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0 2.2: An MR image(mid-saggital image).



2.1.1 OO0

godooouoooobbbobbobodoouooun 20000 20004000000
gogobbbobobobobbbbbbbotboddddguoouuuooooooooooon
gooobbob 2b0000000000ooobobbbbb 2100000000040
Patient-A D0 O00O00O0O0OPatient-BOODO0O0O00O0OOO0OODOPatient-A OO0 0OO
OO0O000O00DO PAPOOOOODOCOOO

O 2.1: Subjects

Subject Age | Sex | Case

Normal-A || 26 male | Normal
Normal-B || 24 male | Normal
Patient-A | 37 | male | Tongue and mouth floor resection

Patient-B || 72 male | Mouth floor resection

O 2.3: Surgical procedure of Patient-A.

2.1.2 O0OOO

MROOOOOOOOOOO0O000000000 Version31BOOOO000000 MRI
000 100 21[sec] 0000 250[mm] x 250[mm] x 80[mm] 000000000000
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00 2.4: Surgical procedure of Patient-B.

gboboboogobob 220000

O0000000000000000CP-NECK-Array 000 (000000 O)00OO
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0000 MROOOOOOODOOOOO 9000000000 MRIODOOO (ODOO
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2.1.3 0O0OO
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0 2.2: MR image acquisition

MR device SIEMENS MAGNETOM VISION Version 31B
Sequence Fisp3D
TR 5msec, TE 2msec
FA 15°
FOV 250mm
Image size 250mm x 250mm x 80mm
(32split)
Image matrix 256 x 256 x 128 pixels
(1 pixel = 1.95mm x 1.95mm x 0.98mm)
Required for one slice image | 21sec
Number of excitations (NEX) | 1 time
Image treatment SIEMENS MPR(Multipranar Reconstruction)

MROOODO 21[s)]00000O0O0OOOO /i/OOODODODODODODODOO0O0O00O00000
gbbbuooggbbbuoooobbbooobobobbuooobbobboooboobobo

22 0O0O0O0OO

00000 (FEM)00O00O0000000000000000000000 (element)
000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000 (200)000 (300)0000000
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oooboooboooboob gbooboobobobobboboboobboonog

Vi = —k*¢ (2.1)



O000k(=w/e, w: 0000 ¢:00)000000000000O00O0O0ODO ¢0O0OO
gbobobudpbbbibdd 0000

p o= jwpo (2.2)
u = —=Vo (2.3)
0000000 pO0000DOO0O0O0OODODOO0O FEMOOOODODODOOOOODOOO

gobobobbobbobbobobobobbbuotbouoduuuooooooooooooon
gbooboogobbogo

/V (W) (Vp+ kp)do =0, i=1-n (2.4)
000 n0000000000000000000000000000000000
p= Z N;o; (2.5)
000000000000000000000000000
w = ZNipi (2.6)
;
00O00000000000000000000
zn: /V p(V2p + k*p)dV =0 (2.7)

e; =1
027 00:0100n000000000O000O00O0O
O0ooooo pOoOoOoO V;O1Ooooooooooooo2000000000
oottt odouououoooouoooo

n

> (/%.(VprJrkpr)d” - 24_: /S_pr-nds> =0 (2.8)

e;=1
0000 (28)00 nO0O0OD0OO0O0O0DOCOOOO0OOODOOOODOOODOODODODOODOO
oo

n n

> (18] = KT+ K2 1GY) ] = 2(=kpen) [F] 29)

000 [8),[7),[G]0 4x40000[p),[F]0 40000000000 0000000
0000000000000000000000000000000000000000
000000000 [S,[T],[¢)0 nxn000000 [p,[F]0n00000

. C .
<[Sau] — K*[To] +]]€Zp—[Gau]> [Pau] = —jkpeu]Fyy] (2.10)
R
g noobooba
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Ulz,y,z,t) = ue’! (2.13)

goooogao

du
= —p— 2.14
Vp=—py (2.14)
HEN
Vp 1 Op Op Op

- P op op op 2.15
“ jkpc Jkpe <8x’ oy’ 0z (215)

gbobbuooogbbbuoooobbboo

23 10000000

00000000000000100000000000000000000000
00000000000000000000000000000000 SondhiOOOO
[13][14][15] 0000000000000 O0O0O0O0000000C0

Pout Az Bz Pz A B ]Dz
=11 X = X (2.16)
Uout i Oz Dz Uz C D Uz
Ooo0o0oo (216)00000000O0ODO P,00000VU,0000000000C0OO

p,00000 U, 0000
000000000000 A,B,C,DODC0OONDONDNODONOONOODODO

A; = cosh(ocAl/c)

_ __re -
B; = p—r v sinh(oAl/c)
oo— area(i) sinh(ocAl/c)
' pc v

D; = cosh(cAl/c)
(2.17)

0000 000000000 area(i)[em? 0000000 Allem] 0000~0 600
000000000

B o+ Jjw
yo= CE (2.18)
o = 7(f+jw) (2.19)
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a = /jwer (2.20)
;2
JwWwy
- . + 2.91
b (jw+a)jw+b “ (221)

0000000000000000000000000000000 23000013

O 2.3: Variables used in 1-D model

Variable Meaning Value Unit

c wave velocity 3.5 x 10* cm/s

p density of air 1.14 x 1073 g/cm?

Al length of elementary section 0.5 cm

a ratio of wall resistance to mass 1307 rad/s
squared angular frequency of mechanical resonance (30m)%  (rad/s)?

C correction for thermal conductivity and viscosity 4 rad/s

w? lowest squ. ang freq. of acoustic resonance (406m)%  (rad/s)?

000000 H(w)O

1

H(w) = A—CZ,

(2.22)

00000000007, 00000000000000O0000O0O0O0O0000 rlem]
gbobboogobboogon

(), julsr)

7 =
L 2c2 3me

(2.23)
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O 3.1: Acoustic analysis.

Sampling frequencye | 20[kH z]
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0 3.2: Formant frequencies (Normal).
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0 3.3: Formant frequencies (Patients).

Formant frequencies (Average + S.D. [Hz])
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Fy 340 + 20 310 + 12 290 £+ 25
E, 1450 + 65 2100 £+ 35 | 1860 4+ 134
E3 2300 + 65 3420 +55 | 3070 4+ 69
F, 3920 + 621 — | 3380+£40

00000000000000 /i/0oooooooooooooooooooooog
gbougbugbudgbodgbogbogbbobbooobuoobbobbobbbon
gboogobodbbgobodgbboobobuooboooobooobooboban
00000000000 PAPOOOOOOOOOL00H 00000000 OOOO
O00000O0O0000oooOo00oOoo0oDoDboOoOgoDO Normal-A, Normal-B
O000000000000000000000004000Hz O OODOOOOODOOOO

gbobobuooogbbbuooooboboooon

17



Power[dB]

00—

a5 4

gp—|#
a5
ao—|
75— i
704
5"
ot

55—

300 1000 1500 2000 2500 3000 3500 4000
Frequency[Hz]

0 3.1: Power Spectrum (Normal-A).
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0 3.2: Power Spectrum (Normal-B).
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0 3.3: Power Spectrum (Patient-A (PAP (—))) (1).
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O 3.5: Power Spectrum (Patient-A (PAP (+4))) (1).
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0 4.1: Peak frequencies of estimated vocal tract function and formant frequencies.

Molel[H z| | Formant[H z] | Error[%]
Fy 220 260 19.2
F, 2050 2320 11.6
F; 3050 2880 8.9
— 3320 — —
Fy 3670 3780 3.2
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0 4.1: A Normal-A vocal tract model uttering Japanese vowel /i/. This model is con-

structed by a vocal tract data (1.0[mm] sampling).
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O 4.2: A transfer function of a Normal-A vocal tract model by an 1.0[mm] sampling

vocal tract data.
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O 4.2: Peak frequencies of estimated vocal tract function and formant frequencies.

Molel[H 2] | Formant[H z] | Error[%)]
F 280 260 7.6
F, 2070 2320 10.8
— 2920 — -
F; 3100 2880 7.6
— 3620 - —
Fy 3710 3780 1.8
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SIDE VIEW TOP MIEW

0 4.3: A Normal-A vocal tract model uttering Japanese vowel /i/ (0.5[mm] sampling).

This model is constructed from a vocal tract data (0.5[mm] sampling).
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0 4.4: A transfer function of a Normal-A vocal tract model by an 0.5[mm] sampling

vocal tract data.
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O 4.3: Peak frequencies of estimated vocal tract functions.

Original model[H z] | Model with radiation|[H z] | Difference [H z]
F 280 280 0
E, 2070 2080 10
— 2920 2770 150
E; 3100 2940 160
- 3620 3310 310
F, 3710 3500 210
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O 4.4: Peak frequencies of estimated vocal tract function and formant frequencies.

Molel[H 2] | Formant[H z] | Error[%)]
F 280 260 7.6
F, 2080 2320 10.3
— 2770 — —
F; 2940 2880 2.1
— 3310 - -
Fy 3500 3780 7.4

O 4.5: A Normal-A vocal tract model with hemispherical surface of radiation.
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0 4.6: A transfer function of a Normal-A vocal tract model with hemispherical surface

of radiation.
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O 4.5: Peak frequencies of estimated vocal tract function and formant frequencies.

Molel[H z| | Formant[H z] | Error[%]
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TP VIEW

0 4.7: A Normal-B vocal tract model uttering Japanese vowel /i/. This model is con-

structed by a vocal tract data (1.0[mm] sampling).
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O 4.8: A transfer function of a Normal-B vocal tract model by an 1.0[mm] sampling

vocal tract data.
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O 4.9: Glottis.
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0 4.10: A Normal-A vocal tract model uttering Japanese vowel /i/. This model is cut

at ventricular fold.
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O 4.11: A transfer function of a Normal-A vocal tract excited at the ventricular fold.
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0 4.6: Peak frequencies of estimated vocal tract function and formant frequencies.

Molel[H z| | Formant[H z] | Error[%]
Fy 290 260 11.5
F, 2350 2320 1.3
F; 2700 2880 6.3
— 3350 — -
Fy 3840 3780 1.6
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SIDE VIEW TOF YIEW

0 4.12: A Normal-A vocal tract model remoced pyriform fossas.
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0 4.13: A transfer function of a Normal-A vocal tract removed pyriform fossas.
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0 4.14: Transfer functions of Normal-A vocal tract estimted by FEM and 1-D model.
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O 5.1: Peak frequencies of Patient-A (PAP(—)) vocal tract function without hemispher-

ical surface of radiation and formant frequencies.

Molel[H z| | Formant[H z] | Error[%]
Fy 340 340 0
F, 1940 1450 33.7
F; 2280 2300 0.9
Fy 3450 3920 12.0

O 5.2: Peak frequencies of Patient-A (PAP(—)) vocal tract function with hemispherical

surface of radiation and formant frequencies.

Molel[H z| | Formant[H z] | Error[%]
F 330 340 3.0
Fy 1700 1450 12.8
F; 2170 2300 5.6
Fy 3410 — —
Fy 3540 3920 9.7
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(PAP(-)) 00000000000000000

053000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
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0 5.1: A 3-D vocal tract model of Patient-A(PAP(—)).
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IS.LLlh_'vlLﬂ'.'[ TOP VIEW

O 5.2: A 3-D vocal tract model of Patient-A(PAP(—)) with with hemispherical surface

of radiation.
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O 5.3: A transfer function of the Patient-A(PAP(—)) vocal tract model with hemispher-

ical surface of radiation and without hemispherical surface of radiation.
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O 5.3: Peak frequencies of Patient-A(PAP(+)) vocal tract function without hemispherical

surface of radiation and formant frequencies.

Molel[H z| | Formant[H z] | Error[%]
F 320 310 3.2
Fy 1870 2100 11.0
F3 3040 — —
Fy 3500 3420 2.3
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O 5.4: Peak frequencies of Patient-A(PAP(+)) vocal tract function with hemispherical

surface of radiation and formant frequencies.

Molel[H z| | Formant[H z] | Error[%]
F 320 310 2.9
F, 1860 2100 11.4
F; 2730 - —
Fy 3210 3420 6.1
Fy 3730 — -
SIDE VIEW TQE viEH

O 5.4: A 3-D vocal tract model of Patient-A(PAP(+)).

o4



O 5.5: A 3-D vocal tract model of Patient-A(PAP(+)) with with hemispherical surface

of radiation.
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O 5.6: A transfer function of Patient-A(PAP(+)) vocal tract model with hemispherical

surface of radiation and without hemispherical surface of radiation.
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[0 5.5: Peak frequencies of Patient-B vocal tract function with hemispherical surface of

radiation and formant frequencies.

Molel[H 2] | Formant[H z] | Error[%)]
F 280 290 3.4
£ 1880 1860 1.1
F; 2340 - —
Fy 2930 3070 4.8
Fy 3420 3380 1.2
— 3730 — -
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BACK VIEW

O 5.7: A 3-D vocal tract model of Patient-B.
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0 5.8: A transfer function of a Patient-B vocal tract model with hemispherical surface

of radiation and without hemispherical surface of radiation.
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0 5.9: Transfer functions of a Patient-A(PAP(—)) vocal tract model simulated by FEM
and 1-D model.
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0 5.10: A modefied 3-D vocal tract model of Patient-A (PAP(—))
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O 5.11: A transfer function of a modefied vocal tract model of Patient-A (PAP(—)).
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