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* 1) introduction




Introduction




What is the purpose ?

e Revisit some of the cardinal vowels as proposed
by Daniel Jones and their rendition by Peter
Ladefoged, available on the web

e Search for some well-defined acoustic and
perceptual criteria, if some as a complement of
their articulatory description

ﬁ * Using available tool such as articulatory synthesis




Applications?

To characterize the vowels of a given language
relatively to a set of well defined references

For comparison or for learning

To establish what types of precisely defined vocalic
timbers are preferred in the languages

To describe fine acoustico-perceptual details for
socio-phonetic and prosodic research

For clinical phonetics, speech pathologists and
therapists

To make the students conscious about the non
linearity between articulatory gestures, their
acoustic consequences, and the resulting percept




On the choice of an IPA symbol ?

APl symbols proved to be very useful for transcribing the phonemic
systems.

But

For phonetic transcription, the choice of a symbol may depend on the
transcriber, his/her native, the languages he/her masters, the extend
of his/her training in phonetic transcription, etc.

And also

1.  The phonetic rendition of each symbol depends on the language:
references needed

2. Package of articulatory maneuvers often used to achieve a particular
percept and inter-articulator compensation possible : There is no one
specific invariant vocal tract configuration for creating a specific
vowel auditorily quality.

3.  So articulatory definition of vowels has its own limit

As a consequence, the same symbol may be used to represent different
phonetic realities and vice versa, the same reality may be described
differently by two different persons.



..
E Traditional articulatory description: pb?

 Some unanswered questions about the
two first dimensions generally used to
described the vowels:
— high and low
— front and back (open/close)
(Rounding being the third)

* Traditional articulatory descriptions
such as height and backness "are not
entirely satisfactory” (Peter Ladefoged)

O



e 1) introduction
e 2) IPA chart and cardinal vowels




IPA chart and the cardinal vowels

O
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For what? to devise a system for transcribing
the sounds of speech, independently of any
particular language and applicable to all
languages.

When? in 1888

By whom? Association Phonétique Internationale, a group
of French language teachers founded by Paul Passy.

®— @7 The three articulatory dimensions in IPA:

@O ©
g-@a@h@ 2) Front-central-back

e e .
a @ ”b 3) rounding

Where sym
to the right represents a rounded vowel




2) from IPA to cardinal vowels

Cardinal 1 and 5 were
—- clearly defined in

@ articulatory terms
1) clese-epen high-low

2) Front-central-back
3) rounding

cardinal 1
tongue as high and as front as possible
narrow constriction, but no audible noise.

WA



8 Primary Cardinal vowels: 4 front "\ :

a a

Articulatory (and auditorv) definition

‘ 2,3, 4 derived from 1 and 5

cardinal 2,3, 4
tongue lowered in equal steps
supposed to be equidistant

cardinal 1
tongue as high and as front as possible
narrow constriction, but no audible noise.

WA



WA
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8 Primary Cardinal vowels: 4 back e )

Articulatory definition \ l \ l

cardinal 6,7, 8
Raising the tongue in a retracted position

cardinal 1,
tongue as high and as front as possible
narrow constriction, but no audible noise.




So 8 Primary Cardinal vowels deriveie \o
from CV 1 and CV5 e

a a

Articulatory definition \ l \ l

cardinal 5,6, 7
Raising the tongue in a retracted position

cardinal 2,3, 4
tongue lowered in equal steps
supposed to be auditorily equidistant

cardinal 1,
tongue as high and as front as possible
narrow constriction, but no audible noise.




8 secondary Cardinal vowels derived from
the primary by rounding: the front ones

1

Front Primary + rounding = secondary

‘ —p  ROUNC > spread
<



8 secondary Cardinal vowels derived from
‘ [ [ ]
iL the primary by rounding: the back ones

Back primary+ reverse rounding = secondary

SL s U e /16
6 <- 5 > A SN\ 14

‘ ——  ROUNC > Spread
4



Where symbols appear in pairs, the one to the right
represents a rounded vowel.



* 1) introduction
e 2) IPA chart and cardinal vowels
* 3) Some remarkson F1, F2, F3 and F4




3) Some remarks on the formant
frequencies

Formant frequencies as acoustic
correlates of the oral vowels : close to
perfection ...

But their articulatory correlates are not
clear cut ...

O



= F1 -
TN

N

A,

D

F1 = a very good acoustic parameter of the
vowel quality !

(but manipulation of F1 a little less
straigthforward than generally assumed,

Since it is different for palatal and velo-
pharyngeal vowels)

!



= $

F1 frequency adequately represents
the dimension high-low

High or low (close-open)
But not a good correspondence between tongue height and high/low
Phoneticians are in fact describing an acoustic quality (F1)

rather than the actual height of the tongue (Peter
Ladefoged).
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F1 is influenced
— by the position of the constriction,
— by the size of the constriction

— and lip configuration

not uniquely by tongue height as it was
still believed at Jones’ s time.

Let us demonstrate the articulatory correlates
of F1



distance from glottis (cm)]

A0E

1
glottis
15
2 10
glottis
3 Chop-
20
0
-20
4

ctral magnltude [dB]

o 1 2 3 1
frequency (kHz)

*{}

Hqﬂh]Bwﬂh]ANB]
F1 495 24
F2 1579 72 19
F3 2383 48 22
F4 3621 72 19
F5 4148 66 18

modelisation

6 15

10}

glottis 5

of

7

0 5 10 15
distance from glottis (cm)

AT

zui/\h/“\,f\_/\‘/ax,é
0

20k

A0L

0o 1 2 3 A4

frequency (kHz)

Q)

Frq(Hz) Bw(Hz) A{dB)
F1 495 33 25
F2 1424 50 22

F3 2321 100 15
F4 3250 155 10
F5 4117 190 7

F6 4983 190 5

1: Neutral VT

2: Area function

3,7: Acoustics

4,8: Sounds

5,9: formants
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I Chiba and Kajiyama: Japanese 5 voyelles

Locations of constriction to lower each formant

N1

| |
——— N3><N'3><N"'3>
F3

Front constriction : F1 lowers
Back constriction: F1 raises

26



Front constriction : F1 lowers from 495 to 310 HZ

Front constriction

A 1sp ' '
1 15_ 1 R 1
10F [
. 10t
in glottis 5t i . -
il _lip & : ip | glottiss: lip
[]lll r
0 5 10 15 0 5 10 15 : —
distance from glottis (cm) distance from glottis (cm] Ul]' — '5 = ‘1'0‘ — '1'5' =
spectral magnltude [dB] sggtiiral magnlltudel [dB]l —r
3 4[]_ M S B I | I— 5 A0 T T T T T 1 20l 4
2o L ZGM “M
GM I]: ool p
-20r ] -20r ) -4|]: R
R R R R R R
frequency (kHz) frequency (kHz) quency
| ¢ ¢
Q/I
Frq(Hz) Bw(Hz] A(dB) Frq(Hz) Bw([Hz) A(dB)
F1 495 33 24 F1 495 33 25 ey iz Bwiitz) Ald)
F2 1579 72 19 F2 1424 50 22 F2 1733 37 18
F3 2383 48 22 F3 2321 100 15 bRz o s
F4 3621 72 19 FA 3250 155 10 F4 3652 115 7
F5 4148 66 18 F5 4117 190 7

F5 4179 65 11
F6 4983 190 5



Example: manipulation of F1 for palatal vowels

Il FROM ARTICULATORY FILE MODEL c:\wvtclarealiy.lam 6.1 - |0 x
calculate synthetize replay see save
vocal tract area [cm2) number of sections=17 pid
s T ] nasal branch section=9 7]
: ] nasal coupling (cm2)=0 Fl
10¢ E jaw=0.5 FIftip_ht=1 F
5 1| <> tongue=2 _ Fl|lip_pr=-1 __F
o __,Jl— ] , shape=1 Fl|larynx=0 F
0 5 10 15 Q) apex=2 __ F|
distance from glottis (cm)
nasal tract area [cm2) spectral magnitude (dB) Frq(Hz) Bw(Hz) A(dB)
15._....[....|....‘..._- 40:—""l""l""l""l""l-- F.l 248 ?9 B
1[]5- 3 20 1| F2 2290 29 18
s 5 UWV\—_ F3 3838 109 17
SET 1 4| 201 4| F4 4488 168 1
1] I EN T AP B A0k
0 5 10 15 0 1 2 3 4 5
distance from nostrils [cm) frequency (kHz)

Front constriction : F1 lowers  Less tight constriction : F1 raises

Front constriction
Plus manipulation
Of the tightness

Less tight constriction
Higher F1




I FROM ARTICULATORY FILE MODEL c:\wvtclarealiy.lam 6.1

X

calculate synthetize replay see save

vocal tract area [cm2) number of sections=17 5
1 LI nasal branch section=9 Al
: ] nasal coupling (cm2)=0 Fl
10+ E jaw=0.5 Flftip_nt=1 Fl
5 m v O e X :ip_pr=-:l 5]
- ] arynx= F
SRR E P PR -5 <0.8< 5
R S T T ‘é) i -':Jl |
distance from glottis (cm)]
nasal tract area [cm2) spectral magnitude (dB) Frq(Hz) Bw(Hz) A(dB)
15._....[....]....[...—- 40.—'"'l""l""l""l""l— F.l 402 42 19

10k 1| 20f 11 F2 2074 72 19
; oA S NN B o2en 161 14
5k I_| 4| -20f 4| F4 3807 197 15
ol v ooy 3 ca0b ]| F5 4302 2080 14
0 5 10 15 0 1 2 3 4 5
distance from nostrils [cm) frequency (kHz)

Less tight constriction o
> Higher F1 Front constriction




I FROM ARTICULATORY FILE MODEL c:\wvtclarealiy.lam 6.1

calculate synthetize replay see save

vocal tract area [cm2)

15-_....,....,.. e

100 ]

0 5 10 15
distance from glottis (cm)]

X

number of sections=17

nasal branch section=9

nasal coupling [cm2])=0

jaw=0.5 Fl|lip_ht=1

lip_pr=-1

larynx=0

e | = [

nasal tract area [cm2)

X1 T

PR PR
0 5 10 15
distance from nostrils [cm)

Q) 5 <0.1< 5 F|
< I » [H
spectral magnitude (dB)

AT F1 464
201 11 F2 1826
oA AN B3 2507
20 4| F4 3776
A0k o ooovcooecoa..H | FS 4271

0 1 2 3
frequency (kHz)

Frq(Hz) Bw{Hz) A{dB)

43
85
82
172
120

22
18
18
14
16

Less tight constriction

> Higher F1

30



I FROM ARTICULATORY FILE MODEL c:\wvtclarealiy.lam 6.1 X 31
calculate synthetize replay see save
vocal tract area (cm2) number of sections=17 5
s T ] nasal branch section=9 Al
: ] nasal coupling [cm2)=0 Fl
10¢ E jaw=0.5 FIftip_ht=1 El
5 - O tongue=-2  F||lip_pr=-1 Fl
N U S DO Q shape=1 __ fiflarymc0
0 5 10 15 Wé) apex=-2 Fl
distance from glottis (cm)
nasal tract area [cm2) spectral magnitude (dB) Frq(Hz) Bw(Hz) A(dB)
15._....[....]....[...- 40:—""!""l""l""l""l-. F.l 248 ?9 8
1!]5- E 201 11 F2 2290 29 18
; | 0 U//\’\ F3 3838 109 17
5F 1 | 3| -20p 4| F4 4488 168 11
u: PREPERTEE BERET RS ..I...: '40"....l....l....l....l....l—
0 5 10 15 0 1 2 3 4 5
distance from nostrils [cm]) frequency (kHz)

X
calculate synthetize replay see save
vocal tract area [cm2) number of sections=17 @
s T T T nasal branch section=9 Al
: ] nasal coupling [cm2)=0 Fl
10¢ E jaw=0.5 Fl|tip_nt=1 Fl
5—\_|J_L“'_'-LJ 1| <> @ PR b= Fl
r ; . larynx=0 Fl
PPN PR P . Lh): -5 <-0.8¢ 5
I S TR T- “é) At ‘ﬂ_
distance from glottis (cm)
nasal tract area [cm2) spectral magnitude (dB) Frq(Hz) Bw(Hz) A(dB)
1 11 L L LI AT T T TR FL 402 2 19
10F | 20p 1/ F2 2074 72 19
: oA NN s 263 161 14
SET |l 4| -20p 4| F4 3807 197 15
[]: PR B el ] '40—....|....|....|....|....|- F5 4302 208 14
0 5 10 15 0 1 2 3 4 5
distance from nostrils [cm) frequency (kHz)




Front constriction Back constriction 32

e o ——/ g
10} F1 m;-

Ut;""'s""fn””f.r{_” Ni"':/‘"(;” "6""5""1'0””1'5'”

201

O

frequency (kHz)
¢ A

Front constriction Back constriction
> Low F1 »High F1
Less tight constriction » Fronting of the constriction
> Higher F1 Plus rounding

ﬁ >lower F1

But different gestures to manipulate F1 for back vowels



So

The size of the constriction (well related to the
height of the tongue) in the case if the palatal
vowels

But
fronting of the constriction and rounding
in the case of back vowels (as much less known)

Important to understand the effect of the context



34

15f 15}
10F 10F
5E 5F
I T R I T R T
. - - -FROMIRTICII.I Y FILE -0 x
T —|—|J
20F
0 W vocal t’ﬂ area [cm2] number of sections=17 ui
20 s T ] nasal branch section=9 Al
AL s nasal coupling [cm2)=0 Fl
0 1 2 3 A4 - .
frequency (kHz) jaw=0.5 Fl|lip_ht=-1 Fl
= tongue=3.6 Fl|lip_pr=1.5 Fl
‘ of . shape=1.5 F||larynx=0 Fl
Q} 0 5 10 15 apex=-2 Fl
distance from glottis (cm)
FrO I‘It COnStrI( nasal tract area [cm2] spectral magnltude [dB] Frq(Hz) Bw([Hz2) A[dB]
s T ]| A40F N T HIFl 279 99
»Low F1 10k il 20p 1/ F2 681 42 /
: 1] of 11 F3 2198 26 -6
SE 1 3| -20f 1/ Fa 3652 17 3
. 5 10 15 0 1 2 3 4 5§ ..
Less tlght con distance from nostrils (cm) frequency (kHz) 1striction

> Higher F1

Plus rounding
»lower F1



F2

A good formant
not sufficient with F1

to represent the auditorily quality of
the non back vowels

F1/F2 representation not adequate
for our purpose

traditionnally associated with the front-back position of the tongue
Not as simple




Traditional front and back = *

front (palatal) mid (velar), pharyngeal (back)

VOWELS -
. -
- — y
ont - = =€eilfral C
- .
Closf V 1el Tell
L I1Y U
Close-nud e... (D — S50 Y * 0
Open-nud E‘.\b_ oe— 'o E— AeD
p 54 _
&\ —
Open de(E (e
Where symbols appear 1\ pairN\the o
to the right represents a rounded Yowel

< S



F1AF2AF3

[u]

Labio-velar

v ¥

— 1

F

1F2)AF3

vocal tract area [cm2)
A it SN

15-_... ]

10}
5}

ob
0 5

e

0
distance from glottis [cm)

number of sections=17 & 37
nasal branch section=9 il
nasal coupling [cm2])=0 Fl
jaw=0.5 Fl|lip_ht=0.7  F|
< tongue=2 Fl|lip_pr=-1.7 F|
, shape=2.6  F||larynx=0 Fl
Q) apex=-2 F

nasal tract area [cm2) spectral magmtude [dB] Frq(Hz) Bw[Hz] A[(dB)
15;—. L S S S S N S S e .1 40-_ T™ T ...‘_. F.I 433 .I
10k 1| 20f 11 F2 1300 ?? 12
5 5 UM F3 2290 46 14
5k I_| 4| -20f 4| F4 3683 147 8
UE PREPEETIE RPN ..l...E '40"‘....l....l....l....l....r' F5 411? 55 15
0 5 10 15 0 1 2 3 4 5§
distance from nostrils [cm) frequency (kHz)

vocal tract area [cm2)
15

10F E

P
15
distance from glottis (cm)

e

number of sections=17 g5
nasal branch section=9 il
nasal coupling (cm2])=0 Fl
jaw=0.5 FI[-

tongue=2 F liF —I—
shape=2.6 ﬂ_f l(-[].9|< . ﬂ:
apex=-2 Fl]

nasal tract area [cm2] speciral magnltude [dB] Frq(Hz) Bw([Hz) Jﬁ‘[dB]
15F J il L 40 = TTTTTH R 279 96
105- E 201 11 F2 712 46 9
] ] 0 4| F3 2290 21 -2
5:——LL| 4| -20f+ 4| F4 3590 30 1
ol vy 3 a0k ST ST T | F5 4086 360 O
0 5 10 15 0 1 2 3 4 5
distance from nostrils [cm)] frequency (kHz)

Lip rounding allows to lower F2 for velar /u/



vocal tract area [cm2) number of sections=17 38
s T T nasal branch section=9
Vela r ; ] nasal coupling (cm2])=0
* 10F g
N

I 00 5 10 15

distance from glottis (cm)

nasal tract area [cm2)

15¢ 5
F1AF2AF3 o é

S,
5 NN T T P B
nl] 5 10 15

distance from nostrils [cm)

* * number of sections=17
1 L L nasal branch section=9
Labio-velar t j \/m ‘ nasal coupling [cm2)=0
To make the students conscious

about the non linearity between articulatory gestures,

- their acoustic consequences,
— and the resulting percept
E QSF
A0

& i A M

ﬁ(FlFZ)AF?’ lTiistan::‘;e fron: [r'lostri}sS[cm] frequency (kHz]
Lip rounding allows to lower F2 for /u/

vocal tract area [cm2)

|| f= [k

F3 2290 21 -2
F4 3590 30 1
F5 4086 36 0




I FROM ARTICULATORY FILE MODEL c:\wviclarealuw.lam 4.1 X

calculate  synthetize replay see save

vocal tract area (cm2) number of sections=17 b
L nasal branch section=9 Al
. ] nasal coupling ([cm2)=0 Fl

10t ] jaw=0.5 FI-
round i ] == tongue=2 5 <0.9¢ b
o . shape=2.6 F| ’ Fl

0 5 10 15 apex=-2 [
distance from glottis (cm)

< I »

nasal tract area [cm2) spectral magnitude (dB) Frq(Hz) Bw(Hz) A(dB)
15._....,....,....,..._. 40_,,,,‘_ F1 279 96 8
105— ] 20 11 F2 712 46 9
] ; 0 41 F3 2290 21 -2
5 L| 3| 20 4| F4 3590 30 1
0: PREPEETEN BErEEPRSra ..l...: '40—....l....l....l....l....l‘ FS 4086 36 U
0 5 10 15 0 1 2 3 4 b5
distance from nostrils [cm]) frequency (kHz)

¢

Lip rounding allows to lower F2 for /u/



Not round

I FROM ARTICULATORY FILE MODEL c:\wvtclarealuw.lam 4.1 X
calculate  synthetize replay see save
vocal tract area [cm2) number of sections=17 i
s T T ] nasal branch section=9 Al
. nasal coupling (cm2)=0 Fl
10t 7 jaw=0.5 Fl|lip_ht=0.7  F|
5 ] <= tongue=2  Fl|lip_pr=-1.7 F|
of . ] shape=2.6 F||larynx=0 Fl
0 5 10 15 apex=-2 Fl
distance from glottis (cm)
nasal tract area [cm2) spectral magnitude (dB) Frq(Hz) Bw(Hz) A(dB)
15._....]....[....|..._ 40.—'"'I""I""I""I""l-. F.I 433 44 19
105— ] 20 11 F2 1300 77 12
: 1l o M F3 2290 46 14
5F | 3| -20F 4| FA4 3683 147 8
0: PREPEETIE PSR ..l...: '40—....1....1....1....l....l‘ FS 411? 55 16
0 5 10 15 0o 1 2 3 4 5
distance from nostrils [cm]) frequency (kHz)

¢

Lip rounding allows to lower F2 for /u/

40



I FROM ARTICULATORY FILE MODEL c:\wviclarealuw.lam 4.1 X

calculate  synthetize replay see save

vocal tract area (cm2) number of sections=17 b
L nasal branch section=9 Al
. ] nasal coupling ([cm2)=0 Fl

10t ] jaw=0.5 FI-
round i ] == tongue=2 5 <0.9¢ b
o . shape=2.6 F| ’ Fl

0 5 10 15 apex=-2 [
distance from glottis (cm)

< I »

nasal tract area [cm2) spectral magnitude (dB) Frq(Hz) Bw(Hz) A(dB)
15._....,....,....,..._. 40_,,,,‘_ F1 279 96 8
105— ] 20 11 F2 712 46 9
] ; 0 41 F3 2290 21 -2
5 L| 3| 20 4| F4 3590 30 1
0: PREPEETEN BErEEPRSra ..l...: '40—....l....l....l....l....l‘ FS 4086 36 U
0 5 10 15 0 1 2 3 4 b5
distance from nostrils [cm]) frequency (kHz)

¢

Lip rounding allows to lower F2 for /u/



Non round

I FROM ARTICULATORY FILE MODEL c:\wvtclarealuw.lam 4.1 X
calculate  synthetize replay see save
vocal tract area [cm2) number of sections=17 i
s T T ] nasal branch section=9 Al
. nasal coupling (cm2)=0 Fl
10t 7 jaw=0.5 Fl|lip_ht=0.7  F|
5 ] <= tongue=2  Fl|lip_pr=-1.7 F|
of . ] shape=2.6 F||larynx=0 Fl
0 5 10 15 apex=-2 Fl
distance from glottis (cm)
nasal tract area [cm2) spectral magnitude (dB) Frq(Hz) Bw(Hz) A(dB)
15._....]....[....|..._ 40.—'"'I""I""I""I""l-. F.I 433 44 19
105— ] 20 11 F2 1300 77 12
: 1l o M F3 2290 46 14
5F | 3| -20F 4| FA4 3683 147 8
0: PREPEETIE PSR ..l...: '40—....1....1....1....l....l‘ FS 411? 55 16
0 5 10 15 0o 1 2 3 4 5
distance from nostrils [cm]) frequency (kHz)

¢

Lip rounding allows to lower F2 for /u/

42



I FROM ARTICULATORY FILE MODEL c:\wviclarealuw.lam 4.1 X

calculate  synthetize replay see save

vocal tract area (cm2) number of sections=17 b
L nasal branch section=9 Al
. ] nasal coupling ([cm2)=0 Fl

10t ] jaw=0.5 FI-
round i ] == tongue=2 5 <0.9¢ b
o . shape=2.6 F| ’ Fl

0 5 10 15 apex=-2 [
distance from glottis (cm)

< I »

nasal tract area [cm2) spectral magnitude (dB) Frq(Hz) Bw(Hz) A(dB)
15._....,....,....,..._. 40_,,,,‘_ F1 279 96 8
105— ] 20 11 F2 712 46 9
] ; 0 41 F3 2290 21 -2
5 L| 3| 20 4| F4 3590 30 1
0: PREPEETEN BErEEPRSra ..l...: '40—....l....l....l....l....l‘ FS 4086 36 U
0 5 10 15 0 1 2 3 4 b5
distance from nostrils [cm]) frequency (kHz)

¢

Lip rounding allows to lower F2 for /u/



Non round

I FROM ARTICULATORY FILE MODEL c:\wvtclarealuw.lam 4.1 X
calculate  synthetize replay see save
vocal tract area [cm2) number of sections=17 i
s T T ] nasal branch section=9 Al
. nasal coupling (cm2)=0 Fl
10t 7 jaw=0.5 Fl|lip_ht=0.7  F|
5 ] <= tongue=2  Fl|lip_pr=-1.7 F|
of . ] shape=2.6 F||larynx=0 Fl
0 5 10 15 apex=-2 Fl
distance from glottis (cm)
nasal tract area [cm2) spectral magnitude (dB) Frq(Hz) Bw(Hz) A(dB)
15._....]....[....|..._ 40.—'"'I""I""I""I""l-. F.I 433 44 19
105— ] 20 11 F2 1300 77 12
: 1l o M F3 2290 46 14
5F | 3| -20F 4| FA4 3683 147 8
0: PREPEETIE PSR ..l...: '40—....1....1....1....l....l‘ FS 411? 55 16
0 5 10 15 0o 1 2 3 4 5
distance from nostrils [cm]) frequency (kHz)

¢

Lip rounding allows to lower F2 for /u/
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* F2is important, yes

but

there is at least one case where it has no
auditory weight

Let us see and hear the case ...
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Suppression of F2 and even F1 ...

Bruce Hayes

2000

'

8000

6000

2000

dudd.d

e s

bk
original

F2 ssed

Cardinal /i/

(F3F4)
F1 (F3F4)
F1 F2 (F3F4)

F2 here
not perceptual weight

Nb: F4 is strong before
It is regrouped with F3



F3

* Speaker
e F2’ (effective formant)




But F3 alone carries the distinction
between /i/ and /y/
(distinctive acoustic feature)

hi o

ﬂ” i

8000 WM )
)i i

c000 "f‘*.‘. | ,w I“lbll\,l‘h m i i

|

4000
1L LLLAAAR AL AR

2000

MU i

I R T

Cardinal /i/

and cardinal /y/
have a similar
(very low) F1

And close F2
(for some

speakers, similar).

F3 plays the main
(distinctive) role
between

[/i/ and /y/

8



articulatory manipulation of F3?

Front vowels: lip configuration

Next illustration : program Tractsyn, Peter
Birkholz, from Germany, available on the web.

Tongue fixed and in a fronted position .
Remarks

1) the reinforcement of the formant amplitude
when the two formants are closed together.

2) Two formants closed: two cavities are
resonating at the same frequency.



Visualization
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F4

Often considered as being due to the
laryngeal cavity

(sometimes F5)

O



Laryngeal cavity

%70 15
distance from glottis (cm)]

nasal tract area [cm2)
(g T T

0 5 10 15
distance from nostrils [cm)

40

20}
of

-20}

-40

Q

spectral magmtude [dB] Frq(Hz) Bw([Hz) A[dB]
- e TTTH Rl 248 78
- 11 F2 2260 32 19
g | F3 3095 209 12
- 4| F4 3590 192 17
et | F5 4117 284 1
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frequency (kHz)

Suppression of the
laryngeal cavity
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distance from glottis (cm)
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0 5 10 15
distance from nostrils [cm])

(Fant, Honda, etc.)

Q

spectral magmtude [dB]

0F T
20f

20k 4

A0L e
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frequency (kHz)

F1
F2
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F4
F5
F6

217
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3002
3560
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4952

4

18
219
267
356
204

Frq(Hz) Bw(Hz) A[dB]
82

1?

N =0




Laryngeal cavity

) SuBNSO S =0 §
distance from glottis [cm)
nasal tract area [cm2) spectral magnitude (dB) Frq(Hz) Bw(Hz) A(dB)
15-_....,..,.,....,.,._- 40._....,....,....,....,....,_. F1 248 78
F 1| 20f 11 F2
10; 1| of J1F3
5;——I_LI 3| -20p 4| F4
n: PREPEETI BEPEP R Y ..I...: '40-....I....l....l....l....t— F5
0 5 10 15 0 1 2 3 4 5 |F6
distance from nostrils [cm) frequency (kHz]
vocal ua
Suppression of the 15 3

laryngeal cavity

4 4

PR | PR ;
0 5 10 15
distance from glottis (cm)

nasal tract area [cm2) spectral magnitude (dB) Frq(Hz) Bw(Hz) A(dB)

105— E 201 11 F2 1981 18 17
] E UU/\’\—I-\./V F3 3002 219 6
5:——LLI 4| -20f 4| F4 3560 267 6
05 coetoeer oy 3 0., .. | F5 4240 356 1
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(FnFn+1)

Regrouping of two consecutive
formants

» Reinforcement of their amplitude

» >more perceptual weight +
perceptual integration

» >masking of surrounding formants




| @rouping of formants? How to do?

spectral magnitude (dB)
40—""!"" WL B B =
20F
of
20k

Only when there is a strong constriction
a —-—~"""-< glong the VT to separate two cavities or
ez when two cavities are of very different
cross sections, they are acoustically
decoupled and then

 when the whole VT and the lips are
configured so that one resonance of
one cavity is tuned to the resonance of
the second cavity.

0 1 2 3 A4

r  Then the vowel is said « focal »
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Very special points

) . Converging formants
" ' create a spectral prominence
zones of stability for the formants concerned (Stevens)

\ \—
increase of the two formants amplitude

perceptual integration perceived as a single peak

very sensitive to lip rounding
two cavities that resonance at the same frequencies




Intermediate summary

F1 = « height »

— place of articulation, degree of constriction and lip
configuration

* F2

— place of articulation, the degree of constriction

— for the velar and laryngeal vowels, lip configuration
* F3

for the velar and palatal vowels, lip configuration

* F4

— increases the acuteness of the /i/ timber

— (F3F4) for the cardinal vowel /i/.

ﬁ focal vowels very special (perceptually)



1) introduction
2) IPA chart and cardinal vowels
3) Some remarks on the formants

4) Acoustic characteristics of some DJ’s
and PL’s cardinal vowels



Acoustic characteristics of some
DJ’s and PL’s cardinal vowels

1) The cardinal vowel 1
and the cardinal vowel 9

ﬁ are (F3F4) and (F2F3) focal vowels
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Jones’s and Ladefoged’s rendition and the French
vowels

d) 55000I = o
5 ‘4000 (ol g P ~ e S
£ o .1 !mj Kwiwg' = - =} ‘rwg_____---.
.§ {2000 ; ' @:@ m"’"---,,-_
’ £ £ m ‘ .
ienard’s book = o FFE E :
" y € @ € & a a4 9 O a



£ .D:Vicphs_2011%icphs2011_presentation_finale\l_PL.way M=E3
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Peter Ladefoged’s cardinal vowel /i/ (F3F4)



£ D:\icphs_2011\icphs2011_presentation_finale\l_PL.wav =13
Files Edit Spectro Phonemes Words Formants Prosody Miscellaneous 2

- - . —_— . — - -
Hz / "' i : M “ 1‘:

" K
| hY  Li |

8000 . iy l L |

| % LU i

10752
Q
10752
T T T T I T T T T I T T T T l T T T T l T T T L] I T T T L] l T T T T I T T T T | L L L L | L
50 100 150 200 250 300 350 400 450 500
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Peter Ladefoged’s cardinal vowel /i/ (F3F4)
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Focal vowels from nomograms

model
Area cm’

0

5000 = Labial dental alveolar prepalatal palatal wvelar ¥ uvular  pharyn geal

2

4000 =

3000 o

2000 o

nomogram

11IDC

lip

As vague region (quantal theory)
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FRONT MID BACK
5000 = Labial dental alveolar prepalatal palatal velar uvular pharyngeal
4000 =
_ Prepalatal
1
3000 - (sharp, F3max)
and
y 2000
o Palatal
P b Qumm (duII F2max)
Q)
u
1
3000 = , uuiimlhn (i i
i IIH'I'[lu
2000 M o TSR y 2000
o
1000 w (1 1000 =
d
H““”” SRR —— s 7 Il"!)‘) i Alveolar zone(8)
0 u -, —— Hard-palate (7)
R Spread Round  Round €&———> Spread Velum (¢

‘ Prepalatal

Pa

Palatal

As well defined region




FRONT

Labial dental alveolar prepalatal palatal

5000 =

4000 =

MID 65

velar

BACK

uvular

pharyngeal

o

Mml'm» bcil

Y 2000
o
b Q1000 =
— 20
O
u
3000 w ) | (1
i il
u Hl 1M
2000 - Y 2000
o
1000 = (1 1000 =
D
MNHIIIIW | AR O
T I o u 5
J
Am.E. /i/ BrE. /1i/

PL

Spread Round Round €—mm> Spread

Alveolar zone(8)

Hard-palate (7)
AN\



The ({F3F4) vowel

2000 ¥ : 4
‘ ihidid o .4 .

ﬁ original F2 suppressed




Cardinal /i/ ({{F3F4)

French /i/: the shorter distance between F3 and F4

To create a strong concentration of energy in the high frequencies

Comparison 8 languages 2

| Fl F2 F3 F4  [F4-F3
German 319 (70) | 1991 222 | 2610 (230) | 3621 (248) {1012 (269)
Fefish 1352 61) | 2044 (16) | 2503 (109) | 3442 25) [ 939 244
Arabic 398 (130) | 2102 (169) | 2678 (141) | 3364 (295) | 686 (258)
spanish 375 (s7) [ 2126 155) | 2784 (149) | 3634 (126) | 851 (226)
‘ 2024 (158) | 2848 (228) | 3494 (23) (230)
Italian 347 61) | 2065 231) | 2693 (236) | 358900) | 895 (301)
Mandarin | 360 (100) | 2132 (358) | 2836 (200) | 3644 (265) | 809 (309)
portuguese | 344 (67) | 1906 (185) | 2503 a77) | 3576 277) (L1073 (329)

2N\

Gendrot, Cédric et Adda-Decker, Martine

At least 1000 occurences




¥
5

Is ({{ F3F4) vowel more stable?

* Yes and no

* No: F3 depends in the length of the
front cavity, so it is sensitive to tongue
backing and lip rounding,

* Yes: F1 and F2 are stable (quantal
theory)

* But acoustically sharper, auditory
sharpness seems more important that
articulatory stability



1) F3 sensibility to tongue backing

AT TaTi i

/i/ i/r-r
Extracted /i/ portion in “rire” (laugh) is heard as /e/

F3, due to the front cavity, is very sensitive to the length
of the front cavity, so to the front-back position




i‘& Is ({{ F3F4) vowel more stable?

* Yes and no

* F3 depends in the length of the front
cavity, so it is sensitive to tongue
backing and lip rounding.

* The language exploits the extreme

]
1 sensitivy to front cavity length... for the

creation of cardinal /y/
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From cardinal /i/ to cardinal /

72

y/

a) o/ A, = 0,85 cn
% 5500 ]
I - |- FS /\ A /\ /\
5000 ¥ i-: b PR Y i A
b o Aok y“ LY \2\5\.}\ \/f“'\h \ ,"f.‘\ \ /:ﬂ' ",_.. \ AP" bay, \ /,“‘"\.:::«
g 4500 e 4 27 [\ ',-' \ i /A ]
§ ez \ / L3 F 7 N 3 A
g L+ % f N ] gt
;- F4 7 Xk kS
2000 4D0o ~ D4 ‘\.‘,r'
LIPS ‘ 18 16 14 12 10 8 6 a 2 o GLOTTIS
500 e — -
..‘r\.‘h“
R
. 3000 i .
Prepalatal /i/ F3 o
H S T
eg ® z - w “‘-‘:'.F': = g = ;::"-::
Very very sensitive -
. . : - S ‘::‘-_—:::::' T
To lip configuration ,
o Egl 2 - | ~-;-_'_'_"_"-‘-.'“.H“‘ ;.1,"‘“-1_"-—-
1000 D
750 =
ki FEl =
B —————————— =
of 0 i -
TS R RS SRS RE T d © Pl SIS TRE sy
SR 0 § 8 10 12 “woo1s

fro nt I-9. Nomograms relating F;, F,, Fy, F; a Ce ntral imeter model Fig. 1.4-8 to the lo

constriction: a) TONEUE wvivurisvrssss wanmso wwwreOnal area Ay = 0.65 cm?;

back =

Rl R R S T

=l T v



. G:Yicphs_2011%icphs2011_presentat le\PL -secondary_y4.wayv
Files Edit Spectro Phonemes Words Forma P I_ ady  Miscellaneous ?

] 1 i l’|
Hz 1 1l ”‘lj

8000 | (il

i \‘!‘N'Ii l W
s000) | |

TS g ¢ <
TN

4000

nhll Mimlwmn

i 118 |
f \ I ﬁ
I TTTTTLATEDT L1111 T LA CET AT LD
212:0 l 4(?}0 I SOIO ' 860 l 10|00 I 12|00 ' 14|00 ' 1Bl00 l 18|00 I 20|00




74
Some language explore the sensibility of

F3 to lip configuration

"\‘ o  Cardinal /i/ and
O Vi 1 cardinal /y/ have
Wi i il a similar (very

oo (UL ML e low) FL

A ek | * And close F2 (for
i some speakers,

jw similar).

* F3 plays the main
(distinctive) role
between /i/ and /

o s @ AT & ...‘.........,A.A.........i“'u..x-..'.5
2(F2. F3) W v/

4000

TR

2000




Links done between

articulatory

Cardinal /i/ ({F3F4) ==

46 COMPARING VOCALIC FEATURES

3

ENGLISH e
S X
1l
GERMAR SPANISE

Figure 1. An example of what motion-picture X-ray can show which still X-
cannot: the characteristic articulatory profiles of the vowel /i/ in English, Germ
French and Spanish, obtained by cineradiography, averaging several subjeats |
cach language. Closure of the jaws (at the teeth) is narrower in French and Germ
than in English and Spanish. Tongue constriction at the palate is narrower in Er
lish and German than in French and Spanish. The front cavity is characterized
English and German by a conical shape, in French and Spanish by a cylindri
shape = tongue parallel to palate. The back cavity is larger in French and Germ
than in English and Spanish
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Acoustic characteristics of some
the cardinal vowels

1) The cardinal vowel 1
and the cardinal vowel 9
1) The cardinal vowel 5

O
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[a] from area file model

I FROM AREA FILE MODEL c:\wvtclarealaa.are

calculate synthetize replay see save

vocal tract arca (on2) Two close-open tubes
s same effective length
100 ;

I
distance from glottis (cm)]

spectral magnitude (dB]) Frq(Hz) Bw([Hz) A(dB)
4[]-:""[""l""l""l""l-- F.I 681 45 29
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0 1| F3 2445 53 22
-20} 4| F4 3312 135 14

A0L F5 4179 83 18

o
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— .l, — l ——— spectral magnitude (dB)
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Acoustic characteristics of some
the cardinal vowels

1) The cardinal vowe
and the cardinal vowe
1) The cardinal vowe
2) The cardinal vowe

co b1 ©

O
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Jones’s and Ladefoged’s rendition and the
French vowels

‘spoo T
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Acoustic characteristics of some
the cardinal vowels

1)  The cardinal vowel 1 and the cardinal vowel 9
2)  The cardinal vowel 5
3)  The cardinal vowel 8
4)  The cardinal vowels 6 and 7
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FRONT MID BACK
5000 = Labial dental alveolar prepalatal palatal velar uvular pharyngeal
4000 = l
i F4 s parmrs oo R e
3000 = s
y 2000
o
p b Q1000
J
Q)
u 0

(F1F2) auditorily equidistant
between (F1F2)

as high as possible

and as low as possible

Alveolar zone(8)
Hard-palate (7)
§ Velum (6
AN\

i [l‘v} |
Al
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Jones’s and Ladefoged’s rendition and the
French vowels: the 4 back primary vowels

More discrepancy
For the non focal 4
vowels

~ Frequency (Hz)




ont entral Ba
1 v 1eH UTell
1Y @]
I Cep— S50 X Q
=]
1 Ee(2— 3e E—.\
e
Open Ae(E (eD
Wi bols appear in pairs, the one

Where symb I
to the right represents a rounded vowel

Acoustic characteristics of some
the cardinal vowels

1)  The cardinal vowel 1 and the cardinal vowel 9
2)  The cardinal vowel 5
3)  The cardinal vowel 8
4)  The cardinal vowels 6 and 7
5) The lowest F2F3 concentration vowel

O



Another remarquable focal vowel
lowest |J(F2F3), but not cardinal

vocal tract area [cm2)

Lengthening of the front cavity [~ :
By 10f
Lip spreading 5 |_| i

] et = S B U B ]

And/or fronting of the tongue "o 5 10

..' ."l.'f,";,,: | s '.n .“hg‘ ' l, ‘ ' nE
, ») ) d"' . _‘ lif “' 'ﬂ"},

1 ML DL L
‘. ‘0 1?,“ '.‘ ) J. I \" .‘
5.“1.\ '\‘” " il W[ | * | ’s "“h
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\ wauwvow«wvu.4wuqmw4unnuununuﬂn«unn

| H\ ' \” (M"’u‘; l\'l

m\s"

Shorter palatal constriction entails higher F3



* Then it is possible to interpolate other
timbers by using articulatory synthesis

 Neutral vowel with one, two or three
constrictions
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c(['ﬁ

s=17 i
neutral o-s o
. _3?2)70 I3
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shape=0.5 F||larynx=0 Fl
apex=-2 Fl
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.
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20 1| F2 1238 21 16
uw F3 2321 41 _ 7
s F4 3590 20413
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5) From vowels to glides to
consonants and processes




1) From vowels to glides to consonants
using the same notation

Place of Spread lips Rounded lips
constriction
Back {t (TF1}F2)1000Hz

C5[a]
Mid (| F1|F2)*0Hz C8[u]
Front (fF3 | F4)F33200Hz | (TF2 | F3)1900Hz C9
Prepalatal Cl[i] [v]

Focal vowels correspond to one or more strong constrictions
so they have corresponding glides
Same natural acoustic classes

O




vow | Correspond Type of Main effect on the
e ing glide clustering surrounding phonemes
1

1 j High (F3F4) | Raises F

y | High (F2F3) | Lowers F

N Low (F2F3) |Lowers F3

a |B High (F1F2) |Raises F1, lowers F

u |w Low (F1F2) |Lowers F1 ad F




2) From vowels to coarticulatory
processes using the same notation

/1/-ness /Q/-ness ‘w/-ness others
FINF27F37 F17 F2N F1N F2N F3\ or F4\
closing of open opening of closed
phonemes and phonemes and
fronting of back backing of front
phonemes phonemes
Tongue or lip fronted retracted tongue nud retroflexed
configuration (+ labialisation)
1) Contextual front consonant or | back consonant or | round consonant | retroflex
influences vowel vowel or vowel consonant or
vowel
palatal pharyngeal labio-velar retroflex
2) Secondary palatalized pharyngealized labio-velarized retroflexed
constriction
Processes palatalization pharyngealization | labialization and F3\ : palatal

velarization

retroflexion
F4~N: alveolar
retroflexion




coarticulation

a) b)

93

rcuf-& cdnquieme [sekem]

Figure 17 Sagittal proflles corresponding to (/i/) —in the
solid hne) and /j/ (in dashed line) in French (a) and of
"~ alized /kK/ (b) (from Straka 1965).

Figure 18: Specnograms of ljujl/, ljajl , /1gi/ and /li/.

a /i/ , and /g/ and /I/ in /i/ context share (F3F4) features.;



e 1) introduction
e 2)IPA chart and cardinal vowels
* 3) Some remarks on the formants

e 4) Acoustic characteristics of some DJ’s
and PL’s cardinal vowels

* 5) From vowels to glides to consonants
and processes




e 1) introduction
e 2)IPA chart and cardinal vowels
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VOWELS

Front

Close io V— 1

Close-nud Ce @

Open-nud

Open

Three conclusions

1Y O

X 0
Ee(—3e¢Z— Aed

de(E———(OeD
bear 1 pairs, the one
a rounded vowel




1)Take advantages of the progress

A) theoretical progress

Acoustic theory of speech production
Modelisation production> acoustics>percept

Fant, Stevens and House

3 parameters: place of the constriction, degree of
constriction, lip configuration

Articulatory models based on statistics (X-ray):
with 4 more parameters (larynx height, nasal opening, ...)
to hear the sounds

Theories

Stevens’s quantal theory
Lindblom’s dispersion theory

ﬁ Grenoble focalisation-dispersion theory
Chistovich’s spectral integration



1)Take advantage of the progress

B) Technical progress

Articulatory exploration

Exploratory techniques (X-ray, MR,
ultrasounds, etc.)

Acoustic analysis
(real time) visualisation on spectrograms
signal analysis, formant synthesis
Data bases and statistical analysis
Praat and scripts on Praat
Modelling on computer

— Spectral changes
— Formant synthesis

— Articulatory synthesis



1)Take advantage of the progress

A) theoretical progress

B) Technical progress

* To revisit the relationship between
articulatory gestures, their acoustic
consequences, and the resulting percept

* To develop a way to represent some
reference vowels

8D,



2) How to teach the cardinal vowels
concerned here?

* Easy because they correspond to a well
defined acoustic characteristics

* That can be displayed using real time
spectrograms

e Self training, very precise goal
* Language-independant teaching
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3) Articulatory modeling

Feel more secure for teaching




VOWELS
Front Central Bac
Close o Y ——— 1eH—— Ulell
1Y O

Close-nud Ce ) S50 Y 0O
Open-mud Ee(C—3eC— AeD

Open de(E——(OeD
ere symbols appear in pairs, the one
oht represents a rounded vowel
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