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ABSTRACT

We have constructed models /i/ and /u/ of the vocal tract from the

glottis to the velum with the pyriform fossa and the larynx, and

have analyzed by finite element method. Sound pressure

distributions in XY cross-sections at 500Hz, the first resonant

frequencies, and 2500Hz are shown. The barycentric coordinates

of real part of the sound intensity and of sound particle velocity in

each XY cross-section are shown. It is found that sound in the

vocal tract is not always propagated as a plane wave even when

its frequency is low such as 500Hz. Paths of sound propagation

are shown. We show the reason why the first resonant frequencies

are different in the vocal tract with and without the pyriform

fossa.

1. INTRODUCTION

The vocal tract has a complex structure near the pyriform fossa.

The glottis is not located in the center of the cross section of the

vocal tract. Generally, propagation paths and cross sectional areas

in the vocal tract are experimentally decided. This time we have

constructed models of the vocal tract with the pyriform fossa and

the larynx based on 3D images obtained by magnetic resonance

image (MRI) and have analyzed by finite element method (FEM).

2. MODELS AND CALCULATION

METHOD

Figure 1 shows models /i/ and /u/ from the glottis to the velum

with the pyriform fossa and the larynx based on 3D images

obtained by MRI in a front view. Their input parts are at the vocal

cords, located at the center of the lower part. Their output parts

are 7.2cm and 7cm length from the vocal cords, respectively. The

origins of X�axis, Y axis, and Z axis are the left, the back, and the

trachea, respectively. From program’s restrictions, there are

1x1x1mm cubes under Z=2cm and the others are 1x1x3mm

rectangular solids.

    
(c)       front            larynx

    pyriform fossa

Figure 1 (a) model /i/, and (b) model /u/ from the glottis to the

velum with the pyriform fossa and the larynx in a front view.

(c)Schematic diagram of the larynx and the pyriform fossa in XY

cross-section.

The wave equation, or the Helmholtz equation, according to the

sound pressure is solved under the following boundary conditions:

particle velocity 1m/s at the glottis, impedance of radiation from

an infinite plane baffle on the output surface at the velum, and a

rigid wall on the other surfaces. Sound velocity is 345m/s and gas

density is 1.19kg/m3. First, pressure distributions on each XY

cross-section are calculated since Z-direction is almost a sound

propagating direction. Next, to obtain path of sound propagation
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at each frequency, we calculate barycentric coordinates of real

part of sound intensity and of sound particle velocity in the Z-

direction. We calculate model /u/ with and without the pyriform

fossa.

3. RESULS AND DISCUSSIONS

Figures 2 shows pressure distributions in XY cross sections for

model /i/ at Z=2.0cm, 3.5cm, and 7.0cm, respectively. The

pyriform fossa and the larynx are connected at Z=2.0cm. Figures

3 and 4 show sound pressure differences in the same XY cross

section for models /i/ and /u/ along the Z-axis, respectively. For

models /i/ and /u/, distributions of sound pressure in the XY cross

section at Z=2.0cm have 4.7dB and 4dB differences at 500Hz,

2.6dB and 3dB differences at the first resonant frequencies, 1st

RF, and 27dB and 32dB differences at 2500Hz, respectively. At

Z=3.5cm, they have 0.6dB and 1dB differences at 500Hz, 0.5dB

and 0.1dB differences at 1st RF, and 4.4dB and 5dB differences at

2500Hz, respectively. On the output surface, at Z=7.4cm, they

have 2.6dB and 1dB differences at 500Hz, 2.6dB and 1dB

differences at 1st RF, and 1dB and 2dB differences at 2500Hz,

respectively. It is found that differences of sound pressure in the

XY cross sections tend to decrease but

                     500Hz                       1210Hz                         2500Hz

Figure 2   Sound pressure distributions in XY cross section at Z=2.0cm, 3.5cm, 7.0cm at 500Hz, the first resonant frequency(1210Hz),

and 2500Hz for model /u/.
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Figure 3  Sound pressure diffrences in the same XY cross

section for model /i/.

  
Figure 4  Sound pressure diffrences in the same XY cross

section for model /u/.

not monotonically decrease when Z increases. It is found that

sound in the vocal tract is not always propagated as a plane wave

even when its frequency is low such as 500Hz.

Generally a sound propagation path can be calculated by

connecting to barycentric coordinates of the real parts of the

sound intensity in any cross section since they show real energy

flow. Now, since sound propagation direction is almost Z-

direction, we calculate the barycentric coordinates of real parts of

the sound intensity in the Z-direction, BCRI, in each XY cross-

section. Figure 5 (a) and (b) show X and Y barycentric

coordinates to Z at 500Hz for models /i/ and /u/, respectively.

Doted lines show connected geometric barycentric coordinates,

GBC, in each XY cross-section. From these figures, it is seen that

BCRI at Z=2.0cm locate in the pharynx or above the vocal cords,

and that BCRI at Z= more than 3.5cm almost locate at the same

coordinates as their corresponding GBC. At Z=2.0cm to 3.5cm,

BCRI smoothly change. At Z= more than 3.5cm, BCRI cannot

follow their corresponding GBC when they small change; the

maximum difference between BCRI and their corresponding

GBC is 2mm. Figure 6 shows BCRI at 500Hz and 2500Hz for

model /u/. The maximum difference between BCRI at 500Hz and

2500Hz is 0.7mm at Z= more than 3.5cm. For model /u/, the

lengths of the connected BCRI are 5.55cm at 500Hz, 5.56cm at

the first resonance frequency, and 5.58cm at 2500Hz, while the

length of the connected GBC is 5.47cm from Z=2.0cm to 7.4cm.

For model /i/, 5.52cm, 5.56cm, 5.56cm, and 5.53cm, respectively.

It is seen that paths and lengths of sound propagation at these

three frequencies are almost the same.

    

    

Figure 5    X and Y barycentric coordinates of real parts of

sound intensity in the Z direction, X(b) and Y(b), and X and Y

geometric barycentric coordinates, X(g) and Y(g), to Z at 500Hz

for (a) model /i/ and (b) model /u/.

                                                      

By acoustic theory of speech, sound particle velocity or sound

volume velocity is generally used. Now we calculate barycentric

coordinates of sound particle velocity in Z-direction, BCSPV, in

each XY cross-section. They are complex numbers in substance.

For model /u/, since their real parts are more than 100 times as

large as their imaginary parts except at Z=5cm, 5.3cm, 6.5cm,

and 6.8cm and at the first resonance frequency, their real parts at

2500Hz are shown in Figure 7. At Z=5cm and 5.3cm, differences

between BCSPV and BCRI are large. From observing the sound

particle velocities, it is seen that at Z=5cm and 5.3cm some of

their real parts in Z-direction are opposite sign of the other real

parts. It is seen that sound in the vocal tract is not propagated as a

(a)

(b)



plane wave such as at Z=5cm and 5.3cm.

Model /u/ has modified as follows: model r-/u/ which has only

with the right pyriform fossa, and model none-/u/, which has

without the pyriform fossa. They are calculated by FEM. Their

first resonant frequencies are 1210Hz in model /u/, 1260Hz in

model r-/u/, 1290Hz in model none-/u/, respectively. We

calculated BCRI in each XY cross section. In these 3 models,

BCRI are almost the same one. Next we calculated the number of

nodes which includes 50% Z-directional real intensities in the XY

cross section. Figure 8 show relative node numbers to node

number in model /u/ at each frequency. It is seen that the model

/u/ has the largest number of nodes and the model none-/u/ has the

smallest number of nodes at Z=2.3cm to 3.5cm. This is why the

model /u/ has the lowest resonant frequency and the model

none-/u/ has the highest resonant frequency.

4. CONCLUSIONS

We have constructed models /i/ and /u/ of the vocal tract from the

glottis to the velum, and have analyzed by finite element method.

We observed sound pressure distributions in XY cross sectional

areas at 500Hz, the first resonant frequency, and 2500Hz. It is

found that sound in the vocal tract is not always propagated as a

plane wave even when its frequency is low such as 500Hz. Next,

we calculated the barycentric coordinates of real part of the sound

intensity in each cross-section. It is seen that they are located

above the glottis at the location where the pyriform fossa and the

supraglottis are connected, and that they are almost the same

location of the geometric barycentric coordinates at less than

2.4cm below the output surface. It is seen that paths and lengths

of sound propagation at these three frequencies are almost the

same ones. Difference of the first resonance frequencies in model

/u/ with and without the pyriform fossa is due to the number of

nodes which includes 50% Z-directional real intensities in the XY

cross section at Z=2.3cm to 3.5cm, not due to the propagation

path.
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Figure 6   X and Y barycentric coordinates of real parts of the

sound intensity in the Z-direction, X(500) and Y(500), at 500Hz

and  X(2500) and Y(2500) at 2500Hz to Z for model /u/.

   
Figure 7   X and Y barycentric coordinates of real  parts of the

sound intensity in the Z-direction, X(I) and Y(I),  and real parts

of  X and Y barycentric coordinates of sound particle velocity in

the Z-direction, X(V) and Y(V) to Z at 2500Hz for  model /u/.

Figure 8  Relative node numbers which includes 50% Z-

directional real intensities in the XY cross section to those for

model /u/.


