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About
VEDE

Mada Center is a private institution for public benefit, which
was founded in 2010 as an initiative that aims at promoting
digital inclusion and building a technology-based community

that meets the needs of persons with functional limitations
(PFLs) — persons with disabilities (PWDs) and the elderly in

Qatar. Mada today is the world’s Center of Excellence in digital

access in Arabic.

Through strategic partnerships, the center works to
enable the education, culture and community sectors
through ICT to achieve an inclusive community and
educational system. The Center achieves its goals

by building partners’ capabilities and supporting the
development and accreditation of digital platforms in
accordance with international standards of digital access.
Mada raises awareness, provides consulting services
and increases the number of assistive technology
solutions in Arabic through the Mada Innovation Program
to enable equal opportunities for PWDs and the elderly
in the digital community.

At the national level, Mada Center has achieved a digital
accessibility rate of 90% amongst government websites,
while Qatar ranks first globally on the Digital Accessibility
Rights Evaluation Index (DARE).

Our Vision
Enhancing ICT accessibility in Qatar and beyond.

Our Mission
Unlock the potential of persons with functional limitations
(PFLs) — persons with disabilities (PWDs) and the elderly -

through enabling ICT accessible capabilities and platforms.

About
Nafath

Nafath aims to be a key
information resource for
disseminating the facts
about latest trends and
innovation in the field of ICT
Accessibility. It is published
in English and Arabic
languages on a quarterly
basis and intends to be a
window of information to
the world, highlighting the
pioneering work done in our
field to meet the growing
demands of ICT Accessibility
and Assistive Technology
products and services in
Qatar and the Arab region.
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Qatari Money Reader
A Smart Mobile App to Support Persons
with Visual Impairment and the Elderly

Anwar Almojarkesh
Innovation Factory

Shahbaz Ahmed
Mada Center

Abstract

In 2018, Innovation Factory Limited developed
a unique smartphone application called “Qatari
Money Reader” fully funded through the direct
grant stream under the Mada Innovation
Program (MIP) (MIP, 2021). The app can scan
and identify Qatari currency by just using the
camera of the smartphone. The solution was
effective for people with visual impairment

& the elderly while retaining their privacy by
identifying the value of the notes when they
are in public places or when they need to
count their money. In Addition to that, the app
includes other features like reading the Qatari
Riyal currency in real-time and works entirely
offline without the need to have internet
connectivity. Once the currency is detected,
the app will inform the user about the value

of money in Arabic and English. With the
update in the Qatari Bills, the Mada Innovation
program supported the development of Money
Reader App V2 with added features like new
bill detection, counting notes, exchange notes
and experiment on fake note detection. Mada
hosted focus groups and user testing sessions
to evaluate the application before the official
dissemination.
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Introduction
Primarily, identifying the value of banknotes

is one of the main challenges faced by people
with visual impairments and elderly (Tian et
al., 2019). Such challenges make it hard to
exercise basic daily activities, like needing

to seek assistance to determine the value
and authenticity of such bills. There is a
necessity for developing solutions that can
evaluate the authenticity and value of local
and major international currency bills using a
mainstream device such as a smartphone. The
increased hardware capability and portability
of such devices make them ideal to serve as
suitable platforms to integrate app-based
solutions to resolving such challenges (MIP,
2019).

Traditionally, assistive technologies for

the blind and visually impaired and elderly
community tend to be in the form of expensive
dedicated devices (e.g., braille readers,
document magnifiers, computer screen
readers, etc.) (EL Ghoul et al., 2020). Mada
Innovation program MIP (Al-Thani et al., 2019)
intends to offer support to such solutions to
solve daily life problems by incorporating

the assistive technology solutioninto a
mainstream device. This makes the solution
available to a much wider range of users with
Arabic and English language options having

a significant impact within the blind, visually
impaired and elderly community.

About the
“Qatari Money Reader” application

With time, the “Qatari Money Reader”
application received various feedback from
users to add more features that it's important
for their daily life. For instance, when they
travel abroad which will allow them to live
independently without asking for help from
the public or get scammed with fake notes or
the incorrect amount by strangers. Also, the
change in Qatari bills in early 2021 has made
it mandatory for the app to be updated and
modified with improved features.

Innovators

apply to
Mada

Innovation Updating

Program Impact L
the use
assessmen case Appll§at|0n
Review of t through ] accessible for
according

download

application focus
and
Awarding groups

to the
feedback

2018 - Qatari Money
Reader App version 1
released

Identification of the use
case

2021 - Qatari Money
Reader version 2 released

Figure 1.
Innovation journey of Qatari Money Reader app
(Mada Innovation Program, 2019)

Furthermore, MIP supported and funded the
development of the upgraded version of money
reader application has the first of its kind
algorithm to calculate multiple currencies,
exchange rates and can identify fake notes
through the smartphone camera and through
using the deep learning approaches using an
UV light attached to the smartphone. Also, the
program supported the money reader app

in several steps of the project including the
development, testing, and dissemination of the
product through focus groups, user testing and
show & tell sessions (MIP, 2021).
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How does it work?

TensorFlow Library (Abadi et al., 2016)

was used for image classification and high-
performance numerical computation. It
supports many classification and regression

algorithms, and more generally, deep learning

and neural networks. The system works by
using a set of sample images of Qatari bills
which are used to train a set of classification
algorithms. The system is not trained by
hand and does not rely on any hand-picked
distinguishing characteristics usually found
on such bills. Instead, a more robust machine
learning approach is followed whereby the
training data is used to guide the algorithm in
recognizing similar bills when they are later
presented to it by the visually impaired user.
The current system design focuses on QAR,
GBP, and US currency bills but the technique
can be easily extended for other currencies.
A subset of image classification with object
detection, where specific instances of objects
are identified as belonging to a certain class
of scanned bill was applied. In this specific
case of image recognition, the features are
the groups of pixels, like edges and points,

of an object that the network will analyze for
patterns. The approachis scanning a wide
range of parameters on each note:

* The shape of the notes

* Numbers & Texts

* Images & Colors

« Visible and hidden Patterns

Figure 2.
Screen Snaps of the Application Features
(MIP, 2021)

The money reader app v2 had an experiment
feature to detect genuine notes using UV
lights. This feature was embedded to evaluate
the effect on the bills and implement it
permanently. For the genuine note’s detection,
the app requires an external UV light which
will allow hidden patterns to be visible on the
notes. Furthermore, the app is using an image
processing approach to scan notes and detect
them when hidden patterns are matched with
the database. The updated features in the
Qatari Money Reader app are:
e Support new currencies
(USD, GBP, and new Qatari Riyal) detection
» Exchange to/from Qatari to/from
(USD, GBP)
» Exchange Mix to/from Qatari to/from
(USD, GBP)
e Counting (USD, GBP) currencies.
« Counting (USD, GBP) + Exchange
to Qatari Riyal.
e Experiments on detecting fake and genuine
notes using UV lights and other methods.
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User testing and focus
group validation process

User testing and focus group sessions were
organized with eight attendees including
people with visual impairments to discuss
their needs and to provide feedback on the
new version of the app. During the sessions,
Easy to use feature, no buttons are required

to use this feature only scan the targeted
notes and will tell the exchange rates for other
notes was appreciated by the users. I0S and
Android Mobile phones loaded with Money
reader Application was provided with a mix bag
of New and old Qatari bill was provided to all
attendees to test the application.

During the focus group session, the user
highlighted how such an app willimprove the
independency and secured retail experience
for the person with visual impairment or
blindness. The solution ensures that persons
with blindness can transact their monetary
requirements independently and secure
manner during their retail experience.

Figure 3.

Focus-group for testing of Qatari Money reader
app by persons with visual impairment to
check the accuracy of recognizing genuine and
fake bills using UV light

Based on the focus group and user feedback,
the application includes scanning of the

US dollars (USD) and British pounds (GBP)

as those are the most commonly travelled
destination, the app in total will support those
currencies which will allow the user to feel
independent. The app does not require internet
access to get the exchange rate values as it
has stored the last values from the market

and when the connection is back the app will
update all exchange values. Additionally, the
counting notes feature allows users to count all
3 notes: QAR, USD, and GBP. At the same time,
fake note detection using external UV light, the
app was able to recognize all hidden patterns
via the smartphone camera and notify the end-
users when genuine notes have been detected.

How to download the App

The Qatari Money Reader application is
available on both App Store and Google Play
stores and attracts users to download and use
it. To download the app, users can search the
application stores on both platforms using the
term ‘Qatari Money Reader’. You can scan the
QR Code to know more about the application
and how to download.

Figure 4.
QR Code to download the
Qatari Money Reader App

Qatari Money Reader
A Smart Mobile App to Support Persons
with Visual Impairment and the Elderly

Conclusion

Thus, the new version of the Qatari Money
Reader app is one of the successes achieved
by the Mada Innovation Program, which was
designed to encourage innovators to find
solutions in Arabic for people with disabilities
and the elderly. Lastly, the adoption of such
solutions would also aid in eliminating the
circulation of fraudulent currency notes

by allowing users to instantly validate the
authenticity of their notes.
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The widespread adoption of blended and
hybrid learning models, and the increased use
of learning technologies, especially in recent
years, have caused several challenges for
students with disabilities as they are facing
more complex barriers accessing and using
digital educational tools and materials. Although
such concerns are relatively not new in online
education, their impacts on equity, inclusion, and
access for people with disabilities have been
deepened considerably during the covid-19
pandemic. This paper discusses challenges in
online learning for blind and visually impaired
students and highlights innovative inclusive
technologies to empower them accessing online
education.

Introduction

According to the World Health Organization
WHO, there are globally at least 2.2 billion
people with vision impairment (WHO, 2019).
Basically, there are two broad categories of visual
impairment, with distinct characteristics and
needs: individuals with low vision and individuals
with blindness. Vision impairments can affect a
student’s independence, mobility, and educational
achievements, depending generally on the type,
extent, and timing of vision loss. Similarly, the
impact of vision impairment on learning varies
depending on the nature and extent of vision loss.
Students with vision impairment face challenges
while reading and writing, and accessing
technologies, sometimes even when using optical
aids. In classic face to face models, inclusive
classrooms are supposed to provide all students
with adequate adjustments and reasonable
accommodations, and assistive devices and
technologies (e.g., screen-magnification, screen-
reading software, Braille displays and notetakers,
etc.) fitted to their needs to facilitate as much as
possible their access to learning. Nevertheless,
it's not likewise in case of online learning models,
especially in times of emergency and crisis where
educators and students are not prepared to deal
with such extra challenges.

It was indeed the situation during the current
Covid-19 pandemic that has created unforeseen
challenges for educators and students (McKenzie,
2021). Most educational institutions worldwide
have rushed to online learning models since
the spring of 2020, and the focus on online
education and technology seems to persist as
a permanent trend in education in the future. In
fact, according to the Horizon report 2021, several
key technologies are expected to have more
significant impacts on teaching and learning
practices, namely, Artificial Intelligence, Blended
and Hybrid course models, Learning Analytics,
Microcredentialing, Open Educational Resources,
and Quality online learning (Pelletier et al.,
2021). On that premise, the ecosystem of ICTs
in education needs to be strengthened toward
embracing alternative and innovative inclusive
models for educating students with disabilities
harnessing the technology trends.

Online learning challenges for

visually impaired and blind students

Whilst online learning has created unprecedented
access opportunities to education, especially in
periods of crisis and pandemics, it is unfortunately
considered as an additional burden impeding
students with disabilities, visually impaired and
blinds, getting access to quality online education
on equal footing with their peers. Undoubtedly,
the major challenge remains in the availability
of accessible instructional online materials and
services, and innovative assistive technology
solutions. Indeed, this is what has been noticeably
reported by the community since the rapid shift in
many educational institutions to online learning,
and the widespread adoption of blended and
hybrid learning models. Most of visually impaired
students have complained about unresolved
accessibility issues hindering access to online
learning, like incompatible materials with
screen readers, late publishing of accessible
course materials, using learning management
systems, accessing textbooks, unavailability of
affordable assistive devices including Braille and



Nafath Toward Accessible Online Learning for
Issue 19 Visually Impaired and Blind Students

16

embossed diagrams, studying STEM subjects
online and dealing particularly with graphs and
equations, taking synchronous lectures on video
conferencing platforms, taking tests and exams
on online testing platforms, etc. (McKenzie,
2021). So, what are the possible avenues to
address such shortcomings toward providing
accessible online learning for students with
visual impairments taking advantage of the key
technology trends.

Accessible digital learning content

One of the main pillars in the online learning
model is to provide quality digital learning
content. Therefore, there is a need to make
existing learning content accessible and to
produce new content aligned with digital
accessibility standards and guidelines. To
this end, educators shall be aware of key
approaches to create and remediate/convert
easily and rapidly their education resources
into accessible documents. Many apps and
platforms offer accessibility checking tools
that identify accessibility problems and provide
suggestions to help making content accessible.
Apart from known key accessibility features
for people with low vision (like brightness and
color, fonts, spacing for reading, elements’
identification, complexity of the content, etc.),
the most prominent consideration remains in
the compatibility of the content with screen
readers (e.g., JAWS, NVDA, Voice Over, Narrator,
TalkBack, etc.). Therefore, a special attention
should be given to content language, structure
and linearization, and navigation. Furthermore, it
is crucial to add Alt text and audio descriptions to
graphic elements that can’t be read or described
automatically by screen readers like non-
decorative images, tables, diagrams, videos,
etc. It is also recommended when writing Alt
text, to keep it short and descriptive, the added
information should consider the element
purpose and also the surrounding text on the
page. Alternatively, it is possible to convert
documents to accessible epub and/or simple web

pages, and to creating standardized elLearning
content (SCORM) using specific tools and suites
for learning management systems. Obviously,
creating a fully universally accessible learning
content aligned to Universal Design for Learning
UDL guidelines represents the best approach to
be adopted from the beginning (Constantopedos
et al., 2020). Besides the accessibility of
learning content, online learning platforms and
applications mustin turn enable students using
accessibility features and ensure compatibility
with assistive technologies, which allows digital
educational content to be presented properly
in multiple ways fitting better the needs and
preferences of visually impaired students (e.g.
enlarging and selecting fonts, adjusting color
contrast and display preferences, adapting
page content, simplifying interfaces, eliminating
redundant details, using Keyboard navigation,
etc.).

Accessible Open Educational Resources
As can be seen, all of the above approaches
and strategies need time and competencies
for educators and institutions to prepare and
provide quality universally accessible learning
content. Alternatively, to face such challenge,
especially in times of emergency, accessible
open educational resources have never been
so urgently and broadly needed like these days
(Huang et al., 2020) (Ben Brahim et al., 2017).
Open Educational resources (OER) are "learning,
teaching and research materials that reside in the
public domain or are under copyright that have
been released under an open license, that permit
no-cost access, re-use, re-purpose, adaptation
and redistribution by others” (UNESCO, 2019).
Educators and students can avail OER as they
encompass distinctive key characteristics,
including the possibility of reusing and remixing.
In the same vein, accessible open educational
resources are aimed at breaking down content
accessibility barriers and enabling freely shared
accessible educational content meeting the needs
of students with disabilities to increase their
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e-inclusion capabilities in educational settings
(Zhang et al., 2020). In this context, as part of
its endeavors to enabling equal opportunity for
all to access education harnessing the power
of inclusive ICT and the tremendous potential
of OER, Mada has launched an accessible OER
Hub on OER Commons, where accessible open
educational resources are aggregated, curated,
and managed through collections, and groups,
and development tools. The Mada OER Hub will
be of great interest to the community in Qatar and
beyond to avail existing freely accessible digital
content and to use it to support online learning
for all including students with disabilities (Khribi
& Al-Sinani, 2021).

Al-enhanced accessibility solutions

It goes without saying that the last decade

has witnessed a tremendous rise of Artificial

Intelligence Al being used in various fields all over

the world. In the accessibility and education fields,

advanced Al algorithms are being more widely
used to enhance the learning experience for all
providing solutions with better performance and
capacity at a much lower price. Indeed, several

Al based features and tools exist today and have

been applied to accessibility domains (Dowdy,

2021). Some of the most visible examples of these

Al features enhancing accessibility, especially for

visually impaired and blind students, comprise

the following (Caprara, 2019):

» Speech recognition allows to analyze video
and audio content, and to identify speakers
and recognize words they are saying through
natural language processing algorithms.
The technology is used for speech-to-text
(STT) transcription, automatic captions,
and translations (e.g., Microsoft Al for text
description and captioning, translator, etc.),
virtual assistants, and other speech user
interfaces. Voice recognition has also made it
possible for the blinds to dictate and compose
documents completely hands free (e.g.,
Dragon, dictation, Microsoft Word dictation,
etc.).

e Voice Control allows to use voice access
commands to control and interact with both
devices and the digital content through Al
natural language processing techniques
(e.g., Google voice control in Android devices,
Windows Cortana voice control, Amazon
Alexa, etc.).

* Image Recognition and Automatic Alt Text,
in case of non-existence of text descriptions
for graphic elements provided by content
authors, Al algorithms can examine images
and generate dynamically alternative text
that can be read by screen readers. (e.g., non-
background image recognition in Microsoft
Office).

 Text Processing & Adaptation, automatic
adaptation techniques can enhance content
accessibility for blind users. Adapting content
by applying Al transformation techniques
(e.g., link enrichment, image enrichment, and
navigation enrichment) allow changing the
structure of the content and enrich it (e.g.,
adjusting text based on reading level, adding
element descriptions, etc.)

In addition to the features and examples stated
above, many initiatives and endorsements
programs are set to foster availing Artificial
Intelligence technology to improve accessibility
for the sake of persons with disabilities. The
Endorsement Program of Mada (Al Thani et al.,
2019) is designed to provide a launchpad for
international/local established entities that
already have ready-to-market ICT Accessibility
and Assistive Technology solutions that require
endorsement to access a broader market and
specific institutions in Qatar and the Arab region.
Mada has supported and endorsed several
applications in the field of inclusive education,
such as Class Quiz and Wonder Tree. In the
same way, Microsoft has launched a specific
program entitled Al for accessibility committed
to harness Al capabilities to empowering persons
with disabilities. In order to enhance accessibility
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in online education for visually impaired and
blind students, many projects have been granted
through Microsoft Al for accessibility program,
such as I-Stem document accessibility portal,
Improving braille literacy skills via gamification,
and Automated generation of descriptions
(Microsoft, 2020).

[-Stem portal aims at remediating and enhancing
accessibility of documents (including documents
with complex layouts, STEM, etc.) by combining
Al with human corrections through a dedicated
remediation portal. Such automated remediation
would help educators to get their materials
aligned to the most prominent considerations
of accessibility. I-Stem Al supports heavy math
documents, and handles two-columns, headings,
tables, and lists. The tool analyzes and converts
to an accessible format that can be downloaded
as text, mp3, docx or html (I-Stem, 2020). There
are also other Al based tools for accessibility
checking and remediation like Codemantra’s
accessibility Insight, which is an intelligent
document processing platform that embraces
machine learning to automate document
accessibility production (Codemantra, 2021.), and
AccessiBe which is a web automated accessibility
remediation tool aiming at automatically
detecting accessibility issues and remediating
the content to some extent to comply with WCAG
guidelines (W3C, 2018).

Braille innovations to

support blind students

Braille is an alternative method for blind or deaf-
blind people to read and write. Blind students
are nowadays using a large segment of Braille
electronic devices like refreshable Braille display
and notetakers. Blind students have faced
several online learning challenges since the
beginning of the Covid-19 pandemic as they were
forced to deal with new online learning settings
using virtual classroom tools and video calling
platforms as well as various digital learning
content mostly not accessible. Hopefully today

things are getting better thanks to combined
efforts of the community, educational institutions
and technology providers that collaborated
closely to make online learning more accessible
for students with disabilities. In this context,
Braille Institute of America centers e.g. have
been providing online classes and services since
schools closure. Visually impaired and blind
students have been participating in live sessions
with Braille Institute instructors by video or phone
calls. Microsoft Teams platform is used for online
classes, and students can participate and interact
with their tutors and instructors using computer
and mobile devices.

Additionally, advanced Al research is being
conducted to computerize tutoring services for
visually impaired and blind students using Braille.
In this context, ObjectiveEd has obtained a grant
from Microsoft's Al for Accessibility program, to
develop Braille Al Tutor which is an innovative
system aiming at enabling students to improve
their braille literacy through a combination
of speech recognition and engaging games
(ObjectiveEd, 2021). The system is specifically
designed to facilitate learning braille from home
in a distance learning environment. ObjectEd can
be included within online learning systems to be
used by teachers and students. Braille Al Tutor is
one of the technologies in the ObjectiveEd suite. A
teacher creates his lesson using the ObjectiveEd
web-dashboard, then Braille Al Tutor sends one
word or sentence at a time to a refreshable
braille display (Fig. 1), and the student speaks the
sentence while reading the Braille words. Using
Microsoft Al Speech Recognition, the student’s
speech is converted into text, and sent back to
Braille Al Tutor to be compared with the original
sentence to the text (Schulz, 2020).
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Figure 1.
Braille Al Tutor

Equally important, in order to address the issue
of limited number of braille cells displayed in a
singular line in current Braille devices paired with
computers, tablets, and smartphones, BLITAB
Technology GmbH company created Blitab which
is an Android tablet with 14 rows Braille display
each with 23 6-dot braille cells (Fig. 2). The upper
portion of Blitab is a multi-line braille display
and the bottom portion has an Android screen
(Brauner, 2017).

In the same way, PCT company developed Tactile
Pro, a blind-only Tablet to print Braille and
Braille drawings in real time, along with various
applications such as editing documents, Internet,
and games, as well as input and output devices
for a Braille input and a Tactile Display. Tactile Edu
is another product that is aimed at supporting
Braille image education machine helping the
visually impaired learn the braille and braille
images by Al braille teacher bot's study guides
(PCT, 2020).

Figure 2.
Blitab: The Braille Tab
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As studying STEM subjects is still challenging
for students who are Braille readers, (Omone
et al., 2021), many researchers endeavor to
develop software and tools that can be used
for accessing and transcribing text documents
containing mathematical representations
including equations, shapes, formulas, functions,
etc. (Stone, 2020). in these circumstances. In
this regard, a survey about the use of the Braille
system in the Arab world conducted by Mada (EL
Ghoul et al., 2020) revealed a significant shortage
of digital educational resources for the Arabic
Braille system, especially in STEM subjects. Many
problems were also reported regarding reading
existing software capability to write and read in
Arabic Braille. It is within this scope that Mada
center launched the Unified Arabic Braille project,
aiming at developing the Arabic Braille table
used by assistive technology programs to input
and showcase the braille method. As well as to
develop the first 8-dot Arabic Braille computer
table to support braille abbreviations in the
fields of mathematics and science. Furthermore,
Mada developed a web-portal containing a set of
resources and lessons about Arabic Braille. The
purpose of the portal is to provide accessible
online learning content for blind and people who
want to learn the Arabic Braille system.

Conclusion

Successful online learning experience for
students with disabilities is mainly subject to
the availability of appropriate technologies and
accessibility, besides several other factors. The
tremendous growth of technological capabilities
and the widespread adoption of blended and
hybrid learning models have opened the door
to unprecedented learning opportunities
for all students, including in principle those
with disabilities. Nevertheless, the latter
consideration remains contingent to what
extent mainstream technologies in education
are accessible and usable. This paper explored
major barriers and difficulties impeding visually
impaired and blind students to access online

learning on equal footing with their peers and
shed light on potential solutions and avenues
harnessing key technologies and accessibility
to enable students getting the most out of
educational technologies and better engaged
and valuable learning experience.
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In 2016, a four-member team from Thinkerbell
labs came together in building an innovative,
accessible literacy braille device to make
education inclusive for people with visual
impairment. Developed by Thinkerbell Labs,
Annie is a self-learning braille device that several
visually-impaired students in school. Annie
was built to be a comprehensive Braille self-
learning device, one that could make learning
fun, engaging, and intuitive for blind students.
Furthermore, Annie was the winners of the Mada
Seed stars Awards 2021 under Mada Innovation
Program. In addition to it, Annie was designed
to the learning experience prioritizing learner
retention as well as sustained engagement
with Annie's contents, be it from the software,
content, or hardware perspective.

Introduction

Braille literacy rates across the world are
abysmally low. The shortage of trained
educators is one of the greatest impediments
in the spread and adoption of Braille as
learning the script involves heavy dependence
on the special educator. The fewer the
teachers, the harder it is for visually impaired
children to get the attention they need for
education truly beneficial to them (Wagh,
Pragath and Sukle, 2016).

Furthermore, the modes of teaching and
learning Braille have remained surprisingly
unchanged for several decades. Educational
technology initiatives have often significantly
changed how learning and teaching have
been accomplished. Remote learning over the
internet, for example, has been touted as a
useful educational tool during the COVID-19
pandemic (McKenzie, 2021). However, these
methods have faced criticism for widening
the digital divide and not accounting for many
sections of society - such as persons with
disabilities - whose conditions of access to
technology are different.

Identifying this problem and with a belief that
Braille is a very self-learning process led to the
birth of Thinker bell Labs in 2016. Annie helps
in the early schooling of visually impaired
students with its gamified audio lessons over
Braille-based hardware. Thinker bell Labs’
hopes to change the status quo by tackling
these challenges via the Braille literacy device,
Annie.

Background

Primarily, Braille is an essential system of
learning for visually impaired people. It is the
method which enables them to read and write
(Lahiri et al., 2020).Various factors like lack of
government initiatives, limitations of tutors,
lack of personal attention etc. are the possible
reasons for this state. Mada Innovation
Program aims at supporting the development
of a self-learning Braille device which can
help people with visual impairments. The
solution aims at developing an easy to learn
kit that will behave as a teacher and assists
the visually challenged people for learning the
Braille learning system. The designed system
uses a Braille keypad and microphone to

take input and produces speech as output. By
implementing the designed system for visually
challenged individuals, Braille literacy can be
affected positively. The solution is so designed
that it optimizes cost and speed of operation of
the device.

Journey of Thinkerbell Annie

In 2014, Sanskriti Dawle and Aman Srivastava,
co-founders of Thinkerbell Labs and then-
students at BITS Palani, Goa Campus,
conceptualised Annie. Made with a Raspberry
Pi and coded in Python, Annie started as a
simple prototype with a single Braille cell

and an alphabet song. The last 7 years were
spent listening to stakeholders involved and
continuously innovating to ensure Annie solved
the most pressing issues related to Braille
learning. Now it's a comprehensive Braille
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learning device, with students being able to
learn reading, writing, and typing through
interactive lessons in over 10 languages
across Grade 1 and Grade 2 braille.

Figure 1.
Braile Learning device Annie by Thinkerbell

Today, Annie is a UNDP (United Nations
Development Programme) best practice and
has been commended by top policy and visual
rehab organisations in India and was even
applauded by the Prime Minister of India.
Annie’'s help over 1000 children across 5
countries learn Braille more effectively (Bora
G, 2019). The past 7 years has seen Annie and
Thinkerbell Labs grow in many ways, and as
they continue to expand across regions, they're
set to grow even further (Wagh, 2019).

Annie is the world's first self-learning Braille
literacy device. The technology behind Annie

is designed to empower the learner to engage
with Braille learning materials in their native
language on their own, without the need for
constant attention from a teacher. Itis an
effective self-learning tool for reading, writing,
and typing in Braille that allows learners to
take their time with their lessons and practice
until they're satisfied with their work.

The device consists of two Braille displays for
learners to read their lessons and play the
gamified exercises on — a Large Braille Display,

whose two cells have larger-than-usual dots,
to help beginners easily read the script, and a
Standard Braille Display, consisting of a row
of six standard-sized Braille cells. There is a
standard Braille keyboard consisting of six
keys (corresponding to each of the dots in a
Braille cell) to learn typing on, a digital Braille
slate - the first of its kind - that can be used
with a standard stylus to learn writing on, and
navigational keys for device manipulation.
Furthermore, the device has speakers and

a headphone jack for the learner to absorb
the auditory elements of Annie, such as in-
exercise instructions. Annie also closes the
long and arduous feedback loop on exercises
by allowing children to learn from and practice
on the same device, providing instantaneous
feedback (Putrevu, 2019).
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Figure 2.
Technical Features of Annie (Wagh, 2016)

Annie’'s interactive pedagogy is established
based on two aspects. First, that Annie is, after
all, meant to help children, who like to play
and learn from their surroundings, compete
with their peers, and can get frustrated in the
mundanity of a classroom. Secondly, that the
learning ability of visually impaired children

is limited not by their disabilities, but by the
conditions of their education and the often-
outmoded forms of engagement with Braille
—engagement that sighted children often have
ready access to. Therefore, Annie’'s gamified
and interactive lessons guide learners to
consistently practice and improve their Braille
skills through touch and sound. Integrating
Annie into the classroom experience has

been essential to establishing an effective
learning environment for both learners and
teachers. This led to the conceptualization

of Annie Resource Centres and Annie Smart
Classes. An Annie Smart Class is ideal for a
special school and consists of multiple Annie’s
set up ininternet-enabled classrooms that
could be supervised by teachers, allowing for

collaborative and competitive
learning on Annie.

An Annie Resource Center is a smaller

version of an Annie Smart Class and is ideal
for an inclusive school with fewer visually
impaired children. Both the setups are holistic
learning ecosystems thanks to the learning
management system Helios that works in
tandem with Annie. Helios empowers teachers
to track their students’ performance, plan their
lessons, and therefore break the barrier of
teachers needing to pay individual attention

to students. This also allows for parents and
administrators — many of whom might not
know Braille themselves - to understand

the learning journey of the children through

a shared platform and play an important role
init.
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Mada - Seedstars ICT
Accessibility Awards 2021

Furthermore, Mada partners with Seedstars
to promote the ICT Accessibility Solutions with
the goal of supporting Accessibility startups
in Qatar and beyond to benefit and improve
the lives of Persons with Disabilities (PWDs).
Seedstars and Mada share a common vision
to support innovation by working with the best
startups in the field and offering them with
suitable funding and subject matter expertise.
The prize money is utilized for enhancing the
innovative winning solution and a marketable
product to effectively impact the targeted
users.

Following the success of Mada ICT Accessibility
Award on Virtual Seedstars Global Summit
2020/21,Mada continues to collaborate with
Seedstars to enable startups to develop
impacting solutions to improve the lives of
PWDs. For this year’'s award, 4 finalists were
selected to pitch in Seedstars Regional Summit
and subsequently, from which 2 finalists were
chosen to advance to the final round and pitch
in the Seedstars Global Summit that was held
virtually on May 20, 2021. Thinkerbell Annie
was the winner of Mada Seedstars Award 2021
(Mada Center, 2021).

Figure 3.
Mada-Seedstars ICT Accessibility Awards 2021
- Thinkerbell (Mada Center, 2021)

The announcement took place during the
Seedstars Global Summit 2021 on May 20,
2021, which was a 2-hour event held virtually
due to the travel and gathering restrictions
imposed because of the COVID-19 outbreak.

Conclusion

Coming to future, Annie, which currently
supports 7 languages (English, French,
Spanish, Hindi, Marathi, Kannada, and Telugu)
is working on more vernacular content in
regional as well as international languages
including Arabic. Furthermore, Annie have
seen initial traction in the UK and the Middle
East and have plan to grow the footprintin
these geographies in the coming time to ensure
that any student with a disability can learn

at the same level in an inclusive mainstream
setup. Mada Intent to extend its support
through Endorsement program for Thinkerbell
Labs in bringing Annie to all visually impaired
students in mainstream schools as well.
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The need for assistance robots has risen dramatically in

this time of age for persons with disabilities particularity for
visually impaired persons as their number continues to rise.
For them independent living can be performed by an aid robot
which is one of the key assistive technology devices that can
help to regain dignity and self-confidence. This paper reviews
the existing design and development of a personal assistant
robots that uses a certain scientific algorithm to detect

and estimate the relative location of an objects in anindoor
environment using voice instructions. These semi-humanoid
robots have built in multiple HD cameras located on different
parts of the robots. Autonomous movement, object detection,
distance measuring, and motion planning are all done with
the cameras. Furthermore, the robot's utility is increased by
keeping the user informed about the results of its actions.
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Introduction

The number of visually disabled individuals is rapidly
increasing in tandem with the overall population growth.
According to the World Health Organization, there are over

2.2 billion people are blind or visually impaired (WHO, 2021),
among which 36 million people are blind (Albogamy et al., n.d.).
Vision loss is a common and unpredictable occurrence and the
safe navigation in everyday life environment is one of the most
important challenges. To tackle this problem there are two
common types of assistive technology devices for in-door and
out-door navigation.

Outdoor navigation devices are generally relying on Global
Positioning System (GPS) technology. Some systems like the
white canes with GPS functionality and the use of guide dogs
are widely available for the persons with visually impairments
to assist with detecting objects, mobility and travel in both
in-door and out-door environments. However, in many cases
patricianly in the middle east region blind and visually impaired
people are heavily relying on others’ assistance to perform
their daily tasks. Advance Artificial Intelligence technology and
deep learning devices have been developed over the recent
time to aid with the ability to detect objects in the surrounding
environment, to develop an alert system for daily living smart
aids and medication schedule, suggest possible routes and to
recognise faces and object. This kind of recognition process
uses facial and objects recognition technology similar the one
used in the smart phones. Hence robots’ systems have been
developed and made available taking the advantage of these

advances in technology to aid persons with visually impairment.

Assistive Robots for Mobility

For sighted people, GPS-based systems have increasingly
become effective for outdoor navigation, however indoor
navigation remains an open problem. Sighted people can easily
rely on visual cues to get to destinations in large buildings such
as shopping malls and airports, but for blind people, indoor
navigation is a major challenge (Feng et al., 2015).

Robots developed to help with in-door navigation through voice
commands and object recognition using cloud API. These robot
devices are geared up with a visual sensor using HD multi
cameras, laser range finders, speaker, gives visually impaired
humans statistics approximately the surroundings round them.
Recorded laser data are analysed the use of the clustering
technique, making it feasible to discover obstacles, steps and
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stairs (Fig 7). By way of the use of the visual sensor, the system
is capable of distinguish among gadgets and people. The built-
in processors analyse the sensors information and convey
records to the visually impaired humans by means of natural
language or beep sign.

In addition, other types of physical robots are trained with
various objects in the indoor environment, it sends voice
commands to the robot via Google Assistant to find the objects
the user needs. Using voice commands, the physical robot finds
the target object and the reference object, and successfully
provides the necessary relative position of the object to the user
(Fig 8).In general, physical robots act as personal assistants for
the visually impaired indoors.

Autonomous Al Robot

This robot has been developed by University of California ("Mini
Cheetah - ROBOTS: Your Guide to the World of Robotics", 2021)
which known as Mini Cheetah. It has four legs and equipped
with a laser mapping system, cameras, and sensors to safely
guide the visually impaired people out-doors. This autonomous
Al robot could safely guide its handler through difficult and
narrow streets which has many barriers just like a real guide
dog (Fig 9). Mini Cheetah can also plot the shortest route for the
visually impaired and blind people, reducing travel time and
scanning the path with the fewest obstacles.

Figure 1.
A blind lady walks with the
robot as sighted guide

Figure 2.

A typical model of assistant
robot system flow to detect
object via voice command

Figure 3.
Mini Cheetah
Al Autonomous Robot
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Guidance Robot

This robot is in use at the Kanagawa Rehabilitation Hospital,
Japan for the purpose of guiding visually impaired and blind
patients. Depending on the force with which the person with
visually impairment pushes on the robot, it navigates to its
target while guiding (Tobita, Sagayama & Ogawa, 2017). In

a barrier-free setting, such as hospitals, the robot should
securely accompany visually impaired people to their
destinations. As a result, the moving mechanism with wheels,
localization, path generation, obstacle avoidance, voice
announcements, and an input interface that is not dependent on
visual sense are all design criteria for the robot (Fig 10)

Figure 4.

Guidance robot for
visually impaired and
blind patients in Japan

Conclusion

There are several projects and manufactures who have
explored the use of robots to replace blind people’s personal
mobility aids or personal assistants following the successful
new trend of technologies such as handheld devices such as
radar equipped white canes, wayfinding technology and robotic
walkers for older blind people with mobility challenges.
However, with the recent development of Al, loT, cloud
technology, 5G and robotic systems, a new approach has been
adopted by technology providers to build a new robot that have
the capability to overcome the challenges that facing visually
impaired and blind people in their daily life and activities.
These robotic systems are very smart, and they can be trained
and customised for certain individuals or ideally can be in
public service areas such airports for multi-users and multi-
purposes.
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The present article discuss how
innovative solutions can be utilized

in the fan zones to ease and improve
the overall experience for persons
with visual impairment and blindness.
First, it will examine how wayfinding
solutions can help persons with
disabilities navigate through unfamiliar
spaces. Second, it will showcase
innovative solutions that allow fans
with disabilities to enjoy the match
through tactile feedback. Lastly, it
will discuss how the overall audio
commentary can be more accessible
for fans.

Introduction

With the approach of the World Cup 2022 ™

in Qatar, many fans can expect immersive fan
zones to watch live matches. With that, it is
imperative to ensure that fans with disabilities
and the elderly can fully enjoy the live matches
in stadiums and in fan zones. Stadiums are a
large enclosure that allows football matches,
and large seating capacity for fans and
spectators (Zetlin, 1999). In accordance with
the Americans with Disabilities Act (ADA) of
1990 (Americans with Disabilities Act, 1990),
and the Web Content Accessibility Guidelines
WCAG 2.1 (WCAG 2.1,) stadiums that are
classified as accessible, need to comply with
the key features in physical and digital aspects
to all types of disabilities.

Whereas fan zones encompass a different
scale of match viewing, it considers fans
that were not able to be a direct part of

the stadium experience and instead can
watch the live matches in conjunction with
other fans (El-Sayed, 2013). In addition to
live watching the match, fan zones include
variety of activities that invites the fans to
participate in, such as: “live performances,
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refreshments and food, children-friendly
games and activities, shop units, meet the
team areas for guest appearances, experiential
activities” (Rapidretail, 2018). For fan zones to
be fully accessible and effective for persons
with disabilities, it needs to be designed as

a complete user journey, considering how
accessible each activity is. Figure 1 shows

the workflow of a user journey in a fan zone
(Dickson et al., 2016).

Figure 1.
User journey in fan zones

Wayfinding Solutions

Wayfinding solutions are created to provide
geospatial route technologies. Entering

an unfamiliar environment could pose a
navigational challenge to persons with
disabilities especially persons with visual
disabilities (Balata et al., 2015). To provide
wayfinding solutions that operate for persons
with disabilities requires various components
such as audio guide assistance, accessible
Ulinterface, and consideration for navigation
barriers. Thatis why itis integral to provide
accessible key and specific information to
persons with visual impairment to ease

the process of navigation in fan zones and
promote independent living. Fortunately,

with the rise of advancement in wayfinding
technologies, users with disabilities can easily
navigate indoor and outdoor spaces using
their smartphones. Fan zones include a variety

of pathways and landmarks that needs to be
shared with persons with visual impairmentin
an accessible manner. For instance, in the FIFA
Club World Cup Qatar 2019 — Alibaba Cloud,
the location map of the fan zone included

a variety of marked locations as shown in
Figure (2) such as Prayer Rooms, Medical
Care, Accessibility Platforms, Shuttle Buses,
Ambulances, Information Desk.. etc (Club
World Cup Qatar 2019 Fan Zone - Presented by
Alibaba Cloud, 2019). These landmarks could
lead to confusion and frustration to persons
with visual impairment if they were not
displayed in an accessible digital format.

"reproduced from Dickson, T., Darcy, S., Johns,
R., & Pentifallo, C. (2016). Inclusive by design:
transformative services and sport-event
accessibility. The Service Industries Journal,
36(11-12),532-555. https://doi.org/10.1080/0
2642069.2016.1255728
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Figure 2.

Location Map of the FIFA Club World Cup Qatar
2019 (Club World Cup Qatar 2019 Fan Zone -
Presented by Alibaba Cloud, 2019)

Lazarillo Wayfinding Solution

As part of the Mada Innovation Program, use
cases were presented to promote innovative
solutions. One challenge presented was the
“Implementation of a Wayfinding system to
support People with Visual Disabilities”. The
issue statement was that there were depleted
resources on indoor wayfinding systems which
means that most people with visual disabilities
are unable to extend the functionality of GPS to
buildings, leaving them without any navigation
support. Hence, Mada has supported Lazarillo?
wayfinding solutions through different
competition stream. In Seedstars Global
Summit 2020, Mada Center has awarded
Lazarillo with the Mada ICT Accessibility
Awards 2019 to promote ICT Accessibility
Solutions on an international level. Lazarillo

is a free smartphone application that provides
an autonomous guide for persons with

visual impairment using Bluetooth beacon
technology. There are several highlighted
features in the Lazarillo application that would
ease the overall experience for persons with
visual impairment in fan zones such as:

Recognize current locations through
voiceover & customize exploration journey

Search for different destinations and get
precise location on how to get there

The Lazarillo application is available in I0S
& Android and in 25+ Language

2(To learn more about Lazarillo solution:
https://lazarillo.app/)
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Live Commentary

Tactile feedback and headsets are used in a
live commentary to ensure equal access to
instant news of the Football match. During a
live match, it is difficult to receive an audio
description of the status of the game, instead,
abled fans depend on multi-senses to keep
up with the game. As such it is vital to create
accessible live streaming content for fans
with visual impairment. There are various
innovative solutions in the market that
promotes inclusivity such as:

Footbraille

Footbraille is a haptic technology that allows
users with visual disabilities to track the
exact location of the ball through a touch-
based table ("Footbraille Digi Merdeka
Campaign 2019",2019). The Footbraille

is designed by Digi, Mojo Films, and in
collaboration with Naga DDB Tribal Malaysia
in 2019. The Footbraille utilizes custom
software that automatically detects and
syncs the football match to allows users

to “feel” the match (Brohier, 2019). The
Footbraille works by allowing users to place
their hand on carpeted device that mimics
the football field pitch. During the game, a
miniature ball moves in sync with the game
match therefore fans can easily track the
game status. As of now the technology is
being developed as a prototype and has
been launched in sport events in Malaysia.
In the upcoming development phase,
Footbraille aims to instantly sync the
matches with live matches, and training
videos (Brohier, 2019).

Figure 3.
User experience of Footbraille (Brohier, 2019)
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Accessible Live Match

Watching a sports match engages various
senses, for persons with visual impairment,
it is important to make sure the information
relayed is accurate and precise. To provide
an inclusive experience, the commentary for
live matches should include the following:

* Headsets Assistances
Noise in the fan zones can distract users
with a visual impairment from listening
to accessible information, that is why
fan zones can promote inclusiveness by
offering headsets to fans. An example
of innovative solutions is Unite Headsets
by Beyerdynamic. The headsets allow
equal participation to persons with visual
impairments to listen to the match.
The headsets have various features
(Beyerdynamic, 2021) such as:
High operating range and high volume
that can be individually adjusted.
Co-presenters and monitoring are
possible.
The transmitters balance out voices of
varying volume or block out disturbing
background noise.
Unite transmits signals up to 300
metres free-field
Unite can transmit foreign languages
and assisted listening for those hard of
hearing

» Audio-Descriptive Commentary
Audio-Described commentary is unique
set of service that provides fans with
descriptive entail on the match. Partially
sighted and blind fans can miss out on
important highlights of the match during
the fan zone due to relaying missing
information. According to Centre for
Access to Football in Europe, “The specially
trained commentator provides additional
narration that describes all significant
visual information such as body language,
facial expression, scenery, action, clothing,
colours and anything else that is important
to conveying the image, venue, match,
event or surrounding ambience. During the
match, the commentator should describe
the on-pitch action rather than talking
about statistics or tactics or providing
lengthy summaries of previous action.”
("About Audio-Descriptive Commentary",
n.d.).
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Conclusion

Allin all, it is clear that many initiatives are
addressing the gap in persons with visual
impairments experience in stadiums and fan
zones. With the use of digital solutions, more
fans are able to fully experience the football

experience through assistive technologies.
However, with that being said, the challenge

is now to fully implement the innovative
solutions in stadiums and fan zones at a larger
scale, such that every stadium is equipped
with the solutions.
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Given the rise of audiobooks, does braille still
have a role to play in the lives of people who
are blind or visually impaired? For people who
are blind, knowing Braille is the equivalent of
knowing to read and write print by someone
with sight. It is a unique system of raised dots
that can be read by touch. Learning braille
means that blind and partially sighted people
can enjoy reading for life. Learning braille from
a young age helps with literacy, as braille is a
much better way to understand punctuation,
grammar and spelling than audio (Rex et al.,
1994). It is a method of reading and writing that
relies on touching prominent dots that the blind
recognizes once they pass their fingers over
them. The method was invented in the mid-19th
century and got its name from the name of its
French founder Louis Braille (Mellor, 2006). This
paper presents an overview about the Unified
Arabic Braille Project which was supported and
developed by the Mada Innovation Program.

Brief about Braille

Braille helped blind children to learn how to read
and write and adults who lost their ability to read,
due to blindness or vision impairment, continue
to enjoy access to books, magazines, and other
knowledge resources. Braille is not a language,
as some call it, but itis a code that enables blind
people to read and write in different languages
such as Arabic, English, and French. It is worth
mentioning that braille in Arabic is read from
left to right and not the opposite as it should be
in Arabic text, this is to be in line with the braille
reading format of all languages (Foulke, 2013).

In 1892, Louis Braille published a book explaining
his method, but his new method initially faced
strong opposition from officials of schools and
institutes for the blind — even at the school where
he worked (Bullock et al., 2009). The blind was
learning braille outside of formal school hours.
This remained so until France officially adopted

braille in 1854, two years after Braille's death,
thanks to his students who fought for the adoption
of this method. The braille method then moved
to different languages of the world, for example,
it was first used in the United States in 1860
and Britain in 1868. Braille then was available
for Arabicin 1951. The braille method was read
in the Arab world from right to left, but after
the invention of braille printing machines, all
machines were imported and printed from
left to right, a general conference was held for
organizations caring for the blind in the Arab
world to decide to read braille from left to right
(Bintaleb et al., 2020).

Braille continued to evolve in terms of both the
font and the means of reading and writing. At the
font level, the writing method has appeared with
abbreviations in all languages, including Arabic, a
method that relies on writing one or more words
in one or two cells. Abraham Nemeth, a blind
mathematician, created the Nemeth Braille Code
to write mathematical problems and equationsin
a unified global style. Recently, computer braille
has appeared, which depends on an 8-dot cell
instead of six, to accommodate a greater number
of signs and symbols, especially computer signs.

Figure 1.
Unified Arabic Braille Portal by Mada
(braille.mada.org.qa)
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In terms of braille reading and writing tools,
here's when the most prominent braille tools
appeared:

* In 1951, David Abraham, a woodworking
teacher at Perkins American School for the
Blind, designed and produced the Perkins
paper writing machine, which is still popular
to date.

* In 1971, the first braille printer appeared to
print computer text on braille paper.

* In 1975, the German University of Dortmund
produced the BRAILLEX device, the first
devicetocontainanelectronicbrailledisplay.

e In 1976, Duxbury Translator was first installed
at the Canadian Foundation for the Blind and
was the first commercial program to convert
plain text on a computer into braille dots, for
use by printers and braille displays.

* In 1982, the first electronic braille display
called VersaBraille was launched in the
United States of America by Telesensory,
a device that displays the text written on a
computer screen in braille on an electronic
braille display.

* In 1987, Braille 'n Speak, the first portable
electronic braille notebook to feature a
Perkins-style braille keyboard was launched.
The great success of this device at that time
opened the door for the development of the
electronic braille notebooks used today.

e In 1995, Duxbury for Windows was launched,
making braille translation available on the
Windows operating system.

e In 2004, HumanWare released the
Brailliant, the first electronic braille
display that could work via Bluetooth.

Challenges and Advantages

Considering the development of digital
technology to access content audibly, such as
the screen-reading programs on all computer
and smartphone systems, some argue that braille
has now become a less important tool for the
blind. However, this is not true. More than 150
million blind people around the world still use
braille for many reasons. Perhaps the biggest
aspect of the importance of braille lies in the
literacy of the blind person, in this way they can
learn the spelling of words and punctuation and
visualize how the text is formatted on the page
(UNESCO, 2005).

Audiobooks and other audio media have provided
a valuable additional source of learning. Despite
that listening is not the same as reading, studies
have shown that students who master braille
have more reading and writing skills than their
peers who do not master braille (Toussaint et
al., 2010). Furthermore, braille’s importance
includes the career aspect. A survey conducted
by Louisiana Tech University showed that blind
people who can read braille have greater chances
of employment (Bostick, 2016).
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It is worth noting that braille has also achieved
its share of technological development, as
technology has facilitated access to braille and
become portable in small-sized devices, thanks
to electronic braille notebooks and programs that
convert plain text into braille, and braille displays
that are used with computers. As noted earlier,
braille is the only method by which a person who
does not have access to printed material can read
and write, some of the aspects and areas in which
the blind use braille are:

* Reading the Qur’an: Using only braille, the
blind can recite the Holy Quran whenever they
want. Many institutions provide copies of the
Holy Qur'an in braille.

e Careful reading: braille allows the blind to
read and examine books and courses in a
way that gives more focus on content than
listening to audio.

e Learning new languages: One of the areas
in which blind people benefit most from the
braille method is when they want to learn
any new language, especially when it comes
to learning the alphabets, words spelling,
and sentence structures, this is also useful
for training in reading in that language and
repeating what is read.

» Taking notes during meetings or lectures:
Braille, especially electronic diaries, allows
the blind to take notes while in a lecture
or meeting, without disturbing others and
without distracting themself by listening to
the screen reader program.

e Spell Check: In braille only, the blind can check
the texts for spelling and detect writing errors,
such as extra spaces and errors related to
punctuation, which cannot be achieved by
listening to the text. Through this feature,
the blind can work in jobs that depend on
careful examination of written texts, such
as proofreading, translation, paraphrasing
content, and programming.

Providing presentations and lectures: Braille
allows the blind to speak to the audience
and present lectures, presentations, or
explanations in braille to the audience.

Working with media and audio reading: Braille
allows the blind to work in media such as
radio and television and allows them to read
news and present programs. Braille also
helps the blind to work in the Voiceover area.

Work in jobs that require textual content
follow-up: Such as working in customer
service centers and company call centers,
where the blind can use braille to read what
needs to be explained to the customer.

Perform mathematical processes, especially
complex ones.

Reading the signs displayed in braille: In some
countries, the indicative signs are displayed
in braille on an equal basis for the blind
compared to their sighted peers.

Learn about food menus in restaurants that
provide them in braille: The blind can identify
the menu without the need for someone else
toread it for them.

Enjoying games: Blind people can enjoy many
types of games by writing on them in braille
alongside regular writing, and then they can
play these games with each other or with the
sighted as well. There is no doubt that this
contributes to the greater integration of the
blind in society. It is worth noting that there
are many companies and websites that sell
such games to the blind.

Knowing medications: Many pharmaceutical
companies today print the name of the drug
on the package in braille, and thus, the blind
can identify the type of medicine directly by
reading what is written on the package.

Labels: Some blind people write in braille
on stickers and then put these stickers on
the tools or things they always use to easily
distinguish them from others and identify
them later.
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* Writing, memorizing, and reviewing
musical notes.

Unified Arabic Braille Portal by Mada

The aim of the Unified Arabic Braille Portal by
Mada Center (Figure 1), is to develop the Arabic
Braille table used by assistive technology
programs to input and showcase the braille
method. As well as to develop the first 8-dot
Arabic Braille computer table to support braille
abbreviations in the fields of mathematics and
science. Braille is the only way that enables
blind or deaf-blind people who have difficulty
accessing printed materials to read and write
using assistive technology. The project will benefit
the blind, deaf-blind people, experts, teachers,
students, software developers, and assistive
technology manufacturers in Qatar and beyond.

Figure 2.

Upgraded Liblouis Library on Mada's Github
repository
(https://github.com/madainnovation/liblouis)

The Unified Arabic Braille Portal (braille.mada.
org.qa) (El Ghoul et al., 2020) is supported by
the Mada Innovation Program (MIP) (Al Thani et
al., 2019). It provides the first Liblouis software
library based on the Arabic Braille table to develop
braille writing and reading skills for blind and
deaf-blind people [ref] (Figure 2). Furthermore,
create the first specialized Unified Arabic Braille
website, which will contain detailed references to
simple Arabic Braille, abbreviations, mathematics

and science, and 8-dot computer braille, in
addition to simplified lessons to learn reading
and writing in Arabic Braille.

The Unified Arabic Braille was started from
the Arabic Braille Reference adopted during
the Braille Conference held in Riyadh in 2002.
Since 2002, the Arabic Braille was not updated
in where Blind persons found difficulties to use
the latest innovations and assistive technologies.
Nowadays, the upgraded Arabic tables were
adopted by screen readers like NVDIA and JAWS
in addition to accessible books format using
DAISY for example (Egli, 2009).

Moreover, the Unified Arabic Braille portal
contains a set of resources and lessons about
Arabic Braille. The purpose of the portal is to
provide digital contents for blind and people
who want to learn the Arabic Braille system.
The portal also provides a platform to discuss
issues and propose new features for the current
system. It represents the first specialized Unified
Arabic Braille website, which contains detailed
references to simple Arabic Braille, abbreviations,
mathematics and science, and 8-dot computer
braille, in addition to simplified lessons to learn
reading and writing in Arabic Braille. Also, Mada
Center published the Mada ICT Accessibility and
Assistive Technology Glossary (Lahiri et al., 2020)
to support and unify the learning activities for
Blind students. It is s the first dictionary of its kind,
which includes terms related to ICT accessibility
and assistive technology (AT) in the Arabic
language. The Glossary was developed to serve
as a vital resource for capacity building within ICT
services, accessibility, and assistive technology
in Qatar and beyond. Mada’s Glossary is essential
to educate professionals, researchers, and
individuals interested in the basic terms used
in these fields. It is considered one of the first
initiatives to provide such resources in Arabic.
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Conclusion

Reading and writing in braille have opened the
door for the blind towards literacy, intellectual
freedom, equal opportunities, and greater
privacy and independence. We should not direct
children who can read not to learn the alphabet
just because they can watch the video instead,
as this will undoubtedly be considered a serious
deficiency in the educational process. So why do
we allow ourselves to use different standards
with blind people that prevent them from having
the true pleasure and feeling of reading? Braille
materials are no longer as big and expensive
as they used to be, they have been involved in
technology too. A single book, which needed
several, large volumes to be printed in Braille,
can now be easily carried by the blind person in
their electronic diary along with dozens of other
books. It is our imperative duty —institutions and
individuals — to work hard to spread knowledge
among the blind, and to strive in various ways
to eradicate the illiteracy of many people who
cannot read and write using braille, by facilitating
access to it and overcoming all obstacles that
may stand in the way of those who wish to learniit.
Mada played a role on supporting the
development of the first portal for the Arabic
braille to unify all efforts in one place. Persons
with visual impairment participated in the
feasibility study of the project in addition to the
adjustment of the liblouis library. They were
contributed in the project directly to ensure that
they can benefit of it.

References

Al Thani, D., Al Tamimi, A., Othman, A., Habib,
A., Lahiri, A., & Ahmed, S. (2019, December).
Mada Innovation Program: A Go-to-Market
ecosystem for Arabic Accessibility Solutions.
In 2019 7th International conference on ICT &
Accessibility (ICTA) (pp. 1-3). IEEE.

Bintaleb, H. T., & Al Saeed, D. (2020). Extending
Tangible Interactive Interfaces for Education:
A System for Learning Arabic Braille using

an Interactive Braille Keypad. International
Journal of Advanced Computer Science and
Applications, 11(2), 359-367.

Bostick, L. L. (2016). Implementing the Unified
English Braille Code: Perspectives of teachers
of students with visual impairments (Doctoral
dissertation, Louisiana Tech University).

Bullock, J. D., & Galst, J. M. (2009). The story
of Louis Braille. Archives of Ophthalmology,
127(11), 1532-1533.

Egli, C. (2009, October). Liblouis-a universal
solution for Braille transcription services. In
Proceedings of Daisy 2009 Conference.

El Ghoul, 0., Ahmed, ., Othman, A., Al-Thani,

D. A, & Al-Tamimi, A. (2020, September). An
Overview of the New 8-Dots Arabic Braille
Coding System. In International Conference on
Computers Helping People with Special Needs
(pp. 339-345). Springer, Cham.

Foulke, E. (2013). Braille. In The psychology of
touch (pp. 231-246). Psychology Press.

Nafath Unified Arabic Braille Portal by Mada
Issue 19 Innovative digital resource
to reduce braille literacy in the Arab region

Mellor, C. M. (2006). Louis Braille: A touch of
genius. National Braille Press.

Lahiri, A., Othman, A., Al-Thani, D. A, &
Al-Tamimi, A. (2020, September). Mada
Accessibility and Assistive Technology
Glossary: A Digital Resource of Specialized
Terms. In ICCHP (p. 207).

Rex, E. J., Koenig, A., & Baker, R. (Eds.). (1994).
Foundations of Braille literacy. American
Foundation for the Blind.

Toussaint, K. A, & Tiger, J. H. (2010). Teaching
early braille literacy skills within a stimulus
equivalence paradigm to children with
degenerative visual impairments. Journal of
applied behavior analysis, 43(2), 181-194.

United Nations Educational, Scientific and
Cultural Organization (UNESCO). (2010).
Education for all global monitoring report
2010-Reaching the marginalized.



530 3o 23gall il Jily diles 5Lbi
ayjall adbioll b iy @pb plsj jisil Jaiko 05 2jg0 19 523l

&v

Lahiri, A., Othman, A., Al-Thani, D. A,, &
Al-Tamimi, A. (2020, September). Mada
Accessibility and Assistive Technology
Glossary: A Digital Resource of Specialized
Terms. In ICCHP (p. 207).

Mellor, C. M. (2006). Louis Braille: A touch of
genius. National Braille Press.

Rex, E. J., Koenig, A., & Baker, R. (Eds.). (1994).
Foundations of Braille literacy. American
Foundation for the Blind.

Toussaint, K. A., & Tiger, J. H. (2010). Teaching
early braille literacy skills within a stimulus
equivalence paradigm to children with
degenerative visual impairments. Journal of
applied behavior analysis, 43(2), 181-194.

United Nations Educational, Scientific and
Cultural Organization (UNESCO). (2010).
Education for all global monitoring report
2010-Reaching the marginalized.

530 go 23gall il Jily diles 3Lai
ayjall asbioll b iy dépb plsd jysi jaio 05 2jg0 19 328!

22130l

Al Thani, D., Al Tamimi, A., Othman, A., Habib,
A., Lahiri, A., & Ahmed, S. (2019, December).
Mada Innovation Program: A Go-to-Market
ecosystem for Arabic Accessibility Solutions.
In 2019 7th International conference on ICT &
Accessibility (ICTA) (pp. 1-3). IEEE.

Bintaleb, H. T., & Al Saeed, D. (2020). Extending
Tangible Interactive Interfaces for Education:
A System for Learning Arabic Braille using

an Interactive Braille Keypad. International
Journal of Advanced Computer Science and
Applications, 11(2), 359-367.

Bostick, L. L. (2016). Implementing the Unified
English Braille Code: Perspectives of teachers
of students with visual impairments (Doctoral

dissertation, Louisiana Tech University).

Bullock, J. D., & Galst, J. M. (2009). The story
of Louis Braille. Archives of Ophthalmology,
127(11), 1532-1533.

Egli, C. (2009, October). Liblouis—a universal
solution for Braille transcription services. In
Proceedings of Daisy 2009 Conference.

El Ghoul, 0., Ahmed, I., Othman, A., Al-Thani,

D. A., & Al-Tamimi, A. (2020, September). An
Overview of the New 8-Dots Arabic Braille
Coding System. In International Conference on
Computers Helping People with Special Needs
(pp. 339-345). Springer, Cham.

Foulke, E. (2013). Braille. In The psychology of
touch (pp. 231-246). Psychology Press.

&l

aoilall
olol Ll Julp sy @ulidllg éclpsll cinis
§olaig aypsall aypnllg aypodll gnal grogasall
ol wiay Uy laiwllg &pgnall go ujog oyl
olei pac G belpall ggeibiuy gudll Jlabill angi
T2y gyauall 62alito ggeubiuy ogil 55200 &2y 1l
0 b Lodi eld 1l 1 piies s welds o
olaaiwl liweill s 153Lals .duouleill dilasll
dsiall go pgopi gudgasall 2o daliso juleo
Las dal4og 6pus Julp algo =i o Séclpall dusianl
Laglgisill Jlao Lyl oo cal53 286 14 go vuils
6315 Giladao 8ac ] aolg wilis oling gb8 dupo
0469840l g 406 oI Lol Jyly déyyby diclib aiy
by Gl duigyistl pgipbeo (o6 dgguy alao
ainll Lulg o ails 134ag .y Dl wuidll wilpiie
g d6peall il alall Joell - olpslg Ciluwuwéo -
8 dgol le closall @ybll Glin Geullg giogasall
daypby aylidllg belpall ggeubiug U guall gull g0
dbéell @ oo Juaig Lgdl Sleill Juguiy vllsg Jaly
lgalei 6 gguep guall elilgl Gub 6 Lasias Lill

Joll dylgdl jyghi aca -6 1193 520 Lisl 289
.30lg glio 6 2g-gadl wa litde angil (=l iy
dwljy 6 aypoyll adle ll ggd Pl ¢jLb Las
gl diso Jyasi | @ old b cgpuall 5922
olon] pilo J5u cgpiall 138 (6 Igoalw 28]

.aio ogislaiwl



530 3o 23gall il Jily diles 5Lbi
ayjall adbioll b iy @pb plsj jisil Jaiko 05 2jg0 19 523l

Jly 2250 g0 6a5gall dyyell July dayb iy
a6e sadl Julp jeigo JU5 oalaicl o (sadl (1=l
Cuani oy o1 2002 ple 2ing 2002 ple Lyl 6
9 Wlbgen ygogoiall aog Cuo duyell ly aayb
B2cLuwall Loglgidill Jglog wilylain Ll ¢iaol ©olaa1wl
ol dwpell Jglaall slaicl @i g olall cisgll 69
NVDIA Jio aunlil 6elpd ooolp dbuwlgy lgindyi Cual
sLaill ablall i)l @il (ol dolo Ul JAWS g
DAISY slaill Jilall asl cilogleall ol pladiwl

) (Egli. 2009) ILio

aogall el Julp dlgy (sging wlls e 8gulc
dlp asyb Jgo yugyadig ajlgall g0 decgaao (e
&108) wilygino ju6gi g dilgyl go gl gl .auell
Iy pLbi plei (6 guell Lol guogasoll
Liloall ddislial dnio Loyl dilgdl jogi Las .yl
ng JHai 29 . bl plbill 634235 Wiljro Qlj._LOlg
830gall dnyell Jly 2l gonaio igyisll 2 690
awpell Julp asypbl adunei goljo (e (sginy sadlg
Iy adupbg pglellg wbiblylg wljloislg dbywll
wg)a ] aolbyl blai 8 yo digiall dugulall
Ayl Jolp déupbo alisllg éelpsll olei) dhwuo

Wlalboal (2.0 2o juis (530 j 530 old Lob
Lioglgidillg wullnillg vilogleall Lioglgidi (Il slaill
ab_iul 2 10gig pcal (Lahiri et al 2020) sacluoll
acgi g0 gugols Jgl gag .geogasall willbll aleill
Linglgisi I sleil duilbol daleio vilalboo o
(AT) 8acluall Linglgisillg wiilnillg wilogleall
dylioy 9984 spwall pighi o 269 .dyell aslly
Lioglgisi tiloas Jlow (-6 Wiljadll clid (5940 2)g-0
Linglgisillg slaill &yilinlg wulnillg wiloglsoll
(S3-0 Jj}wo =g .Lgojlbg pho (6 6acluuall
ooigall alp6llg guidllg ¢uigall Laeiil Ljgun
il 033 (6 doadiwall duwlw Il Blblbowll
5jlgall 03 Jio puogil cilyaluoll (Jgi o juisy Lab
Aypellaoll

&0

30 g0 32g0ll upell Jilp ailgy

§20 j530 g0 20gall =l Julp dulgs go Loagll gl

023k (Al =l dilp Jgao pobi ga (1 Jaull)
lgoyeg dilp daub Lol sacbuoll inglgisill aoly
00 0950 ()€ (9w Jgao Jgl pgbi Ll dslo b
oo o Jilp wliloisl acal) Jily déphy blai 8
daybll oo July ddyb ol to pglallg Syl
g-0ga40ll anll gl g169@4all g4ai il 62109l
degibuall slgall G| Jgogll (6 dugen yga2s g1l
B2cluoll Linglgidill pladiwl é&ulidllg éclpéll o
pnllg guogadall e 6a5lall ggpuall ogoiiug
SJg-bog wibllg groleallg clpuillg grogasall
ybb -6 6acluwall Linglgisill ,=inog wilinopll

Lgojlag

2 Jaukl

s0s pll github gagiuuoe
(https://github.com/madainnovation/liblouis)

aogall el Jalp dulgy il (sa0 aolip acay

braille.mada.org.qa) (EL Ghoul et al 2020) (Al)
wliaoy @1i4o Jol 166 llg (Thani et al 2019
Wljlgo pgbd iyl ulp Jgao e aoiei guighl
onllg guogedoll Julpy dadyby alisllg 6clpsll
Jaudi ella e sgule (2 JAuidl) [2opall] gusgadall
Jilp ddyby jpniio (igpisl] 2690 Jgl dulgyl 02
anoi 2 olpo (e (sgday (sallg 62 0gall dyyell
Gbibbylg wljloidlg dbywyll duyell Jolp ddybl
blsi8 o digioall dwguwbll iy dasdibg pglellg
aylisllg Gelpsll @ leil dbuuo yug)d I dololl

Ayl July dshy

30 3o 33gall Guall il dilg: 3Lai
auyall ashioll 5 Jily @b alsd jail 14it0 ad) 3jg0 19 322l
EE

aéyyb auii 1wgnll 8elsg hilwgll 20 Jasll

Jio pllell Jilwg 6 Jo=ll grogasall Julp
py28ig Jus Il 6clysy pgl anuig ggijalillg gyalyl
le Bl guogasall Julp désyb acluig .oolull
.ignll Gu=ill Jlao 6 Jasll

auni dslio Lulbii il wailbgll 6 Josll
cllasll 4025 jljo 0 Jas=ll Jio (sginall
409040l gA0y Euo aSpull Joidll jSlyog
.Juoel dspis caay Lo 8elya) Jilp déipb oladiwl
Lgio 62820l Anlag aybwall wildasll o)

90 1 Julp adyby angpeall Blio Wl éclyd
d_o_u.b.l CUJLuJJ.Ul o]l pie 0 gladdl psy
pgilisl 20 6lglutall 026 e guogasall Jily
-0yl

loyogi il aclball 6 plebll aflgs belyd
092 anilall 6eld U.Log_o_‘z.n.U ooy Julp asypby
.agl ol 151 pau Gl dslall

clioiwll g16g840ll 4oy :ulel U gliniwl
lgale &)lisll Juls go wileldll glgil go ayaslly
¢0g dlell alisll 2o wiin Sl Wis Jilp aéyyhy

pgne) 20 wlel Ul 03a duw)jloo agitay ai

133 ol aws el U Lo .yl gupouall 20 gf sl
-20izall 6 grogeiall 9LDJJ| 83l 0 paluy
il go wasll ellis gl $3JL paall gog
wilelill 03 Jio gui il dyigyislJl gslgallg
Gl pd go uaell pgéi :dgadll Lle wopeill
6quell e clgall ouwl dclihy ogul d&ugadll

Lo )il guogedoll ghay Jlg (Julp ddyybhy
9 Lo dclyd JUS o 6pilio clgall ggi Sle
bquell le Ligito

asypby guogedall Ay Ly ilénlall
cilénlall 0as ggery of cilénlall (e Jily
161> Lgigoaaiuy il cludn Dl of cilgadl e
ogile Lopeillg gud Il e dlgguuy adjuail
L&o1)

A wgall wligill deslpog bang dalis

Lo Lyl wasl 26 Jalp agyyb ol Jl 8Lyl jaaig
Jongll baglgidill tulgw Cuo «29lqisdll jghill o
[ JWE-Ta) o;.g;)l 9 dJgoao |_L3.LD|9 asblloas I
awlpllg d_ugpﬁJJJI Hlp albao Jo ellag . ooall
Obalig Julp d..o_U.b Al okl ol Jgoi I
Lasg .piguasll 6jgal 20 pasiwi il Julp gdre
il 8309l asybll o a Jilp asyb ULo L&yl Lips5
I Jo-ogll gubiu U (3 51 Lghls goo -5y
wiilgall hsy Jouiiig .Liibug 118y of dcquboll slgoll
:Julp dduyb gg6994.0ll Lgus paiiuy il Llllaollg

asb plaailub werelll gubhiug uTj.QJIOcI}.D .
a0 waell pasig .cli io gl ey of Julp
Julp asuphy aupdll gladl oo Buw Gluuwgall

6clyd (pogadoll Jilpy dasb ouli :cL_J_JLLo oclio e
sginall e j5)5 ddyhy tiljgallg sl jpaodg
ignll Gl eloiwll o 80

a0ty Gill ol a0] gl :6aya0 cile) pleie
9@ iS5 JAuiy Julp ddujb go ggogasall lgso
ol @lei loaic dpldg 62330l ilelll alei
Lus)ig wilalall dingig @yl Logyall pleiy
e wpaill 6 Byl amackui iy T Las Jasl!
diclys poii Lo 2ayig dell elliy sclyall

il laall gl vilelois Ul bl clbodoll qugai o
digis)l Wlhaoll dolsg Jilp dayb ayis
gI 6o el cilBo Lol (H9J (ogasall
ogaliil Cuiud ggag (Il olejl g9 gloisl
&bl 8el aolipy Gl glaiwdl JUU5 o

asyb pec u.LOg.Qﬁ.O.U ooy iGIlodl @ubaill e
Lo.uAillg diagill ,J:nl g0 pgodl jpoo dJl}J
clbs g 8511 cildLuwall Jio &alidll clbal ge
lgpnai bos U Lillg 0ud il tilo Uey déleiall
Bjroll 0am JU5 qog .gpill Gl glaiwdl JUs go
G161l Jio agidall (pgnill Gudall poall
-aaopllg (sginall aclio 62lclg das)yillg (sg2lll

dulp dsyb auii :dlolaallg popell pgasi e
043879 jgganll | Laaill gi6gaiall
bgpall gl dwoyasill Pgpellg Lilpdlboll



$3:0 30 32g0ll =il July dlgs 5lai
appell dsbiall o Jilp asyb alsi jyjeil Jaio 06) 2)g0 19 529l
&P

Cljaollg ibaaill  asyl. iy dayhy alisll selyall vilgals @lei Layo

soinall Gl 3laill apasyl baglgisill yohi ) philly
dobil 2100 (e ablidl éclpd aolp Jio Luign
dayb gl gaeyl Jalay dysall ailegllg piguasll
sl leg .ubgasall auanl Jbi 6lal oI couni Jyly
0galo 150 g0 sl Jljy 1bo byan yuy 138 glo Jb
wlowdl iy dayb ggoaaiuy allell Jgo wa s
Jilp déyyb danl go a0l Luilall g a4y Layy .62ac
03® piwo (g16gasall g alidllg beljall alei 6
pu6ill tilolleg wilal4ll dfagi alei agidoy daybll
UNESCO) ananll e o il @uwii 1615 jg nig

(2005

1l dtignll bilwgllg dcgouall i)l cilbui 28
gloiwlll gl oo acl leg oloill loys Liolw)] [0
wlbll ol calwlall cipghl 286 Belpall gc Lalis
dylisg 6cly6 Wljlgo pgial il ddub gidih gall

Toussaint et al) Lgigisiy U g3l ogilisl oo 15l

Jaudi Jilp @éyb sl gl wels le 8glleq (2010
libjag! aeols aijal e lbiuwl jgbl tus . igall Liilall
dayb oely b agitoy a3l ga6gasall ol Lioglgisill

(Bostick 2016) sl Joac opb agia) Julp

‘dlp QIgJT jHTJg_g.b tLJngi

6)Laull gujao plalpl 2uass oLs 1951 ple 6
a0 guogedol) dudupodl b dwjao 0
asilis JIj U illg s ausgll dylisll qu pLulg

21hi g Julp asulb Jol cipgh 1971 ole ;6 »
.Jlp @)9 e dugubd pgni

dyilo) Il 2igaijga dwoly viaiil 1975 ple 6
il e (s9ioy jlga Jgl 929« BRAILLEXjLgo
«JRlp ddypby dyigpisl]

630 Jg1l Duxbury oopio cunii @i 1976 ple 6 *
2oliys Jol 9l8g gadgasall duaidll duwdall b
ol Houos jlgo Gle Sale (pi Jigall pgdy (s)lad
dilp Pre wlisling cilailb lgoadiwil Jily blai

dHlp e aili Jol @Ubl o5 1982 ple 6
620iall iy lgll 6 VersaBraille (ouwj duigyisl]
098 jLgo gaq . Telesensory ébwlg d14upo I
oAepouadll anly e wgiball pdl By
Jalp adyyhy agigual Ul Jalp aubli

g-»q Braille 'n Speak §.b| i 1987 chu_o .
Julp dayhy Joeidlgano digyidl] 61440 Jol
26 289 Jisp Jlke Gle duly adilao gl jraiig
plol il cusgll w5 0 jlgall 15.g) juadl oladll
-0a4l &oa5iuall duigis) Ul Julp cilpbéo pghi

jgaizgll olbi) Duxbury @Glbl ai 1995 olc (6
pbill 1as e dslio Julp doopi J=o Lao

jlLgo HumanWare QJmT 2004 plc (sO
dlp Pre @bl Jol gag .Brailliant
Agigdl e Jowi gl gboy ddigpsl]

530 go 23gall il Jily diles 3Lai
ayjall asbioll b iy dépb plsd jysi jaio 05 2jg0 19 328!

s oy Jlp asnyb ciléiilg .adyphll 0aa slalcl

o JUiall Juow o Lod ellall g0 d.alino ils) I

1860 ple 6aaiall ulylgll 6 8p0 Jod Lgolasiul
dalio July &dyb ool 251868 ele Lilbyy 69
Jilp ddypb bclys Cuilsg . 1951 ple 0 dypell asllly
-39 gluwl | gradl go @i el adlell o6
o3 slpiwl oi Julp dssphy aclbll ol glpisl ae)
g (gl I jlull go dclibll pg 6 il Dl
% o16ga40ll aigi il labiall ple paigo aée
JLuadl o Jaly ddypb belpdy jlyb sLail upell allell

[Bintaleb et al . 2020) 3ol (I

Jilwgg ball tus 4o jghll (6 Jilp dub Cjaiulg
adyb gpgh bl sqiuwo =06 .auliallg éclpoll
ell3 6 Lay wlselll 2 a0y ciljloisl g o aylill
ol dals &)liS . lc 1 aiei dayb a9 dyell & sl

Cuiay plalpl y501 03 .4l of 6alg dyls (6 4151

Jilwall aylis) Eipowi Jalp jg-0) ol sl pdle
aigIl ;59 .3090 (alle Lglwh @byl villeallg
Gle aaiei Gillg dnguwbll Jilp asib cipgh s il
s2c pbl wlewiwd diw oo Day bléi 8 o digho daus

Hauasll jgo) dnls jgoplg Wiyl go

A Jsaiul
20 go 20g0ll =l By dilg
(https://braille.mada.org.qa)

&r

J2lp asipbl le U J» .dauignll wisll jggb 2
93 pLuuil gI g-10g9230ll 6Luo (-6 aelijgd
ol .Jroges.0ll plaunill duuilug Syl aslell
aulisllg 6<lydll aopeo Jolei Julpy dadiyb dopeo
bliill g0 2336 pUB dil .pouoll piuull dcliblig
plei (yivig .gyuolll Lg.u:l_;.o u_'l.o.l -4l 6jjLul
$93 Pbuiillg gusgasoll jb.04 ail Jalp adub
.6L1all (g30 6clj8lb glioiLudl aupoull dslcll
u.ééj.ﬂ:.ou_mu_édleéLiiJ}prsﬁnLuqu
o® B d_o.ub UI o daglislig o::l;_nJI pl=i
:u:lgn]lg padill Cilolle pgal puisy J.n.ol asb
ddyb o9 .(et al Rex 1994) ignll g0 <Laglig
ojLuJl bLm.lI uuol e 2 oiei aslidlig 6<lyall
p.g.wl.nl HJoi 3p201 §g-og240ll lgile Lopoiy il
L2 niio -6 ddipbll 03 s glpisl piadg.Lgile
pawul Go lgoul (e G lnog e gaulill Gyl
(Mellor 2006) Julp yuagl uipall lguuugo
Jlp g£9)ii0 jc dole ansol adygll 03 m pa dig
J-4b g0 ojughig aocs o 3l aogall =l

JB L (g3 0 polip

Jilp adayb (e 634
alei e gi6gadall JLabll iy dapb taclu
lgaéd guall gusll vaclw Los &ulisllg éclpsll
e ol e en gl ol L delpall e agijas
jalnog Wil aallg wiidll ] leill ayildoly g iaill
lgrouy Las asl Cuyl Julp ddyb o) .31l dopall
aliallg 6elysll o u6ge4all g 4ay jo Lgisl . asyll
009 .dpuipallg ajaillg dyell Jio delido vilsl
gl go Ty dwpell a2l Jlp ddyyb ol 15304 paoll
Pll 6 953 gl Lioy Las gussll gunlg ool Gl
24090 (0 Jlp Belpd (Gruii 2o wlail) ellsg up=ll

(Foulke. 2013) il

«aidyyb a6 oy LS Julp gusg) pii 1892 ole 0
dojleo ayladl 6 Cigolg 62y22]l aidyb g5lg
- g40g050ll s aleog yujlao Jgguo o 6333w
Bullock et ) Lgus J-az) g8 il dawjaall 6 o
CileLw ojd Julp ddyb aleis caieall gls .(al, 2009
Luiipé cuaaiel in elas polll Jbg .éuonwyl éuwlyall
00 gwole 2.9 (511854 ple 6 Jly ddyb o)
dal g0 lg Ll guall ayilb Jbéy ellag Julp 6Log



3l Nafath
19 5ol Issue 19

£l 55

Il Jilp algy
S30 (0 3oqg0ll

plei jpjeil 500 08) 2)g0
daupell asbioll 6 Jilp adyb

gloic Lopul

Josll dobuwi
(S0 j5)0



Ulogleoll Loglgisi I 3laill 6)4ixoll Jglall 3lai
J4=auioll Gbliog wiciloll oo Cllnillg 19 539l
010g95.0llg dyynull asledl g5 Ypolbunil

Brohier, M. (2019). Digi Introduces Footbraille
Prototype That Enables The Visually Impaired
To Experience Football. Stuff.TV. Retrieved

1 September 2021, from https://www.stuff.
tv/my/news/digi-introduces-footbraille-
prototype-enables-visually-impaired-
experience-football

Club World Cup Qatar 2019 Fan Zone -
Presented by Alibaba Cloud. (2019). [Ebook] (p.
3). Retrieved 1 September 2021, from https://

www.ilovegatar.net/public/images/local/
Fanzone-Guide_EN_New_V49.pdf

Dickson, T., Darcy, S., Johns, R., & Pentifallo,
C.(2016). Inclusive by design: transformative
services and sport-event accessibility. The
Service Industries Journal, 36(11-12), 532-
555. https://doi.org/10.1080/02642069.2016.
1255728

El-Sayed, Walaa Yoseph (2013) "ANALYZING
FAN ZONES HIERARCHY IN THE CITY AT
FOOTBALL MEGA EVENT; APPLI ANALYZING
FAN ZONES HIERARCHY IN THE CITY AT
FOOTBALL MEGA EVENT; APPLIED STUDY:
BORG EL ARAB STADIUM, ALEXANDRIA,
EGYPT," Architecture and Planning Journal
(APJ): Vol. 22 : Iss. 1, Article 9.

Footbraille Digi Merdeka Campaign 2019.
Expedio Design. (2019). Retrieved 1 September
2021, from https://www.expediodesign.com/
portfolio-footbraille

Rapidretail. (2018). What is a fan zone and
why are so many sports clubs investing in
them? - Rapid Retail. Rapid Retail. Retrieved
8 September 2021, from https://rapidretail.
co.uk/fan-zone-many-sports-clubs-investing/

Web Content Accessibility Guidelines 2.0, W3C
World Wide Web Consortium Recommendation
08 November 2021 (https://www.w3.org/
TR/YYYY/REC-WCAG21-YYYYMMDD/, Latest
version at https://www.w3.org/TR/WCAG21/)

Zetlin, L. (1999). Stadium | architecture.
Encyclopedia Britannica. Retrieved 8
September 2021, from https://www.
britannica.com/technology/stadium.

9

aojlali

cljaluall go wasll ellis oi anlgll go ole J4siu
$93 Ll dpai 6 6g2all pllei Sill
.4=3ui0ll Gbliog viciloll 6 oyl dsle I
Jolall JUs go guesurall go aujoll prbiuwug

clintw ! 6acbuoll laglgisilly 6y4isall dyesyl
olo «w2l3 20g . Jols Jhuu 028l 65 6ljlo dypaiy
o 8ysisall Jglall Joldll 3usilll ga gII a2l

25130l

About Audio-Descriptive Commentary. Centre
for Access to Football in Europe. Retrieved

1 September 2021, from https://www.
cafefootball.eu/what-is-adc

Americans With Disabilities Act of 1990, Pub.
L. No. 101-336, § 1, 104 Stat. 328 (1990).

Balata J., Mikovec Z., Maly I. (2015) Navigation
Problems in Blind-to-Blind Pedestrians
Tele-assistance Navigation. In: Abascal J.,
Barbosa S., Fetter M., Gross T., Palanque P,
Winckler M. (eds) Human-Computer Interaction
— INTERACT 2015. INTERACT 2015. Lecture
Notes in Computer Science, vol 9296. Springer,
Cham. https://doi.org/10.1007/978-3-319-
22701-6_8

Beyerdynamic. (2021). Unite Blind Coverage.
North-america.beyerdynamic.com. Retrieved 9
September 2021, from https://north-america.
beyerdynamic.com/unite-blind-coverage.html

Ulogleoll Laglgisi (I Slaill 6)5iwoll Jglall
J=ouioll @bliog wiclloll o Cllnillg

O10g95.0llg dynull asledl sg5 pbubil

oignll sepngll Gu=ille

dcgoao ge 6juc ga ,__,Jg.l:xJI wongll Gu=ill g:

Lolg loang palaall 1ogi Ul Oloaall o 82430
wolessg uogesall gueaitoll gSayg .8l)Lall

Glaondl jpl lgigas ol gueouiuall débio 0 Jodl
qng.o.m]l uLogJ_v_oJI w6yl (6 dagall
1091" bgyal 9 paall 645 LI slaill j3yal leogg
Lany L;DLDL 130w b Jiuiu ujaall Gleall
2uuall sl Jio dogoll dlyall Cilogleall 2100
wu.ﬂ.o.llg d5)aJlg aguallg a:)gJI Ulpueiqg
9l 8)g0l Lang] 280 Pl e slg olglilig
buaall gall gl ¢iaall gI 8ljluall of UL‘mJI
ole albpil Gleoll Lany UI oljlall clist Lug
gl liloo Ul ge Eyanll go U wslall Byl
Ulb)nil dlgho cilbalo ou34i gl culauisdll
Gignll sengll @uleill Jgo") " adlu
(24U g9

A

5laill allall 61jLoll
o3l plaaiwl &l élylo dsslio dulac wilhii
Pbub Il dnuill agoll oo dil Las .éaliso Gulgal
cilogleall gl o 2501 &gyl @sleyl (sg3
ol Loy dlolid &y pogilg 4iyb> dlgaiall

‘ol Lo dunll bl e @uleill poni

c il ailelow cilacbuo o
i gl geeouioll @blio 6 clbgnll gy
oc aypoyl éslelll g5 o gusuliall oluil
laglg .alaill blall ilogleall I glaiwl
peasiol] gull cilelow ay38i Jus go
133 6 8y4isall Jolall le dliodll jul gog
d.S}_uJ g0 Unlteu.ulj lelouw p53i Jbwall
0im quJJI Uleloww pouiq .Beyerdynamic
aypoull asledl (s93 o bub U dygluio @4)liay
Unite quJJI ul.cLOuu 2iaiig .6ljloll dlio 6
- Jio (Beyerdynamic . 2021) aaliso iljrou

(A0 20010 Ligng gduje Jasuui Glhi e
(S240 JAu alyaei
uleill olasiwl .
a5 )l wlwlollg ignll
cils ailgo Il djlgay Jluyll 8jgol oqai
arelsll elvgp winai gl uglaiall oanll
.dacjall
yio 300 I Joi calylal calelowdl Jugi
sl Jloall o
acag auis Il calell Jéi culeloawd) 3400
20wl Laen o ggilsy ol 2ol

jlaj
19 ba=]l



Ulogleoll Loglgisi I 3laill 6)4ixoll Jglall ilai
J4=auioll Gbliog wiciloll oo Cllnillg 19 539l

6g84.0llg dyyoull asledll g5 yoliunil
Vv

puslsall Gulaill
0 ol Oilelowwg dwalll deolyl &asill pJ.:).Luu
s Gl sgluiall slaill glas) phliall Gileill
8ljlall clisl Lol 06 0281 65 8ljlual éujgall

o0 Jayg duell g Lang e Jgnoll dpwliall
612210 ywlgo plasiwl Lle ggeaduoll aaisy . el
cbiil (sjqpall go dils .gaill 13 leg .dwelll di5igal
93 greouall J18 o sleill s piulo tuy (sgino
il 8y4irall Jglall go yasll viliag .oyl @sle
'Jio (§guull 6 dgoull jj=i

Footbraille Loglgisi

2y dwwnl Lnglqisi (oa Footbraille

26gall guii dypnyl Glsle Ul (sg3 geoa3iuol)
ool Jasi dglb JUs o 64l Gusall
.("Footbraille Digi Merdeka Campaign 2019")
Mojo Films g Digi dbuulgs lgowoni ai 26q

0 bjlo -6 Naga DDB Tribal g0 ggleillg

" Bwolip boglgisill 03m pariuwig .2019 ple
olouud) 028J1 644 6ljlo 2o Wilsli oljil lonso
(Brohier.2019) 6ljloJb "jg=2uidb” 1033 uu0l)
p.gJ:)JT 205q) (LodAiwall Footbraille pouig
éuslll cliflg 0281 635 Lielo dwdy jono jlgo Lle
(Brohier, 2019) .Footbraille (6 padiuall a3 QJ%J": lﬂii iﬁﬁﬁ?ljﬁ
ol 239015 Liaglgiaill 0aa pghi oIl sy

prbo 0 WUyl Glandl 0 lgdllb] piad6g

Footbraille Lo23gi doolall ng:uJI dlojo 69

&l lylall 20 jgall e Cilyloll dioljo I

(Brohier. 2019) daujaill gyasall ebléog

Ulogleoll Laglgisi (I Slaill 6)5iwoll Jglall ilai
J4=auiall Gbliog wiciloll o Cllnillg 19 53]l
O10g95.0llg dynull asledl sg5 pbubil

2019 ciillnillg vilogleall Lglgisi Il slaill
Ciloglaall aglgidd )] slaill &yildo] Jolo jyjeil
@ubi 9o gllyljy . Jgall (sgiwall le Cullnilg
Plub il aiwo 1> yogs sl wailggll ilao
ciljlio Loglgidi plaaiwl oyl dslel sq3
igighl

o0 Sl Dljpall o 2=l gllyyljd Gubi padig
asledl g5 plaubil alobidl ayaill Jyguwi Lgili
:Jio greauiall Gblio 6 aypoyl

Guoill J15 g0 adlall gslgall Lle wopeill
woluliwdl dloy puniig Gigoll

20690 e Jgnallg delitoe tilgag ge Cuaull
s S| Jgpgll dweus Jgo @Gubo

a0 1i5lg Android g 10S aabill slio Gubill
sl 25

7

2 Jhull
b ayaidl) pllell yuls) gueadioll dabio dbyyd
Alibaba Cloud . 20190 - 2019

il Lyl gllyjljll (Gubi

oA iwl Olb pye of ylaiyll (sa0 2olip bl o
Ul ibanill aal 2ol glag .60l Jglall augyill
Pl pcal Gildo sl ol 346ii ga lgapb ai

awlslall @ Lol dodsil pgbil 6j6gio éluls ojlgo
ol asledl 593 plub il abeo of iz lao
206lgall 3yaai ol Lailbg prwgi Gle gyyald pe

092 Lglsla agsyiy loo iliall Jouudl (GPS) allell

Gubi (520 2690 acd 266 .0J og .ds1lall acs sl
Jbuo JU5 go Silsall Lyl (Lazarillo) glyyljL




Ulogleoll Loglgisi I 3laill 6)4ixoll Jglall 3l
._;.m.:uuo]l «bbliog Liciloll ;6 OUlnillg 19 539l
G46g25.0llg dyyoyll asledl (g3 yolbunil

alls asyyby oyl dsle Ul (593 plaubll 2o
pllell guls dghy o Jliall Juw Gleo slail
déhio 2690 dbyys Cuiani . jbd 6 2019 aaiill
éulaull b le tiloas Iginas il ueaiall
26lgall o dcgiio dcgaao (Alibaba Cloud)

Loy Jio (2) Jall 6 abgo ga Las 63200l
Cdlslog sleill dlggu Cilniog daubll aleyllg 6 Unll
Al .. wlogleall Liidog wolewll Ciljluug Jaill
P blolg wlijl 6 gblgoll 038 Ll 289
00) Guuil lgoye oiy o 15] dypoull @sle Jl (595
laill Jils

0

lbjallg @l pgpell” :dio Lgus d5)livoll palasll

Jleb il asyanll abuiiillg ulelllg plebllg
Al o gl aslbiwl Gbliog Ggui blaig

0947 Alg .(Rapidretail . 2018)" duwaill dbuiiillig

Jols J4uiw slaill aulsg dlled ool Gblio
aloys lgarani vy aslel sgd bbbl Jis go

J5 Gl Jopgll dggu (520 dlelpo 20 dlols p235uo

0 330woll dloy Jac puw (1) Jauull obgug bl
.Dickson et al . 2016) gu=ouioll débhio

A Jassul
usaioll 48hio 5 pa3iwall o

ilsall Lyl Jglo

L2glgisi pogil ilsall aLiyll Jglo pghi aly

din 6 Jgaall gl Cuo .ayil4all awslyeall Ciljluall
asledl sg3 pladil Goilo Gani J4uiy dogllo pe
Balata et al.) ayyoull asle Jl (sg3 pLubll dnlag
Pl il alles a5yl Jalb pogi wilhig (. 2015
6acbluo Jio daliso wiligho agaq dslelll (593
olelpog sloil) alild padiuwo dgolgg igndl Juall
ail 6 il 9o lang . Jaiill @b 5 @ilgll
3laill ahlsg duwbul ilogleo pogi sjgpall oo
Jaiill aoc Jaguil &youll aslell sgs golaub il
Guualg . Jsiuall yinell pjwig (ueaiall Gblio 0
3Ly Ul boglgisd Jlow 6 Jolall a8l gog ol
Jaidll asle i (593 groasimall glaol awol.ilsall
plaaiwl dyjlallg aulslall cibluall 6 dgguy
dcgano greouuall gblio Jauuig .aisall pgailga
Lgis)Liro Liny il @lleallg Wiljluall (o degiio

Sl laill

jlaj
19 ba=]l

I’E

6)5is0ll Jgloldl

Ollnillg dlogleoll Loglgiss
Hauuoll Gbliog wiclloll O
aupoull asle Ul (Sg3 p Ll

2691 4hs 6 2022 allell yuls dghy Lljisl 20
apld gueauuo @blio 2gag (uesuiall go 2ya=ll
ails cll3 20q .6pilo clagll Lle cilylall 538k
oueaioll glhol ggsuw ail go 351l sjgpall go
Jolall gliaiwl gull o goasiallg @sledl (g3
ool §blio 69 wiedlall (6 aall Wilyjlall
8)guwo 85 gdlol e 8jle wucdlall gl .03

635 gugld douw 20 028l 635 Wljlal dnndo
J6ilal Bogq .( Zetlin 1999) quopiallg palaall
1990) 1990 ols) (ADA) &éle Ul (595 guiypodll
wugll sgino ] Sleill drgungill ¢solallg .( ADA
Lgil e @ainall Liedloll Jitai ol vy (WCAG2.1)
ayalall Luilgall 6 sleill dpuipl ciljzall sloill abls
cilslel glgil 2100 20 uwliiy Loy 4405ylg

laliso b i gaeaiioll §blio gl o 0
greauinall jlicl 6 350 g6 viljlall 62aLisol
dyad go bl I2jo Igighy ol oo lgidaiy ol guall
aall wbjlall 38Lio go agisail Llodl Lielall
(El-Sayed 2013) g3l gueoditall 2o cuin ] Lio
@blio Jouisi 8llall &yall sasliwall Ll dsls Ulg
g.caj'(z,IJI&b.;iLile (o degiio degano el

g+0925.0llg

saigall &lall

T w4

plasiiul jiog 1218 dllioll 03 i lii
JH=2uiroll @blio o 650l Jglall
PLuN I aloLil dupaill Juuunig Jaguuil
.010g94%.0llg dyynull aslell s95

sbuuyl Jglol G4y a1l allioll ngij'.'i.mg
aslcl ¢sg: PLuLUI acbui UI wilsoll
.adgllo pé cilbluwo e Jaiill e
6)5i1oll Jglall dlsoll Pyeiwmis lob
asledl sg3 o Gueasinoll 2.ouui ol
azalyl adill JUs go 6ljloll glioiswll
3504 Laus Tpsi allsall gisliiwg .duusoll]
S 3laill Lls wignll Gul=ill goiy UI
-J4nouiol) p.‘)l



jloj
19 2=l

PP

22130l

Albogamy, F., Alotaibi, T., Alhawdan, G., &
Faisal, M. (n.d.). SRAVIP: Smart Robot Assistant
for Visually Impaired Persons. IJACSA)
International Journal of Advanced Computer
Science and Applications, 12(7), 2021.
Retrieved September 6, 2021, from www.
ijjacsa.thesai.org

Feng, C., Azenkot, S., & Cakmak, M.

(2015). Designing a Robot Guide for Blind
People in Indoor Environments. ACM/IEEE
International Conference on Human-Robot
Interaction, 02-05-Marc, 107-108. https://doi.
org/10.1145/2701973.2702060

Mini Cheetah - ROBOTS: Your Guide to

the World of Robotics. (2021). Retrieved 5
September 2021, from https://robots.ieee.org/
/robots/minicheetah

Tobita, K., Sagayama, K., & Ogawa, H. (2017).
Examination of a Guidance Robot for Visually
Impaired People. Journal Of Robotics and
Mechatronics, 29(4), 720-727. doi: 10.20965/
jrm. 2017.p0720

Vision impairment and blindness. (2021).
Retrieved 5 September 2021, from https://
www.who.int/news-room/fact-sheets/detail/
blindness-and-visual-impairment

8)6giall Liligigyl dobrill deslpo 3lai
aypoull dsleyl 93 plhunill §acluvol 19 229l

Er

) cwogill igig)

oWl Jrall ésle t Igblild emiuwo 6 wgigl 138 plasiwl oy
l3m Jéilg .groga40llg dypnull dsle Ul (sg5 (B poll dungi oy
Lingi) padiuwall lgy anday il égall e JLQJ.CJJLI aoaa uJI Ggigyl
Olowiuall Jio . @ilgell go alls diy 6g .(2017 Igbglg LobbLw
0gilgag Gl aypnyl asle Ul (sgd (pl_'x_w_IJI asolyay Lqugdl 2 098
aspall all o J5 Jouini |_1ngle oxani pleo gl w23 doulig uLDlJ
Gbide g Wlsell Liinig jlidell jluall adgig gubgillg wilaell il

4 Jasl (10 J5.ul) youll Gle aaiei U Gl JBa Ul dgolgg duignll
aslelll sga Bpall (sabiyl vigig) doils
Sl 56 bgasolly ol aoilll

plaaiuwl Igauisiwl g3l greinollg 21jlitall go 2=l ¢llis ol
dupsuill asyall ul.c 62cbuoll Jilwgll Joo J:uJ Gliqugpl

2ol auaadl olbill uLo.cl o9 g3l gacbuoll gI 0699350l
o)l Jio gy q.lg,os.nll 6jga 1l Jio daliso dunglgisi Jolol

a1 Obbiallg Cljluwodl 23205 Loglgisig jlaly 6jganll clbuull
209 -a5pll Lligenll (sg95 go gull ;6 groasdiall 16gasall
Loglgisillg cluw i Cuipdilg clibo Ul <1530 ps 1l jghill g0g w213
2430 aagi slaicl pi 266 .&y"é.gg_;]l aobilllg guolall Juallg duloull
wlill e 6ja28)l asal 2u30 Wigug) clid boglgiddll glib Jud o
L6g840llg aupnull asledll sg3 golauiiill aolgi Sl Bbasill Gle
alel] diss a.ung_;JI a.n.bJJJI 033 UI .auogull p.g.l.b.u.ulg 02gilo o

Lg.olnuul g0y gI RIHILY 3|_|.o| wuwlild lgnunaig lguyad U_‘m.lg
Lj::lj.::lg Jg023iuwoll gqily Cun wiljlball Jio dolell ciloasll Gblio
.pl23Lwdl



8)6giall wiligigyl dobrill dnalyo 3lai
aypoull dasleyl g3 plunill §acluvol 19 5=l

Ha0q dy)juldl aoluoll vilenibog dsall dlle 631210 Culpols 0350wy
Julai alyg aghbuao Jgo poull Lles Pl Widlbo] Gbey wign
Joau lao (S luduwdl Gl g100d d1isi pladiwl dawwali jll cilil

4oy las (7 Jauidl) ol ludlg cilghallg @flgell wolinisl gbanll o
yeudiiuall pladiwl @b ge pbunlllg cilga il gw il olhill 1ag)

Jeiig Wlpe il l_lLDg.LQ_O Jubiy daoaall alalleoll 0géig .(spnull

&yignll 8)Livyl gl dyeubll &ell Giyb g groadiuwall Il ol

clubl plasiwl Cligighl o syl elgil wuyai @iy el Gl asls Uy

pe gighl Il awigo polgl Jluyl ply o dulslall diyll 6 daliso

plasiwlg easiwall lgaling LUl bl Gle jgisll Joga ackuo

gsanfalual o el olal gl ol 2 asnl il

L ple Jady wligigy! Josig .(8 Jauiul) woagll lag) uwill gégall olaiy

ikl 86165 62w aulslall iblwall 6 169850l Gunad giacluas
jouo Juas vigigyl 2o '

.2 Jsuall Jiisuoll elibo Ul 1531 Dgig)
Ggigll plhi Josl (sauldi p3gai ool Ll glgwo) bijgadls a.v.ol:» dbuwlgs wgigyl 13 pghi oi
pe el Dl obiis ) acluall ool sl glgo aul wyeig (2021 . "Gligigyl plle G ellds

aggnoll yolgll Dlpolsg jjdil bBilall auw) ol jgao gag Joyl asjl cagigyll l5glq
2Ll o ULOLI aypnull a.oLc_IJI 93 pLuLll mg.d J ol o;.gslg

Lg_lg dséung dueo gjlqu pc ULD'J d02130wo dogy UI Uagigdl lagl boug

aibay o5 (9 Jaal) 6seodl sl dl cuds Jio Lolai p|93J| g0 ua=ll
Jmﬂluogundlmlaoguog}bmolpnmulULmlpmpuluim

@&flg=ll g0 23c 8l e (sginy 53Ul jluoll jogig

.3 Jsaidl
Wgg) Jeowall lipidl glgwo
Jaiwall eliboll c153l

8)6giall Liligigyl dobrill dsalpo 3lai
aypoull dsleyl g3 plhunill §acluvol 19 229l

P

20 wiio JI s upw JAuin apnyl @sle Ul sg3 bl 0ac aljis
2.2 go 15l vllis .éuallell danll doliol Lo_ogg ‘_,,Jl.oa_IJI Bl godll
&yollell danll dahio) pllell 6 poull Loles ol guog@4all o jlulo
09119 zobaul) gu6984all o loasl goilo 36 pgin og (2021
oIl Jaiill lol .y §uiill 4oy U S5l Ipol ol glass aeig (Al g
dallealg .Jlwll 138 6 Wbanill ,o.al 00 2246 dogyll dnll diy 0
Jaiill 8acluall Loglgisill o;.gsl g0 gilw glegi Wlia (al4auall 03

-a2)ldg Jjiall J5lo

295 ol Loglgisi e ole JAuby duojlall @ tlall 8jgol aoisi
63gjoll el o=l Jio dabilll ey pogiiq .(GPS) o=l 2dlgall
82clual 2ulg Glbi Lle sbuyy Ul wlls plaaiwl Gl cLoLDI GPS aaibaqy

00 J5 o Jailllg clud Il Lolingsl o appodl Aléle i (sgs bl
dshio O Wbl o pis 69 U3 209 cLDJL'leg auls ol ol
ol s Jaay aynll dsle Ul 5939 gggasall aoies g Ul Gpil
cBall boglgidi pgbi 0i 269 .duogull p.g.oLg.o cladl Il 62cluo
6acluoll 65 1l digll 0 Gro=ll aleill o;.g:)lg doasiall elibodll
audi plhi pghig dbuaall aiull oo el Il colinidl Lle OJ:LQ_” 20) 0
GibJl alyislg dugadl Jglii uLogIg arogyl 6Ladl ausall ilacbuwall
Wldac o cqill 138 pa3iuug .cluiillg 0gagll Lle Lopillg diboall
doas uall elli) dgiliwall cluiillg dagll e wopeill Loglgili wopeill
6sleiwl Lginlilg wiligigyl dobsil pghi pi pf og .dusall wailggll (O
oyl @sle Ul sg3 bl daclual droglgisill viljgbill 0as 30

Jeiill 6acbuall ciliqugyl

il (GPS) sollell 25lgall 3yani plbi Lle dailall dokyill cuouol
gl @sdlall (6 pladiwill wljio Jbuiy dles gppuall pbuiil
PLub il 0w .o 1 édldsio Jauiu (sl Jaidl Jlp U .el3 2oq
(_,,b Qng;)gJI ol Jaogll apall cljlisyl le gguy slaic Ul gyyouall
H0g040ll dnnilly 34)g «wljlbollg (Gguuill jSljo Jio 6pudll iloll

(2015 . ygp3lg 2isd) [ Gani Islall Jaidll Jioy

adslall Sbluwall 6 Jéill (6 8acluall ligigyl pghi ai 269

daop agolg pladiuwly clpill Gle wopeillg dgnll polgdl Jus o
SHO Jleuniwl jlgas 0aa wigigyl 8jgol jugai aig .dulbuwll Giléuhill



ilai
19 323l mMada
/N
rq digital access for all
2toall,adslal

dolbill d=oljo

}ogioll ubg.lngI
b.u.l.IJI

Cl.lj.D.l.“ -T. lc.IJI S93

Sassll 200l
S0 930

JSui 8acbuoll iligugyl ] asledl (g3 @L‘uu.l]l aoslb wnlajl

9 e®32c joiuy Cuo dypoyll d.ochJI $93 oLl lbgpag s
ab.mlg: Joiuall guuell (§1625 oy UI U.ﬁ.OJ p.g] auddl .gclasyl
Uﬁ.o.u Gl duipl 63cbluoll boglgisill o;.g::l 2ol gag 2cbwo LIgyg)
Giaol a.o;g]l 033 Peiuig .guailly dsillg doljdll Bas (6 acbui UI
o3l acluall igigy pgbig psani Jbo 6 adlall Ulgogill
‘_,.Lu.l.l.“ 26goll padiq Lobuwisl diuso drole cuoulga 0235y sl
033 ($giaig .auignll Oloweill plasiwb dalsls aiw ,_.,.o wlislsl
clpl o a63Jl ddle Wipgoldll go aya2ll e dypuydl aps Gligigyl
oulibg clud i woLuislg aldiuuall dspall 3ueii piig .Lgisiy Jo daliso
5 Gle 6glle .Alpolbll 03a pladiuul d5pall bubaiq ddluoll
clbl le paiiuoll cléyl JUS o Cigugyl 625l6 8oLj Uﬁ.ou aile
allesi ;uh.u

)i (ga0 2olip

3loic Ul golip
Cilss buoll
il
6 pwlioll aioll

\!/,

\ Jlocll algy) g4y /

O¥5iollg :
15 il

mip.mada.org.ga




Thinkerbell Annie laj
allll o Julp asypbl Silall pleill acal jlgs Jol 19 2=l

rv

22130l

Bora, G. (2019, December 5). How this Anand
Mahindra-backed startup is empowering

the visually impaired. The Economic

Times. https://economictimes.indiatimes.
com /small-biz/startups/features/anand-
mahindra-backed-startup-is-empowering-
the-visually-impaired-annie-thinkerbell-labs/
articleshow/72342128.cms?from=mdr

Lahiri, A., Othman, A., Al-Thani, D. A, &
Al-Tamimi, A. (2020, September). Mada
Accessibility and Assistive Technology
Glossary: A Digital Resource of Specialized
(Terms. In ICCHP (p. 207

Mada Center. (2021, September 1). Thinkerbell
Annie. Mada Innovation Program. https://mip.
/mada.org.qa /solution/thinkerbell-annie

McKenzie, L. (2021). Bridging the digital
divide. In Plastics Engineering. https://doi.
org/10.1002/j.1941-9635.2017.tb01690.x

Putrevu, S. (2019b, December 20). How Annie,
a Braille device developed by Anand Mahindra-
backed Thinkerbell Labs, is helping the blind
learn by. YourStory.Com. https://yourstory.
com/socialstory/2019/11/anand-mahindra-
thinkerbell-blind-braille-device-annie/amp

Wagh, Prajapati, Salunke, P W.U.P.P. S.
(2016, March 1). E-Braille-a self-learning
Braille device. IEEE Conference Publication
| IEEE Xplore. https://ieeexplore.ieee.org/
document/7561162

Thinkerbell Annie sloj
allell 6 Julp asypbl Sildll pleill acal jlgs Jol 19 ba=]l

3 Jauiul
Sulnillg clogleall Lnglgids slail (sao 8j5l
(2021 (520 j4po0) Thinkerbell — 2021

agallell jliwapw das Jils jilall ge gle Ul aig
620 ian gls sallg . 2021 gylo 20 (6 2021
yautll 5916 Cipay BIS] JAuiy 2ée giclw

19 - 21665 (16 Lu digiaall 20aillg

aoilall

Wl guw Wb acay sall Annie piso Josig
ailjlallg &y2igllg dyiluw Ylg dpwijellg &julaill)
plell (sginall 0 yjall pogi e (galuillg IaLilalg
Auypell aelll el 0 Loy dlgallg drouls Ul cilelll
Wauo lolaial Annie jlgo &) 286 23 le 8glleg
b Liyalg buwgdll G§pidlg 82010l d@4loall o
p218)l c1Bgll 6 dawslpeall @bliall 038 (o6 2wgill
gg2ibiuy dsle il (593 go wiilhll g105 ol glos
«sois Los .alolis diy 0 sgiuall guai Llc aleil
asolowll aolip JUS o docd 2uwgi (s20 j5p0
wbll 2u09] jlgall wogil Thinkerbell cilpisol
LT aolell gujlaall 6 dyoull asledll (sg3 o

N

- s20 assbuo jilgo

3lail 2021 jjliswoasw

Ullnilig wlogleoll Loglgisi

Sloill Jglat aygpill jjlibwaw 20 (20 jSp0 vl jilay
aca wag Cilloillg Cilogleall Linglgidi I
lgo)lbg jbd 0 slaill Jlow 6 aunll wlspadl

w)iinig . agilin gruaig ddledl (sg5 golbuill acal

@0 )il acal a5y &19) (59 (5209 jjliwaw
Jlaoll 133 6 abilill cilspill Josl 20 Josll JUs
oiyg .dicgogall 6uallg Luwlioll J1goill am2ugjig

aiiallg jilall irall Joll jpjsi) dlall 8j5lall pladiwl

g0331all e ind JAuin il Giguill Jis

Loglgisi I Sleill duilbod (s20 8jily olai amig
auslyis Ul jjliwaww daé 6 Ulnillg ciloglsoll
b0l jjliwaw 20 ggleill j$pall Jolgs .2020/21

6o grwail 65§0 Jgbd pgbi o dwlill Gls il
286 plall 13@ 6jila) dwwillg .asledl (sg5 publll

dabuo (0 d4)liall guilgi gudluio 4 jUisl o
3 il JUid| o3 2U13 2909 @bl i dob
ayilgll dgall | paaill algill lanill gulalioll

Wade Gl dgallell jjliwapw dos (6 aglgl gdjeg
Thinkerbell Annie gl4g.2021 qilo 20 (.6 Lljisl
(2021 530 j510) 2021 jjliwarw (520 8j5loy jilal



Thinkerbell Annie laj
allll o Julp asypbl Silall pleill acal jlgs Jol 19 2=l

LaD (30 JoDl dAuuli ggo Annie jalowo j550 Lol

LJ.oI Jac Lg.u Lol duwjanl Jlio gag (531 Annie
Jb le wleg CUJ.DJ.” d.ol.cJJI 93 o Jleb il o
duoulei duiy aabil O< OJLLC ga ualacll U5 glo

all Helios yugiis ol=ill 6)la] plbi Jas dolu

goleoll aouy (s3llg .Annie g0 wiio Gl LLL:J.O.VJ
pud Sl agugys bubhiig agillb clal asulioy
S0 plaisl el Sl UgDLLQJ Rl groleoll oo
JiAg - u.ngg,n.LLojlg LIV LB 155 sowug bl
pleil dloy agas - dulp ddijb ggopey U 26 pgio

.50 dnio JU5 go lgus pgo jgo wielg Jleblll

ro

2 Jasiul
Wagh, 2016 - Annie jlga) auiaill ciljall

UJ.uJLqu e jlgal) Glelodl yuyjaill ale U.u.uJLl 259
[Ty uJJJl dLo.bJJI 63cbuwo Jl jlgall Loags . JJgI
pgilisl g0 guslidllg aghyao go alillg Lislll

oyl Yol 8gus Luw bl ll lgloy of o409
oleill e agpnyl asle dl s Jlab il 6paall o) il

Logpb L g4lg . agilsle] Ly 639300 Cuuuy

Wi il iy ddyb 2o Jolsil Jliblg agoylss

Annie yug)a 2g6i ¢llalg .ol lgue lac g4 Lo
(dunig éujloo gai graleiall dulclaillg dunall
gualll JU5 go jlpaiwl Julp ds)phy agiljlgo
whall Joall apai 6 Annie 203 ylog .Lugnllg
gulsinll 4o J4) allsd aunlel aiy eLiiy Gigs
Jalow j5lpal jgni ang Gl ells (sol 289 .ualeallg
Annie 53l vanll pieig @53l Annie Jgnog

0 Ugfu.lg anisoll duwjrol) Wlio Smart Class

Jano (_,o Lg_un.u @i il Annie o;.ggl g0 o=l
lgule Loy UI Od0y (_.,_dlg i UL 60gjo duwlyo
He uoliillg Ligledll p.LmJLg 2wou oo jgaleall
Annie

Thinkerbell Annie sloj
allell 6 Julp asypbl Sildll pleill acal jlgs Jol 19 ba=]l

Julp sy (;06) aglg Lgule alidll aloil (Julp
gJuLg.pr.bg.od.ollixLuloﬁ.o,[—d.cgju.ngjJI—
6gllcq .jlgall plasiwd Jsiill auiléog daclibll aleil
guabog Lugn Alpbo e jlgall (sging .ells Gle
Jio dusouull j.DLLSLU cloiw ) olioll U.U'J aclouw
aasill aals Lyl jlgadl piidug .ol s Lol =il
olowdl JUb go guyledll Jgo aslidlg aighll deslyl
1691 Lo ayle Liyaillg jlgall yusi go aleill Jlabil

(Putrevu.2019) awjqo d=olj duusi

re

1 JAaadl
Thinkerbell o (Jlp ol=i jlgo Annie

lwjloall dnol o ogdl( Annie) qu jlgo Lainug
caldl 269 .ilaill 620iall p.o.IJI owolip @99
d.u.ah.ll 62lclg l_ll.uJLLu.lJ auizoll Clobiall p.al a
cljjg gud) Lyl ay 5Ll 26q 1 aigll 6 spoull
Jg9a 5 0 Jab 1000 U.Oj.Lﬂlj'.g.Q.” 3.cLng .adgll
Bora G )dJJLS).DjJﬁldﬁJJJJ(JJlde.QJ}.prSJU.O

9 1300 dwdlol! gl Oilgiull Ciagid 18g (2019
209 .63yac 2lgi o Thinkerbell g Annie wilpiso
00 dilo adls Ul caliso pe guwgill 0 LQEJ'J.D.Lqu
(Wagh . 2019) gaill 3o 2jjall B2y ol ysall

July @sly ilall pleill jlga Jof ga (i) Annie
ox80dl Loglgisill 03a proni ai 269 . allell 6
Jalp adyyby plsill 3lgo 2o Jolill 4o gaolzial
ploiall JJl dobll g9 eadp00y plll pgisl
delall ilall aleill dleo 61l il ,aleall (o joiuwall
9 0gidg clbd guoleiol] ouili iy ddypby alisllg
.oglac ge guol) Igouny (b pgily)aig pguwg)a
graleiall guinnio Jily Glwbs go jlgall ggiiig
aubw qul.O.L” |_||.9J| d.uJJL0.0g £0gwq)d oclysl
slizoll o Hﬁl bléi e bl (sgiai 6pus Jilp
ailig gguy ol 6elys Lo giaivall dacbual
s Jilp LS Cuw go Lap go godll duwlis Jilp
Jilp édéypby duwlid ouiloo éogl 2267 las . o0all
&yl3 6 &hai J5 20 &5lgll) aplan diuw go 4odl



Thinkerbell Annie 3laj

allall 6 Jaly dayhl Gilall aleill acal jlgo Jol 19 522l
re
drubnl cilogleo  clici aoyi g0 ga40 G 2.0isl 2016 ple b

ploill Lubul Lolbi spoga JSuiy July dyb asi
il adyybl Lgil aynull dsle i 93 golads il
a0q (et al. Lahiri 2020) &lidllg éclyall (o 0gisai
Jio aaliso Jolge @lall 03g) dainoll wiluwl
angpaoll 2quéllg drogaall ciljaluall LI jléis Ul
3 I log oauidl plaiadl dlsg graleall Gle
Julp jlgo pahbi aco Bl (sa0 2olip Loagig
593 LIl acbuy ol g4y s3I Gil3)l aleill
dcgooo pgbi ] Jall 132 woagig .yl dsle Ul

Pl aclutig yujaas Josi pleill dlgw cilgal

adypby aleill olbi plei Gle dpoul ddle i (sg5
Jilp adilao dsgl ponall plbill p230ug . dilp
Gobiall o114l jlap)g wdsaall 351 lgogyarog
oLl aanall ol aweii Jls gog .cilbpsoes
belyall aoyeo Kl ol ghoy aypnyl @sledl sgd

133 oroni ailas .l Jﬁ.uu dJIJJ asyhy alidllg
al4i Jslg gpul g4y cuay Jall

Thinkerbell Annie aly;

alolg Jgla supsuibu 3o Jb plb 2014 ole (6
0i gog Thinkerbell vilpiso Luuw§o L6liwléy pw
0 - i - pglellg boglgisill Uy ageo willb
jlgall gin s (il) Annie jlgo pggéo 2igs lgo
.ugJJLL” asly dinop aig Raspberry Pi pI:m.LuJLJ
Jdoo a.u.clg 6230lg Jlp adss baww (_ng 23gaib I:)Jg
aloll guudl Wigiuwll clbs od 289 A2l Logp
145 lg guisall aalnoll Ulanl L) glaiwll 6
5lal bl 351 Jau jlgall 13s ols glar] poiuall
Layleiljlgo oD auny) . Julp déuyb olei) ddleioll
plei go bl gAol Cuo . Julp dsypby dloli

10 o 15U adelaill gugjall JUs o alisllg écljall
illllg JoII guandl 6 iy dsub pe cils)

1-4iso jlgo cLiy Lso Thinkerbell <iljuiso o
Lol pl=ill J=2o wWags Jalp puleil Laill Juldg
ol jLg2 agbi aig .yl ableyl (sg3 goliui il
jlLgo g-@g . Thinkerbell Labs ab_ulgs (Annie)
g0 wilbll 4o 239l aoaiiLuy il adeill July
poni p 28] .duwjaall 06 d_J_p:uJI asdlcdl sgs
Jily dadypby Sl pdeill oL lilgs gg-54 Annie
il bl Ligiag Lilang Leioo pleill J o3y J4iy
6jilos Annie jlgo jLo .5 e 6gllcq .yu6gasall
JBiLW (g0 polip JUb] (-6 2021 jjliwagw - (530
&dpai j16gi) Annie poroni o« el Il aslo Ul
ng.:.II ul.lg.u.o o0 6poiumo as)luirog daoli p.lsu
gl s g9-owll gI ;.x.oLl_pJI Jjg-bio o el3 gls clgw

.6jgolll

Qi asupby aslidllg Oclj.Q.”J olal Ul laeo =i

o il aig leSchLQJlg.LO.Du.OQJLV.Ud.D.Q_’U.O
slaiclg jLail 0 @Gilg=ll Wi 2ol uup.oJI Hol=all
e s 15laicl wilbi lgaled of cus Julp aéib
wnll go gl groleoll 5ac (6 lalig . plall pleoll
ol Jgpall apoul @sledl 595 go Jlabdl e
ol uaall puleill (_,.QJJJ digaling sall plaialll
(Wagh, Pragath and Sukle, 2016)

aéyyb aleig adei cudlwl culls s Lle 8gllcq
Lo Wleg .agac 6asl {5000 goi e pusi oga duly
arous 3o s Jhu auleill boglgidi wiljalio Cipe
a2y ge pleill Lang 0§ 289 .aueillg aleill oLl
62180 droulsi 81al% . Jliall Juw le wuipiilll pe
20q .(McKenzie, 2021) 19 - 21695 daib JUb
2uwgil Cilslaiil Ll il 03s Cigolg 266 il
Ulelbd oo aya=ll élelo pocq dwodydl 6gaall
Laliag guall - aslell sq3 plubill Jio - 2ainoll
Loglgisill Ll pmslai Logih

ol sleic Ulg @il 03m e Lopeill (sal 28g
631g Sl alell Lils alei dylac » Julp dayb
2016 ple .6 Thinker Bell Labs Ju j4id cilpizo
wibl Pauall ayleill Go(Annie) il jlgo aclug
d.ug.DJI wugyall JUs o apodl d.oLcJJI (S92 o0
Jolig . lulp aduyby dlolsll 8jgadl L le dunoll
JU5 g0 gl 26gll pusi 6 Thinker Bell Labs
il dayb aylsil lajlgs pe vihanill 0as aslleo

Thinkerbell Annie

pleill peal jlgs Jol

plloll 6 Jalp asuyhl i3l

2021 jjliwouw — (s20 6pb e jib

oJ9la GiupSauilu
Thinkerbellabs
200l jligas

(S0 j5}0

jlaj
19 ba=]l

rr



Ll CugGigl pe 3ail Jil5 plaj gai AP
g0995.0llg aypoull asledl (sg3 o 19 5ol

PCT. (2020). Tactile Pro. http://www.powerct.
kr/. (Last accessed: 05.09.2021)

Pelletier, K., Brown, M., Brooks, D. C.,
Mccormack, M., Reeves, J., Bozkurt, A.,
Crawfurd, S., Czerniewicz, L., Gibson, R.,
Linder, K., Mason, J., & Mondelli, V. (2021).

2021 EDUCAUSE Horizon Report. Teaching and
Learning Edition. In Educause.

SCHULTZ, M. (2020). ObjectiveEd and Microsoft
Help Students Practice Braille During
Pandemic. https://www.perkinselearning.org/
technology/blog/objectiveed-and-microsoft-
help-students-practice-braille-during-
pandemic. (Last accessed: 05.09.2021)

Stone, B. D. A. D. (2020). 3D Printing and
Service Learning: Accessible Open Educational
Resources for Students with Visual
Impairment. International Journal of Teaching
and Learning in Higher Education, 32(2),
336-346.

UNESCO. (2019). UNESCO Recommendation on
OER. https://unesdoc.unesco.org/ark:/48223/
pf0000373755/PDF/373755eng.pdf.multi.
page=3. (Last accessed: 05.09.2021)

W3C. (2018). Web Content Accessibility
Guidelines (WCAG) 2.1. https://www.w3.org/
TR/WCAG21/. (Last accessed: 05.09.2021).
(Last accessed: 05.09.2021)

WHO. (2019). World report on vision.
ISBN: 9789241516570. CC BY-NC-SA 3.0
IGO. https://www.who.int/publications/i/
item/9789241516570 (Last accessed:
05.09.2021)

Zhang, X., Tlili, A., Nascimbeni, F., Burgos, D.,
Huang, R., Chang, T.-W., Jemni, M., & Khribi, M.
K. (2020). Accessibility within open educational
resources and practices for disabled learners:
a systematic literature review. Smart Learning
Environments, 7.

ri

El Ghoul, 0., Ahmed, I., Othman, A., Al-Thani,
D. A, & Al-Tamimi, A. (2020). An Overview
of the New 8-Dots Arabic Braille Coding
System. Lecture Notes in Computer Science
(Including Subseries Lecture Notes in
Artificial Intelligence and Lecture Notes in
Bioinformatics), 12376 LNCS, 339-345.

Huang, R., Liu, D., Tlili, A., Knyazeva, S.,
Chang, T.W., Zhang, X., Burgos, D., Jemni, M.,
Zhang, M., Zhuang, R., & Holotescu, C. (2020).

Guidance on Open Educational Practices
during School Closures: Utilizing OER under
COVID-19 Pandemic in line with UNESCO OER
Recommendation (B. S. L. |. Of & N. University.
(eds.)).

[-Stem. (2020). I-Stem document accessibility
portal. https://www.istemai.com/
DocumentAccessibility.html. (Last accessed:
05.09.2021)

Khribi, M. K., & Al-Sinani, A. (2021). Harnessing
OER to build capacity in ICT Accessibility

and Inclusive Design. Open Education Global
Conference, OEGlobal'21.

McKenzie, L. (2021). Bridging the digital
divide. In Plastics Engineering. https://doi.
org/10.1002/j.1941-9635.2017.tb01690.x

Microsoft. (2020). Micorsoft Al for accessibility
program. https://www.microsoft.com/en-

us/ai/ai-for-accessibility. (Last accessed:
05.09.2021)

ObjectiveEd. (2021). The Secret To
Accelerated Learning For Students with Visual
Impairments.

Omone, 0. M., Timca, Z., & Kozlovszky, M.
(2021). The Impact of Braille Systems on
Advanced Mathematical Geometry. SAMI

2021 - IEEE 19th World Symposium on
Applied Machine Intelligence and Informatics,
Proceedings, 399-404.

Ll Cggigl e 181l Jilb plai gai XY
G0993.0llg aypoull asledl (sg3 Go 19 522l

PRI

Al Thani, D., Al Tamimi, A., Othman, A., Habib,
A., Lahiri, A., & Ahmed, S. (2019, December).
Mada Innovation Program: A Go-to-Market
ecosystem for Arabic Accessibility Solutions.
In 2019 7th International conference on ICT &
Accessibility (ICTA) (pp. 1-3). IEEE.

Ben Brahim, H., Khribi, M. ., & Jemni, M.
(2017). Towards accessible open educational
resources: Overview and challenges. 2017 6th
International Conference on Information and
Communication Technology and Accessibility
(ICTA), 1-6.

Brauner, D. (2017). Blitab: Android Tablet

with 14 Row Braille Display. https://www.
perkinselearning.org/technology/posts/blitab-
android-tablet-14-row-braille-display. (Last
accessed: 05.09.2021)

Caprara, M. (2019). How Artificial Intelligence
is Rapidly Changing Web Accessibility. https://
www.viscardicenter.org/how-artificial-
intelligence-is-rapidly-changing-web-
accessibility/. (Last accessed: 05.09.2021)

Codemantra. (2021). Codemantra’s
accessibility Insight. https://codemantra.com/
accessibilityplatform/accessibility-insight/.
(Last accessed: 05.09.2021)

Constantopedos, E., Millet, P, &

DeBarbeyrac, J.. (2020). Accessible remote
learning during COVID-19. https://www.
accessibletextbooksforall.org/. (Last accessed:
05.09.2021)

Dowdy, H. (2021). Reimagining the Future
of Accessible Education with Al. https://
blogs.microsoft.com/accessibility/
ai4daedugrants2021/ . (Last accessed:
05.09.2021)

re

duwaigllg Uoglgisillg pglell 2ivlgo dwls o1l ihig
gl bl Uand Jiai JIig U (STEM) bbbyl
(2021 . yg3lg ggogl) . Julp ddspbu 8cléll ygoaiuy
cilgadllg goolpl pgbid (I sl g0 2=l 2wy,
il Olaitwall (J] Jgogll lgoladiwl by Sl
LUDU_OLOJLQ.DJJJJQG.LDLIJI_IJJJJ.OJUJ.C(SQ.LDJUJH
0giw) Al wailbgllg gunllg Jlobllg cilaleall
alosTwl dwlyy Ko ws (Gl 15e 69 .(2020
Lalpl ol adlell o July ol p|13.L.uJ| Jgo
-0 Ju5 obi e (2020 . ggplg Jg-2l) (520 j5p0
d_Dbg ol J2lp olbd dosl drouleill 5jlgoll
bobbylg dwaigllg boglgisillg pglell p1blgo (6
6)28) asloioll i ll4itall go aaell ge ¢ 11l ai las
anpell Julp déyyhy 8elpéllg @ylisll Gle allall ool pll
Jlp dsypb ggpuno (530 jSp0 Glbl . glbiall 152 og
S =l Jlp Jgao pghi o gy 630gall duell
dayh JU5oy 6acluwall Loglgidill ool aoari i
g Jgao Jgl pgbi Jl dolodl Lgbyeg Julp
Oljloisl el Julp ddupby bLéi 8 g0 ggho Jje
ells Gle 8glleg .pglallg bbbl cilllas 6 iy
decgoao (e (sqind duigpisl] dulg pgbiy (sa0 plb .
olg .awpell Julp ddyb Jgo yugjallg 3jlg-all g0
Slaill s ;oulei (59100 nogi g dilgul go Pyl
0 gg4cp 2l plwllg grogedall il pe
ARl il olbi pleb

aoilall

93 wilbll Gipill e daaslill szu.lI Ui BAj
awliall Lnglgidill j6gi) (uwbwi J4iy dsleyl
s Jolgell go ayasll wiily JI sLaill CLuL‘Lolg
sloic g duaglgisill wiljaall Jilgll goill 2i6 2bg
olol ull 202.0)lg blisnll pleill 23Loil gwlgll
0-g+0 Loy il bll 2 102) d8gusuo puc plei (ppo
U3 g0g .asledl g3 go bl Iagall tius go
Laill @uilsol a0y Lbgpiio sl jLicl J by
golasiLwlg pleill (6 63ilull Linglgisill JI
ciligenllg @§ilgell &6)gll 03 1o isiwl 2 bg
asleyl (sg3g guogasall bl Ggoi il duiyl
J R W) uJ.c il e szuJI ol JLDJ." g-< ayoul
Joll (le cg il u..oJIg p..gJI;.oI 20 6lgLuuoll
gl Linglqiddll paui (_.,_l." aloisoll Juullg
e Jgoall o ulbll U.nﬁ.o.lJ Slaill CL.ulﬁ.olg
drouleill duonglgisill Jglall o 6slaiwl u..n.ol
.dousllg alolull drouleill daupaillg



Ll CugGigl pe 3ail Jil5 plaj gai AP
g0995.0llg aypoull asledl (sg3 o 19 5ol

2 Jauil
Blitab

19

A Jausl
weliboul 153l Jilp plso

Tactile Pro jlgo PCT a%pw ujgb lguuai asibllg
Jilp Biloguy dclibl bés gu6gatall (09l jlgo gag
o0 232l 20 id I bis Aeall cusgll (6 Julpg
wilelillg cuiiidlg wilaiuwall pupad Jio Cilaubil
iy Slsa0) ol llg JLaayl sjgal ] dslouly
L62.g) 151 adio ggo Tactile Edu Lol . guolll ddiliig

(593 6acbual iy ddiby jgoll alsidll acs Gl

dbowlgs Julpg e jg-o pdei e dypndl dsledll
oclibodl 53l Julp pleo Kigygy dwlyall aladl
(PCT, 2020)

Ll Cggigl e 181l Jilb plai gai XY
G0993.0llg aypoull asledl (sg3 Go 19 522l

G4¢] 3o CLipill e Kiloasg gugya JUall Juw
daypnull asle dl sgs go wllhll ¢ljbu Las . gu)laall
Jilp 2820 ()20 20 8pilio Wiluils ;6 ggogadallg
olaiwl g .Lailgll gI guoull ilallbo &b o<
Jonoll o wlwlll Teams jaw cioguwgpbulo oLk
4ol bl g8y Cas cpiill e éwlyall
6j-g21lg )iquasll plasiwl guoleall 2.0 Jclaillg

.dJgonall

JLow (-0 2810 iy clpo] oy w5 I aolo b
wll bl gujaill vloas dwgal (clibodl 53l
aayb plasiwl g169a40llg dypoyll asle dl sg3 o
anio e ObjectiveEd Joo (gLl 15 (69 . Jalp
sLaill clibodl 450 c1ogwgpéulo aolip o
Julp aleo pighil Microsoft Al for Accessibility
o48ai ] Loag) paiio plhi gag clibodl 53U
JRlp adyyby 6clpdll 0 ogiljlgo grwni go bl
0 @5)Liallg oAl e Lopeill g0 aujo JUb o
I3 ouani o 2.6g .(ObjectiveEd. 2021) wlelll
JiHall go Jlp ddyb olei Jug il Louns oL
ObjectEd guoni gbaug .22y gc pdeoill @iy 0
Jud 0 aolariawl ey cuipiiyll pe aleill dakbil 6
1430 Julp adeo aoolip asig .l bllg gaaleoll
dcgooo (-0 63gogall Wlisll (sao| clibodl
dogl plasriwl dw)s aleall ¢ dtig .ObjectiveEd
Julp w0 Jowp o . ObjectiveEd wiugll cilogleo
610 J5 (6 630lg dlas gl &als (clibol 1531
bl @hisg . (1 J4uidl) Gyanill abls Jolp il
Microsoft olaaiwbg . Jalp cilods beljs cLisl élaall
olAll e woyeill loglgiai) Al Speech Recognition
P Hledlbll p s Jagai ady (cisgwgpiulo go
clibodl 55U Julp pleo I (Spl 6)0 alluylg
 Joud) ol @l Il dlaall 2.0 aijléol Braille Al
(2020

al4Liwo dalleo Jol gog duanill oo jadll jusdig
2olg phow (6 d_Dg}_v_oJI Julp Ls) agonall 33_9J|
Higuasll o;.g;)b aiyieall adbll Jalp o;_g;)l
BLITAB a5 ciols .éusall Lailggllg dunglll 6jgallg
jlg2 ge 6)lc g g Blitab cLuib Technology GmbH
Lgio J5 op=ilan 148-03-'9J3-'|P|-b-l-’d-05’-'u-39]
J4ill) bleil duwlauw Julp auls 23 2.0 Julp d_o_U.I:u
Jalp bl oc 8)lcga Blitab o sglell cjall ] .(2
Jiglp) 2ugyadl adils a Lol cjalig thowill 633210
(2017

ailso] jjeig dolleo (I I-Stem dulgs o2 gig
cild caladioell el 6 Lay) calaiiuoll (I sLaill
dwaigllg Linglgisillg pglellg 82820l cilbubaill
53l g goall U5 go (elds (Jl Log walunlyllg
aalleo dJIgJ JU5 oo aypull ub.LD.D.L”g welbodl
acluy UI (_,_I_IJI ollpll las uLuJ O-09 .A.npA0o
wiljlicl jpl 2.0 &86lgio amalgo Jo3 e gualeoll
Obobdl wlailwoe |-Stem acaug .5laill diilbo]
.0dlgdg Jglang ¢uglicg (Hagoc 20 Jololg dlysill
sleil) Julo Gl Il J1gaillg d_l.l;u.lb 6121/l pgéig
u.DJJ.U.u.LOgI mp3ngDLoJ.og|Lp.L$d.lJ;.uu_ﬁ.o.|
wlgal Wiyl elisg .(html (I-Stem, 2020 I_Q.l.og|d0CX
ailbo| go Gaoill clibodl 53]l e 2aiod (Spl
Codemantra's accessibility J-io Lginlleog slaill
Al Wlaiibwoll aalleal @445 dnio (a9 Jdnsight
Cilaiiuall G 3Laill dyil4o] oliil diill DI aleil
dalleal 6ol ,ag AccessiBe g . (.2021 . Iy iilo3g5)
Loluiiidl (I woagi wigll (e LT slaill dyil4ol
ol sginall dalleog Lileli sLaill dyildo] il
59120 ]I 3Lill d1g12gil salrall JUiioll) Lo 25

. (W3C, 2018) wugll

H6gasall uilbll pcal Jalp cilylsil
aylisllg 6clpoll alyay ddyb o Jaly adyb gl
bl 00Aiug 09040l anll gl yrogaiall
g0 815 ayis yolall cidgll b g bgasal
Jaly &bl Jio Jly dduyby digyislyl 6ol
wbll dolg 269 .calboall 6jgalg Ciyanill ablall
Aio Cuipill pe aleill,tbasi go 2aell ggb6ge5all
20 Joloill e lgpal tiys 119 ~ 21695 aaily &yl
QJIg:)T o122 Lwb Uyl pie 6a530]l pdeill calalac|
gsuoll lallbo Wilniog aunlyis Ul dwlyall Jgnall
Sloill sl pe asyl aleill sgioo ol aolb Ul
agg2]l Joay o9l jgo Il guuaii ol Jolig .l oo
02809 droyeill Wluwwgallg 2 0ixoll dﬁp_uJ.oJI
pleill J=2) @4ig Jauu Igiglei g3l Lioglgisill
09 .a6lclll sg3 Ll bl dggw i8] Cuipiill pie
e &80l iy 2-g2o 510 287 @lwll 132



Ll CugGigl pe 3ail Jil5 plaj gai AP
g0995.0llg aypoull asledl (sg3 o 19 5ol

Lioglgisilil o450y Lgousig pogoill dalleo -
gl G] slaill dyildo] jji ol Silalill e yaill
sginall La il pouug . uogeiall joadiuoll
welibodl s3]l Jygai wliisi Gubi @b gc
clj.l'g 6)g-0Jl clpilg bulyl il .JUodl Juaw e)
Juw e) adljilg (sginall Jhum jpusi (J-sidll
aololg 6clysll (sgiwo e cliy pill Jia=i JthI

o ollcl 8)g53all dliodllg wilipall (J] @sloll
il adsloall aolpg Wljppluall o 2ua=ll dlgi
ool clibodl 153l l..l::ng.LﬂJ -0 6olaiwll
QaJ 26g d_ol.cJJI 93 Pl d_:)l g0 laill diilbo|
AU JD 520 j 5100 plLall @&sslowll aolip paoni
dugall clilsll GLlbil énio puogil (2019 . ggpslg
3laill duilbol Jglo J=alb lgya) il daoilsll auloollg
@1gauill 6jals wUlnillg wlogleall Linglgisi ]
dsoloall Lbii il 6acluall LL:ng,l_‘uJI Jalog
1b (6 83390 Wiluwwgog guwgl Ggw ] Jeogll
J_I[JS?J| e Golog (520 oco 28] .duyell déhiallg
w5 Jio Joludl adeill Jlow -6 wloubil go
uguaiig Wonder Tree (s)i ja-igg Class Quiz jug
ulgi=y 153200 Laolip ciogawgpiulo cralbi a.6)1bll
oj-ilo aolip gag dlail dildol cliboll 53l
PbLLLI bl wclibodl c|53J| ] [ W VL W
ouleill I slaill d_ulj.ol Hj=i d.:l 009 .ddlcll (sg3
A3 .g1ga5allg dupoull asledl g5 oo Cuipill e
J-o goolipll 13 JULS g0 2yjLinall g0 2920ll o4 b
Uljlgo grunig .« I-Stem Wlaiiluwodl (J] Sleill dulgy
Il 2dgillg juaaill pie iy ddypby dilislig belpsll
- (2020 c16gwgpsilo) Lolog il

plaii_wl aisisoll Jgogll duilsol Jolo
clibodl 531

LELai)l 2gais 26 (s Blall 28901 Gl Jgbll e (i)l go
alido 6 clibodl dsall plaaiwl o ILils
dilso] Olloo o9 .allell clail 2100 -0 Ulloall
cBall ulbwojjlgd pladailwl oL odeilg dLaill
apad j._lj&JJ 2ulg Glbi e doasioll cliboll
6)3.69g clal vl Ugls yg038) guall g_.Lo.:)JJ p.J.quI
g0 a2ll 10gi 2 5lgll (69 Juisy JBT young Jool
ol elibodl clball e dailall cilgadlg ciljsall
. $393) 5Laill ayilio] willao e Lgauhi a2 bg
cl5all wiljral bgng s 1l dliodll Aoy Jouiig (2021
dowill apls sleill auildo) jiei ol oda clibodl
ol Lo grogeiallg dypnull aslell (593 go vl bl
(2019 J4jlpls)

gy2u8ll (sgino Julaly oSl e Lopeill ooy o
Olaldll (e wopeillg ianiall 2uanig Cugnllg
dslll dalleo Biluojjlgd J1Ub5 go Lgiglgéy (I
o114l Jigail Linglgidill 03 0aAiuwig .éusubll
ailalill dunupgill vilayseillg (STT) g I
vangl Microsoft Al JUol Juuw le) cilanyillg
(3 I log aojiallg dpoungill lonwillg gadll
023 uwall tilgolg (SB8Lg gublio Ul (uacluwallg
gl e wopeill sUT Las o5 énniall
092 lgaylig cilaiiuwall c1lo] &yilsol giogaiall
Dragon . . JUal Juw le) gaadl pladiwl
]l Log Dictation . Dictation Microsoft Word
(el

Ja-odgll }_olgl o231l Tgnll p8aill ooy e
6j-g21l g0 Jb 20 Jclaillg @4aill ignll
aslll aalleo Linglgidi Jub go osyll sginollg
o) clibodl cldall e dojlall ausubll
692 6 292 g0 ignll 4aill . Jliall Juw
jgaug "Lilijgs" (-0 igoll abaillg 2 gpaidll
(el (_.,_ll Log. "Lusli ugjLOl q

b 0 Sl Jyadl pdllg jgnll e wopeill e

ol dwogl poliell duni wolngl 5g2g pac

Wliojjlgd) g4y G wsgianll g aldo Lajog

J=2 g el jgoll (0o (clibo Ul cl5a I

Aunlill 6clpd aolp dbuwlgy diclpsd b0u Lbuoliyo

o elli pe jgnll e wopeoill  Jlall Juw lc)
{(Microsoft Office -6 dyalsll

bl il pe 5leill Julb plei gai 5lai

J40995.0llg dypnyll asledl (S5 o 19 53ll
11
3leill alils angiso duoulei jaloo 3laill Jilall ool pleill (ggino

Glowiliwdlg wwWlbwill 21as olind a6k Las
goleoll wlclosq vudg (I odlci 6)g-52.0ll
Hle oo (sgino 043879 slacl Wluwuwgallg
s o Uaag .20l go 3laeill Juls 6og-0ll
uLogI o0 logw U (sa0dl I3 Jio dgolgalg
3jlgall (J] Blw duwlo dob ellia g4i o gs)lg bl
weg Jole J45iw sleill abilsll angiaall draleill
. (2020 yqpslg adilga) pLidll 0am Jio 2 wlg GlLbi
dngigoll dyayleill 5jlgall o) .(2017 ygpslg pumly cu)
639990 d1inyg dLuy)aig drayeialgo” . (OER)
pdg puillg 2ubll §g6) 2 BAd gl plell GLbAI -6

Jg0gll pouui illg .2gi80 pudp Liogay Lajlao)

P2l gusei 6clcelg plasilwdl 6alclg dolsi ggau
« g5ouigul)” g Tl J16 go 2,jgill 6ole| g Lausillg
3jlgall o 8alaiwll wibllg (uoleall 4019 .(2019
dpuiyl pdloall Jouis Lgill dogiaall dosill
6olclg polaaiwll 6sle] duildol| 5 (6 Loy 6j1aall
dgoylsill 3jlgall L6 g7 Blwll yubi 59 203
Jl alaill jolgo pws (Il sLeaill ablall &ngiaoll
aibjluog Sleill 16 oulei (sgino (ih0ig (sginall
6a0Lf aslell (s95 wl bl lbsliol 1y Loy Lilao
droeill wliyll 6 Hgial Ul oloadl (e ogiljas
00 cj-25g (Gl 138 (69 .(2020 ygpslg aila))
pul=ill ) 3laill 2100l (pyall §5185 gubol) aycluno
aoludl wilnillg wlogleoll Linglgilli 6g6 pawig
&bl doqgiaall draeill 5jlgall alilgl Ulilbollg
J-léll dogidall drayleill 3)lgoll 2 020 (530 [ 510
lgauhiig ogioall adsill 5)lgo graai @iy Cus slaill
Hgbill tilgalg Wilésinig tilegaao JUb o Lgijlalg
dwoml 15 @ogigall drauleill 2jlgall 2020 yghLwg
g0 6slaiwlll Lgojlbg pbd 6 paidoll 6pus
alsill acal dolaaiuwlg Gloo sliall 081l (sginall
dsledl 595 wilbll ells (6 Loy graoll Cuipiilll pe

(2021 . Giliwdlg )

e oloill 39 0i -6 drwlwll Sl gao] Jiodi
.63gall le 08) ouei (sgino pogi (-6 Cuipiilll
bl pdeill (sgino Jeal dsb Wlia glo cllal
yleo 2.0 ailad) 2329 (sgino pliillg 2raall Blio
oy dylell 03 (§u80ilg . as)l Jgogll wilaLlulg
iyl galioll &l)s e degill guoloisl gg4y ol
dlgguu Llgligni / lginlleog drouleill oa)lgo cLiill
-0 32a=ll pogig .3leill dabils Wilaiilwo (J] dejuig
g0 &6l vilgal awbwil dabilllg cilsubil
sLaill @uildo] Wl o 3347 (- ilg slaill dyildo)
16 sginall J23 (-6 6aclutall cilolyisl padig
iyl sLeill aildol ciljwo ge )il Lopnug 5Laill
&Gl 5 LewD 3o ggiley gaall plaubil dsgpeoll
202059 wlbluallg bg ballg gglllg cgbull J-io)
jbdedl Jby . (el Gl Log (sginnll augeig jolisell
dawlidl 6elp6 aolp 20 (sqisoll Golgi ga jlll
Voice Over g NVDA g JAWS . JUaJl Juw lc)
aile welJal (elds (I Log TalkBack g Narrator g
diballg dillg (sginnll dsly pbd plaisl clly] Loy
oo @85 )9yl oo ails wlls e bguleg . Jsiillg
ooy U Gill dwogupll polisll Sl diigo LOLDQIQ J1a
dauubidl éclpd aoly dbowlgy Lilali Lgeng gl Lgiclyo
aubuhaill ciloguylg Jglaadlg 8jjlll e jgnll Jio
g alib aic oY Los .ell5 JJl log guauall g bléog
Uloglsall 35l UI L24g «(9D0gg b dilal Juay
ol eldasg pnisll go sl jlicdl 6 doliall
Jugai g4l o w23 oo Jaug .dnénll buaoll
abls @by cug wilaano gl / g epub (Jl Cilaiiuall
(SCORM) 2090 (ig)isl] aulei (sgino cLiilg sLaill
8)1a] dabill 63300 uchm.og l_llg:)l ol wl
Jls aylei sgino Ll ol anlgll g0 .aleill
ol2ll oonil wisbw)l 20 Laslgiog Lialle sLaill
&lawl 3o oalaicl oy agi Jdél Jios UDL aleill
ail4o| wiiby (g .(2020 .ggpslg Constantopedos)
odeill tilnio auii gl sy wodeill sgino Il slaill
Uljpo oladiwl wibl g wilsubilg cuiill pc
6acluiall Loglgidill 2o §olgill anig sleill dyildo)
dﬁ_uuu_aoj.llb_od&dl(sg_ndlmmug.o_:w Loo
Ublisl 20 J_D.ol JBuuw ocllii 633210 §)by oo
Juw Gle) agpnudl asle Jl 595 go wllbll viilineig
olgd Ul i bang LajLislg bg bhall pusi . JUoll
by uuig dnanll (sgino Lo usig Ppell Lilinaig
ola3iwlg asbll ge 6a5ljl Juolaill dljlg wilgolgll

(23 Jl Log auilanll dogl plaaiuwly J-aiill



Ll CugGigl pe 3aill Jil5 plaj gai APy
0+0995.0Jlg dypoull ddledl ($g5 go 19 5=l

9953 ol 2.6giall oo . Horizon 2021 a1l Lasgg
81 il il @il dunglgisill Jglall o agasll

cball ag odsillg guyadl Cilwjlao e droal

daooallg ablisall galiall p3laig cliboll
5)lgallg GLbdll 8juenll cilalgillg pdeill cullaig
i) caipiidl pre sl pdeillg dngigoll douleill
olhil jpjei wny gulwdl 13s (g (2021 ggplg
ail=ill o6 llnillg vlogleall Linglgisl) il
i bl p.LLm.l 6p4ir0g dlyay dlol p3lai (i gai

Lnglgisill vilouo 31 pladiwl q_oLcJJI (Sg93

il pe poleoill Obaod

JHogai0llg poull woled uilbll
J—-LCLDJD(QJDLD'—UJ-UJ“J-LCPJ—WJlulu-Du—O
Glpis 6 logw U o uleill u_ll Jo-ogll dadgqiuo
Qo= LLOLDl Lt.u: pisy o il ail U] .adygillg culojlll
Uwgnio]lg dypoull asle Ul (sgag d.oLc.IJI g3 bl
plnchl—quJU-Lcwp-dmchdg-mllun
U gl (sl UI 0 el Ug p.g.ll;.ol 20 OlgLu.LO.”
dolinll ciloasllg duodeil slgall 18lgi (6 gody Jli
|29 .654isall 6ackutall Loglgisill Jalog cuipiiyl pe
J46 g0 bgalo J5uwy aic ¢yl o Lo 2 8lgll -6
Giluawdall go wasll 6 g1l Jgaill Aio gainoll
25lail puwlgll iuillg iyl pe alsill Gl drailsill

" .2.02allg bliAoll alsill

ol vilslel 593 o bl abeo 4l 28]
3laill Gusi illg Lalo iy o il 3laill i lbui go

daslgioll p1¢ slgall Jio gl pre aleill )

a-ginll olgo jui 0 Jolilg dunlidl éclpd aolpy 20
ol=ill 6lo] okl o123 wlg Sloill ablall wlall
62clwo o;.g:l 1097 03cq dwjaall Liisll u_ll slaillg
Ulbbaollg Julp asyb els (6 Loy aelbill 6)jguuuo
duwaigllg Liaglgisillg pglall Cilegrigo duwljag 8Ll
gl 20 pb Jhu Joleillg cuipill pe Bbibbyllg
Ulbio e dioljio wlpslow cléllg wilsleallg dibull
e ubibiodlg whlbisl clpolg gyauell Wil aigo
sj3lo) elds (I Log cuipiilll jue jLis Ul vilnio
Jg0éll dagl dalleal disanll Jwll o Loo (2021
g0 3leill el vyl e aloill p16gi gaioas
120l o 8aleiwlly aypoull asle i sgd wlbll Jub

il dunglgisill wilgogill

10

202.0llg blisoll pleill 23Loil gaulgll il gal
dpb pleill 6 Loglgisill Jglo plaiilul 63Ljg
wibl Glasil 0o as3=ll I o_p.:.l.ll Ulgindl .0
slaill Iaadei _p_':l 2lgo gggalgs Jiuo asdlell (sg5
.lgolaiisulg drosd Ul dauoul=ill :Ig.oJIg ulg:.l]l |
Lot 63039 Cruuyl Logla.oJI 03» UI go pcpl lecg
8lgLusoll e opili gi Ul S6piidl pe paleill 6
G-o=i 25 asdlcl sg3 ,_pl.‘uu.lll 3Laillg gLo:.IJIg
03m yii5lijg .~19 24695 daila JuL yus Jhin
wll bl Cuyiill e pleill (-6 Glyaaill as)gll
cg-nll bluuig dyynull dblell ($g3g J1ogasoll
pgirsoil 6)4inoll dloLunll d1aglgisill Jglall e

il e ool JI 3Ll g0

doa$0
Jéy U Lo ¢llis glé . @uallell danll dobial Lésg
aypoull asledl (sg3 go bl gojllo 2.2 g c
s . gubwil 69 .(2019 . dualle)l danll dabio)
Pilos Lagl ayyoull asle Ul go @lbill lisawlg gliis
.016g0350llg oyl wlen slpol :6juao cilsolislg
bl & Uil Gle dypnyl cilsle J1 4587 of g4aig
g9 e ple Jauy I5laicl drouleill ailjlailg aliig
rawt pili glo «Jialug ol glads Ciudgig (sa09
01286 (309 deub LB UBL Lalisy aleill e poull
Jodl e et g0 gl gl wllbll aslgig poull

Linglgiddll (I sLeaillg aulidllg 6clyall cLisT calyani

23laill (6 .aoul Jilwgll pladiwl e (s Llolg
apwhall Jonall 1ogi ol Briaall go dbuwilsll
dwlja g5lolg dwlio vilhasei Ll 21aa) dlolsdl
Juw le) 6acluo Linglgisig 6jgalg dlgaso
Obanlug dubildl éclpd aolpg daubadl jusi JUioll
awlio gg8i (el3 (Jl Log culbao tlall cilgalg July
g0l 26 aleill | pglgng Jiguil pgilolic
aleill 2500 &b 6 cUas guy ol gls Jam gog
i wibojllg gsjlgbll cilsgl 6 anlsg Cuiiill e
Jio 20 Joloill aeilwo wilhllg ggoleall ggsy U

ausld Ul wlanll oas

adll-19 ou6gs dally JUs aflull gogll gls 28l
wibllg groleall dedgio pe Kibani @15 (s3I ga
Oluwwgoll obso cicjluw 269 (2021 . sjislo)
25Laj plxu_uJI ol adlell clail 2100 -0 oyl
Sl ul g931q.2020 plec guj 2o uJJ.uJJl He ol=ill
ojluicl joiuy Cuijill jue Linglgidillg peill (e
26lg)l ;09 . Jssiwall 6 ayleill 6 Lails Lalail

Slaill o pol=i gaJ
oUbl Supidl pe
aolc il 93 o

J40995.0llg ayjnul

(S0 j5}0

jlaj
19 b2l

1€



apbsll alo=ll {g)lo 3lai
95 Pl acal 93 Jlgo @ubi 19 529l
gl 6 groasdinllg dypoull asle Ul

22130l

Abadi, M., Barham, P, Chen, J., Chen, Z., Davis,
A., Dean, J,, ... & Zheng, X. (2016). TensorFlow:
A system for large-scale machine learning.

In 12th {USENIX} symposium on operating
systems design and implementation ({0OSDI}
16) (pp. 265-283).

Al Thani, D., Al Tamimi, A., Othman, A., Habib,
A., Lahiri, A., & Ahmed, S. (2019, December).
Mada Innovation Program: A Go-to-Market
ecosystem for Arabic Accessibility Solutions.
In 2019 7th International Conference on ICT &
Accessibility (ICTA) (pp. 1-3). IEEE.

El Ghoul, 0., Ahmed, I., Othman, A., Al-Thani,

D. A, & Al-Tamimi, A. (2020, September). An
Overview of the New 8-Dots Arabic Braille
Coding System. In International Conference on
Computers Helping People with Special Needs
(pp. 339-345). Springer, Cham

Mada Innovation Program. (2019). Real-time
Identification Currency Bills Authenticity

for Blind Consumers. Mada Center. https://
mip.mada.org.ga/focused-area-use-cases/
retail/real-time-identification-currency-bills-
authenticity-for-blind-consumers/ (Accessed
online on Nov 15, 2021)

Mada Innovation Program. (2021). Qatari
Money Reader App - V2. Mada Center. https://
mip.mada.org.ga/solution/arabic-money-
reader-app/ (Accessed online on Nov 15, 2021)

Tian, M. W,, Yan, S. R, Tian, X. X,, & Liu, J. A.
(2019). Research on image recognition method
of bank financing bill based on binary tree
decision. Journal of Visual Communication and
Image Representation, 60, 123-128.

Iy

aoilsll

dlosll {5yl @ubi go a2l jlanyl asy . Jlillg
il (530 2olip lgasn Lill viblaill 2ol dyyball
aslll Jglo alay] Gle gupsivall guauiil poo (sallg
.Gl 6 guoadiollg asleyl (93 planll dyysell
9 1Byl Jglall 033 Jio slaicl acbuw Jjdig
JU5 go dasjall ausygll Cillosll Jglai e cliall
dao go jgall e Gasilly groasimoll olouull
.asa4ill ogoljgl

dyball dlosll ig)ls 5lai
93 plub il acal 53 Jlga Gubi 19 322
gl 6 groadinllg dypoull dsledl
Ir
Oiléieig syl dcgano Cilogi e cliug cdulocg p33imoll jJLisl
(USD) 5upodll jugall gubill by «gaoaiiwall j54ll degooo Jub o (Goaill

lequis 1511 dgagll 0gidl (GBP) (idyiwll ayiallg
Gllasll elli ool Jaui Gubill pcapug jowl)
los &y Usiw 1l jgeilly pa3iumall aowiw il
ole Jonall Gijiill Gl Jgogll Gubill bl i
a0 6 1l jlow !l (ujals ols dill wopnll jow oud
Gubill pgéy il Jloill 5gey loaicg Gguull
i el Jl asls l .copoll jlewl 2109 Cyani)
@l Lbwo guoariwall aasill Gljgdll ouuo 6juo
axinllg A0l jUgallg (spball Juyl sl &yaaill
oc vawdll JUs gog awai Cusgll (09 il puw I
890 dsundll cqp plaaiwl dasjall aasill Glygdl
Gle wopeill Gle 1516 Gubill gl 2Bl duuaill
Jbs]g 531 Lailgll Ipols pe dyaiall blaiill 2109
aya6ill Glhgdll Loliisl aic uilgill groasiuwall

App go J5 e jogio dyhséll dasll i)ls @ubhi gl
alyjid guoasiwall wanug Google Play g Store
Gl groadiuol) ghoy Gubdill J1jillg .aolasiwlg
b Il grolbill 15 e ailaubill polio 0

Lob ."Qatari Money Reader” albnwo olaaiwl

o< wjoll Asyeal deypull &lbbiwdl joj o wliday
-abyjii 4i0159 Gubill

WARLYA
B aypudl albiwl joy
i hall alasl o l5 Gubi

Wlegoao Blulog eadiuall LSl Gluls ouhhii of
g0 PLubl agis L) ou5)liso dyilod 2o jy541I
0428ig agilolisl ddislial dynull asle Ul (sga

035 cliflg . @ubill go 2532ll Jlandl Jgo agilbioilo
d)Lirall pash ko il diljall Ciani wlulall
03® plasiwd Jljji 3929 pac .olaAlwll dgguw 6juo
d6agiuoll &3l @l auos a6 bés bjall

i Los s 1l ayasill §lhgil wopnll pouy elpaug
olbiy Jaei dlgano wailggy guppbll 200 2ygji
dyhall dlasll ¢)lé @ubis 63gjo Android g 10S
a0yaBg 62320 dyyhd &34 Gligl (sging duas o

-Gubill il

©2330uall bl Sl wlegoao duls JUsg
Gubilaa Jio lgy Joopw Ul &eisll e cgill
oDl &5joilb el dupnig ad Uaiwll guuwad Lle
.s6984all gl aypnyl sle] Jugd o polaub il
agisapw gogasall plabll ol Jall garug
golg Jéiuo Jhuy adlall ogillbio g0 Joleill
&ijailly 2ull 6 pglpad JUs

3 Jsaadl
ayball 9aill sl Guby s w5yl dcgaso
oo G6aill ayynull @asle il (sgs oLl Jus o
aeujollg uiaall aall @ligdl e Loyl a5

dpounaill §go aebill cgn plariwly



dyhall dlosll ig)ls 5lai

s93 pLubll acal 55 Jlgs Gubi

19 2=l

gl 6 groasdinllg dypoull asle Ul

2 Jaal
(MIP 2021) @ubill ciljal &dbilis cilbél

6j40 Sle dlasll g5ils Gubi go il jlan Ul (sging
plasiwl d818a)l 4281l Gl LoLiis U duyyai
038 (o i 169 .duaueidl §go debill cgo
o 338iig 412811 gl e il sl sjsal
aya6ill ghgdl wolinis Gubhill wilhiyg .afla J4uiy
093 ol a0y (25 sl §o lEgn Aidisall
le 8glle .aasill @ljgdll Lle daufpo areanll bloill
2uunl jgnll @alleo adyb Gubill ea5kuy 1l
bloilll &éslbwo aic lgule woyeillg dyasill §ljgll
diaowll wiljpoll goniiq .lilwl 62cld 20 dwasall
:dypbsll dlosll &)ld Gubi o

62300l ilosell ge cabdll acs e
ity ] agiallg Ap0 il j1igall)
(24221 spball Juylg

S oo siball Judl G/ go ool o
(gl Dl aiallg 400l j1igall)

I/ oo @iball Judl G/ go wopoll ujo @
(il agiallg A0 0l julgall)

(il aginll gUgall) citlosll 3 o

((___‘ri‘.'rljj-‘”!d-.l.i?'(gi,!}ﬁijﬂg:))lﬂ| .
Sl Jupl Il Jugaill +

aasill Glhodl ge wadidll Lle ylai
dnisll plasiwl &ubisallg dasjall
sl §ibg &umaill Ggo

¢ Gubill 13® Josu 215
oaplg TensorFlow (Abadi @ibo olaaiwl ai
a0l e Lasyl ulwallg jgoll Layinl (2016
J1a0idlg cainil Blojjlgd o ya=ll acai ag

Joug .aunell vlbuullg Grasll aleill ole Jaiug
J9o Uilise go degao pladiwl JU5 go olbill
Wliojjlgs o degano wuyail dybsll 4asill @lgdl
le aaisy g bgay ol wuyjai ply Ug .cayinill
Jio (9 83lc 3363 g2y 8llio djs00 (Pilns (]
695 {3l agi glul aiy 2l go Jug . @lygdl 02a
aogil il wilily pladiwl @iy Cuo LI alsill
Loaic aliloall asasill §hgdl Lle Lopeill duojjlgall
@0 geoa3iuoall 16 o Lo U Lgy] lgayaai oy

e Gl plbill arani pg .dyol dsle Ul (sg3
dlaellg i dl agiallg spbsll Judl Blac
dlgguuy @isill 032 guugi ghoy g4lg adypolll
sl o)l Joudii

640 20 jgnll Loini o dicys degaao Gubi o
Al o direo aliol 25203 pi o (Al woluisl
&2l a)g)l 4o &ismo &b ] 0l lgil e
wopeill 83200ll dllall 032 09 Lign doquuoall
Jio wlbwiyl vilegaao (@ iljall §g4i jgnll Lle
blaidll ge lay a4uill lghlaiw as)g) blaillg Lolgall
Gand &osaiuall dyjlaall glb 13404 .ayglb.all
136§ db)g J5 0 puleall yo dowlg degaso ouo

asill glhgdl J4u
.dugidall panillg olsydl «
.0lglillg jgnll

1650llg dipall bloilll «

ayhall dlosll ig)ls 5lai

93 PpLuLll acal 55 Jlgs Gubi

19 ba=]l

gl 6 groadinllg dypoull dsledl

"ayball losll i5)l5" Gubi Jgo

‘aybsll dlasll ¢g)ls" Gubi oli . 18gll jgpo 20
30 23jall @615 1 uoariuall 4o dalise Clbo Lo
Jiw le .drogyl agilinl dago piei Gl wiljroll
cl3 agl aonupw 9B Gl ggpoluy Loaic . JUall
el o 8acluall Lilb go Jéiwo Jhuw guell
2400 pe 2o gl doyjo @436 §lgl pgelasd ol gl o
aaaill @hgll 6 il Joo oS .yl Jub go
a0 (sjgpll go 2021 ple Jilgl o apball
Ao Wijpo dololg alyasig Gubill

assd, ;m
s gali
B

O Y s Ala Cuaay P
B Alasiny) Gzl
e gana e le 2385l
S5S Sllaa Sl

0o 1 sl 3N - 2018
2 Aleall 15 8 Gk

e 2 JhaY) 33 - 2021
gl el (58 G

ARG EURQIER;
A Jausul

daybsll dlosll ¢)ld Gubi o Bl dlo,
(2019 . jl8u1l (s30 aolip)

duudll pghi Jigaig acay jlaiull (sa0 oolip pld
3l agphsll alosll g5)lé @ubi 3o 6)gb.oll

l.

o350

cibanill aof daasill §ljg I dousd 2205 J4uiy
aypoull asle Ul sg3 bl lggolgy il duniyl
J=23g.(2019 .gqp3lg Tian) gl 0 gro3diallg
anwbw Il drogul @b dil dwjlao cibanill 03 Jio
day 34221 6ackuoll wulb Jl @bl Jio Leo Thol
daolall cupgh s goq .46l @Gljglll 0am dang
illasl daydg dlol pudi lgisas il Joboll ughl
Jio (sole jlgo pladiwb dpuipl dlgallg dulaoll
8jgbiall &5l Lailggll viljasd gl .53l Lailgll
Jasll @llio lgleai 6igadll 0aa Jao &lilsg
Cilauhill e doflall Jglall 202l duwlio Ciloias
(MIP. 2019) ©banill 03m Jio dgolgal lgwo

53cLuall Laglgisill ol Jaod s24laillLgl.iug
9 oe018inllg dyypnull @sle Ul (5939 (uogasall
bl dnnio 6jgal Jaub e il ol Gl gull
cilijlog Wilaiiwall Cilpdog Julp cibild Jio) godll
agplg ELGhoul) (¢ll3 J] Log jiguosll dudlis
il JD) MIP jlai1l (520 aolip pjizig (2020 .

Jal Jalall 0as Jiol acall 03365 (2019 .gqpalg
boglgilill Jo a0 JUb o drogyll slsll J5Livo
Joou sall podll . Jlasiwll gilis jlgs 6 8acluall

Sllasll Gl lgegi go 40j)lg> Jol e ($9iny  gaoa3iuall g0 pisy pél dcganal Blio Jall 13a 4o

@hodl e Loyeill didoug Lopnll jleuwlg 832=iall
309 5l Lailgll [old JUb (o dasjall dyasill
cgp plaaiwl Gl aleill Lwlul plasiwl JUs
los .53l Lailgll Joiall dnuwaill §go ded il
JU5 dlasll g)ls Gubi jlau Ll (sa0 aolip aca
ojlislg aiiall pghi el ;06 Loy cgpinall jghi Joljo
p35%u0ll juidlg 54l ilegoao JUS o opulig
(MIP. 2021) Gul=illg g2l clulog

0994w (s3llg djlaidlg dypell aslll iljus jogi 20
asledl (5939 16g9050ll 20in0 (6 s pili al
ol 56 eo0a8inllg dypoull



apbsll dlo=ll ()l
s93 pLubll acal 55 Jlgs Gubi
gl 6 groasdinllg dypoull asle Ul

634

Innovation Factory Limited ol5.2018 plc (.6
(SIB” ouy @usill Lailggll 2036 Gubi pobliy
Jluo JU5 go Jolsll Jgoo gag "dypbsll dlosll
MIP. 2021) 15551 (s20 awolip 6pdaleoll aiall
lgule opoillg dyphdll dlosll puwo Gubill g50u9
Jall 13m gl8g .53l wailgll ol8 plasiwl 5pa0y
ol asledl (sg5 plauiill pus Jauiy Ules
pgiungns e blasll g0 gull ;6 groadiallg
@Ghell days e woyeill o pgixdai JUS go
loaic gl dolell g4lodll 6 ygig4y loaic d)asill
Joiy el S asle il .pgllgol ac ] ggalisy
spball dlosll belyb Jio (sp5l Wljso Lle Gubill
Joidl Ll aslall gga Josllg leall cisgll 6
Gubill pgéuw éloell LWLuisl 5pa0ug . Cuipiildl
dyjell guiell Jloll dousd paiiuall 100
aasill §lygil suaalljlanll pog .asjulaillg
Gubi pgbi acay 8L (a0 polip pls .aypbsll
asls] wiljro 2o "alasl {gyls" oo awilil dsuuill
lo>laxiq 62s32Jl dyasill Gljgdl g wopeill Jio
269 .aajall @ljglll LOLLISI 6jao JUisl Wb (sp2ug
Obuilo a6eg jud) wilegoao (520 j5p0 LoD
Lo

gispaall jgil
551l Joso
200l jlgal
(S0 j5)0



Ulléoll pyasil angico 6gcd 3lai

19 2=l

Slino vlilléo puii 13Lol

igigll Lojno buulg; lgiugsg "3lai" Jypui pi

cguball duuillg Ciipiigll pe cilygall 3sgall

:6)Uj o1 (d5)Liro piasil
https://nafath.mada.org.qa/submit-your-paper/

ol 6pisluo lglluy] pSisoy gl

ti9HSI Ul 2yl e Gaypo0ll

innovation@mada.org.qa

jlaj
19 ba=]l

dnqiQo 6gcD
S UlEoll pyssil

il (pynail ablall dglgisil Jglall  +
aunadiul Kiloaallg ilaiiallg

cilinlg 4l gaallg asall asopll polic
a5l

gl Gl slail e

doloiwl 3leil 4oy dild (Guw Lo ] aolo UL

Jpall G Jilwyg Lis Wileslpog dold wijlan)

droy26il Popellg wilgaillg wilpaigall Jio) wilillelg
Gl aolpg jilgallg asliallg puleillg o)leallg
Glwbudl Jgo JUall Juw le) wilaleillg (623321

(6322l wilspdill gl

plaiiwml dlggug 3laill Jlao 6 dulol dxiay
Biléall piil u.uu.uJI Ulogleoll jano ,J_‘).uug
3Laill Jlao 6 Wljlsillg Glalaidl éiasi Jgo
Ja4.0i) CUnidlg Cilogleoll Liaglgisi I
gl b groadiollg dsleyl g3 golauisll
dyaginllig daybill digaul Ll "3lai" j5)ig

oll asld)] draglgisdill deubll Ul duyyaillg
alasll a5)lirollg Jalall 3laill Jolisi il wlli
.tilogleoll 20is0 (6 jriblgoll 2102]

alnll vil3 gudlgall
(giiolio a5 1l dagall sulgalla Lulgall Josts
(100l U Jlindl s le) "3lai" 6

Sleill dugrogill gsolall o

Sleill ablall wllil

.Jua=illg Lausill aulsll cilgalgll o

bjjmallg dyadl a5 41/ JBodl baglgisi e

.acqiiall 6aclurall Loglgisill iléubi e

ngbill Lullwlg &nglgisill dyjlasall Gidl
cilogleall nglgidi I slaill cilgaig
lnillg

ailso| le wujaillg pyleillg Joludl apanill e
Alaill

ajaiq plaailwll dgguug sloil duilbo| ousi e
pariusall

Jalog 6p4irall 6acbuwall vililg cilsubil
ilnillg wlogleall loglgidd Il slaill

.osbgill

gl 6 uoadionllg jlenl) 63320 Wlatoni o
delizall cilsledl (595 plubllg

Oljleiwlg ilbiog 6jgalg &oglgisill Jolall ¢
B2y20l Jelaill



jloj
IA b=l

| € asanll

(593 Lkl i o Cipiil
-0+0925.0llg dsynull dslc Ul

€1 aranll PE daranll

sl Jilp gy slaill 6p4ixoll Jglall
s30 30 23goll Ciloglooll Liaglgisi I

5110 (05) )90 vicllall 6 Gllilig
Ayyell asbioll Lo dyoyl dasledl $g3
oloie Lol Jabgadalle

Josll dolul saigall dilall

Fr dadanll

Thinkerbell) il Jujdis
plaill pcal jlga Joi (Annie
pllall 6 Julp dadybl ilall

"= 520 8jily e jil
e jjlwagw

9ng3 b.u;.?_u.ul.:.u
200l jugaw

rq daanll

iligigyl dobill asslpo
PBLLII 62cluwol 66giall
‘ynyl d8lel g3

A dosnll

m“ I - 'I --I II BJB
peal 33 Jlgd Gubi
oyl aslell sg golsub Dl

Ji a0 aolip go pcay -

yissyall jol
200 jlgud

jlaj
A ba=]l

ciliginoll



sloj

djapy @jg3 @ “5lai”
aypell grialll a0 j5)0
rgul @il g5 ajulaidlig
J3po §93il Lo2gi

Jgo uuigll ciloglaoll
dljllislig wilgagill Ciaol
Loglgisi slai Jloo 0
Clloillg Gilogleoll
635Li5 l>jgs o BUbilg
bLui pllell pe cilogleoll
Josll Ll cgnll lai duyga
2o o5 pi (3l 3l
6auljioll bbbl duli

3lai Ciloasg Jols Lle
Ulogleoll Loglgisi
Loglgisillg Cillnillg
1hé 6 6acluall

pllallg duell ashiollg

® | o® NI ®
coll mmnmae o
Rl o &

'-%DT

i4

p Py

0 Culi ple 26 Gil3 dols duwdo ga "s20” jSp0
cliyg drosyll dulgounll Gileo aubgil 6j5L05 M- 1+ ple
$93 - awoubgll 2gidll (s9il Sleill Jils (,29)gisi 2oido

1o pgill (530 aupl 269 .guull 6 Je028iallg ddle ]
pllall o aypell aslil osyl slaill o juiodl

gl gysai e apayilyiul Cilsls e jSp0ll Jos,
2oiaallg dsléill glhdg Jolull puleill gland auleill

Ollbillg dlogleall baglgids JUs o Jgouw sl punyl

peag clSpill Ailjas eliy JUS go ell5 jSp0ll Géaug
3laill algall juleoll (§og durosyl Kilbioll slaiclg pgbi
Jalo 22c 63bjg cqll 20)9 Oljbuiwdl pya8ig ol
g a0 2olip He awyll a2ll 6acbuoll Lioglgisill
dslc Ul (sgd PLULII a8)lival ppall §6145 ubail vllag
asyll gaizall b gull b gt0adiallg

5lei dwui (ibgll apenll e (sa30 j510 G0
ole Lol .duogsall dyigyisyl gslgall I 79-
Jodll j5p0ll )b Cu860 266 o=l uenll
aByll 3laill Ggao pudi piigo Bbg

agyl
Loglgisi 3lai axlsol gpmal”
pllellg phs o willoilg vilogleall

abuwpl

aguéll (593 LIl 210 (52 dioldll Wililbodl Gubl”
JJL‘) 0o - gul 6 Juoasiallg dslell (595 - duaubgll
3181l ablsll awes i Cilniall pg]:u pcaqg Jljasll cli

vvvv v
QW.

N«

09Jo0ll
s)gniall lgo
osaill le L,JLol
ul.QLC LOJJJJI

Orolpoll divo
Pl il

cgbwll 2000 diol
JoJl dolwl
Spal gbpil
Sl dl.().:) Lle
Saigall 200l ailall

ggoabuall
Sissya0l o
200l jluga

S iS5 2000
913 il
Sl 200l
Sadgoll ailall
ul.QLC LOJJJJI
Jo=l éobwl

30 g0
19 p5) 2=l
r-rr ply

ISSN (online): 2789-9152
ISSN (print): 2789-9144

aclibll 6olcl ubg:lg bgonll plnuul éolcl

093y UI byiy . pguj g9y slgall 03g) oAl gI o=l pladiwdl 20w .2ua0l) dslio dlao o2 Slai”
SJadll dnanll uo UJ.DJ.” Jo=l Jol4ll UuLu.o.IJIg JISLuJ_l.” l3m gank (2 all wals pe (1 :plaalwll 128
U.L.ng.oJJg.m.w l_ljl.l.”l_ojbjll_ll.OJDglulD.LLou.D(Sl(:LC(SJO}ﬁj.OCLOJLD.O(_,“g.QlJJJ 3gc|3_ou|U.o
Jlewll 158 jgby UI byiw . g3l g3 ags dolll Lugll palgd L™ slai" go dguboll daudl puds 0gilspug
@ lgolasiwl Jousall daudll o] .6jguiall dauwdll go Jadll dnanll e ‘J.LDJ.” Jo=l) Joldll yulisllg
J_Lo @0 6jguuiodl ddudl gu ¢4lg .deolpall 2y aiblyisl asld U calgall dJ.O oo lgi=alpo Cuai Ul dduwill
https //nafath. :8)Lj (op . uLogl_v.o.ll 00 ujol .lgduuiig LE)]J}JJQ lg616231y j5all plb ,_,JJIg S20 j510

gl ayyloi plyed slgall 03a pii 6ale] / dclib éalel g3l e (s20 jSp0 go Jg.l:m]l woy .mada. org.qa
.2jgil 6olc| gI 2ull 65le ) 62520 dLn.cI cbuil gI gy gI auleo

O\

‘é% TR
G B

i

CC BY-NC-ND 4.0 oud)i pbp (520 j410 g0 2021 ©3lai

@ anz)

Flamr@) | [F~=@

@OSG




Thinkerbell Annie ol Jilp algs
ile> Jol il dupsiy (3.0 30 32gall

113l aleill acal JAio (ab) 2)g0
TSSN 0278-9914 5 pllell 0 iy asybl Jilp asub olei pjeil
.“ . 0 (53.0 6leD'(JJ.Cij_ a.}‘”‘&” - .. . I(Jb
“H ‘H““H | . |
o 7702781591447 e



