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A Method for Calculating Acoustic Characteristics of Three-dimensional
Yocal Tract Model Based on Impedance Transformation

Kunitoshi Morokl® and Hiroki MaTsvuzakt®

Abstract

This paper presents a new method for calculating the acoustic characteristics of a
three-dimensional vocal tract model. A cascaded structure of acoustic tubes, connected
asymmetrically with respect to their axes, is introduced as an approximation of the vocal
tract geometry. An impedance transformation technique with adjusting the number of
higher-order modes at each section is presented. The first impedance matrix given is a
madal radiation impedance matrix at the radiation end, which is a generalized form
representing the radiation with higher-order modes. The meodal parameters of each
section 1s obtained after caleulating the impedance matrices of all sections. The
computational results for a 5-section configuration which approximates an occlusion at

the teeth are discussed.
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Table 1 A comparison of Zuw for different width-height ratios R.
For each cell, upper value is in [1], and lower from “Table Look-up”. Frequency
corresponding &+'5 is evaluated with S=6.0 [cm®] at temperature 25 [Deg. C].

#45 | Freq. [Hz] | R=1 R=2 R=4 }
. 0.5 1126.1 003924 + j0.23146 0.03810 + 3, 22420 0.03864 + j0.20476
0. 03930 -+ 3023053 0.03916 + j0.22381 (b, 03860 + j0. 20429
Lo 2959 o 013036 + j0.43327 | 0.14854 + jO.41677 | 0.14179 + j0.37184
0. 15062 + j0.43230 0. 14839 + j0, 41580 0.14182 - j0.370491
40 Q008 R 107087 + ji.41245 _ 0, 96803 + j0.45243 0, 7832} + j0.53646
| ' LOTIZT + j0.40869 | 0.96828 + j0.44876 | 0.78345 + j.53207
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Figure 8 Tube geometry of “oeclusion-like” configuration.

Table 2 Geometries and number of modes used for computation.

Section No. IEI::EEE 1:3;::5] Ifn?;th -:Jff'saI:tﬂ[EnE:ﬂ] NT | WL NE
1 200 10.1 0.0 | 0.0 'BIENE
3 5.0 10.0) 5.0 | 7.5 BN ER
1 20. 1 10,0 5.1) 0.0 'BERE
4 a.0 i . =7.5 1 3 3
5 0.0 | 10.0 0.0 0.4 2 [ 3 2

*"Height offset” is the offset value of the tibe axis relative to that of the last section.
NT . Number of modes considered for transmission

ML Tutal number of modes considered at left side end of the seclion

NE C Total number of modes considered at right end of the section
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