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Development of A Technique for Superimposing Tactile Interface on Human Body by
Bilateral Multiplexing Transmission
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Focusing on the electromechanical property of the skin to produce an obtrusive
tactile interface, we developed the techniques as following: (1) A technique for estimating touch
information and hand motion by electrical impedance measurement, (2% A technique for presenting
high-quality electrotactile sensation by designing electrical stimulus based on the hand motion and
structure, (3) A technique for multiplexing sensor and display signal using common electrodes. As a
result, we established a technique for constructing a tactile augmented reality system to modulate the
texture sensation of a real material and guide the tool operation.




B X C—19, F—19. Z—19 (GtH)

1. WFZEBIA Y P DY =

NDf AR GE ) & fifk L7z 0 R L7z 0
T 52 &T, NOEERLKI R DOBEE SR
T 5, FRRILRHER S AT MIEEDOR
Suwatam S E L TCERNE
FNTND. FRZEESESCEES BT,
SR IO R R £, e b DA K
BT ORBEOTRENLHETHHN, 2Dk
R B W T, HHREEZRE L2V
W CHH 2@ OE N EEN TN D,
YRR SRR S AT LTI, — %
G- A I L, EEORREIDES
U7-fihiiE R aernd 5 &9, FHllE R
B OMAH RN MEL L 70 5. il
R & XY ORI 72 BRI X 2R TH
5T EnD, EENRFE RO FIEE L
THEMRAO 725 S LB L 72 0 /R GG Z
VAT AEREETDHZ LB CRETH
5. ZOX)REIC XY, kO ER
D FH TR R F1E TITHEAR A 22 IR 2342 U
DI ENLERSBECEESFICKIT D E
AEME LTAELSFIAINDIZIEE> T
TRoT-.
ZOREICR L, AFEAREEIL, I
Tl O FHH & BoR & RIREIC R ELT
5, DFD HRICMTEA X T = — ZADHEE
ZEETDH0NOL D eEE OB N EE
MEO—2ThD EEZ, BRIEINOBEREE
1ToTC&E-. MEBMESAICB VT, R
FIW 2R U7l sgRIC B3 2 24T
VY, TR RS E OREAE A L 1T B D
BRALAT il R R A A & D 72D O HI AR
IRTFIEIZOWTEEICRE T 22 £ T, ffo
HEfT~ D AR SV A BRI X - THRIE
B A AR FTRE CTH D Z & A B MIT
L, IBRICBT A THORBEE MR+ Z &
ICRRII L TV, & 612, XI5 & BE D
DOEefi A B —F o A EFHEIT D Z L TR
G-t & FHI9 5 ki o0 T
et L, RELEEHmomict 2 NES
BT H IR OALE OFEANLD & B fik ) % 53
THILENMARETHDHZEERLTWE, 2
NHERE 2, WRDERE LT, BEHIM
DOFEELE & biT, il bR E
EIRA L, —DOOMEE CEIEHROFH &7
TREAIREIC T 2 W T M EAVREIZ LY, i)
DT/ CHMARME A L H T 2 — AR
Wbz 2B E L THE LTz,

2. WFFEDOHW

ARFZETIE, AOfIZ B 2 BECHEEZR
B8k - HEE L, RIS U TRV TR AT O
L TCERE T AMTILRIEK S A
T AT ERSCHEENS T CRIARREL T 572
DIZ, HHABFICEERZ L SER0IFE/N
B CHM R EEOME A 2 7 = — A %5
WA LZAME LTS, ZOFELL
T, EROBXIHEMREEZFIA L, AOfR
Z RN E - $28 95 2 & CTHEE O
BT RIEZ RS 5, RO T Mm%

W GEEE W) LW 2% - B L,
FOMFEEA LT S, HIFNIZIFERO =
DOBEFEZ 3T T E 2 OEAN B &2 BT
(1) FH: MEEOFEHREZERA v E—HF
AGFHANZFESWTHEE 32 TIEO B F
o WPZS MR © DFRESCH A T I v LY
Il BV OREAMREEHLNCT S,
s BIERFR T AT A B O SIEE A F]
L TR TRE 72 fiRENEZ B & 2T 5.
(2) R manE T 2 HES R FRE/RE
SRS TFIEOREST
o JHEEE DR MR ELZELS LD
BB e B EBEETD.
o FIPLIETE O TR« & /& 72 iR % 47K AT e
72 SR OHIE 1L E A BT 5.
(3) WA - IEH BT mZELREN AIREZ:
fis A B T = — AD B
o« L EALFIEORKT - B OB CEHE & 7
TRISEE R FHT A ODFIEEZERTD.
o I HLIREL R S AT A 0 WL Oz
BT 28I 22 REHSNCT 5.

3. WrFEDHikE

(1) FH)

xh Gt b By RS0k G ) 0 R R Bl
V= AL, BRI OREEZITO &
BT, EHOBMIC LY BESNTZEN &
WEKRO BN ET I L DHEEBMD
HMBEEES Z & T, i L DN &
HiEd s (K1), £, B2 T £
OEMEEZHEET 272010, FEORKREER
B EHAIT B F 34 2 & L ERIFET LI
L 2EEHEE T L) X A JEE L &
179.

ALAAR Electrode Digital OUT 02
|_|—,— from
JUTe USB-6216

i
CD74HCA4067E
it Analog IN

joct By .
A i . F 0.000
for
ND UsB-6216

1 A =5 AFHNT & Db EHEE & AT &

@
2
o
Voltage [V]

2) #r

T & K JE OREIRREIC X o T, R ATRE
RIEENENT 5. ZOREARI-T 572D
(2, L RS OBARIEEZ L EICR TS &
I IREEETIOEMAEEMS 5. Fio, ERUA
Wt [ O R NI ER D f e, BRI
KX 0AREIND R 2SN EICT D70,
B G 2 DT EBE OB 72 &R, &
KA XD AR SN R E2HET D Z
ENTE DRI /NT A—F &=HEBRIIZHS
Mzt 5.

(3) #E - H

[l — O EMCHM & 2R OMRE 2 FEBL 3
L7200, WELFOSETHHIN TS
ZEEEOH M Z ST 5. BARMICiEA
Ay F U TR EZEANT HZ L TRRHSH
ZEALZITV, B L ERORIEE O A B



BRECOI D B2 e oA+ 5. EBEITE, #l
WSV R % —ofoRT DB ICEmE '
FEEE s B IRR B ICERIC O TR 2D
ZETEEETY (X2).

HEAMREEZRO L, EEREEZRE L
i B YR R S A T N A RS - BT 5.
HARPNZ T, AR DR ERE (R LiAZ -
R CEFETE (BB - MikES) 22 R
7 & LTEBREITY, BAEO RIS
NV AT AOFIVEEKRGET D (X 3).

=
T

2 MHF ML ELDTZ DD AT LAERL

er //

PC
Performance
metrics

-

Electrical stimulus

DI o 1
inger

3 MIEEEIC X DA SRS AT A

4. WFIEEE
(1)

AR & 4Bl B o UK e & S
%, BREMIETIOFHE S AT LA EREL,
E—ary NI vX U T AT ARV
M AT - 7=, Kk B 2 B TR EE 1T -
O EEEORBRE R E Z AW
FITFHEANFE O H iy, BRIERELZFHHAIFEET
HDZERERSNE (X4).

T AT EHgE TR DER 2 HE L,
R TNz hEHdEd 2 HFEERE L, M
VAT LE L TOR AR EZ AT, K&
DEFREIEEZPNIRES AT 2O L
EENT-Rrr3 oz E-E
A, WHEOHBENED b, REV AT LD
HAEDHEeRR STz,

WRIC I\ 2 $Efk 1) D W 22 (0 45 A % HETE
FREZHINZBR L, EE I — N ERBOBE
fih 2 N B AT o 72 & 2 A, Bl E & HE
ERRETHD I EPMERINZ (X 5).

TFHRORBEHMET D HIELELTTEEFE
ROBLKWFHANC X 2 B8 A EHE TEO
BIRIZEL D ALATZ. TOIE SN TR
Hifa A s RE /T — X T —T LIRR
AT ATRIFFICES LA EOT —
FERHWCEHMi 21T o722 A, HiTHRE
20-33 deg FEFEDFAZEFPAN TTIREMEDHE
ENARETH D Z LN RE I (X6).

3
3

Output [V]
8 8 3 8
Deformation [mm]

3

°
°

0 1 2 3

e

Time [sec]

4 G &R OB I HEE A R

120

J T"

o
-
s
®
»
o
B
P

«
Error [mm]

75 150

0
Position [mm]

5 B OHEE RS R

6 FHRBIEOHEERE R

(2) R

BRI R E O/, EBE O RERAL,
BEfIRE DR E L= EMOERIZ L) L 7=
BB ILBIERO B WEEMES Y o T
S, FREBELZREERESZ L TLE
L 7= R & aTRE & L 7=,

BA%E LSRR E AR L, ER
il 5 L X0 R Tl 72 ki e o B A
R AIC LD (LS DTE
5y AT N EAEEE L CE ORI 2 2R
L7z, ZORER, W ONDFEM O SR
ZEXBBICEVEEST S Z ENRAETH
0, EPOfilE L BT E A S DY D 2
ETCEMERER AR T TE D 2 E0VRE
En= (®7).

? 72!! » ’3,,5
Ki I

7 AR ERIC XD ERER AT A

(3) ¥ - W H
EERERAMEE YOGS L ER
il T 4 AT LA DNV ARMIE S %S4 E



b3 5 7= ORE5EIZ EACHIE & FHHE S
DOEITIEEREL, MRREHROFH &R
NE—OEMBTEEIND Z LR L.
STk Y, EBREICERY BRI LY,
R OT &2 5HAIT 5 & RIS, N THYZfk
WEAERTDZ ERFREL Y, HEE O
{ERFRE L 72 7= (X 8).

WA T Eow ML) 58 BB E
YA BASHE L GREL, MToym
N TRFCR T 218 RREL B LR
ZRWTEARILRBLISEE S AT AT LD X
BTDVAT LAEHBELE. LSO
FIXT G BN RS W IR e~ D 7 4 — K
Ry 7N\ X0 A EHOR AT o TR 2 R
FEBRICE VML E 2 A, WRIEZ A5
1L, BAORMESIET 2 Z LR ARETH
DI ENREENE (X9).

Sensor output [V]

Clearance angle [deg]

Voltage [V]
Force [N] ’

Pulse width: 600 psec

. el !
\ Target angle for surface A A2
:
: Mmm """ Al i
, i i AR il i

[ z 3
Force [N]

8 L EALHR O FAllfG R

A

(a) Resulting shape ~ (b) Good result

4 7 0 &
Time [sec]

—

Absolute error [mmj,

Desired model

Time [s]

9 AR SHR OFTALA R

5. E7pdEFam L
(WFFEIRFERAE . WFIE T S ONEEERT SR (2
(=S I)

(HER R L)

i 4 1)

@ S. Yoshimoto, Y. Kuroda, M. Imura, O.

Oshiro, K. Nozaki, Y. Taga, H. Machi,
and H. Tamagawa, “Electrotactile
Augmentation for Carving Guidance”
IEEE Transactions on Haptics, Vol.9,
No. 1, pp.43-53, 2016. (FHA)
http://dx. doi. org/10. 1109/TOH. 2015.
2479229

JINawise, FHootedli, HABEE, KIK
B TR E RIS Ul ER AT
LORMEHE", ERTFawmGE (G
EE C) , Vol. 135, No. 11, pp. 1314-1321,
2015.  (&FEH)
http://doi. org/10. 1541/ieejeiss. 135
. 1314

® S. Yoshimoto, Y. Kuroda, M. ITmura, and

0. Oshiro, “Material Roughness

via Electrotactile
IEEE Transactions on
No. 2, pp. 199-208,

Modulation
Augmentation”,
Haptics, Vol.8,
2015,  (&HA)
http://dx. doi. org/10. 1109/TOH. 2015
2412942

Ky RAr, oo, ks, "k
BANNA VBT 2 —ADT=HDE~D
REM T OG> 77, g ®

AT 4 T a4, Vol 68, No.7,
pp. J287-J291, 2014. (&FHAH)

http://doi. org/10. 3169/itej. 68. J285

(Fa¥E) G100 1F)

)

J. Kawaguchi, S. Yoshimoto, Y. Kuroda,
and 0. Oshiro, ”Electromechanical
Sensing of Finger Motion Using Wrist
Mounted Device”, the 12th
International Conference on
Ubiquitous Healthcare, Osaka, Japan,
(2015/11/30).

S. Yoshimoto, J. Kawaguchi, M. Imura,
and 0. Oshiro, “Finger Motion Capture
from Wrist-Electrode Contact
Resistance”, 37th Annual
International Conference of the IEEE
Engineering in Medicine and Biology
Society, pp.3185-3188, Milan, Italy,
(2015/8/25)

S. Yoshimoto, M. Imura, and O. Oshiro,
“Unobtrusive Tactile Sensing based on
Electromechanical Boundary
Estimation”, 37th Annual
International Conference of the IEEE
Engineering in Medicine and Biology
Society, Milan, Italy, (2015/8/25)
S. Yoshimoto, Y. Kuroda, M. Imura, and
0. Oshiro, “Texture Modulation of 3D
Fabricated Object via Electrotactile
Augmentation”, Asiahaptics2014,
Tukuba, Japan, (2014/11/18).

Fou B, “HRJe DR A 2SI 5 VY
AR IR RIEET, A ) RN— g
VeV N — KPR, 1-37, HUR,
(2016/9/11) .

S. Yoshimoto, Y. Kuroda, Y. Uranishi,
M. Imura, and 0. Oshiro, “Roughness
Modulation of Real Materials using
Electrotactile Augmentation”,
Eurohaptics2014, Versailles, France,
(2014/6/24) .

S. Yoshimoto, Y. Kuroda, Y. Uranishi,
M. Imura, and O. Oshiro, “Tactile
Modulator: Roughness Modulation using
Electrotactile Augmentation”
Eurohaptics2014, Versailles, France,

(2014/6/24) .

R. Ono, S. Yoshimoto, and K.Sato,
“"Palm+Act: Operation by Visually
Captured 3D Force on Palm”, ACM



SIGGRAPH ASTA 2013 Emerging
Technology 71, HongKong, (2013/11/2).

©® S. Yoshimoto, Y. Kuroda, M. Imura, O.
Oshiro, and K. Sato, ”"Smart Sensing of
Tool/Tissue Interaction by Resistive
Coupling”, 35th Annual International
Conference of the IEEE Engineering in
Medicine and Biology Society, Osaka,
Japan, (2013/7/3).

S. Yoshimoto, Y. Kuroda, M. Imura, O.
Oshiro, and K. Sato, “Electrically
Multiplexed Tactile Interface: Fusion
of Smart Tactile Sensor and Display”,
IEEE World Haptics Conference 2013
Daejeon, Korea, (2013/4/25).

(P £ A PEAE)

OHRaRyL GE 11)

AR BT & A FREZOREESE, K
P

U . EHoo, BH, KR¥E, ul, fEHE
MERZE © RBRK:

FEEE - HFEF

%5 KA 2014-201283
HFESEA B - 201449 A 30 A
ENA DR - [EHN

OFFRIL Gt 114)

A FR 22 A T SR R e i s L ONE
(T AN

R . BH, &FHoo, KR
MERZE © RBRK:

FEEE - HFF

T o HFEF 5549979 &

BAS4EHAH 201445 H 30 H
EINA DR - [EHN

(£ Dfth)

R Bt
http://oshiro. bpe. es. osaka—u. ac. jp/peop
le/staff/yoshimoto/

6. WFIEiEk

(1) BFgefes

oA (YOSHIMOTO, Shunsuke)

KPR KRS « KBRS T2 9E R - Bh#
WF7e& %5« 00646755



