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Abstract

Abstract en Francgais

Les recherches et les logiciels présentés dans cette étude s’adressent
a une importante minorité au sein de notre société, a savoir la com-
munauté des sourds. Selon 1’Organisation Mondiale de la Santé, cette
minorité compte plus de 278 millions de personnes dans le monde. De
nombreuses recherches démontrent que les sourds ont de grosses diffi-
cultés avec la langue vocale (LV — Anglais, Chinois, etc.) ce qui explique
que la plupart d’entre eux préférent communiquer en Langue des Signes
(LS). Du point de vue des sciences de I'information, les LS constituent
un groupe de minorités linguistiques peu représentées dans l'univers
du numérique. Et, de fait, les sourds sont les sujets les plus touchés par
la fracture numérique.
Cette étude veut donc étre une contribution pour tenter de combler ce
fracture numérique qui pénalise les sourds. Pour ce faire, nous nous
sommes principalement concentrés sur 'informatisation de SignWriting,
qui constitue 1'un des systéemes les plus prometteurs pour écrire la LS.
Concretement, SignWriting est un systeme d’écriture qui utilise des sym-
boles pour représenter les configurations des mains, les mouvements et
les mimiques du visage de la LS.
Nos travaux visent donc a projeter et élaborer un systéme pour dévelop-
per la production et 'utilisation des ressources en LS écrites avec Sign-
Writing. Ce systéme a été baptisé: SignWriting-oriented resources for
the deaf (SWord). Le but final de SWord est de rendre SignWriting
effectivement exploitable par les sourds aussi bien en tant que moyen
de communication qu’en tant que support d’apprentissage notamment
dans le domaine du numérique. SWift, un éditeur numérique permet-
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tant la création de ressources numériques en LS écrites avec SignWriting,
a été le premier logiciel & étre inclus dans SWord. Dans la présente étude,
nous souhaitons illustrer une série de fonctions mises a jour de SWift,
comme par exemple la possibilité de composer des histoires entiéres
en LS. En outre, pour évaluer la fiabilité et la facilité d'utilisation de
'application, nous avons organisé une session de tests sur un échantillon
de ses principaux usagers, a savoir des personnes qui connaissent et
utilisent SignWriting. Etant donné que cet échantillon est composé en
majeure partie de sourds, nous avons adapté I’approche des tests de
fagon a ce qu'elle soit valable aussi bien pour les utilisateurs de la LS
que ceux de la LV. Pour la réalisation du test, nous avons adapté une
méthode classique d’évaluation de la facilité d’utilisation, a savoir le
Think-Aloud Protocol (TAP) ainsi qu'un questionnaire de satisfaction
trés répandu, a savoir le Questionnaire for User Interaction Satisfacion
(QUIS).

En dépit des efforts accomplis, nous avons constaté que les éditeurs
numériques pour SignWriting, comme par exemple SWift (et de nom-
breux autres) sont encore bien loin d’offrir a 1"utilisateur une interface
en mesure d'imiter la simplicité de I'écriture manuscrite. C’est la raison
pour laquelle nous avons approfondi nos recherches afin de projeter une
nouvelle génération d’éditeur pour SignWriting, en mesure d’épargner
a l'utilisateur d’éventuelles obligations liées au click, au glissé-déposé, a
la recherche et a la navigation sur l'Interface Utilisateur (IU) pendant
le processus de composition d'un signe. Notre objectif est de réaliser
un mode d’interaction se rapprochant le plus possible de la méthode
papier-stylo dont se servent habituellement les étres humains pour écrire
ou dessiner.

Cet objectif représente le noyau de notre étude. Pour pouvoir réaliser
cette nouvelle génération d’éditeur, nous avons congu et élaboré un
logiciel préposé a la conversion électronique d’images scannées con-
tenant des symboles manuscrits ou imprimés en textes numériques
dans SignWriting. Cette technique est dénommée SignWriting Optical
Glyph Recognition (SW-OGR) dans la présente étude. Apparemment
SW-OGR a beaucoup de points en commun avec les techniques de Opti-
cal Character Recognition (OCR) pour LV, qui sont largement entérinées
par la littérature sur la vision par ordinateur. Par conséquent, apreés
avoir recueilli un bon nombre de textes manuscrits dans SignWriting,
en fonction de leur caractéristique picturale, nous avons étudié les simil-
itudes possibles entre le SW-OGR et les techniques a la pointe de 'OCR
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pour les caractéres manuscrits de la langue arabe, indienne et chinoise.
Meéme si ces techniques adoptent des approches similaires, fondées sur
des techniques de reconnaissance des formes et de '’Apprentissage Au-
tomatique, leur application dépend souvent de la notation spécifique
qui doit étre reconnue.

Dans le cas présent, nous n’avons pas pu suivre le méme parcours pour
la conception du moteur SW-OGR et nous avons dii élaborer nos pro-
pres procédures de reconnaissance. Un choix qui a été dicté par les
caractéristiques de SignWriting. Primo parce que, contrairement a de
nombreux alphabets, SignWriting offre une série de symboles de l'ordre
de dizaines de milliers. Secundo parce que, habituellement, 'écriture a
la main étant relativement imprécise, chaque symbole peut étre dessiné
de plusieurs fagons différentes (généralement de l'ordre de dizaines de
fagons différentes), comme n'importe qu’elle notation manuscrite.

Par conséquent, il est évident que n'importe quelle formation pour une
approche basée sur 'apprentissage automatique prendrait un temps ex-
agérée et, surtout, demanderait un nombre considérable de modeles. Il y
a également une autre raison qui complique I'application des techniques
de reconnaissance des formes: 1’absence de regles fixant le nombre, le
type et la position des symboles dans un signe écrit avec SignWriting. En
effet, la liberté de composition, qui est 1'une des caractéristiques faisant
de SignWriting un instrument trés utile pour I'écriture au quotidien en
LS, complique beaucoup la modélisation de la notation.

Pour toutes les raisons mentionnées ci-dessus, nous avons donc pro-
jeté et mis en place SW-OGR de fagon a effectuer la reconnaissance
des textes dans SignWriting en travaillant exclusivement sur les car-
actéristiques géométriques et topologiques des symboles et leurs rela-
tions topologiques. Nous nous sommes également appuyés sur des
informations contextuelles, comme par exemple la connaissance de
l'organisation de 1’alphabet de SignWriting.

Dans la présente étude nous présentons également nos recherches sur
'alphabet de SignWriting visant a d’identifier les critéeres géométriques
permettant de classifier ses symboles, la conception de la procédure de
reconnaissance, ’élaboration et la mise a 1’essai du moteur SW-OGR. La
premiére partie de la procédure vise a repérer les formes bases au sein
des fragments présents dans le texte écrit (cercles, polygones, etc.). C’est
la seule étape au cours de laquelle nous pouvons exploiter les procé-
dures d’apprentissage automatique existantes. Les formes détectées et
leurs caractéristiques sont utilisées pour inférer la région du corps et
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le type d’élément non-anatomique (mouvement, contact, etc.) que le
fragment peut décrire.

A partir de 13, les criteres identifiés correspondent & une série de véri-
fications effectuées pour reconnaitre les caractéristiques du symbole.
Les résultats de ces vérifications sont ensuite utilisés pour construire un
code, qui est lui-méme utilisé pour identifier le symbole.

Le moteur SW-OGR a vocation a accomplir une double fonction: en
premier lieu, il peut étre intégré dans un éditeur de SignWriting ex-
istant, tel que SWift, afin de fournir un support immédiat a I'écriture
manuscrite et de rendre le processus de composition beaucoup plus
rapide et pratique pour un usage quotidien. A signaler que depuis le
début de nos travaux, nous étions conscients de la présence (et des di-
mensions importantes) d’un certain nombre de corpus manuscrits en
SignWriting recueillis par diverses communautés dans le monde. Cette
documentation est un bien précieux qui pourrait étre beaucoup plus
utile encore si elle était numérisée. En second lieu, SW-OGR est donc
en mesure de numeériser ces corpus de fagon « intelligente », a savoir
qu’il ne se limite pas a effectuer un simple « balayage » des documents
mais, a travers la reconnaissance, il est en mesure de recueillir toutes
les informations sur le rapport entre les signes et les symboles qui les
composent, et permet ainsi a la communauté scientifique de réaliser
tout type d’analyse linguistique sur des séries de données complétes en
SignWriting.
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Abstract in English

The studies and the software presented in this work are addressed
to a relevant minority of our society, namely deaf people. According
to the World Health Organization, such “minority” currently counts
more than 278 million people worldwide. Many studies demonstrate
that, for several reasons, deaf people experience significant difficulties in
exploiting a Vocal Language (VL - English, Chinese, etc.). In fact, many
of them prefer to communicate using Sign Language (SL). As computer
scientists, we observed that SLs are currently a set of underrepresented
linguistic minorities in the digital world. As a matter of fact, deaf people
are among those individuals which are mostly affected by the digital
divide.

This work is our contribution towards leveling the digital divide affect-
ing deaf people. In particular, we focused on the computer handling
of SignWriting, which is one of the most promising systems devised
to write SLs. More specifically, SignWriting is a writing system which
uses visual symbols to represent the handshapes, movements, and facial
expressions of SLs.

Our efforts aim at designing and implementing a framework to support
the production and the use of SignWriting-oriented resources for the
deaf (SWord). The ultimate purpose of SWord is to make SignWriting
effectively exploitable as a communication mean and a learning sup-
port for deaf people, especially in the digital world. The first software
to be included into the SWord framework was SWift, a digital editor
which allows the creation of digital SL resources written in SignWrit-
ing. In this work, we present a number of upgraded features of SWift,
such as the possibility to write signed stories. Moreover, to asses the
reliability and the usability of such application, we conducted a test
session with its main target users, i.e. people which are proficient in
SignWriting. Since our sample was mainly composed by deaf people,
we adapted our testing approach to be viable for both SL and VL users.
In order to perform the assessment, we adapted a popular usability
testing methodology, namely the Think-Aloud Protocol (TAP), and a
widespread customizable questionnaire, namely the Questionnaire for
User Interaction Satisfaction (QUIS).

Despite our efforts, we observed that SignWriting digital editors, such
as SWift (and many others), are still far from granting the user an in-
terface which is able to emulate the simplicity of handwriting. For this
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reason, we continued working towards the possibility to design a new
generation of SignWriting editors, able to lift the user of any burden
related to clicking, dragging, searching, browsing on the User Interface
(UI) during the composition process of a sign. Our aim is to implement
an interaction style which is as similar as possible to the paper-pencil
approach that humans normally use when writing or drawing.

The main part of the present work deals with this latter goal. To make
such new generation of editors feasible, we designed and implemented
a software application whose purpose is to operate the electronic conver-
sion of scanned images containing handwritten or printed SignWriting
symbols into machine-encoded SignWriting texts. Such technique is
referred to as the SignWriting Optical Glyph Recognition (SW-OGR) in
the present work.

Apparently, the SW-OGR topic shares much in common with the Optical
Character Recognition (OCR) techniques for VLs, which are well con-
solidated within the computer vision literature. More specifically, after
gathering a fair number of handwritten SignWriting texts, and given
their pictorial nature, we investigated the possible similarities between
the SW-OGR and the modern OCR techniques employed to perform the
recognition of Arabic, Indian and Chinese handwritten characters. Even
if such techniques adopt similar approaches, based on pattern recogni-
tion and machine learning, their implementation may often depend on
the specific notation to be recognized.

In our case, we could not follow a similar line for the design of the
SW-OGR Engine, and we were forced to devise our own recognition
procedures. The reason for this choice is the very particular nature of
SignWriting. First of all, unlike most alphabets, SignWriting features
a number of symbols which is in the order of the tens of thousands.
Moreover, since handwriting is usually quite inaccurate, each symbol
can be drawn in a number (usually in the order of tens) of different ways,
as in any handwritten notation. As a consequence, it is evident that
any training to enable a machine learning approach would require an
unreasonable amount of time and, most of all, of training templates. A
further reason makes the application of pattern recognition techniques
very difficult, i.e. the total lack of rules regulating the number, type and
position of the symbols within a SignWriting sign. In fact, the composi-
tion freedom, which is one of the features which make SignWriting a
very handy tool for everyday SL writing, also makes the modeling of
the notation very difficult.
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For the above reasons, we designed and implemented SW-OGR to per-
form the recognition of SignWriting texts by only working with the
geometric and topological features of the symbols, and with their topo-
logical relationships. We also relied on context-dependent information,
such as the knowledge of the organization of the SignWriting alphabet.
In this work we present the studies performed on the SignWriting al-
phabet in order to identify geometric criteria to classify its symbols, the
design of the recognition procedure, and the development and testing
of the SW-OGR engine. The starting points of the procedure aims at
identifying base shapes within the fragments of the written text (circles,
polygons, etc.). This is the only step where we can exploit existing ma-
chine learning procedures. Detected shapes and their features are used
to infer the body area or kind of non-anatomical element (movement,
contact, etc.) that the fragment may depict. From this point on, the iden-
tified criteria correspond to a series of checks performed to recognize
the features of the symbol. The result of the checks are used to build a
code, which is finally used to identify the symbol.

The engine is intended to serve a twofold purpose: first of all, it can be
embedded within existing SignWriting editors, such as SWift, in order
to provide a prompt support for handwriting, and make the composi-
tion process much faster and comfortable for everyday use. In addition,
since the beginning of our work, we were aware of the presence (and of
the considerable size) of a number of handwritten SignWriting corpora
gathered from different communities around the world. Those corpora
are an invaluable asset, and they could become even more useful if digi-
talized. SW-OGR is able to digitalize such corpora in a smart way, since
it does not simply perform a “scan” of the documents, but, through the
recognition, it is able to gather any information about the relationship
between a sign and the symbols that compose it, thus allowing the re-
search community to perform any kind of linguistic analysis on whole
SignWriting datasets.
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Abstract in Italiano

Gli studi ed i software presentati in questo lavoro sono indirizzati ad
una importante minoranza nella nostra societa, ossia quella costituita
dalle persone sorde. Attualmente, secondo la World Health Organiza-
tion, tale “minoranza” e costituita da piu di 278 milioni di persone in
tutto il mondo. Molti studi dimostrano che, per diverse ragioni, le per-
sone sorde incontrano serie difficolta nell'utilizzo di una Lingua Vocale
(LV - Inglese, Cinese, ecc.). Infatti, molti di loro preferiscono comunicare
usando la Lingua dei Segni (LS). Da un punto di vista delle scienze
dell'informazione, si pud osservare che le LS costituiscono attualmente
un gruppo di minoranze linguistiche poco rappresentate nel mondo
digitale. Di fatto, le persone sorde sono tra gli individui maggiormente
affetti dalla digital divide.

Il presente lavoro rappresenta il nostro contributo per ridurre la digital
divide che colpisce le persone sorde. In particolare, ci siamo concen-
trati sull’informatizzazione di SignWriting, che € uno dei sistemi pilt
promettenti ideati per scrivere la LS. Pil1 specificamente, SignWriting &
un sistema di scrittura che utilizza simboli per rappresentare le configu-
razioni delle mani, i movimenti e le espressioni facciali della LS.

I nostri sforzi mirano a progettare e implementare un framework per
favorire la produzione e 'utilizzo di risorse in LS scritte con SignWriting,
il nome del framework e SignWriting-oriented resources for the deaf
(SWord). 1l fine ultimo di SWord e di rendere SignWriting effettiva-
mente sfruttabile come mezzo di comunicazione e come supporto per
I'apprendimento per le persone sorde, soprattutto nel mondo digitale.
Il primo software ad essere incluso in SWord & stato SWift, un editor
digitale che permette la creazione di risorse digitali in LS scritte con
SignWriting. In questo lavoro, presentiamo una serie di features aggior-
nate di SWift, come ad esempio la possibilita di comporre intere storie in
LS. Inoltre, per valutare I'affidabilita e 1'usabilita di tale applicazione, ab-
biamo condotto una sessione di test con un campione dei suoi principali
utenti finali, ossia persone che conoscono ed usano SignWriting. Dato
che il nostro campione & composto principalmente da persone sorde,
abbiamo adattato il nostro approccio di test in modo da essere valido
sia per gli utenti di LS che di LV. Al fine di eseguire il test, abbiamo
adattato un popolare metodo per la valutazione dell’usabilita, ossia il
Think Aloud Protocol (TAP), e un questionario personalizzabile molto
diffuso, vale a dire il Questionario per la User Interaction Satisfaction
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(QUIS).

Nonostante i nostri sforzi, abbiamo osservato che gli editor digitali per
SignWriting, come ad esempio SWift (e molti altri), sono ancora molto
lontani dal fornire all'utente un’interfaccia che sia in grado di emulare
la semplicita della scrittura a mano. Per questo motivo, abbiamo contin-
uato a lavorare verso la possibilita di progettare una nuova generazione
di editor per SignWriting, in grado di sollevare l'utente da eventuali
oneri legati a click, drag-and-drop, ricerca e navigazione sull'Interfaccia
Utente (UI) durante il processo di composizione di un segno. Il nos-
tro obiettivo e realizzare uno stile di interazione che sia il piti simile
possibile al metodo carta-e-penna che gli esseri umani normalmente
utilizzano durante la scrittura o il disegno.

La parte principale del presente lavoro affronta quest’ultimo obiettivo.
Per rendere realizzabile questa nuova generazione di editor, abbiamo
progettato e implementato un software il cui scopo € quello di operare
la conversione elettronica di immagini scansionate contenenti simboli
scritti a mano o stampati in testi digitali in SignWriting. Nel presente
lavoro, tale tecnica viene definita come SignWriting Optical Glyph Recog-
nition (SW-OGR).

Apparentemente, SW-OGR ha molto in comune con le tecniche di ri-
conoscimento ottico dei caratteri (OCR) per LV, che sono ben consolidate
nella letteratura relativa alla computer vision. In particolare, dopo aver
raccolto un discreto numero di testi scritti a mano in SignWriting, e
data la loro natura pittorica, abbiamo studiato le possibili analogie tra
la SW-OGR e le moderne tecniche di OCR per i caratteri scritti della
lingua araba, indiana e cinese. Anche se tali tecniche adottano approcci
simili, basati su tecniche di pattern recognition e machine learning, la
loro attuazione puo spesso dipendere dalla specifica notazione che deve
essere riconosciuta.

Nel nostro caso, non abbiamo potuto a seguire una linea simile per la
progettazione del motore SW-OGR, e abbiamo elaborato le nostre pro-
cedure di riconoscimento. La ragione di questa scelta ¢ la particolare
natura di SignWriting. Prima di tutto, a differenza di molti alfabeti, Sign-
Writing presenta una serie di simboli che & dell’ordine delle decine di
migliaia. Inoltre, poiché la scrittura mano & di solito piuttosto imprecisa,
ogni simbolo puo essere disegnato in un numero (di solito dell’ordine
di decine) di modi diversi, come in qualsiasi notazione manoscritta.
Di conseguenza, ¢ evidente che qualsiasi training per consentire un
approccio basato sul machine learning richiederebbe una quantita ir-
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ragionevole di tempo e, soprattutto, di templates. Un ulteriore motivo
rende l'applicazione di tecniche di pattern recognition molto difficile,
cioe la totale mancanza di norme che regolino il numero, il tipo e la
posizione dei simboli all'interno di un segno scritto con SignWriting.
Infatti, la liberta composizione, che & una delle caratteristiche che ren-
dono SignWriting uno strumento adatto per 1'utilizzo quotidiano, rende
anche la modellizzazione della notazione molto difficile.

Per le ragioni di cui sopra, abbiamo progettato e implementato SW-OGR
in modo da eseguire il riconoscimento di testi in SignWriting lavorando
esclusivamente con le caratteristiche geometriche e topologiche dei sim-
boli, e con le loro relazioni topologiche. Abbiamo anche fatto affida-
mento su informazioni contestuali, come ad esempio la conoscenza
dell’'organizzazione dell’alfabeto di SignWriting.

In questo lavoro presentiamo i nostri studi sull’alfabeto di SignWriting
al fine di identificare i criteri geometrici per classificare i suoi simboli,
il design della procedura di riconoscimento, e lo sviluppo e il testing
del motore SW-OGR. La parte iniziale della procedura mira ad individ-
uare le forme base all’interno dei frammenti presenti del testo scritto
(cerchi, poligoni, ecc). Questo e 'unico passo in cui possiamo sfruttare
procedure di machine learning esistenti. Le forme rilevate e le loro
caratteristiche sono usate per inferire la regione del corpo o il tipo di
elemento non-anatomico (movimento, contatto, ecc) che il frammento
puo descrivere. Da questo punto in poi, i criteri individuati corrispon-
dono a una serie di controlli effettuati per riconoscere le caratteristiche
del simbolo. Il risultato dei controlli vengono utilizzati per costruire un
codice, che viene infine utilizzato per identificare il simbolo.

I1 motore SW-OGR e destinato a servire un duplice scopo: in primo
luogo, esso puo essere integrato all’interno di editor di SignWriting
esistenti, come SWift, al fine di fornire un supporto rapido per la scrit-
tura a mano, e rendere il processo di composizione molto piti1 veloce e
comodo per 'uso quotidiano. Inoltre, fin dall’inizio del nostro lavoro,
eravamo consapevoli della presenza (e della notevole dimensione) di
un certo numero di corpus manoscritti in SignWriting, raccolti da di-
verse comunita in tutto il mondo. Questi corpus sono un bene prezioso,
e potrebbero diventare ancora pit1 utili se digitalizzati. SW-OGR e in
grado di digitalizzare tali corpus in modo intelligente, in quanto non
si limita a eseguire una semplice “scansione” dei documenti, ma, at-
traverso il riconoscimento, € in grado di raccogliere tutte le informazioni
sul rapporto tra i segni e i simboli che li compongono, permettendo cosi
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alla comunita scientifica di eseguire qualsiasi tipo di analisi linguistica
su interi dataset in SignWriting.






Introduction

The subject of the present work lies in the middle between image
processing and human-computer interaction (HCI). The title reads: In-
formatisation of a graphic form of Sign Languages - application to SignWriting,
and it is important to spend a few words to clarify its meaning. First of
all, Sign Language (SL) is the visual-gestural language used by many
deaf people to communicate with each other. SL is deeply different
from the Vocal Language (VL) used by hearing people, such as English,
Chinese, etc. This is mainly due to the fact that the cognitive structures
underlying the language processing of deaf people are deeply different
from those exploited by hearing people. In fact, such structures reflect
the highly visual perception experienced by people who mainly feel the
world surrounding them through their eyes.

Like many other languages in the world, SLs do not currently have a
widely acknowledged graphic (or written) form. The main difference
between the two situations is that in the former case the problem is
mostly limited to small and isolated communities, while SLs, which are
different in the different countries like VLs, are used by a community
which shares its communication space with another (hearing) commu-
nity, whose VL is the dominating one. As a matter of fact, the deaf
communities around the world do not currently share a common writ-
ing system to represent their preferred language. This still happens
notwithstanding the fact that a number of writing systems have been
developed for SLs, by different research teams and for different pur-
poses (see Chapter|[I). Actually, choosing one writing system for SLs is
subordinated to the goal that one must pursue. In our case, given our
goal to increase the accessibility of electronic resources to deaf people
in every day life, SignWriting proved the most appropriate candidate to
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work with, since it has features that can rarely be found in other SL writ-
ing systems. More specifically, SignWriting is a writing system which
uses visual symbols to represent the handshapes, movements, and facial
expressions of SLs. Its high iconicity, and the possibility to be employed
in everyday use made it the ideal candidate for a wide diffusion, and
for this work (see Chapter 22).

Unfortunately, neither SLs, and even less any of the systems devised to
write them, are adequately, extensively and ubiquitously exploited to
transmit information in the digital world. Most digital artifacts, in fact,
are available only in VL, whether they are applications, content, websites,
etc. Little attention is paid to accessibility design for deaf people, which
is often carried out using solutions on the edge of the workaround, i.e.
through textual captioning and audio-content transcription. As detailed
in Chapter T} this kind of design may support the needs of people who
become deaf after the acquisition of speech and language (post-lingual
deafness), but issues related to pre-lingual deafness are seldom and
poorly addressed. Actually, a deaf-oriented accessibility design based
on SL support is still far from being realized. Videos, more specifically
signed videos, are typically the most widespread technique for SL inclu-
sion. However, even if many deaf communities have recently replaced
many functions of writing by using signed videos, this is not always
possible or appropriate. As an example, it is not possible to take notes
with a video, or to annotate a web resource (tagging) or to enter a query
on a search engine. In other words, videos lack the ease of handling and
the variegate usability of a written expression.

The belief underlying the present work is that the informatisation of
SLs is of paramount importance to achieve an effective deaf-oriented
accessibility design, and to ultimately mitigate the impact of the digital
divide on deaf people. First of all, in order to achieve this goal, it was nec-
essary to design a framework to support the production and the use of
SignWriting-oriented resources for the deaf (SWord). SWord is a frame-
work designed to include software for the acquisition, management and
dissemination of signs and signed stories written in SignWriting. The
ultimate purpose of SWord is to make SignWriting effectively exploitable
as a communication mean and a learning support for deaf people, es-
pecially in the digital world (see Chapter [B). The first software to be
included into the SWord framework was SWift, a digital editor which
allows the creation of digital SL resources written in SignWriting. In
this work, we present a number of upgraded features of SWift, such as
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the possibility to write signed stories. Moreover, we conducted a test
session to evaluate the usability and the correct functioning of SWift; in
order to do this, a sample of the main target users of SignWriting digital
editors was gathered. Since most participants were deaf, the tools and
the methodologies chosen for the test were adapted to work with deaf
people too (see Chapter

The HCI, however, is not the core topic of this dissertation. In fact,
despite our efforts, we observed that handwriting signs is still much
easier than using any SignWriting digital editor, such as SWift, to com-
pose them. For this reason, we designed and implemented a software
methodology whose purpose is to operate the electronic conversion of
scanned images containing handwritten or printed SignWriting symbols
into machine-encoded SignWriting texts. Such technique is referred to
as the SignWriting Optical Glyph Recognition (SW-OGR) in the present
work (see Chapter 4} [5} [|and [7).

Due to the huge number of symbols to recognize (about 40.000), it was
not possible to rely on Machine Learning techniques, since any train-
ing procedure aiming at recognizing the whole set of glyphs would
have been unsustainably expensive. For this reason, SW-OGR performs
the recognition of SignWriting texts by only working with processing
rules related to the geometric and topological features of the symbols,
and with their topological relationships. We also relied on context-
dependent information, such as the knowledge of the organization of
the SignWriting alphabet. In this work we present the studies performed
on the SignWriting alphabet in order to identify geometric criteria and
rules to classify its symbols, the design of the recognition procedure,
and the development and testing of the SW-OGR engine. The engine
is intended to serve a twofold purpose: first of all, it can be embedded
within existing SignWriting editors, such as SWift, in order to provide
a prompt support for handwriting, and make the composition process
much faster and comfortable for everyday use. In addition, SW-OGR is
able to digitize paper SignWriting corpora in a smart way, since it does
not simply perform a “scan” of the documents, but, through the recogni-
tion, it is able to gather any information about the relationship between
a sign and the symbols that compose it, thus allowing the research com-
munity to perform any kind of linguistic analysis on newly-acquired
SignWriting datasets.

The present dissertation is composed by 7 chapters. Chapter [I]covers
the necessary background about deafness and language; Chapter [2| pro-



4 INFORMATISATION OF A GRAPHIC FORM OF SIGN LANGUAGES

vides a detailed description of SignWriting; Chapter 3| introduces the
SWord framework and SWift. The remaining chapters cover SW-OGR.
Chapter [d introduces SW-OGR and the related work about Optical Char-
acter Recognition (OCR); Chapter[5|covers the studies on the SignWriting
alphabet in order to identify the features to be exploited during the recog-
nition procedure; Chapter[6] details the design and the implementation
of SW-OGR; finally, Chapter [/] covers the testing of the application.
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