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WFZER S OBEE (Z3C) : To develop a bone-conduction ultrasonic hearing aid for profoundly
deaf individuals, its perception mechanism was elucidated, and the speech recognition of
speech modulated bone-conduction ultrasound was evaluated. The results show that the
peripheral region of ultrasonic hearing is in the cochlea and that a direct ultrasonic
stimulation in the basal turn provides its sensation. Regarding the speech recognition, good
score was observed in the presence of visual information.

AT ERR
(BEEHAL - 1)
[ERESEN LiEESE & &t
20 FFJE 1,400, 000 420, 000 1, 820, 000
21 FFE 1, 400, 000 420, 000 1, 820, 000
22 FEE 500, 000 150, 000 650, 000
FIE
I
it 3, 300, 000 990, 000 4,290, 000

WFFEo3 8« H S AR

BHIFZEO4B) - M AFERBRIRIES: - B SRR

F—U— N EEEE, M. R R

1. WFZERRMA L IO &
BEWNEEE WD Z & THIRTX %
B (BEEEE) 2oV T, 1T UH THEs
ENTDIL 1948 FTH 5D, TDOH%ZDHS
IZOWT DOIRERFEIR NN, BEEN 2T
FEERAWD EFEITE 200, FOREH A
F = XA LN DN TR L, B L 78
ETHLRECHEAS N TE LT, BEBEN
OERIGCHICEL T HSYITERE NS Z
Ll oTm, LA L 1991 4F 0B SRS ik
DN EE BEREE CHRERTRE T H 0 . FREK

FRRINFERAREZR Z L N HiE S p &, @
O BRSO 23 R A HE 75 B B BEREE ©
H A FTRE e i E AR O PRI O W TR &
Na5EH27%-o7,

Fox ORFGET N—T7 TIIMBER & v, &
HE RS LB EEST SRR CH
HT L, MERAGEEEHRCERH LIERLE
L EEBEORPIARE/R Z & & BEICEY
L7c, 26 ORREHRER A B £ 2 T2 1385
I A R T2 B RS O MR S A T
LOBFZBMG LT,



B Z21TH) L CEHEIL/AR->TL 2008 %F
DI EE L BER A B = X L OHTH D,
Tz, FBEEERAEBERICES LA ITE
BRI EDORELGER D Z LN TE 200
EITHOMENDL, ZNOLOREEZHE 2 T,
RS 2 B UERIR CREH RTRE 2 il fERR &
VBT B VERH B,

2. WFEOHK

T O MHTEES 23Nl A T & 7 v i I
FHThH > THE T OIS FTEE7 )7
NG, ABFZE T £ 5 AR S I A & D
IERZ L VR CHERARLDOIZT D728,
BEET OB Z 2 OFRRE, MR, By
TIRE L 7B B /e & 25~ (s bt
WEE DOZETHOWTRHE L, B8 E O
AH=ZALDIRAZEIT S, = L TARIOMRE
THONTET — 4 B IEICHEZSR DT A —
X % i b U S A IS O BRRE A
RHET,

3. WrFED kL

(1) BERLPESEER
FPTHE)EFH 2 X500, B8 EE O
BT A2~ 2F 0 ZTOLEERZITVE
HHE IR O A B = X DO 1T 7=,
T OFERE FIT, KT IRE 4T
HHZEDREERITY, SO TOME
HNLEZD AT = XD OWTHERAZ4T 5,
WA B C o B8 5 I il 2 1 E L
SRR BRI MmN E 0 L D 7
BN H D02 E LR A =X LOfif
B & B RS O S & e D HEREE
DOHEEEIT Do

(2) BFEHEFREESTOME
BEHEETKEZBETIHRCERNTLH LT
EORESEBERMEZDIENTE DN
ZREST D, HARE, ¥4Iy v,
HIE 2@ s OEGTIEIBREOR TR & Otk
ATV, H S RS O A M & R
Do
SHICHEAFED I 2=/ — 3T
LB TR IR Tl HREROKE
HEEIC-TL b, HREREZIHTLZ
ETCEORESEEROMEEN LT 250
LR %,

(3) "BEHE OB OS

R P TORE A B =2 5O Z1T
) 7= OIMBEIX & W= et 247 5, B OEE
FEEBRTIIZA T I v 7 LU, Zh
DHRTH AL TH D0 RetT
Do

RS IR 24T O L CHEE R E SRR
DFfliE I A~y F 74—V RERET D
ZETITH, AR LT S Z L TR
B AIEAS O R A HEWT 5,

S OIHEEBE RS OBE P AIC BT

TAF 5 (dB)

LR MO BEBLFHIITIZE AL SN T
Wz A RGN 28 K AE 4R
(COWTHEE L L7z, ZORIR K DR
RHAXIZ BT 2 R RE ORI 2 9%,

4. WFFERk R

(1) B3-S OB O E SR

WS EEE ERBIZ, ~AXF T2
PERDEREBROFE IR 10-14k Hz 20 & L7z
EEEENFEBEEEE AR T H
RS oTn, FTEvAF U TORI B RKE
T 52 & TEOHLE BT JE 3 2K
~NEBET L EN ol (K1), i
F TR ZITo 7 EEEE I L DA
DV AX T ORERE G DY TRET 5 &
BRI O KRR O R AL i A o H
E#RICH D ENGhoTz, Flo~vAF T
DIV~ AF U T BICKITTEE NS F
OMBEOERIFBEW BT L H2NHEOR
WG L CWDREEMER @ W2 &3

ST,

8 /

6

4 110 dB SPL

7 100 dB SPL

2 _ \ 90 dB SPL
it 80 dB SPL

0 70 dB SPL

8 10 12 14 16
I AD—DERE (kHz)
1 AEFICLBERO~ AT T

WIZZDZ L% I LICHIEE AV Tk
Pt L7e, RS ORE ) &g B E i o Mmoo
BMRZMETT 5 & X0 EuvE ki o R E R
E LV R < BEHEEROBREEMHEBEL T
Wie, ETWERZ LD & EEEEA R O
EoEmWERECTHENSAMIC LA LA
FEMALOREE N FEI N DIER TIX, BEE
R OBMENENZ EB3 o T, FRIFIE
EE PN A — LT 7 BTV E
FHToho THEE/-ERNTEETX 5 EH]
WD H DD, REROBEIMEWES] T H
1 kHz fHir CRENEMIZ ER LENRLY
EWERE T CA T — T T N B ER T
BEEEE SRR TH - 7=, LLEDRE
RIIFENEFE CHESNEZERA =X
LTI HINETH-T,

INOLORERENOHETE T 5 LB BT
% O T2 HEIE RS O 3 I 1 R (R o A B
MO FRAF T D IER TRITIE R SR EFE
2 BTz, F R REAAT ORI, RS
[COWTIMBEFRETH 208, JAIE AT



WEECTH D EHEH S v, BIRE R CTIXEBR O
FEERIZT 25 A IR R EHR e & FBiT»
WV Th D L bz,

(2) BEEFHGES OME

TS TlE 80% L Lo B I 72 A BE 23 5
S IFERBIFRECTH D Z L3~ 7= (X
2). FTBEBEROFEOE L EAR
DOBRRIZ OV T HME L THh D & ATiiE
T HZe &V 15dBSL F2E CHAREE O
HTiEERfmLTB), ¥4 FIv Loy
DERNT ERbooTz, EHEORIEERICD
WTHRETLTA D &, BFORETORA L
By BREORBNEE 25808202 &
N1,

(%) (n=12)
100
80

80
70 F

% &0

40

0

20 = 1

10

0

0 5 10 15  (dBSL)
E58E

2 T ORI hfR

HRIERPPAREICE 2 5 BICHONT
MEtEAT ) & HRERNH D 2 & THIRRE
EPHBEICWESELZENbroT (M3),
TR B A O U B R OV L 72 O T
NEFEEZEOX DI+ HRELHFDL Z &
FEEL VY, S RIORGCIIEREEHR 2 O3
HZ LT, WEEL LRSS, HIEETHo
THEHICMR D2RPGLZENTED
AREME AR LTz,

100
80 | q'q
Z 60|
* q
9% 40|
= —O.e AFVEH
20t —— Agf
0 L L L J
0 5 10 15
EFRLAIL(dB)

43 HEE®REZ O LI25E OBIRE

(3) “F 5 O MRS BOS
Jiihok X 2 FH B I O 5 TE &I O
S JE U, S RS R 3 2 IMRE R

FIGDEAF I v 7 Lo PRENC ERE
BRI HLRHMEARECTH - 7= (X4),

S5 ITEEAB S OB O FRBIGE S
DOWTHIMBE & AV CRard 2 & Bl E
10%EAfL &R L TIAYYF 7 4 —/L KR
DHEFRETH - 70, Z OFERITFHEE &t
W5 ERBIBEIINLE > TVDEHLODEE
BEWTHEBERORRNATRETH D Z &
ZRLTWA EEDbRD,

10 | BEEEN 3
14 9

-H‘J 08 F

DK
%)
3
i

06

0.4

I
Ll
I
I
I
I
I
|
.
I

0.2 |

FEXTBY7E NTm

¢
.

0 ’; (i 1 1 1 1
0 20 40 60 80 100

EE(dBHL/ dBSL)

X4 [EERSISOAATIv LY

o

(=1
e

g
=

04

MMF D #R1E O 8 %1 iE

(=1
D

o
AL
Eat
|

u
3]
L
b=
=

X5 JEHEEOENT LD WF
EOXIZMF ORKE & FORIFERZRT,

A TSI L T P 0 R
W ) S B 00 BT R UE T S 21 T



HES 5 L ?f%flﬁﬁﬂéff'ﬁﬁﬁ%f’“é iz
Bt D K& &0 W EHFT B LRy
277, %3031ﬂ5%2i$U§ﬁFﬁﬁiﬁ?Fﬁﬁ‘ 40ms TIZ
FERT 52 L hbrotz (K6), AlEE
LT b SN A R E R R TR R
THZ WG oTlz, 2O LR U SER
ﬁf%Tﬁ% BEBEETEEH N TRAT

ICZDEBLIMITEN D DD L %R

Lfmé%@k%i%hto

150 150

140 140
130 130
£120 B ] 120 —
§110 “%‘#-—#_Q_—.ig ‘mE’
100 .

) iy
ﬁ 90 90 #T
K 80 80 £
g 70 B3 70 =
E 60 80
Z 50 50

40 | ok 40
30 30
20 20
10 T T 10
3 10 20 30 40 50 60 :

FFIEESRT (Ms)  (x:p<0.05. #%:p<0.01)

AC speech —_——
AC speech with carrier —0—
Speech-modulated BCU

K6 ErEERT Nim D KX X2 5 32 AR

PLED Z & bE B85 2 O 7= fl R
VAT HIHOWTE, BEEEHAWVWTERT S
S A T OMBEES D D VTR AR E AV

THESBREBE OB R~ & 2H
S B XA T ORTER O BT O AIREME D R
SNz, BEBERICAAFTIv I LU UN
5951«\ Lk, ’@33@1\5"‘4’%‘ AV

WCHST D720, /U =T HEEY AT
A%m#ﬂhth AT LD OERE
PEAURE T,

5. ElpFEEGm L5
(WFFEREH . e
(=)

Gy K OSEEERTIEH 1

GEsEams) (BH171F)
(DYamashita A., Nishimura T, Nakagawa S,
et al. Assessment of ability to
discriminate frequency of bone—conducted
ultrasound by mismatch fields.
Neuroscience Letters, % &t A , 438,
2008, 260-262
@A Yamashita, T Nishimura, Y Nagatani et
al, Comparison between bone—conducted
ultrasound and audible sound in speech
recognition, Acta Otolaryngol Suppl, %t
FiA, 562, 2009, 34-39
®T Koizumi, T Nishimura, T Sakaguchi et

al, Estimation of factors influencing the
results of tinnitus retraining therapy,
Acta Otolaryngol Suppl, #&EZHifA, 562, 2009,
40-45
@T Nishimura, S Nakagawa, A Yamashita et
al, NIm amplitude growth function for
bone—conducted ultrasound, Acta
Otolaryngol Suppl, & # A, 562, 2009,
28-33
(®A Yamashita, T Nishimura, Y Nagatani et
al, The effect of visual information in
speech signals by bone—conducted
ultrasound, Neuroreport, #ZeA, 21, 2010,
119-122
®H Hosoi, S Yanai, T Nishimura et al,
Development of cartilage
hearing aid, Archives of Materials Science
and Engineering, % 3t A& , 42, 2010,
104-110
(DT Nishimura, T Okayasu, Y Uratani et al,
Peripheral perception mechanism of
ultrasonic hearing, Hearing Research, %t
A, 2011, in press
®T Okayasu, T Nishimura, A Yamashita et
al, Duration—dependent growth of Nlm for
speech—-modulated bone—conducted
ultrasound, Neuroscience Letters, T@cf,
2011, in press

(Fa%R] (Gt 2814)
OFEABE, JUINKESE, FiE B, ks
ﬁjﬁﬁﬁ‘%ﬁ %@@E@Eaﬂ:ﬁﬂ ’g‘z_é,ﬁ/
BB 54 [ FOARTETE R 2 PR 2 L 2008
10 A 2-3 B, Hx
QW THEHE, ARG, BRGEHM, R
WAOVEEEEWROEEE IGO0 E. F

conduction

54 [B] H ARRETE =2 Pk 2. 2008 47 10
H2-3 H., HI

@I ™, Eﬁ*Tu¢E1 TR I F%i?if
HFWOREFHGE, 5 54 Bl H AR RS

AR 2. 2009 E 10 A 22-23 A, *ﬁf,ﬁ
U ARTIV (FE))

@ ZME, Par e Ei LN fifh, BE S
BB ORFE O ST 2 MR SOR, 5
54 [B] H ARETE = P2 Pk . 2009 4F 10
H 22-23 A, R U > ART L (#Z=)1)

®T Okayasu, T Nishimura, A Yamashita et
al . Temporal-Integration Mechanism of
Bone—Conducted Ultrasonic Speech Sound.
ARO 33rd MidWinter Meeting. 2010 & 2 H
6-10 H. Disney land hotel (CA, USA)

(B)A Yamashita, T Nishimura, Y Nagatani et
al. Speech Recognition for Bone—Conducted
Ultrasound., ARO 33rd MidWinter Meeting.
2010 4= 2 A 6-10 H. Disney land hotel (CA,
USA)

(DA Yamashita, T Nishimura, Y Nagatani et
al . Differences between bone—-conducted



ultrasound and audible sound in speech
recognition, The 13th JAPAN-KOREA Joint
Meeting of Otolaryngology—Head and Neck.
2010 4 9 H 9-11 H. Grand Hyatt Seoul
(Korea)

®T Okayasu, T Nishimura, A Yamashita et
al. Growth of Nlm for stimulus duration
through bone—conducted ultrasound
modulated by Japanese vowel sound, The 13th
JAPAN-KOREA Joint Meeting of
Otolaryngology—-Head and Neck, 2010 4£ 9 H
9-11 H. Grand Hyatt Seoul (Korea)

O %M, PEATRC, R, 5
HETOREAEEICHTIEIIAT YT 7
4 —/V R, 5 55 [B] H ARERE P2 e
2. 2010 4F 11 A 11-12 B, REBRHARE
(RER)

6. AFFERERR
(D) AFZEREH

PEAkTFE T, (NISHIMURA TADASHI)
RN ER RS, - ERES - Bh#
TF7eE %5 : 60364072




