International Journal of Computer Applications (0975 — 8887)

Volume 92 — No.8, April 2014

Intelligent Arabic text to Arabic Sign Language
Translation for Easy Deaf Communication

A. E. E. El Alfi
Dept. of Computer Science
Faculty of Specific Education
Mansoura University, Egypt

ABSTRACT

This paper presents an intelligent system to translate Arabic
natural language to Arabic sign language based on knowledge
base and image processing. This system was designed to help
hearing impaired for improving their connection with hearing
world and acquiring new concepts. The system plays a role
for assisting teachers in sign language domain. Of the most
important problems in this task, is that the number of words in
the Arabic sign dictionary is very few compared with the
words found in the Arabic language dictionaries. To solve this
problem the proposed system includes a knowledge base to
solve a number of Arabic language problems (e.g synonyms,
inflectional, derivational, diacritical and plural).

Keywords: Deaf, Hearing Impaired, Arabic Sign
Language (ArSL), Arabic language, Knowledge Base,
Machine Translation, Interpretation.

1. INTRODUCTION

Sign language (SL) is the communication media for many
deaf people in many countries. According to the World
Federation of the deaf, 80% of deaf people are under educated
or illiterate [1]. Deaf people were facing many difficulties in
education and when communicating with other hearing
people[2]. This makes SL a very important communication
media for deaf [3]. There are differences in semantic and
syntax between the phonetic language and the sign
language[4].

Arabic language morphology is much richer than English[5].
Avrabic language is considered as the most category complex
natural language [6]. This makes it more complicated in the
process of automatic processing.

Most of prominent targets for schools of hearing impaired
education in Egypt are helping deaf students identify
environment [7].

By combining a specific hand shape, palm orientation, and
movement in a particular location, one makes
a sign [8]. However SL is considered as the native language
for deaf [9]. Arabic Sign Language (ArSL) is used in Arab
countries. The unified Arab sign dictionary has been launched
for the deaf in two parts in February 2007. It includes 1600
sign [10]. Arabic sign language is used approximately by
3,000,000 deaf in Egypt [11].

Deaf need interpreters to communicate with hearing people.
They depend on interpreters for access to information.
Interpreters were used to acquire the linguistic and cultural
knowledge which underpins their professional skills [12].
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Translation into ArSL faces several problems. They can be
stated as follows;

e Lack of linguistic studies on ArSL, especially in regard
to grammar and structure.

e Large size of the translation corpus while building an
ArSL translation system.

e  Representing output sign sentences [13] .

Finding a way to evaluate any SL translation system
output [14].

Translation of text language into sign language is an important
issue that many researchers have worked on. Masaaki Tokuda
and Manabu Okumura had presented a prototype for
translation named "SYUWAN" which translates Japanese into
Japanese sign language. SYUWAN applies several
techniques to find a similar word from a Japanese dictionary
and substitutes this word for the original word [15]. However
this system doesn't support the Arabic language. Srisavakon
Dangsaart et al presented an Intelligent Thai text — Thai sign
translation for language learning (IT2STL) [9]. In the
translation process, the distinction between Thai text and Thai
sign language in both grammar and vocabulary are concerned
in each processing step to ensure the accuracy of translation.
However, the grammar of Thai language is highly deferent
from grammar's Arabic language.

Luis Fernando et. al had presented a system to translate
Spanish language into Spanish sign language. The system
presented a technique for creating a new language model
based on statistical machine translation [16].

A translation system for Arabic sign language was developed
by Abdul Aziz et. al [17]. They presented a machine
translation system for translating text into ArSL. The system
has two phases. Phase 1 is run only once; it pre-compiles the
chunks and their associated signs. Phase 2 is the actual
translation system that converts Arabic input into ArSL
output. However, this work was implemented by using the
output in conjunction with the distance. Although, Google
was announced at the end of 2011 about Google tashkeel
service was stopped. Ameera M. Almasoud and Hend S. Al-
Khalifa presented a system for translating Arabic text to ArSL
in the jurisprudence of prayer domain. The system is
composed of a set of processes, namely: morphological
analysis, grammatical transformation and semantic
translation[3].  However; that work was considered as
ontology work and not application. ArSL systems were
presented to translate word by word, [18-22]. However; they
didn't consider the semantics of the translated sentence or the
translation rules of Arabic text to ArSL.
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This paper presents a proposed system for translating Arabic
text to ArSL . It is based on a knowledge base to solve a
number of Arabic language problems such as synonyms,
inflectional, derivational, diacritical, and plural. Also the
system includes finger spelling translation to overcome the
problem of words didn't exist in the database. In general, this
system aims to translation from Arabic language to ArSL for
improving the communication between deaf and hearing
people.

This paper is organized as follows; section 1 is the
introduction, section 2 the proposed system architecture,
section 3 explains the system description, section 4 presents
the experimental, results , finally section 5 includes
conclusion and future work.

Difficulties in ArSL

ArSL differs from Arabic language and other spoken
languages, in its own lexicon and grammar rules. ArSL

is similar to other world sign languages in that they are
basically spatial-gestural languages. This makes it difficult to
compare sign languages with their spoken counterparts.
Arabic in this regard is not an exception. As a matter of fact,
many concepts used to describe spoken languages are
inadequate for the description of sign languages. Nevertheless,
inevitably, one system should be mapped practically into the
other [23]. There is no singular, dual, or plural agreement in
ArSL signed sentences, as shown in table 1. In Arabic
language, many nouns are countable, but it does not in ArSL.
For example the word "cUS" are expressed in sign language
by two words; "<\S" and then sign of the number "gll", in
order to denote the dual.

Table 1 Combination in ArSL

No | Arabic language | ArSL syntax
syntax
1 Singular Singular agree
2 Dual Singular+ 2 Doesn't
agree
3 Plural Singular +3 Doesn't
agree

On the other hand, ArSL does not make use of tense aspect as
in spoken and written varieties. Tense in ArSL is simply and
practically used. Past, present, and future tenses are indicated
at the beginnings of conversation chunks and only shifted
when there is a need to indicate a different tense. Negatives
and interrogatives have more than one way of expression.
While in some cases no manual as for other grammatical
features like emphasis and adverb position. Emphasis is done
by repetition, longer signing time, facial expressions, and
dramatization. Adverbs are explained manually, by one hand’s
position in relation to the other. Other features, such as
passivation, and declension, are nonexistent. Conditional
expressions, sentence boundaries, and turn taking are usually
achieved by nominal features of facial expressions and
context[24]. Table 2 shows some syntax differences between
Avrabic language and ArSL.
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Table 2 Some differences between Arabic

language and ArSL
No | Arabic syntax ArSL syntax
1 S+V S+V
2 V+S S+V
3 | S+P S+P
4 | S+V+0O S +0O+V

5 S+ V+0 (Adj, Adv) S+ 0 +V (Adj, Adv)

6 S+P + (Adj, Adv) S+P +(Adj ,Adv)

7 | S+V+Pr S+V

8 V+0 Oo+Vv

Where; Subject (S), Verb (V), Object (O), Predicate (P),
Adjective (Adj), Adverb (Adv), and Pronoun (Pr).

Sentence structure in SL is simultaneous with a parallel
temporal and spatial configuration while language is linear;
one word followed by another [10]. The structure of Arabic
sentence is divided into two types of sentences. Generally, it
contains Subject, Verb, Object and Predicate, in a sequence
that differs from ArSL as shown in table 2. Sometimes, the
Arabic sentence structure starts with subject and sometimes
starts with verb. However it is preferable to begin the ArSL
sentence with subject, such as:

" laall (8 (a0 elacly aladl Q8 0
is translated into:
Mlia (s aleall

The ordering of a negative sentence of ArSL is not similar to
the sentence in Arabic language. Additionally translation of
adjective can be done either by using the adjective sign
directly (if it exist in the dictionary), or by using negation of

an equivalent negative verb to the adjective. For example the
word such as "slg" does not need to be the word %" as
shown in Table 3.

Table 3 Negative sentence [9]

Arabic syntax ArSL syntax
1 Neg + V V + Neg
5 S+Neg+V+0 O+ S+V+Neg
3 S+Neg+V S+V + Neg
4 Neg + (Adj, Adv) (Adj, Adv) + Neg
5 Adj V + Neg
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2. THE PROPOSED SYSTEM
ARCHITECTURE

The goal of this system is build a knowledge base for the
translation of Arabic text into ArSL for making the
communication between deaf and normal people simple, easy,
and flexible.

The architecture of the intelligent system for translating
Avrabic text sentence into ArSL is shown in figure 1.

The translation is performed by four main stages: The parser,
Intelligent text treatment, sign-code selection, and sign image
retrieval.
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Figure 1 flowchart for translating Arabic sentence into Arabic sign language
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3. SYSTEM DESCRIPTION

The details description of the proposed system is discussed in
the following section.

3.1 The parser

It receives input in the form of sequential text and breaks it up
into parts (for example, the nouns (objects), verbs (methods),
and their attributes or options) that can be managed by other
programming [25-26].

The input text is divided into a sequence (SQ) of words; w1,
W2, ... wn.

R #: Divided the sentence into several words.

R #: Analysis of the word to several letters.

3.2 Intelligent text treatment

Some of the problems that deal with natural language
interpretation (writing style, vocabulary, spelling, synonyms,
derivational and other things) are formulated in knowledge
base. Some of the rules can be stated as follows;

3.2.1 Rules to delete special characters
Arabic language contains some special characters that do not
affect the meaning of a sentence such as

(&, *%,1,%,,,8,@,2,:, " #, ... ).
So some rules are derived to delete these special characters.

3.2.2 Rules to delete stop words

Stop words are very common words that appear in the text to
carry little meaning. They serve only a syntactic function but
don’t indicate subject matter [27].

So the system has to delete the stop words in order to focus on
the core content within text.

Stop words such as:

SO R D RV N R Y R X< R R i
SN R XS R I R ) R PR PRV R DV
I —sb—Ll— ué_m,(,‘-_)su Al — SEY

#: IF the word is not important such as:
" Malae — Al — AL Sl B - s

THEN delete it from the sentence.

R#: IF the word indicates plural, such as:
— Osimaall - o g pan - Gy pras - Ol as — G5 pae }
{a;M\—OﬁM\-QQM\
THEN place it in one group and strip offit to their origin.
R#: IF the word is the relative pronouns such as:
BT\ i e g i A R Y
THEN delete it.

R#: If the word is one of demonstrative pronouns , such as:
SV PN PSRN PP SRR PE RSP PN YN E LY ) §
{ oSl — LSl -l - ila
THEN delete it.
R #: IF the word is
¥ G [ DX [ VS R VS RV R DV B
THEN delete it.

R #: IF the word is
{OS aSh) - Ll — LSl — &y — Wi
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THEN deleted.

R #: IF the word indicates advocated such as
{ad -l 3
THEN delete it.

R #: IF the word is ‘
{l-s-dl)
THEN delete it.

R #: IF the sentence contains two corresponding words,
THEN delete once.

R #: IF the word is" <" or some of her sisters was such as:
{Jba c@}u,e\‘)uc@éu ‘J\j\.‘a c«ﬂéﬁ\u«c‘).}u}

THEN delete it .

Although they affect the grammatical rules, but it does not

affect the meaning of the sentence.

3.2.3 Rules to retain exception words
Exception words are the words that change the sentence

meaning. Exception words such as
el Sale laele | s, 22, YV}

3.2.4 Rules for characters unification

Arabic language includes some letters that can be written
indifferent formats. This causes the complexity of the
programming process. Consequently one must unifies the
forms of the characters such as the following forms: Aleph
forms {!l]"‘"“!l‘!l‘!l‘!li!l} to ll‘!l‘ Haa forms {"_5"6"_3"} to "-b" ,
Uaa forms {"s"<"s"} to "s" and Hamza forms {"s"ts"<"s"}

to {c«}

R #: IF the word contains Hamza in different forms such as:

s e -5
Then substitute by "1,

3.2.5 Rules for spell checking

There are common word spelling errors that can be arisen

during deaf writing. The errors and their corrections errors

looks like:

ucujll’ "\’JL«" tO " \JA n , " :‘“‘)M n tO " :L:J:J.\A" , "5.-.\*\13 " ton ;\;‘Ahn
. "E‘)..."S.c" tO "Q‘)ﬁc n’ ucu-_;" tO

And so any other words needed to be checked.

3.2.6 Rules to unify synonyms
Avrabic language has rich derivative synonyms such as:
{dsene Jls> a0 Cila}
As well as verbs such as:
{osh, Gy Cam, o}

So the system solves this problem by doing a simple
dictionary for a number of equivalent synonyms in Arabic.

R#: IF word contain possessive pronouns such as:
Then strip off word to "<us",
R #: IF the abstract word has several synonyms such as:
(i - p - Bsh- dm- )
Then substitute the word by: " «=y".

R #: IF one word is member of the set :
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S (S S - S — ) S S LS LS i iKY
T Y IS PR < R < R < P
THEN Strip off it to the verb "<is ",
R #: IF the word indicates possessive pronouns such as:
{0 Ll el el - ped - gl - - 41}
THEN replace it with the verb "l

R #: IF the word indicat any adjective such as:

Sl elafic el Jadl Glaadi - Aauki - eyl - ey}
{oltaii sl - (lilagds

THEN strip off it into "Ll

3.2.7 Negative expressions
Arabic negation is the process that turns an affirmative
statement into its opposite denial, such as:
ol iy Jakall @

ol Goan Y Jalll e
There is a difference between the meanings of the two
sentences. The second sentence gives meaning opposite to the
first sentence.

R #: IF the word is member of:
{(‘)A‘“:“S 5LA ’L.)S b ej b y }
Then substitute the word by " "

Arabic languages used the negation ‘ma’ plus ‘sh' "Jik" for
negated word for  example  {U#,eW}  means
{ <=!¥} The words { Jieg e, Jilel} mean { ~0 ¥}, So
the system maintained and converts all negation expressions
to meaning " ¥ " too.

3.2.8 The expressions OR & AND
Arabic meaning of the expression including "s" for the OR
relation and " 5 " for the AND relation gives two different
meaning for example:
calll ol Lall o ys Jalall e

ol 5 elal iy Jakall e

First meaning expresses the OR logic choice between things
and while the second meaning to expresses the AND logic
combine between things, so this system retains the meaning of
each expression.

3.2.9 Retain pronouns
There are three pronouns in Arabic language such as:
first person, such as:

" s U
the second person such as:

R I VA R
the third person such as:

B
These types of words must be retained

3.2.10 General rules

There are also some difference between Arabic language and
the other language. Some of these differences can be treated
by the following rules:

R #: IF the word indicates names that refers number such as:

{ el bl — ol - &3 a6}
Then substite the numeric integer itself.
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R #: IF the word includes preposition and possessive
pronouns like  "liw jra"
THEN stripe it into " 4w ",

R#: IF the word is member of the following )
{dra, a8 05 JAs cay Sha}
THEN substite the word by " c&".

R #: IF the word is conjunction such as:
FUK, JE. LS| R [ VS P S N
THEN divide the sentence into simple sentences.

R #: IF words are consistent in drawing and differ in meaning,

such as: L
{ele e e}

THEN treat it according to its diacritical.

R #: IF the word indicates result such as: ‘

dal s dad - Wlo (S (S i3 — N o] e — 8-}
{13 Jal ge - elly

THEN divide the sentence into simple sentence.

R #: IF the word is member of: )
which indicate agreement{Jal— L - a3}
THEN replace it into "a=".

R #: IF the word indicates double such as " otat" or plural
such as "<l ali"

THEN the words as follows;
Single "3u5" plus a number 2 for double or number 3 for
plural.

Morphological Analyses

Avrabic language is based on root-pattern schemes. Using one
root, the language can generate tens or hundreds of words.
The roots have commonly three or four letters and in rarely
case five letters [28].

Arabic language has also high degree of ambiguity due to
missing of vowels and similarity among derivatives.
Analyzing words to their stems is more useful when dealing
with plural, dual, suffix, and prefix.

The studies [29-32] have reported method to stem by deleting
any prefixes and suffixes.

In order to get word stem the following steps will be done:
e Split the word into character.

e  Delete prefixes such as:
{w,5d8 & A, Jdé J< de,d }
e  Delete suffixes such as:
o bl s, b, 8 G, o, o, 08,0, 05}
e  Make pattern matching to get the stem.

The stem pattern is shown in table4. The pattern illustrates the
derivatives from the verb in Arabic language.
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Table 4 Sample of stem pattern

ID First | Scand | Third Forth Fifth terl-gfate
target
PL | <) | euxd | Qb | upbe | @b e
P2 | el | g | gl | g | gee e
P || e e | e | e ] e |

R #: IF the word is member of the template.
Then stem is the template target .
Ex : IF the word is member of :
{ e U pie U Qld U @ s UL}

Then stem is " x&"

3.3 Sign-code selection
Intelligent text treatment stage produces the words that match
its corresponding signs.

If the word does not have a corresponding sign then replace
this word by one of its synonyms that have a sign in the
database. If the word does not have a corresponding sign, then
use the finger spelling.

3.4 Sign image retrieval

The classification of digital image processing has three
distinct classes: low-level vision, intermediate-level vision
and high-level vision. High-level vision algorithms use
symbolic representations for both input and output [33].

The system in this process takes the previous results of
sentence arrangement and displays the corresponding sign
images from the image database. If the word does not have a
corresponding sign, then it will be represented by finger spell
as the following:

- Break word into characters.

- Recall the corresponding sign of characters.

4. EXPERIMENTAL RESULTS

The experiment was applied in the "Al-Amal Institute" for
teaching deaf at Damietta. The graphical user interface of the
proposed system is shown in Figure 2. This figure shows the
virtual sign keyboard and some buttons such as (Exit, Clear,
and Clear all).

The user enters the sentence in the text box. After s (he)
checks the button "Translate”. Then is the results of the
translation are displayed in the panel “Translation output ". .

The total number of selected signs is 137. These signs were
selected by three experts in domain. The total number of
Arabic sentences is 101.

Sample of translation results are shown in table5
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‘ Text box to enter Arabic text
Bosiwialon miom, 1 S

AR st AT b b PN

Translation
output
images

‘ — = = S
virtual B s Bas B B Sl S S
- il e b -l ) TE
Keyboard :
iy ! .. ¥ " .
= R(YTIA TS . B -
" - Yo} > oW 8
R
Opinions of / f
referees ‘ Clear ‘ ‘ Translate ‘ Clear All
Figure 2:The Graphical user interface of the proposed system
Table 5 Sample of translation results
No Arabic language Arabic sign language images representation
L el i ) A&_ M
2 il G i el S -‘LAI‘ L
Caia yad bl 03 ) skl JU
) P “.A&ﬂ@@*l
Az ya u\}m\}( i L) =

¢ System performance evolution

The system was tested by five interpreters in deaf domain
.Interpreters put their scores for each sentence translated based
on (correct sign representation ,transfer the correct meaning,
incorrectly translated word , and  correct grammar).

Table 6 Sample results of measurement

No. of
) Sentence Measurement
The performance evolution of the proposed system was based
on (accuracy , precision, recall, and F-measure )[ 9, 34]. —
Accuracy% | Precision% | Recall% | F.score%
Sample of results is shown in table 6.
1 90 80 100 88.8
2 90 60 100 75
3 100 100 100 100
4 90 60 100 75
Total
evaluation 96 88.3 100 97.7
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5. CONCLUSION AND FUTURE WORK

This work aimed to serve Arabic deaf for easy
communication. It is based on a knowledge base to solve a
number of Arabic language problems such as synonyms,
inflectional, derivational, diacritical, and plural. Also the
system includes finger spelling translation.

This system helps listeners to learn sign language easily and
allows deaf to develop their experiences. Authors are
currently working to build a translation system from Arabic

sign language into Arabic text through image recognition. In
addition developing a test for the user checks what gained
information.

The future work aims to integrate video processing and text
processing in order to get on line sign language translator
system.
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