CHAPTER 3

RESEARCH METHODOLOGY \q
3.1 Introduction Y'

Research methodology is a disciplinary way which researches need to conduct

their research. It explained detail processes on how r@(ddrfs the issue and

present their outcome in line with the objectives from t ta ob ainghout the
@

study. This chapter start off with research design app , in general h#:h_{%sses
the research design framework that will be u rihg thedresca pr@ and the

Justif@r:. Then next

col <<('>ns, conventional

prior/post activities on the research method4ghosenwit

section will outline the detail process\ EICP includes

and proposed methods for extracti%&l profi 1\3&1% a F%ection of this chapter

N
shows the overall proposed res% .dism(z?%ﬂ in details and the types
of research methods suitab]i for this r Ch area a’rcé@plained. It also outlined how
the outcome of the res% 1 be ObIne Iﬁle@ objective of the study is met.
3.2 Resear@n F

¢
The r h design seh

>
(¢}
>
z

!
teeifere is intended to provide an appropriate

< k, N\
framew% ughoﬁtbh_e)Pl y. ‘@eneral, an exploratory research approach will

detm&how relevant the inf\ ation for a study will be obtained. Considering this

s%\ exploratory research using complex speech processing method for profiling
:s m, a wise decision in research design process is crucial based on the choice of

ethodologies to be made regarding research approach. To address the key research
objectives, a preliminary research assessment and problem statement should be
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initiated. Literature review should be done intensively prior the research design and
methodology. Next stage is the data collection method of two datasets that Te
cleaned and administered properly. The detail specification and sampling%\ment
will be described further in next section. Experimental design an ution are
performed to obtain the intended result for synthesis and analysis pricW)erformance

evaluation and modification of the system. The research ft?w is ended with

conclusion and recommendation of the research area for fu ks. The fundamental
research design framework and flow process, in general, epic dw 3.1. This
W

study employed a mixed type of methods in spectral a is for andi oflli@stem.
Next section will describe further on the meth: an% amu@f( applied

é\‘?

throughout the study.

el
r

3.3 Research Method %
The methodology prov% -
from one level to the nex \ts

Magamat Profiling Sy S) sys should 'E&)w a specific methodology to be

4 &

most effective. Thi %odoloF \nmonly a bottom-up approach. It starts at the

¢
This is to a problems at 1 ; le ecl? are found and at the higher level it can be
N\

factoredfin analysi op-down approach is used, data inaccuracies at the lower

most fundamental level of d 'roce@/ a higher level of structure over the data.
?e

ler confuse the proces@d make it difficult to establish the true data rules. To

e higher levels of data profiling more successful these issues need to be

< E
6 cted at each level before moving to a higher level.
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- 7 Y i, o
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N ’>y S
o Developing concluding h & e Recommendations
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Figure 3.14The gdamen 1 res r?h @1 and flow process
Loy
Hence, the ai '}esi la framework consist of three main stages to improve

NS
the performa%\ the ptofili %o!ys(e%} Figure 3.2 shows the overall process

framewo ted and g ca@displayed in this thesis. The overall framework
‘vt
consists,of 3¥Stages as below: \,Y.
N 9

04 | Data Acquisition - Collection of raw data samples consisting of 242 audio

recordings of QMR which grouped into to datasets, primary and secondary, as

described further in section 3.4.



2. Ontological-based Audio Feature Extraction - Identify an adaptive and
efficient approach for extracted features based on ontology that suitable YR
development of MPS. As such, the methods need to be robust an%\nt in
term of distinguishing between the desired features and bac noise or
scene. Suggest an efficient enhanced and integrated techmRt?at allow the
extraction process shortened in term of time and high in accufacy. First part of
feature extraction process which involved two exi xe':hnique namely,

conventional MFCC and featured enhancement oachés Ming DFT,
[ ]

mathematical model and algorith

more details will be d1scussed\he
AN

5 for evaluation. Y &

3. Profiling analysis - F%bustﬂtech ue f2§oustlcal based profiling
system using prop XS priot con truc@ insight knowledge base of

QMR from % 1nf0: atio }15 ng}emantlc audio analysis which

discussed n Chaf)

The sof are 1s t ' utlkb%{ls MATLAB which requires additional
toolbox na P S ste oi)otjnd Signal Processing Toolbox to run signal
process sis. Fi ; shové\a diagram describing the work process of overall

pro ramework for MPS d’%‘bﬂopment Next section will cover the brief processes

@ stage involved in the proposed framework.



Data Acquisition - Feature extraction Profiling analysis

v

ecollection and ean efficient and esemantic audio
pre processing integrated analysis to
of unstructured technique for build an insight
data extracting knowledge base
audio feature of QMR from
' extracted
information

N

Figure 3.2 Flow diagram describing the work process of os% framework for MPS

development. ‘\d
@
X
3.4 Data collection Yw

é‘ﬁqatsa sele ased on their
d he@ lead to optimum

@-Iijaz Rast, Jiharkah,

) =,
Nahawand, Soba, and Sikah. maqamat alsothdVe @1’ selected since they were
mostly used among public reeiters and jdxpe : N

[ 4
There are 32 se% -recor} augigs \213& selected from 24 surah. Most of
the surahs only ir&senaili VG\&CCOI@ to the selected theme. The magamat

&

recordings are Based on sele iah i Juzzu’ Amma as described further in later
¢ C,)

section. Both, prigtary and sec dgr@tasets are recorded in a recording studio in

Facult % ership' ahag t, Universiti Sains Islam Malaysia, Nilai, Negeri

Sembi Malaysia. The al@s sampled with standard frequency sampling of

4

z for optimum audio quality. The datasets for instance, should be small to ensure

e compatibility with the developed system.
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Denote that the recordings should include all the designated requirement for
QMR to be optimum state. These includes pitch, theme-content, and song featutes. Fo
have all these features, the recordings should be captured with the duratiov@ 30s
per recording. As mentioned earlier, the data collections are divided i datasets;
primary and secondary, which based on the functionality of the source§. Both primary
and secondary datasets will be used for development and idations during
performance evaluation stage. All these pre-recorded audi tc nsidered as raw

and unstructured data that has not yet been organized in led b!kb.@ducational

‘X
purposes. The next sections elaborate how the d@groupe a lictii@'lty of
4

the datasets. T
\/: ‘W\ ¥
3.4.1 Primary Datasets \% O<<

The primary data sources a cted bas Yhe ]ﬁ@%nts contained surah.

N
Each of the verses is recited wi

sma@’qamr, nawa, jawab and
Jjawabul jawab. As describ m i 1ous§ chap e$abaqat represent the level of

pitch in Arabic maqa% wi

recited. The prima ta cont‘al

purposes of tra% del ent. All of the selected surahs is listed
¢
with recording duration as t te‘i Table 3.1 below.

N\
& v S
A Table 3.1: Prihary datasets from selected surahs

N? Surah Tabaqat Verse Theme
Al-Asr All types 1-3 Greeting, command and assertiveness
Al-Ikhlas All types 1-4 Command and assertiveness
V Al-Falaq All types 1-5 Command and assertiveness
4, Al-Nas All types 1-6 Narration




3.4.2 Secondary Datasets

This is to verify the MPS system development and validate the results. Ta@how

the secondary datasets form selected surahs.

The selection of secondary datasets is based similar criteria in primary

Table 3.2 Secondary datasets from selected, ium

No. SURAH Tabaqat Verse £ Theme

1. Al-Naba’ All types 1-2 Warniflg, assertifeness

2. Al-Naba’ All types 18-20 <Tss'%ﬁ

3. Al-Naba’ All types 38

4. Al-Naba’ All types 4(%

5. Al-Nazi’at All types T AMenes‘s,y‘

6. Al-Nazi’at All types K 10-11 et Assertiveness’

7. Al-Nazi’at All types -15 \l Asscz-rtsxfﬁéss

8. Al-Nazi’at All type 16-19 As@eness

9. Al-Nazi’at Al% ) @sertiveness

10. Abasa P a _)\A‘ssertiveness

11. Al-takwir " Assertiveness

12. Al-takwir Assertiveness

13. Al-Infitar Assertiveness

14. Al-Mutaffifin % Assertiveness

16. Al-Insyiqan : %&{F k@Z Assertiveness

17. Al-Buryj &\ J All types 537-19 Assertiveness

18. Al-Tari\ . ‘\‘\ ti/pes’ (? 11-14 Assertiveness

19. Al-F% ' ’ yt'ygebv 15-17 Assertiveness

20. . la ’ ) 1l &B} 17 Assertiveness

21. A S) s f.b/: N‘_gges 13-14 Assertiveness

22. AlEayl t@ types 14-16 Assertiveness

2 1-Duha '\,, 11 types 9-11 Assertiveness
Al-Alaq All types 1-5 Assertiveness
Al-Adiyat All types 1-5 Assertiveness
Al-Qari’ah All types 1-5 Assertiveness

27. Al-Fil All types 3-5 Assertiveness

28. Al-Ma’un All types 1-7 Assertiveness
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3.5 Audio Feature Extraction

In digital signal processing, the existing techniques for speech recognit d
classification is highly dependable on the audio feature extraction r \/lany
extraction techniques such as MFCC, Linear Prediction Coefficients, L*)rediction
Cepstral Coefficients, Line Spectral Frequencies, Discrete WaveleY‘?ansform and
Perceptual Linear Prediction were discussed and evaluated (Sabu#'et.al, 2018). As
mentioned earlier, the need for an enhanced algorithm is ¢ 'Y:ev':lop an efficient

profiling system for feature extraction technique. In t tudy j M chnique is

X
selected to be enhanced with warping function for @ audiojsig F‘rt@etails
will be elaborated in the next section. Y. \" \/‘T

3.5.1 Spectral Descriptors \) O
SD are widely used in macl%nd deep wg p@:tions, and perceptual

N

analysis. The spectral centroid%nts the "ceiiten of §IW" of the spectrum. As
e équa

been described in section 2.3,5, S defJx t@sed to determine the spectral

features, cites commo each featur aﬁd*@\rides examples to gain intuition
4 $ &

about what the s@seri 0 \t& escrg.gl The QMR signal will be applied to

the ontological% S

a ce@ number of spectral descriptors that will
¢

| &

be extracte&s%ch input fr. .:M re elaborations and explanations on the works
will be % in th ?apteé\
" g
2\ S

epstral Coefficient analysis (CCA)
Q The objective of these analysis is to separate the speech into its source and
ystem components without any a priori knowledge about source and/or system. As

explain in section 2.3.2, the multiplication of the excitation and system component need
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to be deconvolved to vocal tract components in the time domain (Giacobello et al.,

2010). For this purpose, cepstral analysis is used for transforming the multiplie e

and system components in the frequency domain to linear combinatio@ two

components in the cepstral domain. The result of CCA will be used fo rison and

performance evaluation. i
3.5.3 MFCC Analysis z '

The conventional MFCC involved various step which inc dW)wing and

®
framing the signal, applying the DFT, taking the lo gnitude sp #1 &ﬁ'} Mel-
scale filterbank, followed by applying the inve as% i iguwgg . In this

study, MFCC is developed with frequencw ng fﬁnctl as an@?;?tive feature

extraction technique for complex sp(\p%wling Sys

2.4.1, the enhancement of MFCC w%quency\)i\% i gi%n using HMM model.
jsx S

The first step is to compute a% maﬁix fi Mth?similarity measurement.

I clustering %nique is applied to obtain the

£ As <<tioned in section

[oN

Once the measured matrix i mpute

K clusters. The algori ces a sequ celo stering of decreasing number of
4 f &
clusters at each s‘w&ﬁclus@ uced &a’ch step results from the previous one
by merging two% int 'ally,d%{]ting the sequences into K groups we fit
¢

each HMM i(% cluster us gll %jobservation sequences in cluster for HMM
training< :

A\ i

d
N
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Continuous Frame . . spectrum

complex blocking Windowing
4 ' ’

speech
mel cepstrum - mel spectrum Mel-frequency
< Cepstrum .
wrapping

\

Figure 3.3 Conventional MFCC using HM

MFCC among the well-known method for reco LA eM in section

2.3.3, the aim is to mimics the frequency resp the huma, ezlrln o the

coefficients are depend on filterbank energies 1-ft: e acmgyccordmg

to steps from HMM model, the initial ste EW ndOWf:d using is 1ng window

in overlapping steps. In these experl ch windo set@tlme frame value,

Tw=25 ms with overlapping steps f ift frame, = $m @s gives a total of 100

-y

windows. The window width a be 1ﬂed timize the visualizations.

~\

For each window, the lo cogte using a discrete Fourier

sch
transform (DFT). Acc t6 Reyno Jl}) ﬁQtral coefficients are perceptually

=

weighted by a non map l) quenCé ale which known as Mel-scale. This
is to emphas1 th mid- ba&*djs'Q that proportionate to their perceptual

¢
rtﬂ'erer’msformlng the Mel-weighted spectrum to

?rst IZ%der of coefficients are selected while remaining

higl&er are discarded. \{{/111 transform the log energy into 13- dimensional

fe?&ectors (12 MFCC:s plus energy) at a 100 Hz rate.
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3.54 W-DFT via MFCC

Generally, this method is performed by enhancing the conventionalv
method. In this experiment, an alternative frequency warping strategy by r@ mel
filterbank with direct warping function with uniformly warped DF FT). The
experiment is started again from the Hamming windowed frame bmy a warped

DFT (WDFT) matrix to obtain a warped spectrum: V

G.1)

o \Y.
-{”
where X[k] € CVare the complex-valu e{t nd F&'N xN'a

the W-DFT matrix. Its elements are given EN w\ $
Fxpn = e J@Kn T : (3.2)

where @, == k The umfoKeiue ofﬁicmg t@mel-soale The rest of the
warped process underioes?my tr# sa ltep conventlonal MFCC namely

filterbank 1ntegrat10n 0g compressid 1nce the spectrum is already pre-

3

warped, the trian rs arle now unifo paced in Hertz, rather than mel scale.

\ ? e
5 ¢
3.6 Q\% wledge bs:%'onst \on
Ase tion provides the f&t)ﬁle part of profiling stages. These involves in attribute
t for rule matching based on audio features from AFE. The overall process of
%ﬁucﬁng QMR knowledge base is depicted in Figure 3.4. The data resources is
O

rformed pre-processing and analyzed using knowledge base construction tools and

maqgamat ontology. The ontological features are based on the peak detection of extracted
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signals and signal matching. The construction of the knowledgebase is developed based

on semantical features of the proposed ontology. The structured knowledgebasew

will be automatically generated based on the ontological features extract@ction

3.5.

MQR Knowledge base

1T

Knowledge base import and
maintenance

Analysis and
pre- £

processing

3.7 Overall %hf me I?"lt come

resear h fi 0 an offer significant utilities for the research

initia tS QMR be usexlt c\lgfﬁes the attributes of the research environments,

es t e significant feature&nd supports from the public reciters level to the QMR

s’ level. Based on the fundamental research design in section 3.2, here are five

0 stages of the overall research framework implying the proposed MPS method

together with the expected outcomes as shown in Figure 3.5.
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literature review content analysis

furtherinsights specifications of required hybrid and adaptive

solutions are defined design

s

| &
Y-

A

~

defining limits and

development of the MPS 2e X requirement for software
capabilities of audio
prototype environment tools and datasets
hE R ANC
< 7 5 é’
\ A at LA
evaluate and validate develop training set re-evaluate performance
using different types of model from primary using real data and
approach datasets unstructured datasets
N _
( ¢
Q=" 1)) S
contributions and limitations of the research objectives and problems
system architecture and whether they have been successfully

-

orecommendations for future research met.
w

Figure 3.5 Overall research framework
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3.7.1 Problem awareness

The first stage of this method is literature review and content analysis. T 0
understand and outline the problem statement, prototype’s requirement, o@ and
scope of the study focusing on QMR. During the cycles, several ch istics and

engineering concept were furnished and combined with key insight¥ produce well

planned direction for development. Through intensive literature review, more design

tools of DSP and concept for speech processing such as Al ctra' analysis and so

on, are studied and compared.

initial analysis and design which ai&
Furthermore, the specifications of r%d solutlhR% @A hybrid and adaptive
Q.% Y
0

design combining two or m ithms and ompliv' nal techniques to solve

3.7.2 Proposing the system architecture of \
At this second stage, further insighw roblqin sOlying a Y;ired during
e

complex and challenging pr § In [ aseja complex speech processing for QMR
dd

issues. The proposed s% ends ::) r ‘s‘ &r&%&ck of QMR by integrating AFE,

warping function &%elatiT iques. led descriptions on the algorithms of
the proposed sy% provi i ' hapéﬁ’ accordingly.
( ¢ 2 (JC,)
NN
3.7.3 enmenting tem Development

Ae third stage involv@e development of the MPS prototype. This section

Xs the development toolkit (software and hardware resources) that will be used
o develop and implement the proposed architecture in 3.4. The limits and capabilities
f a sound profiling environment should be recognized. The major challenges that

hinder sound profiling is the limitation and reliability of the captured data. Each
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recording has different sound features depending on the hardware tools, reciters and
sound features of the extracted data. The requirement for software tools and ?R

has been elaborated in previous section 3.3. It starts with execution of th@AFE
with adaptive warping function. The overall execution of MPS system ﬂ*ace priori
the knowledge base construction. Then look at the sorts of global prms for having
a robust system and discuss variations on the architecture w%y(e validation of

system more practical. Details on the development of the sysrem is described

s
in Chapter 4 and 5. \d
X

| &

3.7.4 Evaluation of MPS \O' T
This stage aims to prove that the @a‘ﬁm system es the initial
mo@hen followed by

requirements. The evaluation is perfo ly within

the overall system. To evaluate an%date the\eag -Sne different types of
approach have been propos as Qnath ancako \ofs logical reasoning,
benchmarking, simulation, xex entation a; emonstratlon (Vaishnavi and
Kuechler, 2007). In th% he eva at1 m‘eth& used to validate MPS system is
by developing the trdiming set n] pri datasets using Classification Learner
Toolbox from el wt%é performed using further triangulation

evaluation e od based o tlﬁctE:? secondary datasets and current real-world
dataset ethod'l or b AFE and profiling performance evaluation. This

hmlted database e@fn real world for all magamat with studio quality

Kw
§‘

60



3.7.5 Analysis of findings

This section summarizes the work conducted in this research, the contrwﬂ
and limitations of the system architecture and recommendations for fut@arch
This section also determines the research objectives and problems w hey have

been successfully met. The details of this section will be dlscussed in €hapter 7.

3.8  Summary z

Research methodology is the path through whichisesear: ewo conduct

their research. This chapter describes the researc %frame or ath@ used
during the research process and the prior/post on thé h method chosen
with proper justification. The research et oﬁr 1 udes Y.collectrons

conventional and proposed method, 111ng sta t al ows the overall

/?

proposed research frameworks ar ussed 1 ‘s r@he types of research
0

methods suitable for this resea ﬁ?
I  $
a‘
N l
{'v
N l %(.z
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