual data. Very often,
the corpora were designed for different purposes (such as face
recognition) with very small vocabulary such as digits only (in
XM2VTSDB [10]). Also, usually the resolution of lip region
is quite small (as for example in TULIP1 [11]. Corpus spec-
ification is also given by an expected application. Expecting
the application in in-car speech recognition, where the noise
makes acoustic speech recognition not very reliable, we de-
cided for collection of our first corpus in car. To achieve real
conditions of the corpus, we decided for collecting of driver’s
speech recorded during driving a car i our UWB-03-CIVAVC
corpus. Later we decided to collect another corpus UWB-05-
HSCAVC collected in laboratory conditions with high quality.
The same setup was used in collection of Russian audio-visual
speech corpus [12]. Finally after development of satisfactory
visual speech parameterization we decided to return to the topic
of variable ”real” conditions. To avoid random occurrence of
variable conditions we decided to collect a new corpus with ar-
tificially produced impaired conditions UWB-07-ICAVR. The
common for all the corpora is the synchronized acoustic and
visual streams containing continuous sentences from precisely
selected text material.

4.4. UWB-03-CIVAVC corpus description

The UWB-03-CIVAVC (University of West Bohemia - 2003 -
Czech In-Vehicle Audio-Visual speech Corpus) [13, 14] was
collected in real conditions. A camera was placed at the middle
of the dashboard oriented towards a driver. Speech was col-
lected during driving, text was prompted by a passenger and
repeated by the driver. Training data consist of 200 sentences
of continuous speech (approximately 15-20 minutes), 45 iso-
lated words (15 commands, 15 names of places, and 15 numer-
als), and spelling (7-10 words spelled letter by letter) for each
speaker.

Data were collected from 12 speakers, there are 10 training
data sets and 4 testing data sets (2 speakers are overlapping for
the two sets). Data were collected using standard digital tape
camcorder SONY TRV-740, including the acoustic part.
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4.5. UWB-05-HSCAVC corpus description

The design of UWB-05-HSCAVC (University of West Bohemia
- 2005 - Hundred Speakers Czech Audio-Visual Corpus) [15]
corpus was based on the experiments gained as a result of
recording and experimenting with previous corpora. The cor-
pus consists of recordings of 100 speakers, 39 males and 61
females. The average age of speakers is 22 years. Record-
ing of one speaker was done during one session. Speaker was
asked to read sentences from auxiliary screen. The average to-
tal length of recording for one speaker was 23 minutes, which
makes together more than 38 hours of speech. The text of a
corpus consists of 200 sentences for each speaker. First 50 sen-
tences are common for all speakers. They are selected to con-
tain all phonemes. The rest of 150 sentences are different for
each speaker. They are balanced to contain as many triphones
as possible.

The most common head proportions are rather portrait,
while the camera frame proportions are landscape. This causes
that almost 50% of the area of the frame remains unused. To
obtain the best possible resolution we turned the camera by 90
degrees. The second, much more important reason for use of
this setup is that the video frames are interlaced. This fact al-
lows us to double the temporal resolution at the expense of loss
of spatial resolution in one direction. Since the lip movements
are bigger in vertical direction while the lips are much wider in
horizontal direction, it is more advantageous retain the higher
resolution at the vertical direction and decease it in horizontal
direction. The original resolution of the camera is 720*576 pix-
els at 25 frames per second. After the deinterlacing and rotating,
the final resolution is 288*720 pixels at 50 fps. Sample images
from the corpus after deinterlacing are shown in Figure 7.

Figure 7: Sample images from the UWB-05-HSCAVC corpus
after deinterlacing and rotation (288*720 pixels each).

4.6. UWB-07-ICAVR corpus description

The UWB-07-ICAVR database [16] (University of West Bo-
hemia - 2007 - Impaired Condition Audio-Visual Speech
Recognition) is an extension to the previous database UWB-05-
HSCAVC, which was recorded for research on visual speech
parameterization. The aim of recording of a new database is to
test the existing visual parameterization under variable illumi-
nation conditions. Impaired conditions of a visual component
of the corpus were produced by changing the illumination dur-
ing recording. This approach makes a database more realistic.
The corpus was recorded by 50 speakers, from which 25 were
males and 25 were females. Each speaker was recorded during
one session. The length of an average recording was half an
hour. Lights switching was performed 12 times. There were
six types of illumination condition. The light switching was

repeated twice during one section. The text of the corpus is
structured the same way as in previous case.

Figure 8: UWB-07-ICAVR corpus, example of data from stan-
dard camera.

Figure 9: UWB-07-ICAVR corpus, example of data from web-
camera.

5. Conclusions
Development of the information kiosk for disabled people will
allow their better communication with such information provid-
ing or requesting bodies such as transport companies or author-
ities. Proposed design uses sign language as main communica-
tion means. With respect to it, input and output modalities were
defined. Also, required language data resources were analyzed
and collected databases were presented. Based on this design,
it will be able to develop necessary technologies for prototype
of the information kiosk, which is planned for this year.
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