CHAPTER 1

INTRODUCTION

1.1 Introduction

Y
In the era of artificial intelligence and mach mlg' digital signal
processing (DSP) system including audio engineerin% ew used for
large data manipulation. In general, DSP in audio en ring involves a’ipjéﬁ;l of
signals originated from analogue data using digital al deyices. The s&?l‘h can be
defined as digital representation involving the umi i a%%ssor%&grform wide
variety of operations such as extrac@lysing,
signals. Figure 1.1 shows the basic process of di \lﬂg 1

sily be@diﬁed, reusable system

in from captured
ing in sound. Among
other usable functions of DSP

performance, reliable of mede 1 i ard@, and allowing sophisticated

application on comple evicz (Gaydecki, 04)0
Q&

Figure 1.1 The foundations of digital signal processing in sound (Gaydecki, 2004)
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Automatic speech recognition (ASR) is one of the speech processing systems
which uses DSP tool to achieve its goals. The system concerned with 1ntew
between human voice and machines such as computers and software as tm%\)cess
and analyse large amount of data, with the understanding of the voice t. ASR is

the process of allowing a computer identify the words that a persoq speaks(spoken

words) and convert it into text format by means of an alg 'tMplemented as a
computer program for further computation (Yu, 2014). ASRui ; lied to many types

of application such as voiced-based applications (Ni,

translation of spoken sentences (Doremalen, 20@% comm a‘m@enﬂy
with machines and household appliance is o be domi human machine
interface in the near future, since thlS gy

handwriting problems, therefore incr t eople an chl@oductivity at the

, langu rmng and

'mina@?e. traditional

. , ﬁoz\e\lt can employed by
N\

everyone everywhere becaus achlne ca bﬂhtlgé&fé.zveloped are still quite
primitive compared to their, hcol arts, The Aém is widely used in various
type of major languag%‘ the g'l' . )
and even Arabic tg6y,due t(@bﬂ misi%gqiretatlon from the original meaning
(Abushariah, 2042). (SV

the Qurani e! tabn some areas such as tajweed, haraqat and

tabaqa % be 1€a pro ely to avoid misinterpretation or give different

of the original c (Ramh et al.,, 2018). One basic example of

mEXpretatlon is stopplng or starting at an incorrect place so that the meaning is

t, like stopping at ‘Laa ilaaha’ (i.e., there is nothing worthy of worship), without

ompleting ‘illallaah’ (except Allah). This can be avoided by learning fajweed. Among



the proofs that the scholars bring to show the obligation of tajweed and its being an
established Sunnah is that Almighty Allah Says in the Quran (what mean): ‘Yfld
recite the Quran with measured recitation.” (Quran 73:4) \
One of the area is to learn maqamat. The study of magamat is*&dy of at-
taghanni bi’l Quran, or the study of beautifying the voice in recitati<¥f~the Quran. It
is originated from the technique of Arabic magqam which im mprovisation that
defines the pitches, patterns, and development of a piece o md'which is unique

to Arabian art music (Albakri, 2020). Among other metho at hds g.?mg‘mgniﬁcance
@

interest among researchers of Arabic language recent cll r@fuon
system (Basem, 2017). Speech recognition for at 1@;& stages

whereas western languages like English

Mandarin are relatively well develope mhariah et

;@'most speakers faced
=y

when dealing with Arabic la n the Qur ; ue(S- ts differences in recital

technique (Shoaib et al., 20 th aried melodics, the verses of the Quran vary

widely in term of top1 ent to ener !11 t feelings to the listener. These

audio features c '@m th aq Rec1tat10n (QMR) that need to be

extracted and a: lyz for se 0 erstandlng the unique characteristics of

the signal cs on ts . he e olfertet?ontalned uniquely in formants which define

Many researchers have add various %g

as a congentration of @ nerg%round a particular frequency that corresponds to

Qe in the vocal trac;{@tﬁong other methods to extract strong features that

1se the complex nature of melodious audio speech signals is cepstral analysis

é cobello et al., 2012). In recent Arabic recognition system studies, cepstral analysis



is commonly used technique by taking the DFT of log magnitude spectrum of a signal
(Shahriar, 2021). Y-

The overall process of profiling the acoustic profiles based on maqa@ures,
which consist of three stages. First stage is the data collection of the 3 es of pre-
recorded QMR audio files for each of seven (7) types of magamat. That would give the

total of 242 audio samples with average duration of 20-3(1?}&( it followed by

extracting the magamat features using existing and the p an(i enhanced mel-
cepstral analysis based on warping function. The audi ture Malidate by
@

testing with simple recognition system model before

| \y
rming the allst@hlch
bas{ ion @C& on pre-

X

designed ontology. Further areas of potentw nsi(mi ne 'deas,@new areas of

mu <gclre also explored

is the semantic analysis for an insight QMR kn

research for supporting Quranic learn or the Muslim

and identified. (,) >\Y
% %
1.2 Problem Statemen\
Many researc addressed alliohb:hallenges speakers face when
4 ¢ &

dealing with the A&wmguaf \he Qur%d.ﬁe to differences between that which
is written and W oul 'ed. T@fnguistic properties of Arabic are totally
Cterfn

differed to t ofiotherlangu es,"thi(-l‘}?erences in Arabic include unique phonemes,
NN
S

phonetigte , and’ ‘gated rphological structures. Arabic is characterized by

sze of emphatic and @geal phonemes, also known as makhraj. According

the
to\t research, the phonetic features can be applied in the Quranic phonetic rules

& he Quran’s phonetic rules are connected by which the human tongue was created
o fu

nction, and on the phonological side, the phonological rules can be applied in



Quranic phonological rules partially at some cases due to the complex nature of Quranic
phonological rules and sound structures (Mohamed et al., 2020). Those prope

characteristics are considered unique and huge challenges for an Arabl@lnon
system. Moreover, when focusing on the problem of reciting the Ver e Quran,
many weaknesses made by the reciters have been identified via sc1en¥? tudies so the
Quran needs to be properly learnt in order to avoid this proble M. a11 etal., 2011).
The audio features contained in QMR are considered as a X s eech s1gnal that
need to be extracted and analyzed for the purpose of undesstandi g cterlstlcs

‘Z’

of the signal components. These properties contained ely in ivll\ efine
as a concentration of acoustic energy around a icular fi eq{e at co@gponds to

/%

a resonance in the vocal tract. A better u cous odel and the
differences between a correctly and y pronounce tat1 e considered key
for efficient selection of mlspronun detectl 0

\

e?’
&
S

:f

1.3 Objectives

The objectlves% esis to a‘t’ll new maqamat profiles based on

acoustical elements tained uramc verses using audio profiling
system. Specifi is re 0 fulej&f following objectives:
fili (JC’)
tracf’ ract es acoustical profiles from pre-selected QMR

audlo files using a@feamre extraction method with warping function for

E\ audio profiling system.



2. Ontological acoustic model for Quranic profiling technique Y.
To define an acoustic model for Quranic profiling based or% gical
extraction audio features which facilitate the develop a well-

structured database system that support studio envirommhent for audio

engineering. . V
1.4  Motivations .\d

A
Speech recognition has been widely studied rious type lallgxfg}s, not

i t%' dio @ations of
woﬂﬁs ha been@ve- to perform

keyword search from Holy Quran. ThN lemina se V@L% is that they have

only for English, but also for other languages i

been widely developed based on tas%en whic

N
based on acoustical elements w%ntic rﬁeasu nt@omatic analysis of audio
content is a key aspect of i xn rI\ a ste@ote,l%l Wold et al., 1996)
that deal with multi iles. Specifically 'f@e purposes of recognition and
4 0
classification, au%ent-brs&?ﬂa ysis éﬁrch has focussed on specific tasks
which are the seund detecti 1ﬁcaté,0data retrieval. In the case of processing

sq\ :
the comple %\wlo ou, ee{h, thC?Quranic verses is recited with acoustical
o;

N

properti ined” i R t need to be extract and analyse for better

und@ing. \(‘}T

3
N



1.5  Research Scope

The scope of this thesis covers the speech processing system focus?'ﬂh
extracting significant features based on the acoustical elements contained in@tanic
recitation audio files. Three methods of feature extraction will be prese in,analysing
these audio signals, which are existing cepstral coefficient analysismntional and
enhanced mel-cepstral analysis based on frequency warpin Mn. The cepstral
coefficients of the magamat speech signal are used as par: me)'tract significant

features of the maqamat content. The final stage is to fi e si aw&es using
i

@
cross correlation method. The datasets consist of audi rdingjof n‘c ié}ation,

which was recited by professional recitals alson as q< are @us types
ig vers

o

of QMR exist for the reciters to recite the ni eﬂbas on dit@ht origins and

region. However, in this study only seven mogtly used m at @‘%lected which are

Magamat Bayyati, Hijaz Rast, J iha%Nahawa\SoVa, ikah. These maqamat
jﬁ”y N

have been selected since they ally con butin@t?nighest amplitude of the

audio signal and hence le?)\;gnii t output @tracted audio features. The
on sel

maqgamat recordings cted/32 IS@ in Juzzu’ Amma with Tabaqat
4 $ & !
Jawab. All audio %gs are\r“:?m a fé‘ding studio in Faculty of Leadership
and Managemew rsit am sia, Nilai for better audio quality.
(q . ."

1.6 ontribution§

Cs

A\
W,

rrently, the difﬁcult@r Quranic reciters to performs recitation without any
S x guidelines which based on the Quranic content or theme have imposed

ivations among researchers to study the characteristics of the sound profiles. This



thesis has three (3) major contributions that beneficial for the scientist in future. The

contributions are mainly: Y’

1. An enhanced audio feature extraction technique that comb% stral
analysis and direct warping function to optimise the extra ethod for
audio features and signal classification with the ability to ¢haracterized the
sound profiles based on audio features. V

2. An audio ontology that deduce the relationshi x:t,e emotions and

the selected maqam based on extracted audio features. .

3. Preliminary QMR acoustic profiles for on ical Qurani elba fig;dio
a{ uti%‘g raising
ofs\QOMR urther audio

S

NS A
0>,;T<§
\\Q/

: . N .

This thesis is an nto Ieven lapts‘ d this section of Chapter 1
provides an overview an; r;te apdo thﬁs(i-s}}t includes the problem statements,
objectives, scope l@eﬁts 'and basic un@anding of the whole structure of this

N
\ ’ ‘,' C,)b

Ch@grese s the literat nd background of this research by describing
:
the o % 1&

of Quranic aqafﬂa't, its types, characteristics and sound element

4
co%e herein. The first par}ct;?nsists of the overview of the existing cepstral analysis
éarping function with some related works especially regarding on feature

Oraction and spectral descriptors. Later part discussed the overview and basic design

44

search based on extracted audio

wn

initiatives in profiling the aco al mﬂt

Ry

processing analysis.

5/

1.7 Structure of thesis

4/

thesis.



principles of semantic audio analysis related to ontological audio features contained in
QMR. Y-

Chapter 3 presents the overall framework and research methodolog@hout
the thesis. It includes data collection, audio feature extraction tech based on
ontological features and spectral descriptors as the first stage of prcmlg system and
construction of knowledge base for QMR for final part.

Chapter 4 describes the first stage of the extra Ktho using spectral

analysis and warping function. The proposed sche with ant of an

spectral descriptors and spectral envelo

enhanced method. The final output of

em@&so discussed.

Chapter 5 present the final st% the p% gst -}ich covers ASR based
] ? a o)

on the extraction method in C

recognition system. Here t Xledle
features deduce the signi udio featur
4
Ms

Chapter 6 @s furjh
validation techniques.*Fhe p cea pplying the profiling system using three

¢
validation t s is also pr: n(ed ejt 1s chapter. Then the results will be evaluated

NN
based 0% ost af flassiﬂ&. The overall performance after applying the

pro%ystem is also prese té@ﬁ this chapter.
E\Zhapter 7 concludes the thesis by presenting the thesis summary, contributions,
n

certain limitations that can be addressed to improve the efficiency of the audio

eature extraction and signal matching for the profiling system in future works.



1.8  Summary

This preliminary chapter presents the introductions of the thesis includ?ﬂe
objectives, motivations and benefits that contributes to the work done th% this
thesis. In the era of artificial intelligence and machine learning, DS]’&m among
typical method that have been widely used for large data manipulatio?%h as speech

processing. Speech processing is one of the recent processi Mms which uses
zd

artificial intelligence tools such as DSP. The system v'ith interactions

between human voice and machines such as computers andysoftw eww process

®
and analyse large amount of data, with the unders@f the voic n‘r&n&@P are
used to detect and characterized the complexi h % 1 especi@ ly Arabic
language. In recent Arabic recognition sy@js pstral ana‘.)@g; commonly
used technique by taking the DFT o@gnitude sp

m @ signal. This has

pos\E\M i gcq}the significant sound

S

profiles extracted from the aud%. q <§)
' p a thaqa

The aim of this rese?\i) de[ a @oﬁling system that enable to
extract and characteri ics profiles o t@e-recorded QMR and determine

4 $ &
any correlation b w aco\tﬁpmpertéjnd the Quranic rhetoric elements
|

contained in QMR. This st nitiat‘%f understanding on the characteristics of
¢

(¢]

motivated the work done in this the% th

>

8)

the magqam ntent and hope 11y' c%ﬁi ute to raising initiatives to perform further
N\

quality % of the reci Pons p&orm by the reciters. Further works is required to

dev e overall integrated @are application to be used by the reciters and Arabic

A
N





