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Acoustic Characteristics of Vocal Tract with Nasal Cavity
during Phonation of Japanese /a/ : Effect of Wall Impedance

Hiroki MATSUZAKI* and Kunitoshi MOTOKI*

Abstract

In this paper, the transfer functions and the active sound intensities of a vocal tract model with
and without a nasal cavity were computed by a three-dimensional FEM. The models were based
on vowel MRI data of the vocal tract with the nasal cavity during phonation of the Japanese /a/.
An oral cavity was also coupled with the nasal cavity in a three-dimensional volume of radia-
tion. The effects of wall impedance were also examined. The coupling of the nasal cavity to the
oral cavity indicated the following aspects. The additional peaks appeared below 3 kHz for the
lossless condition. However, they disappeared in the simulation for the soft wall condition. The
sound energy circulation did not occur in the simulation for the soft wall condition. As for the
effects of the wall boundary condition on the spectral envelope, the upward shift of lower for-
mant frequencies were confirmed based on the three-dimensional simulations. However the dis-
agreements of the formant frequencies between the simulation and real speech should be further

investigated by adjusting the wall boundary condition to a more realistic one.
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EOWLFEBROOE L B0 5 D 3 RTOKE % - 72354 O FEHFEIIHEETE 2.
WY e BREMEEIFMEFEZHAVTY I 2b—va v ETH) 28R, SHFOTERER
e 2 LT, BICEABBERISINTVAZ LR TFEENAERICBVWITEETH 5.
KEFFETIE, HARBRE/o/FEHERICEEIN, BEAE) FEOREMRIT— % 2 v
T, BERFERRDBERGEIIBIIERBEOZEB IOV THNIERZHRET 5. 3RTLFER
RET N OFBEITIIIFEME FIV 5. MRIT— 7 KCETWTREFEBLIUVAEEL O
HEOFRERIRET VIR SNG., BRENEBIVEBBRELTFVOZNENOTERFEL L
BIHILT, BESEFEBIFEICEDL ) EBEEX200%ERETH. FEEA K5
YADFEEBIIOWTORE b IThbN S,

2 FEERETIL

FEIRE FUAEBIC I, ATRENESIA A — V¥ 7t o ¥ SRt 2 BHEE 0 A REE T
MRIZ— % &I L7, ZROOMRIF— 5 03 b, HFIMHEAHES R, FHhRREEETR
SENERBELTENPKEELTVAEZLPHRTELBE/2/OTF— 5y e FERERET
MEBIER L7, F—% 41y b0 LOEFERFEOMREGZEH 1 ICRT. ZOF—¥
DUBE DRIRIESFRESH 5720, BERRICETREE FRAOKE LEH & LR
RBESbHD. CHUROBTREND LI 2l—Ya VEERICEZ OFHOEEFEE R
TOATREMES DS, Lo Lads, SEEEORMZEHORT, HILL BRI
HicBI B HEDHBIIOVTE, FHENSELHCTHET 2 L TRTH 5.

FEGRETFNVELT, 2EBEDOETFVEER L. —2HDET VI3 RTOBBELME)

B 1 @ B/ 55 0 IF e U O MR,



ARG/ BRI B 5 SR ) FEOE B - B Y-V AOBE - T

Nasal cavity

Right half of round surface
of Volumfc/qf @diation

AN

7 / Glottis

M2 ZERREFVOF—T xR - Avva, B AEELEFV, A REFSETL.

EFNTHL. COETNVOBELEOREL, OFEMERILEEL T3 RTOBHFZEBHANT 2
BICHEELTWwA, Z2oHDEFVIIRADETFTVILRBELZRY) £o/2ET NV THAE. O
B B2 SUCEEE 2B I TT, PR 4mDFBOMEZZHY 2 &) 7. METEmokR®E
DBEREMITIE, BEFEOLEEA VY-V U ARREL. BETEHOBREGEIY I
—Va VBV TEERNNT A=Y Thh. BMHEHORKE LICEROFTEA VY E—F X%
ERTEHEN)EERFEDHHH, HEHRKE R ERELEE L, ZRIECEHRE
EHOBRED 26T, FHrid, OBKL 7D 5 2 HW-FEEHINC X 2 EBT, DEREE
DEEIHECTEBCE LI LAHR LY. COBHFETVERVIE, ZROFTES VY
— TV AERAVBGAELHBLT, MEEROREEZ/NILTEILEDVTRETHALDT, K
FROLEEA V=V AR RFEMOBERGFGE L THWEZLIZT S, ERKRETVO
YP—TxX - Xy vaZR2I0RY. OB BEOEERZ XKW LICBIT 2 HO% & HEO
FREEATKTE R CRARAIEL Lz, BEELEFVCIRIOER L) EOWF LI Eo
2. BILZZFOEMABOEREER Y a2 BEICES W — 7 2 ATENW.
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HRERT YUy VOEFERBICBIT 5 EEHFREAUIC3RITTOFEMEZ#EH L7z, 2 DFEM %
FHLTEEEFSVADOBTREMOBET 2V Iab—vary i BEEHE LTORMEER
BCHREN L7z, FEBOEREMGOEELTANL/20, 2HEOEREMHLFEER L VHEE
CIREL7:, BMIOY I ab—2 2 Y CREBERAEGFE LTHEZ, ROV Iab—3 3 YT
BBERRE L7z, BREEDOBERGMHE LT, MIULHARELLEA Y E—-F U ZAETVIDEL
DNTA=FINR2emDEEDHERE5 272, Y32 —2aVilLoTRONIEERT V¥
TIUPLEEBLI R FREZFE L. Y2 b—3va vid, BREIFEKEEIHI00HzA 5 10kHz
FCIOHzB X212, SHIEERBOY — 27 LADEETIZ 1HzB X 12T o 7.
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EES L U TEES O FEEEBIL T s 74 TA VT YT A RO, EEEK
H(0) %kt T s NostEsto k eE L7,
VWmd (1>
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Hw)=K

2T, R EEBORERE, W dHHEMORERECOBEEA > 7 ¥ ¥ 7 1 ORAD
LEMEE NI T —TH B, $72, KiZH (0) 2 BERTRB T 2720DFKTH 5.
4.1 HIEOSZE
4.1.1 FHEEGERE

R & O ERERE L 3 1ORY. RN &7V OFBEEFEICEE 1 AV Y
M (F1) LE2FRLV<Y b (F2) OBD639HZICE — 7 HSE L TW5E,. BHT61HZIZAE LT
Va. INLREFLBEORBO—OTHIEEN THS LEDNL. FHRICHES SLT
v (F3) EBED2455Hz, 84 RNV~ b (F4) EED912HZIC RIEE L £ 7V OREM
IR ONBWE— 7B L THFEL TV A, BIEMEET VL BIERL €TV OLRER
PEid 3kHz & TkHzOR T, 1ZIE—FH L Twb. 20T kid, ZOREEERICBNT,
BIEZBESEFEDOATANRY MVEKIPREST, REOREFIILALENZ EERRL
Twh, REFVTE, TREL LERIHEELTSY, BROMOBSOLLLH) B
O, ZOFERE-AT LI LR TERVY, BERFRICEST 2583 1 kHZDL T O
FIBHIS CRERRIC Y — 2 R85 E L S E L THWN D 5.

112, FEGEFEOFL 2 5F4 AREB LY, BEELEFVORLVY Y FEERE
HE L LB EOBEMEEFVOFN Y Y NERROBEETY. BEFOELEST 5
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'Model with nasal cavity' ——
40 . . Model without nasal cavity -----
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Amplitude [dB]

o 1 2 83 4 5 6 7 8 9 10
Frequency [kHz]

3 I MEEDSEDFEEMLRERE. BEMAEZETVIIERT, BEELETVIIARTRENS.

xR FEEESEOFL A OF4 B (Hz] B L08R [%].
FI | F2 | F3 | F4
BReft &€V | 488 | 1163 | 2386 | 2773
BREm LTV | 482 | 1132 | 2369 | 2675
Pz 1.2 2.7| 0.7] 3.7

TETHRVY Y MEEBIZE L 250, BT AEE13KE v,

JEA 5 IEMRIBRE DR —HWERE 2 SINGR L 72 B R DFH AR b T L GHKDOF 1 »OF4 K
HAERDTBY, ZNoHiEZhZEh, 563, 1047, 2578, 3016HzE RENTWAY, ZhbHD
RV MERBEREEL T E, ZORLFREIFL »OF4HAERE T, #hEh, —
13.3, 11.1, —7.4, —8.1%Th5b. BEMNEETVEFFET DRV~ NEEKOEIC
BREREDFFETS., CRODEDFERNO—2E LT, TITHOFEMICE AT I al —
3V CIIFEREZMEBELRE L -C LB iFons.

4.2 P9F14TA>F>0T 41

ERRRECBITET T4 TAYT VT ADOXRY MUSA %K 4128 Y . Bk $5488Hz
BLU163HZIZ BT EETNVOF L BILUF2 BHEETH 5. 639HzB L U°2455Hz13 S et
EETNVOFEBEEBFHOARCREON LY -2 OFEHTHS. K4 () ITAEONB LI,
BEELETVOT 274 TA VT YT TF 4 DOXY MVAHIZEERICE SFIZIZR Lo &
oTHY, REZEIRONZWV., —F, K4 ®) CRONE L) ICRBFEETLVOEE
i, HEBICE > TRELL ELAS Lo TwA, FITEHEDLANF—FHAIEEL SR
EEBEIZZN TN L THRATWA2Y, F2 TREELSOFTO RV F — A TR
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2455Hz

(b) BEMFEETV
R4 HECHADEFEREIIBIIET 774 T4 YTV VT4 DRT MV,
AL IT 2 o TWAH,. 639HzE & UN2455H2 T, %@lﬁ\)b#‘ﬁﬁﬁi‘%}bﬁ%Bﬂz%ﬂ‘b, [y
NRNAATWE, INEOFW R I ANVTF—ROFMAIFEETVNEEEBRE L2HIC
DH72HENLHDTHHLERDbNS. FEBEOLEIZOVWTIE, RETHRISINS.
4.2 BREEOBE
4.2.1 FECEFHE

REDOHAEOFELERELRIS IIRT. BEFNRN LI LT, Y — 27 2B ITHRK
L, "= bOFEIROSHEML TWaE®, F7:, M3 KRSz, 639Hz, 2455Hz8 & U
WIZHZzOE =27 W TRBHREON BV, ThH5DY -2, ZOHEIEIEMNT A2 & T,
HEORNVT Y PEFEELIZbDERDLNS.

E212. FELERFREOF1I2OF4BEBRB LY, BEELTTVORVY Y MEEKE
HEL LB EDRIEMEET VDRV Y MEAEBOEAELRT. MEBEDOREDO VT
FEBRBEEBLT, F1, F2BLUF3EAEKIEILALTWwAE, EFET—F DRV T Y M
BERARERBELTLE, BENEEFTIVOFL 2 SF4 BEEOEIRRIFNEN, -
1.6, 12.0, —6.2BXU-8.6%TH%. BEMEETFTNEFRT— Y DEOFNV< > FEK
MoEZ, B4 1. ITREINHEBEOHALHBL T, FI1TROKRECEHAS L, F3TEMNC
WA LD LT, F2LF4 TIIEMICHEMLZ., EEFEORVC—HMFTRLNLZVD
i, BA Y- A FEEBLUTRESRII—FRICHH ST Ly, EERETHICRE
TETVRWVWEGIH-o TV THhbLEbLNL,



AAREREE/o/RERICBIT A RIEZH) FEOTEFNE—FHEES Y- Y A0 E— 79

>0 ' 'Model with nasal c'avi’ty| '

40 I - Model without nasal cavity ----- e B
B0 i
T T T T e
o s e e e

Amplitude [dB]

o 1 2 383 4 5 6 7 8 9 10
Frequency [kHZ]

X5 MEEDG G OFELERE. BEAFESETNVEERT, BERELETFTVEABETRINS.

R2 I FEESEHREORL 2 OF4 B [Hz] B X OERER [%].
Fl | 2 | F3 | F4
BIEMXETIV | 554 | 1173 | 2417 | 2758
BRem LTV | 535 | 1140 | 2418 | 2625
b 3.6 2.9 —0.0| 5.1

4.2.2 POF14TAF51

EHRERREICBIFLT 2574 TA VTV T4 DRy PVSH 2R 6 1R, BR554Hz
BLUUBHZIZF 1 BEXUOF2 BAHEETH 5. 639HzE L U2455HZIZRIEE 2 (RE L 72 A D &
B EETFINVOREBEEREOAMCRONE— 7 DFEBEKTH L. M4 (b) LHHLT, &
25 DOHFIIF1I TIEEARELLBA LA, F2I2BWT, MEBEOHAICRLN-BENS OE
NEFDIANF —EHBRAIAGHET IR SNk v, RIS, 639HzE X U2455HZIC BT, 3
RICOBETZER 2 6 OEANFO LA NV F =AM ALFEFIRIR LN W, ThDDFERIT 3
REBGIRIZEDS G2 32— 3 POBREHFEIRES VI 2 b - 3 VRERICHEE RIT

2455Hz
X6 I BEDOGESDOIEREREICBITAT 2T 4 TA YTV T4DXT NIV,
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ELBIEDHEEA L TWD HARERE/a/BFEHEOMRIT — % % F Vv CIER L7 BIEDSHE &
Lt;%ﬁ%Ska BEETIVHNOBEBITEFEMTIT o7z, TOETIVOOMREL BIE
Z, BHEZEHZACEZETHHAMTOREETHL)ICL. KBOD, COETVILE
BRI Fo 2 BIEELE SV SRR L, ABICERERBT 2Tk o7, FEeEs -5
v ADKET b Tz,

MEMTRER LY, EREAZIRE LSS, SkHZUTORERESR CRENIEAT LI LTE
= JREPELAZEIREINT. LELEVDL, INHDY— 7 RLFEITEBESKPWHEICIE
Ronrol, EOLANVF—RORBEGAR S BEFKPVWIGEICIZE L o7z, AT
VERICBIDBEREMOFEL LT, FEEA V-5V APKBIRVEREEO SV~
Y MEERE LS, VY MEBIEEEINE TS L W) BN, 3Ky Ialb—T 3
VOBEIBWTOHRETE ., L2ALEWs, AYyIalb—va v EEZFFORVITY M
BRI EDVRAIBRE o7, FRTRLIZERE-ADFEZOAZWRIZLI2EDTH-
72DT, L) RERERSLDICIE, BRAEHROFEZ I L TEREITILEND
5. Fio, FEEOERLMGY L) EREILARETEZ 2 EDSHBOEETH 5.

i

AHFFEIE TATREEEFEFEMRIT — % | 268 L Titbh/z, AEFRO—&IZ, FR16FEE

BFEEMT YRS, BLORBEFRRENAT S -V —F -y — - TRV |
HE - R - FE - SEERLEOSEL L MAEHAIRIEBAT OIS OFRIZL VT
NzbDTH5s.
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