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1 Introduction

1.1 Scope of work

Within the CAHRISMA project the work caried out in WP 9 congds of the andyss of
the data provided by our partners a the Technicd Univeraty of Denmark (Department of
Acoudic Technology) and a the Universtd Degli Sudi di Ferara (Dipatimento di
Ingegneria) who were responsble to provide waveforms of chants within the Mosgues
and Churches.

The am of the Work Package was to obtan a datigicd compaison of Idamic and
Byzantine chants in the worship spaces In order to look a this from an acousticd point
of view, two ideas were developed.

One uses the intringc (anechoic) record to look a the intonation of Idamic and Byzantine
chat. The other uses the different Idamic and Byzantine chants avalable both in
anechoic famat as wdl as synthessed in ther respective worship spaces in order to
compare them datidicdly. This ds0 indudes obtaning daidica information on the
effects of the respective Mosques and Churches on the different chants and to investigate
if any generd acoudicd petterns could be found which could characterise the building
and didinguish between the buildings. After severa discussons it was agreed that the
parameter that was to be andysed was the Effective Duration of the Autocorrdaion
Function.

1.2 Data available

The study was conducted on the following data

?? Anechoic Idamic and Byzanitine chants wave files (Technical University of
Denmark — Department of Acoustic Technology)

?? Echoic Idamic and Byzantine wave files synthessed in ther respective worship
gaces using impulse response techniques (Universa® Degli Sudi di Ferrara —
Dipartimento di Ingegneria.

A more detailed breskdown of the data avalable could be found in section 2.2 on page
number 3

University of Malta — Department of Communications and Computer Engineering 3
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2 Prefix

2.1 Definition of acronyms used

Thisisalig of the acronyms used throughout this report and the CD.

Mosques and Churches

SB | SS Sergius Bacchus Church

SO | Sokullu Mosoue

SU | Sileymaniye Mosque

S | . Irene Church

SS | S. Sophie Church

Receiver location

CM | Centre of Mosque / Church - The recaiver is pogdtioned a the Centre Of the
Maosque/ Church

GL | Gdlay of Mosque / Church — The recaver is pogtioned in the Gdlery within
the Mosque / Church

BL | Bdcony of Masque / Church — The recelver is podtioned in the Bdcony of the
Mosgue/ Church

2.2 Data Available, in more detail.

This sudy was caried out on the following Anechoic and Echoic waveform chants
(reference Section 1.2 page 3).

Anechoic wavefor ms available

Bahir, Byzattine Hymn, Haim Duas, Ic Ezan, Mimber Duas, Sda Tekbir,
Tevsh

Synthesised (Echoic) waveforms available:

Bahir, Hatim Duad, Ic Ezan, Mimber Duad, Sda Tevah synthesised in SB, SO
and SU Mosques

Byzantine Hymn synthesised in the Sl and SS Churches.

University of Malta — Department of Communications and Computer Engineering 4
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2.3 Classification of the chants

In order to have a better underganding of the materid avalable, the waveforms have
been andysed, content wise, and have been grouped into the following groups

Solo Chant
Chant Comments
Bahir Thelast 8% of it is Choir Chant
Byzantine Hymn
Ic Ezan
Sda
Choir Chant
Chant Comments
Tekbir
Tevah
Mixed
Chant Comments
Mimber Duas The fird 64% of the waveform is Solo Prayer. The rest is Solo
Chant
Hatim Duas Solo chant, choir chant (very smdl pats in between the Solo
chant). The last 2 minutes is Solo talk with a bit of Group tak in
between

University of Malta — Department of Communications and Computer Engineering 5
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3 Intonation Model

3.1 Introduction

The am of this work is to andyse the pitch contour or envelope of chant and to compare
the contour shape in order to deduce whether there are preferred ranges and rae of
change in ranges of the pitch. While this is usudly a function of the chant, by looking a
various Byzantine and Idamic chants some more generd conclusions may be deduced.

The pitch contour can be obtaned snce most Byzantine and Idamic chant is a voice
recitative with no mudgcd indruments and for mogt of the time with only one person
involved. It is therefore reaivey easy to use dandard speech techniques for the
extraction of the pitch information. In this study the pitch is obtained as an average over
windows of 20ms. Usng autocorreation techniques. The overdl chant is divided into
contiguous windows without overlap.

3.2 Pitch Primitives

In order to be able to look andyticaly a the intonation contour it is necessary to build a
st of pitch primitives. These primitives are basc line shapes. By having a suitable set it
should be possble to modd the naturd intonation contour. The posshility of having a
known set of primitives that are concatenated together to obtain the find shepe, dso
mekes it possble to andyse the dhape by finding the number and postion of the
primitives used in moddling a chant.

Figure 1 shows the st of primitives used in this moddling. These shgpes are themsdves
a ubject of a datidicd anadyss based on podulaing a given shape and then finding how
much it gppears within naturd intonation. The present set was obtained based on previous
work on gpeech intondion. It can be however easly adgpted to chant by adding a
paticular shape if it is necessxy due to paticular intonation contours in chant not
normally met with in speech.

In order to kegp the dze of the primitive st to a minimum, esch primitive has two
fundamental properties. These are a normdised shape referred in Y-axis rddive to the
dat point as pogtion with Y = 0. A ‘dretch’ of the shape is possble in the Y-axis only
0 that the dope of the basic shape can change. Primitives are defined with 3, 5, and 7
points. Figure 2 gives a few typicd primitive definitions that can be rdaed to the shepes
in Figure 1. For example primitive E30 isa 5-point primitive with a V-shape.

University of Malta — Department of Communications and Computer Engineering 6
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Figure 1 A sample of the Pitch Primitive St
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Figure 2 Pitch Primitive Templates

The complete st of pitch primitivesisinduded in the gppendix (Section 5.7)

3.3 Modelling with the Pitch Primitives

In moddling, the red waveform is examined from the dsat and the bext fit shape is
aoplied. A weighting is placed on fitting with the longer (ie 7-point) shapes to keep the
used set of primitives to a minimum. An eror function based on disance of the naturd
pitch contour from the podulated primitive is used in order to arive a the choice of the
best primitive. Each primitive is examined for shgpe and dretch to obtan the particular
beg fit for that shegpe. The primitive with the best fit a a particular dtretch is retained.
This process is moved forward to the next part of the naturd contour. At present there is
no overdl best error fit, but only a running best error fit. Each primitive is independent
of the previous or following. The endpoint of the primitive is not condrained. The next
primitive andyss dats from the next red pitch vaue trying to find the next bet fit.
Therefore errors are not cumulative though there can be loca anomdiesin the shape.

Figure 3 shows a naturd and moddled intonation contour based on pat of the Byzantine
chant. The result is quite Smilar. As dready mentioned any gross anomaies can dways
be rectified by editing the pitch primitive sst. What is important is the fact that the
maddled contour is known and defined in detall. Figure 4 gives a patid entry on the
modd for the Byzantine waveform. The entries refer to the primitive type, the dretch
number, the initid red pitch, which for the purposes of the modeling would be the 'O
postion of the fird pitch point in the primitive and the dat location, within the
waveform in millissconds. This data mekes it rdaivey essy to obtan ddidicd
information on the naturd pitch contour based on the modelled contour.

University of Malta — Department of Communications and Computer Engineering 8
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Typicdly 60 seconds of a chant require gpproximately 450 concatenated primitives to
make up the overdl shape.

E"E,%Speech Synthesis and Analysis Tool

File Modes Viewers Builders 5Statistics Configuration Help
Original pitch data extracted from wave file

0 {Hz)
L
P s R 1 R R i LR
ek [ G RV s
/
Time {ms)
Generated sentence model using templates
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270 TR SRS LR AR ]
2400 e 8 S RS O™ 7. i  aa '
180 j 'r
150
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1]
a0
Upg 1000 2000 3000 4000 5000 BOOO FOOO 8000 9000 100C
Time {ms)

Figure 3 Original pitch data and generated model for part of the Byzantine Solo Chant
Appendix section 5.2 illusrates grgphicdly the origind pitch daa of the Bahir Solo

Chant extracted from the wav file and the corresponding generated waveform modd
usng the pitch primitives
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3.4 Statistical Analysis
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Figure 4 Sequence of primitive set models approximating a real intonation pattern

Figure 5 gives the raw datidics of the most used primitives for the Byzantine Chant and
for the Bahir chant. Each primitive includes dl the various dretch pogtions used by the
shape. Fgure 6 gives the detalled breskdown of one paticular primitive with respect to
the various stretch numbers used.

Byzantine Chant Primitive Contours

Primitive Occurrences

GO01
G02
E13
GO03
EO5
Cco8
G17
E19
E29
E12
G20
EO6
Co4
GO07
GO05
G04
GO08

375
345
317
287
232
206
201
156
151
149
136
131
128
108
100
89

84

% of total
occurrences
8.54

7.86

7.22

6.54

5.29

4.69

4.58

3.55

3.44

3.39

3.10

2.98

2.92

2.46

2.28

2.03

1.91

Bahir Chant Primitive Contours

Primitive Occurrences

GO01
GO02
E13
GO03
co8
G20
G04
co4
GO05
E29
G17
EO5
Co3
E12
GO7
E19
co1

219
147
137
137
132
124
95
82
60
58
58
56
55
54
53
49
41

% of total
occurrences
10.43

7.00

6.53

6.53

6.29

5.91

4.53

3.91

2.86

2.76

2.76

2.67

2.62

2.57

2.53

2.33

1.95

Figure 5 Sample of the statistics of the primitive templates used in the solo chants
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The mogst widdy used primitives are the same in both cases. This is expected in that the
basc pitch movements ae dependent on the phydcd limits of phonaion, on tempord
limits of bresthing and on preferred ranges both of pitch and of hearing. Notwithstanding,
the exact agreament in the firg four primitives is not only indicative of the rdiability of
the method, but may indicate some basc gmilaity in the two types of chants. The
contours E05 and E12 ae more prominent in the Byzantine This indicaes the wide
vaiability in the pitch range and the higher rate of changes in the pitch then used in the
Bahir chant.

Figure 6 shows the wide dretch vaiability for primitive EO5 in both chants. Note thet
there is a much more condgent use of higher stretch numbers in the Byzantine than in the

Bahir again indicating the wider use of higher pitch range changes.

Byzantine Chant Bahir Chant

EO5 Primitive EO5 Primitive
Stretch No. Occurrences Stretch No. Occurrences
1 1 2 1
2 5 3 3
3 10 4 15
4 23 5 10
5 31 6 10
6 36 7 6
7 31 8 5
8 25 9 4
9 16 10 1
10 23 12 1
11 11 56
12 6
13 9
14 3
15 1
18 1

232

Figure 6 Sretch variability for template EO5 in the Byzantine and Bahir Anechoic
Chants

The patid ddidicd andyds of the solo chant anechoic waveforms is liged in Appendix
section 5.3

University of Malta — Department of Communications and Computer Engineering 1
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3.5 Conclusions

The intonation moddling tool can be used to look in detall & the components making up
the chants, the pitch range and pitch preferred changes. This dlowed detailed comparison
of dl the avalabdle Idamic and Byzantine chants. At the same time particular changes in
chant can be automdicdly pinpointed in the acoustic waveform by reference to the
primitive and its dretch number, and its podtion within the intongtion modd for the
chant.

University of Malta — Department of Communications and Computer Engineering 12
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4 The Effective Duration of the Autocorrelation
Function

4.1 Introduction

The work by Ando™ on the Effective Duration of the Autocorrelation Function (ACF)
was taken as a bases for this invedtigation. Various aspects of the ACF were developed

further in this work. In particular a detalled andyses was conducted on the high vaues of
the Effective Duration.

4.2 Tools used

A framework has been dedgned in order to fedilitate the tesing of the different
mathematicd formulee as wdl as the processng and the display of the data once the
testing stage was over. Matlab 6 Release 12 was used as a base for the framework as it is
vay flexible, it offers a wide range of mahematicd functions as well as the possbility to
creste aGraphica User Interface (GUI) in order to make the framework user friendly.

DIT I ~icix|
NEE Shewm
Foesr 3
T Gagh & LmErogy
Cawr [T ™ Bminis
i IT Hodogen
cuum:J Ermge Cragh |
funo Pant | P |
Q| & gern P
Hiskogws | 5 Hitogaen
e [ m il ]
© e
Disetn Pt | ek 0
S Sz P -
T 'F_ e s eV
Frmra e | Prowsss afie: |
| B s wmndd vt Areecheat
maolon | Porsssion | e | | Saree oM P |
Trung: S 1 F
wahpl [T B oW 2 Pask At AW Tuil |
Stz | D Wi 1 ] _.-J P
Ay [oi Ta 1Ta

Figure 7 A screenshot of the Framework

L« Architectural Acoustics: Blending Sound Sources, Sound Fields, and Listeners

(Modern Acoustics and Signal Processing)” by Yoichi Ando and R. Beyer — Section
3.1.3
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4.3 Theoretical Introduction
4.3.1 The Autocorrelation Function

The chort-time moving Autocorrdation Function (ACF) as a function of time t is
calculated as™:

2.(2)?22,(2:t,T)

5 ?,2:t,T)

| [? ,(0:t,T)? (0:?2t,T)]

1
2

where

2 (:4T)? %‘go-(s) p'(s??)ds

t?T

4.3.2 Definition of ?e

The effective duraion (?€) is defined by the dday a which the enveope of the
normdized ACF becomes —10 dB and represents the repetitive features or reverberation

contained within a dgnd. This is cdculaed by extrgpolaing a linear gpproximetion of
the envelope of the ACF between 0 and -5 dB. An exampleisshown in Fgure8.

Data; 2T=Z5, Stard Time=1s, Peak Res=0.015 Result; 1==0.0415125 Wawve: Bahir

10log}, el

il

07 002 008 04

0o Qo2 003 004 oD 00E

Seconds

Figure 8 An example of the calculation of the ?e
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4.4 Selecting the 2T window size.

Initidly the window Sze parameter (2T) was invedtigaed to obtan a messure of its
influence on ?e. The 2T vaues used were 0.5s, 1s, 2s and 5s. The grgphs obtained show
too much ?e activity for the 0.5s grgphs (a lot of indantaneous pesks) and too little
activity for the 2s and 5s graphs. The graphs for the 1s showed to be a good compromise
and thusa 2T vaue of 1swas used for the rest of the examination.

4.5 Problems in the interpretation of ?e values

4.5.1 Factors effecting 7e

The problem arises because goart from the repetitive features and reverberation there are
other factors that influence the caculated vaues of 2. These are:

?? DC Vaues. The auto corrdation of DC ssgments is very high because the sgnd
is obvioudy corrdaed. Thus the ?e vaues for DC ssgments are very high (over
4000msin Figure9).

?? Uncorrelated Noise: Thisyiddsalow vdue of % (Figure9).

?? DC Shift: Smilar ggnds but with a different DC ghift have a smilar ?e contour

but the one with a higher podtive DC shift has an overdl higher ?e graph Eigure
10—-abandc).

University of Malta — Department of Communications and Computer Engineering 15
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Data: 2T=1s, Interval=0. 15, Peak Res=0.01s Wave:test-Te-2T-15 mat
a00 T T
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Figure 9 Factors effecting 7e — DC Values and Uncorrelated Noise
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Figure 10 Factors effecting 72 — DC Shift
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4.5.2 Silence (and Correlated Noise)
By visudly compaing the ?e grgphs of a particular sample and the sample itsdf it

was noted that sections with slence (or pauses) have ?7e vaues tha are comparable to the
?evauesintheres of the sgnd (Figure 11 sections a, b and c).

s 2T=1%, Interuai=t 15, Peaak Fes=l] 01 Wave Mimber Duas-2T-15 ral
T g T

] - T —
I | | | |

20 I | b 0 i

aol | | | | | | i
1 | | [

e | | | | g
[ I | | I )

o E I i E
.............................................. Y T PSP S e ik Pt
;.-"-Jt”"-l illl ! 3 : _,ﬂ ’rlH'l welihat, ”.LIJ.I" ﬁr" II I'r F

=2 % il S L S T O T R Y] CL A IS e S R
L : | , T |,
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I | | | | I Tl"l'lilil
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I I | | I
15l | | | | |
. I | |

=
LLa]

!
¥
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|
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(b3 it] Tena [5]

3
E’_
B

Figure 11 Sections a,b and c of the waveform (bottom graph) consist of silence — The ?e
values for these regions are comparable with the rest of the waveform.

It seems that these ?e vadues are being cdculated on the noise of the sgnd that, athough
being smdl, is corrdated in such a way that it is giving the results obtained. Obvioudy,

the ?e values of these sections of the sample are not reevant to the sgnd and thus a
method to avoid this problem had to be found.

4.6 Solution to the problems
4.6.1 Extracting the ‘silence’ segments
In our case the noise issue was taken into account at the recording stage, any DC shifts

that could be present would be amilar in dl the duration of the sample. The problem that
remainsisthe effect of *slence and the correlated noise.

University of Malta — Department of Communications and Computer Engineering 17
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The method of cdculating the 7e vaues does not disinguish between sections of the
sample that contain the sgnd and the sections that contain the ‘dlence (and the smdl
corrdlated noise). Thus some other method must be used in order to digtinguish between
the parts of the sample that are rlevant and the ones that are not.

It was found that usng the energy of the 9gnd a that particular point is a good method
of diginguishing between these sections Tedts have shown tha it is important to
cdculate the energy on a window rather then on the discrete points (this is a sort of
averaging mechanism). The window Sze to be used is a compromise between sdecting a
andl vaue and returning to the discrete point system and sdecting a large vaue and not
being able to detect the sections with ‘slence (due to the excessve averaging). It was
found that usng a window of 0.1s gives a good energy grgoh when compared visudly
(i.e sections of ‘dlenceé could be identified eadly from the energy vaues usng the 0.1s
window).
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Figure 12 (a) Waveform (part of the Mimber Duas chant). (b) respective energy graph
using a 0.1 second window. (C) respective energy graph using a 1 second window.

4.6.2 Selecting the relevant ?e data

Once that a digtinction between the rdevant and the non reevant sections of the sgnd
was made, the next dep was to decide on how to dter the ?e vaues in the respective
sectionsin order to arrange for this‘sllence’ issue.
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Method 1:

Himinate the ?e vaues for which the Energy fdls beow acertain vaue.
Method 2:

Scaethe ?e vadue in rdation to the Energy content of the sgnd.
The problem with Method 2 is tha sections with rddivdy low ?e vadues and high
Energy will be ‘scded up to higher ?e values Thus the dimingtion method (i.e. Method
1) was selected.

4.7 Extraction of the Data
4.7.1 The ?e Graphs

The ?e graphs were generaied for dl the anechoic and synthessed chants available these
graphs are included in the CD. Moreover the CD dso contains a zoomed verson of dl
the graphs with a time range of 50s that can be used for a detalled andlyss of the graphs.
The zoomed grgphs for the anechoic Bahir Solo Chant ae dso illudrated in the
Appendix section 5.2.

Fgure 13 and Fgure 14 show a sample of the ?e and Waveform graphs of the Bahir
chant systemised at SS Sergius Bacchus Church.

Data: 2T=15, Interval=0.15, Peak Res=0.01s Wave:Bahir-5B-Chi WAl
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Figure 13 7 and waveform graphs of the Bahir chant synthesised at SS Sergius Bacchus
Church
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Data: 2T=1s, Interval=0.15, Peak Res=0.01s Wave:Bahir-SB-Chd WAy
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Figure 14 A zoomed version of the graphs in Figure 13 with a Time range of 50s to 100s

Comments on avisud analysis of the ?e grgphs could be found in section 4.8.1

4.7.2 7 peak investigation

Given tha the 7 represents the time teken for the autocorrdation to fal by 10 dB,
meaning, that by that time the dgnd section in congderaion would have died, high
vadues of 7e mean that the dgnd is ‘sudaned for a longer peiod and thus gives
information regardng the repetitive features and the reverberation of the sgnds. Thus in
the context of the project, it is intereding to invedtigate further these high vaues of %,
epecidly studying the effect of the Mosques and Byzantine Churches on these ?e values.

4.7.3 Statistical Data

The ?e graphs were andysad datidticdly and the following detidical data was extracted
for each graph.

Values Description

Mean Thisisthe mean vaue of the ?e data

SD. The gandard deviation (SD.) of the ?e data around the mean

5 %tile The 5 percentile (%¢tile) is the level a which only 5% of the sorted lig
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10 %t!le of ?e vaues exceed this limit. (Note thet, the 50 %tile (median) is not
0 %tile | the same as the Mean vaue)
95 Ytile

As a further illugration, Figure 15 shows the same % and waveform grgphs as in FHgure
13 but with lines showing the postions of the Statisticd Data

Data: 2T=1s, Interval=0.15, Peak Res=0.01s Wave:Bahir-SB-Chi VAW
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Z
05+ E
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0 a0 100 150 200 250 300 350

Tirme [s]

Figure 15 7 and waveform graphs of the Bahir chant synthesised at SS Sergius Bacchus
Church overlaid with the Satistical Data

Moreover, Figure 15, shows, grgphicdly, the rdaion of the higher percentiles (the 5 and
the 10 %tiles) to the ?e peaks.

The bar chats depicting the Staidicd Data obtained for the Anechoic Chants and the
Chants Synthesised with the receiver postioned a the Centre of the Mosque (CM) can be
found in the Appendix sections 5.4.1 and 5.4.2 respectively. The exact data vaues as well
as the ddtidicd data of the Chants Synthesised in the other receiver postions could be
found on the CD.

4.7.4 Percentile Analyses

The Satidicd Data can dso be shown as the change in % with the change in the
percentile from the 100 %tile to the 5 %tile.
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Figure 16 Percentile Graph for the anechoic chants
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Figure 17 Percentile Graph for the chants synthesised at Sileymaniye and . Sophie
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Fgure 16 and Figure 17 show the percentile vaues for the Anechoic and the Synthesised
(at the Sileymanye Mosque) chants.

Thefull sat of Percentile Analysesfiguresisinduded in Appendix section 5.6.

4.7.5 Peak Distance Calculation

Due to the dgnificant change in the range of the higher percentiles (of the 7€), between
the anedhoic and the synthessed chants a further investigation was congdered. This was
to messure the distance between successve ?e pesks in order to investigate whether this
digance isinfluenced by the space.

Frg of dl the pesks had to be identified. Given that only the highest pesks were of
interest, only pesks with a ?e vdue grester then the vdue of the 10 percentile were
conddered. To be able to compare results from the anechoic and synthessed waveforms
the same threshold vaue was used. This was the 10 %tile of the anechoic verson of the
chant under congderation

The vdues were subssquently smoothed so0 that very smdl variations within a disance of
0.5 swere diminated and considered as one pesk.

A hisogram was then used to obtain a measure of the didribution of the soread of the

digance between pesks of % in the various chants. Fgure 18 shows an example of such a
higogram with bins of 1s the rest of the dataisinduded in the CD.
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Figure 18 (a) Histogram of the Peak Distances for the Hatim Duas Chant syntesised at
SS Sergius Bacchus Church and with the receiver at the center. (b) same histogamasin
(@) but 100% normalised.

4.8 Comments on Results

4.8.1 7?e Graphs

The ?e graphs of the Anechoic Idamic solo chant group (Bahir, Ic Ezan and Sald) and the
Anechoic Idamic choir chant group (Tekbir & Tevsh) ae visudly quite condgtent
between the other chants of the same group.

The Idamic s0lo chants seem to have a didinct ?e graph compared to the ?e graph of the
Byzantine solo chant. The Idamic samples have a grester spread of ?e vaues and much
more ingantaneous ?e peaks.

It was noted that the Idamic solo chants seem to have rdativey long pauses between the
varses of the chant (this is not found in the Idamic choir and Byzantine sdo chants). It
would be interesting to investigate if this pausing may be influenced by the structures.

The ?e graphs for the Idamic Choir Chants and the last choir part (gpprox. 26s) of the
Bahir have much less ?e ingantaneous pesks when compared to the Idamic solo chants.
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They ae much cdosr to the Byzantine solo chant but have a lesser soread and less
ingdantaneous peaks.

4.8.2 Statistical Data

4.8.2.1 Anechoic

It is interesting to note that the value of e a the 95 %tile and 90 %tile is quite Imilar for
the dl the Anechoic chants (Reference Fgure 19). This means tha the 95 and 90 %tiles
do not give information that can didinguish the various types of chants, such as the Solo
Chants and the Choir Chants.

On the other hand the vaues for the 10 and 5 %tiles are quite didinct. It is dso
interesting to note that the Tekbir & Tevah, which are both Choir Chants have a smilar
vaue.

The ?e and intonaion contour for the Bahir Solo Chant in Appendix 5.2 dso show a clear
corrdaion between sustained pitch and high values of 7e.

4822 Synthesised

From Fgures 20 — 26, in Appendix section 5.4.2, the mean, 95 %tile and 90 %dtile of the
paticular chants sung in the three Mosques are higher than the corresponding Anechoic

parameters. This is to be expected, as the initid reflections will tend to sustain the
origind waveform. Moreover, the dight increese in the vaues is smilar in dl the three
spaces.

As regads to the 5 %tile and 10 %tile parameters, they are quite dependent on the

volume of the Mosques. Moreover, it seems that the different types of pieces (i.e. Solo or
Choir Chants) are, in generd, influenced in a different manner.

Appaently adl the Solo Chants tend to decrease the 10 %tile and 5 %tile vadues as the
volume of the worship space increases.

The effects of pogtion in the worship goaces d<o follow a Smilar patern. The vaues of
the 95 and 90 %tile reman practicdly the same whatever the postion of the receiver.

However the vdues of the 10 and 5 %tile vary Sgnificantly (reference Sttigticd Data
file on the CD)

4.8.3 Percentile Analyses
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Form the Percentile Andyses Graphs in the Appendix section 5.6 it was noted that the
percentiles with lower ?e vdues tend to increase when the chant is synthessed in the
worship space while the percentileswith ahigh ?e vaue tend to decrease.

This may be due to the fact that in genera the chant becomes more corrdlated because of
the echoes introduced by the worship space which have the effect of making the chant
more sustained (especidly in the sections with slence and when the energy of the echo is
greater or comparable to the energy of the chant at that ingtant).

On the other hand the higher values of ?e are decreasing in dl the worship spaces. This
could probably be due to the echo produced by the previous sections, which could be
interfering negatively with the repetitive festures of the section in question and thus
reducing the corrdation.

Thus the worship spaces tend to decrease the overdl range of 2 from that of the anechoic
record. This seems to imply tha there is dways loss in the dynamic range intringc in the
Anechoic record when thisis produced insde avolume.

4.8.4 Peak Distance Analysis

The higograms for the Anechoic Chants shows a digribution that has a generd smilar
pattern fot Bahir Sda and Haim Duad, and a dight vaidion from this patern in the
Mimber Duas and the Byzantine Hymn. The change in the paiterns is dso dmilar in the
larger volumes. There is a generd tendency of a reduction in the number of occurrences
of pesk digances in the order of 2 to 4 seconds with a higher increase in distances of 1
second indicating that a number of diginct origind pesks have been reduced with the
gppearance of other pesksin between due to the influence of the large volume.

There is however large variability in the results and @ generd conclusons can be drawn

on whether the worship spaces have a digsinct influence on the time intervas between the
pesks of high ?e.
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5 Appendices

5.1 Pitch Primitive Set
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5.2 Bahir Solo Chant Analysis
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Data: 2T=15, Interval=0.15, Peak Res=0.015 Wawe:Bahir. way

300 . . . . . . . . .

— 200} || ﬂq -

g WO | . A

Rt S A1 L VR . I A 1L L P
)N T ] VTV SN Y A

|:| | | | | | | | | |
180 155 160 165 1700 175 180 185 190 195 200
Time [5]

Wawve: Bahir.way
1 T T T T T T

Amplitude

_1 | | | | | | | | |
150 155 160 MBS 170 195 1800 185 190 195 200
Time [s]

E*E%Speech Synthesis and Analysis Tool

File Modes Viewers Builders Statistics Configuration Help
ariginal pitch data extracted from wave file

O (Hz

270 ] "I — - (| - fr
= M nﬂ B B S B | SR [T
= | EEEEL |

=L

f
o5

120 re

10000 Z0000 30000 40000 50
Tirme (ms)

Generated sentence model using templates

O (Hz)

270 I 1 fa e
240 i

: S =
= B BEAY /B, P ] ""ﬂh’
210 VT i m i 4§ L r

180 1 i LTl

150 —’F"’d'.”

120 I I “i'y,.*

90 l

B0 I
I

20

0Oq 10000 20000 0000 40000 a0
Tirme {ms)

Current file: CHPitch-APT.cahrismatbkahirfd.csv

University of Malta — Department of Communications and Computer Engineering A



CAH.RI.SMA. ICA3-CT-1999-00007 WP9 D32

Data: 2T=15, Interval=0.15, Peak Res=0.015 Wawe:Bahir. way

3':":' T T T T T T T T
?EDD— ’k H .
£ b L ﬂ
k]
=100 b J”( .J.“. I\I " | ]

N YL Y LV L PPN (.9 0 LN W
I:l 1 1 1 1 1 1 1 1 1
200 205 210 214 220 226 230 235 240 245 280
Time [5]
Wawve: Bahir.way
1 T T T T T T T T T
[ah)
]
=
=
=
=y

| | | | | | | | |
200 205 N0 N5 20 ZAs X0 23w 240 2450 250
Time [s]

E%Speech Synthesis and Analysis Tool
File Modes VWiewers Builders Statistics Configuration Help

oOriginal pitch data extracted from wave file

0 (Hz)
N
e B e
- n o
240y sy 1= T, 7] .
210 i by i B St p=—tr
180 ¥
150 . L LﬂLﬂ
120
a0
G0
30
Oqg 10000 20000 30000 40000 a0
Tirne (rmMs)
Generated sentence meodel using templates
0 (Hz)
200 "

J 1 ('

YRR RS

z40 i

21h [ ] = . Tlel ¥ MF’E‘] ;
180 73 i
150 ! J 1

120

90
B0 |
30 [
0p 10000 20000 J0000 40000 50
Tirme (rms)
current file: ChPitch-APT.wcahrismatbahirf5.csv
University of Malta — Department of Communications and Computer Engineering 35



CAH.RI.SM

A

ICA3-CT-1999-00007

WP9 D32

Data: 2T=15, Interval=0.15, Peak Res=0.015 Wawe:Bahir. way

3':":' T T T T T T T T T
20} ) | -
Z - 1
Baoop A bl o L

Fdrw\ﬂ AN A Yo AN Whikpdf LA
%ED EEIE Eélil Eéﬁ 27:'III 27:'5 EéEI Eéﬁ EEI:‘EI EEI:IE 300
Time [5]
Wave: Bahirway
1 T T T T T T T T T
- 05 .
£ 0
=
* ost .
_125EI 25I5 Eélil EéE ETJ’EI 27:’5 EéEI EéE EEI:‘EI EEI:IE 300
Time [s]

E%Speech Synthesis and Analysis Tool

File Modes

Viewers Builders Statistics

Configuration Help

Original pitch data extracted from wavwve file

I {HZ)

330

300

270

240

210 i

180

==t
& L
JB¥ gy

—

150

120

a0

[a18]

30

===

5]

0 g

10000

Gehner

20000

Time {ms)
ated sentence model Using templates

20000

40000

0 (Hz)

330

200

270

jll‘l.]

240

1

210

120

|

B
i 'li‘; ~
s eaias
4

150

120

90

60

20

u]

u}

1a0ao0

20000

30000

40000

Time (ms)
Current file: CAPitch-APT.wcahrisma:\bahirf6.cswv

University of Malta — Department of Communications and Computer Engineering

36



CAH.RI.SMA.

ICA3-CT-1999-00007

WP9 D32

Data: 2T=15, Interval=0.15, Peak Res=0.015 Wawe:Bahir. way

3':":' T T T T T T T T
— 200 + -
E b
k]
® 100} Y 1
v ey 0™ g W
I:l 1 1 1 1 1 1 1 1 1
300 305 310 315 320 325 330 335 340 345 380
Time [5]
Wawve: Bahir.way

1 T T T T T T T T T
. _
]
=
i -
=
{ —_

_1 1 1 1 1 1 1 1 1 1

300 305 310 315 320 325 3F30 335 340 345 350

Time [s]

5.3 Statistical Analysis of the Solo Chant Anechoic waveforms

OVERALL SORTED PERCENTAGE OF TOTAL OCCURRENCESFOR

ANECHOIC SOLO CHANTS

IC EZAN

Template %Total

SALA'

Template %Total

MIMBER DUASI

Template %Total
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BAHIR
Template % Total
GO01 10.40
G02 6.98
E13 6.51
GO03 6.51
Cco8 6.32
G20 5.89
G04 4.51
Cco4 3.89
GO05 2.90
E29 2.75
G17 2.75
EO05 2.66

G20 18.14
GO01 10.67
GO02 7.55
E13 4.95
co8 4.65
G04 4.27
GO03 4.19
Cco4 3.20
EO5 3.13
GO05 2.67
E29 244
Cco3 221

G20 13.60 GO1 9.23
GO01 10.91 GO02 6.21
G02 6.58 EI13 5.71
Co08 524 G20 4.71
GO03 4.46 CO08 4.52
G04 442 GO3 4.46
E13 3.77 GO05 4.14
EO05 3.55 GO04 3.95
GO05 351 G17 3.70
GO06 2.60 C04 3.33
Cco4 2.56 GO7 3.08
E19 2.56 CO09 3.01

BYZANTINE
Template %Total
G01 8.54
G02 7.86
E13 7.22
G03 6.54
E05 5.29
Co8 4.69
G17 4.58
E19 3.55
E29 3.44
E12 3.39
G20 3.10
E06 2.98
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Co3
E12
GO07
E19
co1
C09
EO4
G15
EO6
Gl1
E20
GO09
GO08
Gl6
co7
EO2
G12
G14
GO06
Ell
E28
E32
E33
G10
G13
E10
E25
E22
EO1
Cco2
E17
G19
EO3
C10
EO09
E16
E30
E34
C05
E27

2.61
2.56
2.52
2.33
1.95
1.90
1.57
1.52
1.47
1.42
1.33
1.33
1.23
1.23
1.19
1.09
1.04
0.90
0.85
0.76
0.71
0.71
0.66
0.66
0.66
0.57
0.47
0.38
0.33
0.28
0.28
0.28
0.24
0.19
0.14
0.14
0.14
0.14
0.05
0.05

E19
G17
E12
co1
EO6
C09
G15
Gl1
G14
GO06
GO08
EO02
E20
GO7
GO09
E10
E1ll
G16
cov
EO04
G12
EO1
EO09
G13
co2
E22
G10
E25
EO3
C05
C10
E17
E28
E32
E34
G19
Co06
E16
E24
E30
E33

ICA3-CT-1999-00007

2.06
2.06
1.98
191
191
1.68
1.60
1.37
1.30
114
114
1.07
1.07
1.07
0.99
0.91
0.91
0.91
0.84
0.84
0.69
0.46
0.46
0.46
0.38
0.38
0.38
0.30
0.23
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.08
0.08
0.08
0.08
0.08

G17
E29
E12
Co1
G12
EO06
Gl6
E20
Gl1
G15
EO4
Gl14
C09
G09
Co03
GO07
E10
E1l
E02
Cco7
GO08
G10
E28
E25
E32
Co2
E33
G13
E34
C10
E09
E17
EO1
EO3
E22
C05
E16
E27
G19
C06
C1u1
EO08

251
2.12
1.99
1.82
1.65
1.60
1.60
1.47
1.47
1.39
1.34
1.34
1.30
121
117
1.13
1.08
1.08
1.04
0.95
0.87
0.69
0.61
0.52
0.52
0.39
0.39
0.39
0.35
0.30
0.30
0.30
0.26
0.26
0.26
0.13
0.13
0.09
0.09
0.04
0.04
0.04

EO5
E20
E29
E12
EO6
G15
GO06
Gl1
EO4
GO09
C03
co1
E19
GO08
G16
Ell
G14
Co2
E10
G12
G10
EO02
EQ09
cov7
C10
EO3
E22
E28
G19
E32
E33
G13
EO1
EO8
E34
C05
E15
E1l7
E30
E16
E25
G18
C06

2.64
2.26
2.13
2.07
1.88
1.88
1.82
1.76
1.69
1.69
1.51
1.44
1.32
1.32
1.32
1.26
1.26
1.19
1.19
1.13
1.07
1.00
1.00
0.88
0.88
0.75
0.63
0.63
0.63
0.56
0.56
0.56
0.31
0.25
0.25
0.19
0.19
0.19
0.19
0.13
0.13
0.13
0.06

Cco4
GO7
G05
G04
G08
G15
EO4
C03
Ell
Co1
Co7
C09
E20
Gl1
G12
EO2
Gl16
G09
E28
E10
E32
C02
G14
E33
G06
E25
G10
C10
EO1
G13
E09
E22
E17
EO3
E16
EO08
E30
CO05
E34
G18
G19
C06
E24
E27

WP9 D32

2.92
2.46
2.28
2.03
191
1.89
1.85
1.62
1.62
1.48
141
141
1.32
1.28
1.28
1.18
1.16
0.91
0.89
0.80
0.80
0.77
0.66
0.62
0.62
0.39
0.39
0.36
0.36
0.36
0.27
0.25
0.23
0.18
0.18
0.14
0.14
0.09
0.09
0.09
0.05
0.02
0.02
0.02

University of Malta — Department of Communications and Computer Engineering

38



CAH.RI.SMA. ICA3-CT-1999-00007 WP9 D32

5.4 7 Statistical Data

5.4.1 Anechoic

Figure 19 shows the Statidicd Data for the Anechoic chants. The xaxes shows the vaue
(in ?e (ms)) while the y-axes is divided into Sx sections, namdy: Mean, SD., 95 %tile,
90 %tile, 10 %tile and S%tile. The bars are colour coded as (shown in the legend on the
right). Thus for example the firg bar in each y-axes graup is the data for the anechoic
Bahir.

Anechoic

350

300 Bahir

250 O Byzantine Hymn
Hatim Duasi

200 Olc Ezan

150 Mimber Duasi
@ Sala

100 Tekbir

50 A Tevsih
N [0 m
Mean SD 95%tile 90%tile 10%tile 5%tile

Figure 19 Satigtical Data for the Anechoic Chants

5.4.2 Synthesised

The folowing ae the results for the Statigicd Daa for dl the Synthessed Chants
avalable Each chart shows the Statistical Data for the Anechoic verson of the chant as
well as the Synthessed versons (at the Centre of the Mosgue (or Church)) in increasing
volume order. Moreover, the x-axes and y-axes are the same as the ones used in Fgure
19.
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Bahir

200
180
160
140
120
100

40 A
20 1
0 u
Q N N ¥ ¥
@Qﬁ © q{o\& & & \S

Bahir - Anechoic

O Bahir-SB-CM
Bahir-SO-CM
O Bahir-SU-CM

Figure 20 Satistical Data for the Bahir Chant

Hatim Duasi

200
180
160
140
120
100

80 1

60

40 -
20 1
0_

@O \$®
&8

Hatim Duasi - Anechoic

O Hatim Duasi-SB-CM
Hatim Duasi-SO-CM
O Hatim Duasi-SU-CM

&,

Figure 21 Satistical Data for the Hatim Duasi Chant
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Ic Ezan
350
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250 Ic Ezan - Anechoic
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Olc Ezan-SB-CM
150
Ic Ezan-SO-CM
100 - Olc Ezan-SU-CM
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Figure 22 Satigtical Data for the Ic Ezan Chant
Mimber Duasi
140
120
100 1 Mimber Duasi - Anechoic
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Figure 23 Satistical Data for the Mimber Duas Chant
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Sala
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Figure 24 Satistical Data for the Sala Chant
Tevsih
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100 I
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Figure 25 Satistical Data for the Tevsih Chant
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160
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140
120

100

80

60

40 -
20 -

c.)‘o X
R
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Q

;@Q/

"

;@Q/

7 A
>
S

Byzantine Hymn

0 Byzantine Hymn-SI-CM
Byzantine Hymn-SS-CM

Figure26 Statistical Data for the Byzantine Hymn

Appendix section 5.5 illudrates the data for the lower (95 and 90) and higher (10 and 5)
percentiles for dl the anechoic and synthesised (at the centre of Mosgue) chants grouped

together.

The Statigtical Data for the chants systemised using other receiver positionsisincluded in

the CD.

5.5 Lower and Higher Percentile Statistical Data
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5.6 Percentile Analyses Figures
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SEERSO S LS DY
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—#— Byzantine Hymn
—&— Hatim Duasi
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Figure 27 Percentile Graph for the anechoic chants
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Figure 28 Percentile Graph for the chants synthesised at Sergius Bacchus and S. Irene
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Figure 29 Percentile Graph for the chants synthesised at Sokullu
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Figure 30 Percentile Graph for the chants synthesised at Sileymaniye and . Sophie
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5.7 CD

The CD has a the root this document and a contents file. The generd dructure conssts

of two man directories named Intonation and Te with various subdirectories as
explained in the contents file on the CD.
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