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Psychophysical Influence on Tactual Impression by Mixed-Reality Visual Stimulation

--- Psychophysical Influence on Pain Stimulation ---

Yuta Kataoka ™, Satoshi Hashiguchi™, Fumihisa Shibata™, and Asako Kimura™

Abstract --- Our study centers on providing tactile feedback in Mixed Reality (MR) environment.
While most studies focus on the use of vibration and temperature to provide tactile feedback,
vibration and temperature are not the only sensations a human can perceive. In this study, we
focus on the psychophysical influence of MR visual stimulation on pain sensation. We conducted
an experiment where we induce pain on the subject’s forearm and display visual stimulation on a
different position than where we induced the pain. We found out that the position where the
subjects perceived pain, differs from the actual position according to the displayed visual

stimulation.
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Fig.1 A Scene from a Demonstration
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Table 1 Components Used in the Pain Inducer Circuit
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Fig.3 Mechanism of Pain Inducer
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Table 2 Types of Electrical Stimulation Used

in the Experiment
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Fig.4 Electrodes Arrangement Used

in the Preliminary Experiment
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Fig.5 Result of Preliminary Experiment
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Fig.7 Electrodes Arrangement Used in the Experiment 2
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B % ERROELE

%) s REFHLGL o HERBHY
100
80 rli -
| SR
B
#H 60
#
g 40 1
T
20
0 I NN N
20mm 40mm 60mm 80mm 100mm
BIBED2 =R D RERE *:p < 05

10 J2B% 3 K5+
Fig.10 Result of Experiment 3

WOMMEITFER 1 LR CG 2i#rd 5. wiaEIx
20 RDOBEM 84T, ERFIHIILLFOMEY TH 5.
(1) #sE OLHBEICEMARETS (K9)

(2) FEHMRE O HEEEAY 20, 40, 60, 80, 100mm DJIET 2
SUTHIEHS OTRRT AR R L, HBREICREZ 1
SN2 BOELBITE U EE &S

(3) KT 100, 80, 60, 40, 20mm DJIET 2 AT HllI
#5 OFR AR RL, [FRRICRELZ 182 2 10
ELBIE U TnEE TS

(4) AR & RIREIS, AR 2 il O H 0 282
KL, (©2), ) 2179
W, (4) \ZHOWTIBIRICEREITo72. Fiz, 5

Bl ERER, BLRAMA TR L2V AIZB T

HMD #%5 L, EBRGEEEZHKE— L.

432 EERHER

FERABR 10 127, MtEh3E R PhS VAR Sh

TR, RRENT 2 ROEMEOEREER L TS,

FERNL LU TN E LT,

@) HEHIL AR LR WEE, 60mm F2E o IRk
£ TIIHHE PhS 2% L4 0

(1) BN A 33 2854, 100mm F2EE Ok E
TIHHHRE PhS 2% L9 0

Q) IZEALT, #&r T 2HHMRROLETYH, B

5[ D RS 60mm LN T H i, a5 PhS % 60%

Pl bEomERTME L. LaL, 2 SOEMEORE

BE2S 80mm LA EDEA, R PhS 28T & A 4N

2014 Information Processing Society of Japan

Vo0l.2014-CVIM-190 No.50
2014/1/24

v R R

30 0 30[mm]

B 11 5240
Fig.11 Electrodes Arrangement Used in the Experiment 4

B L ERROFLE

"IN hote. ZHULFEER 2 OFEER L RkIC, ]
RN OALE & B O EBE OB N KE < ol
hEEZLBND. () T LTIE, WA
R DH I E TR PhS &5 T& 2 R R
kLT, HRHEOAEIZ X 5T, PhS O
FIAEEND L t REEXIT-72& 25, 80mm
& 100mm (A EKYE 5%DOAEENAON. =
D END, HURAMESETHZLI2L-T,
® PhS OMBEREM E4+25Z Enbhotz.

44 EBRARMEFHNPhS DHMBENBICRIFTHE

441 EBAR

FBk 4 TIX, AR PhS 234 S 7B, HEH
WMOYETNIEEEE T 52 LT, R OMEALED
AT B REE L 7=, 3B 4 ICB W TR PhS 2%
ASE D 2 AMOEMOIERIE, FE5R 3 THREH
DAEMIZLPAEENELS, RETHRRTED
60mm % B OIEEE L L.

FEERCIEE 1 O X 512, Bl i % B2 B
IO FEEED 60mm (2725 2 MR R 2R T 5. &
ORS, B (0mm) %2R, T8 - ML
10, 20mm DAL E TR A [FIRF ISR L7z, 12
R DR RNE ORI~ — 7 FIEITER 1 L%
HThsb. WEEIT 20 RO B 74T, EBRFIHE
LT Oy Th 5.

(1) #BrE oA EmEZRET S (1K 11)

(2) 2 AICHIEHS ORI 2R L, JA PhS 254
XE 5 LFEEEC, 0, 10, 20mm DB T &
LR RE ZernT 5

(3) HHRE IR T OMENE 2 ~— 7 S8, B
DL & FRALE O BBk A G4 %

(4) 2, (3) % 3 EMY KT
i, PhS 2M& U b hiedno = TIc oW TiddEsk

OFITOBRINT D FETH 728, FER 41280

TED LD e RE X\ o Tz,

442 EERHER

FER 2B 12 12k T, Mt X B o s & BT
EOREZZE L, REEIATREE O 00 D OB AL
DOHBEAZFRT. RN, 2 SOEMME O BEREN



IPSJ SIG Technical Report

(mm) n HERBORREE
25

N
o
N

o

o
#
*
| |

BEEORLEMBELED IR

o o
'

Omm 10mm 20mm

BEABORRIE w5 p < 01
12 FBR A FER
Fig.12 Result of Experiment 4

60mm ThiE, EMEOF LS 20mm OEiFH
THRRERTEC L > THRAENELT 5 2 & 23bo
Sl RRANEOAEIZ L - T, EMBEOH.LE
HALEOEHCAEEER DI N t MEEIToT2 L Z
%, HEREMOERE? Omm & 10mm, 10mm &
20mm O & ZIZHBKRE 1%0FEENP LGN,
20mm DN ToHIE, SRR X 52BN FEIC
Tz, Zhick > T, Eb 2 LRRE DL
PRFRIZ L > TELT D2 EnbroTlz.

5 FEHELESHRDORE

FERAE R 2 T LTRSS, LT O AR S .
(a) FEBR 1 LV, R L FME ISR 2 fr 3
52 LT, WROMEREENR T2
() EBr 2 kv, 1 R ERRL, SRRz
R OFTNLE D 30mm LV m< B L, 17
TS OFBNNESL 2D
() B 3 LV, 60mm FLE THi L o Th
W PhS N#EAETH. £z, HEHEERRTS
Z & C, % PhS O HERE 80~100mm 2
EfcmtbtTsd
(d) Bk 4 X v, BMEOEHE? 60mm TR PhS
BAEAR ST R, B OIS 20mm O
FCTHIVIHEREZIRRT D2 ET, BRED
HREALE 2L SED 2 LA ATEE
AHFFETIX, flE2 O OF CHLIFRICER L,
TR RN DS BAE T8 W O B RALE A~ DRI ON T
Kb, BERETo7-. TORE, 1 SICWEE2IR
U728, RS O ML EIC B e K FT
T EHRMER L. 2, 2 HMIURRAERTA L
T PhS N AET D Z &0, RN EZ R RT S
Z & C PhS O3 RRE, MBS KITT 2
ELMERTE ., WTFROFEICE N TS, R
WONEIZL > TELTAHB TH-T-DT, £h
5DOFEICBNTHRREORELEE LA, 4t
WORFZTEDHZ EIRENTZ. £, AL E

2014 Information Processing Society of Japan

Vo0l.2014-CVIM-190 No.50
2014/1/24

DRI R IC VT, RIS K 2 B E T
W< WEWI PRI LT, SRHKIC X D80
Roni.

LRIE, EBREMEEE L)L RARIICHEZ
THOoTW FETHD. HlziE, SRR EE LT
BRI 2B L2, Mo RTIETITER
DFAEITERNEL D ERTREND. £77,
HOMELZEFSTDHZ LT, BEOMELCRHE PhS
WZED LD 7o BE RIFTMHIONTH, &k
EBREITHO TV FETHS.

HEF

ARBFFED—ERIE, FHbf - JARHIIE B A HE
TR TR KAE S ARENGUCPE9 D F9E) 12X 5.

SE X

[1] Y. Ban, T. Narumi, T. Fujii, S. Sakurai, J. Imura, et al.:
“Augmented Endurance: Controlling fatigue while
handling objects by affecting weight perception using
augmented reality,” Proc. Conf. on Human Factors in
Computing Systems, pp. 69 - 78, 2013.

[2] H. Sawada, Chang'an Jiang, and H. Takase: “TactoGlove
-Displaying  tactile  sensations in  tacto-gestural
interaction-,” Proc. Conf. on Biometrics and Kansei
Engineering, pp. 216 - 221, 2011.

[3] M. Nakahara, 1. Kitahara, and Y. Ohta: “Sensory property
in fusion of visual/haptic cues by using mixed reality,”
Conf. Symp. on Haptic Interfaces, pp. 565 - 566, 2007.

[4] A. Niijima and T. Ogawa: “Influence analysis of visual
stimuli on localization of tactile stimuli in augmented
reality,” Proc. Conf. on Virtual Reality, pp. 105 - 106,
2012.

[5] A LAk, ERE, NFRAE, PERES  cEE A SV A
Wik 2mERE7 7 okt —va VBON
PRI, B B Bl 122 2 5m ST, Vol. 15, No. 4,
pp. 91 - 98, 1979.

[6] J. Oohara, H. Kato, Y. Hashimoto, and H. Kajimoto:
“Presentation of positional information by heat phantom
sensation,” Proc. Conf. on Haptics, pp. 445 - 450, 2010.

[71 PRIE, ARET, SeHELA, BRHT  EaH
FERGRRE RN 7 b akrE—vavichz
LRI T DR, B EBEE SRR A KA
THam S, A-16-11, p. 217, 2013,

[8] HEASE—, FRHHZE : R OHFMEA~ATITD
I A IEROBIE — > F 7 AMRE & APRAE D EAf,
A AL IR 222258, Vol.26, No. 4, pp. 197 - 214, 2011

[91 FMEAR, dvurER, Fusmak, o,
AFFAF, LM 3K : “Hornet Attacks! — ¥/ T Hiliik %
WAL EABEET bF 7 v ar—>, & 18 [HIH
KAN—=F ¥ VYT VT ¢ FRREFHIE, 33D-3, pp.
592 - 593, 2013.

[10] M. O. Ernst and H. H. Bulthoff: “Merging the senses into
robust percept,” Trends in Cognitive Science, Vol. 8, No.
4, pp. 162 - 169, 2004.



