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Presenting Tactile Illusion at the Toe Pad using Vibration Stimulus on Toenail:
Verifying Force Conditions Inducing Tactile Illusion for First Toe
Kensuke Sakai*!, Taku Hachisu™' and Yuki Hashimoto™!

Abstract --- We present two psychophysical experiments to quantitatively measure toe force
required for inducing a tactile illusion, in which a human feels tactile sensations in the toe pad
when a vibration is presented to the toenail while the toe pad is in contact with a surface. While
previous literatures introduced the illusion only in the finger pads, we found that the illusion in
the toe pad requires a certain level of intensity of vibration and toe force applied to the surface in
a preliminary test. In the first experiment, we quantitatively measured the force thresholds for
inducing the illusion with constant vibration intensity by method of limits. The results revealed
that averages of lower and upper thresholds were 490 and 2370 gf, respectively, and the upper
threshold included larger variance than the lower threshold. In the second experiment, we
remeasured the lower threshold by method of constant stimuli to eliminate prediction bias. The
results revealed that the average threshold was 330 gf positively correlated with the temperature

of the toe pad.
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Fig. 1 Illustration of our approach

Vibration on the nail
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Fig. 2 (a) Installation of a vibrator and an accelerometer; and (b)

a participant performing a trial.
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43 EERHER
BB E T ITD TR FERo T R & gk
DIEEEZH 6 1R

7000
-llll-'lllllI

6000
5000
FEELESLE OO

24000 -
(5]
£ 3000
(&
2000
1000
0

Participants

6 A HERA OO TR« bR B R
Fig. 6 Lower and upper thresholds for each participant

MEHhIEAT 8, AR B 2L D, TERILT,
TRRERE IR 490 gf, ERRITH 2370 gf &7eo70. 7o,
TIREMEIZ AT EROBEO XL >ENKRENIE
DHERINTZ. IXHOZDFRKEL T, FHOIRmE
S, AR LD IREN ORI FFEDE Y, BRI Ot
JJE, AR E N AL T DA BEIRERZE T BN,
INBZIEHTHI-011E, FEBITH O IR B mil Frt

—352—



B -ER-BA RTURBRIBE AV -RIBREMBERRICET MR BE~NOHMEARICS T 5MERGORSE

RO TR, SR EED /T A= 225U ETo
FEERSOW L 2L — 2 al HATOMERDD. KR, T
FREAE (T EBROAT EIZ R Z AT RFFT5
TeOIZEOREIp N BT DT, P RE 2T
EEZALND.

5 SRER 2.7 & T IRERE O & = 574

FEBR 1 K, RAE O LI & S AR O B R
G LZ. UL, WRERIEICE D[R E Tldgkbng
DFERAE TR TECLEI AR HD. RERRTIX
B EIES D ED/NE) 7= FIRBMEZ R THRELT, 1H
FIEOEBRIZEST, BEO WSRO A ESLM%
HETLHZEEBRETD.

5.1 EREE
ARFEBRITFER | LEBEOEEL Az, EYORK
FIEIZIEITHIZE[11] ICko TRO BN Sl &
R U DM E THD 840gf L L, ik 7555y Clf i
e LTz.

52 fEEE

B A & EANCHE T 5729012
ZOHFETIIWE EFEE A~ E)N T Z LRNIAT
FOREND[19] . BBRE 1L ()8 2R U 72 b LT
[(b)SEAL T2 K2 o7 D 2 DD HIFEIRT H(2AFC
£). @ORERIT, FEE~ORED T REEM IR
X, T DIz o TRLRDETHILE. = P XL
ToORITRT IO, BESMEEEHWTIET 5.

P= ! |:1+er \/_H (1)

ZZT, erf IXRRZERIE, x TR, w 1 XEE,
I EBMETHD. RERTIE, x 1TRHE~DTEEZR
L, P 134 EMEREZRT. ZOBBE /N FEICEL-
TI4y T4 7 L.

ARFEBRTIX, fr E T IRBEZ D 75%DKEE LT,

2D 75 %BMEITIE F EIC LD B E B A 2SR
[20] [21] ZJCICIRELT.

53 EERFIE
AREBRITFERR | RO TIAT, F95rE 7 faf E X
I 15 3R&TT, §F 105 54781772, 15 RITEIC 1
DR E LT, KT Z 2 BN ETERLE.
BRI, IR B 12 4 Th o7z,

5. 4 ER#ER
BYBHRENTB T, T ENPKELRDITHNEST,
itﬁﬁ#ﬂﬁd:z’%é@ﬁﬁ MBI, BHBRE DL
ERICBBEER DA E T 1o T4 7L, FRER
HifRa sk, WBrE PE O/ 77 %K 7187 .

, fEREERALE.

1.0 — . .
0.8 #

2

=0.6

=]

=

204 /

B A « Probability
0.2 : Cumulative probability
00 —Threshold value

140 280 420 560 700 840
Force gf

7 WeBRE PE O XN AR iR
Fig. 7 Cumulative probability of occurrence in one participant (PE)

R A7 B, HEmhI AR MR THY, F RN
IR, NS HRANEN T ER AR, ARIRANBRE (75 %) &Rl T
W5, BEIZHEERE PE CIEK 270 gf L7eo7-. [AIERIC
EHEERE T ERE A RO IR REZK 8 1R fif
HOBMEZ 2HERE THE T 5L, #9330 gf L78-o7-.

800
700
600

E0500
2400
2300
200 I
100 I I
o ]
5

T RLP <f" L LF S OF q:»@
Participants

8 A kB O BRI A
Fig. 8 Force thresholds for each participant

6 B

6.1 ERBERICHTIHER
SEOBEHIRAE T, BRI EBSOR -1 T
DEOFRIIIRRE L, B LB 20 R B A7k BB
W5, TOHRTHBATIE, KbERVRERDO—>T
DT, RGEATE DITIC RIS THZEITEETHA.
ZIT, TIFERE 2 DOFERNG, REERTATIC
SIS TEHAHEMEEZ B R T 5. $, s8R oL T5
T EFEFAPA A FAE T DEEH, FEBR CERS - =
BIEDIZS S EIZHOWTEETS.
6.1.1 HITRDIEDE MR L A EREEHE O L
frr 2 BRI A1FE R P & AR A TIRF I R R RS 0 D D 1 1 HER
[22] &bl L7z, ez, BEFIHT2ZE2EEL
T, BEBRITRE(1 m/s)DE N HERZ F W=, 8 AR
ITREDE NHER[22] 2 HDE, BATHIZ 5.4 THELNL
71 BRME CH DK 330gf 22 D1, STIHIFER] 400
ms DO, EDEEHBIIET 220 ms EHEHIFL T HT 20 ms
DFt 240 ms 7272, Lo T, AT K 60%D
Tﬁ%ﬁ%%itéﬁé*kbﬁf%fﬁé’}:b o, K&
TOATIZEIT 5 8 AR TR ISR H CE D AT REMEN

—353—



BERN—=FYIVITIT4%R

RBINTeEE 25, 70, MEEERHITIEENTITH
(CHLEICEEL CD 70, AR T RERF A ELRDZ L
NEIEND. EBITIE, BOEMAMRET52LT, 45
ITHIC BT D U R IR RIS X A 7 OHEEET L
DEETED A REMEL RIBI N, L LI O R
VX, o EE BRI % R 0D 2 SEBR D RE & [R] U S8R 0 R R E ©
HY, BIELFRIC THLZLENFIRER> TS, ZDT=
W, ZOME AR AL 95720120, 2hbo
INTA—BERODERL, ERRICRD XA T TR
AN LI ERNMLE S LE X LS.

6.12 SEMEMNERT SR ERESEFE

TSR S OVEER 1 205, SEflR A3 32 far B B
EH#HPEADOFEENRENT. —FH T, —EDMENRH-
THEEANE D ER L72WIGE OIFAED RS DAk
SV, 2078, —EDWEILETHHILH
BERTHILT, RN ER LAV EEEZD.
Fio, WE ERBEESFETLHEBEEELRTHILT,
JENEEPH T OSSR AR A L CE D ATREME A S 2.5,

—EDMENVLERBERELT, EIT 3 SOAHEN:
MWEZDND. F—IZ, FBEICE AR IZE WD TH#RN
FlEBL20 T OIRBI ZFRIEITE A28 ThHhD.
I, TIOR3 B fih 0 | TG 2 S AL, F ORI K
THILETEDOREZIEEMTMRETLHIETHS. &F
=T, RESEE S RY, USRS IR 23
JEANZ B ETORWRENE FLIZZETHD. 5%,
O ATEEMELIER L TV TFETHD. LLEDBH O
HC, b B 1 THHDIXL, 3 DBEICHEF = mettz s
EZOND. PIRERTIE, B0 MAEIZHONT
IR EIL TR T2, FD7-9, [RIUHAFE THIENE ~
DIEENA TG AN AT AT RN H D, FEEE,
R DORS T AEEZE 2225, MENDLE L
VORNBIRE RN D -T2, LTZ3- T, %O ERTIIE
D4 AL A M L7z B CHERGEZTT). ith
(T2 2 SO FREMEICRIL IS % e 5.

WIZ, iR FIRBMESFET S ML T, v A%
TRNRNEZEZOND. WENKETEDLHA, 7 AMI
W~ AR AR HR R SND L, 45 2 ORI E
DITVNEE v AR TR NI HEMES L TND
[23] [24] . HIHALE ORI REFIETITIERrLRD.
L7eoC, SEfR R AR EIC L > T AT &N AT RElE
NHB. LT2RoT, TI/F a2 —FOBEBEEKIT D,
WEBOEBEZHOTHEOZERNMLELLEZOND.
6.1.3 EER2 ITH T2 BB MEBA~DEL

FR 2 TiX, 1ZEALDHREFE ORERER 1 TER
THIENTEIN, 2 A OBBRE TR EFRED 0.5 K
fE7R20, T TER -T2, TOHAEELETIHILT,
EBROY R T ~_& 5% LT

F7°, WHRFE PG TIX 0 gf ORFIZEERRTE A 100 %4
FLZ. ZOHBD 1 DELT, ZOWEREICE->TEES
B E LT IRB R E N R T X -2 enB2oND. i

$XEE Vol.22,No.3,2017

&, IREBRENRETEL5 6, BoFEICEDLL
PTHEEITIREIZ T L CLEW, $EE -tz 6hn
W7 BZ ENRE L EE 2D, ZORBEIZHLT,
PREN 58 L D /LAY A 52 B ER A 4 (k6D D F DXt
REATHTET, KV IEfME i HE T FRBIE O R EA1T9
MENBHDHEZ ZDBND. —J5, PA Ol A e =R
IS DB ER T LR CTED /NS E TR LT, 2B
1 1Y, FENKRETELGEITITEEMT N AR L0
ZEMHERRENTWATD, ZOMBRE 12 & - THfil R
DERT D EROMEN/NED-T2EBEZLND. ED
720, R T M EH R E ([CLo T 5L TX
DEERAE RGO NDLDEE X HND.
6.1.4 FIERE L EREREDRER

FERIIHEBRE T e ORI E O I DX D EIT
BE T 2D THLHN, SREIZ LD D25 8t
+CEZLND. ZFO—FIELT, iR DN RE I
FoTEAL, 35 ClTdr I<UTHE S TRl R 25 &
IRBHEVHEIR[25] 128K B LI= & 2517,

£, FRIEOIREE L, 5T D A 92 H B i i
PHOME, faf T FREIMEE D BAMRAZ RO 7. FEIEDIRE
VIR EEFE (U HIER S 73010 BUHIREEEE B
L — =R A MERRAT GUERER2 %)) # W TS
JE D LA EERBRIAE AT EHAIL 72, Z0fE %2 9,
10 [T/RT.

6000
5000

15,4000

3000

Lr?2000 e SRR

y=147.3x - 1871.6
R2=0.2107

1000 T e = L

18 20 22 24 26 28 30 32 34

Temperature of toe pad® C

9 MR LAy B oD BAAR
Fig. 9 Temperature of the toe pad and force ranges

500 |-t y=-47.891x + 1489.3
R2=10.3382

8
=
=}
£ 100 .
E
=

20 22 24 26 28 30
Temperature of toe pad °C

10 FRAEIEEE L7 H BE O BE 4%
Fig. 10 Temperature of the toe pad and force thresholds

M, FEIEOREE, HEdh 3 # HARL TVD. fifE

—354—



B -ER-BA RTURBRIBE AV -RIBREMBERRICET MR BE~NOHMEARICS T 5MERGORSE

FPHEOBAMR T, FHBEIFREITH 0.46 L7220, fnf HE BIE
COBURTIE, 1 TR TERD 272 2 L OWERE %

Br<&, MHBAMRENITAI-0.58 LRV A DFENR DL,

HomOIREX 30 CULEThLEHEZN TS
[26] . L7=23o T, BB ITIEA RO EBRFF IS R
JEIREE N R T ENBESNDZEND, RFIEN
W2 @WK RE T OBATICRFICA 2 ThD e S
5. Fio, REE L EHEPHICHEERH L LN Z 8T, IR
FEIZ X o TEAL T D il T R EE & nf 8 B I o0 R L b [V B
OB NRDLEE ZDND. ZDOZENE, IRELIS
DS ETREREZmDDLILT, WEREBEEZ FIFbh
LABEMED DD, UL, fib R & faf HE R oo K 5 B
FRAFEI T 57212, #BRE DR IEE 2T AL -
OB AR R L, AR T H LWV REMZR R
REN S R ML ETHD.

6.1.5 EREEICL ST ETREMEDMHIE

6.1.4 #in b, faf BT FREE & HE IR EE 0O BAR M ERR
Shic. 2078, fardl FIREEIZIREICL > THIET
THEEZLND. MIETE AU, IBESRMEZHHILZ
P Dt SR DN EE LD LD,

ZIT, REEZFRR 1 CHBIS N R E TH K
24 CELT, WE FIREMEAMIELZ. fREK 111
T R EVHEES D 24 CREO M E T PR EEE
13K 340 of THY, MIEE O EYERE O T E R
BIMEIEK) 360 gf L7e o7, F72, HEYERZZITHI 220 of H»
5 180 gf &720, #EERE T DIXD SE M/ hELIeoTz.

ZDTEND, I L THIIE TE D ATREMED RS LT,

UL, ZORERIZFECHEREREOR T — 2% H\ T
WD, MOWEREREL O I L > TZ oW LR
MR RGET DM ERSHDH. 22T, HoFEEEL
T, 30 ‘CTHIELTZBE, faf 8 FIREME XL TR 50
gf Lipode. 72720, MIERR A B T BREIE AN~ A ) A
TR T B E DR S 2. F DT, B TR
TERWEIRAFAET D AR S D, T IEMEI A IE
T HEDITIE, EBRPICIREZEEE GRS 5728 D
FROWE T, FEMeREREZRODULENHD.

800

700

600

EH500
8400

2300
200 I I
100
o |
&

R ELPO LR Q\;@
Participants
11 SESA0R BE R D £ BT ISR B i oD A LE A
Fig. 11 Correction value of force lower threshold at

average temperature

6.2 BANDRBRERTEFIALEAS

RO R FIEIIIEDIHRT TV r—ar i
FAETDON, ZUTIREFIEEZH WV AT ABEN
DIZKIL TED IR R RN o0 E ik~ 5.
6.2.1 ZBRFEIL

5 DIL, FEMEHE S R 7212 8 R A A 5
HHTETNNNT U AT B L B2 52 %R/ LT2[T] .
UL, BIE~OEERAE CHHI20, KGR O
T I F a2t —HE e Z LIC KD BB O R L ELD
AREMER B 2657, B 2R X B Tn
RnEEZOND. THESIX, BRE E~OEHRR
[15] IZEo TN RBD Z ELZEBL TWD. 20D
FIEE, BIREMEORICT VT a2 —2%EHET D
ZIR7p. Lol IRENIRTS Ch D70, Mk kil s
TR T DITITHRB IR DS D720,
6.2.2 HhE AR

RO IAFN AR AL — B & BRITICEDE T
ERE) T HZ LT RIEICIRBIZ 12T 5 FIENFIETD
[11[2] . LML, ZOFETIZRIEIC 73 IC KB Z 52
DIZOIEEE PR ELARY, BEIEPH A HI RS CLED.
623 FESX—>3 Y

PEBRLIT, MUSICIRE T2 DALY =T 77 L
TNARLL S THRATETE S —var 3567 A A%
FERELTND[4] . ZOT AR H EIITHIH ATHET
HDH—HT, ML EEOMICT 7F 2 — 2N EES
NHZLIZED, HELHOKR T REZLND.

RREFIETIE, HREEW S BRI ENmVE
FBICT HZETIRAR T HIRBIRE L /NS TEDHEHAE
wOESh, FIRRREZ RIHRDEZZ DD, Fo,
RGN0 o AT T RAERIRE TH DT, H Y
RRANARETHY, RIEICT /F a2 —FEEHETS
BRI N B A DA TR E T HZ L0, ST
BRFIEL, kL 3 DOTFVr—varZz 1 D0
FIE T/ ERTLIENTRETHHEE 2 HND.
TeRes, KR EICEL CXIEB RE L2 HET D
ZLTCHERILIB RSB LRI OB G D RSN H & TS
H, M AR I B L IR THFSE[10] TT 2 AT
YOYEREFEBL TWDT0, ARSI R TE DA fErE
DEWVNSTHD. T —Ta AL T, IRE ¥
— EHIET 5L T, HESCHITEO S K EL THIH
TEHEEZEZOND. ERRIZ, BELEITIATHE
[27] DFEBRIZE T, Hom b = 1 X170 728 [28]
DF FRBRICEDIERBRE ONBERE L > CTATREMEA
RELT.

7 BhYIC

ARG SCTIE, FEIED HENTHEL T REIZHE TUZHRE)
R DRI ICIRBN 2K U585 AT [9] [10] Z 2 fE
fE IS T2 FIEOEBRTREMEARRGELTZ. T 5
T, BRx 72 IREN R S CHRIB IS E AT, S&fil

—355—



BERN—=FYIVITIT4%R

HOAEREZEIGEHEL 72, 8 1 T, sEfR N
AL 3% o7 L BRI G PH A M0 SR VA IS o TR 72, AR
ELT, FRIEA~O H 3T 490 gf~2370 of DR,
SEMRE DAL T D EN RSN, £, SH- 0
AP DSIT R O NERL T DX
EHEELTZ. EBR 2 TIE, $EfR AR RIS B e E A
THEIEIC Lo TROT. FEREL T, ST AR DD
(ZIZFHA TR 330 of DAL CTHLHZ LD RS-, B
fiskt B 0> A2 L 3 2 it EE B 46T PR & i IR S LSV R E oD R
BAZN, fiEE T IRBME L 1T A OB R S, B
TEEFRIEORENBEBL TV DAl fEE S RIS L.
YL EDZENG, BRI T 28 il 5 A & D 72D D fif
FLEMUEFELE. &EIS, WREELT 3 2OT7 7Y
r—=a AN, REFIEOH R~ BETF
ETIEINSDOT IV r—arEd 1 OOFETETYT
IZLINHRRICRDEE ZBND.

LT, BETRAIHNREBROLBEEZITV, XV
FEAD 70 B sk B A & A L BRI 0D BEAR S, IR LD BELR
AL, Eo, RIECEE A T BRI TR I I il i A
PRI DT TTINT NARERFETHIET, BT
FRRORE 2 T M AR DR IREATH . FERE, Frox 1TBE
28 40 g LHRECAY Y R ICRDRREE D/ N7 dE E A
FAEE HTHY[28] , Hxn/MbE BET TETH
5. MAT, IREIOFRRNE, EEORKES, HELH
HEORMAMIZOWT, REETFIEICI MR R
EDER D E BRI HE R 2 Ll RFEL, ARE TR
L7 V) r—ar ORIRRICEITS.

A
AWFFEO—H I3RS GREE 5 26730102) DB
2T D THD.

SE Xk

[1] Visell Y., Law A., Cooperstock J. R.,
Everywhere: Floor Surfaces as Ambient Haptic Interfaces”,
IEEE Transactions on Haptics, 2 (3) (2009)

[2] Terziman L., Marhcal M., Multon F., Arnaldi B., Lecuyer
A., “The King-Kong Effects: Improving Sensation of Walking in
VR with Visual and Tactile Vibrations at each Step”, IEEE
Symposium on 3D User Interfaces, 978-1-4673-1204-2, 19-26
(2012)

3] Aok, BJF, HH, MH, 2B~ ERBRIEICL
HIEWARTE", BAN—F ¥ VITVT 1250 3CGE, 3(3), 83-
88 (1998)

[4] ¥R, 2Rk, SR, A, BT, A ST 2 — AT E
DT =2 a VAT AOMTE, HHILEL Y2 i S0,
46(5), 1354-1362 (2005)

(51 FNE, ot R, dLly, <7 Lo R IR )
BIC LD H R R OYER?, BAN=F ¥ LI TVT 1%
LEROCEE, 21(4), 627-633(2016)

[6] Farkhatdinov I., Ouarti N., Hayward V., “Vibrotactile
Inputs To The Feet Can Modulate Vection”, Proceedings of the
World Haptics Conference, 677-681(2013)

“Touch is

$XEE Vol.22,No.3,2017

[7] #5H, P, M, (5, <FHERES Rt B3 Okt
T RIEREREOIT AN — o TN — AT F AT
DOffFt—, A ARBRFRIE TR, C3P2455(2009)
[8] MR, Kb, “BEAYEDAI2=r—ar B FKETHT
YA H =T 2 — ADIRF, B WMIBE P BN
Wi, 116(360), 33-38(2016)
[9]1 Z2HE, ¥, fik, 7R, A, “Augmented Reality O
7o D NEEBE RN T A AT VA DL, BT HiBE Y
SFHCEE D-I1, J87-D-11(11), 2025-2033 (2004)
[10] HEAS, AT, KA, iR, A, ZRR, <N L5 A
LIz B0 ENMEIC BT D TASEFIE?, BARAN—F U7
VT 425 3CRE, 16(3), 399-408 (2011)
[11] VEH, BA, <ETUREZ W BRI R TEICE
TEFOMBERMEORE”, B AR N—F v VITVT 55
Sk, 20, 1-4 (2014)
[12] Goodwin,G.M., Mccloskey,D.I., Matthews,P.B.C., “The
contribution of muscle afferents to kinesthesia shown by
vibration induced illusions of movement and by the effects of
paralyzing joint afferents”, Brain, 95(4), 705-748 (1972)
[13] IR, /N, PrAs, 30, “AiiSE 5 OMERE T A3 Tk dh
TE~RAE TR, A A R EFERADL AR FRES
£, P-13, 1-2 (2014)
[14] (LA, i, @M, G, JINE, 2%, WM, 459, <R
FEBRAEFHALIza FF AN REED R E>, 155 B,
IMQ2013-13, 7-10 (2013)
[15] Kudoh S., Obara A., Satoh Y., Ming D., Mizuguchi H.,
Takemura H., “Enhancement of Plantar Tactile Sensitivity by
Wearable Stabilization Device Based on Stochastic Resonance
for Fall Prevention”, Journal of Robotics and Mechatronics,
25(6), 888-896 (2013)
[16] Frey M. V., Metzner R., “Die raumschwelle der haut bei
successivreizung”, Zeitschrift fiir Psychologie, 29, 161-182
(1902)
[17] KB, [, #IH, “fEBLEEZ VT~ DR EH)
TR 20198, AARAN—=F Y VI TV T2 REmm R,
11, 380-381 (2006)
[18] Georg V. B., “Neural Funneling along the Skin and between
the Inner and Outer Hair Cells of the Cochlea”, The Journal of
the Acoustical Society of America, 31(9), 1236-1249 (1959)
[19] Gescheider G. A., “Chapter 3: The
Psychophysical Methods, Psychophysics: the fundamentals (3rd
ed.)”, Lawrence Erlbaum Associates, (1997)
[20] #RA, &, “#%ECHE SR I HIRENV R DO MR Y1
ZARAFVE”, 1 Bl (5 2 2 SCRE, D-I1 88(12), 2380-
2387 (2005)
[21] A, A, “SHROMERF D ) @RI L ) &5
BNZHESHE T EORE”, HAKAESS, 42(2), 201-
208 (1993)
[22] &, 7kE, EH, A, WNER, <Rt famike 2 e
FIEHANCEE S SBATIBBNC AT T R IEHEREAE R, B ASBE
LA CHR 70(689), 213-220 (2004)
[23] Gilson R. D., “Vibrotactile masking : Effect of multiple
meskers”, Perception and Psychophysics, 5 (3), 181-182 (1969)
[24] Gilson R. D., “Vibrotactile masking : Some spatial and

Classical

temporal aspects”, Perception and Psychophysics, 5 (3), 176-180
(1969)

[25] K, A5, FOg, 29, <Hifm R - T LB AN
K7 w07, g £, 1304-1307 (2007)

[26] =AT—, “CVRAMOFKILZE 16 KB, 1T
B & » 9949% * T L H ! 7 http/iwww.st-

—356—



B -ER-BA RTURBRIBE AV -RIBREMBERRICET MR BE~NOHMEARICS T 5MERGORSE

c.co.jp/plus/channel/2015_08.html (2017/03/08 7" 27& %)

[27] {E3F, 82H, A, “<RIRE Z WA TR EILFIE
DEIEREE”, HHRLEES 772 e T 4078 % 1
[FIAFFES, 2016-AAC-1(4), (2016)

[28] Kensuke Sakai, Taku Hachisu and Yuki Hashimoto, “Sole
Tactile Display using Tactile Illusion by Vibration on Toenail”,
Asia Haptics 2016, 65E-3, (2016)

(2017 &£ 3 A 13 B%Ah)

[(FEEHIT]
B g (FERB)

2015 AR B T 36 i S B P P R R -2
AT LTHHEAE T . REFEFIERFER A
T L WA TR RS E AT ARAR . SRR T
AART LA BT DI FEIHE .

%A  (E2B)

1 2010 FEERBIEREELBIE S AM=32
=hr—ar SRR 2012 BB KFA
Sl O T R L AT T, 4

LV RARERBA IR B (DC1). 2015
wl LB RO R TR TR AR O
S SATH L RS T W4 L0 B0 ks AT A o
TR, BIEICES. il VR/AR, v /L FE—4 L ba—
PUAEBT =R, =TT T IVTF SN AW e, H
1 (T2E).

BR &&s (E=R)

2010 4ETELUBIF K FBLBIEHIERHE L
E N BRET. 203 EFAEL AT MERRBA,
= BIEICED. AL BT70T 47 HfE, N—F %L
‘@' TVFABLOMH AL 57 = — A BT BEF%
i IHETE. 1 A(T ).

—357—





