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The Human Vocal Organs
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The Human Vocal Tract
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Pinson, E. N. (1973). The
Speech Chain: The Physics and
Biology of Spoken Language:
New York: Anchor Press.

Voice
Source

COM3502-4502-6502 Speech Processing: Lecture 3, slide 5

© The University of Sheffield

Vocal
Fold

Epiglottis

The
University
Of

The Human Larynx
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Voice ‘Source’

» Air pressure from the lungs builds up behind closed
‘vocal folds’ (often called ‘vocal cords’)

The vocal folds are repeatedly forced apart and pulled
together again, producing a series of small pulses of air

This modulation of the airstream is known as ‘phonation’

* The tension in the muscles attached to the vocal folds
determines their rate of vibration and hence the
‘fundamental frequency’ (Fy or F,) of the speech
waveform

» The fundamental frequency contributes to the perceived
‘pitch’ of the voice

* Because the vibration is not a pure sine wave, there is
energy at frequencies that are multiples of the
fundamental frequency (known as the ‘pitch harmonics’)
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Voice ‘Source’

The https://youtu.be/-XGds2GAvVGQ
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Two Cycles of Vocal Fold Vibration

Laryngograph
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Air-Flow Through Glottis

The acoustic output from the vocal tract is
initiated by the closure of the vocal folds
More rounded

corner at glottal
opening
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Sharp corner

Closed phase

] Open phase
at glottal 10 ms
closure
Taken from: Holmes, J. N., & Hol W. (2002). S h
The Synthesis and Recognition: Taylor & Francis.
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Analysing the Voice Source

Example 3-2.pd - Di/All My Stuff/Business/Teaching/Cours... (2 |1/
Fie Edt Put Find Windows Meda Help

LIVE VoICE MwLYSIS  Start Audio  Stop Audio

Fundamental
frequency

Pitch
harmonics

The Microphone placed on the larynx
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Synthesising the Voice Source

Example 3-1.pd - D:/All My.... (2 |EIX) comer Sl e

File Edt Put Find Windows Media Help
PITCH PULSE GENERATOR

loadbang Open phase

at glottal ) 10 ms
Fundamental_Frequency closure
100! 1.5

T Voice[Quality

.....

3

i

o

basic ramp generator => phasor~

g u %

make non-linear => sqrt~

[

clip~ -6.5 0.5

Harmonic
spectrum

index cosine wave => cos~

AN
fevtpoiefg] oeprebe-

audio controls => m!
o

-
A
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Artificial Larynx / Electrolarynx
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Taken from: Denes, P. B., &
Pinson, E. N. (1973). The
Speech Chain: The Physics and
Biology of Spoken Language:
New York: Anchor Press.
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Voice ‘Filter
The vocal tract forms a ‘resonator’ with a

complex shape /
\

Resonances are known as ‘formants’

Speech is produced by using the ‘articulators’
to change the shape of the vocal tract, hence
modifying its resonant characteristics

+ Different configurations of the vocal tract
enhance some of the harmonics of the pitch,
and suppress (damp) others

» The principal articulator is the tongue, but the
jaw, lips, soft palate and teeth are also
The involved
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The Speech Spectrum
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Vocal Tract Shape and Spectra
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Taken from: Ladefoged, P. (1962). Elements of Acoustic

The Phonetics: London: University of Chicago Press.
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A Static Vocal Tract

electrolarynx 3D-printed
- tubes
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The Moving Vocal Tract

University of Southern California

USC Viterbi

School of Engineering

Speech Analysis and Interpretation Laboratory

The | http://sail.usc.edu/span/index.php .
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The Moving Vocal Tract
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The Moving Vocal Tract
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Analysing the Voice Filter

Example 3-2.pd - D:/All My Stuff/Business/Teaching/Cours... [ T[]
Fle Edt Put Fnd Wndows Meda Hep

LIVE VOICE MiALYSIS  Start Audio  Stop Audic

]' 5d dsp 1 d dsp ©

P Vocal tract
resonances
e /& (‘formants’)

The Microphone at the lips
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Synthesising the Voice Filter

larynx - D:/All My Stuff/Busi... El@g‘
Fle Edt Put Find Windows Media Help

PITCH PULSE GENERATOR

wsprobe-.pd - D:/All My Stuff/Business/Teaching/Cours... [ |
Fe Edt Put Fnd Windows Meda Help
s

fprabe~
so-vaveforn

Fundamental Frequency Voice Quality
inlet. inlet:

s
i

8
n

Fle Edt Put Find Windows Media Help

SPEECH SOUND GENERATOR

i = Loadbang
5 Voice 'Sot: ice 'Filter'
sio

L 3

hasor~| <= Basic ramp generator
f Q 1 2
sart ‘make non-linear

°

iy

ip- .5 0.3] \
f,s_ <= index cosine wave \ fe i_s X 500.
outlet~

i,

d larynx

Audio Out

formant filters => bp~ 125 20 |bp~ 550 20]

The
University
Of

Sheffield. COM3502-4502-6502 Speech Processing: Lecture 3, slide 26




Synthesising the Voice Filter

2dinput - D:/All My Stuff/Business/Teaching/Courses/200... g@g‘
File Edt Put Find Windows Media Help
GEM GRAPHICS

Example 3-4.pd - D:/All My ... Q@E

Fie Edt Put Find Windows Media Help [ [oadbang
SPEECH SOUND GENERATOR

loadbang
tbbbbb
Veice :Seurce’ Veice ‘Filter’ / I \
el 15
Q

pd 2dinput. 1 Create destroy| |title Speech_Scund_Generator |dimen 560 560 col

[gemein 10 <= create a graphics window (running at 10 fps)

get data from the mouse = femmosgens g
]

-

create a graphics cbject => [gemhead
16 | 15 8 make it yellow => [color 11 8]

d larynx

L s - move it around in 20 => translate)
formant filters => bp~ 125 20| |bp~ 550 20

Ha——da s

make it 3 circle =

‘m, convert mouse position to formant values

2
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Sound Source

e Question ...

— is the larynx the only source of sound in the
human vocal tract ?

 Answer, no ...

— sound can be generated anywhere where
there is a partial constriction (e.g. “sh”)

— or by exciting a resonance (e.g. a whistle)
— or by vibrating an articulator (e.g. the tongue)
— or by releasing a blockage (e.g. the lips)
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Types of Speech Sound

A ‘voiced’ sound is one in which the
vocal cords are vibrating

An ‘unvoiced’ sound is one in which the
vocal cords are not vibrating

A ‘fricative’ sound results from a
turbulent air flow at a constriction

A ‘plosive’ sound occurs after a
blockage is released
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Sound Exercise

Which of the following English words
end in a ‘voiced’ sound ?

— bus X
— breathe v/
— has v
— off X
— buzz v
—breath x
—rule v
The — of v

University
Of

= Sheffield. COM3502-4502-6502 Speech Processing: Lecture 3, slide 30

15



Sound Exercise

Which of the following English words
end in a ‘fricative’ sound ?

— bus v
— breathe v
— hat X
— off v
— bun X
—teeth v
—rule X
— of v

Al The
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Sound Exercise

Which of the following English words
start with a ‘plosive’ sound ?
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Part of a Speech Utterance
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Taken from: Holmes, J. N., & Holmes, W. (2002). Speech
Synthesis and Recognition: Taylor & Francis.
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Analysing the Human Voice

Example 3-2.pd - D:/All My Stuff/Business/Teaching/Cours... [ 1]

Example 3-2.pd - D:/All My Stuff/Business/Teaching/Cours... [ |[E13]

Fle Edt Put Fnd Windows Meda Hep Fle Edt Put Find Windows Meda Help
. P P . Frication
]‘ - e am 1 a a0 ]‘ - o .

L (noise)

Point of
glottal
closure

Impulse response
of the vocal tract

The A ‘voiced’ sound A ‘fricative’ sound

University
f

(S)hefﬁeld. COM3502-4502-6502 Speech Processing: Lecture 3, slide 34




Synthesising the Human Voice

The ‘Holmes Parallel Formant Synthesiser’

John Holmes

» Capable of producing speech that is indistinguishable <
from the real thing (if properly controlled)

» 12 parameters (updated every 10 msecs):

- FN low-frequency formant (fixed at 250 Hz)
— ALF amplitude of low-frequency region
- F1 frequency of 15t formant
- A1l amplitude of 1st formant
- F2 frequency of 2" formant
e - A2 amplitude of 2" formant
synthesizers: - F3 frequency of 3 formant
pa;‘};ﬁ;‘?p‘;ch - A3 amplitude of 3 formant
Communication, 2, — AHF amplitude of 4t formant (fixed at 3500 Hz)
251-273. -V degree of voicing
- FO fundamental frequency
The - MS glottal pulse mark/space ratio (fixed)
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[he ‘Holmes’ Speech Synthesiser
Voiceless . L
o Excitation
excitation . b /dB N
—{  mixer Resonator
4
* ALF P FN
Excitation Top lift and
. b—/dB $ 1 =
- mixer Resonator phase carr.
S i —

. o HY
Vmcmg*__‘ EXCIFatIOn L1 /dB Fz -] Differentiator - QJ
control t>{  mixer Resohator A ;

) -
i AZ—T .4 £ To
Excitation || 4q Fﬁ | Differentiator output
t>1  mixer Resonator filter
4
] A:a—f pa Fs
. Excitation a8 Fixed filter with 3
Voiced mixer A resonators for F, band
excitation
I
T Taken from: Holmes, J. N., & Hol W. (2002). Speech
The Synthesis and Recognition: Taylor & Francis.
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Example 3-5.pd - D:/All My Stuff/Business/Research/Programs/pd/pfs2synth EI@‘[Z‘

EEgEc e rndigwndovs necollt synth - D:/All My Stuff/Business/Research/Programs/pd/pfs2synth EJ@‘@I
Get PFS File Process File | Fle Edt Put Find Windows Meda Help
intet
el unpack 000000000000
e ik ; B e oA
02 Clear| read sl cr metgo 10 % ©.009 100 = 0.600 560 & ©.069 1300  0.600 0.009 -0.01 23.94 ©
. k ALF I\\b AL R Nna AHF v Fo 1145
textfi e - - - - =

32 25 6 = ig~| /50 ig~| f 50 ig~|[f 80 ig~| [ 150 swap\1 10
stal e :

/// noise~| [- d larynx
16| g5 8 -3//;,-7 [
32163 82 82 82 B2 B2 s -

LT L& [T [ef [1 |
ggigg gt? /20 gtzs'= /20 gtsb= ——

+ o5 %@X‘ + 125 Sl‘x + 550] [ ey
321863 = = LT ]| <= efcitation/hixer
32163 oW oW L |t
321 63 I I f I - L =
32 1 63 90 0.000 100 0.000 500 E= e~ o e *ee <= amplitude controls
219 6] T L
32163 ack o
32163 f 4 vef~ 250 20 vef~ 125 20 vcf~ 550 28] v~ 1350 2 bp~ 3500 28] <= resonators
321 63 pd synth
32 1 63 /\ B fexpr~ $x1 - sx1[-1]| <= differentiator
321 63 [ewteut-Foc] N
321 63 [ o] * 15 fexpr™ sx1 - sx1[-11] <= differentiator
32 37 6 ] 3
32 50 &
32 60 15 53 23 53 26 50 53 1 44 32
32 62 11 61 21 46 26 50 56 51 44 32 =~ +~
32 63 10 63 20 53 26 58 60 63 43 32 N 7
32 63 9 63 19 54 25 62 63 63 43 32 =
32 59 9 60 20 55 25 59 63 63 42 32 E~§'
32 54 8 55 21 51 24 58 60 49 42 32 L
32 48 7 51 22 52 24 53 59 25 42 32 pitlety
32 35 6 40 23 56 25 54 60 1 1 32
32 32 4 38 24 48 2555 62 11 32
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This lecture has covered ...

* The human vocal tract

* The larynx

» Generating pitch pulses

» Voice ‘source’ and voice filter

* The speech spectrum

» Resonances/formants

» Generating speech sounds

» Types of speech sound

» The ‘Holmes’ parallel formant synthesiser
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Any Questions ?
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Next time ...

Hearing
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