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Examination of waveform suitable for electrical muscle stimulation

W 4

THE VIRTUAL REALITY SOCIETY OF JAPAN

AALEW Y, R 2
Takaya ISHIMARU, and Satoshi SAGA

1) REAKRY: (T 860-8555 REARIRREATH X BE 2-39-1, ishimaru@saga-lab.org)
2) FEARY: (T 860-8555 AEAILAEATIFHIL[X B%2 2-39-1, saga@saga-lab.org)

BIE: A HBESREZ MR AR SMASH T2 e 2B L TE L. LA LBESHBICIRED

BABEES 205 UE L BVEBIFET 5.

ZNFE TOMEED S EFRER OV AMEIZ & - TESUK

DIRFGRP LB LRBRICEE L EZ 2N H 2 Z b o, 2 I THEFELIIFHESRBHIC S

B R L SOV AR ERBICE O X 5 735

FEAL, BZELTWL.

F—U—F 1 EESUHER, REMITY, hE,

1. LI

WEREA RITIE TR 7 4 — RN o 27 %475 T34 2D
HEIMTbMTW5, il 7 4 — F ANy 21 32—V OB E M
vy, BEEEALXE2-DICEELERNTHS.
—RINCHE T 4 — RNy 72 LTERLTWADIEa Y b
=727 — M7 4 VICHREINZIREIFOALWVWZ B.
LoL, IREITFLANDT AL Lo THIE T 4 — BNy 7
ORI Z TN TW 5. 1994 £ PHANTOM [1]
LVIRVAIDFANL 2K o T2 —HFICNHEEZIRT S
HEPRRINTLUR, MEFREMMIE S HSsNE L5112
b, BIECEIREZ AWl EEER 7 N A4 RS AR
WHAHEN20H 5. MALRIERANE LT, BEE
ZHWTHR 2 HR T 2098 2] RIEHEEZHW B [3],
X 5T, HESRIBEME 7 4+ — RNy Z WAV S5
[4,5,6] 8ABNDE XS TE.

LT ZO LS RHEIHBORHMTH 2 W REEZHRRT
= 2 L HBANE & ORI E D R 5 M Z 45 LTl
H AR FHMADQISHZIRELTER [7]. L LAESHIN
WA OBLREDIELTLES. TR E TOMED S HRK
B Z DBRRIHE Y 52 2R D 2 L b o7z
AR TIEHNBTE D <V 2R & HE e ZbX8e 522 T
BREPED XS RET 2h, £ZFOROIRANY
DEIENT 20EE LRI OVWTHAT 5.

2. HESHE

77 SRS D & DIEE Db D IzHER D & D FEXUH
B X - TR Z 3 2 2 THEIERT % 2 WS Hiffi
TH5. HESHBIHINEC X > THERRT 272015
PHORTE, FNBNIE L JOFERMEN R 2 2 W0 5 R
BH5. £z, HEHEBIIIERD & OB Z F AT
527 DREDESEEF->TLES. SHEZ0ERBDE

FEZZ200ERE L. ARETIEZORERIZOWVWT

KA OB TSV RAMBIZ Lo TED &SI T 5
PEFET L. ERFARCERTRAODHEL, FEEKE v
ZMEHBIERNICEZ 2B OVWTHHET 5. KT
RS OBXKMMET 4 274 [8] & LTHFEIhZER
TR E 2 HH LT X8 5. B Tektronix @ TDS
2004B FY &L FuRa—FERWTHEL, RS PRO
@ Force Gauge, 5000 g 2 L TIRRAOZHET 5.

3. RE

FBLHE O R NV AEIBELRE TR NICE 23
WEERET 2D T o ERICOWTHAT 3. EER
DORRFEX 1I1TRT. EBRBINEIX 22, 23 MOEF] = O

1: REROKTF

5B 3 % TH 5. HBIHMODDEMILGFDA
7 LB M2 IiE S 2 2 35FMCiLE 3 5. BB O®
XFEPE 50 Hz, »OVAIE 0.6 ms OPEIET 30 of D1 %
R TEIMICEEL, ERPEELEERhv. 2D
BLHM OB X IIBINE Z v ICB R s R AL Ik
5 EIICHET .

-2D3-5-



2D3-3

RICEBFH B X EREMFICOWTHIHT 5. Ehaf 44 70
R SV RIBEZLE R 5. BARINCIZEREE 20, ﬁ *Voltage 605
35, 50, 65, 80 Hz T/UL A 0.6 ms BB Y, <L _ 4 Presentation force 50 8
206 0.2, 0.4, 0.6, 0.8, 1 ms CEHEENE 50 Hz OESHNI %28 40°<
BEORT 5. CORMEHY VRS LIRS, BE £ 0
CHhDZEERMEL, BLRHBICHET 27 V7 — S >§2 w%
ZTHBI. Tyr—MNEIZNETNDREBER, ~NVART 35 104
L2 3ET o, RETIOEEZTHSS. 7 r—MIE 34 0

. 20 Hz 35 Hz 50 Hz 65 Hz 80 Hz
KU ok x, B, EXEE WS 3 ODIEET 5 EfED Fregency [Hz]
Yy h— b MRETIHELTDH S .
31 RRERRUSH B4 FREC L OBELRTH

X2 BBy 07 vr— roRBEERE, XK 3128
ARG e OFERERT. £, BT L OB 1o ¥ eVoltage 0
TVBEELIRTAER 4 12 L RIES L 0BT LR 40 ePresentation force 405
ER5IORT. 7 yr— MEREBFIREED T = 3 .-

% 36 S

5 eComfortable Pain eElectric sensation % 20 =

I | = 34 <

A [ I 1 - 10 g
o 30 0
S 3 02ms 04ms 06ms 08ms  1ms
@ Pulse width [ms]

2

) K 5: NILAEZEDEBELIRTH

20 Hz 35 Hz Frequ5§an§/ [Hz] 65 Hz 80 Hz B
PR2ZEOLAMEA 02 ms DHEFIEL AL T E2IRTET
BOTEMIIO» S BEDMREL R oTWVS. Ihn XD
B 2: ARBCEDT>T— MER N AMEDE ¥ L — P B GEEE L R VA —
WRKHEIRTERVWE WS Zedbh 3. ¥/, K4, 5 &
5 eComfortable Y D AR CE 72 3V AEDN KR Z L 725 PR INIHEM T 2
+Pain I ! [EFNCH D BRI ZBELELRL I 8brs. &
! >Electric sensation, WA & KL 35 Ha 225 50 Hz, LA 0.4 ms 5

S 3 5 0.6 ms ORI Z W5 & K& s gz 5 2
» BIERLNEITRTEZ L ELLNS.

z FRICHNBEERE ZEE L TV b 5 $EMEOET
) HEMLL TV RERIIOWTERT 3. SV AEIE N
0.2 ms 0.4 ms 0.6 ms 0.8 ms 1ms BEMEL R ERE U TREERRIE E T2 FE:
Pulse width [ms] MEZoND. X6 ICBESHBEE» S OH N E, K7
WCEBICEMICH I TE TV AHIEZRT. JTTOBIE S
X 3: WILAEBZ DT Vr— MMER 70
60 F M N
ZOHHDOBHENIKEVWE WS Ze 2R LTWS. K2, 3 50
£ D FUHARE BB LR DML, AU K E < < w0
BB HbhDL, FAFICHREDRaATIETHAS L bt 230
BEALS. BABICH L CIRERR R 2L X T H AL © 2
TH% 2 eldRniz 20 Hz 26 80 Hz ORTRIBEE 10_
ZLSECTHRRERR T LRTERVI DD 3. T T v
iz, B3 XD SNVRENPKEL KRB LHBEWML, & Time [s]

SEBKELRD, MXIEFA2 L 2bh s, SOLRIED

0.2 ms DHE, BLXEWE 3T R ZE2—IHhiFe .
o ) ‘ E6: BERABEED 50 HITR

ACBRBEERE LTV RNWEWS 22 THB. LiL, M5

© 2020 BARN—F )L T )T14EE -2D3-5-



© 2020 BAN—F¥ILYT)T1EER

2D3-3

30

20

15

Input [V]

0 0.005 0.01 0.015 0.02 0.025
Time [s]

X 7: REROEEADANKR

VA IEDREED ATRIGAIALH LD & BE ISR D
Do TWVWBDBLNE. ZHAIAEB Y TFTrHD LS
EMERBELTHEBELTVWAZ B2 RELTWS., D% D
NARIE B2 8 D3#teigk i T B2 & P o AR o A S B ik o0 2
VTFUVHDESICRARELARENENDH L. ZDDLR
EQE NG SRR BN E N DB M EA D5
CEENTHZeEZONE. T, FEFICX2E LD
ZEREL KL, JET 2BORETDH 2 ATHEMEE .
L2L, AMEparyFryo ks hBSWREE RS20
JEED G 725 L BEDOEIZOWTWIF RS ARD, &
FEDRTH 2 AREMD D 2. SRIOFERTIEFLEIC 1 ms »
o TWB = ERED 1 kHz UL EICH 2 L BESKE L
T 2RIREEDDH 5.

4. LIV

A% L CRESAIRIC BT 2 B L L RIED
BRRCIRRNCEA 2B ABET L2 TER. A
BRI OV RIENREL BB RESPHEL, EXREDK
LD, RIXE T2 0S Zedbrolz. SO
B S JEEE 35 Hz 225 50 Hz, »VATE 0.4 ms 55 0.6
ms OFIHEEEZ VS £ KERFBAPTIEREG X5 b
BANERRTEZ btz T/, BXREEEX
TN EIRT 3 72D L oV RIEDHIEZ T T
BHELVWE Do 7.

BE

[1] Thomas H Massie, J Kenneth Salisbury, et al. The
phantom haptic interface: A device for probing vir-
tual objects. In Proceedings of the ASME winter an-
nual meeting, symposium on haptic interfaces for vir-
tual environment and teleoperator systems, Vol. 55,
pp- 295-300. Chicago, IL, 1994.

[2] Benjamin Long, Sue Ann Seah, Tom Carter, and
Sriram Subramanian. Rendering volumetric haptic
shapes in mid-air using ultrasound. ACM Trans.
Graph., Vol. 33, No. 6, November 2014.

[3] Satoshi Saga.

radiation-based haptic display. In International Con-

Calibration method of thermal-

ference on Human Haptic Sensing and Touch Enabled
Computer Applications, pp. 470-478. Springer, 2016.

[4] Emi Tamaki, Takashi Miyaki, and Jun Rekimoto.
Possessedhand: techniques for controlling human
hands using electrical muscles stimuli. In Proceed-
ings of the SIGCHI Conference on Human Factors in
Computing Systems, pp. 543-552. ACM, 2011.

[5] Farzam Farbiz, Zhou Hao Yu, Corey Manders, and
Waqgas Ahmad. An electrical muscle stimulation
haptic feedback for mixed reality tennis game. In
ACM SIGGRAPH 2007 Posters, SIGGRAPH ’ 07,
p. 140—es, New York, NY, USA, 2007. Association for
Computing Machinery.

[6] Pedro Lopes, Sijing You, Lung-Pan Cheng, Sebastian
Marwecki, and Patrick Baudisch. Providing haptics
to walls & heavy objects in virtual reality by means
of electrical muscle stimulation. In Proceedings of the
2017 CHI Conference on Human Factors in Comput-
ing Systems, pp. 1471-1482. ACM, 2017.

[7] Takaya Ishimaru and Satoshi Saga. Virtual bumps
display based on electrical muscle stimulation. In
2020 IEEE Haptics Symposium (HAPTICS), pp. 96—
101. IEEE, 2020.

(8] #RA: #Z, JIIL TR, miH ORER, &8 M. 2R bR
BRI RIS 2 EXME T 4+ X 7L . BT IHEGE
1B22%EE D, Vol. 84, No. 1, pp. 120-128, 2001

-2D3-5-





