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ABSTRACT

The field of speech synthesis or Text-To-Speech (TTS) has rapidly expanded during
the last few years due to the wide range of applications that require human-machine
interaction. Arabic language, being the fourth most spoken language on the globe, has
received the attention of the researchers in development of an intelligible and close to
natural Text-To-Speech system. Most of the available Arabic TTS Systems have
drawbacks such as discontinuity, limited vocabulary and poor naturalness. A rule-
based Arabic Text-To-Speech system using hybrid synthesis is presented in this
dissertation. Sinusoidal model and concatenation using phonemes as the unit of speech
were used to implement the hybrid synthesis system. A set of rules was constructed to
achieve letter-to-sound mapping and an exception lexicon to cover the words that does
not follow a certain pronunciation rule. Using rule-based synthesis makes the system
vocabulary independent. A special phonemes inventory was constructed to be used for
the Arabic TTS. Applying the accurate stress pattern for Arabic words was
successfully achieved which contributed to the overall quality of the system. The
evaluation results shows high level of intelligibility with acceptable naturalness with
an overall rate of categorical estimation is 3.458 out of 5.
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CHAPTER ONE

INTRODUCTION

1.1 INTRODUCTION

Speech is considered the primary means of commiorncand interaction between
people. The dream of machine-human communicatigraatucing a talking machine
started during the IBcentury with the use of mechanical systems antiruees until
current time with the use of computer (Schroed893). Producing a machine-speech
is called speech synthesis. Today, the most commenfaces for human-machine
interaction are still keyboards, keypads, and ntitmuyvever, an increasing necessity to
interface with machines in mobile environments @ading to speech becoming a
required means to interface with machines and aati@minformation services. For
this reason the automatic generation of speech texty referred to as text-to-speech
(TTS) synthesis, which has been extensively rebedrand improved upon over the
last two decades, has been gaining significantdaten commercial applications over
the last few years (Shukla, 2007).

Recent progress in speech synthesis has produgdgtiesizers with high
intelligibility for some major languages like Engli, but the sound quality and
naturalness remain a major problem. However, spsgothesis for Arabic language
is still in its early steps. This fact makes spesghthesis an important field for
investigation and improvement for the major lang@sicluding Arabic, the forth
most spoken language on the globe (Lewis, 2009).

Speech synthesis or text-to-speech (TTS) procedorsists of two main

phases. The first one is text analysis, wherertpatitext is transcribed into a phonetic



or some other linguistic representation, and tleerse one is the generation of speech
waveforms, where the acoustic output is producednfrphonetic and prosodic
information.

These two phases are usually called as high- amdlevel synthesis. A
simplified version of the procedure is shown inUfgg1l.1. The input text might be for
example data from a word processor, standard AB@t e-mail, a text-message, or
scanned text from a book. The character stringaa pre-processed and analyzed into
phonetic representation which is usually a strifigpltonemes with some additional
information for correct intonation, duration, anttess. Speech sound is finally

generated with the low-level synthesizer by thermfation from high-level one.

text and linguistic prosody and

nput analysis speech generation > synthesized
text speech

phonetic
level

Figure 1.1: Simple text-to-speech synthesis proeedu

The main techniques used in speech synthesisrdastgArticulator synthesis,
Formant synthesis, and Concatenative synthesiscudatory synthesis attempts to
model the human speech production system dirdétiymant synthesis, which models
the pole frequencies of speech signal or trangfactfon of vocal tract based on
source-filter-model. Concatenative synthesis, whisés different length pre-recorded
samples derived from natural speech.

In theory, the most accurate method is articwasynthesis which models the
human speech production system directly, but als® the most difficult approach,

because it synthesizes speech by controlling teecparticulators and determines the



characteristics of the vocal tract filter by meamsaalescription of the vocal tract
geometry and places the potential sound sourcdsmiitis geometry (Assaf, 2005).
For example, the vocal cord model is a two-massehaith two vertically moving

masses, due to such complexity articulatory symhbas not been realized yet.

Therefore, the available TTS systems mostly udkeeiconcatenative or
formant synthesis technique. Each technique ha®owts points of strength and
weakness and suits a specific language while dbden’others. An interesting
approach is to use a hybrid system where the farenah concatenative methods have
been applied in parallel to phonemes where theyharenost suitable (Fries, 1994). In
general, combining the best parts of the basic austlis a good idea, but in practice,
controlling of synthesizer may become difficult (hnetty, 1999).

Since the quality of synthetic speech is improwstendily, the application field
is also expanding rapidly. Synthetic speech mayded to read e-mail and mobile
messages, in multimedia applications, or in any koh human-machine interaction.
In-vehicle environment also benefit from TTS tedogy since reading text on a
display is dangerous while driving. Other handsybeyes-busy applications such as
industrial applications or mobile network enviromhealso are ideal for TTS
technology.

TTS is essential in assistive applications fondblor illiterate users and can be
used as a substitute voice for users who are altigé or otherwise create text but are
not able to speak. It can be used also in manyatdual tasks like spelling and
pronunciation teaching aid for Arabic language.

The evaluation of synthetic speech is also an mapb issue, but it is
challenging because the speech quality is a modadsional term. This leads to the

large number of different tests and methods touatel different features in speech.



Today, speech synthesizers of various qualities aaaglable as several different
products for most common languages; however ibighrere for Arabic.

Arabic language has the privilege that, unlike lBhg or French, the
correspondence between how words are written amdthey are spoken is always
according to specific pronunciation rules with som@nor exceptions. That
characteristic encourages development of Arabid-TexSpeech system using rule-
based synthesis which is implemented in this rebearhere are other challenges
beside utterance during the development of Arabi§ Tike dependency between
adjacent words and lack of vowelization in most bAcatexts. Compared to other
major languages, the field of Arabic TTS sill neadisre research. This fact explains
why some of the available Arabic TTS systems mdsitk naturalness, cover limited

range of Arabic vocabulary, or not flexible to sed in more than one environment.

1.2 PROBLEM STATEMENT AND ITS SIGNIFICANCE
There is no language aid available with the curtehnologies for the visually
handicapped Arabic native speakers despite thettiattthe number of blinds in the
Arab World is around 5 millions living in a poputat around 340 million people
according to the World Health Organization (RegldD#ice of The Middle East). It
is a must to build a reliable, intelligible, anceudriendly Arabic TTS system to give
those people a chance to use the technologieddemessages, emails, and other
web services.

There are still limitations and room for improvamdor Arabic TTS even
though there are number of researches. These tiomsaare the lack of fluency, large
system size, close source software, and intonatnmhstress handling. On top of that

there are the language dependent challenges whécttha lack of diacritization in



most Arabic texts and feminine and masculine woetkted to the Arabic numbering
system.

Arabic is the fourth most spoken language in oorldvwith more than 442
million speaker spread in 23 countries as an aiffidenguage (Bateson, Mary
Catherine, 2003). Furthermore it carries a religimalue for more than 1.6 billion
Muslim (Pew Research Center, 2009). Moreover, nobghe current technologies
were first developed based on English languagesé@nalard in the market, nowadays
other languages like Arabic, have heavily involviedthese technologies, such as
operating systems in personal computer or cell pharebsites, e-books, and other

telecommunication applications.

1.3 RESEARCH OBJECTIVES
The objectives of this study are as follows:
a. To design an Arabic TTS system using rule-basedrithybynthesis
technique.
b. To develop the proposed system as a set of ruldscanstructing its
Arabic phonemes database.
c. To evaluate the output speech of the develope@msyshecking the level
of intelligibility and naturalness.
d. To validate the performance of the developed sysdech benchmark it

with the available Arabic TTS systems.

1.4METHODOLOGY AND TOOLS

1) Study the background and theory of TTS technology.



2)

3)

4)

5)

6)

7

8)

9)

Critical review of the relevant work and up-to-degésearch works done in
this field.

Specify the criteria of the Arabic language, itopblogical system, and
the specification of implementation of Arabic laage in TTS synthesis.
Propose a rule-based hybrid synthesis Arabic TB&ay.

Construct the proposed Arabic TTS system using @&Sgpeech engine
(Duddington, 2007), and C++ programming language.

Develop a stress and intonation pattern for theppoeessing stage using a
special stress pattern for Arabic language.

Develop NLP (Natural Language Processing) modulachvimainly
contains Arabic rules and exceptions dictionaryadzdse, where NLP is
considered as the processing stage. Special phengat&base for Arabic
language is to be constructed (based on the cosdiustudy) using
inherited phonemes from other languages with mcalitbon, or pre-
recorded WAV phonemes modified using PRAAT soundhalyser
(Weenink, 2009).

Validate the developed system using both objeaet subjective criteria
by applying listening test on phoneme, word, andesece level.

Compare the overall performance of the designetesysvith the current

Arabic TTS systems using both subjective and objedriteria.
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Figure 1.2: Research Methodology

1.5 TEXT-TO-SPEECH TECHNOLOGY COMMERCIAL FUTURE

With the tremendous expanding of the use of e-msalilee Kindle, iPad, and other
commercial products, imbedding Text-To-Speech must in such devises. All kind
of machinery one day would be provided with a taikability to interact with human
users, altogether with the speech recognition ngaitipossible to have a simple chat

with a microwave, car, ATM, and other daily life aménes.

1.6 RESEARCH SCOPE

In this thesis, the focus is on the design of Acalext-To-Speech synthesizer system
using rule-based Hybrid synthesis technique. Task tinclude four main steps, the
first one is to build Arabic phoneme data base tuweitains the parameters of some
phonemes that would be generated using Formanhesistand wave files for other

phonemes that are synthesized using concatena&obmigjue. The second step is to
establish a set of pronunciation rules that chazaph text character to its equivalent

phoneme representative. Exception dictionary dase lcontains a list of all the words



with special pronunciation that don't follow a aert rule is also built. The input text

is supposed to be partially vowelized which is ¢deed one of the limitation of the

proposed system.

1.7 CONCLUSION

1)

2)

3)

4)

A hybrid Text-To-Speech synthesis system has beegsldped for Arabic
language, where pharyngeal, fricative, and stops@oants are generated
using concatenation synthesis while formant syighes applied to
generate vowels and some other consonants from atiomof multiple
sine waveforms with time varying amplitudes andjfrencies.

The proposed Arabic TTS system is vocabulary inddest, it can handle
all types of input text. Furthermore it is a snslte application that can
work in many platforms like Microsoft Windows, Liryand Widows
Mobile.

The proposed system has the flexibility of chandghmeyspeaker from male
to female and other sound variants like whispegsgt is an open source
system that is inviting any modification or enhameat.

A new approach to overcome the absence of vowmizatiacritics in
Arabic text is proposed. Our Arabic TTS system msffine ability to enrich
the exceptions dictionary by listing the exact prnotiation of the common
words, set of words, or even sentences. Theretorepwelized (without
Diacritization marks likdatha andthamma or partially vowelized Arabic
text, is vowelized using the exception dictionary arder for TTS to

translate it correctly.



5) A new Arabic inventory phoneme database was cortstluto suit the
developed TTS system.

6) Arabic letter-to-sound (LTS) rules were built andnmerphophonemic
model has been structured.

7) An Arabic dictionary was constructed containing tugrect utterance of
exception words or phrases that don’t follow rulesie abbreviations,
stress pattern for other words, and other flagsdbeide the naturalness of

the generated speech.

1.8 THESISOUTLINE

This thesis will be presented in five chapters. @iéaTwo describes the theoretical
and background of speech synthesis with briefnigstof the most commonly used
technologies and algorithms. Some comprehensivdaeafions on the available
Arabic TTS synthesis systems including the techyywlased will be discussed in this
chapter.

Chapter Three will discuss the NLP module of thheppsed Arabic TTS
synthesizer system that deal with the preprocessingaw text, started with
recognizing a grapheme, and assigning the phohetitities before converting it into
sound, basically the formulation of the phonemid ahonetic rulesnto algorithms
that are applicable to the computer-based proagsdinnput Arabic text in NLP
module. Stress pattern for each word will be exydiin Chapter Three too.

Chapter Four will focus on design and implementatprocess including
phoneme database building, recording special camdsnsetting pronunciation rules,

and produce the output speech.



