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Fluid acoustic structure coupled simulation of articulation disorder due to
nasopharyngeal closure failure considering muscle activity
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Mooney-Rivlin

In order to measure changes in the shape of the vocal tract during
utterance, we measured the internal pressure of the pharynx during speech and the three -
dimensional shape of the vocal tract at the same time and expressed the shape of the vocal tract as
an implicit function.

The muscle fiber stress was apBroximately estimated by using the least squares method by expressing

the tongue as a Mooney-Rivlin body, assuming that the displacement between the shapes at rest and
pronunciation occurred due to the muscle fiber stress .

Numerical fluid simulation was carried out to obtain the velocity vector of air in the airway shape
and the change in pressure. It is necessary to investigate the influence on the fricative sound by

the nasopharyngeal closure function and to clarify that it is necessary for simultaneous achievement
of nasopharyngeal closure and anterior tongue elevation for acceleration around the tip of the oral
cavity which 1s necessary when a fricative sound occurs .



Is/

Is/
Is/

Is/ 0.2

(6]

VC

/s/

/s/

(6]

m!mz
o I
Ralh

Fig.

s/

MR

MR

MR

vC VCV
MR
(©)

DTI

® DTl
®)
3
4 MR

3
1 4

®



@®

4

MR

Lighthill
M1

(©)

BEat |
ERE

G- 1 IREETTL | s\

romanaan | LOAREE  CESR)

vEs D=t b /
B

B-2)FESETI
DI SHSERE

Fig.2

(1) Kuehn D. et al. (1995) Levator Veil
Palatini Muscle Activity in Relation to
Intraoral Air Pressure Variation in Cleft
Palate Subjects, The Cleft
palate-craniofacial journal.

(2) Ferrand CT. (2007) Speech Science -An
Integrated Approach to Theory and Clinical
Practice- 2nd Ed., Pearson.

(©) (2011)

MRI,

(4)Srboljub M. et al. (2012) Derivation of
a finite-element model of lingual
deformation during swallowing from the
mechanics of mesoscale myofiber tracts
obtained by MRI, J. Applied Physiology
©) (2002) Synchronized Sampling
Method (SSM) 4D-MRI,

(6)0sher S. et al. (2002) Level Set Methods
and Dynamic Implicit Surfaces, Springer
(7) Buchaillard S. et al. (2009) A
Biomechanical Model of Cardinal Vowel
Production: Muscle Activations and the
Impact of Gravity on Tongue Positioning,
J. Acoust. Soc. Am.

(8) Terzopoulos D. et al. (1990)
Physically-Based Facial Modeling,
Analysis and Animation, Journal of
Visualization and Computer Animation

MR

MRI (1.5T GE )

3,7, 12

1, 2, 9, 11, 14



MR
MR
320
CT
72
DICOM
320 512x 512
0.488x 0.488x 0.5 mm
1
Amira
STL

Fig.3

Partition OF Unit(POU)

3,9, 11

Fig-3 A:320 CT B:

STL

Mooney-Rivlin

(Miyawaki, 1974; Takemoto, 2001)

(GGa) (GGm)

(GGp) (HG) (Sty)

5 (1L
(SL) (Trans) (Vert) 4
9
/u/
J 10.5 %
F GGa

GGa GGm GGp HG

Sty
SL Trans Vert

Niimi et al. (1994)
EMG /a/ /o/

/u/

(GGa) Takano and
Honda (2007)

(Buchaillard et al., 2009;
Fang et al., 2009) EMG
(Miyawaki et al., 1975; Baer et
al., 1988)

Buchaillard
Fang et al. (2009)
Baer et al. (1988)

et al. (2009)
EMG
Takano and Honda (2007) MRI
/u/

/u/



3,7, 12

Fig.4

0.05

1, 9, 11, 15)

CT

Fig.4

Fig.5

15

(x10%) u

7
v Ratio of constriction CR,

Y CRy [X10 %
[x10 %] u,

(b) ) ' [X10%]

Ratio of constriction

5
1. Satoh K.*, Suzuki T., Kariyasu M.,
Nozaki K., Tsuji T., Okuno E., Kogo M.,
2015, Dynamic evaluations of speech organs
using a 320-row area detector CT,
International Journal of Oral and
Maxillofacial Surgery 44, el36. Impact
Factor: 1.918, Times Cited: 0.
2. Yoshinaga T., Nozaki K.*, Wada S., 2017,
Effects of tongue position in the
simplified vocal tract model of Japanese
sibilant fricatives /s/ and /J/, The
Journal of the Acoustical Society of
America 141 (3), EL314. Impact Factor:
1.503, Times Cited: 0.
3. Koike N., Ii S.*, Yoshinaga T., Nozaki
K., Wada S., 2017, Model-based inverse
estimation for active contraction
stresses of tongue muscles using 3D
surface shape in speech production,
Journal of biomechanics 64, pp. 69-76.
Impact Factor: 2.664, Times Cited: 0.
4. Yoshinaga T., Van Hirtum A.*, Nozaki K.,
Wada S., 2018, Influence of the Lip Horn
on Acoustic Pressure Distribution Pattern
of Sibilant/s/, Acta Acustica united with
Acustica 104 (1), pp-145-152. Impact
Factor: 1.119, Times Cited: 0.
5. Yoshinaga T., Nozaki K.*, Wada S., 2018,
Experimental and numerical investigation
of the sound generation mechanisms of
sibilant fricatives using a simplified
vocal tract model, Physics of Fluids (17
Feb. 2018 accepted). Impact Factor: 2.232,
Times Cited: 0.

17

26
2005 3 14 ,



) 26
, 2015 10

12, .
8. Yoshinaga T., Koike N., Nozaki K., Wada
S., Study on production mechanisms of
sibilant /s/ using simplified vocal tract
model, Inter Noise 2015, 503, p. 1-8, 10
August 2015, San Francisco USA.
9. , s s

40 , 2016
5 271 , .
10. Yoshinaga T., Nozaki K., Wada S.,
Experimental validation of  sound
generated from flow in simplified vocal
tract model of sibilant /s/, Proceedings
of INTERSPEECH 2016, pp. 3584-87, 12 June
2016, San Francisco USA.
11. Hatanaka K, Nakagawa M., Watanabe M.,
Nozaki K., Tamagawa H., Kogo M., Surface
Model Construction from 4D-CT for
Articulation Simulation, WCCM X111, 25 June
2016, Seoul Korea.
12. Koike N., Yoshinaga T., Nozaki K., Ii
S., Wada S., Image-based analysis for
inverse estimation of muscle fiber forces
in the tongue, Summer Biomechanics,
Bioengineering and Biotransport
Conference, 30 August 2016, Washington DC
USA.
13

/s/
2016 2016 9 13 ,

14. Yoshinaga T., Nozaki K., Wada S.,
Effect of tongue position in the
simplified vocal tract model of sibilant
fricatives /s/ and /J/, Proceedings of 5th
joint meeting of the ASA and ASJ, 140(4),
pp. 3221-3221, 30 November 2016, Honolulu
USA.
15. Nozaki K., Tamagawa H., Sugiyama C.,
Nohara K., Sakai T., Hatanaka K., Nakagawa
M., Satoh K., Kariyasu M., Yamashiro T.,
Kogo M., Velopharyngeal Closure Function
Strategy in Articulation: Mechanical
Dynamics Modeling of Air Flow in the Vocal
Tract, IEEE 16th International Conference
on Bioinformatics and Bioengineering
(BIBE), 1 November 2016, Taichung Chinese
Taipeli.
16. s
/s/ /sh/
, 29
, 2017 1 19 ,

17. ,

, 29
, 2017 1 20 ,

18. Yoshinaga T., Nozaki K., Wada S.,
Effects of tongue position on flow and
sound in a simplified vocal tract model of
sibilant fricatives, Proceedings of 5th
Japan-Switzerland Workshop on
Biomechanics, 17 September 2017, Zermatt
Switzerland.

19. Yoshinaga T., Nozaki K., Wada S., A
relationship between simplified and
realistic vocal tract geometries for
Japanese sibilant fricatives, Proceedings
of 11th International Seminar on Speech
Production, 17 October 2017, Tianjin
China.

20

NICOGRAPH2017, pp.056-059,
2017 11 11 )
21.

, 30
2017 12 14

22. , Human fricatives, ISMHT2017,
2 September 2017, Himeji, Japan.

@
NOZAKI, Kazunori
40379110
@
KOGO, Mikihiko
20205371
)

Annemie van Hirtum
Grenoble Universities, Gipsa-lab, France

SUGIYAMA, Chihiro



