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* Physiology of human speech production
e Source-filter model

= glottal source / noise source

« Radiation characteristic

« Vocal tract transfer function

— Uniform tube
— Concatenated tube
— Perturbation theory
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— helps visualizing sounds

— production
— types
— acoustic evidence
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Speech is non-stationary and i
time-varying signal. So, analyzing ©
speech by lumping all time points 0 i‘
together is not very useful. o I
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Speech signal has a lot more frequency components
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If we find the Fourier transform of the whole signal, we will see the
frequency-domain characteristics of the whole signal.

However, do we expect the characteristics of the speech signal in

each box to be the same?
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Wide-band
= good time resolution

« can see pitch
structure

e can see abrupt
acoustic event

Narrow-band

= good frequency
resolution

 can see harmonic
structure

= fine frequency
discrimination
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« classify by degree of constriction

obstruction in the path of air flow

— complete closure

— narrow constriction
abrupt change in vocal tract configuration
abrupt change in the signal

between vowel and consonant
non-abrupt change / slightly constricted

relatively no obstruction of the air flow
smooth gradual change in the signal
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THE INTERNATIONAL PHONETIC ALPHABET (2005)
CONSONANTS (PULMONIC)
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= For our convenience in this class (avoiding
problems with fonts), we will not use the
standard International Phonetic Alphabets
(IPA) as the default representation of sounds.

< We will use a set of notation presented in the
next slides to represent Thai sounds.

= Note that notations used for some English
sounds discussed in this lecture are not
standard. (not IPA)
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e pressure in the vocal tract and subglottal
pressure are different enough for outward
airflow

» the vocal folds are slack enough to vibrate
* no obstruction in the vocal tract

» different position of the tongue - different
vowels

» rounding of the lips
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e move in 2-D

* results in deviation of F1 and F2 from the
neutral position
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* Constriction in the
palatal region

e Result:
»Lo F1 i+
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e /xx/

Spoken Language Systems Research Group

e Constriction in the
lower pharyngeal

region
e Result:

.
aF -

> Hi F1
> Hi F2

AF2 *N /:“\ ;
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e /aa/
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e Constriction in the
lower pharyngeal

region (above
Ixx/) .

AFI ™. .

e Result:
> Hi F1
> Lo F2

ars IR
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e /uu/
e Constriction in the
vicinity of the soft
palate
« Rounding of the .
|lpS g AFI 53 \ I
e Result:

»Lo F1

> Lo F2 AF2 “ /* ,
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Male Female

Vowel F1 (Hz) |F2 (Hz) [|Vowel F1 (Hz) |F2 (Hz)
i 270 2290 i 310 2790

e 460 1890 e 560 2320

X 660 1720 X 860 2050

a 730 1090 a 850 1220

0 450 1050 0 600 1200

u 300 870 u 370 950
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» lax - smaller degree of constriction

e lax - shorter in duration

e F1, F2 move away from the corners closer to
the neutral position

 examples of tense-lax vowel pair

— beet (/biit"/) vs. bit (/bit"/)
— bait (/beet?/) vs. bet (/bet?/)
— ma (/khaat™/) vs. da (/khat?/)
— 30 (/ruut®) vs. 50 (/rutr/)
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= combination of 2 single vowels

e smooth movement in formant frequencies
from one vowel to the other
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= 18 single vowel sounds (9 tense + 9 lax)

lax tense
a (o) aa (m)
i (5) ii (3)
v (3) w (3)
u (a) uu ()
X (uag) XX (LL’z])
e (02) ee (1)
0 (Tez) 00 (Ts)
@ () @@ (o0)
q (i0ez) qq (1e0)
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* 9 diphthongs

lax Tense

ia (180z) iia (180)

va (iez) vva (i80)

ua (81) uua (8v)

ai (o) (aj")

au (o) (awh)
qqi (00) (99 j*)
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e classified based on “manner of articulation”
— fricative consonants
— StOp consonants

affricates

nasal consonants
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= Narrow constriction at some point along the
vocal tract

* generate turbulence noise in the vicinity of the
constriction

transfer function L
fricative
of the vocal tract sound
in front of the

constriction (shaped noise)

turbulence

(radiation characteristic does not depend on the vocal tract
shape, so it can be included into the source)
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e constriction at the lips

« virtually no tube in front of the turbulence
noise

e output signal is approximately the turbulence
noise

e usually weaker than other fricatives

« | abial fricatives sounds
— /f/ in fan,i

— /v/ in van
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= The vocal folds are vibrating (slack), while the
air flow through the narrow constriction is
maintained ->

= The vocal folds are not vibrating (strict), while
the air flow is maintain > or

voiced labial fricative 2 /v*/ in van

voiceless labial fricative - /f/ in fan, i
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A voiced fricative tends to be shorter than an unvoiced

one.

Probability Density unadjusted for frequency
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= constriction between the tongue blade and the
roof of the mouth

voiced alveolar fricative > /z*/ in zip
voiceless alveolar fricative - /s/ in sip, aw

Special Topics in Computer Science | First Semester 2008 | Lecture 5
ATIWONG SUCHATO




Department of Computer Engineering, Chulalongkorn University Spoken Language Systems Research Group Department of Computer Engineering, Chulalongkorn University Spoken Language Systems Research Group

8000 T T T T T 8000 T T = g 1 . . R R
“;" fsaf ; /2% e Point of constriction is a few
= [F 7 gt e==s mm. posterior to the Les

— 4 P

e ) alveolar ridge Ve j
6000 [ \ { 4 6000 [ H / 'l
{ ly Y g % = The tongue blade is shaped GoNE o

! R SUBL\NGUAI_____
. e ) in such a way as to produce o - Lo

SOURGE p,

) 3 I'em
£ ool £ oo a long and narrow channel :
& £ behind the point of

$000p fy maximum constriction.

2000 [~

voiced palatal fricative = /Z/ in Gigi
voiceless palatal fricative > /S/ in shy

0 0.2 0.4 0.6 0.8
Time

n Computer mester 2008 | Lecture 5

AT

Special Topics in Computer Science | First Semester 2008 | Lecture 5
ATIWONG SUCHATO

Department of Computer Engineering, Chulalongkorn University. Spoken Language Systems Research Group

Department of Computer Engineering, Chulalongkorn University Spoken Language Systems Research Group

B TR T2 = placing tongue between upper and lower teeth
- | ol -
ol | ol
ool ||
[ [ ki
000 " ! 1 voiced dental fricative - /D/ in that
20001 ‘“‘ voiceless dental fricative - /T/ in thief
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* make in the oral cavity while
maintaining the air flow from the lungs

e pressure behind the closure increases
e promptly release the closure (might generate

the turbulence noise at the just-released
closure »> )

e during the beginning of the closure phrase,
— vocal folds vibrate - voiced
— vocal folds do not vibrate - voiceless
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e closure can be made at:
— labial > stop consonant
— alveolar ridge+tongue tip >
— hard palate+tongue body >

stop consonant
stop consonant

« The spectral shape of the release burst for
and can be explained in the
same way as the spectral shape of the
fricative consonant.
— labial fricative - labial stop release burst
— alveolar fricative - alveolar stop release burst

* For , the portion of the vocal tract in
front of the closure gives mid-freq. resonance.

Special Topics in Computer Science | First Semester 2008 | Lecture 5
ATIWONG SUCHATO

Department of Computer Engineering, Chulalongkorn University

Spoken Language Systems Research Group

= After the release of the closure of a voiceless
stop, if the glottis is widely spread, the air
flow rush through the glottis will cause
turbulence noise at the glottis.

e spread glottis - aspirated stop consonant
« otherwise - unaspirated stop consonant
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voiced labial stop = /b/ in bus, an
voiceless unaspirated labial stop - /p/ in spin, i

voiceless aspirated labial stop = /p"/ in pen, wu

voiced alveolar stop - /d/ in den, m
voiceless unaspirated alveolar stop - /t/ in star, aou

voiceless aspirated alveolar stop - /p"/ in pen, nw

voiced velar stop - /g/ in gun, m

voiceless unaspirated velar stop - /k/ in scar

voiceless aspirated velar stop - /k/ in keep, aw
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» make complete closure like stop consonants

« release the closure and generate the
turbulence noise like fricatives

voiceless palatoalveolar affricate ->/ch/ in church, s

voiced palatoalveolar affricate > /c/ in judge , in
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 form a complete closure at some point along
the oral cavity

» velopharyngeal port is open during the closure

* no pressure increase behind the constriction

= side branch introduce a pole/zero pair in the
spectrum

» decrease in signal amplitude due to loss in the
nasal cavity
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« Three places of articulation like stops - Ima/ /nal - ~ Ingal
7000 4 TomE | Too0 R .. 0
BO00 4 BOOOE 4 B0k £

labial nasal - /m/ in man, un ol | ol 1 i ke

alveolar nasal - /n/ in not, uw

Frequency

Frequency

Froquency
2

velar nasal - /ng/ in sing,
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= Semi-vowel

e Spectrogram Reading
Place of Articulation

Labial Dental Alveolar _

Stop pb td kg

Fricative fv TD 57 SZ

Nasal m n ng

Manner of Articulation

voiceless voiced
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