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Measurement of temporal cange of vocal tract volume during production

of plosive and fricative consonants

Tatsuya KITAMURAT and Hiroaki HATANOf

T Faculty of Intelligence and Informatics, Konan University 8-9-1, Okamoto, Higashinada, Kobe, Hyogo,
658-8501 Japan
E-mail: tt-kitamu@konan-u.ac.jp

Abstract The volume of the vocal tract of a male speaker during production of voiced and voiceless plosives and
fricatives was measured directly from magnetic resonance imaging (MRI) data. Three-dimensional cine-MRI data
of three-morae non-sense words were obtained by a synchronized sampling method, and the temporal change of the
vocal tract volume was measured while there was a closure or a constriction at the alveolar. The results showed
that the volume of the vocal tract for the voiced plosive /d/ increased almost monotonically, and the volume was
larger than that for the voiceless plosive /t/ through the closure section. The maximum value and rise range of the
vocal tract volume for the voiced plosive /d/ is greater than that for the voiced fricative /z/.

Key words voiced consonants, voiceless consonants, plosive consonants, fricative consonants, vibration of the

vocal fold, volume of the vocal tract

gooooooooooooobooooboooobooooooo
gboboooooooooooboboooboocOooobooooooo

1. 0D O0o

goooo0oooboobobOoboobooboboboobooo
gbbobobobooooooooboboboboboo
gbob0obOoboOobo0oboboboobDOobDobooboobooo
00D [1][2)[3][400000000000 XO0000000
ggbbooobbooobbuoobbboobobobobooo
gbobobobooboobobooooooooobooooo
0000000 (magnetic resonance imaging, MRI) 0 0 O
gooboobooooboooboobobooobboooo
gboboboboboboobooooooobobobo

gooooobooboobobOoboboobobobooobooo
o000 poo0ooo0ooooooooooooooog

gobooooooooooobboooboboooobooooooo
gobooooooooooobobooooboooobooooooo
gooooooo
goboooboboooboooobooobbooboOooooo
goooooooboboooboobuooboooooooog
00000000000 000O000D0 XO0Oo0OoOoooo
0000000000000 0000000Perkell[11000
0O Kent & Moll[2] 0000000000 DODOOOOOOOO
gboooooooooooooooooooooooooan
Westbury 3]0 0X 000000000000 00O0O0OOOO
goboooboooooboooboboooobooooobooooooa

1 —



ooo

Bell-Berti[6) DO0O0O0O0O00O0OOOOOOOOOOO
oooooooooobooooboooboobooooboooooo
ooooobooooboobooobooobboooobooOoooo
ooboo30oboooboooooobooooono

OO0 [ro0oo0o00ooOooUooooUooUooooo
goooooooooobooobooobobooooboooooo
gobooooobooooooooboooobobooooboooooo
gooooooooobobooobooobbooooboooooo
oooooooo

XoooOoooooooooooooooooOooooProctor

O[40MRIODODODOOODO30000000000000O0O
gooooobooooboooobooobobooooboooooo
goooooooooooooboooobobooooboooooo
oooooooobooo

goooooooooboooooooboooooooobooboo
ooooobooooooboooboouooboboooobooOoooo
gooooooooobooooboooboobooooboobooooo
goooooboooobooooboooobobooobooboOoooo
goooooooooboboooboouoobobooooboooooo
Oo0o0o00o0ooooo0oo00 300 MRIODOOOOOOOODO
ooooooooo

2. 0O g

2.1 00000
0000040000000 100000

2.2 0000

000000 100040000000000000000
0000000000000000030000000000
000000000000 MRIOD [B0000000000
000/g/00000000000000000000000
0000000000000000000000000000
000000000000 (/g k/)000000000 /g/0
0000000000000 0000 (9000000000
00000O0OMRIOOOOOOOODOOO0O000O00000O
(000)00000000000000 (/b,p/)00000
oooooo

O1 0000
Table 1 Speech materials

Voiced | Voiceless
Plosive | /adada/ | /atata/
Fricative | /azaza/ | /asasa/
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Table 2 Conditions of MRI measurement.

Echo time (TE) 1.62 ms
Repetition time (TR) | 11 ms

Flip angle (FA) 15°

Field of view (FOV) | 256x256 mm
Pixcel size 1x1 mm
Slice Sagittal

Slice thickness 5.0 mm
Number of average 1

Frame rate 90 frames/s

5 mm Midsagittal plane
»> <« X
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Fig.1 Sagittal planes for measurement.
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Fig.2 Distance from the tongue tip to the teethridge in mm.
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Fig.3 MR images of the sagittal plane 1 during production of
the second /a/ in /aCaCa/.
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Fig.4 Volume change of the right half of vocal tract during pro-

duction of voiced and unvoiced plosive and fricative con-

sonants.
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