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OUTLINE

@ ANATOMY AND PHYSIOLOGY OF SPEECH
PRODUCTION
@ Larynx
@ Vocal Tract
o Categories of sound by source



A SIMPLE VIEW
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CROSS SECTIONAL VIEW
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DOWNWARD-LOOKING INTO THE LARYNX: VOCAL

FOLDS
Left: Voicing, Right: Breathing
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VocAL FOLDS VIBRATION




BERNOULLI’S PRINCIPLE IN THE GLOTTIS
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SOFTER, TYPICAL, AND RELAXED GLOTTAL FLOW
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OTHER VOCAL FOLDS CONFIGURATIONS

Left: Whispering, = Middle: Voicing Right: Whispering voicing




OTHER FORMS OF VIBRATION

o Creaky voice:

vocal folds very tense
only a portion of them in oscillation
harsh-sounding voice
high and irregular pitch
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OTHER FORMS OF VIBRATION

o Creaky voice:

vocal folds very tense
only a portion of them in oscillation
harsh-sounding voice
high and irregular pitch

@ Vocal fry
folds are massy and relaxed
abnormally low and irregular pitch
secondary pulses during open phase
@ Diplophonia

extra flaps
secondary pulses during the closed phase



EXAMPLES

Upper panel: vocal fry, Lower panel: diplophonia
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VocAL TRACT

By saying Vocal Tract we mean:
@ Oral cavity: from the larynx to the lips, and the Nasal cavity
@ Oral tract: 17cm for male voice, shorter for females

@ Its purpose is to spectrally “color” the source and generate
new sources for sound production



VOCAT TRACT SHAPES

Vowel Plosive Fricative
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SPECTRAL SHAPING

Vocal tract is often approximated by a linear filter with:
@ Formant frequencies
@ Formant amplitude

@ Formant bandwidth



SPECTRAL SHAPING

Vocal tract is often approximated by a linear filter with:
@ Formant frequencies
@ Formant amplitude
@ Formant bandwidth

Assuming a stable vocal tract and only with poles filter:
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EXAMPLE

Let the excitation of vocal tract, h[n], be:

uln] = g[n] * p[n]

then, the output speech, x[n, 7], is given by:

x[n, 7] = wln, T]{hln] x (g[n] * p[n])}

and
X(@ )= 5 3 H@)G@)W(w — i)

k=—0o0



HARMONICS AND FORMANTS
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WAYS TO CATEGORIZE SPEECH SOUNDS

@ Vocal fold state:
e Voiced
e Unvoiced

@ Oral tract state:

o Plosives
o Fricatives

Also: voiced and unvoiced plosives (/b/,/t/), voiced and unvoiced
fricatives (/z/,/f/), whispered unvoiced



“WHICH TEA PARTY DID BAKER GO TO?”
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SHORT TIME FOURIER TRANSFORM, STFT

STFT:

[e.o]

X(w, 1) = Z x[n, T]e™/*n

n—=—oo

where
x[n, 7] = w(n, T]x[n]



SHORT TIME FOURIER TRANSFORM, STFT

STFT: -
X(w, 1) = Z x[n, T]e™/*n
where
x[n, 7] = w(n, 7]x[n]
Spectrogram:

S(w, 1) = |X(w, 7')|2



NARROWBAND SPECTROGRAM
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WIDEBAND SPECTROGRAM
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SPECTROGRAM ON SPEECH
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SPECTROGRAM ON SPEECH; ANOTHER EXAMPLE
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DO WE KNOW BETTER NOW?

to classify sounds by looking in time of in frequency domain for
@ periodic, noisy, impulsive sources?

@ shape of vocal tract?
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PHONEMES’ MAP

PHONEMES
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VOWELS

@ Source: Quasi-periodic puffs of airflow

@ System: Each vowel phoneme corresponds to a different
vocal tract configuration.

@ (at) a (father)

Eil




VOWELS: TIME AND SPECTROGRAM

(@) (b)
= 1
Z 0 1
ey 0
< -1 -1
0.62 0.64 0.66 0.68 094 096 098 100 1.02
S
T 4000 4000
5 EE T T TR R
5 2000 2000
5
= 0
0.62 0.64 0.66 0.68 0.94 096 0.98 1.00
Time (s) Time (s)

100 100
— = . F,
g 80" B, 2 80 F, F
g 60 60 \
=} |
= 40 40
)
g 2 20

0 0

0 1000 2000 3000 4000 0 1000 2000 3000 4000

Frequency (Hz) Frequency (Hz)



NASALS

@ Source: Quasi-periodic puffs of airflow

e System: Air flows mainly through the nasal cavity and oral
tract being constricted

m (me) n (no) G (sing)




NASALS: TIME AND SPECTROGRAM
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FRICATIVES

@ Source:
e Voiced: vocal-folds vibrate
e Unvoiced: vocal-folds are relaxed and not vibrating
@ System: Oral tract being constricted by tongue at the back,
center, or front of the oral tract, or at the teeth or lips



FRICATIVES’ PROFILE
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FRICATIVES: TIME AND SPECTROGRAM
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PLOSIVES, OR “BURST” SIGNALS

Voiced:
@ Source: vocal folds are vibrating (“voice bar")

@ System: Oral tract being constricted by tongue at the back,
center, or front of the oral tract, or at the teeth or lips

Unvoiced:
@ Source: vocal folds are not vibrating

@ System: Oral tract being constricted by tongue at the back,
center, or front of the oral tract, or at the teeth or lips



PLOSIVES’ PROFILE
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PLOSIVES: TIME AND SPECTROGRAM
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SEMI-VOWELS

w (we)

y (you)

1 (read)

1 (left)




TRANSITIONAL SPEECH SOUNDS: “BOY”
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PROSODY OF SPEECH

As prosody of speech we refer to:
@ Rhythm
e Fundamental frequency contour (pitch)

@ Loudness



STRESSED SPEECH

“Please do this today":
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ACKNOWLEDGMENTS

Most, if not all, figures in this lecture are coming from the book:

T. F. Quatieri: Discrete-Time Speech Signal Processing,
principles and practice
2002, Prentice Hall

and have been used after permission from Prentice Hall
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Xpnuotodotnon

To mapov ekmalSeUTIKO UAKO £xelL avamtuxBei ota mAaiola Tou
ekmaldeutikol £pyou Tou Stédokovta.

To épyo «Avoikta Akadnuaikd Madnpata oto Naveniotipo Kptneg»
£XEL XPNHATOSOTAOEL LOVO T avadLlapopdwaon Tou eKmalSeUTIKOU UALKOU.

To £pyo uloroleital oto mAaiolo Tou Emixelpnotakol Mpoypdupotog
«Exmaideuon kat Al Biou MaBnon» kat ouyxpnuatodoteital oo tnv
Evpwnaikn Evwon (Eupwmaikd Kowvwvikd Tapeio) kat amnod eBvikoug
ndépoug.

:‘ % *2 E&ir}'mevm‘m AIA‘ ém MAeleH EznA
* * - -

YNOYPTEIO N KAl BPHEIKEY
EvpwnaikiBvwon  EATKH YITHPELIA ATAXELF L
OO el .. i v e EMGSa kar iixiic Evwone
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Znpeiwpa aderodotnone

« To r(apov UAWKO SlatiBetal pe ToUg 6poug TNG aéstaq xpnonq Creative Commons Avadopd, Mn
Epmopikn Xpnon, O)(L MNapdaywyo Epyo 4.0 [1] i petayevéatepn, AleBVAG EK600n EEaLpouvtaL
TOL AUTOTEAN €pya TpiTWV TL.X. Pwrtoypadieg, Staypaupata KA., Ta onoia EUNEPLEXOVTAL OF
QUTO KaL Ta omoia avadEépovtat Hadl e Toug 6POUG XPHONG TOUG 0TOo «Znueiwpa Xpriong Epywv
Tpitwv».

[1] http://creativecommons.org/licenses/by-nc-nd/4.0/ @

* Q¢ Mn Epropukn opiletal n xprion:
— 1ou 8ev mepAapPAaveL AUECO 1) EUUECO OLKOVOULKO OdENOG QT TNV XProN TOU £pyOU, yLa TO Slavopéa
Tou épyou Kot adelodoxo
— mou Sev mepAapPavet otkovoptkr cuvaAlayr wg mpolndbeon yia tn xprion fi tpdopaacn oto £pyo
— Tou 8ev mpoomopilel oTo Slavopéa Tou £pyou Kal adelo80X0 EUUETO OLKOVOULKO OdeNOG (TT.X.
Sladnpioelg) anod tnv mpoPoAr Tou £pyou oe SLadKTUAKO TOTO

e O 8wkalolUyog Hrmopel va mapExet otov adelo80xo EexwpLotr dSeLa va XpNOLUOTIOLEL TO £pyO0 Yo
EUTOPLKA XPHoN, EpdooV auTo Tou INTnOEL.



Znueiwpa Avadopac

Copyright Navemiotrpo Kpntng, ZtuAiavou lwavvng. «Wnolakn Eneéepyacia
Qwvng. Napaywyn kat Tagwvopnon Znuatwv Owvrg». Ekdoon: 1.0.
HpdkAelo/P£Bupvo 2015. AlaBéoipo amo tn diktuakn dtevBuvon: http://
www.csd.uoc.gr/~hy578



Alatipnon ZNMELWHATWVY

Onoladnmote avanapaywyr n Sltaokeun Tou UAKoU Ba TipEmeL
va oUPTIEPAQUBAVEL:

= 10 Inueiwpa Avadopag

= 10 Inueilwpa Adeloddtnong

= 1Tn 6nAwon Alatnpnong ZNUELWUATWY

= 10 Inuelwpa Xpnong Epywv Tpitwv (edpodoov umtapxel)

pall pe Toug cUVOSEUOUEVOUG UTIEPOUVOEGHIOUC.



2npeiwpa Xpnoneg Epywv Tpitwv

To Epyo auTto KAVEL Xprion Twv akoAouBwv Epywv:

Ewoveg/Zxfuata/Aaypappata/Pwroypadisg
Ewdvec/oxnuata/Saypaupata/dwtoypadies mou mePLEXOVTAL OE AUTO TO OPXELO TIPOEPXOVTAL ATtO TO

BuBAio:

TitAog: Discrete-time Speech Signal Processing: Principles and Practice
Prentice-Hall signal processing series, ISSN 1050-2769

Suyypadéag: Thomas F. Quatieri

Ekd0tNnG: Prentice Hall PTR, 2002

ISBN: 013242942X, 9780132429429

MéyeBog: 781 oehibeg

KL avamapayovtal HETA ano adela tou ekdotn.
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