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Principles of speech articulation
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Anatomy of speech organs

31. State of the art

adapted from MadBeppo.com, 2021

from National Cancer Institute



Phonation

41. State of the art

Voiced ʼvain ,̓ ʼzen ,̓ ʼgameʼ

● modal 
● breathy
● creaky

Voiceless ʼfame ,̓ ʼsane ,̓ ʼcameʼ



Places of articulation

51. State of the art

Labials ʼpie ,̓ ʼbuy ,̓ ʼmyʼ
ʻfee ,̓ ʻvieʼ

Coronals ʼthigh ,̓ ʼthyʼ
ʼtie ,̓ ʼdie ,̓ ʼnigh ,̓ ʼsigh ,̓ ʼzeal ,̓ ʼlieʼ
ʼshy ,̓ ʼsheʼ

Dorsals ʼhack ,̓ ʼhang ,̓ ʼhagʼ



Nasality

61. State of the art

Nasal ʼram ,̓ ʼran ,̓ ʼrangʼ

Nasalized ʻon ,̓ ʻinʼ  in french



Manners of articulation

71. State of the art

Plosives ʼpie ,̓ ʼbuyʼ
ʻtie ,̓ ʻdieʼ
ʻkye ,̓ ʻguyʼ

Fricatives ʼfie ,̓ ʼvieʼ
ʼthigh ,̓ ʼthyʼ
ʼsigh ,̓ ʼzealʼ
ʼshyʼ

Approximants ʼlieʼ
ʼweʼ



Vowels

81. State of the art

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



Speech acoustics
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Example spectrogram of speech
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Phonation - F0
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Voiceless



Phonation - F0

12Voiced



Phonation - F0
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F0



Mel cepstrum
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Mel cepstrum
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25 Mel cepstral coefficients 
adapted from Bocquelet et al., 2016c



Formants F1-F2
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Formants F1-F2
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Formants F1-F2
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F1 F2 diagram of some IPA vowels (Hitch, 2017)



Speech synthesis
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Source-filter model of speech production

201. State of the art

x(t)

s(t) ∗ h(t)



Analysis
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Formants

Mel Cepstrum

F0 s(t)

h(t)



Synthesis
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Acoustic 
features

Vocoder
(MLSA, formants)

Speech units

Concatenation / 
parametric synthesis

Discrete

Continuous



Voiced/
unvoiced 

switch
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F0
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(simplified for vowels)

Impulse train 
generator

(voiced)

White noise 
generator

(voiced)

Synthesis 
filter Speech

Mel cepstrum
voicing

MLSA filter

Synthesis 
filter

Formants 
(F1,F2)

Speech
(vowels)F0 Impulse train 

generator

Synthesis



24

Thank you for your attention



Appendix
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Cepstral analysis
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Power
Cepstrum



Source-filter separation with the power cepstrum

271. State of the art



Cepstral analysis
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Complex
Cepstrum

Power
Cepstrum



Cepstral analysis
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Complex
Cepstrum

Power
Cepstrum

Keeps phase information for synthesis



Cepstral analysis
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Complex
Cepstrum

Mel Cepstrum Complex cepstrum with warping of the 
spectrum on the mel scale

Power
Cepstrum



Mel scale

311. State of the art

Original mel scale. 
Subjective relation between pitch and frequency 
as measured by Stevens et al., 1937


