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ties, and the labor market. Deafness is considered one of the major disabilities separating the deaf from
their society. To integrate the deaf fully into society, a two-way mode of communication is required: one
from the deaf to the hearing people, and the other from the hearing to the deaf. Communication from the
hearing person to the deaf is generally easy and can be done through speech recognition and text-to-sign
representations, but communication from the deaf to the hearing is somewhat difficult and requires a
Saudi sign language sign recognition module that recognizes the sign motions from the deaf and translates it to a text; follow-
Sign language dataset ing this, a speech synthesis module will translate this text to speech. To build the sign recognition mod-
Arabic sign language ule, a sign language dataset is required. This paper contributes to the literature by introducing a
comprehensive survey of 17 Arabic sign language datasets and by developing a well-organized frame-
work that is used to build a sign language dataset. This paper also contributes to the literature by creating
the largest Saudi Sign Language (SSL) database—the King Saud University Saudi-SSL (KSU-SSL data-
base)—with 293 signs, 33 signers, 145,035 samples, and 10 domains (healthcare, common, alpha-bets,
verbs, pronouns and adverbs, numbers, days, kings, family, and regions). This paper also contributes to
the literature by introducing a convolutional graph neural network (CGCN) architecture for sign language
recognition and applying the proposed architecture to the built KSU-SSL database. The architecture is
made up of a small number of separable 3DGCN layers, and is augmented with a spatial attention mech-
anism. This study is a part of the project that aims to develop a two-way communication system for Saudi
deaf individuals.
© 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Arabia. Over one billion people, globally, experience disability accord-
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Elsevier. 2020). The Demographic Survey 2017 (Nicodemo et al., 2021),

issued by the General Authority for Statistics - Kingdom of Saudi
Arabia KSA, states that 1,810,358 Saudi residents suffer from dis-
abilities, i.e. 7.1 % of the population are disabled. 360 million peo-
ple over the world have a hearing disability, 9% of them are
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children, as stated by the WHO (Pellegrini et al., 2020). In KSA, the
number of deaf is about 720,000 (Al-Nafjan et al., 2015). Deaf per-
sons have great difficulty in communicating with other people in
the society. Only a small number of them know and use sign lan-
guage to communicate with others. The lack of sign language inter-
preters (BaHammam et al., 2006, Alhusseini and Algahtani, 2020,
Al-Musharaf et al., 2021) amplifies the difficulty of the deaf in com-
municating with the rest of society, especially in the government
services, specifically in healthcare as stated by this study
(Maschendorf Thomaz et al., 2019).

To help the deaf people get involved in the society and integrate
with it, we aim to develop a system for a two-way translation of
Saudi sign language based on Avatar. This system will be imple-
mented in a carry-on electronic device (laptop, tablet, or mobile)
and integrates four basic functions:

e Recognizes the speech of the hearing person and produces the
corresponding text.

o Converts the recognized text of the hearing person to sign lan-
guage and performs the sign by the Avatar. This allows the deaf
person to understand the speech of the hearing person.

e Recognizes the sign performed by the deaf person and produces
the corresponding text.

e Converts the text of the recognized sign that the deaf person
performed into speech. This allows the hearing person to under-
stand the sign of the deaf person.

This allows the hearing person to understand the sign of the
deaf person. This system will help the deaf in two ways. First,
the system can be carried anywhere they go and can be used to
communicate with the rest of society. Second, it can be used to
teach sign language to the deaf, especially to children. Communica-
tion from the hearing person to the deaf is easy and can be
achieved with speech recognition and text-to-sign representa-
tions; however, communication from the deaf to the hearing per-
son is somewhat difficult and requires a sign recognition module
that recognizes the sign motions from the deaf and translates them
to a text, after which a speech synthesis module will translate this
text to speech. To build the sign recognition module, a sign lan-
guage dataset is required; but due to the lack of a public and rich
Arabic sign language (ArSL) dataset, many research groups have
developed their own local recordings. These local datasets might
contain tens or hundreds of signs, but they are domain-specific
or contain few signs and variations or are performed by few sign-
ers. Overall, these locally recorded signs do not exceed several hun-
dred in number and have only a few signers. After surveying the
databases used in research in recognizing Arabic signs and summa-
rizing their findings in a table, we made three observations. First,
the number of the signers does not generally exceed a set of tens
of signers and some are for less than ten signers; the number of
recorded signs varies inversely, and teams were obliged either to
increase signers or signs. The second observation involves the vari-
ety of recording devices, which starts from simple cameras such as
webcams to RGB + depth cameras to cameras using infrared. The
third observation is that most datasets include words and short
sentences as a sequence or single images cropped around the
hands.

The significance of this work comes from its contributions to
the literature: First, a comprehensive survey of 17 ArSL datasets
is conducted. This survey describes each dataset and its availabil-
ity. The datasets are categorized by year, number of signers, num-
ber of signs, samples, type of signs, and accessibility. This survey
can help readers understand the progress of ArSL datasets and
the current limitations. Second, this paper introduces a new frame-
work for constructing a sign language dataset used to build a
robust and accurate sign language dataset. This framework consists
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of four phases: the pre-recording phase, the recording phase, the
verification phase, and the labeling and archiving phase. Third, this
research creates the largest SSL database, the KSU-SSL database.
The KSU-SSL dataset was recorded using three types of recording
sources: a fast RGB (Red, Green, and Blue) cam-era, an infrared
(IR) camera, and a mobile camera. The use of different types of
cameras is in-tended to make the database richer and can be used
with different applications. This database includes 10 domains and
consists of 293 signs, 33 signers, and 145,035 samples. The health-
care domain consists of 133 signs and 65,835 samples; the com-
mon domain consists of 39 signs and 19,305 samples; the
alphabets domain consists of 37 signs and 18,315 samples; the
verbs domain consists of 20 signs and 9900 samples; the pronouns
and adverbs domain consists of 18 signs and 8910 samples; the
numerical domain consists of 11 signs and 5445 samples; the
day domain consists of 11 signs and 5445 samples; the Saudi Kings
domain consists of nine signs and 4455 samples; the family
domain consists of eight signs and 3960 samples, and the domain
of regions consists of 7 signs and 3465 samples. Fourth, this study
proposed CGCN architecture for sign language recognition and
applied the proposed architecture to the built KSU-SSL database.
The proposed architecture is made up of a small number of separa-
ble 3DGCN layers, and is augmented with a spatial attention mech-
anism. By using a limited number of layers, the proposed
architecture is able to overcome the common problem of over-
smoothing in deep graph neural networks.

Based on the authors’ knowledge, this is the first research in the
literature that introduces a novel framework for constructing a
sign language dataset. If you are interested in the dataset and need
access, please email the corresponding author.

This paper is organized as follows. First, a literature review of
relevant ArSL is presented. Second, the proposed framework is
described. Third, the pre-recording phase, recording phase, verifi-
cation phase, and the labeling and archiving phase are described.
The KSU-SSL database is presented, and all its statistics are dis-
cussed. Finally, the proposed architecture (implementation and
experiments) are described.

2. Related work

In the literature on the Arabic Sign Language ArSL dataset, sev-
eral datasets have been built in the past few years. This section sur-
veys 17 ArSL dataset to summarize and compare their key criteria
and motivate the contribution of the proposed one in this paper. In
2007, the ArSL dataset reported in (Shanableh and Assaleh, 2007) is
an isolated words dataset. It was created by the College of Engi-
neering at the American University of Sharjah. It contains 23
(Table 1) gesture classes performed by three participants, without
restriction on image background or clothing. Each participant
repeated the gestures 50 times in three sessions. Therefore, there
are a total number of 3450 samples in that dataset, distributed
evenly among the 23 classes such that each class has 150 samples.
An analog camcorder was used to record that dataset.

Another ArSL was introduced by M. Mohandes, S. Quadri, and
M. Deriche in 2007 at King Fahd University of Petroleum
(Mohandes et al., 2007). It consists of 300 classes selected from
the ArSL dictionary. (The exact dictionary is not identified.) This
dataset was recorded by a single hard-of-hearing fluent signer,
with each sign repeated 15 times, to produce a dataset containing
4,500 samples in total. The video recording camera (Sony DVD
Handycam, model no. DCR-DVD 200E) was placed directly in front
of the standing signer, and a frame rate of 25 frames per second
was maintained throughout the recording. Moreover, a high-
intensity halogen light source was used to avoid any shadow
effects in the environment. A whitewashed wall background was
also set to match the clothes of the signer, thus making it easy to
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Table 1

The 23 words of ArSL dataset reported in (Shanableh and Assaleh, 2007).
No. Word No. Word No. Word No. Word No. Word
1 GaaFriend 6 Al SdePeace upon you 11 g5 SalWelcome 16 ull/me 21 u«lYesterday
2 J=Neighbor 7 J&\To eat 12 I_S:Thank you 17 &To listen 22 <»iTo go
3 “aaGuest 8 2iTo sleep 13 J=iiCome in 18 <£.To stop talking 23 ~To come
4 LaGift 9 < &To drink 14 —weShame 19 ~&To smell
5 sx=Enemy 10 LsiwTo wake up 15 <wHouse 20 2cluiTo help

isolate the hand of the signer from the background based on the
hand color. As the authors mentioned in the study, an ArSL expert
was also involved in helping with the dataset recording. In 2014,
an ArSL image and video dataset called SignsWorld Atlas was intro-
duced by S. M. Shohieb, H. Elminir, and A. Riad (Shohieb et al.,
2015). It was developed in Mansoura and Kafr El-Sheikh Universi-
ties in Egypt to evaluate their methods for real-time ArSL gesture
and posture recognition. The dataset contained handshapes in iso-
lation and in single signs, Arabic alphabets, the numbers, move-
ment in single signs, movement in continuous sentences, lip
movement in Arabic sentences, and facial expressions. The dataset
was performed by 10 participants with ages ranging from three to
30 years under controlled lighting conditions. The dataset was
acquired by a Canon Power Shot A490 digital camera with an
image quality of 1024 x 768 pixels and video samples of 10 MB
each. Another ArSL dataset introduced in 2015 (ElBadawy et al.,
2015) contains 20 gesture classes performed by two participants.
Each participant was asked to repeat the gestures 100 times. The
20 signs consist of five facial expression signs (Table 2)—happy,
sad, normal, surprised, and looking up—as well as body + lips
motion. The body movement tracking is mainly concerned with
both hand positions against the body and shoulder movements.
The hand positions are collected and arranged as 16 different posi-
tions (4 positions for each hand). The shoulder movements are five
movements (left shoulder up, right shoulder up, left shoulder front,
right shoulder front, normal).

Another ArSL dataset build by G. Latif et al. is called ArSL2018
(Latif et al., 2019). ArSL2018 is an image-based dataset for 32 Ara-
bic Alphabets (the basic 28 Arabic alphabets and the extended four
alphabets ('Jr¢Jivs’ts’. The ArSL2018 consists of 54,049 images in
gray scale with 64 x 64 dimension. The images were collected by
recording 40 participants in different lighting conditions and with
different backgrounds. This dataset was made publicly available. In
the same way as ArSL2018, in (Al-Jarrah and Halawani, 2001) the
authors used a dataset of 1800 Gy-scale images for 30 Arabic
alphabets in which each sign was recorded by 60 signers. More-
over, in (Albelwi and Alginahi, 2012) AlBelwi et al. used a dataset
of 180 Gy-scale images, in which each sign from a total of six signs
was repeated 45 times by two signers. In (SamirElons et al., 2013,
Guesmi et al., 2016) the authors also proposed an alphabet dataset
consisting of 948 and 840 sign simples successive. In (Assaleh et al.,
2008) Assaleh et al. present a dataset of ArSL for 80 sentences, in
which each sentence was performed 19 times; in total, this dataset
consists of 1520 simple signs. Also in (Tolba et al., 2012), the
authors used a dataset of 100 sentences for a continuous sentences
recognition system. In (Youssif et al., 2011), Youssif et al. used an
ArSL dataset for 20 signs, with each sign repeated 45 times; the
dataset consists of 900 simple signs for ArSL words. Furthermore,

Table 2
The 20 words of ArSL dataset introduced in (EIBadawy et al., 2015).

in (Al-Rousan et al., 2009) Al-Rousan et al. used an ArSL dataset
consisting of 540 simple signs for 30 Arabic words, in which each
word was recorded by 18 volunteers. In (Amin et al., 2015), Amin
et al. present an HMM-based translator for ArSL; the dataset used
for this translator contains 60 Arabic words recorded 40 times with
a Kinect camera; in total, the dataset used in this work consists of
2,400 simple signs. In (Sidig et al., 2021), Sidig et al. presented an
ArSL dataset named KArSL (KFUPM ArSL); this dataset contains
502 sign words from many domains such as numbers, letters, fam-
ily, common verbs, health, and so on. Each sign from the 502 sign
words was recorded by three signers and each signer performed
each sign 50 times. This dataset, therefore, consists of 75,300 sim-
ple signs which is the largest ArSL until now; however, the number
of signers is too small, which means this dataset has too little vari-
ance and is not good for training models for signer independence.

Furthermore, the ArSL dataset reported in (Alfonse et al., 2015)
was established based on an ArSL dictionary approved by the Lea-
gue of Arab States. The total number of sign classes in this dataset
is 1,216 signs, including the Arabic alphabets and numbers. The
entire dataset was recorded by four sign language experts and
reviewed and validated by the other two experts. The four experts
who recorded the dataset are a mix of right-handed and left-
handed persons. Three different sensors were used to collect the
dataset: ordinary HD camera, Kinect 2, and leap motion. The data-
set videos were captured from four different viewing angles (0, 270
then 315, and 225), with four different frame rates (5, 10, 30, and
50 frames per second); hence, the database size is
4 x 1216 x 4 = 19,456 samples. The samples of this dataset were
recorded in different lighting conditions and involve facial expres-
sions in most of the cases. The samples were presented in the form
of RGB videos, infrared, and depth maps, as well as the skeleton
indexes produced by the lip-motion sensor.

By contrast, the KSU-ASL dataset reported in (Al-Hammadi
et al., 2020) and (Bencherif et al.,, 2021) consists of 80 gesture
classes. It was created by the Center of Smart Robotics Research
with collaboration from the Higher Education Program for the Deaf
and Hard of Hearing at King Saud University. The dataset com-
prises selected gestures from common ArSL words and expres-
sions. These expressions contain single- handed actions as well
as two-handed actions. Forty non-deaf subjects were recorded,
and the recordings were attended by one knowledgeable in sign
language. Each subject was asked to perform the gestures five
times. Different devices such as RGB cameras and Microsoft Kinect
were used for recording this dataset. The dataset recording ses-
sions were performed without restrictions in an uncontrolled envi-
ronment. There were no constraints on the clothing of the
participants, the lighting conditions, or the background color.
There was also some variation in the distances between the

#iFront sFar ilaBeside JskEating <4Drinking
wa)Ground cwWind slauSKky alisiElections JlssMarriage
J3Button <ileFile JiMove wdLion 1siiMoney
~luHelping @kDivorce <Door <=Home ds«uShopping




Table 3
Existing ArSL datasets.
Ref Year signers signs Repetition Total Type of sign Devices Modality Recorded by a sign  PubliclyAvailable Country
per signer  Samples language expert
(Shanableh and Assaleh, 2007 3 23 50 3450 WordsPhrases Video camcorder Upper body No No UAE
2007)
(Mohandes et al., 2007) 2007 1 300 15 4500 WordsPhrases Sony DVD Handy Camera Upper body No No Saudi
Arabia
(Shohieb et al., 2015) 2014 10 500 - - AlphabetWordsSentences Canon Power Shot A490 Hands + Upper body + Facial No No Egypt
Camera expression + Lips motion
(EIBadawy et al., 2015) 2015 2 20 100 4000 Words Leap Motion + 2 Cameras Facial expression + Body + Lips No No Egypt
motion
(Latif et al., 2019) 2018 40 32 42 54,049 Alphabet CameraGray Images Hands No Yes Saudi
Arabia
(Al-Jarrah and Halawani, 2001 - 30 60 1800 Alphabets Camera Hands No - -
2001)
(Albelwi and Alginahi, 2012) 2012 2 6 15 180 Alphabets Camera Hands - - Saudi
Arabia
(SamirElons et al., 2013) 2013 - - - 948 Alphabets Camera - - - -
(Guesmi et al., 2016) 2016 2 28 15 840 Alphabets Camera - - - Tunisia
(Assaleh et al., 2008) 2008 1 80 19 1520 Sentences Camera - - - UAE
(Tolba et al., 2012) 2012 - 100 - 100 Sentences Camera - - - -
(Youssif et al., 2011) 2011 - 20 45 900 Words Camera - - - -
(Al-Rousan et al., 2009) 2009 18 30 - 540 Words Camera - - - -
(Amin et al., 2015) 2015 1 60 40 2400 Words Kinect - - - Egypt
(Sidig et al., 2021) 2021 3 502 50 75,300 Letters, Numbers, Words Microsoft Kinect V2 - - - Saudi
Arabia
(Alfonse et al., 2015) 2015 4 1216 4 19,456 WordsSentences Leap MotionKinectV2, Upper body+Facial expression ~ No Yes Egypt
Digital Cam
(Al-Hammadi et al.,, 2020, 2020 40 80 5 16,000 AlphabetNumbersWordsphrases -Kinect V1-Kinect V2-Sony Full Body+ Skeleton No No Saudi
Bencherif et al., 2021) Handy Cam Arabia
Our database(KSU-SSL) 2022 33 293 5 145,035 AlphabetNumbersWordsFor -RGB color camera- Upper body Yes No Saudi
daily life and medical field infrared camera- Mobile Arabia
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camcorder device and the signers. Because of this restriction-free
recording, KSU-SSL is a challenging dataset. In most cases, the sign-
er’s hands are blurred and difficult to detect and track. In Table 3
below, we present the comparison between surveyed databases
discussed above and our proposed KSU-ArSL.

3. Proposed framework for KSU-SSL dataset

To build a robust and accurate SSL dataset, we started by
designing a well-organized framework (Fig. 1). The proposed
KSU-SSL database framework consists of four phases: the pre-
recording phase, the recording phase, the verification phase, and
the labeling and archiving phase. The pre-recording phase is
mainly used to prepare for the recording process and consists of
five steps: selecting the signs (293 signs including letters, numbers,
days, family, pronouns, adverbs, verbs, common, Saudi Kings,
regions, medical, and common); types of signs (static and dynamic
signs); preparing the recording environment—the studio and cam-
eras (color camera, infrared camera); and building the recording sys-
tem. The recording phase includes three steps: selecting the
volunteers, training the volunteers, and recording. The verification
phase is used to verify the correction of the performed signs and
has two steps of verification: during the sign recording and after
the recording. The last phase is the labeling and archiving phase
which consists of the proposed protocol to save and archive the
verified signs.

4. Pre-Recording phase

The pre-recording phase is the initial phase, used to prepare for
the recording environment, and consists of five steps: selecting the
signs (293 signs including letters, numbers, days, family, pronouns,
adverbs, verbs, common, Saudi Kings, regions, medical, and com-
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mon); types of signs (static and dynamic signs); preparing the
recording environment—studio and cameras (color camera and
Infrared camera); and building the recording system.

4.1. Selection of the signs

In this study, we present SSL dataset for the KSA Dialect; there-
fore, we adhered to the Saudi sign dictionary produced by the
Saudi Association for Hearing Impairment (Senkov et al., 2018).
There are other variants of the signs used in KSA, and sometimes
the deaf do not follow the dictionary; but it is extremely difficult
to include all the variants, and we have to follow the most accepted
and agreed upon standard, which is the Saudi sign dictionary. The
dictionary is subdivided into sections of varying importance, rang-
ing from the name of towns to daily usual words, words from the
medical domain, and so on. The sign selection is an important step
in order to produce a pilot system that will convey the importance
and usefulness of the dataset and be appealing to the deaf and non-
deaf community. Moreover, the Saudi sign dictionary contains
more than 3,000 signs, and it will be difficult to cover them in this
study. Therefore, we focused on certain important domains. Our
team (including sign language experts) considered many domains
such as government services, education, healthcare, children’s sto-
ries, courts, and other law institutions). We realized that the med-
ical field is an important area where many deaf people have
difficulties explaining their illness and/or pain, and our system
can be used immediately and be beneficial. Therefore, we selected
the signs from the medical field. In addition to the medical field, we
selected other daily life signs that are needed to build a system in
the medical field and are also needed in daily life communications.
The team has four sign specialists with good contact with the deaf
community; hence, these members suggested the initial draft list
of the signs. This list was discussed and refined many times until

Pre-Recording phase

= Letters

= Numbers
- Days

= Family

= Pronouns
= Adverbs
= \erbs

= Common
= Sawdi Kings
= Regions
= Medical
= Common

= Static Signs
= Dynmamic

Building The
& Recording System
Studio
Cameras (Color
Camera, Infrared
Camera)

= SSL recording
System

|

Recording phase

‘ Selection of Volunteers |-

l Training the Volunteers

Recording

30 Volunteers Training Sessions

Recording the S5L under the ‘
supervision of the team
specialists in sign language

Labeling and Archiving phase

Yes

labelling the signs
Sawving the signs

Correct

Verification phase

During recording session
After the recording session

Fig. 1. Proposed KSU-SSL database framework.
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Table 4
List of the 293 selected signs.

Alphabets (37 Sign)

e - Jd i | s ! 3 i .
b al e i o a hamza
o B) D) 3 K ¢ z z & o
s z r DH d KH h DJ th t
& & «_'s ¢ ¢ L L > ua o
k q f GH e DH t DH s ch
sy s 5 ° o e dJd
y w h n m |
Numbers (11 Sign)
9 8 7 6 5 4 3 2 1 0
10
Days (11 Sign)
Aaaall Casedll sl Y L53al Y 2y Candl a5 i & sl
Friday Thursday Wednesday Tuesday Monday Sunday Saturday Day Year Week
owlyesterday
Family (8 Signs)
z'somarriage 3y aay o el ¢l Al o
family daughter son sister brother Mother Father
Pronouns and adverbs (18 Sign)
?3 sl Any Os il ul PL.ai & ézi Jadd
Then Under after without You Me ahead to upper Down
Jiesince &~ Js & 85 e Ll i
With before in above upon Always behind
Verbs (20 signs)
o Ly iy iy el day [ S Ol o
To hear To Wake-up Can To shower To help To enter To go out To disappear To sit To eat
To descend To sleep To walk To stand up To open To close To appear To ascend To smell To drink
Common (39 Sign)
Sl ya DG S g Gy ool Slgwi s Mal Byl oSde 3Ll sl P
three times House Gate Because where Welcome light Peace on you Goodness Noun
lae | sie clea B4 Aels ol ) o) Aele ay oha 850 L
tomorrow Excuse me morning Thanks hour Head of Department President quarter an hour W.C Okay
3% e 13a Cinan gl 13 Y s < o sl
Once when what Excuse me Why No How How many? Department out
2l Sile sMay peace be upon B O da o3a 13 e sl Gige
you left right Does? This(female) This (male) day evening twice
Kings (9 Signs)
Jeasd dlKing Faisal 28 L) alllae ellal) Dadlaue @l Olales Gl 2 sa Ll REQEIA] S ANV ] dgm JI
King Fahd King Abdullah  King Abdulaziz King Salman King Saud King Khaled Prince Mohammed bin Salman Al (family) Saud
Regions (7 Signs)
4a Sall i8Makkah B ol 5 i) Aaall o=k pleall L
Jeddah Jazan Medina Riyadh Dammam Abha
Healthcare (133 Sign)
s ) ke U s i 4 Aol sl sl ey valea)
heredity Face Skeleton phone bleeding Heart attack Removal insomnia addiction abortion
el e Anan dile) la) o daal [ Jledd ol Cala alasil
Apologize Obstruction Impaired hearing infection laser beams radiation Diarrhea teeth Ambulance Usage
g ) JEiLWA) i) Al (il lal) dauall 4.l gl lis)
Fine Spread constipation self pain Psychiatry Health In service inflammation Depression
(i 8 B Gl el o3 s ol S [l ol
Breathing report To change fatigue massage blood analysis insurance vitiligo Anesthesia Belly
o, gln Al Goos Gosoe Sala Lzl Gl e sl Gl e ol s T~ PO
lungs arm sensitive burns Traffic accident Blood pressure device Temperature measuring device Lid injury swelling
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we narrowed it to 293 signs. The selection of the signs concen-
trated mostly on those that will most probably be used in the daily
medical experience of dialogue between a deaf or hard-of-hearing
person and a nurse or doctor. This selection took a long time of
reflection and consultation as the medical signs within the dic-
tionary consist of about 150 signs; in a practical sense, the more
signs there are to video record in multiple sessions, the more the
time for each signer increases. This might be a burden for some
signers and require more time than is feasible for the project time
frame. In this context, we selected 293 signs, as presented in
Table 4.
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4.2. Types of signs

Some of the signs are just a simple fixed hand position of one or
two hands (called static signs), while the rest of the signs use a
moving action with one or two hands (called dynamic signs). In
all cases, any sign can be viewed as dynamic if the pre-action
(hands up) and post-action (hands down) are included in the entire
sign video. Since we hope that our system will allow the deaf to use
it live with minimal restrictions, all signs will be considered
dynamic, in which we consider that the middle frames of interest
of each sign are preceded and followed by some transition frames.
A sample sign language performed by the hands is shown in Fig. 2.
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4.3. Preparation and testing the recording environment

Recording videos of high quality requires considerable experi-
menting with people and material, as well as a stable recording
machine and excellent programming skills. In this context, our spe-
cialist in charge managed to create a video recording studio as
shown in Fig. 3.

The designed studio is comprised of the material listed in
Table 5. We opted for this design after many trials and recording
tests, as well as changing numerous lighting and camera positions.

Different setups and configurations were tried for the recording
studio until we reached an optimal setup and configuration as
illustrated below.
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4.3.1. Environment configuration

The recording of the signs was done inside the arena of the Cen-
ter for Smart Robotics Research at the College of Computer and
Information at King Saud University, where a special computer
with high specifications was prepared so that it could record high
definition videos at a high speed. The recording setup contained
the computer with a recording system, two screens, two cameras,
a mobile, and the cameras stand. One of the two screens is facing
the team member who is working on the recording system, and
the other screen is facing toward the volunteer who performs the
signs to display the reference videos to the volunteer.

The signs recording studio contains a place marked with a yel-
low box, where the volunteer stands to record; to his right, a screen
has been placed showing a video of the sign to be recorded so that
it is easier for him to perform the signs correctly, as shown in Fig. 3.

A white LED lighting has also been added to the studio to
improve the quality of the captured videos, and a green back-
ground has been added behind the recording location to facilitate
the video processing after recording.

A red and green LED was added to the recording system so that
the volunteer can know when the recording is started and stopped.
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4.3.2. Cameras configuration

The recording is done using three cameras, the high-speed color
camera, mobile camera, and an infrared camera. The cameras are
on a stand. The volunteer stands in front of the cameras at a dis-
tance of two meters so the upper body of the volunteer will occupy

Alphabets (37 Sign)
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Table 4 (continued)
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Fig. 2. Example of the sign language gesture -week.

T
Cameras

Green
~  background

For sign g

specialist

=

Recording
system

Fig. 3. Recording studio designed by our expert.

most of the camera’s field of view. The expert sits on a chair at an
angle that allows him to watch the volunteer perform the sign to
be recorded and corrects him when needed.

The cameras were connected to the recording computer, where
the recording program records videos for each repetition of each
sign from the cameras at the same time. As for the mobile camera,

Table 5
Recording studio components.

Cameras
holder

Fig. 4. Support for the cameras and the phone.

the recording takes place throughout the session, and then later
the signs can be cut manually.

For the color camera, in order to avoid the blurring effect gener-
ated by low fps cameras where some fast actions are not well
recorded and appear as shadowed actions, our expert investigated
the use of a very advanced camera with high fps. We choose an

Item Description

Remarks

acA1920-150uc - Basler ace
ELP-USBFHDO5MT-KL36IR

RGB color camera
Infrared camera

Huawei P20 pro Mobile

LED Light stand

First Screen 32" screen

Second Screen 32" screen

Camera Holder Holds RGB and infrared cameras and mobile
Chair Blue chair

Marked space in the floor
Paper background

Marked space where the volunteer will stand
The paper background behind the volunteer

High speed frame rate up to 150fps

Used to record IR videos

To record with a phone camera

Used for better light conditions

For recording team member

For the volunteer to see reference videos

Made by the team

For sign specialist

To make sure all volunteers will be facing the camera at the same distance
To facilitate the video processing after recording
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RECORD SIGN DATA

File name:
#Signer: 1

Sign Name: << b slaw >>
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X /home/g108/PycharmProjects...

Fig. 5. Recording software interface (sample sign on the right).

industrial camera (acA1920-150uc - Basler ace) with a high frame
rate. The camera originally is capable of 120 fps; however, we
noticed during testing that 60 fps was quite satisfactory, and the
actions or recorded signs could be tracked easily with all the
images of the video. This camera can record videos with
192071200 px at 150 fps, but at high fps the images will be some-
what dark because the sensor will not have enough time to receive
the light from the lens. To solve this issue, we first changed the lens
of the camera with a new lens that has a large aperture; then, in
the second step, we reduced shooting the frame rate to 120 fps
so as to get the best recorded videos with our light conditions.
The second issue encountered is that the recording PC was taking
too much time to save those videos to the drive and was occupying
a large amount of memory; therefore, we decided to change the
camera setting to keep shooting videos at 120 fps but send only
60 fps to the recording PC.

The infrared camera is a special camera that captures the reflec-
tion of infrared rays on objects. This camera was chosen in order to
avoid the problem of lighting, as these cameras depend on IR LEDs
that are installed around the lens. To further improve performance,
the technical team added an additional IR LED to the camera.

As our videos are recorded from three sources: a color camera,
an infrared camera, and a mobile phone camera, and in order for all
the videos to be captured from the same location, the technical
team designed a special stand as shown in Fig. 4 to hold the cam-
eras and the phone, so all recordings will be from the same direc-
tion at the same distance.

4.4. Building the recording system

Our technical team developed a system to record the videos of
the required signs. The system contains reference video clips of all
the signs to be recorded. The reference video clip for each sign is

shown to the volunteer before recording the sign, to help him
remember the correct way to perform the sign. The recording sys-
tem has been developed in accordance with the following points:

e The program contains a “signer#” field to specify the volun-
teer’s number.

e When the recording member presses the “Open” button, as
shown in Fig. 5, the program opens the sub-folder of the
selected signs and creates folders for saving those signs auto-
matically, in order to avoid errors and standardize the pattern
of saving in the database.

e The program records the signs from the cameras (color and
infrared) connected to the device at the same time, as shown
in Fig. 5.

e The recording member can choose the number of sign repeti-
tions to record by entering the number of repetitions in the field
“Max_rep”, as shown in Fig. 5.

e The program also contains a “Color” check button, which can be
specified by the recording member to record signs with colored
hands.

e When recording begins, the program displays a video illustrat-
ing the way the sign is performed, as shown in the right display
part of Fig. 5.

e The program records each sign several times in succession,
according to the number of repetitions entered, then moves to
the next sign automatically and displays the reference video
for it.

o The recording system contains a list of the signs to be recorded.
It also contains a box for the sign number “Current Rep” where
the recording coordinator can choose any sign and specify the
repetition number to be recorded in case the coordinator wants
to re-record a specific sign.

e The program, as shown in Fig. 5.
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e contains a “Start REC” button to start and stop recording, and an
“Ignore” button to cancel the recording in case something went
wrong.

The red and green LEDs indicate for the volunteer the status of
the recording system. First, when the system is ready to record,
the green LED will be solid ON and the red LED will be OFF to
show the volunteer that the system is ready to record and so
that he can prepare himself to record the requested sign; then,
when the recording coordinator presses “Start REC” button, the
green LED will be OFF and the red LED will be solid ON to show
the volunteer that the system is recording so that he will start
performing the sign. Finally, when the recording coordinator
presses the “STOP REC” button, the system starts saving the
recorded videos and the green LED starts blinking until the sav-
ing process is finished, showing the volunteer that the system is
saving the videos so that he can move freely and relax a little;
then, it will turn to solid ON to show the volunteer that the sys-
tem is ready to record again so that he can prepare himself
again for the next recording.

At the end of each recording session, the coordinator presses the
“Check Files” button so that the program automatically checks
that all the signs of the selected section are recorded and that
the recordings are intact.

5. Recording KSU-SSL database phase

By the recording time, everything had been prepared; the signs
were selected, the recording environment (light, background, dis-
tance between signer and cameras) was prepared, as well as the
recording equipment (RGB cameras, depth cameras, desktops). As
mentioned, we recorded 293 signs; each sign was repeated and
recorded five times in different sessions, one with gloves and later
with painted hands. Each recording session took an average of
three hours; therefore, the total hours where 495 (33 signers * 5
session * 3 h = 495 h).

5.1. Selection and training of volunteers

The project aims to record the signs of volunteers who may be
deaf, hard of hearing, and hearing. The volunteers were selected
from King Saud University, and they were contacted to explain
the project, its goal, and the need for a sign dataset for the project.
Having a short time for recording is important; therefore, at the
initial stages of the dataset recording and before accepting any vol-
unteer, we sent to volunteers reference videos of the representa-
tive sample (10%) of the signs—about 30-35 signs—to practice,
performed by a specialist to train them before coming to the studio
for recording. When he is ready, we recorded his signs; then we
sent their videos of performing these signs to the specialist who

Fig. 6. Colored gloves in sign recording.

Journal of King Saud University — Computer and Information Sciences 35 (2023) 101642

Fig. 7. Colored hands sign recording.

will choose those with near-perfect performance. This step was
necessary because it saved us time when recording all signs of
the database of the project. After accepting the volunteers, we sent
them all pre-recorded reference signs so that the volunteer could
train on them for a period ranging from two to five days before
recording his signs.

5.2. Recording mechanism

At the beginning of the recording, several recording mecha-
nisms were tried in order to determine the appropriate mechanism
that achieved the least effort and the highest quality. It was neces-
sary to record each sign five times, including one time with gloves
and later with painted hands. The recording was five days a week,
from Sunday to Thursday, under the supervision of the team spe-
cialists in sign language. All the signs were recorded in reference
videos; then, the videos were sent to the volunteers to train them
before coming to the studio for recording. Each volunteer was
recorded in five sessions, with an average of 15 h divided over five
session.

5.3. Recording with painted hands

After recording some initial volunteers and checking the videos
with the volunteers wearing gloves, we found that there were
problems with recording with gloves; sometimes there was light
reflection. Moreover, hand fingers are not clear, as the light is
reflected from the gloves, as shown in Fig. 6.

Therefore, we substituted recording with gloves to recording
with the hands painted in colors. We chose blue for the right hand
and red for the left hand because these two colors are dark and are
the best light-absorbing colors; therefore, the light will not reflect
and affect the camera. The green color, which is also dark color and
light-absorbing, was used as the background; for this reason, we
avoided using green to paint the fingers. We tested our choice of
blue and red and this turned out to be a good decision, as shown
in Fig. 7.

We first recorded the four repetitions of all the signs without
painting (using gloves for the first six volunteers); next, we
recorded the signs with the hands painted in the last recording
session.

6. Verification phase

This phase is used to insure that the signs have been performed
in a correct manner. In order to accomplish this, we have two steps
of verification: during the sign recording and after the recording.

10
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Fig. 8. Daily follow-up form.

Table 6
KSU-SSL database statistics.

Domain # signs Rep. # signers # Cameras Total Samples %
Healthcare 133 5 33 3 65,835 454
Common 39 5 33 3 19,305 13.32
Alphabets 37 5 33 3 18,315 12.63
Verbs 20 5 33 3 9900 6.83
Pronouns & adverbs 18 5 33 3 8910 6.15
Numbers 11 5 33 3 5445 3.76
Days 11 5 33 3 5445 3.76
Kings 9 5 33 3 4455 3.08
Family 8 5 33 3 3960 2.74
Regions 7 5 33 3 3465 2.39
Total 293 145,035
Regions
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Fig. 9. KSU-SSL database statistics.

As we stated in the previous section, the recording was conducted
under the supervision of the team specialists in sign language. This
means that verification is done during the recording session with
the attendance of a sign specialist. The post-recording verification

11

was performed after completing each recording session per volun-
teer. In case of any error or mismatching of the performed sign, the
specialist retrained the volunteer and the sign was performed
again.
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Fig. 10. Domain distribution across the KSU-SSL database.
6.1. Labeling and archiving phase

At the end of each recording session, the recordings were copied
and saved in a folder labeled by the day and date on which the
recording was made (for example, Day 12 [1-1-2022]); within this
folder is a folder containing the name of the volunteer for whom
the signaling session was recorded (for example, Abdullah Ahmad).
With the beginning of the recording of each volunteer, the record-
ing system creates a folder called “signer_X", where “X” stands for
the volunteer’s number; next, under this folder, the program cre-
ates two folders (“group_1” and "group_2"), and within each of
these two folders, subfolders are created for the signs sections
according to the following:

e The folder “group_1” contains the following subfolders:
e Alphabet

e Common

e Days

e Family

e Numbers

e Pronouns and adverbs

e Verbs

e The folder “group_2" contains the following subfolders:
e Hospital and common

¢ Kings

e Regions
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Two copies of the recordings were made on different hard
drives. In addition, after the daily session, two copies were
uploaded into cloud storage: one copy to the IDRIVE cloud storage
site and another to the Google Drive cloud storage site. A follow-
up form was created using Excel, which includes the list of partic-
ipants, to follow up on the volunteers’ recordings and the special-
ists’ review of the recorded signs if the signs were recorded in their
absence. This form is shown in Fig. 8.

7. KSU-SSL database

As mentioned, this study present a SSL dataset for KSA Dialect;
therefore, we adhered to the Saudi sign dictionary produced by the
Saudi Association for Hearing Impairment. Our team (including
sign language experts) considered many domains, such as govern-
ment services, education, healthcare, children’s stories, courts, and
other law institutions). We realized that the medical field is an
important area where many deaf people have difficulties explain-
ing their illness and/or pain, and our system can be used immedi-
ately and be beneficial. Therefore, we selected the signs from the
medical field. In addition to the medical field, we selected other
daily life signs that are needed to build a system in the medical
field and also needed in daily life communications. Therefore, the
KSU-SSL database consists of 293 signs, 33 signers, and 145,035
samples (Table 6 and Fig. 9). The healthcare domain consists of
133 signs and 65,835 amples; the common domain consists of 39
signs and 19,305 samples; the alphabets domain consists of 37 signs
and 18,315 samples; the verbs domain consists of 20 signs and
9900 samples; the pronouns and adverbs domain consists of 18
signs and 8910 samples; the numbers domain consists of 11 signs
and 5445 samples; the day domain consists of 11 signs and 5445
samples; the Saudi Kings domain consists of nine signs and 4455
samples; the family domain consists of eight signs and 3960 sam-
ples; and the regions domain consists of 7 signs and 3465 sam-
plesTable 6 shows the statistics of the KSU-SSL database, while
Fig. 9 and Fig. 10 illustrates the domain distribution across the
KSU-SSL database.

KSU-SSL datasets was recorded using three types of recording
source: a fast RGB camera, an IR camera, and a mobile camera. Dif-
ferent types of cameras are used to make the database richer, and it
can be used with different applications; moreover, in addition to
the recorded repetitions, we add one repetition with painted hands
so it can be isolated from the rest of the frame in future work.

Table 7 illustrates two signs in each domain as an example of
the proposed KSU-SSL database. From the healthcare domain, the
signs of bone (akc) and injection (i) are illustrated. From the
common domain, the signs of This (male) (}») and Noun (~l) are
illustrated. From the alphabets domain, the signs of gh (¢) and ch
(c8) are illustrated. From the verbs domain, the signs of To drink
(«>&) and To appear (k) are illustrated. From the pronoun and
adverb domain, the signs of Under (<=i) and upper (') are
illustrated. From the numbers domain, the signs of seven (7) and
nine (9) are illustrated. From the days domain, the signs of Satur-
day (<) and Wednesday (s=_¥) are illustrated. From the kings
domain, the signs of King Fahd (2 <) and King Saud (25 <lldl)
are illustrated. From the family domain, the signs of Mother (/)
and Father (<) are illustrated. Finally, from the regions domain,
the signs of Jazan (o)) and Abha () are illustrated in Table 7.

8. Proposed architecture (Implementation and Experiments)

In the proposed approach, we introduced a compact 3DGCN
with a small number of trainable parameters to enable efficient
representation learning. In addition, we leveraged MediaPipe, the
most effective estimator of human landmarks, to extract the

12
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Table 7
KSU-SSL database samples.
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necessary graph nodes or recognition. To further enhance learning
efficiency, we incorporated techniques such as multi-head self-
attention and partitioning of frame nodes. Google has recently
introduced MediaPipe (Lugaresi et al,, 2019), a framework that
offers cross-platform machine learning solutions for streaming
media, allowing real-time perception of human pose, hand track-
ing, and face landmarks on mobile devices. MediaPipe has various

13

modern life applications, including augmented reality, fitness, and
sports analysis, and can detect and track 33 pose landmarks, 21
landmarks per hand, and 468 face landmarks in its different solu-
tions. Moreover, MediaPipe integrates models for the pose, hands,
and face components, providing a holistic solution that can accu-
rately estimate and track a total of 543 landmarks in x, y, and z
coordinates. A sample frame from the KSU-SSL dataset is shown
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Alphabets

a) MediaPipe hand landmarks
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Fig. 12. MediaPipe hand landmarks (Lugaresi et al., 2019) VS selected hand landmarks.

in Fig. 11. In order to achieve a high recognition rate while mini-
mizing computational complexity, we focused on the 25 most rel-
evant landmarks when building the sign graph. From the 21
landmarks shown in Fig. 12 -a, we selected ten landmarks for each
hand (0, 4,5, 8,9, 12,13, 16, 17, and 20) Fig. 12 -b, along with five
additional landmarks representing the nose, shoulders, and

elbows. The nose landmark was utilized as a reference to normal-
ize the landmarks for each frame individually.

The outcome of this process is an undirected spatial-temporal
graph denoted as G = (V, E), containing T frames and 10 nodes with
both inter-body and intra-frame connections. The node set V = {vy|
t=1,..,T,i=1, ..., 10} consists of the selected 10 landmarks in

14
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Fig. 13. The proposed 3DGCN architecture.
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Fig. 14. The behavior of the proposed 3DGCN architecture on the KSU-SSL dataset.

each frame throughout the sequence. Nodes within a frame are
connected by edges based on the human body structure, while
each node is linked to itself in successive frames. Thus, the edge
set E comprises two types of edges: intra-frame edges within each
frame and inter-frame edges linking nodes in consecutive frames.
The proposed architecture comprises five successive layers of sep-
arable 3DGCN, which are separated into spatial and temporal con-
volution operations through a spatial multi-head self-attention
layer, as depicted in Fig. 13. The input layer is connected to the out-
put layer through a residual connection. To perform spatial convo-
lution, this approach considers the spatial neighbourhood of each
node to be all the nodes within a single step distance from that
node.

In order to exhibit the effectiveness of the suggested basic
3DGCN architecture (Al-Hammadi et al., 2022), which is light-
weight, an evaluation was carried out on the KSU-SSL dataset.
PyTorch was employed to implement the proposed architecture,
and NVIDIA RTX 3090 24 GB GPU was utilized for training. We used
28,021 samples for training and 5,860 for Validation. Training was
conducted using a fixed configuration, which utilized mini-batch
gradient descent with a batch size of 32 samples and an adaptive

Table 8

Performance of the proposed 3DGCN architecture on the KSU-SSL dataset.
Avg. accuracy batch size Training size Validation epochs
97.25 32 28,021 5,860 200

learning rate. The initial learning rate was set to 0.1 with an update
frequency of 200 epochs. Fig. 14 and Table 8 illustrated the behav-
ior of the proposed 3DGCN architecture on the KSU-SSL dataset.

The proposed 3DGCN architecture achieved an average accu-
racy of 97.25% on the KSU-SSL dataset. The model was trained
using a batch size of 32 and a training dataset consisting of
28,021 samples. The validation set used during training contained
5,860 samples. The model was trained for 200 epochs.

9. Conclusion

In this paper, we proposed a framework for constructing a sign
language dataset, and we introduced a comprehensive survey of 17
Arabic sign language datasets. The surveyed datasets are catego-
rized by their year, number of signers, number of signs, samples,
type of signs, and accessibility. In addition, in this paper, we cre-
ated and build the largest Saudi Sign Language (SSL) database—
the King Saud University Saudi-SSL (KSU-SSL database)—with 293
signs, 33 signers, 145,035 samples, and 10 domains (healthcare,
common, alphabets, verbs, pronouns and adverbs, numbers, days,
kings, family, and regions). In additional, we introduced the 3CGCN
architecture for sign language recognition and applying the pro-
posed architecture to the built KSU-SSL database. In the future,
we aim to use the proposed dataset to develop a system for a
two-way translation of Saudi sign language based on Avatar and
integrates several functions such: 1) recognizes the speech of the
hearing person and produces the corresponding text; 2) converts
the recognized text of the hearing person to sign language and per-
forms the sign by the Avatar; 3) recognizes the sign performed by
the deaf person and produces the corresponding text and; 4) con-
verts the text of the recognized sign that the deaf person per-
formed into speech. Moreover, In the future, we plan to expand
the scope of the dataset by adding more signs from different
domains.
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