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Principles of speech articulation



Anatomy of speech organs

Alveolar Ridge Hard Palate

Nostrll——/

Lips

/ Epiglottis

Glottis

adapted from MadBeppo.com, 2021

from National Cancer Institute
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Phonation

Voiced

e modal
e Dbreathy
e creaky

Voiceless

vain’, zen’, ‘game’

‘fame’, ’sane’, ‘came’
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Places of articulation

Coronals

Labials

Coronals

Dorsals

)

‘pie’, ‘buy’, ‘my’

‘fee’, “vie’

‘thigh’, ‘thy’

‘tie’, ‘die’, ‘migh’, ’sigh’, 'zeal’, ’lie’

'shy’, ’she’

’hack’, ’hang’, ’hag’
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Nasality

Nasal ‘ram’, ‘ran’, ‘rang’

Alveolar Ridge

Nasalized ‘on’, ‘in’ in french

Vocal Folds

Glottis
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Manners of articulation

Plosives

Fricatives

Approximants

‘pie’, ‘buy’
‘tie’, ‘die’
kye’, ‘quy’

‘fie’, 'vie’
‘thigh’, 'thy’
'sigh’, 'zeal’
}Shy)

lie’

) )

we
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Vowels

MRI of 4 New Zealand English vowels
from Watson et al., 2009
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Speech acoustics



Example spectrogram of speech
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Frequency (kHz)

Phonation - FO
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Frequency (kHz)

Phonation - FO
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Frequency (kHz)

Mel cepstrum

Time (s)
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Frequency (kHz)

Mel cepstrum

they do n o tunder
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Frequency (kHz)

Formants F1-F2
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Frequency (kHz)

Formants F1-F2
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Formants F1-F2
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Speech synthesis



Source-filter model of speech production
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Analysis

Fo ] } s(t)

\
>[Mel Cepstrum]
Formants ]

7

- hit)

21



Synthesis

Discrete

Continuous

<

AY 4

Speech units \

Concatenation /
parametric synthesis

Acoustic Vocoder \
fe atu res (MLSA, formants)

22



Synthesis

Impulse train

Voiced/
unvoiced
switch

FO —— generator = ]
(voiced) Syathesis | speech | MLSA filter
— [ - T
generator vorctig Mel cepstrum
(voiced)
o Impulse train | Synthesis Speech
generator filter (vowels)
T Klatt synthesizer
(simplified for vowels)
Formants
(F1,F2)
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Thank you for your attention



Appendix



Cepstral analysis

Power
Cepstrum

) o

77 {log (I {=(t)}*) }|

2
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Source-filter separation with the power cepstrum

C(r) = |71 {iog (17 {s(0) b} )}
{log (1S(HI? - 1H(P) )

= 7 {1og (1S()7) +1og (1B (A)P)
{los

(ISP} + 7 {10g (1HP) Y[

1. State of the art | 27



Cepstral analysis

Power
Cepstrum

O(r) £ [F~ {1og (|7 {2(0)}2) }|

|

{

Complex
Cepstrum

J Ce(r) £ F~' {log (F {z()})}
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Cepstral analysis

Power
Cepstrum

C(r) & |F~* {log (17 {z(0}) }
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Cepstral analysis
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Mel Cepstrum Complex cepstrum with warping of the
spectrum on the mel scale
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Mel scale

%““L Original mel scale.
5 Subjective relation between pitch and frequency
@ as measured by Stevens et al., 1937
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