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In this research project, we revealed production mechanisms of ab- and supra normal
phonations using physiological observations, such as high-speed digital recordings of
vocal fold vibrations, and physical simulations. We proposed and implemented a
laryngo-topography which is a method for modal analysis of vocal fold vibrations, and
3-dimensional measurements of vocal fold vibrations using stereographic high-speed
digital imaging. We also proposed and implemented a new method for synthesis of
subharmonic voices based on physiological observations.

AEA IR E R
(BEHHAL - )
[ERESEN LiEESE & &t
2008 FJE 2,000, 000 600, 000 2,600, 000
2009 £ 1,100, 000 330, 000 1, 430, 000
2010 500, 000 150, 000 650, 000
FIE
I
it 3, 600, 000 1, 080, 000 4,680, 000

WA  FRERF
FLBFE 5y F - A« B -
F—U— [ I, IS,

1. WFFEBAE S WO 5

bt MI, SFEFCHRFOLLLT, B
(FHIE) roZcRESND LI,
RIS FSEFTOE, BESREEHNTH
ELTEVHTZENTE D, TDEHI %
FR7e 7 &2 38 4 DRES OESITIE, LAY
FHNIIMETED FRENEETH-T-E D
NTEY ., Hx R38N aRER e e & Y

FNR I ERALER « JREn RT 4 7 A
WIREY, B, RS, BHER.

HAERR, EEED AT

REL LTS Ltk, AIREZREBEN ISR L T,
HR. EENCBIT D S E I AHK by |
BIAEOE hOBFFaIa=r—ailk
T HRFEFHORENRILIZEEZ DN
%o Lo T, MEBHOBMED AIHEME, FRI
DOfFRIE, FFaIa=r—a rOEE
(B SR, 75 OB 5B 51972
7 Fu—FL L THETE D,



Flo, R, ERIEEFRE, SEIERE
PRI B AEBEN), H 7 LRI T

NDHE TR TEEN, BIETREOIFER.

HIROF #HE T Hrthle 84 NE07e
IHEY%E A (supranormal voice) X°. JFHIEF
FR YO 727 (abnormal voice) &V o
TR ORFE DO A =X LZET B0
Tix, IR EINTWB EIFEA -T2
H, LTEDB->T, TNOFRRRBFEDOA =
X LB % 2 L2k, AR HEC
LVBlERIINDHEA 2B FEXNDIED
B e ZE AR O REDRB 2 b 2
ENHIFTE D,

2. WHEDOHBY

AWFgEIL, FE, BER COEREREFREY
592 FEHRE CTHOHMEHENED L I 7
(23 ) 21T 2500, TXTOAREE%
A+ 5 Z 2B ET 5, KRR, EHAYR
ff 2RI THEONESEEFOE
D AT =X NE AT 5729, MEERICES
T HEBNOFTREME SR BN L, &F
SERFHOERITB N T EEK R EH %
1O MEEHOIEENHE A Y T, SRS HAE
FRAZ B 59 2 A B I vEEER ER & O A
BEOBLEN L EREITR D,

F =, AR TIE, REEROHFEC, B
ROF A ET D7 84 A= s
R (supranormal voice) . JHHIF AR L
DB E 727 (abnormal voice) . 72 PR
W BRI ORIRE L, TNHDOHRFE
FH T DMEIEOEE) A H = X A ZfRH L, M
SHOEE O OEBNIEVER S NS F D
FREPEERRAZH OGN T A L2 BT
Fo. RUFRITFF R 25 M R A Y T
T DD, MEIH D EEYCH AL O A REME
OGN L, AR B D9 T AR A
HZEICE- T, BEOFFICBIT D HERAE
KD A T = X L& i BB R
HTEHLHBEELTND,

3. WOk

AWFIEIX, FrERFEFICR L, (1) 4B
FHBER, EEOIICEDREFA D= LD
fiEtr. (2) e Lk 258K ETo
EFEERDOY I al—ay, ®2o0KE
AL THED TITL<, AR, B2NEl
BEERA L LIZ I ab— g VATV, B
W & FBROFEEMEEMB LB S, T LD
TUMVEEMERR L, £, EHEHZRNLRBROHE
RIZHERI L. BT SRR ER AT D &
I, 2 OO0 & AR E T LT T
<o

HEEE DI, ZNE T RRREFDI B,
WY FESOMEK 72 Bl oW T, AP B
V3ial—vay, G EEITOTETE
D, IHOOMERREL IO EE L THE

FEREL LI, UTOZ EEZHLNTT B,
c BRAABRFICBITAABFENA =X A,
IRLNER B
AR ISR A - AR A I B
I 5 | F LA . AEELE A T =
N
FEFE IR O 72 BLG T I 1T 5 75 i Rl
K=
BRI FIZB W T UIE LITEE & E|
B 9 MEEAO P _ B S O AR R
HIZH) A B = X A
B, VIal—ra ZHWSEETL (2B
2EET N E) OER L, ARG
FIEIL, ZHETOMETT TIT—1E Y T
LCRBY, Eid A FEOBE,
BT — 2 OER., Hl-RETVOREL,
EFALEANVEY I 2L —2a v EHEDT
17<,

4. WFFERRE:

e EIILL T CTH 5,

(1) ZAHOMEAENE 2 Bl 22 L7 mi T
DHNARG SN TIEE LT, WEE RS T T
BERgE, FIEL-, WEEE MRS T 7%, WEEA
WO FHEOIRE 2, @mlET % iRk
DOWEELAZ JE T2 Z Lok b, M
SHICB T 2RE T — RENT 217 5 FIETH
Do MgBH h AR T 7 EHAWAZ LIZXY, &H
B I NT-MEEEN O IEE) O F — REEHT 25 vl 68
LY HRICERTRT D ERFREE 2o
72 (K1), Y80 bR 277 71%, RAIFHIC S
WHT 5 Z EAARET, BRRIIIC b s AR
ITREW, 2, MRBE MR 7 72 AV,
MEFICB L, FRIEENER 2 & 2, A
T ZER L 72 D BN T, FEmRENC
GEENDIREBOT— RIEHTICE Y —EHAD
SR L 7 DIRENC BT D B RS DIFEAE
5T LT,

B 1: WzEE R AR 75 7 oFRM (R E)

(2) RWESIC & VIRBI DS S % 387
DRETH D7 7 A FXOHE AR EHKAUS

[T

{a) analyzed area  (b) amplitude {c} frequency {d) phase
SPECTRUM

10 128Hz

0

10

50

0

10 LA A A

o 500 He
{e) amplitude spactrum at the pixel P

DONWT, EEET 4 DX IVETEE X O T



FUIZEV I ab—va kv, B,
FERWRY, —EEW O 3 FEICRERE )
FHTE, TNHN, DTN RRTA—=HD
ZEICLVMHEBTDHZ AN L,
(3) WMRFEFIZOWT, HEEP ORI
DERET VX MRE 2TV, FHIRENCE
U BREIEIREN S BN FIBEE L CWnWb Z &
ZEIIL, £/, 2EBEETALEZ N, i
ST OWTHRB ATV, F IR O 7 P S
DRV AIE, @E O (FFR) BAE LD b5
FELIZAWZ EEB BT LTz, WRFEFIC
DOWTIE, FEHREMERIC O Wi E T
(2. BEx BT CE N, KR Bl
DBRERC, BTNV EHOTZRIESRMFEOT I 2
L—2a I nNETHTbN T o7,
W FE L, BRI DR FREER I, Wl
FRELZHETLEFIMOFHEE LTHY
BN ENRDDLN, VIalb—Ta ik
HRERIT. D OEIKREROENMEICET
HREHRILO — D% RIB LT & W2 5,
(4) V7T BT T D i b HATE R
DEWFRXTHDHA v AVFERIZONT,
HEROFHAREIO BHET X NRE &
8000 fpsTATV, AT ar DALFHA A LT
FEIL WA Z EABRA L, F7/o, MEEA b
RNT T 7 W, FRICEBIT AIREENL
FLUD L EXSIZUBEICIBREENA Z LG
M LT,
IHNETHRA v ALFERIZOWNTIEEDH
AKEEEOEm S0, AhemiEET o2 L
WG DN TH > 7228, AW CEEEMICH
WO THEITRRTh LT,
(5) BEET DX IVEBIZESL, 7
—E= vy I RBEFEOFWRET VEFEFET L
ELTHBILE., Z2ABMRIRGEIRE T /LR
T A=K, EHET VX OVEG D S S
N5 EMEEEEESRB L CREL, £AF
HOIEFRPIRENC, EAFHORM Lt~
N =y T R REN R BTN T, BEARK
EiTo7. ZHBIIRERMHINTWDHLFET
R0, RET NV EOFIRE T )L TILEHAA]
BETHLY T —F= v 7 RREHENAR TR
ThoDEWV) HTHHRMEEZEFD. F72, FEE
FEBROFER, “EHEOAGRICADTHLZ &
PRI NI,
(6) AT VAEBEET VX NARBITHOWT,
FmEfE, AME, AR ORERYT — & O
INTT N TY A LERBLUERE LT, FHo
AT VA EEE T D2 VI OSHTIL. mig
MEBORAT LA~y F U TOMEELTYH
DO TH DN, ABFZETIE, 22
i, IEE O W 7 OFEIEIZ B CHIERE 2212 B
T EATV, YR HEFTIEEBRL
770

AL T OHEEM X, 7P im AR &
BIZINFEFTHLN TWAREREXFFT S
HLOTHY , HEEMEIXIZIEEBROM %2 KT
ETCVWBHEEZILND,

5. ERRERE
(WFFe . WRE o4 M OSSR SR 1
=Y

(MERERm S0 (BE 8 )

[1] Ken-Ichi Sakakibara, Hiroshi Imagawa.
Hisayuki Yokonishi. Takao Goto, Miwako
Kimura. Takaharu Nito. Niro Tayama.,
Laryngeal adjustments and vibratory
patterns of vocal fry . Proc. of
International Conference on Voice
Physiology and Biomechanics, &t .
2008, 95-96

[2] Miwako Kimura . Hiroshi Imagawa .
Ken—Ichi Sakakibara. Niro Tayama .
Roger W. Chan, High speed recording of
quasi—periodic perturbation in vocal
fold vibration, International Conf.
on Voice Physiology and Biomechanics,
AFA. 2008, 106-108

(3] fif fdt—. &)1 1 BRPE KB %k £
FRE. R PER, AR ERIF, HIL Z
B MR IZ 38 T D MaEBR F AR K
IEICE technical report Speech. %3t
M 109(99) . 7-10 . 2009
http://ci.nii.ac. jp/naid/1100073404
32

(4] A f fJR fdt—. ARA EFo+. H
I TBA, WEEE RS T 7T X D A HHREAR
KDH5HT. IEICE technical report Speech.
Pl M . 109(99) . 23-28 . 2009
http://ci.nii.ac. jp/naid/1100073404
29

[5] Miwako Kimura, TakaharuNito. Hiroshi
Imagawa., Ken—Ichi Sakakibara. Roger
W. Chan . Niro Tayama . Collagen
injection for correcting of vocal fold
asymmetry: high—speed imaging. Ann.
Otol. Rhinol. Laryngol. . % ¥t A .
119(6), 359-368, 2010

[6] Miwako Kimura., TakaharuNito. Hiroshi
Imagawa., Ken—Ichi Sakakibara. Roger
W. Chan . Niro Tayama . Arytenoid
adduction for correcting vocal fold
asymmetry: high-speed imaging. Ann.
Otol. Rhinol. Laryngol. . & &t A .
119(6), 439-446, 2010

(7] AN {8 il fdt—  BRPE K32 RAT £
oo, W ZE, AT I EE S
< MEEEE IR E T /LI X DRI A Ak
L H R 2Efi. IEICE technical report




(8]

Speech, A FEME, EA 110(71). 71-76.
2010

http://ci.nii.ac. jp/naid/1100078907
39

A T Gl - fEE D), K&K
Eo. HIL ZH, SRR E A R
E— KA A 712K 5 M im iR 4 o #
W, FEoFst, R, 14(2), 37-46,
2010

(% #E] Gt 3 340)

[1]

[2]

[3]

[4]

(5]

(6]

[7]

Miwako Kimura. Hiroshi Imagwa. Niro
Tayama . Takaharu Nito . Ken-Ichi
Sakakibara . Specific vocal fold
vibration patterns in arytenoids
adduction cases ——— analysis by
high—speed imaging and
laryngotopography . 2008 World
Congress for Bronchoesophagology .
200844 A1 H, ¥
Miwako Kimura . Hiroshi
Ken—Ichi Sakakibara. Niro Tayama .
Roger W. Chan, High-speed recording
quasi—periodic perturbations in vocal
fold vibration Japan—Korea Joint
Meeting of Otorhinolaryngology, Head
and Neck Surgery Bronchoesophagology.
20084E 4 H 3 H., &R

Ken—-Ichi Sakakibara. Hiroshi Imagawa.
Miwako Kimura. Isao T. Tokuda, Takaharu
Nito.Niro Tayama.Observation of vocal
registers, Acoustics 08, Paris, EAA
and ASA joint meeting . ¥fFiEE. 2008
%7 H 4 H, Paris

Hiroshi Imagawa. Ken—-Ichi Sakakibara,
High-speed digital imaging of vocal

Imagwa .

fold vibration and its clinical
applications, Speech Production
Workshop ——— instrumentation—based

approach, HAFFif{H, 2008 47 H 6 H.
Paris

fi g fE— . A1 L KRS EFn B
g oAsE. LN AL FIH fEET. H
(L —H, A v RALVERIZBIT S EFR
AR, HARBE SR 20 4F BT
FeFEFRS, 20084F9 A 12 H, &M
At R . RE Efi-. H
(I —BA. FHEE RS T TIick A
HOWE T — FOfENT, HARTERS
PRk 20 AEFEFKZAFIER RS, 2008 4F 9
H 12 B, &

fi . A1 L KRS EFnT B
v oAsE. LN AL FIH fEET. H
L ZBA. A v AVFERIZEIT DMEER
FEEDBIL.H 53 M H A F F S A
FFIEE S, 2008 45 10 A 24

H, =&

(8] AJI 18, —jk FEfR, (LlH =2t fils fd
—. AK ERF BHIL B AT LA
WHEE L mIRET « P2V XTI X
BHMESASI AR > AT A, B 53 Al A
P R I 2 R O
2008 £ 10 H 24 A, =&

[9] Ken-Ichi Sakakibara, Hiroshi Imagawa.
Hisayuki Yokonishi ., Toakao Goto .
Takaharu Nito., Miwako Kimura. Niro
Tayama, Vocal fold vibration patterns
of reverse phonation, International
Symposium on Biomechanical and
Physiological Modeling and Speech
Science ¥BfFFEIE. 20094 2 A 21 H,

[10] Miwako Kimura. Hiroshi Imagawa
Ken—-Ichi Sakakibara., Takaharu Nito,
Niro Tayama., Roger W. Chan, Correction
of asymmetric vocal fold vibration
patterns with collagen injection ———
analysis by videokymography and
laryngotopography. Voice Foundation,
2009 4~ 6 H 7 H. Philadelphia

[11] Isao Tokuda . Miwako Kimura .
Hiroshi Imagawa. Ken—-Ichi Sakakibara,
Niro Tayama., Parameter estimation of
vocal fold paralysis from high-speed
image data . Pan European Voice
Conference (PEVOC 8). 2009 4E 8 H 27
H. Dresden

[12] Ken—-Ichi Sakakibara . Hiroshi
Imagawa . Hisayuki Yokonishi. Takao
Goto, Miwako Kimura. Takaharu Nito.
Niro Tayama ., Vocal fold vibratory
patterns of inspiratory phonation,
Pan European Voice Conference (PEVOC
8). 2009 4 8 A 28 H. Dresden

[13] fip . A0 fE. BRPE Sz
%R L. Rk PR AR £
ML B, RRFE ISR 2 MBI
AR, AAREE LT 21 SRR
JeFEF e, 2009 49 H 15 A, BRIl

[14] A i fE—  RAS R
Ml 8, FMmAEMETIcE-o<
Subharmonic 7tMEBE S JRETNLIZ XL A
R R DGR, BARFEFS PR 21
FEERKTRRF AR 343 20094F 9 A 17T H,
AR

[15] Iy B A R EF.
REVE Az, G fE—. HIL B, B
ST L ONEEHET ¥ Z VERIZ LD
FEH L milmE O G E O, % 54 [
A AT 7 S REE 2SS 2009 42 10
H 16 B, &5

[16] AN hE . TR PR
Ak FEFnv il i, Bl 8,




FRET X VT A TIZL D FEmRE)
DIRFEFRIE OB, Hb54E AAREFS
ARESAR SN S 2009 4F 10 M 16
H., &5

[17] BRPE AsE, A0 fd fi fd—
%IE L. LN BN KRR £
T Ao, B BEE, LH it H
., AlEFRERWE ZEEOE
BlRTAM, 25 54 Bl AAEF SREESRY
firalEs. 2009 4210 A 16 A, @k

[18] Donna Erickson, Caroline Menezes.
Ken—-Ichi Sakakibara. About phonetic
and perceptual similalities in
laughing, smiling, and crying speech,
2nd Pan—American/Iberian Meeting on
Acoustics, Cancun.2009 & 11 A 17 H.,
Mexico

[19] Bl fE— . Bfx 2R PR L FE R D R
T =R - X, AR RIS, R
#7572 &£ supranormal phonation (22
W, T BARE AR TR | FRRRRTH .
200941 H 9 H., KKk

[20] alm B, fEE 2h, hE
AN TR PR ILIIE =, |l =
B, AT VA~ v F U B L D E R
B 3 I ICIZEET D AAERTSE. A
B 22 AR R RS
2010 463 71 8 H., HHT

[21] Ken—-Ichi Sakakibara . Hiroshi
Imagawa . Hisayuki Yokonishi . Niro
Tayama Laryngotopograph for
high-speed digital images of normal
and pathological vocal fold vibratory
patterns, 28th World Congress of the
International Association of Logoped.
and Phoniat. . 2010 4 8 H 26 H. Athene

[22] Akihito Yamauchi, Hiroshi Imagawa,
Takao Goto, Mamiko Otsuka, Hisayuki
Yokonishi, Ken—Ichi Sakakibara, Niro
Tayama, Comparison of voice between
young and elderly people with
high-speech laryngoscopy . The 4th
World Voice Congress. 2010 & 9 H 8
H. Seoul

[23] Seiji Niimi. Ken—Ichi Sakakibara.
Hiroshi Imagawa. The recent advance on
observation method of the vocal fold
vibration . The 4th World Voice
Congress. fiHafi®. 2010 £9 H 9 A,
Seoul

[24] Ken—-Ichi Sakakibara . Hiroshi
Imagawa, Miwako Kimura, Seiji Niimi.
Niro Tayama, Subharmonic phonation by
vocal, ventricular, and aryepiglottic
fold vibrations, The 4th World Voice
Congress, 2010 9 A 9 H. Seoul

[25] Hiroshi Imagawa . Ken—-Ichi

Sakakibara. Isao T. Tokuda. Mamiko
Otsuka, Niro Tayama., Estimation of
Glottal Area Function Using
Stereo—endoscopic High—Speed Digital
Imaging. Interspeech 2010, ¥1FiETH.
2010 4£ 9 H 28 H., R

[26] Ken—-Ichi Sakakibara . Hiroshi
Imagawa . Miwako Kimura . Hisayuki
Yokonishi . Niro Tayama .
Interspeech2010, 2010 49 H 28 H. &
iR

[27] Ken—-Ichi Sakakibara .
Physiological basis of singing voice,
Intersinging. FAfFEEE. 2010 4 10 A
1A, R

[28] Margarita Mazo . Ken—-Ichi
Sakakibara . Hiroshi Imagawa . Niro
Tayama. Donna Erickson. Vocal fold
vibration in lamenting, speaking and
singing. Intersinging. fA1FEE. 2010
F10H 1 H, HA

[29] Ken—-Ichi
Physiological
synthesis of subharmonic voices. 2nd
WAVE workshop on event centered speech
signal processing and its
application . ¥EfFiEE. 2010 &£ 10 H
12 B, Fagk

[30] AN B hE fE—. TEE L, K
B o, T BEE. LH it H
8, % 55 Al AAEFSIEETS
SEANTRET Y. 2010 4F 10 A 14 A, HUR

[31] Ken—-Ichi Sakakibara .
Physiological basis of voices., Wave
workshop 2011, ¥AfF##E. 2011 & 3 A
7TH, B

[32] Ay EXE. fEE D), fE
AN TR PR ILIIE =, |l =
Hl, A7 VA~ v F U 7B KD FE R
#oo 3 wonEon., HAREES 2 2011 4F
RENEHE S, 201143 H 9 H, HUT

[33] P B R Rkl EAE K.
fE fE—. R+ =V v FER R
F. VT HREE O & AR
BB X OBREHEE DTz oW T, BA
BRSEE 2011 FERFIFRFRS, 2011
#3710 B, B

Sakakibara .
observation and

(K] GFofh)
(PEZE R EEAE)
O iRk (G0 )
OfsikdL Gt ofh)
(& D]



R A= U
http://www. hoku-iryo-u. ac. jp/ kis/kis.h
tml

6. AFFERERE

(D) WFgefs

fiJE fd— (SAKAKIBARA KEN-ICHI)
ALV E E RS - DERRER - UEH T
W& TS« 80396168

(2) Wrge sz
A1l 8 (IMAGAWA HIROSHI)
IR - KEEPE - 25 - FfiveEf

il

\

=4

WFgeE 5 30422281

AF EFF (KIMURA MIWAKO)

[ BR = AR fE K5 - BER R 29T o &
— « AN

(3) L HEFIEA
L



