Digital Audio and Speech Processing Anatomy of the speech organs
(Sayisal Ses ve Konusma Isleme)
« The speech organs can be broadly divided into three groups:

—Lungs:

* serve as a power supply

« provides airflow to the
larynx

—Larynx (Vocal chords ):

- « modulate the airflow into
either a periodic sequence of
puffs or a noisy airflow
source

— A third type of source is
impulsive

—Vocal tract:
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Speech Production

The vocal tract Vocal Cords

+ The vocal tract can be divided into: Tensed Vocal Cords — Lax Vocal Cords
— Velum (soft palate): Ready to Vibrate  Open for Breathing

« controls airflow through the nasal cavity
» Two masses of flesh,

= In its open position is used for nasals
Hard palate: 3
ligament and muscle

« hard surface at the roof of the mouth.
« When tongue is pressed against it, leads to

* o across the larynx
ongue:
+ Away from the Palale produces vowels; . FlXed at the front Of
" Sl epresinghe et o NIV P the larynx but free to
o Teeth Vibration pattern of vocal folds (coronal section)

- « used to brace the tongue for certain J mOVG at the baCk
S consonants A ;
B L/ N and sides
tme

Lips: Airiow between the vocal folds

= can be rounded or spread to shape consonant quality, or closed completely to
produce certain consonants

Vocal Cords

« Can be in one of three primary states
— Breathing:

« Glottis is wide, muscles are relaxed, and air flows
with minimal obstruction

—Voicing:
« vocal folds are tense and are brought up together.

— Pressure builds up behind, leading to an oscillatory
opening of the folds (video)

—Unvoiced:

« similar to breathing state, but folds are closer, which
leads to turbulences
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Vocal Cords

« Other (minor) forms of voicing include

Hoarse voice:

« voicing period (pitch) jitters, as what results from laryngitis or a cold
Breathy voice:

« aspiration occurs simultaneously while voicing (audio)
Creaky voice:

« vocal folds are very tense and only a portion oscillates.

— Result is a harsh sounding voice (audio)

e —— — Vocal fry:
1] |« folds are very relaxed, which leads to
! / fl N secondary glottal pulses (video)

[ A A A
-7 — Diplophonic:

« secondary pulses occur, but during the

i closed phase

it no
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Schematic View and Model of Vocal Organs
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Models of speech production

« Abstractions of Physical Model

MUSCLEl FORCE NASAL TRACT = NOSTRIL

LUNGS TRACHEA VOCAL  VOCAL TRACT  MOUTH
BRONCHI  CORDS

excitation ﬁme..Varymg speech
voiced Filter
unvoiced
mixed
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Artificial Larynx

« An electromechanical device that enables a person after
laryngectomy to produce speech.

When the device is placed against the region of the laryngectomy a
buzzing sound is made that can be converted into simulated speech by
movements of the lips, tongue, and glottis. (video)

« Called also electrolarynx

Speech Production Mechanism

« Air enters the lungs via normal breathing and no speech is
produced (generally) on in-take
s + Asair is expelled from

the lungs, via the
| trachea (windpipe), the

‘,j
)|

€

v

- " tensed vocal cords
ey N R, _ within the larynx are
D7 EN el caused to vibrate
! il “J“,‘J‘_‘y"f (Bernoulli oscillation)
(e o by the air flow

+ Air is chopped up into quasi-periodic pulses which are
modulated in frequenc% (SEectraI ly shaped) in passing
through the pharynx (the throat cavity), the mouth cavity, and
possibly the nasal cavity; the positions of the various
articulators (jaw, tongue, velum, lips, mouth) determine the
sound that is produced

The Speech Signal

« Speech is a sequence of ever changing sounds

« Sound properties are highly dependent on context
(i.e., the sounds which occur before and after the
current sound)

The state of the vocal cords, the positions, shapes
and sizes of the various articulators—all change
slowly over time, thereby producing the desired
speech sounds

» Need to determine the physical properties of
speech by observing and measuring the speech
waveform (as well as signals derived from the
speech waveform—e.g., the signal spectrum)


https://www.ims.uni-stuttgart.de/institut/arbeitsgruppen/ehemalig/ep-dogil/EGG/breathy.wav
https://www.ims.uni-stuttgart.de/institut/arbeitsgruppen/ehemalig/ep-dogil/EGG/harsh.wav
https://www.youtube.com/watch?v=P74x3D4NOuk
https://www.youtube.com/watch?feature=endscreen&NR=1&v=AYydnhu6NbU

Speech Waveforms and Spectra

;= 100 msec/line; 0.5 sec for

fo—
. 1 utterance
»  S-silence-background-no
fgeads 4 i speech )
- mmmu — = U-unvoiced, no vocal cord
Y V il vibration (aspiration, unvoiced
sounds)
- + 'f » V-voiced-quasi-periodic speech
+ Speech is a slowly time varying
i3 | K signal over 5-100 msec intervals
) Loan « Over longer intervals (100
msec-5 sec), the speech
characteristics change as rapidly
— v — a5 10-20 times/second

l | » No well-defined or exact
regions where individuals
— 100msec —— sSounds begin and end

Speech Sounds
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Speech Sounds

* "Should we chase"
/sh/ sound

— Jould/ sounds

— Iwe/ sounds

— Ich/ sound

— /lal sound

/s/ sound

T S

« hard to distinguish‘wea.k sounds from silence
+ hard to segment with high precision

Estimate of Pitch Period
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Spectrogram Properties

* Speech Spectrogram
« sound intensity versus time and frequency
— wideband spectrogram
« spectral analysis on 15 msec sections of waveform using
a broad (125 Hz) bandwidth analysis filter, with new
analyzes every 1 msec
— spectral intensity resolves individual periods of the speech and
shows vertical striations during voiced regions
— narrowband spectrogram
« spectral analysis on 50 msec sections of waveform using
a narrow (40 Hz) bandwidth analysis filter, with new
analyzes every 1 msec

— narrowband spectrogram resolves individual pitch harmonics and
shows horizontal striations during voiced regions


audio1.mp3

Wideband and Narrowband Spectrograms Wideband and Narrowband Spectrograms

TFDs with 16, 32, 64,128, 256, 512 points  normalised 1P and energy with 16(black), 32(red), 64(green),
windowing 128(blue), 256(magenta), 512(cyan) points windowing
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Acoustic theory of speech production Source-System Model of Speech Production
» Speech occurs when a source signal passing through the Exeitation Voeal Tract
glottis is modified by the vocal tract acting as a filter ’ Patameters ] ( Pmms[m}
« Models of this kind are generally known as source-filter 1 e ] ym
models Excitation | e UL gnear
+ Using the theory of linear time invariant (LTI) systems, enerator |exctiartoy signat o pecctienat
the overall process can be modeled in the z-domain as - :
S(z) = E(2)P(2)0(2)R(2) IE(@) V(@) IS(o)l
— where E(z) is the glottal source, and P(z), O(2), R(z) are the m 1
transfer functions at the pharynx, oral cavity and lips
« This model can be simplified as
S(z) = E(2)V(2)R(z) w w ©
— P(z) and O(z) are combined into a single vocal-tract transfer —
function, which represents the filter component of the model S(w) E(a))V(a))R(a))
23 24
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Sound Source for Voiced Sounds

» Modelled as a volume velocity source at glottis

Jz;-‘
-/

LA A A T,
[ Fo ave (H2) [ Fo min (H2) [ Fo max (H2)
Men 125 80 200
Women || 225 150 350
Children 300 200 500

Acoustic waves

» The effect of a sound source causes air particles to
move back and forth, so the wave spreads from the
source

In some areas, particles come close together (compression)
whereas in others they move further apart (rarefaction).

» Sound waves are longitudinal waves

tube rarefraction  compression

]
5

©

s
> ¢
forcing ©
funetion

Acoustic reflection and tube models

« If the area of the tube remains constant, the wave
propagates through the tube
oo However, if the area

$ow @ (-m  changes, then the
B, L2 impedance changes,
e e WHICH causes reflection,
EL. . . /mm whicr_1 in turn leads to
& : @/‘L\J, M standing waves, which
A Lo M/ then cause resonances

* Thus, the impedance

> H o/, Pattern on the tube
o Y }‘“' / \ B determines the resonance
5 SR s properties of the model

Length from laryn (<) Froquency Hz)

(em
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Sound Source for Unvoiced Sounds

« Turbulence noise is produced at a constriction in the
vocal tract
— Aspiration noise is produced at glottis
— Fricatiation noise is produced above the glottis

» Modelled as series pressure source at constriction,
Py(w) |

i =
0.2

V: Velocity at constriction  D: Critical dimention =\/¥ ~ A

Acoustic reflection and tube models

+ Boundary conditions in the tube will determine how
acoustic waves are reflected at the end of the tube

— At certain frequencies, determined by the length of the tube and
the speed of sound, the backward and forward waves will
reinforce each other and cause resonances

—.+ * The volume velocity can be
- modelled at position x and time t
- as
u(x,t) =ut(t—x/c) —u (t+x/c)

u*, u~, ¢ : forward-backward-travelling wave, backward-travelling wave,
the speed of sound

 The pressure becomes
p(x,t) = %(u*(t —x/c)+u(t+x/c))

. % : characteristic impedance of the tube
— Notice how in this case the two waves add up as they meet at point x

Acoustic reflection and tube models

+ The vocal tract can then be modeled as a series of short
uniform tubes connected in series

By increasing the number of tubes, the vocal tract

can be modeled with arbitrary accuracy

A tube model with N sections leads to N/2

resonances, so in practice only a few tube sections

are needed to model the main formants in the speech
signal

G - . : -
(' |
Ul sy
B\ ) - % . .




Parametrization of Spectra Spectrogram and Formants

* Acoustic theory shows that the transfer function ’ @| « "Why do i owe you
of energy from the excitation source to the a letter"
output can be described in terms of the natural
frequencies or resonances of the tube

* Resonances known as formants or formant
frequencies for speech and they represent the

FREQUENCY (kHz)

+ Key Issue here is

frequencies that pass the most acoustic energy R P 7 i the reliability in
from the source to the output 2 'S ] estimating
— Typically there are 3 significant formants below § Jd ‘ formants from the
o
about 3500 Hz B £ | spectral data
— Formants are a highly efficient compact L N s ~ |
representation of speech T e 7
Waveform and Spectrogram Acoustic Theory Summary
« "Should we chase” + Basic speech processes _ _
S i st - from ideas to speech (production), from speech to ideas
! o ' ¥ (perception)
i e () * Basic vocal production mechanisms
2 - g " / vocal tract, nasal tract, velum
P . / Y « Source of sound flow
T e, | at the glottis
T3 + Output of sound flow

at the lips and nose
Speech waveforms and properties
! — voiced, unvoiced, silence, pitch
W * Speech spectrograms and properties

s DT'.ME';; o — wideband spectrograms, narrowband spectrograms, formants

AMPLITUDE
2 ° 8
.
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A Condensed List of Phonetic Symbol: . . . .. . .
o American English « ARPABET * Pulmoner iinsiizlerin uluslararasi sesbilim abecesindeki (IPA, 2005)
gosterimi
Phoneme  ARPADet Example Phoneme ARAPAbel Example re I’esentatl on ) ) ) . )
w H bit o P pet Dudak | dg yuvasd | yuvas dil
W e e N T 48 sounds
P EH bet w K kit Genizsi m oy n n » n
m A e w8 e ; |
- - - - « 18 vowels/diphthongs p— . ” " Y o |- s
/oM m @ e oot .
o wun m b * 4 vowel-like consonants sumios | gp | 1 .
ol (0  OW boat n F fat h (1) sz i1 5% 1] xy X
tut UH book n TH thing h
T e « 21 standard consonants " m
’ Ax gbout Y SH shut . Yanal © 1 1 i u
p X e MV - « 4 syllabic sounds -
12l ER bird /fv DH thet Aot r | "
ol AXR buttgr 1 z 0
W M Dw 2 . 3 « 1 glottal stop
T A wy R o chureh Carmal B ( |
o by W M e
i ¥ you / WH which Yanal surtancd i
wow w0 B bate
p A « ip/ B4 boxm R— | 1 R .
0 L [
v/ M met ox batter Yanal ¢arpmal 1
v N m om0 (gl st
35 36
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Pulmoner olmayan iinsiizlerin uluslararasi sesbilim abecesindeki (IPA, 2005)
gosterimi

Gtimli
Seklamalilar e Patlamaliler Dige Patiamaliler
@ Cift Duak B Cit Dutak P it Dudak
I Digsi o DigsilDisyuvasil 1 DigsilDisywvasi
1 Artigyuvasil {Damaksi ' Artdamaksi

#Damak-digyuvasl g Ardamaksil &' Sirtanacd-digywvasi

Il Yanah digyuvasil I KiGk D *Va benzen

Ayirict imlerin uluslararast sesbilim abecesindeki (IPA, 2005) gosterimi

Ot nd, Hunlili b2, 2 Dasitd,

- Otomig 5. < BoBukb.q, o Divcutd

n Solukly g cOidudsksdtd 7 Di palesitd
Daha ywvarlak 3 wDudaksitvd= 7 Ganizsi &
Az yuvariak 3 iDamaksil ti di * Geniz cikrg) d"

2 lleride u, whridamaksitedr 1 ¥anal gk &

2 Gende g,  Bogazsil 1 d°¢ DAkustik olmayan gikig &'
Merkezde & +Artdamaksi ya da Bojazsd |

* Oria-merkezde ¢ © Yoksek e (2 = otomid. dig yuvasil. sdriiniicd)
Seslemsel n 7 Migak e (= otumly, ift-dudak, yanal)

7 Seslemsal oimayan e, 7 llari Dil Koku (ATR) &

« rsoyeyisl & 2 Geri D4 Kok (RTR) &

Phonemes—L.ink Between Orthography and Speech

Orthography
— sequence of sounds

o Larry > /I/ fael vl iyl (/LI IAE/ IRI 1Y)
Speech Waveform
— sequence of sounds

« based on acoustic properties (temporal) of phonemes
Spectrogram
— sequence of sounds

« based on acoustic properties (spectral) of phonemes
The bottom line is that we use a phonetic code as
an intermediate representation of language, from
either orthography or from waveforms or
spectrograms

a1
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« Diger imlerin uluslararas: sesbilim abecesindeki (IPA, 2005) gosterimi

M Oimsaz, dudak-antdamaksil, $aninucd
w Ctmlu, dudak-artdamaksi, yanal

u Otamid, dudsk-damsksi, yanal

'+ Otomlo, gurak kapag). sortonocy

€ Ok, gitlak kapads, sirtinici

2 Girtsk kapagy, patiamal

&, % Disyuvasd-damaksi, sGrtinGcd

J Cromia, disyuvasikyanal, capmal

f) Eszamanli f ve x

* Tiirkgenin Ses Dizgesi

+ October 2017

 Edition: 2. Baski1-2020

* Publisher: Seckin Yayinevi
+ ISBN: 9789750245220

* https://www.turcademy.com/tr/kitap/turkcenin-ses-dizgesi-
ses-unluler-unsuzler-konusma-organlari-9789750245220

+ Kuramsal ve Uygulamali Sesbilim
+ May 2020

+ Edition: 1. Bask1

* Publisher: Seckin Yayinevi

+ Editor: ipek Pmar Uzun

+ ISBN: 9789750260124
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Phonetic Transcriptions (Orthography)

+ based on ideal (dictionary-based) pronunciations of
all words in sentence

— "My name is Larry"-/M/ [AY/[-IN/ IEY] IMI-\H] 1Z]-IL]
IAE! IR 1Y

— "How old are you"-/H/ /AW/-IOW/ /LI IDI-IAAl IRI-IY]
JTUW/

— "Speech processing is fun"-/S/ /P/ 1Y/ ICHI/-IP/ IR/

IAH/ IS/ [EH/ ISI ITH] ING/-\H/ 1ZI-IF] IAH] IN/
 word ambiguity abounds

— "lives"-/L/ INH/ IVI 1Z] (he lives here) versus /L/ /AY/
INVI'1Z] (a cat has nine lives)

— "record"-/R/ /EH/ /K/ /[ER/ /D/ (he holds the world
record) versus /R/ /1Y /K/ IAW/ ID/ (please record my
favorite show tonight)

a2


https://www.turcademy.com/tr/kitap/turkcenin-ses-dizgesi-ses-unluler-unsuzler-konusma-organlari-9789750245220

She had your dark suit in...
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Reduced Set of English Sounds

« 39 sounds

— 11 vowels (front, mid, back) classification based on
tongue hump position

— 4 diphthongs (vowel-like combinations)

— 4 semi-vowels (liquids and glides)

— 3 nasal consonants

— 6 voiced and unvoiced stop consonants

— 8 voiced and unvoiced fricative consonants

— 2 affricate consonants

— 1 whispered sound

 Look at each class of sounds to characterize their

acoustic and spectral properties

Vowels and Consonants

Vovels are longest duration sounds
— letters in the alphabet such as A, E, I, O, and U
— least context sensitive
— Can be held indefinitely in singing and other musical works (opera)
— Carry very little linguistic information
« some languages do not display vowels in text (Hebrew, Arabic)
» Consonant are letters of the alphabet that represents a basic
speech sound produced by obstructing the breath in the vocal
tract
— For example:
« T is pronounced using the tongue (front part)
« Kis pronounced using the tongue (back part)
« Bis pronounced with the lips
« His pronounced in the throat
« Fis pronounced by forcing air through a narrow gap
« M is pronounced using the nasal passage

47
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Wideband Spectrogram
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Phoneme Classification Chart

Phonemes

7
brati
H Vowsls I || Diphthongs Il Semivowels ” u Consonants || —

I AA uw oY
IH ER UH AW
EH AHIAX OW  EY,
AE AD

Fricatives
Z
[ Nasals ‘ ” Stops H !Voioed ||!Unvmoed ””Aﬂn'cameﬁ”WhiEper ‘!
M
PR =) [ T
z s
g .F; ZH SH
G K
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Vowels and Consonants

» Text 1: all vowels deleted
Th_yn tds gn fcnt_mprv_mnts_nth_
¢ mp ny’s_m_g ,S p_rv.s n_ndm_n_g m_nt.

* (They noted significant improvements in the company’s
image, supervision and management.)

» Text 2: all consonants deleted
A iue oa a aee e ia__e_ae,

i _e_ ieo o uaioae oee
i e _eali_ .
* (Attitudes toward pay stayed essentially the same, with
the scores of occupational employees slightly decreasing)

48



Vowel Production

 No significant constriction in the vocal tract
 Usually produced with periodic excitation

« Acoustic characteristics depend on the position
of the jaw, tongue , and lips

(i] (] [a] [u]

49

Vowel Waveforms & Spectrograms
AaAnAaAahahs

v i 1 c ® ]

€ 0 e ‘e e RRLC S T e
M M“ w M A “A}‘ o0 ey ———
- % ﬂ m ; ‘
: ==
g i u £l

FREQUENCY (Hz)
=)

LR R

o onptl » » ———

i
l

i

R S gy {

< 85 02 64 00 02 04 o0 0z 0ao0 0z 04 oo 02 O
fu TIME (sec)

WWUUWWE vWWU

The Vowel Triangle

1Y G ‘ FORMANT FREQUENCIES FOR THE VOWELS —I

2200 ‘ Typewritten |
Symbolfor | IPA | Typical | Fy | F2 | F3
2000] Vowel Symbol | Word
Iy i |®@een [ 270 | 2290 | 3010
o0y | H 1 1 550
| oAE () (bity 300 | 1990 | 2550
& EH € (et) §30 | 1840 | 2480
s Els o AE = (vat) 660 | 1720 | 2410
AH A | o 520 | 1190 | 23%0 |
o oERE AA a (hot) 730 | 1090 | 2440
40 (bought) | 570 | B840 | 2410
s AN ) |
UH u foot) | 440 | 1020 | 2240
| Al uw u | (oot |[300 | 870 | 2240
AR ER > | i) | 490 | 1350 | 1690

Centroids of common vowels form clear
triangular patternin F1-F2 space

Copyright 2000 N. AYDIN. All rights
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Vowel Articulatory Shapes

i (eve) 10m) e (are) € (ueT)

. b

= () Q [ FaTveR) 5 (aLL)

P).
-2
-

o
8

>
-

%)
£

U (roo1) U (soor) Alor) 3 (aiR0)

-]
-3
D
£

Jae/

Vowel Formants

Clear pattern of

variability of vowel

pronunciation among

men, women and

children

Strong overlap for

different vowel sounds

by different talkers

— no unique identification
of vowel strictly from

. | resonances

0 200 400 800 800 1000 1200 1400 — Need context to define

FREQUENCY OF F (Hz)

FREQUENCY OF F (Hz) vowel sound
52
Diphthongs

w0 .+ Gliding speech sound

. that starts at or near the
articulatory position for
one vowel and moves to
or toward the position
for another vowel

;:, — [AY/in buy

g — IAW/ in down

i — [EY/in bait
— [OY/ in boy

— /OW/ in boat (usually

i classified as vowel, not
1000 diphthong)
3 ’ J — IYI'inyou (usually
i classified as glide)



Distinctive Features

« Classify non-vowel/non-diphthong sounds in terms of distinctive
features
place of articulation
« Bilabial (lips)—p,b,mw
« Labiodental (between lips and front of teeth)-f,v
« Dental (teeth)-th,dh
« Alveolar (front of palate)-t,d,s,z,n,|
« Palatal (middle of palate)-sh,zh,r [rr—
« Velar (at velum)-k,g.ng o
« Pharyngeal (at end of pharynx)-h Davtal
— manner of articulation

+ Glide—smooth motion-w,l,r,y
+ Nasal-—lowered velum-m,n,ng
 Stop—constricted vocal tract-p,t,k,b,d,g
« Fricative—turbulent source-f,th,s,sh,v,dh,z,zh,h
« Voicing—voiced source-b,d,g,v,dh,z,zh,m,n,ng,w,I,r
» Mixed source—both voicing and unvoiced-j,ch
« Whispered--h

Places of Articulation

Nasal Consonants

 The nasal consonants consist of /M/, /N/, and ING/
— nasals produced using glottal excitation => voiced sounds
— vocal tract totally constricted at some point along the tract
velum lowered so sound is radiated at nostrils
constricted oral cavity serves as a resonant cavity that traps
— acoustic energy at certain natural frequencies (anti-resonances or zeros of
transmission)
— /M/ is produced with a constriction at the lips
« low frequency zero
IN/ is produced with a constriction just behind the teeth
« higher frequency zero
ING/ is produced with a constriction just forward of the velum
« even higher frequency zero

[m] [nl ol
* Manner: Nasal ) \I{ N [f—\iré -‘ -\‘:;:5
nasal Production ! J/ J)
* Place: l LA\
bilabial (m), alveolar (), velar (ng) Y

Nasal Spectrograms

?‘»‘ "y

LN . o |
b LA 1
1 T T e

simmer sinner singer

/sim3/ /sinz/ /sm3z/

Copyright 2000 N. AYDIN. All rights
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Semivowels (Liquids and Glides)

« vowel-like in nature
— called semivowels for this reason

« voiced sounds
— W-l-r-y

* acoustic characteristics of these sounds are strongly
influenced by context

— unlike most vowel sounds which are much less
influenced by context

* Manner:
— glides
« Place:
— bilabial (w), alveolar (1), palatal (r)

Nasal Sounds

= %,-Hhuﬁprflr{im&;";‘..*‘[’b”‘l{’l’

ikt V N
._,v'w‘u-‘»\,t«"‘.P]VT;‘rv.ﬁ V

g
[

Hole in
/| spectrum

Tve

Unvoiced Fricatives

« Consonant sounds /F/, /TH/, IS/, ISH/
— produced by exciting vocal tract by steady air flow which becomes
turbulent in region of a constriction in the vocal tract
« [F/ constriction near the lips
« [TH/ constriction near the teeth
« /S/ constriction near the middle of the vocal tract
« /SHI constriction near the back of the vocal tract
— noise source at constriction
« vocal tract is separated into two cavities
— sound radiated from lips — front cavity
— back cavity traps energy and produces antiresonances (zeros of
transmission) i il W .

Unvoiced e o
L5 -
« Manner: Fricative ‘* i >
— fricative Production | % L;; -/
[ \
* Place: =

— labiodental (f), dental (th), alveolar (s), palatal (sh)
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Unvoiced Fricative Sounds
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Voiced Fricatives

Sounds /V/,/IDH/, 12/, [ZH]
— place of constriction same as for unvoiced counterparts
— two sources of excitation;

vocal cords vibrating producing semi-periodic puffs of air to
excite the tract;

the resulting air flow becomes turbulent at the constriction
giving a noise-like component in addition to the voiced-like
component

Manner:
— fricative
Place:
— labiodental (v), dental (dh), alveolar (z), palatal (zh)

Voiced and Unvoiced Stop Consonants

« sounds-/B/, /D/, /G/ (voiced stop consonants) and /P/, /T/, /K/ (unvoiced stop
consonants)
voiced stops are transient sounds produced by building up pressure behind a total
constriction in the oral tract and then suddenly releasing the pressure, resulting in
a pop-like sound
« [B/ constriction at lips
+ /D/ constriction at back of teeth
/G constriction at velum
no sound is radiated from the lips during constriction

« sometimes sound is radiated from the throat during constriction (leakage through tract walls)
allowing vocal cords to vibrate in spite of total constriction

stop sounds strongly influenced by surrounding sounds
unvoiced stops have no vocal cord vibration during period of closure

brief period of frication (due to sudden turbulence of escaping air) and aspiration
(steady air flow from the glottis) before voiced excitation begins

[bl [d] [al

« Manner: Stop
stop Consonant
« Place: Pruductiun‘

~ bilabial (b,p), alveolar (d.1), velar (g, k)

Copyright 2000 N. AYDIN. All rights
reserved.

Unvoiced Fricative Spectrograms
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/6irf/ /siv/ /5/

Voiced Fricatives
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Place p k t bdg
bilabial + - -+ - -
labiodental - - - -
dental - -
alveolar - =+ =+ = = - o+ =
palatal - - - - - - - - - %
velar = % =
pharyngeal - - - - - - - =

Unvoiced Stop Consonants
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Distinctive Phoneme Features
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FIGURE 17.7 Binary distinctive feature set of Jakobson et al. From [10].

— they are robust and reliable

Copyright 2000 N. AYDIN. All rights

reserved.

+

+

the brain recognizes sounds by doing a distinctive feature analysis from the
information going to the brain

the distinctive features are somewhat insensitive to noise, background,
reverberation

Stop Consonant Waveforms and Spectrograms

Distinctive Features

Manner of articulation
Stop Fricative

Place of .
articulation Glide Nasal Voiced Unvoiced Voiced Unvoiced

Front
Bilabial WM om b p
Labiadental

Middle
Dental .
Alveolar il n d t
Palatal r

when <

——

Back
Velar W, M n B k
Pharyngeal h
Glottal ?

FIGURE 17.8 Articulatory classification of consonants. From [15].

place and manner of articulation completely define the consonant sounds,

making speech perception robust to a range of external factors

2.2.1. Perde, Siddet. Kalite

Konugma sesleri, perde (Ing. pitch), siddet (Ing. loudness) ve Kalite (ing.
quality) agismdan 0ig alt ulama aynimaktadir. Perde frekansla, siddet genlikle,
kalite ise tin ile iliskilidir. Aym perde ve siddeti tagiyan bir ses dalgasy, kalite
agisndan /sal/ ve /sel/ sézciiklerindeki Gnliiler gibi farklihik gdsterebilmekte
ya da kalite olarak aym Szelligi gdstermesine karsin perde agisindan degise-
bilmektedir.

2.2.7. Formant

Ses iretimi sirasinda basmgh hava akim, ses tellerinin titresimine neden ol-
makta ve bu titresim sonucu olusan ses sinyali, gitlak, afiz ve kimi durumlarda
geniz bosluklann: da titresime gegimmektedir. Bunun sonucunda, tmlayic niteligi
tagtyan bu organlardan gegen ses, defiiserek konusma sesine ddnlismektedir.

Ses yolundaki bosluklann bigimi ve hacmi, ses retim organlarimin ha-
reketleriyle birlikte degisim gdsterdii igin, bu bogluklann tinlama siklik-
lari da farklilasmakta ve bu tinlama sikliklari formant ya da bigimleyici
(Ing. formant) olarak tamumlanmaktadir. Akustik Sesbilgisi alaninmn dncis-
lerinden biri olan Gunnar Fant tarafindan ses tayfindaki spektral tepe nok-
talan olarak adlandinlan formantlar, ses yolundaki akustik titregimler ola-
rak da yorumlamaktadur.

12



* Sesin perdesi, siddeti ve kalitesi

Ses yolundaki akustik kaysplarla belirlenen formant bant araliklars 0-
5000 Hz arasinda defiisim gdsteren dort temel formant degerinden olusmak-
tadur: Birinci formant (F1/500-1000 Hz), ikinci formant (F2/1000-2000 Hz),
Ugtincd formant (F3/2000-3000 Hz). dérdtinc formant (F4/3000-4000 Hz).
F1 ve F2 formant deerleri fnllerin g boyutluluk 6zelliklerini betimleme-
de kullamilirken, F3 ve F4 formant deerleri ise cinsiyete dayals defisimleri
belirlemede rol oynamaktadur.

« https://wsl.turcademy.com/ww/webviewer.php? « Solunum sistemi
doc=20800#page=41&zoom=auto,-47,544

+ Konusma organlari

. . ~.
‘genizsi boyul \\ f—
dis cukurian \ ik g
<———’—-\ \ omkdl
\

\

TN
ayaam V)
elseoler
75 76
DURAL HAVA AKIMI VE AERODINAMIK L T
Sl)RECLER Seslerin Qiretilmesi ve bigimlenmesinde etkin rol oynayan girtlak (Ing.
laryngeal/glottis), nefes borusunun @st, ses yolunun ise alt kisminda bulu-
Bernoulli Etkisi (Ing, Bermoullt Effect) adhs altinda da incelenen sero- nur. Girtlagn i kisminda, konugma seslerinin gikanlmasinda edici rol olan
dinamik siireglerde, ses tellesinin titregmesi, akcigerlerden golen hava ses telleriyle onlarm titresimini denetleyen fig kikirdak yap: yer almaktadur:
akimunun etkisiyle girtlak kaslannin gerilmesi ve esneKliginin degigmesiy- Kalkans: Kikirdak (Ustgurtlaksal), Halkamst Kikirdak (Gurtlaksal), Yiiziksii
e tighatandiriionsdadis. Kikirdak. Grtlaktaki ses tellerinin uzamasmna ya da kisalmasma yarayan
Akcigerlerdeki havamun dijan atdmas: sonucu gikig havas: (Ing dordi gift, biri tek olmak {izere de beg temel kas bulunmaktadur.

ﬁﬁ”xmﬁ"i;:f’mﬁm;‘:“ TR Cinsiyete gre bigimlenen girtlak yapismda, kadmlarin ses tellerinin
ot R e kavrmlan kisa oldugu igin temel siklik degerleri 150-220 Hz araliginda ve
S et h;vwh S llﬂlfpk $azla full 5 gartlak gevresi 110-112 milimetre arasindadur. Erkeklerde ise, ses tellerinin

i favnmlan kadinlara gore daha uzun oldugu isin temel sikiik degerleri 90-
160 Hz araliginda ve girtlak gevresi de 135-136 mm civarmdadur.

v 33. Ses Tolleri

Seslerin gikanlmasinda ok Gnemli bir rol tstlenmis olan ses telleri

—'/\ (ing. vocal cords), mirtlagin islevlerini kontrol eden kaslarn hareketlerine

Copyright 2000 N. AYDIN. All rights
reserved.



gére gerilim, esneklik, yikseklik, genislik, uzunluk ve kalnhk gibi fiziksel
dzelliklerinde deZigim gosterir. Seslerin ¢ikarilmas: swrasinda ses tellerinin
titresmesi, tiim (Ing. voice) adi verilen temel bir &zelligin ortaya gikmasm
saglamaktadir. Unldlerin timi ve Gnstizlerin bir bslimil Stimli olma 6zel-
ligi tasirlar, yani bu sesler tretilirken ses telleri titregir. Ses tellerindeki her
bir titresim, o bélgede bir agilma-kapanma hareketine karsilik gelmektedir.

Cinsiyete gdre degisiklik gdsteren bu titresim hareketi, erkeklerde sani-
yede ortalama 120 titresim dongiisii olarak tekrarlanirken, kadimnlarda bu
dongii ortalama 200 titresim bigimindedir. Ses perdesi yiikseldikge ses telle-
rindeki titregim sayss: da artmaktadir. Omegin, yeni dogan bir bebegin ag-
lama sesinde saniyede ortalama 400 titresim hareketi bulunmaktadir. Ses
tellerinin arasinda bulunan ve hangere olarak da adlandinilan boslugun is
kivrimlan, erkeklerde 17-24 mm arasinda, kadmlarda ise 13-17 mm arasmda
degismektedir.

GIRTLAK ONSUZU [2]

Nefes tutulurken ses telleri tam bir gekilde kapals tutulabilis, bu du-
rumda ses tellers sukica kapah tutulup agidiginda serbest kalan akeiger
gikagh hava grtlak dinsiiziinin (ing. glottal stop) [7] iretilmesini saglar.

cu, isiilebili bir gurtlaksil sirtinmeli ses gikanimakta, bu siires sirasinda

34 Yutak

Grrtlan iginde konumlanan ve ses tellerinin hareket etmesini sagla-
yan yutak ya da farenks (Ing. pharyar), 1214 cm uzunlugunda kas ve
mukozadan olusan bir yapidir. Yutagin kas yapisinda dstkonstriktor, orta
Konstrikir, on konstriktotle, yutagm asagi dogru hareketini saglayan stilo-
farengeus, salpiro-farengeus, palato-farengeus gibi gesitli kaslar bulunur.
Yurak, yukaridan agagiya dofru burun yuradi (nazofarenks), afiz yutaft
(orofarenks), girtlak yuta@n (laringofarenks) gibi konusma fazlan olarak
adlandirilan alt blomlerden olusur. Burun yutags burun boslugunun arka
kismmda, afiz yutaf afiz boslugunun arka kisminda ve girtlak yutag: ise
boyun omurlar hizasmda konumlamr. Genizsil bosluk, timpan bosluk,
afiz ve girtlak da yutakla baglantils bSHimlerdir.

35. Ses Yolu (Vokal Trakt)

Geniz yolu ve a1z yolu gibi bolimleri igeren ses yolu ya da vokal
trake (ing. vocal rracr), temel siklik deferinin ve ses kalitesinin belir-
lenmesi agismdan nemli bir isleve sabiptir. Cinsiyete gore farklilik gos-
teren ses yolu kalinlifi erkeklerde 16.9 cm, kadmlarda ise 14.1 cm; ses
yolu uzunlugu ise erkeklerde 90-190 mm arasinda, kadinlarda ise 160-
300 mm kadardur.

X
R,

3.6. Yumugsak Damak ve Sert Damak

A#iz boslugunun arka kisminda kash. genis bir doku olarak yer alan
yumusak damagm (Ing. velwn) en temel alt orgam kilgiik dildir (Ing.
uvula). Kilgiik dil, agzin arka tarafindan sarkan ve ayna yardimiyla da rahat-
likla goritlebilen bir eklentidir. Yumusak damak (artdamak) nefes alip verme
stirecinde algalarak burundan alinan havanin rahatlikla igeri girmesini saglar.
Konusma sirasinda yumusak damak., burun yutagunn duvarina dogru ytksel-
tildiginde hava agizdan disan atilir. Bu sesler, aiz sesleri olarak tanmlan-
maktadir. Yumusak damak, havamn afizdan ve burundan disar: atilmasma
olanak saglayacak sekilde asaf1 dogru da indirilebilir, bu durumda cigerler-
den gelen hava akimi burun boslugunda dolasarak agrzdan gikarilyr. Omegin
[m] ve [n] geniz Gnsiizleri gibi. Damagum, fist sira diglere kadar olan blim
ise konusma seslerinin olusumunda dnemli rol oynayan sert damak olarak
tanimlanmaktadr (Bkz. B6lim S).

37.4.0i

Dil (Ing. tongue), ig ve dis kisminda bulunan kaslar aracihiiyla yu-
kan, asad, ileri ve geri olmak tizere dort farkl yonde hareket edebilme
ve sekil alabilme 6zelligine sahiptir. Dilucu (Ing. fongueapex), dil Kena-
1 (Ing. rim), dil patas: (Ing. blade, lamina), dil swn (ing. dorsum) ve dil
kbkilnden (Ing. radix) olusan dilin i¢ kismndaki kaslar, dilin en ug kis-
muni gdsteren dilucunun yukarv/asagi ya da saga/sola oynatilmasin sag-
lar, Konugma seslerinin ¢ikanimasinda énemli bir islevi olan dil, agiz

st gore, agiz iginde artda-

'yumusak damak ve biltitnlesir.

Copyright 2000 N. AYDIN. All rights
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37, AgE BosGu

Dudaklar, alt ve st disler, damak, yanaklar, altgene kemigi ve dilden
olusan agiz boslugu (ing. oral caviry), dislerin dizilisine gore iki bolime
aynhr.

3.7.1. Dudaklar

Konusma seslerinin Giretilmesinde 6nemli bir yeri olan dudaklar, agiz
bélgesinin gevresini kaplayan gesitli kaslar tarafindan ydnetilir. Seslerin
gikanlist swasinda farkls konumlara getirilebilen dudaklar (Ing. lips) kapals,
agik, d0z ya da yuvarlak bigim alabilir.

3.7.2. Digler

Az boglugu iginde konumlanan alt sira digler ve st s digler, kesici
disler, kitpek disleri, kiigilk az: disleri ve bly(k az: disleri olmak 0zere kendi
iginde bolimlere aynilir. Ozellikle tnstizlerin sesletiminde disler Snemli bir
igleve sahiptir.

3.7.3. Gene Kemigi
Konusma seslerinin Oretilmesi sirasinda asag ve yukars dogru hare-
ket edebilme 5zelligi tagiyan gene kemigi (Ing. mandible), agiz boslugu
iginde bulunan alt sira disler ve st sira digler arasmdaki agiy1 ayarlaya-
3 ve bigiminin beli i etkin rol oyna-

rak,
‘maktadir.

38, Kulak

D kulak (Ing. externalear), ses dalgalanmun kulaga ulasmasinda etkin
sol oynayan kulak kepgesi ve halkalardan olugur. Iyitme kanals olarak da
tammbanabilen di kulak yolu, szunlugundadus ve 3000-4000 Hz
analigindak seslerin sitilmesinde byok rol oynar

Dis kulak ve orta kulak (lag. middleear), ses dalgalanaun titresme-
sini saglayan daire bigimindeki kulak zanyla bibirinden aynlr. Orta
lulakta titresen ses dalgalan kulsk zannda mekanik sese dongsir ve bu
ses oldukga ince yapuls 0 kemikgik (gekig, ors, zeng) tarafindan ig ku-
laga iletir

I kulakta (Ing. mrernalear) denge kontrolont saglayan yanm dairesel
kamallar ve 33 mm uzualuguadaki salyangoz ads vesilen koklea, onta ku-
lakta oretilen mekanik ses dalgalann sunir hocreleri araciligryla elekink
akimina donggtertr. Bu akim iptme sinirlen araciligiyla beyin sapmna ve
temporal loba dletilic

Sekil 13, Kidek Yapisi
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TINLAMA KURAML: Hermurm Vo Herlmholtz taniindan ortaya
sticaghr. Seiyamgozdsls flerin belot frebars anbnda tiregmes ve

FREKANS KURAMI Willian Rutherford un sundugu bo kuramda,

olarak Setmaktedis

£G. Weger en, 5000 Hr'e
kada olan sesleri alglansmasey birgok stnix biwn bic sangyede belk
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Pulmoner iinsiizlerin uluslararasi sesbilim abecesindeki (IPA, 2005)

gosterimi
G | Dudsk- | Digsi | Dy | Ardis- | Usidamak | Damaksi | Andamak | Kigik | Bopazsd | Girtlak
Dudak | ds yuvesd | yuvasd dil
Genizsi m n L] n » n =
Pallamali pb td " Y kg qe —I
Siirtindcd 'Yy n €
LL] st 53 " L] . X N
" e
Yanal © 1 1 j o
Az r "
Garpmal . r
Yonal siriinocd "
an daraimali I 1 i L
Yanal carpmall 4
« Diger imlerin uluslararasi sesbilim abecesindeki (IPA, 2005) gosterimi
M Otimsiz, dudak-artdamaksil, sariindci
w Otami, dudak-aridamaksl. yanal
1y Otamig, dudak-damaksd, vanal
H Otomig, girtiak kapag), suronucy
€ Oliimi, girtlak kapad, sirtinicd
2 Girtiak kapagy, patlamali
&, 3 Digyuvasi-damaksi, sirtincd
1 Ctomio, digyuvasikyanal, carpmal
) Eszamanl f ve x

88

15



