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ABSTRACT

Natural Language Processing (NLP) Module for Arabic Text to Speech is introduced in this paper. It’s a
module from our integrated design for Arabic named as Holy Quran Based- Arabic Text to Speech (HQB-
ATTS). HQB-ATTS system is implemented using some Tajweed rules that are used in Standard Arabic.
Through this paper, new ideas are adopted and discussed in order to increase the quality of Arabic Text-to-
Speech (ATTS). The innovations that have been applied in NLP module are: the use of some of Tajweed
rules to build better letter to sound module, the combination of Arabic Prosody with allophone /syllables
slots is a new use for a technique supported the linguistic property for Arabic, and the quality evaluation for
the NLP module is performed in new method to proof the success for our hypothesis in comparison with
other up-to-date approaches. The results show that this HQB-ATTS approach can significantly enhance the
quality of the synthesized speech. The evaluation showed that this approach could produce a better
synthesized speeches’ quality than comparative ATTS synthesizers.

Keywords: Text to Speech (TTS), Natural Language Processing Module (NLP), Tajweed Rules, Prosody
Syllabification, Evaluation.

1. INTRODUCTION phonemes, morphologic and grammar in Arabic.
The researchers vary in introducing a completed
synthesizer, or specific in NLP module, or in DSP
module. All of them aim to improve the quality of
the Text-to-Speech (TTS) synthesizer depending
on the overall system or partitions. At the
beginning of 21™ century, the Arabic TTS became
an important field research [4]. This paper
introduces a novel approach for NLP module in

Although significant effort had been done in
ATTS in last decades, the produced Arabic
synthesis speech is still underestimated. The
understanding of the work had been done should
help in increasing the quality of this synthesis
speech. In more precise terms, a need for an

ov.erall study and details ones for ATTS are the area of the ATTS.

missed for researchers and need a huge work to

introduce it, such that better results can be 2. TEXT-TO-SPEECH SYNTHESIS
achieved in ATTS.

Simulating the articulatory of human speech TTS is the major framework of producing a
system with hardware machines was started in the voice from text. It is an automatic pipeline starting
18th century [1]. Passing through the discovery of from the text through grapheme to phoneme
electricity in the early 20th century, TTS systems (letter-to-sound) transcription of the sentence that
were developed by using it and became more ends with utters sounds [1] [3].

natural by allowing software approaches [2]. For
Arabic language in specific, it has become an
interesting field for few researches through
publishing the Speed Assessment Methods
Phonetic Alphabet (SAMPA) for Arabic in 1997
[2] [3]. Researches in Arabic TTS were done for
the syllables, diphones, di-diphones, phonetics,

The general block diagram for TTS synthesizers
is as shown in Figure 1. TTS synthesizer consists
of two main modules: the Natural Language
Processing (NLP) module and the Digital Signal
Processing (DSP) one. NLP module deals with the
conversion of the sentences from the text form into
the pronunciation one [5]. NLP could be
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composed of text analysis stage, Letter-to-Sound
(LTS) Module (called Grapheme-to-Phoneme
stage) and the prosody generation stage. DSP
module, is the next step follows the NLP module
that generates the speech. The input for DSP is the
symbolic linguistic units in the form of phonemes,
which are NLP outputs. DSP can be implemented

1EXLL0 speecin Syntnesizer

e N\

I | Speech

Text | |
| Prosody ,‘

Processing

Processing | |

mes L e

Figure 1: General TTS System [4]
using various methods such as Articulatory

Synthesis, Concatenating Synthesis and Formant
Synthesis [6].

Along with the recent increasing demand on
TTS application, many research works have been
accomplished in this area. The range of
applications for a TTS system varies from simple
to complex ones, such as: Aid to handicapped,
telecommunication services, language education,
man-machine communication, vocal monitoring
...ete. [1] [3] [6] [7].

3.  LINGUISTIC PROPERTIES FOR
ARABIC PHONETIC

Linguistics refers to the scientific study of
language including form, language meaning, and
language in context. The linguistic nature of
Arabic sounds must be fully understood in order
to implement these features in automatic systems.
The scope of this work concentrates on producing
high quality TTS synthesizers based on the
features included in pronunciation Standard
Arabic (SA). SA is chosen for this work because
it is the comprehensive class for all Arabic
worlds. In addition, some rules in Tajweed (53l
in Quran recitation can be applied in SA as well

[8].

The Arabic alphabet consists of 28 letters
known as Hijaiyah letters “Asilagll < a¥” The
Arabic alphabet is written from right to left and
there is no upper and lower case. There are
twenty-eight Arabic consonant sounds, twenty-six
of which are always consonants, but two (/w/:
waaw “s”, and /y/:yaa’ “¢”) are semivowels that
can be consonant or vowels depending on the
context and diacritic. Indeed, the linguistic nature
of these Arabic sounds must be understood in

order to implement these features in automat
systems. There are six vowels in Arabic (3 short
and 3 long). The short vowels are Fatha (),
Damma(), and Kasrah(). Arabic long vowels are
(alef “V’/a: /, waw “5” /u: /, and yaa“s” /i: /) [2]
[3].

Arabic language is considered as a regular
language with relatively few numbers of
exceptions. Therefore, the suggested method for
some Arabic researches is the rule-based method
[9]. Rule-based method is a set of pronunciation
rules that are applicable to words in order to
determine their pronunciations based on their
spelling [1].

Most research follow the theoretical proposals
of McCarthy [10], which handles the theoretical
challenges of Arabic morphological system poses
to traditional linear theories by proposing the
separation of the consonantal root and the
vocalism. The consonants and vowels are mapped
into the CV slots. The substitute of “c” refers to a
consonant and the “v” refers to short vowel and
the “vv” or “w” to long vowel. They can be
written in capital or small English letters. As an
example word “X” is presented in phonetic
transcription as SAMPA assessment is “Katab”,
and the CV template is "cv-cv-c". This
morphological analysis is used in syllabication [2]
[3] [9]. Syllabification templates in TTS
conversion are important because it helps in the
implementation of letter-to-phoneme
transcription, and it is essential in enhancing the
quality of speech produced by synthesizers [2]

[3].

In this research, the mentioned CV slots are
applied based on Prosody Science. Al-Khalil Ibn
Ahmad Al-Farahidi was the founder of Arabic
Prosody Science ((o=sal! ale [11]. His “Kitab al-
Ayn” was the first dictionary ever written for the
Arabic language. In his Al-Ayn book an
interesting definition for the smallest phonetic
unit, he called it syllable and it is either short (<)
or long (-). Arabic prosody which is the science
dealing with the patterns of sounds and rhythms in
poetry. In Arabic prosody, the meter is based on
syllables. The combination of Arabic Prosody
with syllables slots is a novel technique in our
research.

4. HOLY QURAN-BASED ARABIC
TEXT-TO-SPEECH

The Holy Quran-Based Arabic Text-to-Speech
(HQB-ATTS) approach is designed and
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implemented in our research aimed to increase the
quality of ATTS Synthesis. HQB-ATTS is
divided into two parts, the standard NLP module
and the standard DSP module. The input of the
HQB-ATTS system is a full diacritic Arabic text,
and the output from this system is an Arabic
synthesized speech. The implementation of
Prosody Syllabification with Tajweed rules,
which are inherited in a Quran recitation and
based on Arabic allophones, are suggested to
enhance the quality of the synthesized speech.
The resulted speech naturalness is increased to an
expected level as suggested by the work
hypothesis

The main objective of this work is to increase
the naturalness of the synthesized Arabic speech.
Therefore, this approach introduces the Tajweed
rules with real Quran recitation in order to
increase the quality of ATTS. Tajweed rules cover
all the letters in Quran recitation, also they are
complete and well-defined [8]. These facts
candidate Tajweed rules to be implemented in
ATTS. Despite that, the rules in Quran recitation
are more than those followed in regular SA, the
pronunciation rules “—as all z )lae” still the same.
The Quran recitation differs from any SA reading
because it has two exclusive rules: “5] ?aall 5 4ll]
[12]. The sanctity of the Holy Quran prohibits the
readers from using all the rules in reading
classical Arabic text. The desired objective of this
work is not to make a Quran synthesizer but to
increase the efficiency of ATTS by using Quran
recitation. It is also necessary to avoid reading
regular Arabic text by using the same melody that
is used in the Quran. Thus, the implemented rules
from Tajweed are only those compatible with SA.
A novel approach, in this research, is to
implement the Tajweed rules, which are matched
with SA reading in sufficient organization without
the need for loops [5]. The rules that are used in
Elothmany [2], El-Imam [3]and Al-ghamdi [4] are
used and upgraded with additional rules.

The implementation of HQB-ATTS follows the
following assumptions:

“Tajweed rules increase the ability of
speaking Arabic proficiently even not in
Quran” [8].

“The smallest unit in Arabic is Prosody”
[11]

The suggested segmentation unit for Arabic
based on Arabic linguistic features in this
work is allophones. Simply because it is a

single phoneme with features and vowel [4]
[5].

Tajweed rules are suggested here to implement
LTS model and Arabic Prosody Science ( ple
uas ) in order to perform syllabification in
NLP. Prosody Science segmentation is used also
in segmenting the syllables while building the
database.

The proposed HQB-ATTS block diagram with
its data flow is shown in figure 2. In this
approach, the allophonic/syllabic units that are
taken from the text are extracted using Quran
Tajweed rules. The implementation of LTS
module is done by using Tajweed rules to build
rule-based system with an exceptions’ table.

TEXT
Nl
I
\/
v

Synthesized
Speech

< ~
Exceptional words > Text Analysis Concatenation ——">

M /A\
Pronunciation \v 'H
\:‘1\% Letterto
=7 soundmodule CELP Decoder
Allophones L )
Dictionary A
V U
Allophones
Prosody llophe
es
Syllabification 11> CELP Database

Natural Language Processing Modul Digital Signal Processing Module

Figure 2: Block Diagram For HOB-ATTS

First, the input is Arabic diacritic text, which is
analyzed to extract the exception words from it
and to replace them with phonemic transcription.
Then, Prosody syllabification is performed on the
whole sentence. The purpose of syllabification is
to be used in LTS module and with Arabic
allophones to estimate the allophonic/syllable
units. After the Prosody syllabification is
completed, searching for these units in the
database (audio and CELP databases are built) by
selecting syllable waves files should be done. And
the final step is concatenating these files to
produce the synthesized speech. The database is
built by manual segmentation and notation for
verses and then by labeling them with their
allophonic/syllable names. The CELP database is
built by encoding the segments of Quran
recitation using CELP.

5. NATURAL LANGUAGE
PROCESSING MODULE

In the NLP module, as its name reflects,
processing is done within the natural language. In
this case, the input is a full diacritic Arabic text.
On the other hand, the output is the
allophonic/syllable segmented units. The NLP
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module consists of Text Analysis, Prosody
Syllabification and letter to sound ruling blocks.

5.1 Text Analysis

Handling the exceptional words is the concern
of this part of the algorithm. The exceptional
words are those words that are pronounced in a
way that is different from how they are written in
regular pronunciation language. Arabic is a
regular language that is mostly pronounced as it is
written [6]. Using a rule-based system that is
mixed with a table for exceptional words is the
best combination for Arabic [3]. The search in the
table will be sequential and acceptable because of
the small size of the table. The algorithm is close
to the one for Elothmany [3], but there are some
exceptional words that are taken from the Al-
Gamidi et al. [4]. The table of the exceptional
words is built manually as shown in Table 1.

5.2 Letter-to-Sound Rules

Letter-to-Sound (LTS) phase or Grapheme to
phoneme is done by using a set of rules; which are
estimated from some linguistics study of Arabic.
The advantages for rule-based system are the
small memory size that is needed and the
adaptation ~ with new  words.  Regular
pronunciations for Arabic language make the LTS
to be selected to be used in the implementation of
ATTS [2] [3]. In this approach, the set of rules are
collected from Tajweed rules and then they are
reordered.

In HQB-ATTS rule system, the rules are
ordered in an optimized way to fit the sentence
without loops and to fit the sentence in a matching
way with all the cases. The rules are programmed
using  Matlab(R2013b)  environment.  The
grapheme to phoneme conversion contains
sequential procedure calls without looping. The
general algorithm for HQB-ATTS letter-to-sound
conversion is shown in algorithm 1. From Arabic
Tajweed rules, Arabic linguistics and Al-ghamdi
[4], Table 2 is created and it introduces the rules
with a description and an example in order to be
implemented in algorithm 1.

Table 1: Exceptional Words

Exception | Phonemic Exceptiona = Phonemic
al word transcriptio = 1word transcription
) ! /oY) o 1SN/
Sl /5y & 1Y
St gf /by & S\
ply [/ agdll] Jpa3Ul/
&0 /A adila fella/
90 /2530 £y /Na/
JEiK] /ey BT /13
ash JASIRY ol Jo3la/
e N\ (i Jondla/
el /ol (358 /N Sla/
] /s Jll/ s¥isn e
S gand( ] [ slandl/ o /sd/
ab [als/ O [l

Algorithm 1: Letter-to-Sound Algorithm

Input: Normalized Diacritic Quran verse/sub-verse
Output: allophone text for the sentences
Begin
Chopping text to allophones
Apply Geminate rule
Apply Alef rule
Apply Alef magsoora rule
Apply Ta’ marboota rule
Apply delete lam shamsiah rule
Apply Tanween rule
Apply Hamza mamdooda rule
Apply Hamza rule
Apply Confluence dwells
Apply Congener rule
Apply Lam r ule
Apply Ra’ rule
Apply convert long vowels to short vowels rule
Apply last vowel in sentence rule
End

5.3 Syllabification Process

In this part of the work, a direct Prosody
syllabification is done for the complete verse
(called a sentence). Syllabification means
partitioning the words into units, each unit is
called syllable and it is either short or long. In this
description the sign (c) is given for the short
syllable, and (-) for the long syllable. The
algorithm for Prosody syllabification is
introduced in Algorithm 2. A short syllable (c) is
made up of a consonant followed by a short
vowel. Long syllable has one of the two following
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patterns: A consonant followed by a long vowel
or consonant with a short vowel followed by a
consonant.

Algorithm 2 : Syllabification Algorithm

Input : allophones text for the sentences

Output : String contains the syllables of the phonemes

For each Diacritic-Arabic-phonemes

Begin

while not end of sentence

read char

If char++is (a: or u: or i:) or holds then cut (char,
char++) as long syllable and char++

else cut (char) with its diacritic as short syllable

char ++

end if

end while

End

2

The syllabification processes for an example:

il ylall adly cllgsa (e 1 passes the
following steps:

Phonetics: /ha:Da: min mas?u:lijja:ti da:fi?"i
d'd'ar’a:?ib/

Phonemes: /ha:/ /Da:/ /min/ /mas/ /?u:/ /lij/ /ja:/
/ti/ /da:/ /1) /2°id’/ /d’a/ /ra:/ /7°ib/

Prosody syllabification:

Notation depends on Prosody syllabification.
Figure 3 illustrate the manual syllabification for a
verse ¢l e o5 IS e sa g el oy oAl &)W, For
less than 8 seconds, accurate cut for 24 syllables
has been done, such that those syllables can be
used in coming concatenations.

o Jaan Gl pode Ji

Time (s)

Y&

&
15
——

Figure 3: Prosody Syllabification And Notation
For “_)_,/.\ifg.f;f‘f[é jéjéu&//g/.@gﬂ/ébéﬁ"’

The novelty in this part of the work is the
prosody syllabification. This syllabification is
valid for any SA text [15] and it has not been used
in ATTS synthesizers. This syllabification is
based on Arabic linguistics features and it focuses
on Sokoun diacritic (%), which shows that Sokoun
is a good co-articulation point. This research
analyzes Arabic speech from the side of time

domain and pitch contour. The result from this
analysis proves that the Sokoun is a suitable co-
articulation point that increases the smoothness.
The possible syllables from using these
techniques are only cv, cw, and cvc. Thus the
possible number of syllables for Arabic is

28x4+28%3+28%x3x28+28x%3 ~ 2600 syllables (1)

This is bigger than diphones’ number for
Arabic, which is about (28+6+6)2 = 1200
diphones [10].

Analyzing the Arabic speech signal considering
time domain shows clear correlation point for
units where “%” exists. From the spectrum and the
pitch contour for a word “&L&! 1, Figure 4 shows

the syllables chopping.
6. DISCUSSION

The reason of missing the quality evaluation
procedures for NLP Modules is the lack of
tangible standardized results. The results from
NLP module are symbolic linguistic units in

008871

01185
5000t TP

0k .W
0270518 0243261

0 Visidle part0.878050 seconds
Totalduraton 0878050 seconds

0364273

0878050

Figure 4: Time Domain And Spectrum Show The
Sokoun Chopping For “ALéi' )", The Red Lines Cut

‘

&

phonemic or phonetic representations for the
texts. These representations can be modeled using
any symbols, which increase the distance far from
standardization. Usually, using SAMPA (Speech
Assessment Methods Phonetic Alphabet) for
Arabic with a diacritic text is a good basement in
ATTS [12]. Nevertheless, the Letter-to-Sound
rules (LTS) phonetics that are used in researches
are varied for some basic issues, e.g. Mad Alalif
“I”is aa or a: or AA ... etc. Some researches took
some features from the text analysis [2] [3]. The
output of this track is phonemic text with prosody
information, which cannot be easily compared
with others [13]

152




10" January 2016. Vol.83. No.1

Journal of Theoretical and Applied Information TechnologyE\vi]

© 2005 - 2015 JATIT & LLS. All rights reserved

SATIT

ISSN: 1992-8645

www.jatit.org

E-ISSN: 1817-3195

The NLP module that is introduced in HQB-
ATTS is compared with El-Imam’s research [3]
and with ATTSIP [2] that is introduced by
Elothmany. In addition, HQB-ATTS letter-to
sound rules are compared with Al-ghamdi rules
[4]. The comparison is based on the similarity
between the works that were done in this research
and their approaches. Clearly, in this work, the
rules are developed from El-Imam, Al-ghamdi
and Elothmany by basing on Tajweed rules. The
most common part in NLP module among the
HQB-ATTS, El-Imam and Elothmany is the use
of SAMPA phonetics with some added symbols
from each.

The grapheme to phoneme rules that are
presented in El-Imam [3] were: Sukon deletion
rules, Elusion rule (like “Aelaall 5y i)
Replacing “s” with “/”, Tanween rules, Arabic
ligature rules (like “3” and “”), Glottal stop
insertion rule (for “s”), Gemination rules (321),
Shamsi rule, Long vowel generation rule ( <~
), Diphthong generation rules ( () e IS all
(¥) =), and Short vowel replacement rule. El-
Imam’s rules are included in HQB-ATTS rules
with modifications, but “Sukon deletion” is not
included because it is an important part in
Prosody syllabification. The Elusion rule in Al-
Imam’ rules missed the case of the (<=3 JI) in
the begging of the sentence, which is covered in
HQB-ATTS. The rest of the rules are included in
another order and declaration. Most of assessment
sentences that are shown in El-Imam research are
tested in HQB-ATTS NLP rules, such as « ¢zl
<L) asla aday ;) and all that shows the success
of the ruling approach. Errors in El-Imam’s rules
weren’t not detailed in his research [3]. Although
SA sentences were not focused on El-Imam rules,
which produces cuttings in the synthesized speech
for the synthesized sentence, HQB-ATTS solves
them from Prosody science syllabication. HQB-
ATTS was tested on El-Imam tested samples, and
this showed the HQB-ATTS’s success.

Al-ghamdi rules [4] had missed the definition
of the first “/” in the sentence, which is defined in
HQB-ATTS in this work. Otherwise, Tajweed
rules cover the rules in Al-ghamdi’s work.

Although the rules that are used in ATTSIP
LTS module is not similar to those that are used in
HQB-ATTS, the main difference between them is
the disappearance of FOR loops in HQB-ATTS
that produce the algorithm as sequential, quick
and simple procedures. To determine the time-
consumption in both cases, calculating the steps
number was done for NLP, in order to transform it

from grapheme to phoneme in some sentences
like “cilpall a8y Gllssue oo 1 using HQB-
ATTS and ATTSIP. After the grapheme to
phoneme process, the symbols are compared to
check if HQB-ATTS is able to solve the missed
features that were in ATTSIP. Manually the rules
for ATTSIP, as defined in the work are calculated

HQB-ATTS: ha:Da: min mas?u:li:a:ti da:fi? ‘i
d'd'ar’a:? ib/ with 6 steps

ATTSIP: ha: Da: min mas? u:li:a:ti da:fi?'i
d'#d'#attr#ta:#?71b with 6 steps

The previous case showed a match between
both approaches, but in HQB-ATTS, depending
on the Prosody-syllabled Tajweed rules, the
approach deletes the rule of magnifying d’ “u=", a
“* 17" and a: “” . Here are some examples that
show a fail in ATTSIP and a success for
HQB_ATTS:” :lé" ,"3‘)5&14__5" ’HA‘”\ e\‘)n ,”B}Y\ P
J=INI" The sentences that are used in ATTSIP
are tested with HQB-ATTS and there were no
eITOrS.

7. CONCLUSION

In this work, the overall architecture and
general features of ATTS have been presented
with a comprehensive survey. Holy Quran-Based
ATTS (HQB-ATTS) approach has been
introduced as well that aims at to enhancing the
quality of the Arabic synthesized speech. This
approach is based on some of the Holy Quran
Tajweed rules, which are used in SA speech as
well as on Prosody syllabification in
concatenating allophones/syllables. The
implementation shows that the Tajweed rules
have additional rules that help to reach the desired
completeness in grapheme to phoneme
transcription for Arabic rule-based system. The
Quran recitation is used for notating and
segmenting the wunits, which are wused in
concatenation of the synthesized speech in DSP
module. The units are segmented using Prosody
syllabification, which don’t exceed 2700 units for
Arabic. The prosody syllables of “ (a3l & aln
a5 for example are 10, which are “ 5 ¥ Je
3 & O » Lz This segmentation method had
not been used in ATTS, and with this approach,
the co-articulation problem decreases because of
the segmentation, which happens near the letters
that hold Sukon (). In addition, this syllabification
shows a continuity in the synthesized speech
between words because it joins the graphemes,
and the segmentation is done regarding to the long
and short diacritics.
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T4BLE 2: HOB-ATTS RULES

# Rule Description Examples
Input output
1 HIVATRRITH Geminated consonant will be replaced by same two sl sialall
Geminate rule consonants. The first is un-voweled (<) and the second vt St
holds the short vowel (diacritic sign) which was on the
geminated sign.
2 (a5l If Alef ()) is at the beginning, and it is followed with sLand) slaudl
Alef Rule Lam (), then it will be replaced (') by (). )
Else If Alef (V) is at the beginning, and it is in a word 1522l s
where the third letter is (%), then replace the Alef (') by
0).
Else If Alef ()) is at the beginning of the sentence, then el e ald e
replace it by (!) . .
Else delete (') e el (i 3l
3 5y gualal[ L[] 5id Replace the () by the (') =y Ly
Alef Magsoora rule
4 A ga pal P L[ T gl If (3) at the end of the sentence, replace it by (¢) alies A Sl
ta’ Marboota rule Else, replace it by (<) alies
5 Aadd[ [ Liday [ g8 If (J) followed by ( ¢k cha ¢ ¢ ¢b cm ¢ ¢ €3 6a e ¢ & elaudl claf]
Delete Lam Shamsiah | J <), then delete it (J)
rule
6 | Casil[Tlsd If (1) at the end of the sentence, replace it by (') LS ol LS ol
Tanween rule If (5:55) at the end of the sentence, replace it by (<) ) s
Else replace it by one similar diacritic and (7) ENAPES
S
7 (1) 33530l 3 Jagd[ [ 3B If (1) replace it by () il 4l
Hamza mamdooda
rule
8 3 gl T1sile If (5 <) s <) replace it by (¢ ¢ <& <&) respectively LS a8k
Hamza rule
9 CiSUal[ R LT g8 When 2 un-voweld letters come between 2 consecutive | (=¥ Gl cao¥) ol
Confluence dwells words if the first un-voweled letter is preceded by
(H40) , then insert (Ho¢) respectively after the first
consonants
10 | Cpuilaial[ [ 58 If (5 ¢« &« ) followed by (< <2 <k 13), replace the first I galls 3 I galls Ja)
Congener rule (J [Tl m) by (Q W cL) aalds culla s dalla
aSisen Cupal | aSIged apal
528 alad
11| U8 If (J) in Allah (a¢l)) <) in the beginning of the sentence a0 488 o Aadde
Lam rule or it is preceded by (or), then (J) is magnified. Else, it Al
will be soft
12 | s A8 If (L) is (L) or ((O) and preceded by (33)), then it is soft, paa dodida
Ra’ rule else it is magnified [s= 8 438 5
13 | Aghal[cuigual[ Jagad (1638 | If Mad (s¢s¢l) is followed by () then replaced it by | JaJV o dala,
B ypad A (046) respectively Gl Gl s
convert long vowels to
short vowels
14 | b cila JA[)dids [4i8 | The last short vowel in the sentence is replaced by (&) ASle A3 FCRPSFON]
Ll
Delete last vowel in
sentence
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The results show that the HQB-ATTS approach,
which is implemented using Tajweed-rules as a
rule-based system for NLP module, and that
applies  the  Prosody  syllabification  for
concatenation in Digital Signal Processing (DSP)
module, can significantly enhance the quality of the
synthesized speech. This approach is deterministic
for Arabic and its linguistics’ properties. The

Semitic," Cambridge University Press, UMASS,
191-234, 1994.

[11] A. AlFaraheedi, Arabic Language, 11th grade,

Palestine, 2005.

[12] N. J. Ibrahim, "Automated Tajweed Checking

Rules Engine For Quranic Verse Recitation," Phd
thesis, 2010.

proposed approach was tested on small data[13] M. M. Assaf, "A Prototype of an Arabic Diphone

samples. The samples are notated and segmented
from real Quran recitation that base on Prosody
Syllabification. The experiments showed that this
approach could produce a better-synthesized
speeches’ quality than comparative ATTS.
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