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1. INTRODUCTION

Sign language (SL) is the natural language of the deaf community. It consists of Manual Features
(MF) and Non-Manual Features (NMF). The MF can be performed with both hands or with one hand in
different shapes, locations, orientations, and movements, while NMF can be performed by facial expressions
and movement of the body to embody the meaning of words and terms of a particular significance [1, 2]. In
SL, the sign is specific hand shapes and movements that are associated with facial expressions to express the
meaning. Also, SL is not universal, where every country has its sign language, which differs in syntax and
grammar from one country to another [3, 4]. SL, which used in America, is identified as American Sign
Language (ASL), but the used SL in India is identified as Indian Sign Language (ISL) [5] while in Arab
countries identified as Arabic Sing Language (ArSL) [6]. Plus, ArSL is not universal; alternatively, it varies
from one country to another and maybe differs in the same country. In Arab countries, there are Saudi, Iraqi,
Moroccan, and Egyptian of the used sign languages [7]. In 1999, the first part of the unified dictionary of
ArSL was published by The League of Arab States (LAS) and the Arab League Educational, Cultural and
Scientific Organization (ALECSO) to unify the Arabic sign language (ArSL) and in 2007 the second part of
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the dictionary was published [8]. Deaf people in Arabic countries have a set of difficulties because of a few
services are available to the deaf society. It has problems to access essential information or receive an
education, communicate with the hearing community, and engage in community activities.

Several of work has been done of construction of sign language dictionary in worldwide. These
dictionaries are prepared for SL in several countries like America, Spain, and Britain. The dictionaries have
been constructed using human video or 3d avatar. Buttussia et al. [9] developed a structure of a dictionary
using 3D animations for Multilanguage with excellent search functionality, and authoring mechanisms to
expand the dictionary with new languages. thitsos et al. [10] created an American Sign Language (ASL)
Video dataset, a thousand public videos of distinct ASL signs have been generated. The dataset can be used
in computer vision and machine learning methods, especially for analyzing gestures and human
communication. Gutierrez-Sigut et al. [11] developed a Spanish Sign Language lexical database. Its free
online tool that consists of 2400 Videos. The database is available through a graphical interface to facilitate
the searching process. Goyal [12] developed the synthetic animation dictionary for Indian Sign
Language.1818 sign has been generated. Sign Editor has been adopted for the generated HamNoSys and then
converted to the SIGML file. Nagashima et al. [13] described a Japanese sign language dictionary for medical
usage with 3D animation for showing the sign motions. The dictionary presented two types of searches:
search by a description of sign language and search by Japanese keyword. For ArSL most of the dictionaries
have been constructed in the form of books which is out-of-date now in the era of computerization. A few
sign language dictionaries have been developed for automatic handling of ArSL sign language. Elhadj et al.
[14] constructed a 3D animation dictionary for Saudi Sign Language using eSign projects. Hundreds of signs
have been constructed and validated. The Islamic domain has been chosen for creating this dictionary.
AlQallaf [15] developed a web-based bidirectional and bilingual video dictionary system. The system
provided a visual interface to allow users to translate from an Arabic Sign language to an American Sign
Language. Hamzah et al. [7] constructed a dictionary of images as a part of a translation system from the
Arabic language to ArSL. The dictionary contains about 3200 signs. In the current work, an Arabic language
to the ArSL dictionary is constructed as a part of a 3D animation system (3D animation dictionary for the
unified ArSL). It the biggest dictionary for ArSL in this field.

2. MATERIALS AND METHODS
2.1. HamNoSys

HamNoSys is a phonetic transcription system was built in 1985 at the University of Hamburg in
Germany. It designed based on the Stokoe Notation system and can be utilized for any sign language [16].
This notation was developed for a linguistic representation of signs such as sign generation, machine
translation, and construction of SL dictionaries [17, 18]. The Hamburg sign language notation system is also
a basis for a set of avatar controls. HamNoSys involves more than 210 symbols. It is a language-independent
notation system (any sign language can be represented); therefore, it can be accepted internationally.
HamNoSys are describing a single sign using terms of parameters. These parameters are described in the
order (symmetry parameters, non-manuals expression, handshapes, palm orientation, location, and
movement) [19]. Figure 1 shows the structure of HamNoSys.

Symmetric | Non-manual Main Configuration Movement
parameters | parameters
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| Hand Shape | Hand Orientation | Hand Location

Figure 1. Structure of HamNoSys

2.2. SiIGML
SIGML was initially produced in a ViSiCAST project [20] as a vital part of a model for natural
language to the sign animation system. The main objective of SiIGML is to support the interpretation of
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signing gestures in a way enabling them to be animated in live-time using an avatar. It is an XML scripting
language, and it was built based on HamNoSys [21, 22]. It allows adding some physical features with a
higher degree of precision than HamNoSys, but creating signs using SiGML is a complicated, hard and time-
consuming task. However, the semantic relationship between HamNoSys and SiGMLis lossless: HamNoSys
can be translated into SIGML, and SiGML sign can be translated back into HamNoSys no information is
wasted in this process [23].

2.3. Esign software

ESign software has two programs: eSign Editor and JASigning Player. ESign Editor was created by
the eSIGN project [24] to let us generate signs in forms of HamNoSys and save it to the SiIGML file. It
possesses many advantages, such as functional movements and several handshapes, facial expressions, body
movement, mouth gestures, and long sentences that can be signed; however, it requires experience in
HamNoSys. Figure 2 shows the eSIGN Editor Interface. It allows us to add a new sign while the JASigning
player software was designed to test the sign created by eSign editor [25].

il eSIGN Editor - O X

File Edit Maintenance Window
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Figure 2. eSIGN Editor Interface

3. CONSTRUCTION OF THE PREPOSING DICTIONARY

Spoken language dictionaries such as the Oxford English Dictionary and Collins English Dictionary
have generally used the listing words primarily by lemmas. For example: walk, walks, walking are listed in
the Oxford Dictionary under lemmas walk because it is a canonical form while the other forms can be
derived [26]. For example, w=)a [schools], aSiw 2 [your school], and 4l [the school] all these forms
considered to be variant forms of the lemma 4,2 [school]. However, the sign language dictionaries need not
be arranged any differently. In the case of composite words that are the combination of two or more words
and have to perform by one sign, the two lemmas will be taken. For example, & 534S [January] is made up
of one signs so arranged as %+ 53S [January].

A dictionary of Arabic word to ArSL constructed using eSign editor software, which uses
HamNoSys as a notation system. The signs designed based on the unified Arab dictionary produced by The
League of Arab States (LAS) and the Arab League Educational, Cultural, and Scientific Organization
(ALECSO). Figure 3 shows the steps of the dictionary construction.

“ ﬂ Arabic Appending Non-
,| HamNoSys » bp £
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Dictionary Files

Figure 3. Steps of the dictionary construction
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3.1. Adding a new word
For each Arabic word, anew file will be created for this word. HamNoSys palette will appear, as
shown in Figure 4.
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Figure 4. Appending new word

3.2. Entering HamNoSys

The structure of the HamNoSys has been illustrated. The HamNoSys of the sign can be created by
selecting the handshape, the hand orientation, the hand location, and the hand movement from the
HamNoSys input palette. Table 1 shows the steps for generating HamNoSys for the word ¢ [Two].

Table 1. Steps for generating HamNoSys for word ¢\ [Two]

Step Hand Movement Discerption
1 &{ Handshape selected
2 é Thumb finger added to the hand
3 A Hand direction up
4 - Palm orientation to the back
5 - Hand location at the Shoulder line
6 ) ( Hand contact with the body
7 + Straight hand movement to up
8 W+ Final HamNoSys
(J:{ AOU

3.3. Appending non-manual parameters

After the description of manual parameters used HamNoSys, Appending the non-manual parameters
(facial expressions, shoulder raising, mouthing gesture, head tilting, and body movement) using mouth, face,
and limbs in eSign editor software. This step will add more realism to the sign. Figure 5 shows how to add
mouth picture and eye gaze of the sign ¢ [Two]. Mouth picture indicates the description that refers to how
the word pronounced. The ¢ [Two] is Pronounced as (ithnan).
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Figure 5. Adding mouth movement and eye gaze of the word Two

3.4. Testing the sign

After the description of manual and non-manual parameters, the sign will be tested to check its fitting
using JASigning player software that was designed to test the sign created by eSign editor. as shown in Figure 6.

@ siGML-Player [u] x
Electron SiGML-Player. JASigning: vhg.2019

Avatar: | marc
Speed (log; scale): +o

SIGML URL:

SIGML Text:

Play SIGML URL | Play SiIGML Text
Suspend || Resume | Frames: | +1

Sign/Frame.| 1,43 Gloss. two FPS.|25.00
Status: Playing complete

Figure 6. Test the sign two used JASigning player

3.5. SIGML file generation

Once the sign generated and tested correctly, it will be exported as a SIGML file script, and later 3D
avatar interprets the file in online mode. Figure 7 shows a sample of SIGML file script for one word. For
each generated SiGML file assigns an index number representing the name of this file. This index will be
added to the dictionary beside the Arabic word, which is in the form of lemma.

<sigml>

<hns_sign gloss="J<1">
<hamnosys_nonmanual>
<hnm_mouthpicture picture="ithnaan"/>
</hamnosys_nonmanual>
<hamnosys_manual>
<hamfinger23spread/>
<hamthumbacrossmod/>
<hamextfingeru/>
<hampalmu/>
<hamneck/>
<hamlrat/>
<hamclose/>
</hamnosys_manual>
</hns_sign>

</sigml>

Figure 7. The SiGML file script for word o\ [Two]
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4. RESULTS AND DISCUSSION

The dictionary is saved as a CSV file where the Arabic word is stored according to its lemma, and
every word assigns an index number representing the name of the SiIGML file. The dictionary contains about
3000 signs, which means it is the largest known ArSL dictionary. Its construction has consuming time and
effort. The individual sign is coded during a broad range of SL phonological parameters, including manual
parameters and non-manual parameters. Our dictionary was tested with multiple sentences of ArSL. These
sentences are also experimented with a dictionary of videos. The result shows that animation processing is faster
than video processing result from the loading of large files of videos for each sentence to a cache memory. Two
experts of sign language have been asked to evaluate the quality of generated signs on the range froml to 5 for
100 sign selected randomly. The average rated was 4.3. The results are actually really encouraging and are
meriting to be utilized for communication with deaf people. The dictionary can be adopted in the translation
system of text to sign language and for the education of deaf people. Figure 8 shows a sample of images of the
unified ArSL dictionary that used for signs generation where Table 2 shows an example of generated signs.
Table 3 shows the comparing of the results of this research with others for ArSL [10, 3].

Figure 8. Sample of images from unified ArSL dictionary

Table 2. Samples of Generated Signs
No Word Generated HamNoSys Non-manual parameters 3D avatar
1 <i[girl] — WD Mouth-picture (bent)

P

2 s3La[ Prayer] Mouth-picture (naam)

L]
e Eyes lids (closed)
L]
L]

RS =2

Body (tilted right)
Head (tilted right)

3 [sleep]et 5 o Mouth-picture (salat)
Oa0
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No Word Generated HamNoSys Non-manual parameters 3D avatar
4 U< [book] . « e Mouth-picture (kitab)
A0 o 0”17 o Head (tilted forward)
5 SA[evil] ~ D wel Mouth-picture (shar)
9x=0 Yo e  Eyes brows (furrowed)
e Eyes lids (narrowed)
e Body (tilted left)
6 s [he] (A Mouth-picture (huwa)
10" Eyes lids (eft)
Table 3. The comparing of the results of this research with others for ArSL
The topic Current research Research [10] Research [3]
Technique 3D avatar 3D avatar Images
Domain All domain Islamic domain All domain
Number of generated sign 3000 signs A hundred of sign 3200 signs
Country Unified dictionary Saudi Sign Language Unified dictionary
CONCLUSION

5.

In the current work, a new dictionary for ArSL has been developed using avatar technologies where each

sign generated based on the unified Arab dictionary. Using the 3D avatar technologies is much better than using
human video because of the least memory consumption, less conversion time, supported by a translation system and
avatar can be varied according to choice. The dictionary can be adopted for the translation system in which written
text can be transformed into sign language and can be utilized for the education of deaf people. For the construction of

complete ArSL avatar technologies, a team of experts of SL, workers and programmers should be work together.
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