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Abstract. The Brazilian Sign Language is the natural language used
by deaf people in Brazil to communicate between themselves and with
the society, as well as it is part of culture and tradition. Despite this
importance, the record of Libras is still one difficulty, because many
existing tools do not support their needs for plain appropriation. This
paper presents, through SignWriting, a new way to generate graphical
symbols correspondents do Libras Signs in order to make possible the
Libras recording for the members of the deaf communities . . .
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1 Introduction

The Brazilian Sign Language (Libras) is the “sine qua non” tool for deaf peo-
ple in Brazil to have access to communication, information and education for
achieving the plain citizenship.

Though the Brazilian Sign Language is official by law, deaf people still find dif-
ficulties in relation to its use in different contexts, like in communication between
them and with other people, information storage and retrieval and knowledge
building.

Information systems and technological artefacts in general are of great useful-
ness for minimize these difficulties, but, instead of being useful, they frequently
are themselves a barrier to information access for deaf people.

One of the limitations consists on the unnatural interaction process, since
the communication does not occur in Libras, their mediation language for all
purposes, considered by linguistics to be their first language, even if it is not
chronologically the first.

In Brazil there are 5.7 millions of people with some degree of deafness and
approximately 3% of them are considered deaf, according to the official demo-
graphic census IBGE [8]. This part of the population suffers continuously of lack
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of opportunities. In this sense, these communities need tools to help them to
communicate between them and with other people of their society.

Within all the necessities of these communities, one that emerges with evi-
dence is the difficulty in the graphic registering of their language (Libras) or, in
other words, of the writing itself. No natural language survives without a writ-
ing system, since languages evolve along with time and, without an adequate
register, part of them can be lost. The deaf communities in Brazil use Libras for
inside communication, but at the moment they need some record, they need to
appeal to written Portuguese.

There are several different writing systems for the set of existent sign lan-
guages, this causing additional trouble for the deaf communities. Among them,
SignWriting, is the most well-known one. Never-the-less, the available tools to
support this system are rather inadequate and insufficient to facilitate its use.
This is in fact one of our hypothesis for the low use of sign languages writing
systems by deaf people.

There is a lack of proper support for deaf culture and few research results
to inform designers about how to built technological artefacts to promote the
social inclusion and the citizenship for deaf people. In this context, this research
group of Universidade Federal do Paraná (Federal University of Parana State,
in Brazil) took for itself the responsibility of building an integrated approach be-
tween research and practice which had as its main basis two architecture models,
one in three layers (basic software, tools - some of which could be also appli-
cations and applications), and the other an integrated functional one that has
been proved, up-to-now, to be adequate as an important ally of deaf communi-
ties in their search for communication and access to information and knowledge
building possibilities.

In conjunction with this architecture, the group developed a Computational
Model of the Phonology of Libras (CMPL). This model has supported and will
support the development of the majority of the modules of the functional archi-
tecture, such as the Natural Language Processing part of the Portuguese-Libras
translator and the avatar generator. All these tools and basic software have there
main purpose making the computer human interaction in Libras possible.

Faced to all these needs of deaf communities, their problems with the sign
language writing, the inefficiency of available tools and having the architec-
ture and the model already built as support, the present work began to solve
the problem of developing a WEB service for the interpretation (mapping) of
the sign descriptions by the Computational Model of the Libras Phonology to
the graphic elementary symbols that compose the SignWriting system.

This service consists one more contribution for the set solutions that the ar-
chitecture will offer. It receives an XLM description of a Libras sign according
to the Model of Libras Phonology and produces the corresponding set of Sign-
Writing components.
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2 The Relevance of Writing

For many centuries, the writing has helped the human beings. Is is with us in the
caves since 8,000 years B.C., since the first civilizations in the World. It emerged
form the necessity of humans to register and storage data between peoples of
different civilizations.[9]

We have several manners of communicate with each other, as the speech or
the gestures, but these two, in particular, are considered volatile, because while
passing from a person to other one it carries the risk of it sense be changed and
it’s meaning modification. The need for the Libras, as for any other language,
written registration follows naturally.

“The relevance of writing for History and for records maintenance comes from
the fact that it allows for the storage and the propagation of information not
only between individuals but also between generations as well. By means of the
writing, we find possibilities of situating the current Man in contact with the Man
of the past, rescuing facts that, when analysed from an innovative perspective,
surely will gain benefits for human existence” [9]

From the perspective of the Deaf Culture, the use of the writing code of
the oral language of the country as the unique writing possibility determines
problems not only in the personal relationships between the contemporary deaf
individuals of a community but also in the relationship between deaf persons that
are spatially distant and, even worst, between the current deaf communities and
the ancient ones, since they were mediated and registered in a language that was
not their natural one, what implies, necessarily, an external intervention on the
information or knowledge available.[3]

3 Writing Systems for Sign Languages

Several writing systems for sign languages exist all around the World trying and
solve the graphic representation of signs. Never-the-less, this is seen as a ad-
ditional problem for deaf communities that, unable to know which is the most
adequate system to use, appeal to the written form of the oral language of their
country, not without significative effort. In the present section some available
writing systems for sign languages will be presented, with emphasis to Sign-
Writing, which, having be considered the most complete one, was chosen to be
used in the Interpretation Service described in the present paper.

3.1 Sistema de Stokoe

Apart from being the precursor of the legitimate of the linguistic character of sign
languages, Stokoe[1] created a notation to represent the sign languages based on
its observed parameters: hand configuration (10), location (12 positions), action
movements (22) and hand orientation(4). The aim of his notation was to respond
to the himself necessity in the registration and the study of sign languages. In
this way, the notation did not have, as one of its purposes, the use of the written
code by the deafs themselves.[7]
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The Stokoe’s System was the first notation to represent the “phonological”
(by the level equivalence to oral languages analysis) components of the American
Sign Language by graphic symbols. The original notation was composed by 55
symbols, but afterwards, researchers modified this set as a consequence of the
proper live language.[7].

3.2 The François Neve’s Notation

Being a researcher at the University of Liége (1996), François Neve expanded the
Stokoe’s notation, complementing it. Along with the modifications, the François
Neve notation made the enumeration and the computational treatment of the
signs possible. The written representation is done by means of columns from
up to down (in a single column when the dominant hand signalizes or in two
columns for both hands)[1].

Both in Stokoe’s and in Neve’s notations, one can perceive the phonological
aspects specified up to that moment. The notations also had the basic elements
needed to represent non-manual expressions (face, body and head, between oth-
ers), indispensable components of sign languages as seen before.

3.3 HamNoSys

The HamNoSys (Hamburg Sign Language Notation System) [2] is a phonologi-
cal linear transcription system with a greater scope than Stokoe’s that defines
about 200 symbols for the representation of the parameters: hand configuration,
orientation, locations in the head and in the trunk and the movements by means
of iconic representations easily perceived and recognized. An innovation of this
representation was the inclusion of the non-manual expressions.

From this writing system, a computational system for sign transcription was
developed and this helped to propose some tools for deaf people.

The SiGML (Signing Gesture Markup Language) [4] is a transcription model
based on HamNoSys, built by means of XML (the eXtensible Markup Language)
and a flexible alternative for representing sign language signs constituents in a
computational way.

3.4 SignWriting

The SignWriting is a graphic written notation of sign languages. Its components
allow for any sign language to be represent visually, or, in other words, the writ-
ing system allows for representing the phonological structure of sign languages
in a graphic manner.

According to Capovilla & Raphael (2001)[5], the SignWriting has as its objec-
tivemore than a scientific simple sign notation system, having as an additional aim
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being a practical system for sign writing capable of assuring fast, safe and error-
free written communication between deaf people in their everyday activities.

This writing system was developed by Valerie Sutton in 1981 as an extension
of a movement notation system, the Sutton Movement Writing & Shorthand,
that aimed at being able to represent, in a systematic way, any movement of
dance, sports, physiology between others.[5]

SignWriting is a robust system capable of representing, graphically, any sign
language, acting as an alphabetic system in which the graphic units correspond
to the minimal elements that compose the sign. [4] In Brazil, the use of SignWrit-
ing is still restricted, but many authors defend its use as a means of amplifying
the scope Libras use and registrations. This writing system is not well known
among the deaf communities, mostly because great part of the information and
knowledge legacy is represented in other languages, frequently in the written
form of the oral ones, in our case, Portuguese. Additionally, there are few tools
for Libras that offer support for SignWriting use. In this context, the developing
of technological artefacts that can propel SignWriting use and legitimation as
a writing system for Libras by which the deaf communities can produce and
register this knowledge emerges as critical.

In Capovilla & Raphael work (2001)[5], it is possible to perceive that SignWrit-
ing has a fundamental role in sign languages in general, since it helps the deaf
people to understand efficiently each detail of the sign composition by means
of the written correspondent. Parameters as location, movement, orientation,
facial expressions can be easily visualized with SignWriting.

Even being SignWriting a graphic code for signs writing, some important pa-
rameters such as velocity, frequency, sequentiality marks, between others, are
not available. For human use, sometimes, these are perceived in a natural and
unconscious form by sign language users. Never-the-less, for adequate computa-
tional treatment, a more detailed sign phonological components description is
needed.

The writing systems presented here are seen as interesting alternatives for
helping in signs registration. SignWriting, mainly, is a proper written system
with all the potentiality to be used with Libras, by the reasons discussed above.
This justifies its choice as the basis for the WEB service for the Model Interpre-
tation to a writing signs system in question.

Further differential of SignWriting to other similar systems refers to the broad
existent documentation. This system is the unique one that presents charac-
teristics related to simultaneity so clearly and that utilizes a precise spacial
description.

4 Conceptual Bases

In this section the Architecture [13] and the Phonological Model [12] for ade-
quate Libras treatment, fundamental stones for the present WEB service, are
presented.
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4.1 The Computational Architecture to Support the Social
Inclusion of Deaf Communities in Brazil

The proposed architecture can be described trough two main elements: the ab-
stract four general layers hierarchy (with special relevance of the basic interface
structure built) and the integration model, which shows all the modules and
their identified interrelations that give support for the execution of the abstract
architecture. Figure 1 presents an abstract of the proposed HCI Architecture, in
its four levels.

The surface layer is responsible for providing adequate applications, mainly in
the axes of i) giving adequate support to Deaf natural language (i.e. Sign Lan-
guage) acquisition and registration (as occurs traditionally in the written codes
of any oral language); ii) supporting teaching-learning processes of Libras itself
and of written Portuguese as their second language (i.e. literacy); and, what is
self- explaining of the situation of real severity level, iii) supporting knowledge
acquisition of every other area, considered the hypothesis of the Sign Language
acting as the mother language for the Deaf in any interpretation process.

Fig. 1. Proposed HCI Architecture with developed and in progress modules and bases.
Adapted from [13]

The services needed referred specially to those associated to language itself,
starting by dictionaries, thesaurus and translators. Though being themselves ap-
plications, they can be seen and even more they are critic as tools to allow for
plain applications for Deaf communities. The interface between the services and
the internal APIs has as its principal function providing correct frameworks for
both tools layers being built scientifically sound. Finally, the internal level is
responsible for the Computer Science subareas knowledge and technology nec-
essary for the several tools and applications.

After presenting the overall architecture, we proceed to describe the integrat-
ing model. This representation makes explicit all the modules and bases involved,
and their necessary interrelations. Figure 1 shows it, together with the modules
instantiated (developed/in progress) up to the present moment.
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The work described in the present paper - the WEB service for the interpre-
tation of the sign descriptions by means of the computational model of Libras
phonology to SignWriting symbols - is situated within the described architec-
ture as indicated in Figure 1, in the SignWriting Generator, since it receives the
computational phonological description of a sign components and produces for
the user, the graphic representation components of the sign in SignWriting.

4.2 Computational Description Model of Libras

This Research Group present a computational representation model based on
a compilation and adaptation of phonological models that aggregates a high
degree of details for sign description. Such finesse in describing the signs render
the model presented as adequate for computational treatment of SL. Figure 2
shows an adaptation of the basic structure of the model with some of its main
parameters. For example, one can see in figure 1 that a Sign is composed by
a Hold, a Non-Manual Expression and a Movement (that may be combined in
different levels to represent simultaneity and sequentiality. Each element, by
turn, are roots of tree that expands down to the leaf level, where the actual
values of the required parameters are enumerated (e.g. the element of quality
may be defined by the extension, tension, velocity and other temporal aspects of
the movement). The proposed structure (its use and the degree of computational
details of signs) is important to solve a series of problems thus far encountered
in SL recognition, building signs (3d), written signs, among others.

Fig. 2. Conceptual Structure of Sign Computational Representation. Adapted from
[10] and [11]

The proposed model is a compilation of several phonological models existing
in the literature, and it extends these models in various aspects: it allows for
simultaneity, sequentiality; non-manual expressions etc. The model has a high
degree of detailed parameters and values that could be attributed to such param-
eters. Additionally, the proposed model allows for adoption of new expressions,
parameters and values, which is a powerful feature in the model to support new
discoveries in SL.



364 C.E.A. Iatskiu et al.

This completudeness is important for the processing (use of the knowledge
as described by the model for image recognition, translation etc.) and for the
execution (e.g. to generate 3D interpreters). Additionally, the proposed model
includes the non-manual expressions, that may be used in the intensity, sentence
formation, semantics and in the singular characterization of a sign. This singu-
lar characterization often occurs in disguised signs. These expressions aggregate
facial. The proposed model is an important element of a conceptual Human-
Computer Interaction (HCI) architecture previously cited that takes several
aspects of the deaf needs into consideration.

Such model is necessary, for example, to aid Computer Vision (CV) to better
train algorithms for sign recognition, with the correct set of representative signs
and descriptions. Most CV studies, for example, rely on the use of gloves for
recognition. A glove limits the natural signing of the SL and does not consider,
in most cases, very important aspects as non- manual expressions, locations,
among others.

To assist CV in the recognition process, the creation of an adequate sign base
(not random or isolated) with descriptions of the signs according to phonology is
all important. Thus, CV will have a representative set of signs and their recogni-
tion will be the elements of phonology. This way you can retrospectively identify
any other signs not present at the base, because recognition is for their formation
parameters. Thus, will possible the create tools that allowing the search signals
by the elements of phonology and the real support of the translators.

This model is of extreme importance for the work in question, since from its
rules for sign components description, in a high level of detail, it allows for the
automatic generation of the graphic symbols.

5 Related Work

During the study of related work found several problems that justify the lack
of use, by deaf communities, of the available tools. Most of them are based on
inadequate input/output paradigms for the production of SignWriting graphic
symbols.

Incorrect input/output paradigms cause a high time for the generation of a
unique sign graphic symbols. Additionally, sometimes, available systems seem to
have been built for a non-representative portion of deaf communities, namely the
one that are himself called hearing impaired and understand its country official
oral language. The tools revised were the following: SignNet [3], SW-Edit[6] and
SignPuddle [14].

6 The Developed Service and Some Results

The WEB service developed is situated within the architecture as described, and
can be used in two ways: for the automatic interpretation of XML to the Sign-
Writing graphic symbols, and, also, for an intelligent search for graphic symbols.
As can be observed in Figure 3, the system reads the Libras sign description
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Fig. 3. Abstraction of the proposed system

in the Phonological Model in XML and the user receives as output the graphic
symbols components of SignWriting that correspond to the input sign.

In Figure 3 the reader can see in a more detailed way the service operation.
The main difference from it to the other tools available comes from the fact
that it does not make a conversion from a sign to an unique pre-existent Sign-
Writing correspondent symbol but, instead, converts each piece of XML describ-
ing the primitives that compose the sign (dominant hand, movement,...) to the
correspondent SignWriting sign component.
Only after having converted every piece of XML to the correspondent one, the
SignWriting sign spelling process is completed. In this way, the developed service
allows for the written sign partial and gradual composition of the writing sign,
through a search for the sign construction in an inverse manner of the one used
by others available tools.

Fig. 4. Graphic sign of yellow color in SignWriting

In Figure 4, we can see the Libras sign for the Portuguese world “amarelo”
(yellow). In order to understand the way in which the system interprets each
piece of XML code and forms the written symbols we can observe Table I, which
shows the movement in Libras Phonological Model of Figure 4.
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Table 1. Table with the XML description of the movement of the sign “amarelo’” in
Libras - Adapted from [12]

<movement sequence=“1”>
<dominantHand>
<type>
<contour>rectilinear</contour>
<unidirectional>down</unidirectional>
<contact>rub</contact>

</type>
<quality>
<velocity>normal</velocity>

</quality>
<frequency>simple</frequency>

</dominantHand>
</movement>

As we can observe in this Table, the service reads each described XML chunk
in an independent manner for the SignWriting symbols generation. In this way,
every existent (or non-existent yet, if represented in the Model) Libras sign can
be generated from its primitives description. The system’s databases composed
of each elementary component described by the Libras Phonological Model, and
not by the correspondence sign-SignWriting symbols like other available tools do.
This makes the system managing possible, since along the language evolution,
it will not be necessary to enter each new sign created, because its elementary
components will be already storage.

The second functionality of the service presented here acts in a similar way
as other available tools do, with the difference that it uses as input the same
XML code with the sign description in the first capacity or use of the service
described above. The output for the user consists on the set of all the signs that
have that chunk as a component. The service is all being developed for the WEB
platform in order to be available for deaf communities. Meanwhile it expects to
be integrated within a non-distant future, to the whole working architecture.

6.1 Results

A concrete result can be observed in Figure 5, which shows the execution of the
developed service doing a convertion from the Libras XML sign description and
produces the graphic SignWriting symbols.

In the same Figure, we can see a chunk of XML code that refers to the hand
configuration for the sign in Libras for“deaf”. Some details can be stated: the
thumb: contact form and in which other finger, the adjacent and parallel thumb
rotations, the other fingers (indicator, medium, ring and little) disposition and
junction, only the indicator is open and the others closed, all fingers are united
and the thumb contact is the pad of the back of the middle finger.
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Fig. 5. Service Web Interface

Faced to these results, we can consider that the automatic generation of the
graphic SignWriting symbols for the Libras signs representation is viable and
innovative, and can bring useful benefits for deaf communities in Brazil. The
written code, that will be storaged and searched for, can be seen as poten-
tially global for this problem solution, since sign languages share most of their
“phonological” constituents. In this way, the service developed can be seen as a
promissory step for the solution of the written sign language edition problem.

7 Conclusions and Future Work

The necessity of any natural language writing is critical, for it not to be lost
along time. The deaf communities needs are clear, mainly when we talk about
access to information without the country oral language mediation. In this sense,
the work presented here has potentiality to represent a significative contribution
to solve a relevant technical problem with clear social results. This service pre-
sented here is relevant part of an alternative output of the writing Portuguese -
translator module under developing.

The principal question to be treated in future work is the generation of Sign-
Writing symbols of a sign within it’s proper spacial. It refers to the conversion
of the written version of our oral language (Portuguese) into the corresponding
XML Libras description by the Phonological Model built within the research
group. disposition.

This capability will be one of the bases for the automatic translation from
written Portuguese to Libras that will give the Brazilian deaf communities the
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possibility of having easy access (in graphic written form) to books, classroom
notes, films and any other academic or cultural content.
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8. Fernandes, S.F.: Avaliação em ĺıngua portuguesa para alunos surdos: algumas con-
siderações. Universidade Federal do Paraná (2007)
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