Ain Shams University
Faculty of Engingering

Electronics and commuincation Enginesring Department

Synthesis of Arabic Speech Signals

A Thesis submiried in parnal fulfillment

of the requirements of the M.Sc. degree in the Electrical Engineering

S~y (Communications)
E21.3%0% L
-VA_L.—E-——-—HE—:_-_._.’—__“ — J -~
S . W f_‘rb
~ B}

Eng. Sammar Mohamed Elsayed Soliman

Eng. General Organization of Educanonal Buildings

Supervised by:
Prof. Dr. Salwa H. EI-Ramly
Ain Shams University

Dr. Nemat Sayed Abd El-Kader
Cairo University

Cairo-1997

Central Library - Ain Shams University



ACKNOWLEDGMENT

S, Teltrmmcal

he avthor wishss

~x the Department of Electronics and
Communications Engineering, Faculty of Engineering. Ain Shams

University.

Furthermore, o

mx tne Geperal Drgantzation

of Educational Buildings.Nasr City.

Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



Statement

WOTR cnciudsl I Tus thesit was -0y the author 2t tas

™4 - 4 T
Lerarongnt. =17

gqualifcation 27 any other URIVErsI™Y o7 IETTUIE

vems. Sammar Monamed Eisaved Soiiman

Central Library - Ain Shams University



EXAMINERS COMMITTEE

Name. Title & Affiliavion: Sionaiyre
P '
. R _ ‘ — -
1- Prif. Dr. Safwat Mahrous Manmoud = et

Electronics & communication Eng. Deprt.
Aln Shams University,

. - . . G
2- Prof. Dr. Salwa Hussein El- Rumly Taimtale L KA
Electronics & communication Enz. Depr. —_—
Aln Shams University,
3- Prof. Dr. Mohamed Yones Abd El-Samee Elhamalawy -oeeemm-

Compurters and system Engineering Dept.

Elazhar University,

Date: tear

Central Library - Ain Shams University



-
ABSTRACT

Sammar Mohamed Flsaved Solimun. Syathesis of Arabic Speech

Signals, Master Degree. Electronics  and  Communications
E

University. 1997,

ngineering  Department. Faculty of Engineering. Ain Shams

PRGN ARAIC <1 R

Central Library - Ain Shams University



-VI-

This thesis atms to build a software formant synthesizer that is
suitable for the nature of the Arabic language (in spite ofits simulation
complexity) and using this synthesizer to comstruct an inventory of the
basic Arabic speech units with all phonetic variants of these synthesis units
that can be used as a first step of an Arabic text-to-speech system. A
comparative study between different basic units is made and then the

allophones are chosen as the basic units.

The implemented synthesizer consists of two main steps, extraction of
the analysis parameters for each allophone (analysis phase), and the speeéh
reproduction (synthesisr phase).

In the analysis phase each allophone is extracted from a set of natural
Arabic words containing this allophone in the same place or in varicus
places and then analysed to extract its features (pitch, first four formants,
first four bandwidths, voiced/unvoiced classification). A new set of
parameters will be stored every 20 ms on the PC hard disk.

Storing these parameters instead of the speech signal itsglf reduces the
required memory storage for the constructed data base.

In the synthesis phase, the files which contain the desired parameters of a
new word or utterance, are called and concatenated in a new file that

activates the synthesizer to produce the output speech.

Experimental results indicate good output speech quality due to good
implementation of the synthesizer and careful choice of the phonetic units.
Using the constructed data base with a suitable interpolation method the

output speech will be improved.

Central Library - Ain Shams University



-VIT-

Contents

ABSTRACT
LIST OF FIGURES
LIST OF TABLES
LIST OF ABBREVIATIONS
CHAPTER 1: SPEECH SIGNAL ANALYSIS
1.1 Introduction
1.2 Mechanism of speech production
1.3 Characteristics of speech waveform
231 Propeniliny density functions (odf)
1.3 2 Nopstationarity of spesch signas
1.3.3 Aurecorrelation functions (ach

2 Em gmartTa Aangieme Do arlome e
34 Powes SDTCTA, O8NSV DUDITICNS i 08S

141 Short-uime  ensrgy and averzgs
magnitude
1202 Snon-time  average zaro cressing

Shert-time Autocorrsiation firetion

[
N
I

jact
1.4.2 Freguencv-domain processing for speech

gnal

h=

v

Central Library - Ain Shams University

0

(3



-VII-

1.4.2.1 Linear predictive coding (LPC)

1.5 Fundamental frequency estimation.

1.5.1 Time-domain pitch detection algorithms

(PDAS).

1.5.2 Spectral domain techniques
1.5.2.1 The cepstrum technique
1.5.2.2 Methods using modified

autocorrelation
1.6 Formant estimation

1.6.1 Formant estimation from cepstrum

1.6.2 LPC-Based estimation
1.6.2.1 Peak picking technique
1.6.2.2 Root finding technique

1.7 Conclusion

CHAPTER 2: SPEECH SYNTHESIZERS

2.1 Introduction
2.2 Speech syuthesis techniques
2.2 1 Synthesis by direct concatenation
2.2.2 Synthesis through a mode|
2.2.2.1 Formant synthesizer
2.2.2.2 LPC synthesizer
2.2.2.3 CELP synthesizer

2.2.3 Vocal tract simulation (Articulatory

synthesis)

2.3 Comparison between synthesis techniques

Central Library - Ain Shams University

27

28
29
29



IX-

2.4 Conclusion
CHAPTER 3: KLATT SYNTHESIZER
3.1 Introduction
3.2 Cascade/parallel formant synthesizer
321 Cascade versus perslel

-

2.2 Weveform sampling raie

[¥F)

3.2.3 Paramerer upcate rziz2
3.3 Digifal Tesonarer
3.4 Digital antiresonator
3.% Low-pass filter
3.6 Synthesizer block diagram
3.6.1 Souress of spund
3.6.1.1 Volemng soures
3.6.1.2 Nommal voicing
3.6.1.3 Quasi-sinusoida: voicing
3.6.1.4 Fnicanior source
3.6.1.5 Aspiration source
Vocal rract transter unction
3.6.2.1 Cascade vocal tract modei
3.6.2.2 Parailel vocai rract modei
3.8.3 Radianon characteristic,
3.7 Synthesis strategy

3.8 Conclusion

CHAPTER 4: DMPLEMENTED SYNTHESIZER

4.1 Introduction

Central Library - Ain Shams University

th
O

o
(PR

o
Nl

h
o

(23]
Lo

[es)
—i

o] P 3]
th IES

(o8]
tn



-X-

4.2 Analysis stage 85
4.3 Synthesis stage. 86
4.3.1 Voicing source 90
4.3.2 Noise source 91
4.3.3 Cascade synthesizer 92
4.3 .4 Parallel /cascade synthesizer 93
4.3.5 Output stage 94
4.4 Evaluation of the synthesizer quality 94
4.4.1 Objective measurements %4
4.4.1.1 Signal-to-noise ratio, SNR. 95

4.4.1.2 Segmental signal-to-noise ratio,

SNRSEG 95

4413 SNRMAX, SNRMIN %
4.4.1.4 Signal-to-uncorrelated noise ratio,

SNRu 97

4.4.2 Subjective measurement 98

4.4.2 1 Qualty measurements 99

4.4.2.2 Intelligibility tests 101

4.5 Experimenat] results 103

4.6 Comparison between the implemented

synthesizer and the Klatt synthesizer 108

4.7 Conclusion : 109
CHAFTER 5: CONSTRUCTION OF AN

ARABIC DATA BASE 110

5.1 Introduction 110

Central Library - Ain Shams University



5.2 Arabic Allophones e

2.3 Choice of phonetic units

23! Phonemes 3

332 allophenes i

353 Diphones il

33 4 Syvhables =

3.3.7 Demisviiabies 118

5.4 Why using allophones 127
5.5 Construction of the Arabic speech data

base 1zl

5.6 Conclusion 130

CHAPTER 6:CONCLUSION AND FUTURE
WORK 133
REFERENCES NCIS

Central Library - Ain Shams University



Lad

Lai

(¥}

-

-5 -

List of Figures

ST e e
SVTILISSIICT

Voloing source amplit.ie specmz oinomme g

Central Library - Ain Shams University

[Pyl
(Y]

n

"
.

‘

&)

'

.

1/



X-

-4.2 Flow chart of the cascade synthesis stage
4.3 Flow chart of the parallel/cascade synthesis stage
4.4 Speech intelligibilty versus articulation index
4.5 Waveforms of the natural and the synthetic word .=
4.6 Waveforms of the natural and the synthetic sentence
R Il
5.1 Waveform of allphone (£
52 Waveforms of the natural and the synthetic word .=~
3.3 Pitch contours of some natural and the synthetic Arabic

ufiterances

Central Library - Ain Shams University

88
89
102
106

129



1o

(V)

dx

th

<

i

6 MOS for the the umterznes "<

TV -
List of Tables

Table

.1 Principie features of speech symthesis technigues
1 List of comtrol parameters for the somwers lormam
virhesizer

List of comirol parameters Ior the impiemented sofwar
formant synthesizer

2 Five-poins adjectval scales ot quality 2nd Impaent and
asseclatad number scores

3 MOS for the the umterance "o - &L 2 T

for the the utterance ™~ — .5 o e =

tor the the urterance “-a”

(o]} fa

e

) —_

Q O O
(/')

V2]

7 Peramrezer values of the selestad Engish vowals

1 List of the Arzbic consenzrt chonemss

7

.2 Comparison betweer the dizierent speech s\nthesis units

3 Contros parameters of ailephoze «

4 Phonetic svmboles of the imniemented databaze

Central Library - Ain Shams University

I

i

e
<



