Democratic and Popular Algerian Republic /)\aeuf
Ministry of Higher Education and Scientific Research i 7/ G ﬁ

e ) Yahia Fares University of Médéa S
ltm\// \\111\\\//

G P Faculty of Sciences s ,

Department of Mathematics and Computer Science

Final Master Project

Branch: Computer Science

Speciality: Systems Engineering and Web Technologies

Automated Arabic Algerian Sign Language Translation

System Based on 3D Avatar Technology

Proposed and directed by:
Dr. TAHA ZERROUKI

Prepared and presented by:
AMINE MAMI
MOHAMED ELFARES SLIMANI

Co-Directed by:
MR. REDHA MAZARI

Year: 2023-2024




Acknowledgment

We would like to express our deepest gratitude to everyone who contributed to the successful com-
pletion of this project. First and foremost, we thank our advisor, Dr. Taha Zerrouki and the co-
promoter Mr. Redha Mazari, for their continuous support, insightful guidance, and invaluable
feedback throughout this research. Their expertise and encouragement have been instrumental in

shaping this project.

We extend our heartfelt thanks to the laboratory responsible Mrs. Khadidja Louz for providing
the resources and support necessary for this project. Your willingness to sacrifice time and effort
to ensure we had everything we needed was invaluable. The stimulating environment you created

allowed us to thrive and explore our ideas to their fullest.

Our sincere appreciation goes to the 3D modeling professional, Mr. Youcef Benyahia, whose ex-
pert advice and contributions significantly enhanced the quality of our 3D avatar and animations,
thank you very much. We also acknowledge the support of the Unity and Blender communities on
Discord for their valuable resources and tutorials, which helped us overcome numerous technical
challenges.

We would like to express our deepest gratitude to Mrs. Dharbou Maroua, a sign language specialist
whose expertise and dedication have been invaluable to this project. Her meticulous review of the
signs and her tireless efforts to help improve more than 300 Algerian Sign Language (ASL) gestures
have significantly enhanced the accuracy and quality of our work. Thank you for your guidance,

support, and unwavering commitment to improving communication for the deaf community.

We are profoundly grateful to the teachers of the school for the deaf in Beni Slimane, Medea, for
their participation in testing the prototype. Their feedback was crucial in refining the system and

ensuring its relevance and effectiveness.

We would also like to thank our fellow students and friends for their constant encouragement and

for providing a stimulating environment that motivated us to strive for excellence.

Last but not least, we are grateful to our families for their unwavering support and understand-
ing throughout this project. Their patience and encouragement have been a source of strength for

us. Thank you all for your invaluable contributions to this project.



Dedication

First and foremost, we thank God for all His blessings and for giving us the strength and energy to
complete this work. His guidance and support have been our anchor throughout this challenging
journey. Without Him, we have no power or knowledge to accomplish anything, and we are deeply
grateful for the wisdom and perseverance He has bestowed upon us. We recognize that even the
most basic blessings come from Him, and we are humbled by His continuous mercy and grace.

This work is dedicated to:

Our families, especially our parents, whose unwavering support, patience, and encouragement
have been a constant source of strength throughout this journey. To our brothers and sisters, who
have always been there to cheer us on, and to our extended family members for their understanding
and belief in us. Your love and support have been the foundation upon which this project was built.

Our university teachers, whose dedication and passion for teaching have profoundly impacted
our academic and personal development. Your unwavering support, insightful guidance, and con-
stant encouragement have been a source of inspiration. Thank you for challenging us to push our
boundaries and for believing in our potential.

Our friends and close fellow students, as we reach the end of our academic journey, I want to
express how much I have enjoyed your company. I am deeply grateful to God for blessing me with
such good comrades. I wish you all the best in your careers and hope that our paths cross once again
in the future.

And to all the individuals who strive to break down barriers and foster inclusivity for the deaf
and hard-of-hearing communities. This project is a small contribution to your tireless efforts.

Our brothers and sisters in Palestine and Gaza, who are facing unimaginable oppression and a
relentless war against overwhelming odds. Thousands of lives are lost every day, countless untold
stories perish with them, and the people in the north of the strip suffer from hunger while the world
turns a blind eye. We are deeply sorry for your suffering and are certain that God will not let your
lives, dreams, and hopes be in vain. All we can do is pray for you, and we do so with all our hearts.

Thank you for being our motivation and inspiration.



Abstract

Aiming to reduce communication barriers between deaf individuals using Arabic Algerian Sign
Language (AASL) and hearing individuals unfamiliar with this language, an automated translation
system has been developed. This system uses a 3D avatar to dynamically and accurately represent
signs. The methodology includes the Notation System Method (NSM), which primarily relies on
encoding sign language using the Hamburg Notation System (HamNoSys), and the Gesture Anima-
tion via Motion Capture (GAMC) method for recognizing and animating gestures using intelligent
motion capture models. The study provides a comprehensive analysis of the linguistic complexities
of AASL and the challenges in developing technological solutions to address these issues. To en-
hance translation accuracy, collaboration with experts in AASL translation was conducted at each
development stage. The results indicate significant improvements in translation accuracy and user
engagement, highlighting the system’s potential to improve accessibility for the deaf community
in various fields in Algeria, based on the differences revealed through the comparison of the two

methods employed.
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Algerian Sign Language, 3D Avatar, Signwriting, Motion Capture, HamNoSys,

Deaf Community, Translation System.
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Résumé

Dans le but de réduire les barrieres de communication entre les personnes sourdes utilisant la
langue des signes algérienne arabe (AASL) et les personnes entendantes qui ne connaissent pas
cette langue, un systéme de traduction automatique a été¢ développé. Ce systéme utilise un ava-
tar 3D pour représenter les signes de maniere dynamique et précise. La méthodologie comprend
la méthode du systéme de notation (NSM), qui repose principalement sur I’encodage de la langue
des signes a I’aide du systéme de notation de Hambourg (HamNoSys), et la méthode d’animation
des gestes par capture de mouvement (GAMC) pour la reconnaissance et 1’animation des gestes a
I’aide de modeles intelligents de capture de mouvement. L’¢étude fournit une analyse approfondie
des complexités linguistiques de I’AASL et des défis dans le développement de solutions techno-
logiques pour traiter ces problémes. Pour améliorer la précision de la traduction, une collaboration
avec des experts en traduction de I’AASL a été menée a chaque étape du développement. Les résul-
tats indiquent des améliorations significatives de la précision de la traduction et de I’engagement
des utilisateurs, mettant en évidence le potentiel du systéme a améliorer I’accessibilité pour la com-
munauté sourde dans divers domaines en Algérie, en se basant sur les différences révélées par la

comparaison des deux méthodes employées.

Mots-clés

Langue des signes algérienne, Avatar 3D, Ecriture des signes, capture de mouvement,

HamNoSys, Communauté sourde, Systéme de traduction.
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General Introduction

The advent of digital technology has ushered in an era where communication barriers can be sig-
nificantly reduced, fostering inclusivity and enhancing accessibility. One critical area where tech-
nology can make a profound impact is in the communication between the deaf and hearing com-
munities. Sign languages, which are visual languages using hand gestures, body movements, and
facial expressions, play a pivotal role in the daily lives of millions of deaf individuals worldwide.
However, the lack of universal understanding and the distinct variations of sign languages pose
challenges for effective communication.

This thesis explores the development of an automated translation system for Arabic Algerian
Sign Language (AASL) using 3D avatar technology. By leveraging advanced systems engineering
and web technologies, this project aims to bridge the communication gap between deaf individuals
who use AASL and those who do not understand it. The proposed system uses a 3D avatar to
visually represent the signs, providing a dynamic and interactive translation platform that enhances
the user experience and ensures accurate representation of the language.

The thesis is structured into several key chapters, each addressing critical aspects of the research

and development process:

1. Sign Language: This chapter provides an overview of sign languages, including their his-
tory, structure, and the specific characteristics of Algerian Sign Language. It delves into the
composition of signs and the development of Arab sign languages, setting the context for the

necessity of this project.

2. Literature Review: A comprehensive review of existing research in sign language detection,
recognition, translation, and the use of 3D avatar technology. This chapter highlights the
technological advancements and methodologies that have been instrumental in enhancing

sign language translation systems.

3. Conception: This chapter outlines the design and architecture of the proposed translation

system. It covers the significance and impact of the system, detailing the system design,

10



functional and non-functional requirements, interaction design, and the technological choices

made during development.

4. Implementation: The practical aspects of developing the system are detailed in this chapter.
It discusses the development environment, hardware and software specifications, and the
implementation details and results of the notation system method and gesture animation via

motion capture.

Each chapter builds upon the previous one, culminating in a robust and comprehensive system

designed to enhance communication for the deaf community in Algeria.
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Sign Language
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01 Introduction

Sign languages represent a visual and non-verbal mode of communication primarily utilized by in-
dividuals who are deaf, mute, or hard of hearing. A prevalent misconception suggests that sign lan-
guages possess universal comprehension, yet this notion is inaccurate. Similar to spoken languages,
sign languages are diverse and distinctly tailored to specific regions. They exhibit substantial dif-
ferences in lexicons and linguistic grammars, posing challenges for hearing individuals attempting
to communicate without proper training. This discrepancy contributes to a notable communication
gap between the deaf and hearing communities.

In contrast to spoken languages, sign languages are innate forms of communication relying on
visual and non-verbal elements, such as hand gestures and body language. Despite their distinctions,
both sign and spoken languages share a fundamental purpose: to facilitate communication.

Within this chapter, we present an introduction to the realm of sign languages, providing an
overview of various universal sign languages and their distinct characteristics. Additionally, we
delve into the specifics of Algerian Sign Language, exploring its origin and structural elements.
Furthermore, we investigate the concept of automatic sign recognition and its associated advantages

in enhancing communication within the deaf and hard of hearing communities.

02 Sign Language Overview

02.1 Background

Sign languages were erroneously perceived as universally comprehensible, yet contemporary under-
standing acknowledges their linguistic diversity. Contrary to the previous misconception of their
universality, sign languages exhibit variation and cultural specificity [15]. Globally, deaf com-
munities employ distinct sign languages, underscoring the diverse linguistic landscape within this
community. Not all deaf individuals affiliate with a Deaf community; some develop individualized
gesture systems, termed “home sign” to communicate with hearing individuals [15]. This mul-
tiplicity challenges the concept of a universally understood sign language. Furthermore, hearing
individuals interact with intricate sign systems distinct from those of deaf sign languages, known
as ’secondary” sign languages [15].

Plains Indian Sign Language in North America serves as an illustrative example, acting as a
lingua franca among tribes with varied spoken languages. It possessed distinct syntactic rules, dif-
fering lexically and grammatically from American Sign Language (ASL) used by deaf individuals.

Some hearing American Indians, such as Mr. J. L. Clark, a deaf Blackfoot Indian, employed it [15].

13



Various communities, including religious orders and monasteries, adopt sign languages for so-
cial or speech-restricted situations. In isolated communities like Martha’s Vineyard in the seven-
teenth century, high incidences of congenital deafness led to the development of sign languages
used by both deaf and hearing individuals. Similar situations exist in Grand Cayman, Yucatan,
Bali, and other regions worldwide [16].

While rare, communities with both hearing and deaf members utilizing sign languages exist.
The next focal points are the number and distribution of these sign languages among global Deaf
communities, addressing fundamental questions: “How many languages are there?” and "What is
the size of the deaf community?” [16].

Sign languages, as a visually-based mode of communication, enjoy widespread popularity within
the deaf community, comprising over 70 million individuals globally. This preference stems from
the perception among many deaf individuals that their deafness constitutes a distinctive aspect of
their identity, leading them to take pride in expressing themselves through sign languages [15].
Moreover, sign languages transcend the boundaries of the deaf community, finding utility among
hearing individuals who encounter challenges in verbal communication or have deaf relatives. This
inclusive communication modality facilitates connections and interactions among individuals, irre-
spective of potential hearing impairments [15].

Sign languages are often misunderstood and subject to biases, despite their extensive use. One
common misconception is that sign languages are mere visual translations of spoken languages.
However, this belief is unfounded, as sign languages differ significantly from spoken languages,
particularly in terms of grammar and vocabulary. For instance, the English word ”right”” has multiple
meanings, including direction and correctness, whereas no single sign in sign languages such as BSL
or ASL can convey all of these meanings simultaneously [17]. This highlights that each sign in sign
languages has a distinct meaning, unlike words in spoken languages.

The history of sign language is marked by pivotal events, including the establishment of system-
atic sign language in the 18th century by Abbé Charles Michel de I’Epée. In 1760, Abbé de I’Epée
established the National Institute for the Deaf and developed a sign alphabet to facilitate commu-
nication among deaf individuals, with the language evolving through the active involvement of the
deaf community [18]. In 1880, the 2nd International Congress on Education of the Deaf in Milan
marked a crucial turning point when resolutions were passed to prohibit the use of sign language
in educational programs. This decision marginalized sign language in deaf education, leading to
lasting negative consequences for millions of deaf people globally [19].

The 1880 Milan Conference had a long-lasting impact, negatively affecting the education and

lives of deaf individuals. In 2008, a campaign started to reject the 1880 resolutions and seek a

14



formal apology. This led to the ICED conference in Vancouver in 2010, where a declaration was
made acknowledging the mistakes of the 1880 Congress and highlighting the harmful effects of
its resolutions. The declaration emphasized linguistic human rights and urged nations to follow
principles outlined in international conventions, including the Convention on the Rights of Persons
with Disabilities[20]. The Deaf community’s acknowledgment of historical mistakes and demand
for a formal apology is a significant step towards addressing the impact of the 1880 resolutions. The
World Federation of the Deaf (WFD) supported and endorsed the declaration, showing commitment
to partnering with the Deaf community to secure global educational rights[20]. This historical
moment reflects a shift towards recognizing and embracing sign language as an integral part of deaf

culture and identity.

02.2 Composition of a Sign

The signs constituting sign languages have long been regarded as simple and unanalyzable gestures,
lacking any internal organization. ’Stokoe will be the first linguist in 1960 to demonstrate that, just
like words in spoken languages, signs have an internal structure. In contrast to spoken languages,
gestural languages have a structure that reflects the simultaneity of parameters composing their
vocabulary” [21]. Stokoe (1965) identified three parameters for describing signs: configuration,

movement, and location, to which orientation was later added. What does this entail? [22]

* The Configuration: corresponds to the shape of the hand or hands forming the sign. These
configurations are noted using “brief evocations” (index, duck bill...), letters evoked by the

shapes of the hands in fingerspelling (see further below), or numbers.

* The Movement: is a complex parameter of the sign. It can have a strong phonemic character,
as a change in movement can change the meaning of a word. ”An example of this can be
cited in LSF with AIMER (to like) and NE PAS AIMER (to dislike): for these two terms,
the location (the chest) and the configuration (flat hand) are the same. Only the movement
changes, in the first case the movement is upwards and in the second, downwards” [21].
These signs AIMER and NE PAS AIMER are also found in ALSL.

* The Location: corresponds to the place where the signing speaker performs the sign. The
signing space is limited according to the constraints imposed by the visuo-motor channel to

ensure maximum management of perceived information.

* The Orientation: is determined in relation to the palm of the hand. It is a parameter that

remains vague and debatable insofar as it is difficult to describe precisely the orientation of
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the palm of the hand or hands forming the sign; especially when the hand is at an oblique

angle, thus between two defined directions.

* Another parameter allowing the analysis or description of a sign is facial expression. This
makes it possible to distinguish between two identical signs in realization. For instance, one
can cite the example of ”AIMER” (to like) and ”NE PAS AIMER” (to dislike) in LSF (French
Sign Language): for these two terms, the location (the chest) and the hand configuration
(flat hand) are the same. Only the movement changes [23], in the first case the movement is
upwards and in the second, downwards [21]. These signs, ’AIMER” and "NE PAS AIMER,”
are also found in ALSL (American Sign Language).

02.3 Categories of Gestures

In exploring the application of sign language, it becomes essential to comprehend the concept of ges-
tures. Gestures, constituting a diverse array of movements, may include temporal components [3].
These movements are commonly sorted into categories based on the involvement of specific body
parts. Typically, three fundamental types of gestures are recognized [22]: In the domain of body
language research, the investigation into gestures encompassing the entire body holds paramount
importance, particularly in endeavors such as enhancing athletic performance through meticulous
gesture analysis. These gestures can be categorized broadly into two distinct types: dynamic and
static gestures [22]. A static gesture, often termed as a posture, elucidates the arrangement of the
body or its constituent parts at a precise moment in time. In contrast, dynamic gestures entail a
continuous sequence of postures. This differentiation, rooted in temporal and dynamic attributes,
substantially enriches the understanding of body language’s communicative efficacy [22].

Although head and facial gestures may lack explicit semantic definitions, they wield substantial
influence in delineating the field of vision [22].

Hand and arm gestures emerge as a pivotal category of interactive gestures, particularly pivotal
in the realm of sign language communication due to its reliance on non-vocal modalities [2]. In
the context of sign language, the transmission of information hinges exclusively on the intricate
movements of the hands and arms, underscoring the imperative nature of precise recognition and
interpretation [2]. Moreover, nuanced variations within these gestures can exert profound influ-
ences on the conveyed message, accentuating the necessity for meticulous technique and extensive

rehearsal. [2]

16



03 Development of Arab Sign Languages

Sign language in the Arab World has gained recognition and documentation in recent times. Efforts
have been made to standardize and disseminate sign language in countries such as Jordan, Egypt,
Libya, and the Gulf States, aimed at the Deaf community and stakeholders [1] . These efforts
have resulted in the emergence of multiple sign languages, nearly matching the number of Arabic-
speaking countries, albeit with similar sign alphabets [1].

ARSLSs have primarily developed independently, although some have drawn from the experi-
ences of others [24]. The origins of ARSLs can be traced to various sources, including borrowings
from European and American sign languages, the creation of conceptual signs, mimicking actions
and natural elements, and linguistic expansions such as compounding and blending [24]. Addition-
ally, regional signs, inherited and used by local communities, have contributed to the lexicon of
ARSLs [24].

the figure 1.1 illustrates the sign for ”dead,” incorporating nonmanual features. The sign is char-
acterized by specific facial expressions: lips pressed together and eyes slightly closed, combined

with a corresponding hand movement.

Figure 1.1: Using non-manual features.[1]
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04 Algerian Sign Language

04.1 Definition

sign language has attained official recognition as the primary language for the deaf in Algeria, a
status granted by the law enacted on May 8, 2002. This groundbreaking development positions
Algeria as the pioneering and exclusive nation in the Arab world and Africa to extend such official
acknowledgment, presenting a distinctive and inclusive approach tailored to the needs of the local
deaf population[25].

The statement underscores the value of sign language while emphasizing the ongoing need for
initiatives supporting the deaf community in Algeria. It stresses the importance of enhancing ac-
cessibility, fostering understanding, and promoting societal integration for individuals within this
community [25].

The Algerian Sign Language (ALSL) is a vibrant communication method using a range of signs
made through different body movements, including hands, face, shoulders, and body [3]. It shares
characteristics with spoken languages, having organized syntax and unique vocabulary [3]. Under-
standing ALSL involves recognizing its alphabet formed by hand and body postures, with each sign
conveying a specific meaning, highlighting the complexity and detail of ALSL’s gestural system

[3].

04.2 Background

The origins of the Algerian Sign Language (ALSL) can be traced back to the French Sign Language
(Langue des Signes Frangaise, LSF). It is notable that ALSL is not a uniform language and has
various regional variations, which is an interesting aspect of its history and evolution. This non-
uniformity is something that sets it apart from other languages and is worth further examination to
understand the regional differences and how they contribute to the overall language.

Understanding these variations is essential to the study of the language and its evolution, as it
provides a unique insight into how the language has changed and adapted over time to cater to the
needs of its diverse users. [26] These variations are not exhaustive and encompass, among other
possibilities:

* Algerian Jewish Sign Language (AJSL), also known as Ghardaia Sign Language, originated
and was primarily utilized in the village of Ghardaia by the Algerian Jewish community during that
period [27] [28] [29] [30].

* Algerian Sign Language of Laghouat serves as a communication mode for numerous Deaf
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individuals residing in Laghouat province and surrounding areas, including cities and villages [23].

* Algerian Sign Language of Oran is employed by the Deaf community in the northern regions
of Algeria, particularly prevalent in the city of Oran [31].

* Algerian Sign Language of Adrar is utilized by the Deaf community in Adrar, situated in the
southern part of Algeria [2].

The unique nature of the Algerian Sign Language (ALSL) is such that its variations can be
region-specific, with distinct dialects developed by deaf communities across the various provinces
and villages of Algeria. This phenomenon is likely due to the multiple deaf populations residing in
urban and rural areas, which has resulted in similarities and differences among the various forms
of ALSL. These variations are primarily used by the deaf community but are also understood by
their acquaintances, relatives, and friends, as well as those who interact with them in a variety of
ways. The existence of these unique dialects is a fascinating aspect of the language’s evolution and
diversity.

The study of these regional variations provides an intriguing insight into how this language
has naturally adapted and evolved to cater to the needs of its diverse users across Algeria. It is
essential to recognize the depth and complexity of these variations to appreciate the rich tapestry of

the language and its users.

04.3 Algerian Sign Language structure

The movements of a hand can be analyzed based on five separate parameters, which are independent
and can either be dynamic or consistent throughout the signing process [32]. These parameters have

been defined as follows:

Handshape

The structuring of sign language configuration hinges upon the precise alignment of fingers and
palm at a particular temporal juncture. Nonetheless, the morphology of hand shapes exhibits inher-
ent interindividual variation attributable to anatomical distinctions, thereby engendering an element
of irregularity. Consequently, the identical lexical units may present nuanced disparities in their ges-
tural manifestations when articulated by diverse signers.

”Figure 1.2” illustrates an example of a configuration in Algerian Sign Language, depicting as a

hand with three fingers spread out and the other two fingers, the thumb and index finger touching.
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Trouver

Figure 1.2: Sign of the word « 3o » [2]

Movement

Sign language involves hand movements, which can be in the form of lines, arcs, and circles, as
well as head movements. There are three parameters for movement in sign language: trajectory,
direction, and speed. These movements can be repetitive or periodic in some cases. As an example,
in Figure 1.3, the sign ” 44 ” in Algerian Sign Language can be described by two parameters:
configuration and movement. The movement parameter is represented by a hand moving in an arc

trajectory.

Rendez-Vous

Figure 1.3: Sign of the word « 3 » » [2]
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Location

Location refers to the position of the hand in space relative to the signer’s body or a specific object,
which can completely change the meaning of a gesture. For example, the hand can be placed in
front of the signer, near the signer’s head, on the mouth, eyes, arm, palm, etc. , the Algerian word
” ¢1s5 7 1s represented in Algerian Sign Language by the sign shown in Figure 1.4, where the hand

is placed in front of the face, near the mouth.

Médicament

Figure 1.4: Sign of the word « s\ss » [2]

Orientation

The different ways in which the hands and fingers are positioned can be categorized into specific
orientations.[33], as illustrated in Figure 1.5. The orientation parameter describes the orientation
of the hand with respect to the signer. Consequently, the direction of the hand is determined by the

position of the palm relative to the signer’s body [3].

Figure 1.5: Sign of the letter «V» and the word «twoy [2]
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Facial Expressions

In reality, certain sign language expressions comprise hand gestures in conjunction with facial ex-
pressions, or facial expression mimics. The latter is crucial in ascribing meaning to a single sign
and is fundamental to sentence construction. For instance, in Algerian Sign Language, a facial

expression mimic is employed in the term “ .~ ” as illustrated by Figure 1.6.

Content

Figure 1.6: Sign of the word « daw » [2]
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04.4 Algerian Sign Language Alphabet

Algerian Sign Language comprises a total of 42 alphabet signs, consisting of 35 static signs and
6 dynamic signs. Notably, these signs are executed with a single-handed gesture (see Figure 1.7).
Additionally, each static sign is characterized by two unique attributes: configuration and orienta-

tion.

‘40
,g‘

s> gLl iyl O LAYy ALY

=)

=

H

e = =) =)

&) =)

Figure 1.7: Algerian Sign Language Alphabet [3].

As an example, the sign for the letter ” < ” in Algerian Sign Language is defined by two

parameters [3]:

» Configuration: making a fist with the index finger extended.

* Orientation: the palm is facing upwards (or with the wrist in a downwards position) [2].

04.5 The Algerian Sign Language and Linguistic Standards

The Algerian Sign Language does not conform to the standards expected of a fully developed lan-

guage with distinct linguistic features and grammar. Currently, our government lacks well-trained

23



educators proficient in sign language to effectively teach it. Although in 2017 , the first Algerian
Sign Language Dictionary was finally published [4], in contrast to Europe and certain regions of
the Arab world (such as Qatar, Egypt, and Saudi Arabia) where sign language is taught as a formal
subject, complete with its own grammar and features comparable to any spoken language[4].

the Algerian Signs Dictionary, published in 2017 by the National Foundation for Media Contact
of Algeria [4] dictionary utilizes two alphabets, Arabic and French. Its content primarily consists of
images depicting sign language vocabulary, accompanied by captions in both Arabic and French.
However, it lacks grammar rules and structured sentences, relying instead on Arabic language gram-
mar and structure to convey meaning in sign language. The figure 1.8 makes clear of how Arabic

and sign language are combined:

bébé,
nourrisson

When did the baby sleep ?

Figure 1.8: Representations of how grammar get taught [4]

05 Conclusion

This chapter offers a thorough examination of the landscape of sign languages, highlighting its
various scholarly inquiries and available resources. With a focus on Algerian Sign Language, which
forms the basis of our project, we explored its key attributes and unique characteristics. Our next

step involves a deeper exploration of related projects in the following chapters.
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Chapter 2

Literature Review
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01 Introduction

In recent years, the field of sign language (SL) has seen significant advancements, particularly in
the areas of detection, recognition, translation, and production. These advancements are crucial for
improving communication between the Deaf and Hard of Hearing (DHH) community and hearing
individuals. Chapter 3 aims to provide a comprehensive literature review on the various tasks as-
sociated with sign language, highlighting the technological developments and methodologies that
have been instrumental in enhancing SL translation systems. By examining the historical context
and the evolution of SL technologies, this chapter sets the stage for understanding the current state-
of-the-art in SL recognition and translation, as well as the role of 3D avatar technology in these
processes.

We begin by outlining the primary tasks involved in SL, including detection, identification, seg-
mentation, recognition, translation, and production. Each task is explored in detail to understand its
significance and the challenges it presents. The discussion then shifts to the technological advance-
ments that have enabled these tasks, focusing on machine learning, deep learning, and 3d Avatar
technologies. Additionally, the chapter delves into the historical development of SL translation sys-
tems, tracing their evolution from manual recognition techniques to the sophisticated deep learning

models of today.

02 Sign Language various Tasks Overview

The realm of sign language (SL) encompasses various tasks, including detection, identification, seg-
mentation, recognition, translation, and production [34]. Detection involves determining whether
SL is being utilized, while identification entails discerning the specific SL being used, such as
American Sign Language (ASL) or British Sign Language (BSL). Segmentation involves delineat-
ing temporal boundaries to isolate phrases or individual signs. Recognition, translation, and pro-
duction are considered particularly challenging yet essential tasks for the Deaf and Hard of Hearing
(DHH) community. These tasks are interlinked, with translation reliant on recognition. SL recogni-
tion (SLR) involves comprehending the meaning of signs by assigning labels to each sign, typically
using glosses, though this method may not capture all nuances. Two variations of SLR are Con-
tinuous SLR (CSLR) and Isolated SLR (ISLR), the former dealing with streams of signs and the
latter focusing on classifying cropped signs individually. SL translation aims for natural output,
deviating from glosses to provide coherent interpretations of signs. Additionally, SL production

involves generating signs or an SL representation from spoken language text. Tokenization of SLs,
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akin to segmentation, is crucial for Neural Sign Language Translation (NSLT) systems, offering
multiple approaches such as using glosses as tokens, extracting glosses from videos, or frame-level

tokenization for embedding frames without discrete representation.

Translation

Word, Word, Word; e Word; e Wordy., Wordy., Wordy

Recognition

Sign i Sign j Sign k

Segmentation

Detection

Signing Not signing Signing Not signing Signing Signing

¥

Figure 2.1: Sign Language various Tasks representation
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02.1 Sign Language Detection

According to (Ilanchezhian, Singh, Balaji, Kumar, and Yaseen, 2023) [35], Sign language detection
employs machine learning techniques to interpret hand gestures used in sign language, thereby facil-
itating communication with individuals who are deaf or mute. This technology translates sign lan-
guage by analyzing various hand parameters, including shapes, finger configurations, orientations,
and relative positions. The process generally entails capturing images of hand signs or gestures via
a webcam, annotating these images, training a model utilizing the TensorFlow object detection API,
and subsequently detecting and displaying the meanings of the sign language in real-time through
OpenCV-python.

Detecting and translating sign language poses a number of significant challenges, One of the
significant issues is the limited availability of large, diverse datasets containing continuous sign
language videos paired with spoken language translations. Existing datasets typically feature indi-
vidual signs or short sequences, which are insufficient for robust model training [36][37]. Addi-
tionally, sign language recognition is inherently complex due to the intricate hand shapes, finger
configurations, hand orientations, and relative positions involved [35]. Furthermore, sign language
incorporates facial expressions and body postures, adding another layer of complexity [36].

Recognizing continuous sequences of signs presents a greater challenge than identifying indi-
vidual signs, as it requires segmenting the video into distinct signs and classifying each accurately
[36][37]. Translating these signs into spoken language demands a deep understanding of the gram-
matical and linguistic structures of both sign and spoken languages, moving beyond mere sign
recognition to generating coherent spoken language output.

For practical applications, achieving real-time performance is crucial. Models must recognize
signs and translate them to speech with minimal latency [36][35]. Additionally, anonymizing sign
language data poses difficulties since facial features and other physical attributes are vital for accu-
rate sign interpretation [36].

Lastly, the lack of standardization across sign languages—varying by country and region—
means models must be tailored to each specific language [37]. Overcoming these multifaceted
challenges will require significant progress in creating comprehensive datasets, developing sophis-

ticated model architectures, and refining translation techniques[37].

02.2 Sign Language Segmentation

Sign language segmentation stands as a foundational step within sign language recognition sys-

tems, pivotal for automatically discerning temporal boundaries between signs in continuous sign
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language videos. The segmentation process typically unfolds across three primary stages [38][39]
cite87: segmentation, modeling, and classification, with segmentation initiating the identification
of sign start and end points [38][39]. Various image segmentation techniques, such as thresholding,
have been employed in existing works to pinpoint hands and faces within sign language videos, with
segmentation success contingent upon factors like hand size, contrast against the background, and
noise levels[40]. Notably, Temporal Convolutional Networks (TCNs) have emerged as a promis-
ing avenue for sign language segmentation, leveraging 3D convolutional neural networks to capture
both spatial and temporal cues indicative of sign boundaries[41][42]. Moreover, iterative refine-
ment of temporal segments and pseudo-labeling techniques have been demonstrated to enhance
performance by resolving boundary ambiguities and harnessing unlabeled data[43]. Evaluation on
diverse datasets such as BSLCORPUS, PHOENIX14, and BSL-1K underscores the robust gener-
alization of sign language segmentation models to new signers, languages, and domains [43][44].
The dissemination of open-source resources, including code and pretrained models for TCN-based
sign language segmentation, further catalyzes ongoing advancements in this domain, culminating

in heightened accuracy and generalization [44].

02.3 Sign Language Recognition

Sign language recognition (SLR) represents an evolving field of study aimed at deciphering the con-
veyed meaning of sign languages through the movements and gestures of signers. This burgeoning
area of research entails the interpretation of sign languages performed by individuals utilizing data
acquired from diverse sensors such as cameras and smartwatches. Depending on the objectives of
recognition tasks, SLR can be broadly classified into two primary branches: isolated sign language
recognition (ISLR) and continuous sign language recognition (CSLR). ISLR focuses on recognizing
each individual sign language gloss separately, while CSLR involves interpreting entire sequences
of glosses as cohesive units. In sign language, a gloss denotes a specific sign that conveys a meaning
akin to a word or phrase in spoken languages, and it may encompass one or multiple subtle hand or
body movements[2]. In the following subsections, we will conduct a comprehensive examination
of both ISLR and CSLR.

Isolated Sign Language Recognition

Isolated Sign Language Recognition (ISLR) seeks to identify individual signs within sign languages
and translate them into equivalent spoken language words or phrases. Nevertheless, most glosses
in sign languages are intricate and necessitate video demonstrations rather than static images. ISLR

research began with the recognition of simple finger-spellings in the 18th century [45], and since
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then, numerous studies have explored the performance of various machine learning [46] and deep
learning methods [47]. While many studies have demonstrated satisfactory results on certain ISLR
(Isolated Sign Language Recognition) datasets, they often neglect a crucial and challenging prepro-
cessing step: frame selection. Frame selection is essential in ISLR as it reduces data size, eliminates
noisy data, and enhances both recognition speed and accuracy. However, most existing works uti-
lize a sliding window with a fixed stride to select data frames from the raw data, without considering

the nuances of frame selection. This approach is inadequate for ISLR for three main reasons [48]:

1. Certain data frames in ISLR are irrelevant as they do not correspond to any gloss (i.e., the
gloss has either not yet begun or has already ended). To avoid selecting these frames, it is
crucial to determine the start and end points of each gloss in every data sample. A sliding

window with a fixed stride cannot fulfill this requirement effectively.

2. Sign language users perform gestures at varying speeds based on their personal preferences,
leading to significant fluctuations in the time taken to complete the same gesture. It is essential
to adjust the selection process according to the signing speed in each data sample to avoid
selecting redundant or inadequate frames. The sliding window approach is insufficient for

this purpose, as it fails to account for variations in signing speed.

3. Rapid movements by signers can cause motion blur and data loss, which significantly impacts
the accuracy of subsequent recognition processes. Therefore, it is crucial to select frames with
minimal motion blur and data loss during the frame selection process. A sliding window with
a fixed stride cannot effectively address this issue, as it does not consider the quality of the

data frames.

Continuous Sign Language Recognition

Continuous sign language recognition (CSLR) aims to interpret a continuous stream of sign lan-
guage glosses into a coherent sentence of spoken words with the correct order. In contrast to ISLR,
CSLR involves a larger number of glosses in each data sample. An instance of CSLR is illustrated
in [49], where a signer conveys the meaning of “nice to meet you” or another example like the word
“premier secours” that you can find in our dataset. In general, CSLR has a wider range of applica-
tions than ISLR because it aligns with the public’s prefer-ence for communicating through sentences
instead of isolated words or phrases [50]. Consequently, recent research studies in SLR have grad-
ually shifted from ISLR to CSLR. Depending on the input sources, these studies can be divided
into three major research directions: continuous vision-based sign language recog-nition (CVSLR)

[51] [52], continuous gesture-based sign language recognition (CGSLR) [53] [54], and continuous
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multimodal sign language recognition (CMSLR) [55][56]. Essentially, CVSLR and CGSLR only
use RGB images and smartwatch data, respectively, as their input modalities, while CMSLR com-
bines information from multiple modalities, including RGB images, hand images, depth images,

joint coordi-nates, and smartwatch data.

02.4 Sign Language Translation

Sign Language Translation (SLT) represents the process of translating sign language into a spoken
language, facilitating communication between deaf or hard-of-hearing individuals who use sign
language and hearing individuals who do not. According to (Yin and Read, 2020) [57] SLT in-
volves two primary steps: Sign Language Recognition (SLR), which extracts sign language glosses
from videos, and a translation system that converts these glosses into spoken language. Recent ad-
vancements, such as the STMC-Transformer model, have demonstrated that glosses are inefficient
representations of sign language, achieving state-of-the-art results in both gloss-to-text and video-
to-text translations [57]. SLT faces challenges due to the multidimensional nature of sign language,
which relies on both manual and non-manual cues, the absence of standardized written scripts for
sign languages, and the need to translate complete sentences rather than individual words [57] [58].
The value proposition of SLT lies in its ability to provide accurate and efficient solutions for bridg-
ing the communication gap, thereby enhancing accessibility and inclusivity in various settings such

as education, healthcare, and customer service.

03 Sign Language Translation Systems

03.1 Historical Development Overview

Early systems for SLT

Sign Language Translation (SLT) systems have experienced significant advancements, motivated
by the need to bridge the communication gap between Deaf and hearing communities. This review
encapsulates the historical progression of SLT systems, emphasizing key milestones and technologi-
cal developments. Initially, from the 1960s to the 1980s, efforts focused on manual sign recognition
and translation, utilizing basic image recognition techniques and heavily relying on human transla-
tors for recognizing and translating isolated signs [59] [60]. Before the advent of deep learning (DL)
as the predominant methodology for machine translation (MT), alternative non-DL approaches were
employed to tackle the task of SLT by decomposing it into discrete steps. Particularly critical was the

recognition of continuous signs, necessitating its seamless integration into the workflow, especially
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for video inputs. Typically, videos underwent manual annotation, with researchers concentrating
on translating gloss into text. Statistical MT (SMT), rule-based MT (RBMT), and example-based
MT (EBMT) emerged as the principal methodologies utilized for translation [61]. SMT, prevail-
ing in contemporary literature, relies on statistical models derived from parallel corpora. RBMT
relies on rules devised by domain experts for translation, whereas EBMT operates on a data-driven
basis [61], necessitating the utilization of parallel corpora to maintain a translation memory. Addi-
tionally, word alignment models such as GIZA++ [61] were employed to facilitate the alignment of
text and gloss/sign correspondences. Despite the ascent of DL and neural MT (NMT), conventional
SLT methodologies continued to be proposed. It is noteworthy that, prior to the establishment of
standardized benchmarks like the RWTH-Phoenix-Weather-2014 dataset [61], comparing various
SLT approaches proved challenging due to the scarcity of datasets and the lack of definitive conclu-
sions. Furthermore, the introduction of custom datasets, often proprietary, in research publications
posed obstacles to conducting equitable comparisons between methodologies. Early research in
the field of SLT witnessed the emergence of diverse methodologies and techniques. Kamata et al.
(1989) [62] introduced one of the pioneering approaches by translating spoken language text into
signs through the extraction of quantifiers, numerals, and word units, aided by contextual analysis
for sign selection. Veale and Conway (1994) [63] presented the Zardoz system, marking one of the
initial interlingua systems for SLT. This cross-modal MT system facilitated the translation of both
speech and text into sign languages (ISL, ASL, and JSL) through the utilization of morphological
rules, idiomatic reduction, unification grammar parsing, interlingua representation, schematization,
anaphoric resolution, spatial dependency graphs (SD-graphs), and concept-to-sign mapping [61].
The transfer MT approach also found prominence, exemplified by the work of Lee and Kunii (1992)
[64], who conducted text-to-SL translation by generating a dependency tree from morphological
analysis, which was then transformed into an SL dependency tree. Smart glove technology gained
traction due to limitations in gesture recognition from videos. Ohki et al. (1994) [65] developed an
SL-to-text translation system using hand shape and position data from gloves, employing feature
extraction and pattern matching. Similarly, Sagawa et al. (1996) [66] utilized hand shapes and po-
sitions from smart gloves for sign recognition through dynamic programming matching, enabling
translation between video and text. Tokuda and Okumura (1998) [67] utilized a direct MT system,
creating a word-sign corpus and implementing the SYUWAN MT system. In instances of missing
entries, various techniques were proposed for translation, leading to the introduction of the Sign
Language Description Method (SLDM). Bauer et al. (1999) [68] employed Hidden Markov Mod-
els (HMMs) for sign recognition from video, followed by translation into text using a translation

model and a language model. Grieve-Smith (1999) [69] advocated for a literal orthography for
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SL representation, employing syntactic structure transfer for translation into spoken language text.
These varied methodologies underscore the evolution and exploration of approaches in SLT, setting
the stage for subsequent advancements in the field [63];[65];[66];[68];[69].

03.2 Evolution of technology used in SLT systems

The evolution in the 1990s and 2000s, driven by computer vision and machine learning, introduced
more sophisticated image processing methods, such as convolutional neural networks (CNNs), im-
proving sign language recognition (SLR) systems. However, these systems were still limited to
static hand signs [70][59]. The 2010s marked a surge in SLT research due to advancements in deep
learning and the availability of extensive datasets. The introduction of recurrent neural networks
(RNNs) and long short-term memory (LSTM) networks enabled the recognition and translation of
continuous sign language sequences [70][59]. Recent years have seen transformative breakthroughs
with transformer-based architectures and attention mechanisms, leading to more accurate and effi-
cient SLT systems capable of handling complex sign language sequences [71][70]. Despite these
advancements, challenges such as the need for diverse large-scale datasets, robust recognition algo-
rithms, and practical applications persist. The advent of deep learning (DL) technology has spurred
researchers to apply it to the field of machine translation (MT), yielding promising outcomes. Neu-
ral networks have played a pivotal role in eliminating the necessity for manual word alignments and
language-specific rules, thereby facilitating the development of multilingual models [61]. However,
this advancement has been accompanied by a substantial increase in data requirements, rendering
small datasets ineffective in achieving significant progress. The availability of larger datasets, ex-
emplified by RWTH-Phoenix-Weather-2014 [61], has been crucial in overcoming this obstacle, yet
there persists a demand for even more extensive and diverse datasets, particularly when juxtaposed
with domains like image classification, as demonstrated by the case of Imagenet [72]. The intro-
duction of transformers [73] has heralded new opportunities in the realm of machine translation, in-
cluding the application of transfer learning techniques to non-spoken language translation (NSLT)
tasks [74]. Notably, methodologies such as data augmentation, initially pioneered in the field of
natural language processing (NLP), are currently being investigated for their efficacy in NSLT ap-
plications. Prior to the ascendancy of transformers, RNNs constituted the cornerstone of NSLT
architectures. The encoder-decoder framework, in particular, gained prominence, as exemplified
by systems like DeepASL. DeepASL [75] employed a hierarchical bidirectional deep recurrent neu-
ral network (HB-RNN) coupled with a Connectionist Temporal Classification (CTC) loss function
to facilitate word- and sentence-level translation of sign language. While this approach aimed to

translate sign language into speech through wearable devices such as smart glasses, concerns were
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raised regarding the unequal treatment between signers and non-signers. Specifically, the reliance
on wearables placed an additional burden solely on signers, and the translation method favored writ-
ten text over sign language for individuals who are deaf or hard of hearing. Future research aims
to explore multimodal approaches, integrate SLT with other Al technologies, and develop more

accessible interfaces.
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03.3 Previous works in sign language translation

Previous research in sign language translation has predominantly focused on developing image-
based models, highlighting the need for future studies to investigate the use of videos. This transition
is essential as sign language is a multidimensional form of communication, incorporating both man-
ual and non-manual cues that are challenging to capture with static images alone [76][70]. Current
literature identifies several limitations, including biased assumptions and a lack of robust method-
ologies, resulting in low reliability [76]. To address these issues, researchers have explored various
approaches, including machine learning and computer vision [76]. For instance, one study achieved
93.7% accuracy in recognizing 500 gestures in Chinese Sign Language using machine learning,
while another employed deep learning to enhance translation accuracy [76]. Recent advancements,
such as the STMC-Transformer model, have improved video-to-text translation, outperforming tra-
ditional gloss-based methods [70]. These projects demonstrate significant advancements in sign lan-
guage translation technology, with a focus on improving communication between Deaf and hearing
communities, enhancing accessibility, and addressing specific needs such as autism support. The

most promising sign language translation projects currently underway include [77][76]:

» SignON Project: This European-funded Horizon 2020 project aims to bridge the commu-
nication gap between Deaf, hard of hearing, and hearing individuals by developing a sign
language translation mobile application and open communications framework. The project
focuses on facilitating information exchange among users of spoken languages and Deaf sign
language users, particularly in the Irish, British, Dutch, Flemish, and Spanish sign languages,

as well as English, Irish, Dutch, and Spanish spoken languages [78].

* SimulSLT: End-to-end Simultaneous Sign Language Translation: This project, presented
at the 29th ACM International Conference on Multimedia, focuses on developing a real-time
sign language translation system that can translate sign language videos into spoken language
in real-time. The system uses a combination of computer vision and machine learning tech-

niques to recognize and translate sign language [77].

* LLMs are Good Sign Language Translators: This research explores the potential of lever-
aging large language models (LLMs) for sign language translation. The study demonstrates
the effectiveness of LLMs in translating sign videos by converting them into text and then
translating the text into spoken language. The results show significant improvements in trans-

lation quality when using LLMs compared to traditional methods [79].

* Real-Time Sign Language Translation Systems: This project, presented at the 2022 11th
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International Conference on Modern Circuits and Systems Technologies (MOCAST), re-
views recent advancements in real-time sign language translation systems. The study high-
lights the importance of developing efficient and reliable systems that can effectively translate

sign language into spoken language [77].

* Development of a New Sign Language Translation System for People with Autism Spec-
trum Disorder: This project aims to develop a sign language translation system specifically
designed for individuals with autism spectrum disorder. The system focuses on improving
communication between individuals with autism and their caregivers or therapists, enhancing

the quality of life for those with autism [77].

04 3D Avatar Technology

Recent advancements in 3D technology have led to the creation of 3D body avatars, widely used
in video games, virtual worlds, and various industries such as fashion, film, military, medical, and
fitness. These avatars provide accurate sizing, virtual actors, and customization of uniforms and
equipment, enhancing disease diagnosis [80].

In 1992, Neal Stephenson coined the term “avatar” to represent a human in cyberspace [81].
Schlemmer and Trein (2008) noted that the avatar concept originates from Indian culture, symbol-
izing the manifestation of an immortal entity. The term “avatar” comes from the Sanskrit word
Avatara, meaning descent or incarnation [81]. Indent computing, avatars depict users’ personas in
online forums and virtual communities, often as 2D icons or 3D models [82].

Technologically, avatars range from realistic human representations to imaginative constructs,
serving as visual depictions within simulated settings [81]. Berdic, Mihic, and Dragan (2016) de-
scribe 3D avatars as dynamic graphical representations of individuals in virtual environments, cre-
ated through various means such as 3D scanning [80].

Dear and Brian (2017) traced the term “avatar” in gaming to the 1979 PLATO role-playing game
and Norman Spinrad’s 1980 novel, Songs from the Stars [83]. Neal Stephenson’s 1992 novel Snow
Crash further popularized ”avatar” in a virtual-reality context [84]. Diamandis (2020) highlighted
the evolution of avatars from Ultima I'V: Quest of the Avatar in 1985 to sophisticated 3D renderings
in games like Second Life and World of Warcraft [85].

Peter (2020) discussed the transition from usernames to visual representations like AOL’s ”Bud-
dies” in 1996 and Yahoo!’s ”Yahoo! Avatars” in 2004, leading to personalized profile pictures on
Myspace and Facebook [85]. In 2005, IKEA introduced anthropomorphic Al systems with Anna,

paving the way for modern virtual assistants like Siri and Alexa [85].
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04.1 3D Human Avatars

Structure of a 3D Human Avatar

The conventional definition of a human 3D avatar entails a representation composed of a 3D geo-
metric mesh depicting a specific neutral pose, accompanied by a texture and a skinning mechanism
that facilitates the transformation of mesh vertices in response to pose alterations. The addition of
clothing and hair introduces additional complexity to the model, as accurately modeling these ele-
ments necessitates access to precise 3D data. However, such components are integral to rendering
a complete avatar.

Prior to exploring the diverse methodologies for creating human 3D avatars, it is pertinent to
provide a concise overview of the constituent elements of an avatar. Although avatars essentially
comprise 3D models from varied sources, the environments in which they are utilized typically
share common attributes. Consequently, ensuring that the avatar satisfies minimum requirements
for successful rendering in its designated environment is paramount. This structural framework
provides designers with guidelines to effectively accomplish their objectives.

Materials and textures are pivotal components in enhancing the realism of the model. Texture
1s contingent upon the underlying material and significantly influences the visual appearance of
the model’s geometry. The material properties of the model encompass various channels such as

diffuse, ambient, and emissive attributes.

MPEG-V Standard

Creating avatars is a time-intensive endeavor, especially as virtual reality gains increasing popu-
larity and diverse virtual environments are developed. In light of this, establishing a standard for
defining the structure of virtual objects becomes imperative to facilitate interoperability. To address
this need, the MPEG committee convened to develop a standard aimed at harmonizing disparities
among existing and emerging metaverses [86]. This standard, known as MPEG-V Media Context
and Control (ISO/IEC 23005), is divided into four parts, each addressing specific areas of standard-
ization [86].

Part four of the MPEG-V standard is particularly relevant to this discourse as it focuses on pro-
viding data representation formats for describing avatars intended for exchange between different
virtual worlds [86][5]. Notably, this part solely pertains to the metadata associated with avatars and
does not encompass the representation of their geometry, sound, scent, animation, or texture[5].

Interoperability between virtual worlds is achieved in the MPEG-V standard through the imple-

mentation of a common schema [5]. This schema facilitates the mapping and transfer of various
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attributes between virtual worlds, including the appearance and animation of characters [86][5]. The
standardized schema encompasses 150 distinct parameters from various virtual worlds, organized

into 14 attribute groups[5].

Body
Expressi
ons

Animation

Facial
Express

reetings

Figure 2.2: Avatar appearance & Avatar animation [5]

As an illustration, suppose an avatar from a particular virtual environment possesses the follow-
ing properties [5]: a body height of 165 units, a body fat percentage of 15, an egg-shaped head, and
is attired in a brown jacket. If this information is stored in a file named ”"my_mesh.mp4,” the cor-

responding XML element generated using the standardized schema would resemble the following:

1 <Appearance>

2 <Body>

3 <BodyHeight walue=165/>
4 <BodyFat value=15/>

5 < /Body>

6 <Head>

7 <EggHead value="true"/>
8 </Head>

9 <Clothes ID=1 Name="jacket_brown"/>

o <AppearanceResources>

1 <AvatarURL value="my mesh.mpd"/>
2 </AppearanceResources>

3 </Appearance>

Figure 2.3: the generated xml element by using the standardized schema [5].

The parameters described above serve as essential data for importing the character from one
virtual environment into another that comprehends the same structure and format . This approach

facilitates the reuse of avatars across diverse virtual worlds and enables the connection of disparate
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environments. By adhering to a standardized structure and format, avatars can seamlessly transition

between platforms, fostering interoperability and expanding the interconnectedness of virtual spaces

[5].

Figure 2.4: 3D avatar in different virtual environments [6]

Motion Capturing

Motion capture (mocap) technology, utilized for recording and analyzing the movement of objects,
people, or animals, has seen substantial advancements since its initial use in the 1960s [87]. It
gained significant traction in the 1980s within the film industry, exemplified by its application in
the 1989 film ”The Abyss” [87][88]. Today, mocap technology spans multiple domains, including
video games, sports, medical applications, and sign language tasks. Various techniques such as
optical, acoustical, mechanical, electromagnetic, inertial, and markerless systems are employed,
each leveraging specific sensors and cameras to convert physical movements into precise digital
data for animation and detailed analysis [87][89][&8].

The integration of artificial intelligence (Al) has markedly improved the accuracy, efficiency,
and versatility of mocap systems. Al advancements facilitate markerless motion capture, allowing
for unrestricted and natural movement tracking using computer vision and machine learning algo-
rithms [90]. Al-driven pose estimation and real-time motion tracking are critical for applications
demanding high precision and immediacy, such as virtual reality gaming, sports analysis, and live
entertainment [90]. These technologies provide low-latency data capture and processing, ensuring
seamless execution of complex choreography and enhancing virtual production environments [90].

Furthermore, Al significantly enhances data processing and analysis in mocap. Advanced al-
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gorithms automatically detect patterns, anomalies, and specific gestures, contributing to fields such
as biomechanics, sports performance analysis, and character animation. Al-powered facial motion
capture and gesture recognition translate human expressions and movements into highly realistic
animations, improving interactions within virtual environments [89][88][90].

The integration of mocap technology in sign language tasks involves capturing and analyzing
the movements of signers to enhance the understanding and translation of sign language. Mocap
technology captures the 3D movements of signers performing gestures and sentences, processes the
data to identify markers, interpolates missing frames, and segments signs for analysis and classifica-
tion [91][92]. This process aims to acquire quantitative knowledge about sign language movements,
facilitating better understanding and synthesis of expressions [93][94]. Machine learning models
are employed to modify and connect captured movements, enabling the creation of data-driven
avatars for natural and realistic sign language synthesis[92][93]. Wearable sensors combined with
natural language processing are used in sign language translation tasks, focusing on gesture recog-
nition using electromyographic data and pattern recognition methods to translate gestures into text.
Developing motion capture corpora, such as the LSF-SHELVES corpus [91][94], provides valuable
resources for future studies on iconicity and spatial referencing, supporting linguistic analysis and
machine learning applications in sign language research[91][92][93][94].

For effective utilization of mocap data formats like BVH (Biovision Hierarchy) and FBX (Film-
box) [95], 3D avatars must decode and apply hierarchical joint structures and animation keyframes
[95]. AI algorithms enhance this process by accurately interpreting motion capture data, resulting
in more lifelike avatar animations [96] [97]. Tools such as Plask Motion, Rokoko Vision, and Deep-
Motion Animate 3D exemplify how Al has democratized mocap technology, making it accessible
and cost-effective by automating data processing and minimizing the need for specialized hardware
[98].

In the programming realm, libraries and frameworks like OpenPose, MediaPipe, and OpenCV,
alongside deep learning frameworks such as TensorFlow and PyTorch, are pivotal for mocap de-
velopment and deployment. These tools support real-time multi-person 2D and 3D pose estima-
tion, hand and face tracking, and integration with other machine learning models[99][100][101].
Companies like Dollarsmocap and Rokoko provide comprehensive mocap solutions, including full
performance capture systems and Al-based video-to-animation tools, addressing the increasing de-
mand for high-quality, affordable motion capture technologies in character animation and beyond
[102][103].
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3D File Formats for Avatars

A multitude of 3D file formats are employed in the representation of avatars, reflecting the ex-
panding diversity in response to the evolving landscape of 3D commerce. Among the prevailing
formats, FBX stands out as a proprietary format owned by Autodesk since 2006, facilitating the
comprehensive exchange of both 3D geometry and animation data [5]. FBX files encompass cru-
cial components essential for complete animation, encompassing bones, meshes, lighting, camera
attributes, and geometric properties [5]. Moreover, the hierarchical organization of scene nodes
within FBX files enables precise positioning, rotation, and scaling relative to their parent coordi-
nate system [5]. Another prominent format, OBJ, developed by Wavefront Technologies, primarily
emphasizes the representation of 3D geometry [5]. This open format intricately stores data pertain-
ing to vertex positions, two-dimensional texture coordinates (UV), vertex normals, polygonal faces,
and texture vertices, with the added flexibility of supporting unlimited colors and the definition of
multiple objects within a single file [5]. Notably, OBJ’s vector-based nature facilitates scalable ob-
ject rendering without compromising resolution [5]. COLLADA, managed by the Khronos Group,
adopts an open XML schema standard with a .dae file extension, defining an exchange format con-
ducive to interoperability [5]. Furthermore, gITF and its updated iteration, gITF 2.0, maintained
by the Khronos Group, are hailed for their versatility and efficiency, often likened to the "JPEG
of 3D.” These formats support a wide range of functionalities, including static models, animation,
and dynamic scenes, with gITF 2.0 introducing advancements such as Physically Based Rendering
(PBR) support and performance enhancements [5]. GLB, the binary version of gITF, offers ex-
pedited loading times and compact file sizes while encompassing critical supporting data such as
textures, shaders, and geometry/animation [5]. Additionally, USDZ, developed collaboratively by
Apple and Pixar, represents a closed, proprietary format tailored explicitly for Augmented Reality
(AR) applications [5]. While these formats constitute the forefront of avatar representation, other
formats like 3DS and SKP further enrich the landscape, demonstrating the diverse array of options

available for avatar portrayal [5].

Creation of 3D Avatar

3D human representation, 3D avatar, is described with data acquired using 3D scanning. When
the required data is gathered, usage of different software allows manipulation of the avatar. In
this section we will discuss and provide a brief description of different techniques for 3D data and
software which are most useful for their usage [104].

The exploration of 3D scanning methodologies reveals a diverse array of techniques and instru-

ments employed in various fields [80].
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3D Laser Scanning utilizes laser triangulation, time of flight, and phase shift methods either

independently or in combination, enabling versatile scanning capabilities [80].

White Light Scanning employs white light patterns projected onto objects, captured by sen-

sors to extract three-dimensional data [104][80].

Photogrammetry, rooted in conventional photography, involves capturing multiple images of
objects for manual or automated identification of shared points, facilitating 3D measurements
[105][80].

Machine Vision, commonly used for 2D data detection like barcodes, employs stereo vision to
create three-dimensional representations by integrating images and establishing correspond-

ing points [80].

Destructive Slicing entails capturing sequential images of objects while systematically re-

moving thin sections, resulting in comprehensive 3D representations[80].

MRI scans stack CT or MRI scans to generate 3D models, originally developed for medical

use but expanding into manufacturing and industrial applications[ 106][107][80].

Theodolites, integral to surveying, determine angular orientations and object distances through

angular data acquisition, often featuring automated functionalities[80].

Trackers monitor the position of measuring devices using various techniques, recording po-

sitions during measurements[80][104].

Specialized software tools process data from different scanning methods to construct three-
dimensional models, with popular software including Blender, SketchUp, and SolidWorks[ 108].
The profession of 3D avatar development requires a blend of artistic and technical skills, en-
compassing tasks such as modeling, texturing, lighting, animating, and compositing [80].
Additionally, 3D avatar software generators allow customization of avatar attributes such as

body shape, clothing, and facial features[104][80].

04.2 Usage of 3D Avatars

Present Uses

3D technology is constantly advancing and its implementation is growing rapidly, making it dif-

ficult to keep track of developments. While 3D avatars are commonly associated with games and

entertainment, they are also utilized in various industries for different purposes.
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The medical field has seen advancements with the introduction of the VECTRA Whole Body
360 system, utilizing 3D avatars for expedited disease diagnosis and treatment, particularly in com-
bating skin cancer [109]. This system involves positioning patients within a scaffold equipped with
46 high-resolution cameras, allowing for comprehensive scans of dermoscopic lesions to monitor
changes over time and prompt further treatment if necessary [109].

In the fitness sector, 3D body scanning technology is emerging for assessing and monitoring
physical fitness progress. However, consumer-oriented offerings are limited, with companies like
Naked developing mirrors equipped with 3D depth sensors and rotating platforms for scanning users
[80]. This technology enables individuals to track changes in their body shape and weight over time,
with data transferred to their smartphones for analysis and monitoring [80].

Education has witnessed a transformation with the integration of technology, offering immersive
learning experiences. Companies like Vcom3D [110] provide game-based simulations, such as
STAT, to enhance critical thinking skills among medical practitioners [80] . Additionally, Vcom3D
has developed Sign4me, a mobile application for learning sign language using 3D avatars, and
SignSmith, an authoring tool for creating sign language animations [80].

In the fashion industry, 3D scanning and avatars are revolutionizing online clothing purchases
by enabling virtual try-on fit personalization. Companies like Fitnect and Bodi.me utilize motion-
capture devices to create visual avatars and recommend garment sizing [80], reducing returns and
improving customer satisfaction.

Entertainment industries, including video games and films, are leveraging 3D scanning tech-
nology for character creation and immersive experiences. EA Sports employs 3D scanning in its
FIFA franchise to capture stadium structures and player facial features, enhancing realism [80].
Networked virtual environments offer users real-time interactions and immersive experiences [80],

indicating a growing trend towards the integration of 3D avatars in entertainment media.

Future Uses

the use of avatars is increasingly prevalent, particularly in gaming and cinema, thanks to the widespread
adoption of 3D technology. Looking ahead, we anticipate a landscape filled with innovative uses
for avatars, although their exact trajectory is uncertain. Currently, 3D avatars are being utilized in
the medical field, albeit limited by technological constraints. There is potential for further explo-
ration in creating detailed representations of the human anatomy, which could aid in diagnosing
health issues with greater precision. According to Berdic, Mihic and D. Dragan (2016) [80], Phys-
iotherapists could use 3D scans to develop tailored treatment plans, but progress is hindered by the

lack of advanced 3D scanning technology. In sports, there is potential for integrating 3D avatars
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to enhance live broadcasts by providing immersive insights into gameplay. Additionally, there are
efforts to use 3D avatars to improve the apparel shopping experience by allowing customers to vi-
sualize themselves wearing clothes in-store, potentially eliminating the need for physical try-ons
[80]. While these developments are in their early stages, they offer promising prospects for the
future, including personalized clothing design and augmented reality-assisted furniture browsing.
These advancements have the potential to not only simplify daily tasks but also enhance life-saving

capabilities.

04.3 3D Avatars Applications & Sign Language

The increased interest in 3D virtual human avatars has resulted in their widespread use, particularly
in fulfilling the educational needs of deaf and hearing-impaired students [111]. These students face
considerable difficulties in achieving proficiency in spoken language literacy. Sign languages serve
as the primary mode of communication for millions of individuals with varying degrees of hearing
impairment, both within their community and in interactions with those who can hear [112]. Hence,
it is imperative to develop systems that assist them in overcoming social integration barriers. Sign
language interpretation systems have been developed extensively to translate narratives, poetry,
scientific terminology, and other textual content into signed languages (SLs) [111]. These systems
prioritize accurate capture and organization of sign language into coherent linguistic structures,
along with its presentation through avatars or synthesized videos that faithfully replicate the gestures
conveying meaning in sign language [112]. 3D avatars have several applications in the field of
sign language, significantly enhancing accessibility, education, and research. One primary use is
in sign language synthesis and translation, where 3D avatars can automatically translate written
or spoken language into sign language by animating the avatar to perform the corresponding signs
[113]. This technology enables the creation of content in sign language from text or speech, thereby
making information more accessible to the deaf community. Furthermore, in the realm of sign
language learning and education, interactive 3D interfaces featuring signing avatars can facilitate
learning by displaying and teaching sign language vocabulary and grammar[112]. This allows users
to practice and master sign language at their own pace. Additionally, 3D signing avatars can be
integrated into various digital platforms and applications, providing sign language interpretation
and making content and services more accessible for deafusers [113][112]. In research and analysis,
3D avatar systems enable the study of sign language structure, linguistics, and usage by capturing
and representing sign language digitally, allowing for in-depth examination and manipulation [112].
Lastly, these systems contribute to sign language documentation and preservation by creating digital

archives and libraries of sign language content, ensuring the longevity and continued use of sign
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languages for future generations [112][113].

05 Sign Language Representation Using 3D Avatars

Davidson (2006)[ 114] introduced PAULA, a signing avatar utilized for educational purposes, with
a focus on fostering the development of sign language recognition skills through demonstrations
and quizzes. Yorganci, Kindiroglu & Kose (2016) [115] emphasized the benefits of avatar-based
tutoring over video content for evaluating sign language proficiency, citing challenges associated
with the creation, editing, storage, and transfer of educational materials using videos. Projects such
as ViSiCAST and eSign have standardized sign language specifications, employing HamNoSys
and SIGML notations for synthetic signing rather than costly motion capture technology. Various
initiatives, including the ’Research Toolkit Project’ and the automated conversion system proposed
by Kaur & Kumar (2016) [11], showcase the effectiveness of synthetic signing methods.

Papadogiorgaki et al. (2005) [116] introduced a VRML animation generation system based on
SignWriting Markup Language, while Ferreira (2017) [117] developed the 3DSL system for trans-
lating Portuguese into Portuguese Sign Language.

Bouzid & Jemni (2014) [118] investigated alternative scripting approaches for sign language ani-
mation, and Murtagh (2019) [119] proposed a lexicon definition for Irish Sign Language animation
grounded in Role and Reference Grammar.

Animation synthesis for sign language, as reviewed by Huenerfauth (2014) [120], Maarif et
al. (2018) [121], and others, entails seamlessly blending individual words into cohesive anima-
tions. Challenges include capturing finger movements, simulating robotic motion, and ensuring
fluid transitions. Initiatives like Content4All strive to develop lifelike sign language interpreters
employing photorealistic 3D avatars [112].

Research endeavors are directed towards enhancing avatar intelligibility, involving deaf individ-
uals in avatar assessment, and underscoring the significance of movement and facial expressions in
sign language comprehension . Initiatives are underway to curate sign language corpora for avatar
playback, leveraging motion capture technology and crowdsourcing techniques for data acquisition

and annotation [112].

05.1 Hamburg Notation System

HamNoSys, developed by the Institute for German Sign Language (IDGS) at the University of
Hamburg, is a well-established pictographic notation for deaf signing. It supports the definition of

individual signing gestures and can represent the signs of various national sign languages through an
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alphabet of approximately 200 pictographic characters [122]. It does not rely on the sign language

conventions differing from country to country and thus can be used internationally [123].

General structure of HamNoSys

HamNoSys for a given sign consists of transcription of the non-manual features, describing hand-

shape, hand-orientation, location and movement of hand [11].
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Figure 2.5: HamNoSys components [7].

* Hand shapes: The Hand Shapes are mainly grouped as Fist, Flat-Hand, Separated Fingers

and Thumb combinations [11]. These four basic forms along with thumb variations (thumb

extended or across the hand) and bending of fingers allows the user to write HamNoSys for

any given Hand Shape [123]. Some of the fundamental Hand Shapes with flat and rounded

hands are shown below in 3.3.

=]

Figure 2.6: Basic Hand Shapes [7]

* Hand orientation: HamNoSys describes the orientation of the hand for a given sign by

combining two components: extended finger direction and palm orientation [11]. There are

three perspectives (signer’s view, birds’ view, and view from the right) which are used to
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show the direction of extended finger with respect to the signer’s body. The palm orientation

is also described with the same model for a given extended finger direction [123].
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Figure 2.8: Palm Orientation [7]

Hand location: The location specifications are used to tell the location of the hands of the
signer, these are split into two parts [123]: The first part determines the location of the hand

with respect to the body parts, where as the second part determines the distance of the hand
with respect to the selected body part.
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Figure 2.10: Downward view of person and signing space [7]

* Hand movement: The movement types are distinguished as straight, curved,wavy, zigzag,
circular and spiral movements. The straight movements are either parallel to the body or
with referent to the body of the signer [123][11]. The circular movements of the hand can
either be clockwise or counter clockwise [123]. The manner of the movements can be any of

the three degrees of size, i.e., large (expansive movement), normal size movement and small
movement[123].

48



R o Ay gl »
PN e N
N

I .

¢ ' -
\ll rf) @g FL’._ X
Tl vi

i
| =

)
e

e e

|

;;L

D PC *0 AT

Figure 2.12: Curved Hand Movements [7]

* Non-manual components: The components which make the use of hands for signing are
manual whereas those which include descriptions for shoulder shrugging, head movements,
facial expressions or mouth movements are the Non-Manual ones [123]. There are various
non-manual coding schemes which are defined for facial expressions (eye brows, eye gaze,
eye lids and nose), limbs (head, shoulders and body postures) and gestures of mouth, but in

ISL mainly the signer uses manual components [11].

05.2 SIGML language

The Signing Gesture Markup Language (SIGML) is designed as a comprehensive framework for
representing and transmitting information about signing sequences, facilitating the animation of
avatars [11]. SIGML is intended to integrate within the XML standards framework being developed
by the W3C and is based on the existing HamNoSys notation [ 122]. SIGML aims to describe signing
sequences across several linguistic levels, including glossing (using English words or phrases),
phonology, phonetics, and physical articulation (e.g., motion capture data) [122]. This notation also

captures information about signing speed and other temporal constraints. Different linguistic levels
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offer alternative methods for driving the signing avatar; for instance, complete articulation data may
obviate the need for phonetic or gestural information [122]. Initially, SIGML will operate at a basic
glossing level, linking each ”gloss” element to a lexicon of motion-captured signs to drive avatars.
As the project progresses, SIGML aims to facilitate avatar animation using lower-level linguistic
data, offering flexibility to present arbitrary signs defined at the gestural level [122].

SIGML transplants the HamNoSys gestural model into an XML framework, allowing the def-
inition of gestures by specifying initial hand configurations, actions, and hand positions within the
signing space. Primitive actions, such as hand movements and changes in hand configuration, can
be combined to form complex gestures. These features can be specified for one or both hands, as
required [ 122]. Additionally, SIGML will enhance the rudimentary non-manual signals (e.g., facial
gestures) currently in HamNoSys [122].

XML provides a structured, textual format for representing documents, which can be stored
and transmitted over networks like the internet [122]. An XML document’s structure is defined
by nested elements, each delimited by start and end tags. The structure can be specified using a
Document Type Definition (DTD), which outlines how the document is to be interpreted [122].
SIGMLs structure and valid sign forms are defined by its DTD, ensuring clarity and consistency in
its implementation [122]. SIGML for word “DEAF” is shown in Fig 3.13.

<sigml>
<hns_sign gloss="Deaf">

<hamnosys_nonmanual>

</hamnosys_nonmanual>

<hamnosys_manual>
<hamfinger23/>
<hamextfingerui/>
<hampalmu/>

<hamear/>
<hamtouch/>
<hammoveu/>
</hamnosys_manual>
</hns_sign>
<[sigml>

Figure 2.13: SIGML for Word “DEAF” [7]
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05.3 ViSiCAST Project

ViSiCAST a project funded under the European Union’s Framework V programme, endeavors to
facilitate enhanced accessibility to information and services for deaf individuals through their pre-
ferred mode of communication, sign language[124]. Building upon the insights gleaned from pre-
ceding UK endeavors, which are elaborated upon in a complementary exposition, ViSICAST en-
gages key stakeholders including UEA Norwich, TeleVirtual Norwich, the Independent Television
Commission, and the Post Office [124][125]. These prior projects focused on pioneering the de-
velopment of virtual human-based signing systems, exemplified by avatars Simon the Signer and
TESSA [124][125]. Atits core, ViSICAST encompasses ’enabling technology’ work packages ded-
icated to advancing language and avatar technologies established in earlier initiatives [124]. These
efforts support work packages spanning three distinct application domains: Multimedia and World
Wide Web, Face-to-Face Transactions, and Broadcasting [124]. Subsequent sections offer succinct
outlines of these applications, followed by an examination of the enabling technologies themselves
[124].

O =———Visicast Integrated Editing Environnent =——————8
Eng!isn\[sywtm\/sammﬁm\f Mﬂmhamgy\[siﬂMlVAnimaﬁon\

Figure 2.14: Visicast Integrated Editing Environment Interface

Overview of The Visia Avatar’s Bones within MaskVR

The avatar’s mesh is wrapped over a ’skeleton” which is composed of 78 *bones’. These bones
act as control values for the mesh deformation algorithm [8]. They do not necessarily represent
anatomical bones (although in the case of the main body and hands they do) [8]. Each bone is
represented as 13 floating point values, and can be represented in either two forms [8]: Global or
Local. A globalised bone has its values defined in terms of the global co-ordinate system, whilst
a localised bone is defined in the co-ordinate system of a parent. Bones are always aligned along

their x-axis. The supplied avatar provided by the ViSICAST Control v2.0 is Visia, shown below.
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Figure 2.15: Visia 3d Avatar [§]

There are three so-called, slap bones in the body: left slap right_slap and neck slap [8]. These
are used in areas were x-axis rotations are common and can cause significant folding effect on the
mesh [8]. Each slap bone is oriented in the same x-axis of a counter-part bone (i.e. right forearm,
left forearm or neck), but with an approximately 90 degrees rotation about the x-axis [8]. The mesh

attachment in these areas are specially set up in order to minimise folding during mesh deformation

[8].

Figure 2.16: The bones of the body (torso, arms and neck) [8]
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The following diagram shows the named bones of the left hand. Each bone is represented as a
double pyramid [8]. As always the bone lies along its x-axis [8]. This axis, together with a triangle
representing the XY plane has been highlighted in white [8]. There are two special bones in the
hand called *"Thumb Magic’ and ’Pinky Magic’ [8]. *Thumb Magic’ is responsible for allowing
the rotation of the thumb about the axis formed by the index knuckle and the meta-carpal joint [8].
’Pinky Magic’ allows for the curving of the palm caused by the Pinky Meta Carpal Joint bone, about
the axis formed by the third knuckle and the base of the Pinky MCJ [8].

|
I Third

1l ey

Figure 2.17: Bones of the Hands [§]

Finally, the following diagram shows the named bones of the Face.

Figure 2.18: Bones of the Face [8]
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JASigning

JASigning represents a pioneering virtual signing system designed to emulate natural sign language
performances through virtual human characters. This innovative platform builds upon the founda-
tion laid by its predecessor, the SIGMLSigning system, which was initially developed during the
ViSiCAST and eSIGN projects [126]. Subsequent advancements were achieved through our con-
tributions to the Dicta-Sign project.

Initially, the efforts predominantly leveraged Java JNLP applications for standalone and web-
based usage [126]. However, due to the diminishing support for Java in contemporary browsers,
this system has been deprecated [127]. Instead, recent strides have been made in the development
of the CWA Signing Avatars, the present iteration of the system, which is built on HTMLS5 utilizing
JavaScript and WebGL technologies [127].

CWA Signing Avatars

CWA Signing Avatars, abbreviated as CWASA, stands as cutting-edge virtual signing system en-
gineered to replicate natural sign language expressions through virtual human characters [128].
This innovative platform represents an evolution beyond its predecessors, namely JASigning and
SIGMLSigning systems, which were initially developed during the ViSiCAST and eSIGN projects
[128].

Subsequent enhancements and refinements to the system were realized through our ongoing
contributions to the Dicta-Sign project [128]. CWASA harnesses the capabilities of HTMLS5, em-
ploying JavaScript and WebGL technologies to facilitate its operations and user interactions [128].
This modern framework ensures optimal performance and compatibility across diverse web envi-

ronments.

<« G = vhg.cmpueaacuk/tech/jas/vhg2024/cwa/OneAvClient himl *

ZoffeeScript WebGL ARP Signing Avatar with Animgen via JASigning: vhg.2024
single Signing Avatar with complete GUI

Avatar. Ambient:
T

Speed (log, scale):[ 000 |[-][+]

SIGML URL:
[scotlandH.sigmi ]
SIGML Text:
oding="1

Play SIGML Text |
Frames: =2

SigFrame:| o5 | Gloss | lwel | FPS ﬁ
Status: [ Amimgen by Gien ]

wailable under the Creative Commons BY-SA License. JRWG 2021-01-19

Figure 2.19: HTMLS Test Pages using JavaScript and WebGL from CWASA [9]
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eSIGN Editor

The eSIGN Editor software allows the user to compose signed text to be performed by the eSIGN
Avatar [129]. The editor gives the user an economic approach to create signed sequences by select-
ing signs from the lexicon and then modifying them with the assistance of specialised editors (that
focus on different aspects of the sign’s phonetics and morphology) where necessary [127][129]. The
tool is delivered for Windows 32bit and MacOS platforms in three user interface languages (Ger-
man, English, and Dutch). Modules to support features specific to individual sign languages have
been implemented. In the realm of free-text translation, the approach adopted by eSIGN revolves
around supporting human translators to streamline the process of converting spoken language into
animation input, optimizing economic viability [ 127]. Central to this endeavor is the eSIGN Editor
a pivotal tool designed to facilitate this translation process. The core principle underlying the pro-
gram involves selecting sign-by-sign sequences from a lexicon and implementing morphological
adjustments to individual signs or sign sequences as needed [129]. Various “assistants” are avail-
able within the editor to address diverse morphological and contextual modifications, including
pronunciation databases to aid in depicting mouth movements and gestures [127][129].

During the composition phase, users have the capability to instantly validate the content by
transmitting the text to the Avatar [129]. Depending on the operational environment at the con-
tent creator’s location, lexicon maintenance functions can be performed within the eSIGN Editor
or through external applications[127]. Documents generated through the editor can be exported
to SIGML format[127]. However, the integration of SIGML into web pages remains a manual
undertaking at present.

Given the expanded scope of the tool’s usage across multiple content sites, as opposed to the
originally envisioned single site, the focus has shifted towards developing a cross-platform solu-
tion that accommodates specific editors for each target language, such as fingerspelling [129][127].
While the current tool offers considerable flexibility in combining parameterized signs in linguisti-
cally meaningful ways, ongoing efforts are directed towards enhancing its efficiency [127]. These
enhancements will be incorporated into future iterations of the tool, reflecting our commitment to

continuous improvement[ 129].

Steps in the Translation Process

The intricacies of the translation process necessitate the expertise of individuals specifically trained
in translation and/or the development of signed content, such as sign language interpreters or relay
interpreters [10][127]. Despite its apparent complexity to the untrained eye, a cohort of interpreters

has undergone successful training and adeptly navigates the utilization of the Editor [ 10]. Within the
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eSIGN framework, the initial text is inputted into the designated editor, subsequently segmented
into discrete sentences or phrases [10]. Concurrently, the corresponding sign language translation
is meticulously inputted alongside the original text, gloss by gloss [10][129].

Joir Export SIGML

Hamburg for Deaf Pecple

HAMEURGTB FURT GEHORLOST

There are approximately 2,000 Deaf peopie in Hamburg.
HAMBURG1B OBERFLACHET ES-GIBT1 $SAM-UNGEFAHR SNUM:2000: GEHORLOS

Many of them meet on a regular basis at the Association of the Deaf in Hamburg.

SHOEXPLURALT OFT1! CLUBTE $SAMMASSE PERSON] 4 HERT ZUEAMMENHANGT LANDT VERBAND 1A GEHORLOS | HAVELR.

Fere, one can aiso GBtan infarmation on special events for eaf pepie.
DA ALCH! INFORMATION2A FEIERN1! BEISPIEL1 A SSAM-SPEZIAL] GEHORLOS1 ES-GIBT1 LISTET

There are, for example, quided tours for Deaf people in Hamburg's museums.

SSAM-BEISPIELT A MUSEUM 11 FUHRENTC! MITT SALPHA.D-G-S GEBARDENT

Figure 2.20: Original text and gloss transcription in the eSIGN editor [10]

These glosses, accompanied by their respective HamNoSys strings, are sourced directly from
the lexicon database tailored to the pertinent language [10]. Given the multifaceted nature of sign
language, inclusive of dialectal variations and individual idiosyncrasies, multiple entries often exist

for a singular gloss [10][127]. To ascertain the precise sign, several methods are available [10]:

* Observation of accompanying video clips, where available, depicting each sign within the

database.
« Utilization of an avatar to demonstrate the sign.

+ Reference to the HamNoSys string elucidating the manual components of the sign.

In instances where signs are absent from the database, transcription into HamNoSys is under-

taken and subsequent integration into the database is facilitated [10].

Esign Virtual Human Avatar Technology

In the nascent stages of the preceding ViSiCAST endeavor -As mentioned in the previous Sections-,
the utilization of motion capture technology stood as the primary method for crafting signed con-
tent. This methodology involved the application of magnetic and video-based tracking techniques
to meticulously record the intricate movements of a live human signer [10]. The captured data un-
derwent segmentation, yielding a compendium of motion data files representing a lexicon of distinct
signs [9]. These files could then be seamlessly integrated and reproduced through an animated sign-
ing avatar as required. Notably, the TESSA system [9], a product of the ViSiCAST initiative aimed
at facilitating interactions between a service clerk and a deaf patron within a postal environment,

was built upon this foundational technology [10][127].
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However, the substantial resource overheads associated with employing motion capture tech-
nology in this manner, coupled with the inherent constraints on the adaptability and reusability of
signs from preexisting sequences, spurred the exploration of an innovative paradigm shift within the
ViSiCAST project [10]. This paradigm shift involved the synthesis of signed animations directly
from an input script encoded in SIGML notation [10].

The foundational framework for avatar animation and rendering within the eSIGN project is
provided by Televirtual [10]. This encompasses the animation and rendering software integrated
into Televirtual’s Mask-2 system, complemented by the character specifications of the VGuido and
Visia4 avatar personas [10]. Each avatar definition meticulously encapsulates a comprehensive
depiction of the interrelation between the avatar’s skeletal structure and key anatomical landmarks
on the surface mesh—a critical component for the precise rendition of signing data [10]. Notably,
VGuido was meticulously crafted for eSIGN following informal consultations with sign language
practitioners in Germany and the UK. While conceivable, the creation of alternate avatars with

distinct attire, hairstyles, etc, would entail considerable expenses [10][127].

Figure 2.21: The VGuido avatar, developed by Televirtual for the eSIGN project. [10]

Augmenting the core animation and rendering technology provided by Televirtual is the SIGML-
Signing software, a product of UEA’s development efforts [ 10]. This software furnishes an ActiveX
control and SIGMLToSigningAvatar module, which can be seamlessly integrated into HTML envi-
ronments [10]. These components furnish a user-friendly interface designed to facilitate: the input
of signing sequences encoded in SIGML, the generation of corresponding animation frames, and
the scheduling of frame rendering utilizing Televirtual’s Mask-2 ActiveX controls [10]. emarkably,
SIGMLSigning is versatile enough to interface with any avatar system that supports a rendering

interface similar to the one provided by the Mask-2 system.[10].
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Beyond the foundational animation capabilities elucidated above, the SIGMLSigning and Mask-
2 systems bestow upon HTML developers scriptable control over system features such as virtual
camera positioning, viewing parameters, lighting configurations, and the avatar’s ambient motions,

thereby fostering a dynamic and immersive user experience [10].

06 Related Works

Despite the advanced capabilities of modern computer systems, there is a notable lack of research
focused on the development of machine translation (MT) systems for sign language, particularly
in Algeria. Several types of MT systems have been employed for other sign languages, each with

distinct methodologies and applications:

* Automated Arabic-Arabic sign language translation system based on 3D avatar tech-
nology [130]: A machine translation system translating Arabic into Arabic Sign Language
(ArSL) has been developed utilizing advanced avatar technologies. Initially, a comprehen-
sive ArSL dictionary was constructed using the eSign Editor Software. This dictionary com-
prises three thousand signs and can be integrated into the translation system, facilitating the
conversion of written text into sign language. This dictionary will be freely accessible to
researchers, acknowledging that its creation is intricate and time-consuming but a crucial
milestone towards the machine translation of complete Arabic texts into ArSL with 3D ani-
mations. Subsequently, the translation system itself was developed. It conducts syntactic and
morphological analyses of Arabic text and then employs a set of predefined rules to convert
the text into ArSL, adhering to the linguistic structure and grammar of ArSL. The system’s
efficacy was evaluated using a parallel corpus of 180 sentences and the METEOR (Metric for
Evaluation of Translation with Explicit ORdering) metric, where it achieved a relative score
of 86

* Automatic translation of English text to Indian sign language synthetic animations [130]:
This article introduces a prototype system for converting English text into Indian Sign Lan-
guage (ISL) using synthetic animations in a real-world context. The translation system com-
prises several modules. Initially, a parsing module analyzes the input English sentence to
generate a phrase structure grammar representation. Indian Sign Language grammar rules
are then applied to reorder the words, addressing the grammatical differences between En-
glish and ISL.

An elimination module subsequently removes unnecessary words from the reordered sen-

tence. Lemmatization is employed to convert words to their root forms, as ISL does not uti-
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lize word inflections. Each word is then checked against a lexicon containing English words
and their corresponding HamNoSys notations. Words not found in the lexicon are replaced
with synonyms. The words are converted into their respective HamNoSys codes; if a word

is not present, HamNoSys codes are generated for each of its alphabets.

These HamNoSys codes are then translated into SIGML tags, which are sent to an animation
module. This module converts the SIGML tags into synthetic animations using an avatar.
Unlike existing systems that rely on videos, the proposed system is innovative in its use of
synthetic animations. Furthermore, while current systems are limited to converting individual
words and predefined sentences into ISL, the system is capable of translating full English

sentences into ISL in real-time.

3D Avatar Approach for Continuous Sign Movement Using Speech/Text [131]: a 3D
avatar-based sign language learning system that converts input speech or text into corre-
sponding sign movements for Indian Sign Language (ISL). The system comprises three main
modules. First, the input speech is transcribed into an English sentence. Next, this English
sentence is translated into the corresponding ISL sentence using Natural Language Processing
(NLP) techniques. Finally, the 3D avatar’s motions are generated based on the ISL sentence.

The translation module achieves a Sign Error Rate (SER) score of 10.50.

ES2ISL: An Advancement in Speech to Sign Language Translation using 3D Avatar
Animator[132]: This study introduces a model and an initial implementation of a robust
system designed to convert English Speech into Indian Sign Language (ES2ISL) animations.
Such a system holds promise for significantly improving the quality of life for individuals
with hearing impairments, particularly in facilitating interaction and information exchange
with others. The primary objective of this system is to bridge the communication gap between

hearing-impaired individuals in India and the broader community.

The system leverages the semantics of Natural Language Processing (NLP), the Google
Cloud Speech Recognizer API, and a predefined sign language database. Experimental re-
sults demonstrate that the proposed system surpasses existing models, achieving an average
accuracy rate of 77%. Furthermore, it excels in terms of processing time, completing the
conversion process in approximately 0.85 seconds. These findings underscore the potential
of the proposed system to significantly enhance communication accessibility for individuals

with hearing impairments.
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07 Conclusion

This chapter has provided a detailed examination of the various tasks and technologies associated
with sign language (SL) translation. Through this literature review, we have highlighted the sig-
nificant strides made in the detection, identification, segmentation, recognition, translation, and
production of SL. The advancements in machine learning and deep learning have played a piv-
otal role in enhancing the accuracy and efficiency of SL translation systems, making them more
accessible and reliable for the Deaf and Hard of Hearing (DHH) community.

One of the key insights from this chapter is the critical role of 3D avatar technology in sign
language synthesis and translation. These avatars not only facilitate more accurate and natural
translations but also serve as effective tools for sign language education. The integration of motion
capture technology and artificial intelligence has further improved the realism and precision of these
avatars, enabling more immersive and interactive learning experiences.

As we look to the future, it is evident that ongoing research and technological innovations will
continue to enhance the capabilities of SL translation systems. The development of larger and more
diverse datasets, coupled with advancements in neural network architectures, will likely lead to even
greater improvements in SL recognition and translation. Ultimately, these advancements will con-
tribute to bridging the communication gap between the DHH community and hearing individuals,
fostering a more inclusive and accessible society.

For further progress, it is essential to continue interdisciplinary collaborations, involving lin-
guists, computer scientists, and educators, to develop comprehensive and culturally sensitive SL
translation systems. By doing so, we can ensure that the benefits of these technological advance-
ments are realized across diverse contexts and communities, supporting the linguistic and commu-

nicative needs of all users.
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Chapter 3

Conception
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01 Introduction

This chapter serves as a comprehensive overview of the methodologies, phases, and technologies
involved in the development of our project, which aims to create a 3D avatar capable of performing
Algerian Sign Language (ASL) gestures. We will outline the work process, highlight the steps
involved, and emphasize the significance and potential impact of the project.

The chapter provides a detailed description of the system architecture, including the two primary
methods employed: the Notation System Method (NSM) and the Gesture Animation via Motion
Capture (GAMC). We will delve into the phases, requirements, and design of each method. Addi-
tionally, we will explore the technological choices underpinning our project, examining the software
tools utilized and the rationale for their selection. Finally, we will review related works in the field,

comparing various approaches and emphasizing the unique contributions of our project.
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02 Overview

This project embarks on a multifaceted journey to establish a communication solution facilitating
seamless interaction between Arabic-speaking individuals and users of Algerian Sign Language
(ALSL) through an adaptable 3D avatar. With our overarching aim of dismantling prevailing com-
munication barriers to foster inclusivity and efficiency, the initial phase involves conducting an
exhaustive review of existing sign language translation systems while compiling a diverse dataset
of Algerian Sign Language (ALSL) signs alongside their corresponding Arabic text translations.
As we progress, our focus shifts towards the development of a lifelike 3D avatar adept at accurately
performing ALSL signs. This stage integrates natural and expressive gestures, alongside realistic
textures, facial expressions, and body movements, thereby enhancing user engagement. Advancing
further, we leverage Computer Vision models to recognize ALSL signs and devise an algorithm for
translating them into Arabic text. Concurrently, we integrate a user interface for Arabic text input
and to display the avatar’s sign language responses. Throughout the project’s duration, we conduct
continuous testing with both ALSL users and Arabic speakers to gather feedback aimed at refining
the avatar’s accuracy and responsiveness. Additionally, there is a dedicated emphasis on ensuring
cultural sensitivity, particularly regarding Algerian Sign Language (ALSL) and Algerian Deaf cul-
ture, with ongoing collaboration with experts in these fields to maintain cultural authenticity and
respect cultural nuances. This endeavor not only underscores our imperative of enhancing commu-
nication accessibility for ALSL users, thereby empowering autonomy and self-expression within
the Deaf community but also showcases the potential for innovative technological applications in
sign language interpretation, adaptable to diverse linguistic contexts and global regions.

The project is expected to be completed within a six-month timeframe, with the following ten-

tative schedule:
* Months 1-2: Research and Data Collection
* Months 3-4: 3D Avatar Development
* Months 5-6: ALSL Recognition and Translation

This schedule allows for a structured development process, with ample time allocated for re-
search, avatar development, and the implementation of recognition and translation algorithms. User
testing and feedback will be ongoing throughout the project to ensure continuous improvement.

To solve the project’s main problem, we employ two primary methods: the notation system
method (NSM) and the Gesture Animation via Motion Capture method (GAMC). For each method,
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we will delve into each phase in more detail in the upcoming sections, examining its nuances and

subtleties.
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02.1 Significance and Impact

The field of supporting deaf communities around the world attracts significant attention from re-
search and scholarly publications. Deaf and hard of hearing individuals often encounter difficulties
in various daily experiences. The language barrier constitutes a big obstacle for them, hindering
their ability to perform daily tasks within the hearing community. This often leads to isolation and
marginalization of deaf and hard of hearing individuals in closed communities away from the hear-
ing community. The deaf and hard of hearing community in Algeria is no exception, as it requires
attention compared to the research advancements in other sign languages. In this regard, our re-
search aims to overcome these barriers to empower deaf and hard of hearing individuals to integrate
with the rest of the community and achieve the principle of equal opportunities in education, em-
ployment, and other forms of interaction with society. We aspire to develop an innovative solution
to overcome the aforementioned barriers by developing a high-precision dual translation system be-
tween Arabic and Algerian Sign Language, utilizing frameworks and artificial intelligence models
specialized in recognizing hand signals, movements, and facial expressions. Additionally, we aim
to leverage the advancements in 3D avatar technology, in collaboration with experts in Algerian

Sign Language, to achieve the following effects:

1. Facilitating communication between the deaf and hard of hearing community and the hearing

community smoothly.

2. Enriching datasets for Algerian Sign Language to train intelligent models by translating Ara-

bic words and sentences into sign language.
3. Augmenting sources of deaf education by training avatars in a unified sign language.

4. Delivering promotional, awareness, and religious campaigns to the deaf and hard of hearing

community.
5. Facilitating navigation and interaction with various web technologies.

This research not only addresses immediate challenges faced by the deaf community in Algeria
but also sets a precedent for similar accessibility projects worldwide, promoting inclusivity and

improving communication for Deaf communities globally.

65



03 System Architecture

03.1 System Design

The project initially aimed to develop a globally recognized 3D avatar technology for representing
Algerian Sign Language (ALSL) while integrating Al capabilities to animate gestures realistically.
Our approach naturally bifurcated into two distinct methods: the Gesture Animation via Motion
Capture (GAMC) and the Notation System Method (NSM). GAMC focuses on creating a lifelike
3D character that performs ALSL gestures through advanced motion capture techniques, ensuring
visual fidelity and user immersion. Concurrently, our goal was to establish a product scalable for
international use and future research integration. Upon thorough research, we discovered the Ham-
NoSys notation system, widely adopted across various sign languages globally and easily translat-
able into Sign Language Markup Language (SiGML). Opting for NSM enables compatibility with
international standards and facilitates seamless integration with evolving tools and applications.
However, focusing solely on NSM risked deviating from our primary goals of achieving realism
and leveraging Al for gesture interpretation. By employing both methods, we maintain a balanced
approach: NSM ensures linguistic accuracy and interoperability, while GAMC enhances visual re-
alism and user interaction. This dual-method strategy ensures our system meets global standards,
evolves with technological advancements, and fulfills our original objectives of creating a realistic,

Al-driven ALSL representation.

1. Notation System Method (NSM): This method focuses on translating ALSL gestures into a

structured textual format using established linguistic notation systems.

2. Gesture Animation via Motion Capture (GAMC): This method utilizes motion capture
technology to animate a 3D avatar that performs ALSL gestures based on human motion

data.
These methodologies encompass several phases, each crucial to the system’s success.

* NSM Method

Phase 01: ALSL Data Collection

Phase 02: ALSL Translation

Phase 03: From HamNosys To SiGML

Phase 04: Text processing
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— Phase 05: Ul Based on CWASA
— Phase 06: Test the System

— Phase 07: Collaboration with ALSL Experts
GAMC Method

Phase 01: ALSL Data Collection

Phase 02: Create a 3D avatar

Phase 03: Creating motion capture files

Phase 04: Enrich the 3D avatar

Phase 05: Set up an environment

Phase 06: Develop text treatment algorithm

Phase 07: Deploying a Prototype on Mobile

03.2 Functional Requirements

The system is required to accurately process Arabic texts as inputs.

Utilize a comprehensive dictionary for translating Arabic textual words into Algerian Sign
Language (ALSL).

The system must ensure the accuracy of translating Arabic text into Algerian Sign Language

gestures represented by the avatar.
Incorporate a 3D avatar capable of executing ALSL gestures.

The system must ensure that the embedded avatar is capable of translating the Arabic textual

inputs to ALSL gestures derived from the dictionary.

The system must ensure that the embedded avatar movements and textures exhibit realism.

03.3 Non-Functional Requirements

The system in its applied model should prioritize user-friendliness.
The system should guarantee efficient processing of system functions with low complexity.
Ensure responsiveness across diverse computer devices.
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03.4 Interaction Design

+ User Interface: The user interface is designed to be intuitive, allowing users to input Arabic
text easily and view the 3D avatar’s sign language output. The user interface can be divided

into three main sections:

1. Avatar Interaction Area: A designated space is allocated for the avatar character,
facilitating the accurate and visually comprehensible display of its movements. This
configuration ensures the visual accuracy and comprehensibility of the translated sign
language. Details and movements are presented in a manner that faithfully represents
the translated texts or vocabulary, thereby ensuring clarity and precision for viewers.
Furthermore, the viewing angle can be adjusted to examine movements from various

perspectives.

2. Input and Output Submission: This encompasses a user-input method where texts or
phrases are entered into a designated text area for translation into sign language. Users

can submit these inputs using interface buttons for display.

» User Experience: The system aims to provide a positive user experience by ensuring smooth
and accurate translations, realistic avatar animations, and minimal latency. The project em-
phasizes a seamless user experience during interaction with various elements of the web page.
The avatar area occupies the largest space on the page to facilitate clear observation of avatar
movements. Users can adjust the viewing angle to enhance visibility of sign language ges-
tures. A vocabulary lexicon is organized into categorized lists to ensure flexible access to
desired words. Buttons, input spaces, and vocabulary lists are uniformly and ergonomically
distributed to enable comfortable interaction with diverse elements. The project ensures the
integration of different interactive elements on the page for a problem-free experience devoid
of undesired disruptions. Additionally, algorithms are employed to process entered texts, op-
timizing the translation system’s performance and enabling users to translate texts easily and

clearly, thereby meeting user needs effectively.
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03.5 Step-by-Step Workflow

NSM Method

Data Collection
{Builda ASL Dicti yI

EXPORT

| Build Text Processing Script |

Learn HamNoSys

Translate ASL Sign to HamNoSys

Test Sign Test the System

| Build User Interface Using CAWSA |

Accurate

©-

| Avatar Signing Space, Text-Input, Button |

l

Integrate SIGML Dictionary with Avatar on User Interface Based on CAWSA

Review the Real Sign

Tests and Feedbacks

—{ Improve HamNoSys ] [ System Improving }—-

AND\ OR

Improve Solution Based on Feedbacks

Figure 3.1: Notation System Method Flowchart

1. Phase 01: ALSL Data Collection

* Gather a comprehensive dataset of Algerian Sign Language (ALSL) signs and their

corresponding Arabic text translations.

» Acquire datasets pertaining to French Sign Language (LSF) and engage in collaborative
efforts with experts in Algerian Sign Language translation to discern data alignment be-
tween Algerian Sign Language (ALSL) and LSF, along with their corresponding Arabic

text translations and their corresponding HamNoSys notation translations.
2. Phase 02: ALSL Translation

* Learn HamNosys:
— Acquire knowledge and proficiency in the Hamburg Notation System (HamNosys)
for notating sign language gestures accurately.

— Practicing notation of Algerian Sign Language gestures and reviewing notation of
other sign languages based on the Hamburg Notation System to achieve accurate

notation.
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* Translate ALSL Sign to HamNosys:

— Utilizing the dataset for a deeper understanding of the structure of Algerian Sign
Language (ALSL) gestures and collaborating with (ALSL) translation experts to
notate (ALSL) gestures using the Hamburg Notation System.

— Convert each (ALSL) sign in the dataset to HamNosys notation and linking it with

its corresponding Arabic textual translations.
— Each sign from the Algerian Sign Language (ALSL) dataset is converted into Ham-
Nosys notation and associated with its corresponding Arabic textual translations.

* Test Sign:

— Each sign from the Algerian Sign Language (ALSL) dataset is implementing the
generated outcomes on avatar and overseeing their application for sign representa-

tion.
— Validate the accuracy of the HamNosys notation by testing it to ensure it matches
the actual ALSL sign in the dataset.

e Is the Translation Accurate?

— If No:
% Review the real sign and compare it with the notation.
% Improve the HamNosys notation based on the review and retest the sign.

— If Yes: Proceed to the next step.
3. Phase 03: From HamNosys To SiGML

* Build a HamNosys ALSL Dictionary:

— Compile all the accurate HamNosys notations into a comprehensive ALSL dictio-
nary.
* Export to SIGML Files:
— Convert the HamNosys ALSL dictionary into SIGML (Sign Markup Language)
files for digital processing.

— Each ALSL sign from the Algerian Sign Language (ALSL) dataset is represented
in the Dictionary by a SIGML File associated with its corresponding Arabic textual

translations based on glosses in HamNoSys.

4. Phase 04: Text Processing
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* Build Processing Script for Text-Inputs:

— Developing custom input rules to prevent issues when users input Arabic text.
5. Phase 05: UI Based on CWASA

* Build User Interface Using CWASA:
— Create a user interface utilizing the CWASA Software.
* Design Avatar Signing Space, Text-Input, and Button:

— Using the CWASA features to design and integrate the signing space for the avatar,
along with text-input fields and interactive buttons for user commands based on

our specific purposes.
* Integrate SiIGML Dictionary with Avatar on User Interface:
— Connect the SiGML dictionary to the avatar within the user interface to enable
translation and signing.

6. Phase 06: Test the Translation System

* Test The System:

— Validate the accuracy of the Translation System via comprehensive testing proce-

dures to ensure its alignment with the genuine ALSL sign in the dataset.
* Is the Translation Accurate?

— If No:
% Review the real sign and compare it with the Avatar Signing.
% Improve the HamNosys notation based on the review and retest the sign.

% Improve The Translation System including the HamNosys-SiGML conversion
and CWASA installation.

— If Yes: Proceed to the next step.
7. Phase 07: Collaboration with ALSL Experts

e Tests and Feedback:

— Conduct thorough testing sessions with ALSL users and Arabic speakers.

— Gather feedback to identify areas for improvement in the system’s accuracy and

responsiveness.
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* Improve Solution Based on Feedback:

— Refine and enhance the solution based on user feedback and ongoing testing results.

* Final Implementation and Deployment:

— Implement the final solution and prepare it for deployment to end-users.

Notes:

 Throughout this process, we ensure continuous collaboration with experts in ALSL and Ara-

bic languages to maintain accuracy and cultural sensitivity.

* We ensure to regularly update the HamNosys dictionary and SiGML files to accommodate

new signs and improvements.

» We maintain detailed documentation of each step to facilitate future enhancements and trou-
bleshooting.
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GAMC Method

Collect ASL
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Is the video
clear and shows
the handshapes
clearly?

—No

Create a similar
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Create a 3D
Avatar

Create MoCap Files from the
Video
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animabion
accurate?

— No—/

Change Avatar's hierarchy to Collect a set of Mocap files
correspond the MoCap hierarchy with same architecture
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Creale an
environment in Unity
Engine
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L

Create a responsive
Ul and logic

Export fo different
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Figure 3.2: Gesture Animation via Motion Capture method Flowchart

1. Phase 01: ALSL Data Collection

* Gather a set of videos of people performing ALSL gestures, each video represents a
word or a sentence, the videos must be clear and show the hands and gestures in all the

frames.
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* Some videos might be re-performed by us if they are not clear.

* Include criteria for video quality and frame rate.
2. Phase 02: Create a 3D avatar
» Create a 3D avatar using a 3D software along with various tools that might facilitate the

process.

 Consider using existing 3D models to save time, ensuring they meet the detail require-

ments.
* The 3D avatar must have an armature so it can perform gestures.

* The upper body of the 3D avatar must be highly detailed, especially the hands and

fingers so the gesture can be clearly seen.
* Test the avatar’s movements early to ensure the rigging is functional.

* Emphasize the importance of realistic skin and texture details for the hands and face.
3. Phase 03: Creating motion capture files
» Using Computer Vision libraries and scripts, create motion capture files that can be

understood by the 3D avatar software.

» Explore and compare different computer vision libraries (e.g., OpenPose, MediaPipe)

for accuracy.
* Perform tests to validate the motion capture accuracy against real gestures.

* The motion performed by the 3D avatar when fed by the motion capture file must be
identical to the video in the first step, otherwise a video of the same gesture must be

recorded again.
» The motion capture file can be in different formats such as: fbx, collada, Alembic,
Wavefront, SVG, Stanford PLY, STL, Bio-Vision...
4. Phase 04: Enrich the 3D avatar

 Each library, script, or software that generates animation file from a video uses a custom
armature hierarchy, the first modification must be done to the avatar is to match its

armature to the finally selected hierarchy.
* Test the compatibility of the animation files with the 3D software.

* Feed the animation files to the 3D avatar to have all the animation we have prepared.

74



* Perform iterative testing and refinements to ensure smooth animations.
5. Phase 05: Set up an environment

* Prepare the environment and lighting that will surround the avatar.
* Ensure the environment is adaptable for different scenarios (e.g., classroom, outdoors).

* Set up a flexible camera with different angles and zooming levels for clear visibility of

the avatar.
* Import the created avatar with the proper settings.

* Create a user interface.
6. Phase 06: Develop text treatment algorithm
* Create an algorithm that uses natural language processing (NLP) techniques to prepro-

cess text.

* Ensure the algorithm can handle synonyms and variations in sentence structure, and

selects the right animations to play.
» Link the algorithm with the user interface then make sure it interacts well with the Ul
elements.

7. Phase 07: Deploying a Prototype

» Optimize the 3D model and animations for different devices performance.

 Configure the main settings such as adjusting the resolution, quality settings, and per-

formance optimizations.

» Implement controls for both mobile and desktop with the necessary user interface ad-

justments.

» Release the prototype to a selected group of users for feedback, then use this feedback

to make necessary improvements and updates to the application.

Notes:

» We prioritize the use of open-source tools and libraries to ensure accessibility and repro-

ducibility of our work.

* While collecting data we must obtain consent from individuals being recorded and ensure

ethical considerations.
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* To make a good 3D avatar, we must choose a 3D software that supports detailed modeling
and rigging, such as Blender or Maya, we must also consider using existing 3D models to

save time, ensuring they meet the detail requirements.

* We maintain detailed documentation of each step to facilitate future enhancements and trou-

bleshooting.

03.6 Components

The two methods have the same goal, therefore they have identical components.

Input Module

Text Capture: Arabic text is captured using standard input methods such as keyboard input.

Processing Module

* Text Processing Techniques: Text processing techniques preprocess Arabic text inputs, fa-
cilitating the accurate translation of texts into ALSL gestures. These techniques ensure the
system can manage synonyms and sentence variations while linking smoothly with the user

interface for seamless interaction.

* Translation Algorithms: The system uses rule-based translation algorithms to convert Ara-
bic texts into ALSL. These algorithms are designed to handle the dictionary of Algerian Sign

Language.

Output Module

* 3D Avatar Technology: The 3D avatar is capable of performing ALSL signs with lifelike
movements. The avatar’s design includes realistic textures, facial expressions, and body

movements to enhance user engagement.

* Rendering and Display: The project’s culmination is manifested in a web page featuring a
dedicated space for an avatar to display textual input results. This setup incorporates avatar
control tools for avatar manipulation, facilitating avatar switching or result display through
specified buttons. Furthermore, a text input area enables the entry of Arabic natural language
texts intended for translation into Algerian Sign Language (ASL). Additionally, an Arabic

vocabulary lexicon is available to facilitate the selection of words required for translation.
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04 Technological Choices

04.1 NSM Method

Technology Selection

The selection of technologies and tools is crucial for the project’s success.

* 3D Avatar Technology: CWASA technology was chosen for its robust capabilities in per-
forming ALSL signs with lifelike movements based on SIGML files. The avatar’s design
includes realistic textures, facial expressions, and body movements to enhance user engage-

ment.
* Translation System:

1. We selected the Hamburg Notation System (HamNoSys) for transcribing gestures in
Algerian Sign Language (ASL). The choice was motivated by its inherent flexibility,
defined by a collection of 200 symbols that cover handshapes, movements, movement
direction, hand positioning in relation to the body or head, non-manual movements,
and other aspects. This inclusive framework enables accurate encoding of Algerian

Sign Language gestures with exceptional fidelity.

2. In order to streamline the transformation of notations into a format comprehensible to
avatars, Signing Gesture Markup Language (SiGML) was chosen for its ability to con-
vert HamNoSys notations into tags. This functionality enables avatars to generate sign
language movements and differentiate between various components including palm ori-
entation, finger direction, hand position, and other parameters, utilizing the information

encoded within these tags.

* Web-based Interface: For project demonstration purposes, we selected CWASA technology
from among others. This technology was chosen for its compatibility with the outputs of the
translation system employed in the project. It facilitates the display of the eSign 3D Avatar
on a web page, ensuring seamless translation of SIGML file contents and the generation of
avatar movements based on this data. Moreover, it allows for the addition or removal of speed

control tools, presentation of input results, and management of pre-configured input spaces.
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Comparison of Alternatives

1. Sign Writing Notation Systems

Sign writing notations play a crucial role in converting words into a format suitable
for automated solutions and animation translation. The most renowned and exten-
sively used notations include Stokoe, Gloss, SignWriting, and HamNoSys. Each no-
tation method exhibits distinct merits and demerits [13]. Table 3.1 presents a compar-
ative analysis of these notations, with HamNoSys identified as the optimal choice for

lightweight solutions.

Notation name | Language dependency | Non-manual signs support | Used for | Computer supported encoding | Signs arrangement
Stokoe Yes No Academic ASCII Codes Linear
Gloss Yes Yes Academic ASCII Codes Linear
SignWriting Yes A few Public ASCII and Unicode Pictures
HamNoSys No Yes Academic Unicode based font Linear

Table 3.1: Comparison of famous sign writing notation systems [13]

04.2 GAMC Method

Technology Selection

1. 3D Avatar creation Technology:

Our 3D avatar will represent ASL gestures based on human footage, necessitating a skeletal
structure similar to that of a human being. Therefore, the chosen technology must support
detailed rigging and animation capabilities. Various tools are available for creating and ani-
mating 3D avatars, each with its own set of features, strengths, and limitations. Here, we will

explore some of the most prominent alternatives and provide a comparative analysis.

* Suggested tools

Blender
Autodesk Maya
Cinema 4D

Houdini

— 3ds Max
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Comparative Analysis

Tool Pros Cons

Blender - Free and open-source - Very steep learning curve for be-
- Strong community support ginners
- Comprehensive rigging and ani- | - Sometimes less optimized for very
mation tools high-poly models
- Supports various export formats

Autodesk Maya | - Industry standard for animation | - Expensive licensing costs
and rigging - High system requirements
- Extensive toolset and plugins - Complex interface for new users
- Strong support for complex anima-
tions

Cinema 4D - User-friendly interface - Expensive
- Excellent motion graphics capabil- | - Limited advanced character rig-
ities ging compared to Maya and Blender
- Strong community and resources

Houdini - Powerful procedural generation - Very steep learning curve
- Excellent for complex simulations | - Expensive
- Strong support for VFX - Overkill for simple rigging and an-

imation needs
3ds Max - Strong modeling tools - Expensive

- Good for architectural visualiza-
tion

- Extensive plugins and scripts

- Less focused on character anima-
tion compared to Maya

- High system requirements

Table 3.2: Comparative Analysis of 3D Avatar Creation Tools

Based on this analysis, Blender emerges as a strong candidate for our project. It offers

comprehensive rigging and animation tools, supports various export formats, and has a

strong community that can provide support and resources. Additionally, being free and

open-source makes it an accessible and cost-effective solution, especially for projects

with budget constraints.
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* Decision

Given the needs of our project, including the creation of a detailed and lifelike 3D avatar
that can accurately perform ASL gestures, Blender is the optimal choice. It balances
robust features with accessibility, making it a suitable tool for both beginners and ex-

perienced animators.

2. Selection of Motion Capture Format

Selecting the appropriate motion capture (mocap) format is crucial for ensuring seamless inte-
gration with our chosen 3D avatar software and achieving accurate representation of ASL ges-
tures. The chosen format must support detailed motion data and be compatible with Blender,

our selected 3D avatar creation tool.

e Criteria for Selection

The following criteria will guide our selection of the mocap format:

Compatibility: The format must be compatible with Blender.

Detail and Accuracy: The format should capture intricate movements, especially
of the hands and fingers.

Ease of Use: The format should be easy to import and manipulate within Blender.

Community and Support: Formats with strong community support and docu-

mentation are preferred.

Available Formats

Here are some of the most widely used mocap formats:
« — FBX (Filmbox): A versatile format widely supported by most 3D applications,

including Blender.

— BVH (BioVision Hierarchy): A format specifically designed for motion capture
data, widely used and supported.

— COLLADA (Collaborative Design Activity): An open standard XML schema
for exchanging digital assets.

— Alembic: A format for exchanging animated scenes between different software
packages.

— MDD (Motion Designer’s Data): A format that stores vertex animation data.
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* Comparative Analysis

Format

Pros

Cons

FBX (Filmbox)

- Widely supported across many 3D
applications

- Handles complex animations and
detailed motion capture data

- Strong industry standard

- Can be proprietary with some fea-
tures not supported in all applica-
tions

- Larger file sizes

BVH (BioVision

- Specifically designed for mocap

- Less support for complex rigging

Hierarchy) data and non-standard skeletons
- Well-documented and widely used | - Limited detail compared to newer
- Easy to edit and manipulate formats

COLLADA - Open standard with strong interop- | - Can be complex to set up and con-
erability figure
- XML-based, making it easy to | - Performance issues with very large
parse and edit files
- Supports a wide range of data
types

Alembic - Excellent for complex animations | - Steeper learning curve
and simulations - Not as widely supported for rig-
- Highly efficient with data com- | ging and skeletal animation
pression
- Supports both geometry and ani-
mation

MDD  (Motion | - Great for vertex animation - Limited to vertex data only

Designer’s Data)

- Lightweight and efficient for spe-
cific use cases
- Easy to integrate with various soft-

ware

- Not suitable for skeletal anima-

tions

Table 3.3: Comparative Analysis of Mocap Formats
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* Decision

All the evaluated mocap formats meet the necessary criteria and can be seamlessly inte-
grated into our workflow. Since we have tools that can convert videos to various mocap
file formats, there is no significant difference between them in terms of usability for our
project. We can import any of these formats into Blender without difficulty.

However, if we plan to develop a Python script using a computer vision library to create
mocap files, we should consider formats that are more understandable and easier to work
with, such as BVH and COLLADA (which is XML-based). These formats offer better
readability and ease of manipulation, making them suitable for custom development and

further processing.

3. Selection of Game Engine

Choosing the right game engine is crucial for developing an application that features a 3D
avatar performing ASL gestures in response to user text input. The game engine must support
advanced 3D graphics, animations, and integration with Natural Language Processing (NLP)

libraries.

* Available Game Engines

Here are some of the most prominent game engines that can be considered for this

project:

— Unity: A highly popular game engine known for its ease of use, extensive doc-
umentation, and strong community support. Unity supports C# scripting and has

robust tools for 3D animation and integration with external libraries.

— Unreal Engine: Known for its high-fidelity graphics and powerful visual scripting
system (Blueprints). Unreal Engine supports C++ and has a steep learning curve
but offers unparalleled rendering quality.

— Godot: An open-source game engine that is lightweight and highly customizable.
Godot supports multiple scripting languages, including GDScript, C#, and C++.

— CryEngine: Renowned for its stunning graphics and realistic physics. CryEngine

uses C++ and offers a suite of powerful tools for game development.

— Blender Game Engine: Although not as powerful as the others, Blender Game

Engine is integrated within Blender, making it convenient for projects that heavily
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rely on Blender’s modeling and animation tools.

Evaluation Criteria

The following criteria will guide our evaluation of these game engines:

Ease of Use: The game engine should have a user-friendly interface and be acces-

sible to developers with varying levels of experience.

3D Graphics and Animation Support: The engine must support advanced 3D

graphics and provide robust tools for character animation.

Scripting and Extensibility: The ability to integrate NLP libraries and other ex-

ternal tools via scripting.

Community and Support: Strong community support and comprehensive docu-

mentation to assist with development.

Cost: Preferably free or low-cost to reduce the financial burden on the project.
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* Comparative Analysis

Game Engine

Pros

Cons

Unity

- User-friendly interface

- Extensive documentation and
community support

- Supports C sharp scripting and
external libraries

- Robust 3D animation tools

- May require additional plugins for
high-fidelity graphics
- Licensing cost for advanced fea-

tures

Unreal Engine

- High-fidelity graphics and render-
ing quality

- Powerful visual scripting
(Blueprints)

- Strong community support

- Steep learning curve
- Requires more powerful hardware

- Licensing cost for commercial use

Godot - Open-source and free to use - Less mature compared to Unity
- Lightweight and customizable and Unreal
- Supports multiple scripting lan- | - Limited high-end graphics capa-
guages bilities
- Active community
CryEngine - Stunning graphics and realistic | - Steep learning curve
physics - Smaller community compared to
- Comprehensive suite of tools Unity and Unreal
- Free to use with royalty-based
model
Blender = Game | - Integrated with Blender - Less powerful compared to dedi-
Engine - Convenient for projects using | cated game engines
Blender for modeling/animation - Limited community support and
- Open-source and free documentation
Table 3.4: Comparative Analysis of Game Engines
* Decision

All the evaluated game engines have their strengths and can be used to develop an appli-

cation featuring a 3D avatar performing ASL gestures. However, based on our criteria,
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Unity emerges as the most suitable game engine for this project. Its user-friendly in-
terface, robust 3D animation tools, support for C# scripting, and extensive community
support make it ideal for integrating NLP libraries and developing a comprehensive

application.

We also need to highlight that none of the propositions support Python libraries integra-
tion, therefore, there is no possibility to use Python NLP libraries such as NLTK. The

only techniques we can use are the ones that can be developed with C#.

While Unreal Engine offers superior graphics, its steep learning curve and hardware
requirements make it less suitable for rapid development. Godot and CryEngine, though
powerful, have smaller communities and may lack some of the ease-of-use features
present in Unity. Blender Game Engine, while convenient for Blender users, lacks the

advanced features and support needed for this project.

In conclusion, Unity’s balanced feature set, strong community support, and extensibility
make it the best choice for developing our ASL gesture application.
Related Works and Sign Representations Comparison

1. Different Media for the Sign Representation
Algerian Sign can be represented as real human video, sign pictures, coded sign language
text, or 3D Avatar animation. Each approach has its own advantages and disadvantages,

but synthetic animations are particularly suitable for translating spoken language into sign

language. A comparative analysis of all these media types is presented in the table as depicted:
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Kind of Media Pros Cons
Video Signs
* Realistic » Time consuming to create
« Easy to create » High memory consumption
* Not supported by translation system
Pictures

 Very less memory consumption

» Time consuming to create pictures
* Not realistic as compared to videos

* Not supported by translation system

Coded Sign Language Text

* Minimal memory consumption

« Supported by translation system as it is the writ-

ten form and can be processed very easily

* Very difficult to read and understand

» Required to be learnt

3D Avatar Animations

* Very less memory consumption
« Can be easily reproduced
* Supported by translation system

* Avatar can be made different according to choice

 Not as realistic as human videos

Table 3.5: Comparison of Different Media for Sign Language Representation[14]

2. Related Works Comparison
The majority of research proposes various systems that effectively assist the deat commu-
nity with sign language processing. This section discusses the research conducted on sign
language processing, which is summarized in Tables 3.4 and 3.5. This work is analyzed and
compared based on several identified parameters, as depicted in Table 3.5.

Sr. | Ref. | Year | Sign language | Prog. language Sign presentation Avatar Coverage/features Limitation/drawbacks
1 | [133] | 2015 Sinhala Python Expr. Of Signs Def. in Files Yes Word, Phrase, Finger Spelling MB, DSC, DC
2 | [134] | 2013 American Java Sign Writing Markup Language | Yes Under Development DSC
3 | [135] | 2017 American - XML-Gloss No Words, Finger Spell DSC
4 | [136] | 2017 Arabic - - Yes Words DSC
5 | [11] | 2016 Indian Java SiGML Yes Words DSC
6 | [137] | 2015 Brazil C++ XML Yes Words MB, DC, DSC
7 | [138] | 2019 Arabic - Gloss System Yes | Arabic Words, Stored Sentences MB, DSC
8 | [139] | 2019 Vietnam - HamNoSys Yes Words DSC
9 | [140] | 2019 Arabic Rule Based Video Sequences Yes Words DSC
10 - 2024 | Algerian (NSM) JavaScript SiGML Yes Arabic Words, Arabic Phrases DSC
11 - 2024 | Algerian (GAMC) | JavaScript, C# SiGML, BVH Yes Arabic Words, Arabic Phrases DSC

Table 3.6: Comparison between sign languages, tools and coverage of signs[13]
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Sr. | Avatar mesh | 3D software | Animation software | Animation engine | Multiplatform
1 Low poly | MakeHuman Blender Blender game engine No
2 Low poly - - WebSign player No
3 No No No No No
4 Low poly - - - No
5 Low poly - - JA SiGML App No
6 Low poly Blender Blender Irrlicht No
7 - - - - No
8 Low poly - - - No
9 Low poly - - - No
10 Low poly - - CWASA SiGML App No
11 Low poly Blender Unity Unity game engine No

Table 3.7: Comparison of sign language translation systems based on software platform [13]

Evaluation Parameters:

pare system features and support.

» Avatar Mesh and Avatar: Distinguish between low poly (fast render) and high poly

characters.

Software Platform, Technology, Sign Language, Tools, and Sign Coverage: Com-

» Signs Coverage: Identify system support for sentences and language features.

* 3D Software, Animation Software, and Animation Engine: Determine if animations

are manual or runtime-generated.
* Multi-Platform: Assess if the system runs on various platforms like mobile and PC.
+ Sign Presentation: Identify notation used for sign language representation and high-
light weaknesses.
System Developments:
+ Sinhala Sign Language (SSL) : Developed by Punchimudiyanse et al [133]. using
Python and Blender, animates sentences without video or motion capture.

* American Sign Language (ASL): Bouzid et al [134]. created a web-based system

using SignWritingmarkup Language and low poly 3D avatars.

* American Sign Language Transcription [135]: Othman et al. developed a system for

machine translation with a new XML representation.

87



» Arabic Sign Language (ArSL): Al-Barahamtoshya et al [136]. developed a system

translating Arabic text to ArSL using a speech module and transformational rules.

* Indian Sign Language: Kaur et al [11]. used SIGML technology and JA Signing App

for Indian sign language words.

» Brazilian Sign Language: Gongalves et al [137]. developed a system with a 3D avatar

using C++ and Irrlicht animation engine.

* Arabic Sign Language in Gloss System: Lugman et al [138]. represented Arabic signs

and sentences.

* Viennese Sign Language: Da et al [139]. converted television news to 3D animations

using Hamburg Notation.

» Arabic Sign Language Animation: Brour et al [140]. used video sequences and a

rule-based system.
» Arabic Algerian Sign Language: in our NSM Method we used SiGML technology
and CWASA Technologies for Algerian sign language Translation.
Limitations in Related Works:
* Dependency Chain (DC): Requires cost-effective 3D software, animation experts, and
sign language experts for recording.
* Memory Bound (MB): High storage memory and bandwidth usage.

* Dynamic Sentence Creation (DSC): Inability to extract gestures for new sentences,

relying on pre-recorded words/sentences.

* Multi-Platform (MP): Platform-dependent development, e.g., Android, Windows, Linux.
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05 Conclusion

This chapter has presented an in-depth examination of the conceptual and architectural framework
for the Automated Arabic Algerian Sign Language Translation System. By meticulously explor-
ing the system design, we have elucidated the critical phases involved in constructing a robust and
precise translation mechanism. The incorporation of the Notation System Method (NSM) and the
Gesture Animation via Motion Capture Method (GAMC) ensures accurate and lifelike sign lan-
guage representation, addressing fundamental communication obstacles faced by the deaf commu-
nity. Additionally, this chapter has highlighted the importance of user-friendly interaction design
and the judicious selection of technologies to enhance the system’s performance and cultural au-
thenticity. The insights and methodologies detailed in this chapter will underpin the subsequent
implementation and refinement of the translation system, ultimately empowering the Algerian deaf

community and advancing inclusivity in communication.

89



Chapter 4

Implementation
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01 Introduction

The implementation of the Automated Arabic Algerian Sign Language (ALSL) Translation System
combines two main methods: the Notation System Method (NSM) and the Gestures Animation via
Motion Capture (GAMC) Method. This chapter discusses the development environment, hardware,
programming languages, software, and tools used for each method. We then delve into the imple-
mentation details and results of each phase, showcasing how these components were integrated
to achieve a functional and effective ALSL translation system. The following sections provide a
comprehensive overview of our development process, highlighting the challenges faced and the

solutions implemented.
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02 Development Environment

To implement our solution, we require a set of hardware and software tools. This section presents

an overview of these tools that have been used for both methods.

02.1 Hardware Specifications

In order to implement our solution, we used:

Computer Configuration:

For NSM method:

* Lenovo Ideapad 330s
* CPU: i5-8250U

* RAM: 12 GB

* GPU: Intel(R) UHD Graphics 620

For GAMC method:

* Lenovo Legion y520
* CPU: i5-7300HQ

* RAM: 16 GB

* GPU: Nvidia Geforce GTX 1060 6GB

Phone Configuration:

* Samsung Galaxy Note 8
* Camera: 12 MP Full HD 30 fps

« RAM: 6 GB
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02.2 Software Specifications

Operating Systems

* Windows 10: Windows 10 was selected based on its compatibility with the hardware and the

used tools.

Development Tools:

Notation System Method (NSM):

* HamNoSys: The Hamburg Notation System (HamNoSys) is used for encoding sign language
gestures. It provides a standardized way to document the movements and expressions used

in ASL, making it easier to convert these notations into visual representations [141].

* SigML: The Sign Gesture Markup Language (SigML) converts HamNoSys notations into
animations displayed by the 3D avatar. This bridge between textual descriptions and visual

representation ensures accurate and consistent gesture animations [142].

* eSIGN Editor: This tool is used to create and manage sign language dictionaries, vital for
ensuring the accuracy and comprehensiveness of the ASL gestures performed by the avatar
[143].

* CWASA SIGML Player: SIGML Player is a tool used to animate sign language data en-
coded in SIGML (Signing Gesture Markup Language). This player forms part of the broader
CWASA (CWA Signing Avatars) system, which synthesizes natural sign language perfor-
mance using virtual human avatars. The CWASA system is a successor to the earlier JASign-
ing and SiGMLSigning systems developed in projects like ViSICAST and eSIGN [143].

* CWASA Virtual Signing System: The CWASA system enhances the visual signing capa-
bilities of the avatar, allowing it to perform complex ASL gestures fluidly and naturally. This
system ensures that the gestures are lifelike and expressive, adhering to the nuances of sign

language [144].

* Visual Studio Code: An integrated development environment (IDE) used for coding and
scripting within the project, particularly for tasks involving SigML and CWASA integration
[145].

+ JSON (JavaScript Object Notation): A lightweight data-interchange format [146].
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* Wampserver: A Windows-based web development platform for creating dynamic web applications.[ 147
* Vercel: A frontend cloud platform for creating high-performance and customized websites

[148].
Gesture Animation via Motion Capture (GAMC):

* Blender: A powerful open-source 3D modeling software used to create detailed character,

rigging, and rendering, which are essential for producing realistic 3D Avatars.
* Blender Add-ons:
— MBLab: A Blender plugin that assists in creating anatomically accurate humanoid

characters.

— BlendARMocap: Used for motion capture integration within Blender, enhancing the

realism of the avatar’s movements.

— BVH: Biovision Hierarchy (BVH) files add-on, used for importing motion capture data

into Blender to animate the 3D avatar.
— Rokoko: Rokoko add-on is created to be used with Rokoko studio software, but we are

using it for its ability to copy motion to different metarigs.

* Dollars Mocap MONO: A low-cost motion capture solution that provides basic movement

data to enhance the avatar’s gestures.

* PyCharm: An IDE used for developing and debugging the Python scripts necessary for

integrating various components of the project.

* Unity engine: A real-time development platform used to test and deploy the 3D avatar in

interactive environments.
Programming Languages:

* Notation System Method (NSM):

— HTMLS: The markup language used to structure and give meaning to our web content,
for example defining paragraphs, headings, and data tables, or embedding images and

videos in the page [149].
— CSS3: A language of style rules used to apply styling to our HTML content, for example

setting background colors and fonts, and laying out our content in multiple columns
[150].
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— JavaScript: A scripting language that enables you to create dynamically updating con-

tent, control multimedia, animate images, and pretty much everything else [151].
* Gesture Animation via Motion Capture (GAMC):

— Python: Python was utilized to develop a script responsible for generating BioVision
Hierarchy (BVH) files from captured ALSL gesture videos. Python’s versatility and
extensive libraries for video processing and data manipulation made it ideal for this
task, enabling efficient conversion of raw motion capture data into a format compatible

with 3D animation tools.

— C#: C# is the programming language used in Unity, the game engine chosen for de-
veloping the virtual environment and integrating the 3D avatar technology. C# is well-
suited for Unity development due to its robust object-oriented features, strong integra-
tion capabilities with the Unity Editor, and support for creating interactive and visually

compelling applications.
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03 Implementation Details and Results

In the preceding chapter, we outlined our dual approach to addressing the problem at hand. In
this section, we will comprehensively detail the implementation of each method: Notation System
Method (NSM) and Gesture Animation via Motion Capture method (GAMC), providing in-depth

explanations and procedural steps.

03.1 Notation System Method (NSM)

Phase 01: ALSL Data Collection

» Data Sources: The approach primarily relied on the DictaSign dataset. This corpus includes
1,000 lexical items translated into four different sign languages, with our research focusing
on the equivalents in French Sign Language. Collaborating with a team of experts, we trans-
lated over 300 words from the dataset, aligning sign performances between Algerian Sign
Language and French Sign Language. Figure 4.2 shows the official logo of the DictaSign
dataset, while Figure 4.3 displays the web page interface of the dataset, which includes a list
of over 1,000 words [152].

A

Figure 4.1: The logo of the DictaSign dataset
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Plus que 1000 concepts en langue des signes
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acheter

Figure 4.2: The web page interface of the DictaSign dataset

The dataset features video clips of sign performances for each word along with notations in

HamNoSys notation as illustrated in Figure 4.3.
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Figure 4.3: LSF representation in a video & in HamNoSys for the word ”Abondonner”

We used videos of native performers of Algerian Sign Language for words that are not in-
cluded in the DictaSign dataset. For example, we sourced videos from the "4 ;1341 &,L5 Y1 4
” Facebook page [153], which regularly showcases Arabic words performed alongside their

corresponding signs in Algerian Sign Language as showed in figure 4.4.
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Figure 4.4: Algerian Sign Language gestures of ”Eid al-Adha”

* Phase Outputs: LSF selected words list with its according HamNoSys Notation.

Phase 02: ALSL Translation

Dictionary Creation In this stage, the focus is on the first step of building the ALSL dictionary,
which involves translating vocabulary entries (representing Arabic textual words in our case) based

on HamNoSys system using eSign editor. We adopted two methods for this:

1. Import Method: Importing HamNoSys notations from the DictaSign dataset and linking
them to the Arabic word that represents the Arabic translation of the corresponding French
word associated with the imported HamNoSys notation. These entries are then added to the

dictionary.

2. Manual Translation Method: This method relies on two fundamental pillars that comple-

ment each other:

 Understanding the HamNoSys coding system thoroughly.

* Translating the videos that are made by Algerian sign language performers.
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The Figure 4.5 shows a HamNoSys Translation for the word s .| ” in ALSL using the manual
translation method, and the figure 4.6 shows the imported HamNoSys Translation for the word

”Abandonner” in LSF using the importing method.

Ady Edit HamNoSys [r=|[-E] 22

ey

N :cu;l{f,u”;l{f]:'_\ia\\-,c_"\ia\j]lﬂo = N :é,cli]:ia,ci:]gtu* |:|

Cancel

3

Figure 4.5: Manual HamNoSys Translation for the word 7 .| ” in ALSL

ady Edit HamMNoSys == ==
" o\anT e [
Cancel

Figure 4.6: The imported HamNoSys Translation for the word ”Abandonner” in LSF

To construct the dictionary, we started with the use of the eSign editor application, depicted in
Figure 4.7. Initially, the Arabic word ” e (I know) is entered into the application to integrate it
into the dictionary under the ”Spoken Language text” section. Figure 4.8 illustrates the entry of %\J

” into the dictionary.
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Figure 4.7: The eSign editor application interface

- | [= | g i

Spoken Language Test Sign Language

Figure 4.8: Entering the word ” (&J ” (I know) into the ”Spoken Language text” section.

Following this, we add a new sign entry with the gloss ”alei”” and the corresponding HamNoSys
notation for Algerian Sign Language. The notation can be sourced either by importing directly from
the DictaSign dataset or through the embedded HamNoSys input interface within the eSign editor
application as shown in the figure 4.9.
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Figure 4.9: Manually inputting HamNoSys using the HamNoSys input panel
Additionally, the spatial movements of signs, lip movements and facial expressions are included

to enrich the comprehensiveness of the entries as shown in figures 4.11, 4.12, and 4.13. Figure 4.14

illustrates the completed new sign entry after all parameters have been integrated.
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Figure 4.10: Signing space location interface
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Figure 4.11: Mouth gestures interface
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Figure 4.12: Facial expression interface
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Figure 4.13: The completed new sign of the Arabic word ”’ QJ ”?

After completing these steps, we add the Arabic word into the dictionary through the eSign
editor interface. Figure 4.15 displays the dictionary interface subsequent to saving the Arabic word

with its translation in Algerian Sign Language.

| Spoken Language Text ] Sign Language
o

FALPHAK-N-0-w

Figure 4.14: The word ” VM ” paired with its translation in ASL in the dictionary.

Testing and Validation After incorporating the Arabic word into the dictionary, we assessed
the avatar’s performance in sign language motion using HamNoSys encoding associated with the
word. This evaluation was conducted through the ’Sign’ function in the eSign editor, presenting
results via the CWASA Sigml player application. Subsequently, we validated translation accuracy

by comparing video recordings of native Algerian Sign Language signers or by soliciting feedback
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from experts in Algerian Sign Language. Figure 4.18 shows the ”’Sign” button in the eSign editor
interface while Figure 4.19 illustrates a comparative analysis between the sign gestures derived
from translating the word ” AJ ” using HamNoSys notation and the sign gestures performed by an

Algerian Sign Language translation expert, as captured in a video recording.

& =

] [=]|58)

Spoken Language Test Sign Language

FALPHAK-M-0-4

Figure 4.15: The ”Sign” button in the eSign editor

Figure 4.16: the translation of the word ” ij ” compared with a video of a signer.

Phase Outputs: A collection of Arabic vocabulary entries is annotated using the HamNoSys
system.

ALSL Dictionary Construction Data Flow
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Figure 4.17: The dictionary construction

Detailed Steps:

* Input Acquisition:

l.
2.

The French translation of the Arabic text is entered via keyboard.

Algerian Sign Language translation expert researches the DictaSign dataset using French

translations of the Arabic vocabulary intended to be added to the dictionary.

* Translation Process:

1.

5.
6.

Algerian Sign Language translation expert reviews the video clip depicting French sign

language gestures corresponding to the French translation of the Arabic text.

If the French sign language gestures associated with the French translation of the Arabic
text align with Algerian Sign Language gestures, the HamNoSys notation for the French

translation is imported as the notation for the Arabic vocabulary entry in the dictionary.

If there is no alignment between the Algerian Sign Language (ALSL) gestures express-
ing the Arabic text and the French Sign Language (LSF), the HamNoSys notation for

the Arabic vocabulary entry is manually inputted.

Appending non-manual parameters such as facial expressions, head, and body move-

ments.
Test the sign accuracy.

Exporting a SIGML file for each HamNoSys associated with an Arabic word.

* Output Generation: ALSL Dictionary, a collection of Arabic vocabulary entries is annotated

using the HamNoSys system.
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Phase 03: From HamNoSys to SIGML

After completing the first step of building the dictionary, the translation data in this phase is saved in
the form of SiIGML files based on HamNoSys, which is readable by the 3D avatar. When describing
the process of translating HamNoSys annotations into SIGML files and the avatar’s interaction with
these files, it is important to address both aspects comprehensively:

Conversion Process:

* SiGML Generation: Once the HamNoSys notation is saved, it is converted and exported
into SIGML, an XML-based format that represents these notations in a structured, digital
form. This conversion is done by matching the HamNoSys symbols to corresponding SIGML
tags. Each symbol in HamNoSys has a predefined SIGML tag that represents the same action
or posture in a format that can be understood by 3D rendering software for sign language

animation [11].

* Playing Sign: The SiGML file, now containing the structured representation of the sign
language gestures, is used to animate these gestures through a virtual avatar. CWASA SiGML
Player App reads the SIGML file and controls the avatar to perform the sign language gestures

accurately [11].

<sigml> b
<hns_sign gloss="Deaf">
<hamnosys_nonmanual>
</hamnosys_nonmanual>
<hamnosys_manual>
<hamfinger23/>

Hand Shape A

Extended Finger Orientation ¥

Palm Orientation o
<hamextfingerui/>
<hampalmu/> Hand Location 7
<hamear/>
<hamtouch/> Hand Proximity *
<hammaveu/>
</hamnosys_manual> Hand Movement ¥
</hns_sign>
</sigml>

Figure 4.18: The SiGML and the HamNoSys Notation for Word “DEAF” [11]

Integration with Avatar: The CWASA (CWA Signing Avatars) system translates SIGML
(Signing Gesture Markup Language) into animations using a protocol that operates over TCP sock-
ets. This process is primarily driven by JavaScript and WebGL technologies, enabling the SIGML
data to animate virtual avatars in real-time on web-based applications. When a client application
connects to the SIGML Player, it sends SIGML data to the server via a TCP/IP connection on port

8052. The data can be sent either as a byte stream if an encoding is specified or as a UTF-8 stream
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if no encoding is specified. Once the SIGML data is received, the server processes it to control the
avatar’s movements.

Additionally, CWASA can utilize XMLHttpRequest to dynamically fetch SIGML files or up-
date avatar settings without reloading the web page. This enhances user interaction by allowing
seamless data exchanges and immediate updates to the avatar’s performance in response to user in-
puts, maintaining a responsive and interactive user experience essential for the effective rendering
of sign language animations [154].

Phase Outputs With the completion of this stage, the Algerian Sign Language dictionary be-
comes readable by the avatar and stored in SIGML files.

Data Flow

Arabic Text

|

‘ Text Processing

l

‘ ALSL Text

Find Valid Glosses

ALSL

Sl v
Dictionary

H Text to Sign Selection

Figure 4.19: System architecture

Detailed Steps:
* Input Acquisition: Arabic text is entered via keyboard to the text-input area.

* Translation Process:
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1. The input text is processed using regular expression techniques to get a valid ALSL

text-input.

2. Validation algorithms used to validate the text-input glosses associated with ALSL Dic-

tionary glosses.

3. Translation algorithms import the relevant translations from the ALSL dictionary based

on the content of SIGML files to generate Algerian Sign Language (ALSL).

* Output Generation: The translated sign language is animated by the 3D avatar and displayed

to the user.

Phase 04: Text Processing

To minimize issues for users, in this stage, we relied on developing specific algorithms to process
Arabic textual inputs. This involved constructing linguistic and logical rules, which can be sum-

marized as follows:

* Regular Expression: A regular expression (regex) algorithm is a powerful tool used for
pattern matching and text manipulation tasks. It allows you to define a search pattern that

can be employed to find, replace, or validate strings of text.

In our case, we utilized a regular expression algorithm to process Arabic textual inputs. This
algorithm searches for occurrences of specified patterns within the input text, such as special
symbols, punctuation marks, or any non-alphanumeric characters, and removes these occur-

rences as necessary before using the cleaned texts as inputs for the application.

* Sliding Window Algorithm: To address the issue of accurately recognizing phrases such
as . J 7 (“the day after tomorrow”) in Arabic text inputs, which are separated by spaces
and thus might be incorrectly treated as separate entities, we employ the sliding window
algorithm. This algorithm systematically checks consecutive pairs of words by moving a
window of two words across the text. Each pair (or window) is tested against entries in
a glossary. If a pair matches a known gloss, it is treated as a single unit, improving the
accuracy of understanding and translation by maintaining the correct grouping of words that
form meaningful phrases. This method ensures that multi-word expressions are correctly

identified and processed as whole units rather than fragmented parts.
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Phase 05: UI Based on CWASA

User Interface Design The user interface (UI) for the Automated Arabic-Algerian Sign Language
Translation System is designed to be intuitive and user-friendly, allowing users to input Arabic text
and view the corresponding Algerian Sign Language (ALSL) signs performed by a 3D avatar. The

Ul is divided into four main sections:

1. Input Area: This section allows users to input Arabic text either through a keyboard or via

speech recognition.

2. Avatar Display Area: A designated space where the 3D avatar performs ALSL signs, en-

suring the visual accuracy and comprehensibility of the translated sign language.

3. Control Panel: Provides options for users to start, pause, or reset the translation process, as

well as adjust settings like avatar speed and display preferences.

4. Drop-down Menus: These are Arabic words categorized into drop-down lists based on lin-
guistic categories, collectively representing dictionary entries eligible for translation. This

facilitates user selection of suitable words for transmission to the text area for translation.

Development Tools The development of the Ul leverages modern web technologies to ensure
compatibility and responsiveness across various devices. The following tools and frameworks are

used:

« HTMLS: The backbone of the web page structure, providing the semantic elements neces-

sary for a clean and accessible UI.

* CSS3: For styling the HTML elements and ensuring a visually appealing and responsive

design.

» JavaScript: To handle the dynamic aspects of the Ul, including user interactions and real-

time updates.

CWASA Integration CWASA (Character and Word Alignment and Signing Avatar) is inte-
grated into the UI to render the 3D avatar’s sign language animations. The integration process

involves the following steps:

* Configuration:
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— Initialization: Ensure CWASA is properly initialized when the web page loads. This
involves setting up the CWASA library and ensuring all necessary assets (e.g., 3D mod-

els, animations) are loaded.

— Configuration Files: Create and configure the CWASA configuration files, specifying
parameters such as the path to the avatar models, animation settings, and initialization

scripts. Relevant files include:

% cwa/cwacfg.json

% cwa/clientcfg.json

¢ Avatar Initialization:

— HTML Integration: Add the necessary HTML elements to integrate the CWASA

avatar into the web page.

— JavaScript Initialization: Use JavaScript to initialize the CWASA avatar and bind it
to the UI elements.

* User Interaction Handling:

— Event Listeners: Add event listeners to handle user interactions, such as submitting

text for translation and controlling the avatar’s actions.
Functionality The key functionalities implemented in the UI include:
* Text Input: Allowing users to enter Arabic text manually.
* Translation Trigger: A button to trigger the translation process once the text is entered.

* Avatar Display: The 3D avatar dynamically performs the translated ALSL signs in the dis-
play area.

» Control Options: Options to control the playback of the avatar’s animations, such as starting

and resetting the animation.

Figure 4.22 shows the application user interface built on CWASA technology.
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| Add Selected Words |

Figure 4.20: Arabic Algerian 3D Avatar Translator System UI Based on CWASA

CWASA Installation Settings The CWASA installation requires specific settings to be con-
figured. These settings ensure that the CWASA library is properly set up and that all necessary

components are available for the avatar to function correctly.

* Library Installation: Ensure that the CWASA library is correctly installed in the project
directory.

+ Asset Loading: Configure the paths to the avatar models and animation files in the configu-

ration files.

« Initialization Scripts: Ensure that the initialization scripts are correctly set up to load the
CWASA library and initialize the avatar.

Phase 06: Test the System

Testing Methodology The ALSL Translation System deployed on the Vercel platform so users
could test it and see all its different pieces. Work was conducted in collaboration with special-
ists from the School for Deaf Children in Beni Slimane, who deal with Algerian Sign Language
translations, and the association of Bouira province, which specializes in sign language translation.
Problems in synchronization were detected at the integration test level for interaction between the
translation engine and 3D avatar animation. Still, these were resolved by optimizing the communi-
cation protocols among the various modules. It is confirmed that the flow from Arabic text input to
3D avatar animation is smooth with the correct sign displays. The results from the user acceptance
testing have proved that the interface is very natural and easy to use. Users left good comments on

clarity and the actuality of translations. The test performance results were system responses in a
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very short time, with acceptable translation time. Very slight changes have been made to the layout
of the control panel based on user feedback to make this system more accessible and, by extension,
user-friendly.

Results

All component-level tests passed for their corresponding unit tests. These confirmed that all the
functions and modules work as expected individually. However, some early problems of Arabic text
handling were resolved simply by refining input-handling code. Synchronization issues between
the translation engine and 3D avatar animation were discovered in the integration tests. This was
corrected through the optimization of communication protocols between modules. Validation was
successful in the text input from Arabic to avatar animation, ensuring smooth transitions between
signs and their appropriate representation. The acceptance tests showed an intuitive interface, well
accepted by the users, with some positive comments about the clarity and accuracy of translations.
Several performance tests had shown that the system response was fast, with acceptable translation
times, and some minor changes on the layout of the control panel had been fed back by the user to

enhance the ease of access and usability.

Phase 07: Collaboration with ALSL Experts

To ensure the accuracy and cultural relevance of the translation, we collaborated closely with experts
in Algerian Sign Language (ALSL). This phase involved rigorous testing of the translation system
using a comprehensive glossary of ALSL vocabulary. The experts’ feedback was crucial for refining

the system and improving its accuracy. The process involved the following steps:

* Word Selection: Experts selected specific words from a drop-down menu within the system.

 Input and Observation: Each selected word was input into a designated field, and the cor-

responding translation was rendered through the avatar’s ALSL movements.

* Accuracy Assessment: The experts assessed the accuracy of each translation based on the

avatar’s performance.

+ Systematic Verification: This process was repeated for every word category in the glossary,

ensuring a thorough verification of the translation tool’s effectiveness.

Feedback and Results:

The following table (Table 4.1) displays the results of the system tests based on the feedback from

experts in Algerian Sign Language translation.
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Table 4.1: The results of the system tests

The Figures 4.21, 4.22, and 4.23 show the percentage charts of: correct translations for each

category, Correct Translations by Category, and Inaccurate Translations by Category, respectively.
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Figure 4.21: Percentage of Correct Translations by Category
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Figure 4.23: Number of Inaccurate Translations by Category

ALSL Translation System Accuracy and Enhancing

We measured the accuracy of the entire translation system based on the accuracy of category transla-
tions using a systematic approach that aggregates and analyzes performance data for each category
to obtain a comprehensive view. Based on the results of this measurement, we periodically improve

the accuracy of our translation system. The process can be explained as follows:

1. Calculate Overall Accuracy:
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* Weight Accuracy Based on Sample Size: To calculate the overall system accuracy,
we weighted the accuracy of each category based on the number of samples, as shown

in the following equation:

Overall Accuracy = >_(Number of samples per category x Category Accuracy)

> (Number of samples per category)

The table 4.2 shows correct translations percentage by Category

Category Number of Samples | Percentage of Correct Translations
Pronouns 3 100%
Nouns 227 96.48%
Verbs 78 97.44%
Adjectives 44 90.91%
Prepositions 12 91.67%
Adverbs 17 82.35%
Miscellaneous 15 73.33%
Numbers 21 90.48%

Table 4.2: Correct Translations by Category
After applying the equation to the table data, we found that the value of Overall Accu-

racy of our ALSL translation system = 94.2%
Figure 4.24 shows the chart of Overall Accuracy of our ALSL translation system.
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Figure 4.24: ALSL Translation System Overall Accuracy

2. Analyze Results:
 Identify Strong and Weak Categories: Analyze the accuracy for each category to
identify which categories need improvement.
» Feedback: Use the results to provide feedback to the translation team or to improve the
tools and techniques used.
3. Continuous Improvement:
* Repeat Testing: Conduct periodic tests to measure improvements in the accuracy of
the categories.

+ Update System: Based on the results, update the translation system and training to

improve overall performance.
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03.2 Gesture Animation via Motion Capture (GAMC)

Phase 01: ALSL Data Collection

The first step is to collect data, which is in this case a set of videos of people performing Algerian
sign language gestures, each video must represent a word or a sentence. The videos must follow

some criteria.

1. Selection Criteria:

» The videos must be high resolution, enough for computer vision to detect body parts.

* The person performing gestures must be inside the camera frame in every frame; oth-

erwise, the detection will be unresponsive.

 The upper body of the person is better be fully exposed to the camera; otherwise, the

detection will show an inclined person.

» The frame rate of the video must be between 24 fps and 30 fps; any less frame rate will
cause the result to look disconnected, and higher frame rate will lead to unresponsive

movement.
2. Data Sources: After following the criteria, we kept several data sources:

* A Facebook page for Algerian sign language 7% ;)4 L Y1 4 7 [153].
» Some of the videos recorded by Deaf people school in Beni Slimane, Medea.

* Some videos remade by us.

The total of videos collected was 61 videos; this number is enough to move to the next step.

Phase 02: Create a 3D Avatar

This section outlines the criteria, challenges, and solutions encountered during the process of cre-

ating a 3D avatar.

* Criteria: To ensure the 3D avatar can accurately performing ALSL gestures, the following

criteria were established:

— Detailed Upper Body: The avatar’s upper body, particularly the hands and fingers,

must be highly detailed to ensure gestures are clearly visible.

— Comprehensive Armature: The avatar must have a complete armature, including

bones for the upper body and fingers, to facilitate accurate gesture performance.
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— Realistic Textures: Emphasis on realistic skin textures for the hands and face to en-

hance visual fidelity.

— Early Movement Testing: Early and frequent testing of the avatar’s movements to

ensure the rigging is functional and capable of performing complex gestures.
* Challenges: The development of the 3D avatar presented several challenges:

— Blender Learning Curve: Blender’s learning curve is steep, especially given the lim-

ited time available.
— Creating Lifelike Avatars: Creating a realistic human avatar requires expertise.

— Quality of Available Models: Many available models online are either unrealistic,

irrelevant, or require payment.
* Solutions: To overcome these challenges, the following solutions were implemented:

— Consulting a 3D Modeler: We reached out to a professional 3D modeler for advice

and assistance, which was invaluable in refining our model.

— Watching Tutorials: Extensive tutorials were watched to better understand Blender

and improve our modeling skills.

— Utilizing Plugins: We discovered and installed plugins like MBLab, which signifi-

cantly facilitated the creation of a realistic humanoid model.

We began by using the MBLab Blender plugin to generate a basic humanoid model. This

plugin allowed for significant customization to meet our specific requirements.

FACE
> FACEEXPRESSIONS
> ASSETS AND HAIR
PROXY FITTING
> POSE AND ANIMATION
UTILITIES

> MB-Dev 1.7.8

Figure 4.25: Blender with MBLab plugin tab
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The next step was to focus on rigging. We created a comprehensive armature, ensuring that
the avatar could perform detailed ALSL gestures. Frequent testing of the avatar’s movements

was conducted to identify and resolve any issues early in the process.

With the help of a professional 3D modeler, we refined the avatar further, resulting in a real-

istic model that met all our criteria.

Figure 4.26: Rig of the 3D avatar

Figure 4.27: Final 3D avatar character

Finally, basic animations were performed to identify and fix any remaining bugs, ensuring

that the avatar could perform all required gestures smoothly and accurately.

By following these steps, we developed a realistic and functional 3D avatar that serves as the

backbone of our ALSL Translation System.
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Phase 03: Creating Motion Capture Files

Motion capture (MoCap) is a crucial part of the ALSL Translation System. We explored various
computer vision libraries to develop our own script that can capture motion from a video and convert

it to a usable file.

* Tools and Software Considerations: Numerous computer vision libraries, such as OpenCV,
HOLO and OpenPose, offer impressive accuracy. These tools were considered for develop-
ing our script. We also reviewed publicly shared scripts to understand the state-of-the-art

approaches.

* Challenges: Despite the variety of available tools, predicting a 3D pose from 2D footage
proved to be a significant challenge, even for well-performing models like MediaPipe. We
tested several tools, one of which was FreeMocap, a MoCap tool that uses different cameras
at various angles to accurately predict gestures. However, FreeMocap requires a calibration

board and multiple cameras, which can’t be provided.

-The FreeMoCap Project- ¥

Hand and Juggling Ball Position vs Time

Juggling Ball
400 Right Hane
— Left Hand

Left/Right (mm)  vertical (mm)
|
1
il

| , L L
18 15 20 21
Time(sec)

Figure 4.28: FreeMocap setup with multiple cameras and calibration board

* Development and Testing: We developed our script using OpenCV, achieving performance
comparable to other tools using the same library. Additionally, we discovered BlendAR-
Mocap, a Blender add-on that integrates MoCap functionalities. Although its precision was
similar to other OpenCV-based tools.

We explored other available tools, among them we found Dollars mocap which is an Al-

powered motion capture solution designed to facilitate the creation of realistic animations
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for characters in various digital applications. It can be used by animators, game developers,
filmmakers, and VR developers to streamline the animation process, reduce production costs,
and create high-quality, lifelike character movements without the need for expensive and

complex traditional motion capture setups.

Final Tool Selection: After evaluating several tools, including FreeMocap, Dollars Mocap
and Rokoko studio, we found no tool that copies the input video perfectly. We decided to use

Dollars Mocap MONO due to its superior output quality.

Unity : OFF Dollars MONO Trial Version

Unreal : OFF For full Version, please visit
VAM : OFF https:/mww.dollarsmocap.com/buy

iClone : OFF

Figure 4.29: Dollars Mocap MONO trial version

File Format: We chose the BioVision Hierarchy (BVH) format for our motion capture files.
The BVH format is readable and allows for manual editing of small details, making it suitable

for our needs.

By carefully considering available tools, addressing challenges, and selecting the most ap-
propriate software, we were able to create accurate motion capture files for around 20 of the

videos we have, that serve as a foundation for animating our 3D avatar.

BVH File structure A BVH file contains ASCII text, the first part of which provides the
specifications for the initial pose of a human skeleton, and the rest a time-framed sequence

of different specifications for subsequent poses.[155]

Headed by the keyword HIERARCHY, the first part of a BVH file identifies the Hips joint as
the ROOT, which is to say it has no parent-joint. This is the starting point of a nested-structure

of parent-joints and child-joints.
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Figure 4.30: Bone hierarchy structure from a BVH file [12]

The ROOT section specifies the location of the Hips joint in a three-dimensional space. Be-
low the ROOT section in the structure are JOINT sections, each containing information that
specifies the location of the skeletal joint relative to its parent-joint. The relative location
specifications for a parent-joint and its child-joint makes it possible to work out the length of
the ”bone” between the two joints. Where a joint has no child-joint, it is linked to an End Site

section.

The ROOT section and each of the JOINT sections also specifies the CHANNELS for pro-
cessing the time-framed sequence of translation and/or rotational co-ordinates provided in the
second part of the BVH file.

HIERARCHY
ROOT Hips
{
OFFSET 0.00 0.60 6.00
CHANMNELS 6 Xposition Yposition Zposition Zrotation Xrotation Yrotation
JOINT Chest
{
OFFSET 0.080888 6.275751 0.0888888
CHANNELS 3 Zrotation Xrotation Yrotation
JOINT Heck
{
OFFSET 0.000000 14.296947 0.000000
CHANNELS 2 Zrotation Xrotation Yrotation
JOINT Head
{
OFFSET B.00A086A 2.637461 0.000000
CHANNELS 3 Zrotation Xrotation Yrotation
End Site
{
OFFSET 0.800000 4.499004 0.000000
H

Figure 4.31: First part of a BVH file: Hierarchy [12]

The second part of a BVH file starts with the keyword MOTION, followed by information
specifying, first, the number of FRAMES; second, the sampling rate per second after the key-
word FRAME TIME; and third, a number of lines corresponding to the number of FRAMES,
each line providing the tranlation and/or rotation co-ordinates to be processed according to
the CHANNELS specifications in the first part of the file.
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HOTION

Frames: 2

Frame Time: 0.04166667
-9.533684 L_Bu7926
6.280816
—14.391472
2.533497
2.951538
-18.352753
2.494318
7.093068
12.8030810
-12.596124
4.285263
5.557910
-15.218462
2.244878
3.859388
-15.736264
2.505005
12.5268144
13.837914

-8._489557

Figure 4.32

Phase 04: Enrich the 3D Avatar

After obtaining accurate motion capture data, the next step is to make the 3D avatar understand
these files and perform the gestures contained within the BVH files. This phase involves several

stages, addressing various challenges and implementing solutions to ensure smooth integration.

» Stages:

— Importing BVH Files: The files can be imported via File -> Import -> BVH, however,
this method requires a metarig identical to the one used during the motion capture pro-
cess and we need to constantly replace the 3D avatar’s metarig, to avoid this we used a

community-made BVH add-on that automatically creates a new metarig to perform the

BVH motion file.

-0.566564 —7.757381 -1.735414
-1.825344 —6. 186647 3.973667
-3.461282 —16.504230 3.973544
-28.283911 —6.862538 6.191492
-3.818231 7.634442 11.325822
15.6851558 —7.514462 8.397663
—1.543435 2.978936 —25.086460
-1.507532 -2.633332 3.858087
-28 602566 2.151862 -0.164188
4. 366468

-8.621559 -8.2u40408 -1.784412
-1.926571 —5.487280 4.119726
-3.167648 -15.823254 3.871795
-29 421873 —6._918557 6.131992
-3.768287 8.0879588 18.124812
18827469 —8.070700 9.689109
-1.625679 2.430162 -27.579708
-1.653632 —2.688558 4_5456088
-28.922858 2.877955 -9 176716

: Second part of a BVH file:
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89.207932 9.763572

-3.7086973 -6.474916
-3.80%107 22.204674
ho448771 -16.292816
5_149696 -23.869189
2.953842 -7.213992
—4.195537 -1.752307
0.256802 7.892136
8.086427 -5._641034
00.041962 8.849357
—4.714622 -5.790586
—-4.378940 22.399654
4.521327 -18.813188
5.8688883 -22_ 417845
2417364 -7.600582
-3.852211 -1.830524
8.296328 8.631574
7.166249 -5.178825%

Motion [12]



~ Retarget BVH v 2.0: Main

Load And Retarget

Load BVH File

Rename Selected From Active
Load And Rename BVH File

Retarget Selected To Active

~ QOptions
Verbose
Include Fingers
+ Use Limits

Unlock Rotation

+ Ignore Hidden Layers

» Edit Actions
v Source Armature
Reinit Source Panel
Automatic
Default
Include Fingers
Identify Source Rig
Verify Source Rig
List Source Rig

Put In T-pose (Source)

» Target Armature

Figure 4.33: Community-made BVH add-on in Blender

— Transferring Motion Data: We employed the Rokoko add-on to transfer motion data
from the newly created metarig to the original 3D avatar’s metarig. The Add-on tries to
match every two bones from the source and destination metarigs based on the rotation,

location, name and number of bones connected to it, it can be manually edited as well.
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> Rokoko Studio Live

> Studio Command API

~~ Retargeting

Select the armatu
A Armature.001
7 Armature

Rebuild Bone List

morig:LeftShoulder
morig:LeftArm
morig:LeftForeArm
morig:LeftHand
morig:LeftHandThumb 1

mixamorig:LeftHandThu... ~ *. mixamorig:LeftHandThumb2

S

= Add Custom Entry
+ Auto Scale

Rest Current

Retarget Animation

m Naming

Save Import

> Updater

> Info

Figure 4.34: Rokoko add-on in Blender

— Fine-Tuning Animations: Additional adjustments were made, such as fixing starting
and ending frames, and adjusting the speed of animations to ensure they appeared nat-
ural. Below is an image showing the process of transferring and adjusting the motion

data.
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Figure 4.35: Transferring and adjusting motion data

— Initial Set of Animations: By the end of this phase, our 3D avatar was capable of

performing animations for 20 different sentences as a starting point.
* Challenges:
— Metarig Compatibility: The default method of importing BVH files requires a metarig

that is 100% identical to the one used in the motion capture tool, which is impractical.

— Motion Data Transfer: Ensuring accurate transfer of motion data between different

metarigs without losing fidelity or introducing errors.
— Animation Tweaks: Adjusting animations to ensure they start and end correctly, and
tweaking the speed for realism.

* Solutions:

— Community-Made BVH Add-On: This add-on automatically generates a new metarig
that matches the BVH motion file, eliminating the need to replace the avatar’s metarig

each time.

— Rokoko Add-On: This tool was used to copy the motion data from the newly created

metarig to the original avatar’s metarig, ensuring compatibility and accuracy.

— Manual Adjustments: Fixing starting and ending frames and adjusting the speed of

animations were done manually to fine-tune the performance of the 3D avatar.

Through these stages and by overcoming the outlined challenges with effective solutions, we

successfully enriched our 3D avatar, enabling it to perform a variety of ALSL gestures accurately.
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This capability forms the basis for further expansion and refinement of the ALSL Translation Sys-

tem.

Phase 05: Set Up an Environment

After preparing our 3D avatar, the next step involves setting up the environment within the Unity

game engine. The main goals of this phase are:

* Prepare the environment and lighting that will surround the avatar.

» Set up a flexible camera with different angles and zooming levels for clear visibility of the

avatar.
* Import the created avatar with the proper settings.

» Create a user interface.

Exporting the Avatar: We exported our character as an FBX file, which was chosen because
it preserves the rigging and animation data while ensuring compatibility with the Unity engine.

Importing into Unity: We imported the FBX file into an empty Unity project.

Setting Up the Environment The environment was designed to be flexible and adaptable for
different scenarios. We focused on creating a classroom setting as our initial environment. We
encountered an issue where all the textures appeared pink. This was due to missing or incompat-
ible shaders. After consulting with a Unity community server on Discord, we resolved the issue
by updating the materials and shaders to ensure proper rendering.After that we added appropriate
lighting to enhance the visibility of the avatar. Adjustments were made to ensure that the lighting

was both realistic and suitable for the gestures performed by the avatar.

&

Figure 4.36: Unity environment showing the school setting and the 3D Avatar

128



Camera Setup We created a flexible camera system to allow different viewing angles and zoom
levels. The camera was controlled using a script written in C#, which enabled both PC and mobile
controls. Despite some lag in the zoom functionality, the script provided the necessary flexibility

for viewing the avatar from various perspectives.

Figure 4.37: C# script used to control the camera in Unity

User Interface The user interface (UI) was created to facilitate interaction with the system. We
included a text input field for users to enter text, and a button to start the animation. The Ul design
was kept simple to ensure ease of use, allowing users to quickly input text and trigger the corre-

sponding animations.

Through careful planning and execution, we successfully set up the environment in Unity, im-
ported our 3D avatar, and created a functional UI. These steps are crucial for enabling the avatar to
perform ALSL gestures in various scenarios, providing a versatile platform for further development

and testing.

Phase 06: Develop Text Treatment Algorithm

In this phase, our objective was to develop an algorithm that preprocesses text using natural language
processing (NLP) techniques, ensuring the 3D avatar performs the correct animations based on user

input. Despite some challenges, significant progress was made towards achieving this goal.
* Tasks:

— Create an algorithm that uses NLP techniques to preprocess text.

— Ensure the algorithm can selects the right animations to play.
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— Link the algorithm with the user interface, ensuring smooth interaction with the UI

elements.

* Progress and Challenges: Initially, we focused on developing an algorithm capable of pro-
cessing text input from the user interface. The goal was to ensure the algorithm could handle
various synonyms and sentence structures, selecting the appropriate animations for the avatar
to perform. However, due to time constraints and technical limitations, the full implementa-

tion of these tasks was not achieved within the project timeline.

* Triggering Animations: The first step towards achieving the text-to-animation functional-
ity was to ensure the avatar could perform the correct animations in a specific order when
the button in the Ul is triggered. This part was successfully implemented, as shown in the

animator setup.

Figure 4.38: Animator setup in Unity for triggering animations

* Natural Language Processing (NLP): For the NLP component, we explored various tools
and libraries. NLTK (Natural Language Toolkit) was considered but deemed unsuitable for
our needs due to compatibility issues with C#. Instead, we explored alternative methods and

algorithms available within the C# ecosystem.

* Levenshtein Distance Algorithm: The Levenshtein distance algorithm, also known as Edit
Distance, is a measure used to quantify the dissimilarity between two strings. It calculates
the minimum number of edits (insertions, deletions, or substitutions) required to change one
string into the other. This metric is fundamental in various applications, including text editing,
data cleaning, and clustering, among others. For instance, transforming the word “’kitten” into
’sitting” requires three edits: replacing 'k’ with ’s’, replacing e’ with ’i’, and adding ’g’ at

the end, resulting in a Levenshtein distance of three. This algorithm is particularly useful
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in applications such as spell-checking, DNA sequencing, and text preprocessing, where it
helps in identifying and correcting errors by finding the closest match between strings. In the
context of our project, the Levenshtein distance algorithm was employed to match user input
with the closest animation name, enabling the avatar to perform the appropriate gesture based

on the processed text.

Figure 4.39: Text script implementation showing the use of Levenshtein distance algorithm

While the Levenshtein distance algorithm proved useful, it presented challenges when work-
ing with Arabic text. Arabic script has unique characteristics, such as complex morphology

and contextual letter forms, which complicated the text matching process.
* Solutions and Future Work: To address these challenges, we considered various approaches:
— Enhancing the text preprocessing step to better handle Arabic script, possibly integrating

additional libraries or custom preprocessing steps.

— Developing more sophisticated matching algorithms tailored to Arabic’s linguistic nu-

ances.
— Collaborating with experts in Arabic NLP to refine and improve the algorithm’s accu-

racy and performance.

Although the full integration of the text treatment algorithm with the user interface was not com-
pleted, the groundwork laid during this phase provides a solid foundation for future development.
By leveraging advanced NLP techniques and further refining the algorithm, we aim to achieve

seamless and accurate text-to-animation translation for ALSL gestures.

Phase 07: Deploying a Prototype

The final phase of our project involves deploying a working prototype of the ALSL translation

system. This phase focuses on optimizing the 3D model and animations for performance across

131



different devices, configuring essential settings, implementing user controls, and gathering user

feedback for further improvements.

* Goals:

— Optimize the 3D model and animations for performance on various devices.

— Configure main settings such as adjusting the resolution, quality settings, and perfor-

mance optimizations.

— Release the prototype to a selected group of users for feedback.

* Optimization for Devices: We started by ensuring that the 3D model and animations per-
formed well across different devices. This involved reducing the polygon count where possi-
ble and optimizing textures and materials without compromising the quality of the animations.
We also used Unity’s optimization tools to adjust the level of detail (LOD) settings, ensuring

that the application runs smoothly on devices with varying specifications.

» Configuration of Main Settings: Next, we configured the main settings of the Unity project.
This included adjusting the resolution and quality settings to balance performance and visual
fidelity. We enabled GPU instancing and adjusted the frame rate to ensure a consistent user

experience. These settings were fine-tuned through iterative testing on the Unity emulator.

q

Figure 4.40: Testing the prototype on the Unity emulator

* Initial Deployment: After thorough testing in the Unity emulator, we deployed the prototype

to a mobile device for real-world testing.
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how much is the price OK

Figure 4.41: Prototype running on a mobile device

133



04 Results: Comparison

Notation System Method (NSM)
Programming Languages:

« HTMLS5, CSS3, JavaScript: Used to structure and style web content, and enable dynamic

interaction.
Data Collection:

* Dicta-Sign Corpus: Utilized for collecting sign language data and translating it into Ham-

NoSys notation.
Tools:
* HamNoSys: Encoding sign language gestures.
» SigML: Converting HamNoSys notations into animations.
+ CWASA SIGML Player: Animating the gestures through a virtual avatar.
Challenges:
* Scarcity and lack of documentation for Algerian Sign Language (ALSL).

* Collaboration with experts to ensure accuracy.

Gesture Animation via Motion Capture (GAMC)

Programming Languages:
» Python: Developing scripts to generate BVH files from motion capture data.
» C#: Integrating the 3D avatar technology within the Unity engine.
Data Collection:
* Videos of ALSL: Recording high-resolution videos for motion capture.
Tools:

* Blender: Creating and animating the 3D avatar.
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» FreeMocap, Dollars Mocap: Tools for recording and analyzing human movements.
* BVH: Format for motion capture files, allowing manual editing.

Challenges:

* Technical difficulties in using motion capture tools.

 Ensuring realistic animations and accurate gesture performances.

05 Discussion: Future Works

05.1 Enhancing NLP Algorithms

Improvement in Text Processing:

* Further development and refinement of the text preprocessing algorithm to handle the com-
plexities of Arabic script, including its unique morphological and syntactical structures. This
may involve integrating additional libraries or developing custom preprocessing steps tailored
to Arabic.

Advanced Matching Algorithms:

* Develop more sophisticated matching algorithms to better address the linguistic nuances of
Arabic, ensuring accurate and contextually appropriate translations. Collaboration with ex-

perts in Arabic NLP can be instrumental in refining these algorithms.

05.2 Expansion of ALSL Dataset

Data Collection:

» Continuously expand the ALSL dataset to cover a broader range of vocabulary and gestures.

This involves recording and annotating more videos of sign language performances.
Quality Enhancement:

* Ensure the collected data is of high quality, with clear and accurate annotations. Regularly
update the dataset to include new signs and variations used within the Algerian Sign Language

community.
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05.3 Optimization for Various Devices
Performance Tuning:

* Optimize the 3D model and animations to improve performance on various devices, includ-
ing low-end smartphones and tablets. This includes reducing the polygon count, optimizing

textures, and adjusting the level of detail settings.
Extensive Testing:

* Conduct comprehensive performance testing across multiple devices and browsers to ensure
compatibility and smooth operation. Implement adaptive techniques to maintain performance

without compromising visual quality.

05.4 User Interface Improvements
Usability Enhancements:

* Gather continuous user feedback to refine and enhance the Ul design, ensuring it is intuitive,
user-friendly, and accessible. This may include redesigning interface elements, improving

navigation, and providing better feedback mechanisms.
Feature Expansion:

* Implement additional features based on user needs and feedback, such as customizable avatar
settings, enhanced control options, and support for various input methods (e.g., voice input,

gesture-based controls).

05.5 Advanced Gesture Animation
Sophisticated Motion Capture:

* Explore and integrate more advanced motion capture technologies to improve the realism and
accuracy of the 3D avatar’s gestures. This may involve using multi-camera setups, higher

frame rates, and more precise tracking systems.
Al-Driven Animation:

* Investigate the use of artificial intelligence and machine learning techniques to generate more
fluid and natural animations. Al-driven models can learn from large datasets of sign language

performances, enabling the avatar to produce lifelike gestures and expressions.
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05.6 Collaboration and Community Involvement

Partnerships:

+ Establish partnerships with academic institutions, research centers, and sign language orga-
nizations to foster collaboration and knowledge exchange. Such partnerships can provide

valuable resources, expertise, and validation for the project.
Community Engagement:

* Engage with the ALSL community through workshops, seminars, and online platforms to
gather insights, validate the system, and encourage contributions to the dataset. Community

involvement is crucial for ensuring the system remains relevant and accurate.

By addressing these future works, the Automated Arabic Algerian Sign Language Translation
System can be significantly enhanced, providing a more accurate, efficient, and user-friendly tool
for bridging communication gaps between Arabic speakers and the deaf community. The continued
development and refinement of the system will contribute to its adoption and effectiveness in various

real-world applications.

06 Conclusion

The development of the Automated Arabic Algerian Sign Language Translation System represents a
significant step forward in improving communication for the Deaf community in Algeria. By lever-
aging the Notation System Method (NSM) and Gesture Animation via Motion Capture (GAMC),
this project successfully created a tool that translates Arabic text into accurate and fluid ALSL ges-
tures performed by a 3D avatar.

Throughout the implementation, various challenges were addressed, including the scarcity of
high-quality ALSL datasets, the complexity of motion capture technology, and the intricacies of
accurately translating and animating sign language gestures. Despite these challenges, the project
achieved its primary goals, providing a functional and user-friendly translation system.

Future work will focus on expanding the ALSL dataset, enhancing the realism and accuracy of
avatar animations, and improving the system’s performance across different devices. Collaboration
with the ALSL community and further refinement of the user interface will also be essential to
ensure the system’s continued relevance and effectiveness.

Ultimately, this project not only contributes to the field of sign language translation but also
holds the promise of making a tangible difference in the lives of many Deaf individuals in Algeria,

fostering greater inclusion and accessibility in communication.
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General Conclusion

In conclusion, the development of an automated Arabic Algerian Sign Language translation system
based on 3D avatar technology represents a significant step towards enhancing communication
and inclusivity for the deaf community in Algeria. This project has demonstrated the potential
of combining advanced systems engineering and web technologies to create an effective and user-
friendly platform for sign language translation. The use of 3D avatars not only ensures accurate
and expressive representation of ALSL but also provides a visually engaging interface that can be
easily understood by users.

Chapter 1 provided a foundational understanding of sign languages, their structure, and the
unique aspects of Algerian Sign Language, establishing the necessity of this project. Chapter 2’s
literature review highlighted the technological advancements and methodologies essential for de-
veloping a robust translation system. Chapter 3 detailed the conceptual framework, including the
design and architecture, while Chapter 4 presented the implementation process and the practical
realization of the system.

The successful implementation of this system highlights the importance of interdisciplinary col-
laboration in addressing complex social challenges. By integrating knowledge from computer sci-
ence, linguistics, and user experience design, this project has paved the way for future innovations in
sign language translation and accessibility technologies. Moving forward, further research and de-
velopment can expand the capabilities of the system, incorporating more languages and refining the
avatar technology to achieve even greater levels of accuracy and naturalness in sign representation.
Ultimately, this work contributes to the broader goal of breaking down communication barriers and

fostering a more inclusive society for all.
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