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H pwvn wc onua
* NeptL dwvnc (eidn, onupeloAoyla, moLotnTA)

* H ¢duololoyio/Asttoupyla tTng dWVAC
— AVOTOLLKA XOpOKTNPLOTLKA
— QuoLoAOYLKA XOPOKTNPLOTLIKA
— MovtéAo Aettoupylag

— MgBobdoL kal texvoAoylec avaktnong Kat dlepevivnong
TOU PWVNTLKOU CAUOTOC

* To pwvnTko onua otnv opthovoa pwvn
* AVTIKELUEVIKA XOPAKTNPLOTLKA
* Mnyn- ¢iktpo (onua-cvotnua)
* Qwvnevia —cuudwva
Aladopopomnoinon petall Tpayoudlotng kat othovoag dwvNng




[MEPI DQNH2

AIEMI2THMONIKH MPO2EITI2H
IATPIKH (dwviatpikn, wtoplvoAapuyyoloyia kat Puxlatplkn)

MAHPO®OPIKH (Akouotiki avaAluon, EMeEepyacio GAUATOC,
MovteAhomnoinon, cuvBeTikn dwvn)

AQ22ONOTIA (pwvoroyia)

MOYZIKOAOTIA (Lotopikr)/avBpwroAoyikr/LouoIkA
OKOUOTLKN)

OQNHTIKH (Eppunveia)
MOY2IKH EKIMAIAEY2H



Eldn dwvnc

* «O avBpwroc €xeL Tpla €ldn pwvwy, AToL TNV optAovoa N
apBpwpevn dwvn, Thv adovoa N HEAWSIKA dwvn KoL TNV
noOnTIkA ) ToviopeEvn pwvr), N omola XpnNolUEVEL wC YAwooa
Twv mabwv». (jean Luc Nancy)

* Jean-Luc Nancy, «Vox clamans in deserto”. Demande: Philosophie,
littérature,Paris:Galilée, 2015, oeA. 331-343.



Eldn dwvnc oe oxeon e To UPOC TOU KELUEVOU

H APOPQMENH DQNH

H ®QNH TOY OINOZ0DOY
Kwotag Afehdg (19:07-19:52)
https://www.youtube.com/watch?v=TYIS8GRIGnBY

H ®QNH TOY MOIHTH | Q
06. EAOTNG (10.34-10.57)

https://www.youtube.com/watch?v=v851rSIZbBQ

H ®QNH TOY NOIHTH Il
Ayy. ZikeAlavog (0:00-0:22)
https://www.youtube.com/watch?v=wAI1SnRSXEw

0

OQONH TON MAOQON

H O®QNH THZ TPATQAQY (0:00-0:46)
Kativa Nagvou
https://www.youtube.com/watch?v=PlbSc6kSQXo

AAQY2A OONH

)

OQNH otn Melomnotnuévn oinon
MAdtwvog —Kapuwtakng (Zapivva) (0:00-0:33)
https://www.youtube.com/watch?v=aZ-aWOyGm60

OQNH 2THN OMEPA /—\
Maria Callas (Casta Diva )

0:00-0:33

https://www.youtube.com/watch?v=TYI8GRIGnBY




HMEIOAOTIA THZ @QNH2 2TO MPOOOPIKO AOTIO

e Jnuetodoyio
(moALTLopkn kataywyn, eknaidevon, xapaktnpac, Puxoloykn
dlaBeon, nAwkia)

* [lpowopikn yAwooo

(pwvoloylkol, ouvtaKkTLkoi, AEKTLKOL, TpoowdLaKoL Kall
TP AYAWOGCLKOL UTTOKWOLKEC)




AvayvwpLon opALoG

* MmopoUlE va avayvwploupe mavw amo 30

dwvnuato/sec Kat LE YpNYopo pubuo HEXPL
400 Ag€elc /min

* Teot tnc apBpwong
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Mowotnta tnc Qwvnc (Noth, 1995)

2.2.2 VOICE QUALITY
Voice qualities are speech variables which

characterize a speaker's “tone of voice” in ad-

justment to situational factors. Trager classifies

them as follows (1958: 5):

— pitch range and control (spread or nar-
rowed [as in monotone speech])

— vocal lip control (from hoarseness to
openness)

— glottis control (sharp or smooth transitions)

— articulatory control (forceful vs. relaxed
speech)

— rhythm control (smooth or jerky)

— resonance (from resonant to thin)

— tempo (increased or decreased)

For further paralinguistic studies in voice
quality, see Crystal (1969, 1975), Ostwald
(1973), Laver (1980), Scherer & Giles, eds.
(1979), and Scherer, ed. (1982).



Anpovpyia tou EvapBbpou Aoyou.

ATo TNV avarvon ...otn ¢wvn (rmnyn evépyeLog)

OL xopd&c maAAovtal... (TaAavtwtnc)

To euMAa.oTO avTnxEio

O oXNUOTLOMOC TWV dwVNEVTWY, cUANBwWV Kol ppdoswv (apBpwTEC)
To ouvaicOnua cav Ekppaon oto Tpayoudt

Ta petliotpa

http://www.youtube.com/watch?v=iYpDwhpILkQ




Akovotikn/pucloloyio/Asttovpyia

* 2YMIMIE2TH2--> TAANANTQTH2---> ANTHXEIO

* MMINEYMONEZ-> OQN. XOPAEZ-> OQN. ZQAHN
- (Pwvn)

* ANATNNOH-->  OQNHZH------ - APOPQZH

e Kol\akol Aapuyytkol X€lAn, YAwooa

 Aladppaypa

* https://www.youtube.com/watch?v=h7zsjD1PLvw



Avatopia TS wvnTIKNC CUOKEUNC

https://www.youtube.com/watch?v=uTOhDghCKQs&NR=1

LARYNGEAL 5=
VENTRICLE {0323




OL QwvnTLKEC XOpOEC
http://www.youtube.com/watch%3Fv=iYpDwhplILkQ




TEXNOAOTIEZ AMNOKQAIKOMOIHZHZ TH2 AEITOYPTIAZ THZ @QNHTIKHZ
2Y2KEYH2 KAI TOY 2ZHMATO2

ZYITXPONEZ MEOOAOI AZIONOTHZEQN KAI METPHZEQN TON NAPAMETPON THE QQONHZ
(OMINOY2ZAZ KAI TPATOYAIZTHZ).

ANAMNEYZTIKH AEITOYPTIA 2[IPOMETPIKE> AZIOAQIHZEL>

MAPYTIKH AEITOYPIIA -HAEKTPOTAQTTOPAQIKH AZIONOTHZH
ELECTROGLOTTOGRAPHY (EGG)
-AEPOAYNAMIKH AZIONOTHZH
AERODYNAMIC ASSESSMENT (AEROPHONE)
“HAEKTPOMYOIPAQIKH AZIONOTHZH
ELECTROMYOGRAPHY (EMG)

APOPQTIKH AEITOYPTIA -XEIAIKH KAI TAQI S IKH MIEZH
-QYPANIZKOTPAQIKH AZIOAOTHZH
ELECTROPALATOGRAPHY (EPG)
-HAEKTPOMATNHTIKH APOPOTOTPAQIA
ELECTROMAGNETIC ARTICULOGRAPHY (EMA)

®QNHTIKH 0AOZ
(MHKOZ K 2XHMA) -IOMO[PADIKH AZIOAOIHZH
KAI EKTIMHZH MAGNETIC RESONANCE IMAGING (MRI)
DONHTIKHE AEITOYPTIAS -YNOAO[ISTIKH TOMOLPADIKH AZIOAOTHIH
COMPUTATIONAL TOMOGRAPHY (CT)
-AZIOAOTHH ME>Q AKTINON-X

X-RAY IMAGING (XRI)
-QAZMATO[PAOHMA



ANAAY2H TOY ZHMATO2 TH2 OQNH2

MEMONQMENOI HXOI
B -Toviko UYoc (fo)-dwvntikeg xopdEg
®  -Evtaon/akouototnta (a)--SPL

m -Hyoxpwpua ( spectrum, formants)-----avinyeio
®m -Slapkela ( duration)

OPAZH

B MeAwdiKn YpOUUA

= PuBuikr ypapun

= AlakUpoavon eVtaoEwvV
[ |

Yén tou Adyou



[MHIH- CDI/\TPO
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Pipelines Model

Nasal
cavity
Velum
f Pharyngeal Oral
cavity cavity

Vocal 1\ f
fc;)liiz \w \ Tongue  \_

Trachea

T
Lungs
NN N
Muscle
force

FIGURE 2.2. A block diagram of human speech production.

Nasal
sound
output

Oral
sound
output



MHIMH ( Qwv. Xopdec). DONHZH




Turuiko ¢pacpua (spectrum) tov yAwttidikov onpatocg (rtnyn,
dwv. xopdéc) (Sundberg, 1989)




TO ANTHXEIO:
Pwvntikog cwAnvoag dSpa cav diAtpo nou StapopPwveL TO CAKA TTOU
EPYETOL ATTO TLC GWVNTLKEC XOPOEC.
LTI (Linear Time invriant Filter) with a peridodic impulse —like input

FIRST FORMANT SECOMO FORMANT
114 WAVELENGTH V4 WAVELENGTH

500 HERTZ 1,500 HERTZ

| g




Typical Voiced Sound

ISec, 10,000 Samples, 8bps, Voiced (“Ahhhhh”)

~Ilathe [Source] - Time Domain View

; Periodic
i ‘ Signal
‘ l.IIIJi.IL‘.\I ‘l” "|||| ‘"H".ll‘. ~
MH[H'H[' ‘ i H “U

~10000

20000

0.050 0100 0430 0.200 0.230 0.300



Power Spectrum: Voiced Speech

1 Analysis window (51: 1.147500-1.170000 Sec) | |0 X




ELON dwvnNTKWwV onUaTwy

H ntinyn (dwv. xopdeg) Betel oe Aettoupyia 1o piAtpo ( pwvnTkog
owAnvoc) Kot dSnuLoupyet:

Quwvntika onpata (voiced) : meplodika onpata-pwvnevia

Mn dwvntka ( unvoiced): pun mepLlodika ocnpota

OQONHENTA
ZYMOQNA



Speech Sounds Categories

o Periodic  (Sonorants, Voiced: "21p)
o Noisy (Fricatives , Un-Voiced: "21p-X)

o Impulsive (Plosive: Y¥

o Example:

In the word “shop,” the “sh,

)

66 )

" “0,” and “p” are

generated from a noisy, periodic, and

SO [

-1



Awadopéc pwvntikwyv onpatwyv /gf kat fo/
a) orjpa mtnyn¢ (EGG)
b) Tansfer fuction avtnyeiou
g) dtapopdpwuévo onua
8) Y1BupLotd onpa ( xwpic t mtnyn)

EGG
signal

Impedance
ratio

R e - -

Voiced
speech

Whispered
speech

O .

1000 2000 3000 4000 0 1000 2000 3000 4000
Frequency (Hz) Frequency (Hz)



Ektaoelc twv pwvwv -registers

OMIAIA:
Appev: 85-155Hz
OnAvu: 165-255 Hz

TPAITOYAI
Mniaoooc- Tevopoc, AATO, ZOTIPAVO
80 Hz-1100



Petllotpa otnv adovoa dwvn

COMMON VOCAL REGISTERS AND PASSAGGIOS
BY VOICE TYPE

Lowest 1st 2nd 3rd Highest
Sung Note Passaggio Passaggio Passaggio Sung Note
Coloratura Soprano varies Bb3 Gb4 ES D6
Lyric Soprano varies Bb3 Gb4 ES Cé
Dramatic Soprano varies Ab3 F4 Eb5 Cé
Mezzo Soprano varies Gb3 Eb4 Db5 Bb5
Lyric Tenor C3 D4 G4 €5 varies
Dramatic Tenor | B2 Db4 Gb4 B4 varies
Baritenor Ab2 B3 E4 Bb4 varies
Baritone | G2 Bb3 Eb4 Ab4 varies
Bass F2 A3 D4 F4 varies

Table provided courtesy of Vocal Nebula




Formants

Louvaness

|AM] a5 0 FATHER"

1000 2000 3000 Hz
Fraguanty
&
11 [EE) ax n "HEED"

| 1000 2000 2000 Hz

[COf a5 in PO0OL"

1|]% _—

2000 M2



[MAPATQIH TON @QONHENTQN

i (eve)

1(ivy

e (hate)

E (met)

@ (an)

R (bird)

(@)

il

=
-

=

15000

(b)
ALL OCCURENCES

Time (msec)

L : 1 ! 1

Time (msec)

r L 1 ' L

. 64

Time (msec)
C 1 1 1 1 1
. 64

Time (msec)
C 1 1 1 1 1
64

Time (msec)

L 1

. 64
Time (msec)

20
10

-10
-20

Typical Vowels

(c)
ALL OCCURENCES

a4
Frequency (kHz)
C 1 L n 1
4
Frequency (kHz)
1 1 1 1
4

Frequency (kHz)

Frequency (kHz)

Frequency (kHz)

Frequency (kHz)

FIGURE 2.10. A collection of features for vowels in American English.
Column (a) represents schematic vocal-tract profiles, (b) typical acoustic
waveforms, and (¢) the corresponding vocal-tract magnitude spectrum for

each vowel.



OQNHENTA
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Meoec Tipnec Twv formants

Average Formant Locations

3600
C
[ | He dB
L (3010 28
3000 -
B Hz dB|| Hz dB He dB
N : 2410 2212440 28112410 34 )| o g || 2 aB |[2390 —27
12290 — ! | H
R 2400 2290 24 2240 -34| 2240 -43
g - 1990 -23
> - : 1840 —17 Hz dB
5‘: 1800 1720 —12 1690 —20
% ”
- 1350 15
i ~ . 1190 -10
1200 - 1090 1020 -12
r 840 7 870 -19
N 730 -1
- S 570 0 640 I
530 -2
600 390 3 - —
~ 270 -4 - )
0 :
fil 1/ /E/ @/ fa/ Jc/ /u/ u/ JA/ /R/

FIGURE 2.11. Average formant locations for vowels in American English
(Psterson and Barney, 1952).






Meoe Tipec Twv formants

Table 3.2 Average Formant Frequencies for the Vowels. (After Peter-

son and Ba .
TRy “” ) IPA Worldbet Example

FORMANT FREQUENCIES FOR THE VOWELS | i beet
Typewritten . .
IPA Typical I I bit
Sy\r’nbol ’for Symbol Word Ay F2 Fs
ome — 3 E bet
1Y i (beet) 270 2290 | 3010
1 1 (bin) 390 1990 2550 2| @ bat
3 £ (be?) 530 1840 | 2480
AE > (bat) 660 1720 | 28410 N A above
UM A (but) 520 1190 | 2390 - Q
A a (hot) 730 1090 | 2440
ow d { bought) 570 840 | 2410 u u boot
U u (foof) 440 |828 2240
00 v (boot) 300 7 2240 . )
ER 3 { bird) 490 1350 | 1690 Ul U book
9 & above
a A father
3| 3r bird
g &r butter

From: Rabiner & Schafer, Digital Processing of Speech Signals




-10

-30

Relative Intensity (dB)
3

Singer’s formant

Singing voice of
tenor Jussi
Bjorling, showing
prominent

. Ordinary ~ i singing formant.

speech “~ :;.:
Orchestral
[ accompaniment .
1 1 2 - )
Frequency (Hz}

After Sundberg, The Acoustics of the Singing Voice



Vith Singer's Formant Without Singer's Formant
(female voice) (female voice)

120

1004

Magnitude (dS)
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Qaopatoypadpnua (sepctrogram) ppaonc

c- tro- gr- a-
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HxnTiko pacua

b
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Infrasound Sound TUltrasound
B N >
0 10 102 103 103 105 107

Bumble bee
150 H=

[ ]

Human hearing

16 H=z— 16 kKH=

DTosgquito
1500 H=

Power ultrasounds

20kH=z— 100 kH=
Cleaning

Plastic welding
Sonochemistry

Grasshopper
T kH=

Extended range
100 kH=z — 2 IWMH=

Sonochemistry

TUpper-ranging bats
7O kH=

|

Hicgh frequency

2MMH=— 10 MH=
IMedical diagnostic
Chemical analysis




Voice and emotion

waveforms and spectrograms of exemplary utterances
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Voice and emotion

neutral

sequence effect sensitization
onamygdala —» :
BOLD signal

habituation

desensitization




Mouolkohoyia+eBvopouvoikoloyla

Qoaopatoypadoc epyaAeilo

e A)yla tnv aoBntikn aéloAoynon tng dwvng
(€vpivn, mAovola, Bpaxvn, Aapuyywodnc, KTA)

e B) emeénynon mapaywync XapoKTNPLOTLKWY NXOXPWUATWY TNG
nopadoonc mou Xavovtol

e [)yla tnv matdaywylkn tng dwvng

(singer’s formant, akpifela tovikov UPoug, pipnon
XOPOKTNPLOTIKWY dwvwy, K.a.)



AmtokwoOLKoTIolNOoN

1. EUpeon apovIiKoU Kol i appoVIKOU TieplexopEvou (8opuBoc)
2. Katavonon tou puBuou kat Sopng twv Ae€swv Kot Twv pAcEWV
2. EUpeon tnc BepeAiwdou ocuyvotntag

3. AvaAuon Twv BE0ewV TWV OPUOVIKWY cUXVOTATWYV (TTAATOC,
ouxvotnta, neptBailiovca, paon)

4. EUpeon TNG CUVOALKNG EVEPYELOLC
5. Vibrato, jitter, shimmer



Table 6

Definition and Measurement of Acoustic Cues in Vocal Expression and Music Performance

Acoustic cues

Perceived correlate

Definition and measurement

Pitch

Fundamental frequency (FO)

FO contour

Jitter

Intensity
Intensity

Attack

Temporal aspects
Speech rate

Pauses

Voice quality

High-frequency energy

Formant frequencies

Precision of articulation

Glottal waveform

Pitch

Intonation contour

Pitch perturbations

Loudness of speech

Rapidity of voice

onsets

Velocity of speech

Amount of silence
in speech

Voice quality

Voice quality

Articulatory effort

Voice quality

Vocal expression

FO represents the rate at which the vocal folds open and close across the glottis.
Acoustically, FO is defined as the lowest periodic cycle component of the
acoustic waveform, and it is extracted by computerized tracking algorithms
(Scherer, 1982).

The FO contour is the sequence of FO values across an utterance. Besides changes
in pitch, the FO contour also contains temporal information. The FO contour is
hard to operationalize, and most studies report only qualitative classifications
(Cowie et al., 2001).

Jitter is small-scale perturbations in FO related to rapid and random fluctuations of
the time of the opening and closing of the vocal folds from one vocal cycle to
the next. Extracted by computerized tracking algorithms (Scherer, 1989).

Intensity is a measure of energy in the acoustic signal, and it reflects the effort
required to produce the speech. Usually measured from the amplitude acoustic
waveform. The standard unit used to quantify intensity is a logarithmic transform
of the amplitude called the decibel (dB; Scherer, 1982).

The attack refers to the rise time or rate of rise of amplitude for voiced speech
segments. It is usually measured from the amplitude acoustic waveform (Scherer,
1989).

The rate can be measured as overall duration or as units per duration (e.g., words
per min). It may include either complete utterances or only the voiced segments
of speech (Scherer, 1982).

Pauses are usually measured as number or duration of silences in the acoustic
waveform (Scherer, 1982).

High-frequency energy refers to the relative proportion of total acoustic energy
above versus below a certain cut-off frequency (e.g., Scherer et al., 1991). As the
amount of high-frequency energy in the spectrum increases, the voice sounds
more sharp and less soft (Von Bismarck, 1974). It is obtained by measuring the
long-term average spectrum, which is the distribution of energy over a range of
frequencies, averaged over an extended time period.

Formant frequencies are frequency regions in which the amplitude of acoustic
energy in the speech signal is high, reflecting natural resonances in the vocal
tract. The first two formants largely determine vowel quality, whereas the higher
formants may be speaker dependent (Laver, 1980). The mean frequency and the
width of the spectral band containing significant formant energy are extracted
from the acoustic waveform by computerized tracking algorithms (Scherer,
1989).

The vowel quality tends to move toward the formant structure of the neutral schwa
vowel (e.g., as in sofa) under strong emotional arousal (Tolkmitt & Scherer,
1986). The precision of articulation can be measured as the deviation of the
formant frequencies from the neutral formant frequencies.

The glottal flow waveform represents the time air is flowing between the vocal
folds (abduction and adduction) and the time the glottis is closed for each
vibrational cycle. The shape of the waveform helps to determine the loudness of
the sound generated and its timbre. A jagged waveform represents sudden
changes in airflow that produce more high frequencies than a soft waveform. The
glottal waveform can be inferred from the acoustical signal using inverse
filtering (Laukkanen et al., 1996).




AwadopEg petaél pwvnTikoU GHATOC TNV Ol
tAia Kot Tpayoudt

KataAnmtotnTa Tou PnVUOTOC

Aladoporoinon Tovikwv UPwV, SUVAULKWY, NXOXPWHATWYV Kol SLapKELWV
Eudaon oto eUpoc TNG SUVOULKNAG

Eudoon oto eUPOC TWV CUXVOTATWV

Xpnon tou agpa ota veupovia ({wtlkni evepyela)

Alapketa/emavainn dwvneviwv

JuvapBpwon Twv cUUPWVWYV HE Ta pwVAEVTA AVAAOYQ LE TO €L60C TNC LOUOLKNC
ANAN xpron tou avtnxeiov (pitch extremes and passaggio)

KatevBuvtikotnta tng dwvnc (So if you cut the distance between you and the
listener in half, the listener gets a 6 dB increase in SPL; if you double your distance
from them, they lose 6 dB)

TEXNAZMATA TON TPATOYAZTIQN
Auénuévn utoyAwttdikn meion
Alopodpdwon tou avtnyeiou

Alopopdwon tnG MPooaywyns Twv wvnTkwy Xopdwv * KAAUTEPN EVEPYELO OTOUG
PnAouc¢ appovikouc)

ApBpwon



3d sound spectrogram
Overtone Analyser
http://www.youtube.com/watch?v=r3kLKi6MhPo
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