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6. 551 HST714) ACOUSTICS OF SPEECH AND HEARING

Kenneth N Xevens

Leviers i &

Overview of the vocal tract, lsting the various articulators involved in the
production of speech sounds

Midsagittal section of the vocal tract showing four regions

| The vocal lolds. Ther stiffness can be wdjusted.

L2

The pharyngeal region, mcluding the glois {space between the vocal folds)

Y Thezoff palate Opeming of velopheryngeal port can be adjusied (for nasal consonants and
vowelg)

4 Cral region Tongue-body posibon, ongee blade consinction, and Hp opening can be
mamipulaled.

Mot shown 15 the respiratory system (balow wem 1)
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Table 5.1 List of articulator-free foatures and theis values for different dasses of segments

Conso-
Feature Vowels  Glides  nanbs nl tbh 52z 23
Classification Veocabe i - - s - - o
Consonantal - ~ + + + + +
of speech Continuant ~ - + +
Sonorant + = - -
sounds Strident + -

Note: The segment Jabels at the top of the last four columms are examples of the segments with
the given fealure valaes,

From Acoustic Phonetics by Kenneth Stevens. (c) 1998, MIT Press. Used with permission.

Table 8.3 Feature values for some vowels and glides in English

Feature i 1+ e ¢ =2 ¢ 2 © a v u w j h i

Vocalic + + + + + + + F F -~ - - ¢

Consonantal T T

Round R T TR S "SR S -

Anterior - +

Distributed = =

Lateral : - +

High A U T PR -

Low T T T =

Back A . R S S S . S S +

Nasal

Advanced tongue

1oot L I I P S T &

Constricted tongue

oot T I

Spread glottis e

Consincled ghottis -

Stiff vocal folds

Slwk vocal folds
Table 3.8 Fesbare values for sove comsonants i Englnh
Featuze p ¢ X b 4 z LI v i ¢ 3 H v 8 s ] & } 3 T
Yocalic - o - - - - - - - - - - - - - - - - - -
Consonantal + + o+ PR R T T T T R SRR T T S S S
Contivasnt - - - - - - - - 4+ + + + 4+ * + ¥F F ~ *
Sonacant - - - - - + + + - - - - - - - - - - + +
Stridert LR T S T .
Lips + + + + +
Tongue blatk + + + 4 + ] + + * +
Tongue body + Fs ¥
Round - - - - -
Anterior + + + - - - -
Daribated - - - - % - + 4 - -
Latecdl % - - - + -
High + + + = @
Lo - & - - -
Back + + + + o+
Naca o+ -
Advarced toogue sk
Lonstricted trngur root
Speead gloitis + + + - - + + > +
Carwricied ghottis - - - - - - - - - -
S0l vocd folds + + L - - + + + - - - - 4+
Slack vocal $alds - - - 4 + - - - - + + -

From Acoustic Phonetics by Kenneth Stevens. (c) 1998, MIT Press. Used with permission.
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Some minimal pairs of words, i.e., pairs in which one
feature of one segment is changed.

pat bat [stiff vocal folds] or “voicing” of initial consonant
bat mat the feature [nasal]

pat fat the feature [continuant]

fat vat the feature [stiff vocal folds]

feed fade the feature [high] for the vowel

pat pet the feature [low] for the vowel

thin sin the feature [strident]

thin thing change from [tongue blade] to [tongue body]

Distinction between vowels and consonants

The constriction in the vocal tract is narrower for consonants than for vowels. For
vowels the constriction should not be so narrow that pressure builds up behind the
constriction. During a vowel the acoustic amplitude at low frequencies reaches a
peak. During a consonant the amplitude is lower.

Vowel features

Vowels in English are distinguished by four features: back, high, low, advanced
tongue root (ATR). Vowels with +ATR are sometimes called tense vowels as
opposed to lax vowels, e.g., /i/ is tense, /T/ is lax.
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From Acoustic Phonetics by Kenneth Stevens. (c) 1998, MIT Press. Used with permission.



e

6.551J/HST714J Lecture 20 11/18/04
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Figure 6,2 Midsagittal vocal tract configurations for the high vowels /i/ (eft) and o/ (right).
Adult male speaker of English. (From Perkell, 1969}

From Acoustic Phonetics by Kenneth Stevens. (c) 1998, MIT Press. Used with permission.

RS

Figure .7 Midsagittal vocal tract configurations for the non-ow, non-ugh vowels fef deft)
and fof (right), Adult male speaker of Freach. (Adapted from Bothorel et al.. 1986)

From Acoustic Phonetics by Kenneth Stevens. (c) 1998, MIT Press. Used with permission.

Figure 6.6 Midsagatal vocal tract configurations for the low vowels /o/ (eft) and Jaef {righty.
The horizontal lines show the approximate location of the plane of the swifaces of the upper
tecth, Adult male speaker of English. {From Perkell, 1969)

From Acoustic Phonetics by Kenneth Stevens. (c) 1998, MIT Press. Used with permission.
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o
Figure 623 Comparing midsag .
agittal vocal tract configurations for 1 ;
for a speaker of Amencan English. (Dala from Perkel), 1969) e R 5 W gh wowel
From Acoustic Phonetics by Kenneth Stevens. (c) 1998, MIT Press. Used with permission.
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Courtesy of the Journal of the Acoustical Society of America.
Used with permission.
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¥ic. 8. Frequency of sccond formant versus frequency of frys
ormant for ten vowels by 76 speakers.

METHODS USED IN A STUDY OF VOWELS 183

Tastr I1. Averages of fundamental and formant {requencies and formant amplitudes of vowels by 76 speakers.

M :iso 35 ¥ 27 2 129 137 4 /39 33
. t 130 141 1 1
Fudamentad frequencies 3y 235 23 om0 a2 ;e 2/ W 2 s
ps, Ch 2w WO 281 26 W3 26 214 261 260
Formant frequencies {cps)
M 200 390 S30 660 I 530 440 00 o0 4%
£ W 30 430 610 880 80 SO 470 3 80 MO
Ch 30 S0 690 1010 1030 680 360 430 850  S60
M 2200 1900 1840 1720 1090 840 1020 B0 31190 135D
Fs W 2100 2480 2330 2050 4220 920 1160 950 1300 1640
Ch 3200 2130 2610 2320 1370 1060 1410 {170 1590 1320
M 3010 2350 2480 2410 2440 2410 2240 2240 2390 1690
P W 3310 3090 290 2850 2810 2710 2680 2670 2780 1960
Ch 3730 3600 3570 3320 3170 3180 3310 3260 3380 216D
) -4 -3 -2 -1 -1 0 -1 -3~ -5
Formant amplitudes {8b) Ly —#4 -3 17 -1 -5 -7 -2 -1  -10 -15 .
I, —28 =21 -2 -22 =28 34 ~34 -4 -1 -2

Courtesy of the Journal of the Acoustical Society of America. Used with permission.
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Y
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Figure .17 Plots of 1 vs. F1 fot several vowels of American Ernglish Open tircles fjonned by
dashed lines) are data for adult male speakers and Blied circles 1solid lines) are for aduidt femade
speakers, The data for the vowds /i & 6 ¥/ ace averages from Petersen and Baney {1930 Dats
for Jx of are averages for two maje and two fernale speaiets.

From Acoustic Phonetics by Kenneth Stevens. (c) 1998, MIT Press. Used withpermission.
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Figure 3.1 Skedenes indicating components of the cutpal spectrum [p.(f), for a vowel and 2
frzative consonant The oulput spectrum is the product of 2 source specirura 3(f3, a transfer
function T{fi. and a sadiation charactenishie R{f). The sousce spectra aer similar to those denved
® hgures 210 and 133 w chapter 2. For the periadic source, 5{/) tepresents the amplitudes of
e e spectral components; for the notse source, 5(f) 15 amplitude 0 2 specihed bandwidth. See text

From Acoustic Phonetics by Kenneth Stevens. (c) 1998, MIT Press. Used withpermission.



6.551J/HST714J Lecture 20 11/18/04

Exg\aiﬁaq celative am p Litudes

D4 f‘o(mavd"gfomt nences

o3 of

-

fTinl
«e

i

3
FREQUENCY {wHz)

(a) 30 T ¥ Y Y H 1 T
20} 3 ’
Wiy ,
[r,m} o
{d8)
“0

FREQUENCY (kmp)

Figure 3.4 (2} The component of the vocal tract transfer function (in deabels) corresponding
10 the frst formant foe three dfferent valass of T Note the change i amplitade of the prak and
the shuft un Jevel #t higher hequencies () The effect of a change in Fi on the overall ranger
function, avsumung formants above 71 reman faed The labels 1. 2 and 3 entidy low. medium,
and hugh values of F1.

From Acoustic Phonetics by Kenneth Stevens. (c) 1998, MIT Press. Used withpermission.

Figure 3.5 Computed teansfer funchons for three different configurations of formant frequen-
cies, Mustrating changes n relative amphiudes of peaks and valleys 1 the transfer function

Bandwidths of all resonances are hixed at 80 M2

From Acoustic Phonetics by Kenneth Stevens. (c) 1998, MIT Press. Used withpermission.
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(b)

Figure 6.8 (s) Supenmposed rmdsagittal configurations for the low vowels ‘z/ and o/ (Froe
Perkell, 1971) (b} Modei of low vowel vixal bradt shape 23 4 concatenation of two tubes The
dashed line indicates 8 tapered Iearaition between dhe tubes,
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Length of Back Cavity, £, (cm)

Figure 6.9 Frequencies of the hnst four natural frequencies for the nontapered configuration of
hgure 6.2, 35 the length /7 of the back cavity i marpulated. The total length ¢ + 45 = 10 @,
and the aoss-sectiona) arca A; = 3 an? The dashed hinc corresponds to the case where A «
Ay and the solwd hine 15 for A) = 05 em?. The radiation impedance is assumed Lo be zero. (From
K. N. Revens. 1939)
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