This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere

\! &/

THE VIRTUAL REALITY SOCIETY OF JAPAI

HEMET

& AERES D, KJE Y,

1) BABERE FRFTL

FE2REBARN—F¥ILYTITAEERE

AARATULAIZETEIEELTRD

Yem Vibol?,

X (2017 E9 A)

Gy il

A 2D, A 52

(T 182-8585 H sUARAT g4~ [ 1-4-1, {kaneko,mizuhara,yem,kajimoto}@kaji-lab.jp)

2) Al ERY B LY (T 464-8603 44 1ty 2 i T X A Z 1T, okamoto-shogo@mech.nagoya-u.ac.jp)

BE: BEHOEENRIAEND X v F RV HAOMRET 4 A7 A & LT, HEMRET 4 271 A

DEHENTWS., LALINRET,
Beshizplixev.

BT T 4 AT LA BT S 2O R EERIC

AR TIEFR A DMERL L7z, BEHEME O A F 2 AW BEZ Y 2T A,

B L CiEHE

Ok % i 2 5 BAR T 4 A7 VAN LT O R AR DWW THET 5.

F—O—F BT s A7, HEMT

1. [FC&HIC

INET, fillofz & ZORROME A HBLT 57201
ikt 7 4 A7 VAT 2N L &N TE [
[21[3]. =0 FThH, FHEMET 4 AT VLAE, ¥ v T3
FIVHOTET 4 A7 LA L LTRBOE RN AATN
TW5. FEMET + A7 VAL, BHSTT R, EERE,
MeixkE O 3@ DRSNS (K 1), SERBICILTE
WEBEZ T D &, FERIINC L - TREENKI
MM NN T 7 ATF v A FBT 5 Z L ANATRE & /e
- T 5[4][5][6].

Insulating film

Glass Screen

B 1 #HEMET A RATLAER
HEMTET 4 A7 LA EOIROBEITH LT, HRKT
RS DIRBICEEE
R T 1 27 VA 2T 5 [ BRO B EETY & E A5
LB, FHESOMDRYFELR. DED, 8
LT 4+ AT VA ZI2E > TV LD REE TG ERED
TIOAF v 2R oI BRO R EE & & OREFILL T
WD IPEAREIZ STV R,

Ko TABIETIE, BEMET + 27 LA ORI E

Seitaro  KANEKO Ryo MIZUHARA Yem VIBOL
Hiroyuki KAJIMOTO Syogo OKAMOTO

TRAET .
_ﬂ%ﬂﬁt,&@%ﬁ$uﬂﬁﬁr%ﬁkéﬁé LT

IFTEHIE A TWD[T]. LrLed b,

T A AT VA, BEER, FHl

PAMEIZT B Z L2 HNE LT, EMRET « A LA %72
LolBOBEEREZFRL, EMOT I AF v &2inE -
TR DT L Wik 4 5. AR CTIXEORYNDOAT v
L LT, BEMRET 4 AT VA B0 E DO RIEER %5
WU 72 TR 23S RIS L Ciis 5.

2. EREH

2.1 EHIEE
FHAEEICIE, Fhoa MUEITRRZE CYERR L7 3HIR £ i
ZLTHWA[E]. EBREELK 2 HaM & 3ITRT.
HaRNTH T AEE LICREEENFHITE 2 X951
FEE A ERR LTz,

Projecter|

Electro-static
display

Measurement System

High-speed | 7
Camera

H 2 FHAIRBE

Finger

Transparent Electrostatic Display

Mirror High Speed Camera

H 3 RSN



BRI 21T 5 BRICIXEGR OB A O~ —h —% 2
FEEEAET D, BEBERmEICH L CBfiTLIv—h—¢
JNICEEE T AEE~— I —Thd. BICEATH~—D
—Ii%, EBEREAMZFRTIDICBMEIND. v—H
—I% 10X 16 OFt 160 {HELE =4, THZENOMEIX
0.5mm, MoOHOLFEEE 1.0mm THD. ~—h—
HoTERWCEMEIND. INCEET LEE~— T —
BB T, IBEEOMEZEHRSED-0ICH
Wb, ENENDO~—T—DFEIL, "A A —RIT AT
Z W TR 1920 X 1080, 1000fps T E L 7=
(SONY,RX10 1I).

B A EEROFHIG] 2R

X 4 ERE DTS

FHANZH WA T 4 A7 LA 1%, ITO EHEMmE 150 m
DIFETE ST b OEFER L. ZOBEMIX, 7T 2K
WKL CEMm E 22 2 RI0A > T A AX(ITO)D %
a—7 4 7 LCER ST
2.2 FHiflgH

AEIOFRITE, ADERE L TERE, ERKED 2
FEH, A 5% 20,40Hz D 2 50, At 4 SRFCRAEAIL 7.
PRIE I 600V CHEE L7z, #HBREDHEMTET + A7 LA
IR DHETIMs LB Lo T T s X T ER
Bl (K 5). BEAFEONE, EHRE D MR Z R
UbndRkEx L L.

K5 7AYzYRIC&kBEEBRDH
BUWEANFRIAMIC 3cn/s THEIT S

2.3 FHEIFE

AR E 6 A (BYES A, Zetk1 A, £F]Z 1 N)
Ti{T1o7-.
FPUWEREOIEE X ) — L THIEL, &fE~—H —%

R L. RICREDHENEILRD LD, Trv=y
X —DINBRET AR EIT-T-. TDk, 6 FMHEDOAT
WRENZENERES>TH DLW, TOBOEEER 24
A — KA AT TR L7z, ENENOFZ1T 5 il

EMET 0 A7 LA BEREN L 2o T8 &iﬁﬁé
filf% % % U 7= VB %2470, KU e o B Aa1ciL, 7b

:~»?ﬁ%ﬁ%ﬁ%ﬁ§@%af%%otLTE%%
o7z, 723 3 [AIEE TRl & K U e hs o 7= BB 13555
ZHibdTaz e e Lz

R HIC~—h =L o2 BE
TiaAT o7z, —RIOBITIIH 15 HThHo7=
v DY N

X, BE~—I—8
S ORE T

B 6 FHRlOHF

2.4 BAHE

~ = —DIBREROMEHIIE, WEBLET A 7T
OpenCV % AW\ l{g AL~ 1 7 7A%1f)ﬂ L72[8]. ALEt
FRGIZX 7IoRT. BN~ — b —EM Ok R E A
T, UTFOFETREEITS 7.

1 FRATHER MBI,
?ﬁﬁ —Glzlbnf:%ﬂﬁb\nunﬁké *Lf_ﬁﬂﬁ

FPHMSNIo~ — I —2FN G, RZE Y R (SEI
BRAT W 11T~ —F—fE2Hmii L. Zo~v—h—
BT, EMQAERIC & - TRk SN~ — D — B D, f8
AN LITOREZ T 5 2 L & Lz, RICHKH~—H—
DEMNS, K~v—I—D7 L—AMEEZFHE L. £
O, BN HES 5 7 L— AT L IER LT, £,
~— I —MEENT D B A AT A7, 11700

~ = —REOVEHENEEICR LT — ) =B AT o



1. 3. REBER
ABIOIEHT T, 722 0 FEISHAET DIRENC O AEH i D WERE IV TR S VT BUE AT
L7z, 24U, FREJE ORENIMERIIC /22 > T2 J51h LA & o oA E X 9T

IR LTRELSRET DL EZBLNDEDTHS. DL O T % K 1017
5 2.5
4 2 \
e NVAAAAAA
2 1
1 0.5
0 0
1 51 101 151 1 51 101 151
2.5 2.5
2 2
40Hz 15 | 1.5
1 1
0.5 0.5 r
0 0
1 51 101 151 1 51 101 151
Sin Wave Square Wave

B8 HHMBREDHAYT—N—ITE T REEREELL
75 7 LERAS 20Hz, TERAS 40Hz, EEAIEIKR, AMIIERRELD.

g g

£ £

E E

20Hz 3 3
& 8

a a

v wn

0 20 40 60 80 160 120 0 20 40 60 80 100 120
Frame (960fps)
100

g g

13 £

E E

40Hz 3 3
3 3

v v

o i=3

w w

0 20 40 60 80 100 120 0 20 40 60 80 100 120

Frame (960fps) Frame (960fps)
. — e
Sin Wave — b —e Square Wave
—_— i =—if

B9 REHL-—HORELELEEEH, SWRESLICTHLELEIS T
75 7 L&A 20Hz, FERAS 40Hz, EEA KR, AMMNERKELD.



100

—— sin 20Hz
sin 40Hz
80 4 —— squ 20Hz
—— squ 40Hz
@
£ 604
E
°
v
2 404
wv
20
0 T T T T T T
0 20 40 60 80 100 120
Frame (960fps)
10 EEHTOREEILTY
4. EE

ENENO~—H—ENEEER LK 8OFER LY,
ZTNENOEHNCEB T, REEN OGN L A ETh

(M) 1ZBB L ZRE TWARNI ERS0 5. @H,
FEREAHEICHE L TV B BRoMA idz2 I [/ — T
2, ENDDH. ZOD, WV IBDORIEE AW E LD
L T SIEEIETEH D EE D Thne ZAIHING &7
BEND. Linl, SEIOBIEOHITILZ OFERIIBIE
ENT, HEEERNEER DX A I T TR->TWNED
EDBGIDD.

F— D —ENOFE R LR 100FER LY, EX
WITEERT, R OIF 5 BRI AT a2 R
T EDRGIND. ThUE, sin XY BIEREOIX D D3
BN NI T D720, BNAT 4 v 7 R o TBIS%
BEXZTWDHEBZZOND.

5 bVl

AT, HEMET 1 A7 A3 LT A4 FEEOKE %
AN LB O R EER &30 L. RI§RmEIC~Y— I —%
BAL, TA AT VA B RESTBOKEE#R %2 A A
— KB AT Cidk LTz,

A EIOFHA O b EEARAERIY, FFEMET + AT AT
x93 B ANV (ERKE, HRE) & FEBEO KGRI
AEWHIIFR—HEZ > THEBE L TUIRES R AR D T
LThb.

SHOFHOREE LT, 2E 5 HE O —(b, MEEITM
DI EE—TDHIENEZLND. £z, SREHIITE
Teino o K VISV EREE O REETE O, &
D EREE ORI, FEOEFRNRBEIRFCITR B LI
COOFEITS Z & T, LOFEMRET + A7 1A KB
fEI A AL LT <.

HEE  AWFRIL JSPS BHFE 15H05923 (GHrAii sEiakdyr 7t
[ZeEEM]) OB EZ T =bDTT.

[1]

[2]

3]

[4]

[5]

[6]

[7]

(8]

SE X

V. Levesque, J. Pasquero , and V. Hayward, "Braille
Display by Lateral Skin Deformation with the STReSS2
Tactile Transducer," EuroHaptics
Conference and Symposium on Haptic Interfaces for
Virtual Environment and Teleoperator Systems (WHC'07).
Tukuba, 2007, pp. 115-120

M. Biet, F. Giraud, and B. Lemaire-Semail, "Squeeze film
effect for the design of an ultrasonic tactile plate.," IEEE
Trans Ultrason Ferroelectr Freq Control, vol. 12, no. 54,
pp. 2678-2688, Nov. 2007.

L. Winfield, J. Glassmire, J. Edward Colgate, and M.
Peshkin, "T-PaD: Tactile Pattern Display through Variable
Friction Reduction,” in Second Joint EuroHaptics
Conference and Symposium on Haptic Interfaces for
Virtual Environment and Teleoperator Systems (WHC'07).,
2007, pp. 421-426.

I. Poupyrev, A. Israr, C. Harrison O. Bau, "TeslaTouch:
electrovibration for touch surfaces," In Proc. Of 23nd

in Second Joint

annual ACM symposium on User interface software and
technology (UIST '10), New York, USA, pp. 283-292.,
2010

H. Ishizuka, K. Suzuki, K. Terao, H. Takao and F.
Shimokawa,  "Development of high
electrostatic  tactile  display,” 2017
Conference on Electronics Packaging (ICEP), Yamagata,
2017, pp. 484-486.

WHVESC, BEME, PREAMZ @ #EX 2 Vsl
T 4 AT VA L TOMBRE L AEOTRE, HA
B a AR T 4 7 A AT b r =0 RS 2017,
20175

Meyer, David J., Michael A. Peshkin, and J. Edward
Colgate.

resolution
International

"Fingertip  friction ~modulation due to
electrostatic attraction.”
(WHC), 2013. IEEE, 2013
S. Kaneko and H. Kajimoto, "Method of Observing

Finger Skin Displacement on a Textured Surface Using

World Haptics Conference

Index Matching,” in Haptics: Perception, Devices,
Control, and Applications: 10th International Conference,
EuroHaptics 2016, London, UK, July 4-7, 2016,
Proceedings, Part 11.: Springer International Publishing,

2016, pp. 147-155.



