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Fundamentals of Spoken Language Processing
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Speech & audio compression

Codec Type BEil rate (per see)
narrowband speech 6.4 KB
wideband spcech 16 KB

wideband audio 64 KB

CD quality audio 96 - 128 KR

Text-to-speech synthesis

Language Intelligibilicy quality
English high low
Japanese, French, Sconsh high high

by Dr. Rich Cox, 1996
Commercial products

ook up the web, for example, htip://www.tiac.net/users/rwilcox/speech.h



Topic-2 Speech Production

Speaking and hearing 1s an interactive process.
Harvey Fletcher (1953): “We spcak with our cars.”



A. Sound
Sound: vibration waves in the frequency range ol 20 to 20,000 Hz

Speech: cover the frequency range of 100 — &,000 Hz

Low frequency components (50 — 200 Hz} contribuie to naturalness and
PICSCNCS

Mid frequency components {200 —3 400 Hz) contribute (o distinction of speech
sounds

High [requency components (3,400 — 7.000 11z) provide greater intelligibilily
and fricative differentiation (cg. s in sit vs. I in fit)

Four grades of audio signal bandwidth:
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Sound perception by human ears:

Audible intensity (I) ranges from 1072 to 10 watts/m*
Reference intensity is defined as

liep = 1012 Eaﬂmxﬁm in qir

Intensity level is defined as

1L =10log ﬁwxhﬂml Emw re h:&nu

Human car is most scnsitive to the frequency band ol 500 Hz
to 10,000 Khaz.
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Fig. 1.9, Thresholds and freefield, equal-loudnes-tecel contours® for pure tones witk
suEiect focing the source.



B. Mechanism of Spcech production

Cross-section of vocal apparatus of an adult
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Yocal tract:

start end length |cross-section area

oral tract  |glottis lips 17 em [0-20 cm sq.

nasal tract |velum  |nostrids |12 cm |0 - 5 ¢m sq.

the measures are based on average adult males
Functions of vocal apparatus:

speaking, breathing, eating

Breathing:

air = nostrils = nasal cavily & velum porlt & trachea
Eating:

food — mouth — esophagus (the gate under Lhe epiglotus 1o the
trachea 15 closed) — stomach



Speaking:
Producing voiced, unvoiced, and plosive sounds
Voiced sounds {(c.g. u)

contract muscles — push air out of the lungs — vibrate vocal
cords — generatc quasi-periodic pulses of air — excite vocal tract
— producc voiced sounds

Vibration of vocal cords:

air pressurc forces the vocal cords apart — pressure between the
cords 1s reduced to draw the two cords together — pressure 18
built up again to force the cords aparl

The vibration frequency of the vocal cords is called fundamental
frequency (FO)

men WOmen children
FO (H7) 70-200 150400 200-600




The positions of the articulators (jaw, tongue, velum, lips. leeth}
define the shape of vocal tract, and determine the type of voiced
sounds.

Production of unveiced sounds (¢.g. 3)

contract muscles — push air out of the lungs — form constriction
in the vocal tract — generate turbulent air flow — excite vocal
tract — produce unvoiced sounds

Production of plosive sounds {(e.g. p)

form a closure in the vocal tract — build up pressure behind the
closure — releuse the pressure abruptly



C. Acoustic-phonetics

Phoneme:

A set of abstract symbolic units that can be used for wriling a
language down 1n a systematic and unambiguous way

[honc:
Acoustics realizations of phoncme

Allophone:

phone produced in the context of neighboring phones, for example,
the phone unit ¢ 1n bishop and king

Syllable:

The smallest possible unit of words, cvery word must contain
at least one syllable {each syllable must contain a vowel wilh

optional surrounding consonants)



TABLE 2.1. A condensed list of phonetic symbaols for American English.

Tionane ARFARET Lxample Fhisne:mas ARPARET Exurnple
i Iy L[ e X sing
A H Bt s 3 el
fed (e EY bl iy T len

feef EH bet . K kit

fmy aAF L /i B bzt

fiyf Ak Hob fdf b flals
iad AM e faf H get

o AQ B My i l1n

Mo (o] ow baral I I fan

s [IH baok fa TH thing
faf L% T 5 3 s

Faf AX almaul 1 sk 311 shw
I Ix CLEY el v val

el ER bird O I}H that
Jard AXR ucrer fud £ £
fa~y Ay duwn f&iizh) Zit ALSLLRE
fat/ AY _.._E M (sh) CH cliurch
foty o by ¢ tleh, JH judge
Sy ¥ o S WH which
S W wit A EL barrle
i K [En] fmyf EM batiunm
A L. bet Ml EM berton
fmyf M met T X baner
R M el M ] [zlottal stap)




\...__D_...__m_.m/ \ CONSONANTS
FRONT MID BACK LDIPHTHON{GS
1T a {AA) U {UW} a¥ |AY)
L(IH] a [ER} U [UH) a (O
(EH)  A@(AH AKX O ({OW) a% [AW) WHISFER
36 {AE] o (A0 ¥ {EY} h {H}
SEMIVOWELS \\ /
y N VOICER UNVOICED AFFRICATES
LIQUIDS GLIDES b (B P (P] i {(JH)
w W} r iR} d (D] 1M & [CH)
L{L} ¥ [¥] g (] k (K]
FRICATIVES

NASALS \\ /..

YOICED LUNYOICED

m (M)
n N} v (V) f {F)
T ING) 4 (TH) B [THE)

z (2} 5 {5}
Z.zh {ZHY  &.sh, [(SH)

Figure 212 Clirt of the classification of the standard phonemess ol American English into broad sound classes.



Articulatory configuratiens for typical vowel sounds (afier —.nF.EmE. [213.



Diphthongs
movement {rom one vowcl to another within a single syllable
Semivowels

articulated in a similar way as vowel, but vocal tract 1s less stcady
and open.

Nasal consonants

» excited by vocal cord vibration

» oral tract is closed by lips or tongue, nasal tract is open
» radiation 1s through nostrils

m (ME) n {no)

&= | e

Fig. 2.5, Vocal profiles for the nasal consonants {after Porrer, Koer and GAERN)




Unvoiced fricatives

« excited by steady air flow

« vocal tract 1s constricted by longue or teeth
* radiation is through mouth

Voiced fricatives

similar to unvoiced fricatives but vocal cords are vibraling
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L§. Vocal tract profiles for the fricatlve consonants of English. The short paira of lmes drawn oo 1
throat represent vocal cord operatlon {adapted from Porter, KOFF and GREEH])



Voiced and unvoiced stops (plosives)

» form a constriction in the oral tract and build up pressure (during
this period vocal cords vibrate for voiced stops)

+ constriction i8 formed by lips or tongue

* release pressure suddenly
P (PaY) L (ve) K (kev}

Fig. 2.7, Articoletory profiles m_mﬁ the English stop consonants [after Torrer, Korr snd Grezn,)



Whisper

« excited by stecady air flow

» vocal tract is constricted at glottis

Affricates

« form a constriction in the oral tract and build up pressure

+ slacken the constriction to produce turbulent air



