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ABSTRACT

This paper presents a morphological processing system as a
part of arabic text to arabic sign language machine translation
system. This morphological processing depends on Farasa
analyzer tool, Stanford model and Arramooz lexicon. The
characteristics of sign language are achieved to get
intermediate arabic sign language sentences. Then these
sentences are searched in a sign language dictionary word by
word to display the related signs images if available, or to
display letters of word using finger spelling alphabet images.
The proposed system is tested on many non-vowelized arabic
sentences, and good results and high accuracy are obtained.
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1. INTRODUCTION

Sign language is the native language of the deaf. The presence
of translators from and into sign language is important to
ensure communication between deaf and normal people.
Machine translation between natural languages has been and
remains a major challenge for researchers in the field of
natural language processing and machine translation. This
challenge increases when the source language and the target
language are not identical at the syntactic and morphology
levels [1].

Arabic language is very rich in morphological and syntactic
structures. Each word in arabic has a certain pattern and
morpheme parts which distinct words from each other. Arabic
derivational and declension processes allow a wide range of
verbs and nouns variation [2], Arabic linguistic resources are
computerized as Arramooz lexicon [3], Almaany dictionary
[4], and Azhary lexical ontology [5].

Arabic sign language is basically manual language, it has
special structure and semantic features. Arabic sign language
is made by combination of manual features as hands shape,
position of hands in relation to body, directions of hands
within space, and non-manual features, like face expression,
mouth, and tongue movement[6].The vocabulary in arabic
sign language is few and limited comparing with standard
arabic. Unified Arabic Sign Dictionary contains 1500 sign in
2001, then 1,600 sign is added in 2007, so arabic sign
language is still in developmental stages and many efforts are
done to standardize it in arabic world [7].

A prototype of arabic sign language translation system is
designed in [8] using example based EBMT approach,
morphological processing and root extractor are added in this
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system for getting syntactic and semantic information in order
to increase the accuracy of the system and overcome the
limitation of small corpus.

A first version of machine translation system ATLASLang
MTS 1 is presented in [9] based on rule-based Interlingua and
example-based approaches, the system uses SAFAR Platform
and ALKHALIL morph to extract the morphological
properties of each word of the input sentence, then it
generates a video sequence representing the sentence in arabic
sign language, the input of the system must be completely
vowelized.

An intelligent system to translate arabic natural language to
arabic sign language is designed in [10] based on knowledge
base and image processing, the knowledge base solves the
problem of few number of words in the arabic sign dictionary
compared with words in arabic language dictionaries.

Moreover morphological analysis is used in several
applications as machine translation [11], Search Engine [12].

Researchers in the field of natural language processing has
interested on designing morphological and syntactical
analyzers to use them in improving the performance of natural
language processing tasks [13][14]. Farasa is a fast and
accurate arabic morphological analyzer tool depends on
SVM-rank using linear kernels [15], Farasa tool has the ability
of segmentation, part speech tagging, lemmatization, named
entity recognition, and parser [16], the Stanford CoreNLP
toolkit, an extensible pipeline that provides core natural
language analysis is described in [17]. Stanford CoreNLP
toolkit has analysis components supported for arabic like
Tokenize, Sentence Splitter, POS tagger, Regex NER, Parser
[18].

This paper is organized in the following sections, section 2
shows the characteristic of arabic sign language, and section 3
presents importance of the morphological search, whereas
section 4 displays the architecture of proposed arabic sign
language machine translation system and explains the design
of morphological processing, and section 5 illustrates the
results and comparison.

2. CHARACTERISTIC OF ARABIC
SIGN LANGUAGE

Arabic sign language has a specific syntactic and
morphological structures comparing with other languages. For
example, the subject precedes the verb, and the most
important word comes in the beginning of the sentence like
adverbial of time and question keywords. Also, the
preposition is not considered to be a syntactic component of
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the sign sentence, because the prepositions are implicitly
understood by the movement of the sign. Tablel shows
several syntactic structures of the sentence in arabic sign
language.

On the other hand, many morphological forms in arabic sign
language are indicated by special signs, for example plural
form is expressed by the sign of the word " a lot" "_S", a
human feminine is expressed by the sign of the word "girl"

" e

<) and a dual form is indicated with the sign of the word
"two" "O\EI" also the tenses of the verb are presented with
special signs as the sign of the word "finish" " ¢4 for the
past verb, the sign of the word "now" "OYI for the present

verb and the sign of the word "after” "=" for the future verb.
Table 2 shows examples of these morphological forms in
arabic sign language.

Table 1. Syntactic structures of the sentence in arabic sign
language

Arabic Sign

No. Arabic Language Language

1 Verb+ Subject+ Object | Subject+ Verb+ Object

2 | Verb+ Subject+ Adjective Subject+ Adjective+
Verb

3 Verb+ Subject+ Object+ Subject+ Verb+
Adjective Object+ Adjective

4 Verb+ Subject+ adverbial adverbial of time +

of time Subject+ Verb

5 Why+ Verb+ Subject+ ? + Subject+ Verb+
Object+? Object+ "reason”

6 Where + Verb+ Subject+ | ? + "place” + Subject+

Object+? Verb+ Object

Verb+ subject+
7 preposition+ noun after
preposition

Subject+ verb +noun
after preposition

Table 2. Examples of morphological forms in Arabic sign
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RS H " ES! N masculine
tow worker worker+ tow
6 dual
noywl_cn "QL'{S\" +uJAL°n
"Jand work+ now
7 ) present verb
WOI‘kS va\J\lv+ nJAr_u
attended attend + finish
8 past verb
n P " "As@jﬂ + P "

language
. Arabic sign Morphological
No. |Arabic word g n g
language word form
manager manager + girl o
1 human feminine
”3).4.34" "ul\.'\g"-‘r"):\dax"
worker+ girl+ a lot regular
workers
2 S HI e plural human
nJ:‘::‘Sn femlnlne
\ library library inhuman
L Wi feminine
A books book+ a lot irregular plural
" sgn " ECT masculine
5 farmers farmer + a lot regular plural

3. IMPORTANCE OF THE

MORPHOLOGICAL SEARCH

Algorithms of the Morphological search depend on the
morphological analysis of the words [11] [19].

Sign language dictionary contains the signs of the words as
images, the arabic words which have the same lemma is
indicated by the same image, so the arabic sentences need
arabic morphological processing for getting the lemma of the
arabic words. For instance, the sign of arabic word "worker"
"dale" js the same sign of the words "workers" "(jslle",
"two workers" "OSle™ "the worker” "daldi”, “the workers™
m o slaladl miSlalall or “Jleadl”, 0 only one word have to be

found "worker" "Jsle" from morphological processing, then
this word will be searched from arabic sign dictionary.

4. ARCHITECTURE OF THE
PROPOSED ARABIC SIGN
LANGUAGE MACHINE
TRANSLATION SYSTEM

Arabic sign language machine translation system is used for
converting text from arabic language (source language) into
images of arabic sign language (target language)
automatically. The implementing of this proposed system
needs two tasks of processing, these tasks are:

1- Syntactic processing: which is used in creating the
structure of the intermediate arabic sign language
sentences based on the syntactic structure of arabic
sentences and syntactic structure of arabic sign language
sentences.

2-  Morphological processing: which is used for achieving
morphological forms in arabic sign language, and doing
morphological search in arabic sign language dictionary.

So, when the arabic sentence is entered to system,
morphological processing using arabic lexicon is done, and
syntactical processing using syntactical templates will take
place, then intermediate arabic sign language sentence is
generated based on the combination results of morphological
processing and syntactical processing, finally, every word in
intermediate arabic sign language sentence is searched for in
arabic sign language dictionary to display related sign images.
Figure 1 shows the architecture of proposed arabic sign
language machine translation system.

This paper basically focuses on morphological processing task
by designing and implementing morphological processing
system which is described in the next paragraph.
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Fig 1: Architecture of the Arabic Sign Language Machine Translation System

4.1 Design and Implementation of
proposed Morphological Processing

System
Morphological processing system is essential part in arabic
sign language machine translation system, and it is word
based analysis. So, at first, the arabic sentence is split into
words, and every word is passed to all phases of the proposed
morphological system as shown in figure 2 as follows:

Input Arabic sentence

!

split Arabic sentence into
words

Determine the type of
the word

Extract the lemma of Identify plural
the word state
Syntactical F
P _| Identify human

Analyze Nominal word ¥ teminine state

Identify dual
state

4.1.1 Determining the type of the word:

The type of the word in arabic is a name, a verb or a character.
The names are distinguished from the verbs in arabic by
different patterns, prefixes and suffixes.

The distinguishing process between names and verbs is a
basic task to achieve the characteristics of words in the sign
language, such as plural, dualization, feminization, and the
tenses of the verb. Stanford POS tagger, the one of the most
popular and accurate Arabic Part Of Speech (POS), is used in
this stage as follows:

S=w0....wn

where, S is arabic sentence of n words, T is intermediate

Arabic sign language sentence of m words.

R1#: If posstanford(wi)={VBD} then type(wi) = past verb.

R2#: If posstanford(wi)={VBP} then type(wi) = present verb.

R3#' If posstanford(wi)—{VBN}and prefix(wi)={"ya" ', "ta"
<, "noon hamza" "'} then type(wi) = present verb.

Ra#: If posstanford(wi)={DTNN| NN| DTJJ|
DTNNS,JJ,NNS} then type(wi) = noun.

NNP|

Table 3 shows examples for determining the type of the arabic
words using Stanford POS tagger.

Table 3. Examples for determining the type of the word
using Stanford Part Of Speech model

I
|
|
|
I
|
I
|
I
:
Processing l !
|
|
|
|
|
I
|
I
|
1
|
1

A
Generating intermediate Arabic
sign language sentence

I

Search for word in Sign language
Dictionary

Fig 2: The phases of the design proposed morphological
system

Stanford Part of

Arabic Input Sentence Speech

The manager attended the party [VBD] [DTNN) |DTNN ]

»—-"-—-.

milaad) E)ﬁ.\aﬂ G pian

The workers help the human
"ol o shalall ae Lyt

VBP] |DTNNS DTNN

Aelew 55.,,1_.._5| ._._,'gl.

Pressure gauge device consists of
pipes
Melil (e Jarcall Gl el

IIINWIE
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The skull protects the brain

"¢ Ladll ananll ead

VEBP| IDTI}JNI bT[\Jn
and Fazanllg Laall

The two doctors treated the

children [veD] [DINN] DTNN
YY) Gl e Fle Gledallay 5

4.1.2 Extracting the lemma of the word:

Some verbal shifts occur in arabic when the verb is connected
with pronouns, for example "he came" "sla", "they came"
") 55" "l came" "<ia" and "he came back” "Je", "he comes

back" "as=" "we came back" "bac". Also, the forms of the
nouns are changed when the noun is singular, dual or plural or
when nouns are connected to pronouns. So the lemma of the
noun or the verb is extracted to get the basic form of the word
without any changes. In addition, the searching process in
arabic sign dictionary will be done depending on lemma of the
word.

Farasa lemmatization tool is used for extracting lemma of the
arabic word because it is accurate, whereas Stanford can not.
Table 4 shows some examples for extracting lemma of the
words.

Table 4. Examples for extracting the lemma of the words
using Farasa lemmatization tool
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"™ "waw noon” " "), and the word doesn't equal to the
lemma of the word.

R5#: if typestanford  (wi)=noun and (posstanford
={DTNNS|NNS} || posfarasa=P ) and suffix(wi) = { | & | Os
& |5 | <} and lemma(wi)# wi then number(wi)=plural
The second rule R6 adds a condition to the plural word that

the word without "al" "JI" is must be a broken plural in
Arramooz.

R6#: if  typestanford (wi) =noun and (posstanford =
{DTNNS|NNS} [ posfarasa=P) and

broken_pluralarramooz(wi  without "J") = true then
number(wi)= plural "&ea".
Table 5 shows examples for determining the plural form in

proposed system, Where the symbol (v') represents a correct
case and the symbol (x) is a false case.

Table 5. Determining the plural form in the proposed

Lemma of Words in Farasa Arabic Input Sentence

the manager attended the party

Mgaall s jpaall i pumat

attend, manager, party

"déh” n)._?Mu non

worker, help, human the workers help the human

nuu‘\n d‘\bu LRYS Pl "L'JL“".’Y‘ u)hu\ Achg"

pressure, gauge, consist, pipe

(oAl "l ‘IJLH" (A
"‘.—‘}:‘;‘i”

pressure gauge consists of pipes
"l (e araall Qi Sles cally

skull, protect, brain the skull protects the brain

”'th” ni aas " u&u n'&uj\ a aaa (] . an

the two doctors treated the

doctor, treat, child children

nj}u " " HGJL‘;H

"2Y Y lasdall e

4.1.3 Analysis of the nominal word:
The nominal word in this phase is analyzed to match one or
two forms of plural, dualization, and feminization.

1- identify of the plural form:

The plural form is obtained based on the Farasa tool and the
Stanford model for morphological analysis. Farasa is accurate
in determining irregular plural form (P) of the word. Stanford
is accurate in determining regular plural form (NNS, DTNNS)
of word, so the result of Stanford and Farasa analysis is
combined to determine the plural form of word that is
analyzed. Two rules are proposed to overcome the mistakes
that may occur when determining the morphological form of
word as a plural instead of a singular.

The first rule R5 adds a condition to the plural word that the

suffix of word is ("ya" ‘', "waw" '3, "alef ta" "< "ya noon"

system
plural
formin | plural ?‘:)urrrﬁl pm_d fg:'l:r:ailL
word b formin | = pose ST
arabic
Stanford| .. aca|  rule system
language
farmers rS?uur?Ir plural singula RS plural
"53| maseuline | (¥) | () )
workers relgmalr plural | plural RS plural
plura
"oslde" | masculine | (V) | (V) )
regular
writers plural singular | plural RS plural
"elgst | human | (x) | (V) )
feminine
lands | jrregular | Singular | plural R6 plural
" gl " plural (%) ) )
children irregular singular | plural R6 plural
nays | plural g (v) )
manager| | singular | plural RE R6 singular
singular ;
'S e (CONNINCY ™)
mad singular singula singular
singular r none

For example, in table 5 the word worker "¢ slle" is plural in
Stanford and singular in Farasa so the rule 4 determines it as
plural in the proposed system, because suffix is "waw noon"
"Os" and the word does not equal the lemma of it, workers
"Oskle” is not equal to worker "Jele”. Also the word
children "3¥ sl is singular in Stanford but plural in Farasa so
the rule 5 determines it as plural in proposed system because
the word is in Arramooz lexicon as irregular plural (broken
plural). The proposed rules are needed to limit the mistakes in
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a decision making of many cases, as the word manager

"8 " in spite of Farasa determines it as plural but it is not.
If the word is not determined as plural in Farasa or Stanford

then the rules are not applied, as the word mad "' 52",

2- identify of the dual form:
Dual form is not supported in Stanford model, so the word is
determined as dual using Farasa tool, or by ensuring that the

suffix of the word is “alef noon" "0, and the word is not
equal to the lemma of it.

R7#:. If typestanford (wi)=noun and (posfarasa=D ||
(suffix(wi)= "0  and lemma(wi)# wi )) then
number(wi)=dual.

Table 6 shows examples for determining the dual case using
R7, where the symbol (v') represents a correct case and the
symbol (%) is a false case.

Table 6. Determining the dual form in the proposed

system
dual
form in proposed [dual form in
word ) (_1ur|:1:| form proposed
arabic |nFarasa)  ryle system
language
two dual dual
workers dual R7
"vah‘—" (\/) (‘/)
two ]
singular dual
Painters dual R7 L,
X
ey () )
Thirsty ) singular singular
. singular R7
"k ) )
brightness| singular singular
singular R7
"adl” ) )

For example, in table 6 the first word two workers "o>le" is
determined by Farasa tool as dual, but the word two painters
"olls s is determined as dual because the suffix is an "o
and the word "Ulebs " is not equal to the lemma of word

painter "abw ", but in the rest examples, the result of the rule
is false because the words and the lemma of them are the
same.

Notice that the dual in the case of accusative and genitive is
ignored because the case markers are the same in the plural
and the dual and it cannot distinguish from each other
without vowels.

3- identify of the human feminine form:
The following rules are proposed to find the form of
femininity and to distinguish the human feminine form.

R8#: If typestanfora (Wi) =noun and suffix (wi) ='s' then genderl
(wi) = feminine.

R9#: If genderl (wi)= feminine and feminable_value,y amoos
(wi without '3) =Ta then gender(wi)= is human
feminine

Every word in Arramooz lexicon has many properties, one of
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them is "feminable", the value of the "feminable" property is
Ta when the feminine is human and the value is "Ta" with
double quotation for feminine which is not human like animal,
or the value is blank for words which has the letter ' &' as a
basic letter. Some words has to be vowelized to distinguish it
as human feminine or not like Syrian women "4 s« and the
country Syria "4, Table 7 shows examples for
determining human feminine form of the word and comparing
results of the proposed rules with Farasa tool results.

Table 7. Determining the human feminine formin
proposed system

human o
feminine | human Pro uman
feminine - feminine
formin _
word . formin posed formin
arabic rule proposed
Farasa system
language

schoolgirl |  human

RIXI feminine feminine |R8, R9|human feminine

manager
human Masculine |R8, R9| human feminine

" e feminine
skull non-human - non-human
L feminine |R8, R9 L
"anaa feminine feminine
bird
non-human - non-human
. feminine |R8, R9 L
" aact | feminine feminine

4.2 Syntactic Processing:

Syntactical processing is done in previous works at the level
of sentence structure. The syntactic processing studies the
structure of arabic sentences, and the structure of arabic sign
language. many researches utilized the syntactic processing
and needed morphological analysis for translation as in [20],
which used colored petri net (CPN) in the transformation
stage from the grammatical components of the arabic sentence
(the source), to the intermediate structure of the grammatical
components of the arabic sign language sentence (target
language).

4.3 Generating Intermediate Arabic Sign
Language:
The generating of the intermediate arabic sign language
sentences need to combine the results of the morphological
and syntactic processing systems. The arabic input sentence is
split into words, each word is processed and the output of
morphological processing is arranged according to output of
syntactic processing which is the grammatical structure of the
sentence in arabic intermediate sign language. Table 8 shows
examples of combination the results of morphological and
syntactical processing to generate intermediate arabic sign
language sentence.

R10#: If type(wi) = present verb then tj=lemma(wi)+ "now"
uoiy‘u

R11#: If type(wi) = past verb then tj=lemma(wi)+ "finish"
v

R12#: If gender2(wi)= is human feminine then
ti=lemma(wi)+"girl" "<

R13#: If number(wi)= plural then tj=lemma(wi)+ "a lot"
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R14#: If number(wi)=dual then tj=lemma(wi)+"two" "o\l"

where wi € W and ti € T.

Table 8. Generating intermediate arabic sign language

Output
Arabic
Intermediate
sign sentence

Input Result of Result of
Arabic syntactical | morphological
sentence processing processing

"attends"

verb + subject| € "t
+object> "attend" "finish"

n it LN

the manager [SUDJeCt + verb+ e T =20 anager girl
attends the object attend finish
party +f°b +d’3 "the manager" party
5l & pan 4 Jsrde & "5l eaa iy
"alial) < "manager""girl" | " el
"LLL.L.I” "‘)f-\‘“"
+J=d +Jeld”
14y J gria "the party"
npartynénw‘u
":ﬂé;"

4.4 Searching in Arabic Sign Language
Dictionary:

There are no digital dictionaries available for arabic sign
language. Building digital arabic sign dictionary needs long
time, effort and experience. A digital sign language dictionary
is constructed by mapping the lemma of arabic word with the
related image of the sign, jpg picture is used and they are
obtained from Unified Arabic Sign Dictionary hardcopy.
There is a concept of phrase in arabic sign language
dictionary, the phrase consists of two or three words and it is
indicated with one sign image.

The searching process of each word of intermediate arabic
sign language sentence in the digital arabic sign language
dictionary will be done as follows:

1) The word is not available in the dictionary: the word is
divided into its constituent letters and the corresponding
sign image of letters are displayed.

2) The word is available in the dictionary: check the
matching's number and the search for phrase is tested.

4.4.1 Search Algorithm in Arabic Sign Language
Dictionary:

When the searching process for the arabic word in the sign

dictionary is done, there are two cases:

1) The first case:

- The word is found in one match, then the count of
words in this match is checked.

- The count of words is one then the sign image of the
word is displayed, else, the second and third word
are searched for.

2) The second case:

- The word is found in more than one match, then the
count of words for every match is checked.
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- The count of words is checked in all matches, then
the word is single/not phrase, or a part of phrase of
two or three words.

The algorithm steps is shown in figure 3.

searched
waord
available ?

Word is not in dictionary -
split into letter -Show images

Search for Next word of input

yes

isas the second
word in matchi

Search for the next word
In matching results

Word is nat phrase
Show image

Search for next word of
input

Word
s as the third word
in matching
results

phrase from tow words-
Show image

‘Search for next word+1
of input

phrase from three words-
Show image

Search for next word+2
input

>

Fig 3: Search Algorithm in Arabic Sign Language
Dictionary

For example, when the input text starts with the sentence
"pressure gauge device" "hia ud " and the word
device "Jlea" is searched in dictionary, three matches are
found.

1) "Device" "Ja", the count of the words =1. In this
match the count is one so it is not a phrase.

2) "Digestive system" "aagll Jea, the count of the
words=2 , so phrase of two words is tested, the first
word in match 2 is the same word in input sentence,
but the second word in the match 2 is not the same
word in input sentence, so it is not phrase of two
words.

3) Temperature measuring device ") sall (bl Slea )
the count of words=3, so phrase of three words is
checked, the second word in match 3 is the same of
the input sentence, but the third word of the match 3
is not the same third word in the input sentence, so
there is no phrase of three word.

4) "Pressure gauge device" "haall Ll Slean the
count of the words=3, so phrase of three words is
checked, the second word in match 4 is the same
word of the input sentence, and the third word in
match 4 is the same word in the input sentence, so it
is phrase of three word.

After passing all matches and displaying the sign image of the
phrase, moving to the next word in the input sentence is done.
The next word is the word+1 if searched word is not a phrase,
the word+2 if the searched word is identified as phrase of two
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words, and word+3 if the word is determined as phrase of
three words.

5. RESULTS AND COMPARISON

The proposed morphological system is applied to many non-
vowelized arabic sentences. The results are combined with the
results of the syntactic processing system in order to obtain
the intermediate arabic sign language sentences. Each word of
the intermediate arabic sign language sentence is searched in
the arabic sign language dictionary to display the related sign
images. The proposed system is implemented on a laptop with
a Core i5 2.50 GHZ processor and Windows10 operating
system, using java programming language. Stanford and
Farasa software are invoked as free jar files in the NetBeans
8.0.2 environment.

Examplel:

1) Input arabic sentence: The farmers implants the lands
"‘;@\JY\ u};w\ &_))',3"

2) The sentence is split into words The farmers "=l
implants "¢ »x" — the lands "=l YI".

3) Morphological processing:

- The type of words: Implants "g_x"is determined
by R2 as present verb because it is marked VBP in
Stanford. The farmers "oy and  the
lands" ==l YV are determined by R4 as noun
because they are marked DTNN and DTNNS in
Stanford.

- The lemma of words: The lemma of words are
"implant" "&J‘}", "fal’mer" "CM" and nlandn nubJ‘u

using Farasa.

- The nominal Analysis: the word the farmers
"ol js determined as plural by R5, and the
word the lands"=/_,Y1" is determined as plural by
R6.

4) Syntactic processing: the arabic sentence has a structure
of verb+ subject+ object, so it is transferred by previous
work to the structure of arabic sign language which is
subject+ verb + object.

5) Generating Integrated Arabic sign language: the
subject is generated by R12 as "farmer” "a lot " "z34& "
" K", verb is generated by R10 as “implant” "g )"
"now" "OY¥1" and object is generated by R13 as "land" "a
lot" "™ 18" S0 the output is generated "farmer a lot
implant now land a lot" " &S (il (¥ & 53 S 73N,

6) Search in Arabic sign language dictionary: the words
"the farmer" "z 3", "implant” "¢ LJ", "now" "Y1 are
found as one match and the count of word is one so each
word is not a phrase then the image is displayed, the
words "a lot" "_£8", "land" "ub)i" are not found in
dictionary so the images of the letters ('<, '& | ‘' ')
and (T, ", 'u=") are displayed.
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So the output arabic sign language is displayed as follows.

3 B
b Ry e S
"farmer" nC)\éu "a |Ot" "){?\S" "implant" ”t)j"

L

"now" "Y1

"a lot" "' s

“land" "oa=l"
Example2:

1) Input arabic sentence The doctor used a pressure
gauge in the clinic

"3alal) d darall Gl Slea Anall Claadiult

2) Output intermediate arabic sign language sentence:
Doctor girl use finish pressure gauge device clinic

5o Jadam (b len (g aa3) iy e

llusell ne:~-‘ \ll
nﬂ
o "p_ressure gauge o
nflnlshu ”gs@—ﬁ‘” dEVICE" L)“lﬁg )’L@A." ncllnlcn "3&1:\5"

"oz all

In comparing the results in this research with others [9][10], it
turns out that:

The topic T?;Z::gﬁnt research [9] research[10]
) non-vowelized vowelized some
The input vowelized
sentences sentences words
Farasa tool, | SAFAR Platform
used utilities|Stanford modell ang ALKHALIL Cone
NLP tools Arramooz morphological
lexicon system
morphological| ~ Stem - based -building
processing stemming,
methodology| gepends on |comparing resulted  knowledge
of Farasaand | Stem with pattern, base
morphologic Stanford and | and root-_based 10 solve a
al processing| Proposed rules stemming. number of
are designed Itto Using Arabic
improve results| ALKHALIL language
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morph for pre- problems
processing text .
-extracting
Using SAFAR to | stem by key
convert the output word

of analyzer from | processing
html to xml format

hur_nqn determine determine
feminine human  |determine feminine .
i feminine feminine
Processing
word transform
connected | transform the connected transform the
with pronoun| Word to the pronouns to word to the
lemma corresponding lemma

Processing separated ones

word based search| word based

search in | lemma based
or root based  |search or stem

dictionary search

search based search
lemma- type of lemma- stem
word-number-|  type of word-
morpho- ender-human | number- gender- gender-
logical cases g g number- the

feminine- the | the tense of verb

roper noun.
tense of verb prop

output arabic

sign . 2D animation .
static images . static images
language images
sentence

In according of table 9, the current system is easily suitable
for arabic users where the input of the system is non-
vowelized sentence, and more morphological features are
determined like human feminine. The current system depends
on Farasa and Stanford which give one result compared with
ALKHALIL which gives many results, or maybe doesn't give
any result. Lemma based search overcomes the root based
search because more than one word has the same root as
"martyr" "ued”, "witness" "Ld" and each of them has a
different sign image in the sign dictionary. Usually, most
dictionaries don't contain all forms of the words, so word
based search is often considered not useful.

6. CONCLUSION

In this paper, a morphological processing system is proposed
to achieve the characteristic of arabic sign language at the
level of word, this system is a part of the proposed arabic sign
language Machine translation system. The morphological
system extracts lemma of the arabic word, identifies the type
of word and determines the plural, dual and human feminine
morphological forms. Many rules are proposed to use with
Stanford model, Farasa tool and Arramooz lexicon, so the
system overcomes the limitations and the weakness of
morphological analyzers of the arabic language, i.e.,(inability
to contain all the advantages of the arabic language).

A digital sign language dictionary is constructed by mapping
the lemma of the arabic word with the related picture of the
sign because the lack of digital arabic sign language
dictionary.

The proposed search algorithm takes into account phrases in
sign language. Many non-vowelized arabic sentences have
been translated into arabic sign language with high accuracy
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and good performance.

This work provides a contribution to morphological analysis
development field of arabic language to suit the arabic sign
language.

Arabic sign language dictionary will be developed in future
work to display the signs by animation 3D avatar.
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