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Acoustic Characteristics of the Vocal Tract with the Nasal Cavity
during Phonation of Vowel /a/
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Abstract

Acoustic analysis of 3—-D geometrical models of the vocal tract with and without the nasal cavity
are performed by a 3-D finite element method (FEM). The models were based on MRI data dur-
ing phonation of Japanese vowel /a/, which includes the coupling between the oral and the nasal
cavities. Transfer functions and complex sound intensity are computed from the simulation re-
sults of the FEM. The results showed that the nasal cavity coupled with the oral cavity contrib-
utes to the appearance of peaks and/or valleys of the transfer functions below the 3kHz. The
transfer function of the model with the nasal cavity is in good agreement with that of the model

without the nasal cavity in the range from 3 to 5kHz, and is different above SkHz. The distribu-
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tions of the complex sound intensity vectors of the model with the nasal cavities are different
from those of the model without the nasal cavity below the 4th peak frequency. In spite of a lit-

tle difference between peak and valley frequencies of the transfer function of the model with the

nasal cavity, the distributions of the complex sound intensity vectors show very large difference
at those two frequencies.

Key words : 3-D FEM, vowel, nasal cavity, vocal tract, acoustic analysis
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(a) Subject A

(b) Subject B (c) Subject C
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Fig. 1 : MR images on the mid—sagittal plane during phonation of vowel /a/.
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Fig.2 : Surface meshes. Left : vocal tract model without the nasal cavity, right . vocal tract model with the
nasal cavity.
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Fig. 3 : Transfer functions of the vocal tract models with (solid line) and without (dotted line) the nasal
cavity.
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Table 1 : From 1st to 4th peak frequencies of transfer functions.
F1 F2 F3 F4

Model with the nasal cavity 488 | 1163 | 2386 | 2773
Model without the nasal cavity | 482 | 1132 | 2369 | 2675
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(b) Model without the nasal cavity
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Fig. 4 : Distributions of the active sound intensity vectors on the mid-sagittal plane.



178

AN S S P N 3
488Hz (F1)

1163Hz (F2)

2386Hz (F3) 2773Hz (F4)
7 |

(b) Model without the nasal cavity
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Fig.5 ! Distributions of the active sound intensity vectors on the face
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(b) Model without the nasal cavity
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Fig. 6 . Distributions of the reactive sound intensity vectors on the mid—sagittal plane
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Fig. 7 . Distributions of the reactive sound intensity vectors on the face.
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(b) Reactive sound intensity
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Fig. 8 : Distributions of the complex sound intensity vectors on the face.
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