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A Study on Presentation Method of Visual Stimuli
Causing Diminished Reality of Pressure Sensation

KOHEI OYAMAY® TAKEFUMI OGAWA?2:P)

Abstract: There have been many studies on cross-modal interfaces by interaction among multiple sensory
modalities. We have proposed the diminished reality method for a pressure stimulus by the cross-modal
phenomenon and shown possibility to reduce pressure perception by the mismatch between visual stimulus
and pressure stimulus. In a prototype, we used a smartphone as display device of the visual stimulus, but
subjects with low self-attribution to the arm through the display tended to be less likely to reduce pressure
perception. In this paper, we conducted experiments using HMD as a visual stimulus presentation display
in order to maintain a strong self-attribution, and examined the results. Based on the experimental results,
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we consider the conditions of the visual stimulus presentation method causing diminished reality.
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Fig. 1 Conceptual diagram of proposed method
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Fig. 2 The user’s view using proposed method; (a) conven-
tional system using smartphone; (b) system using HMD

and 360 degree camera
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Fig. 3 Experimental environment; (a) experimental view from
the experimenter’s side; (b) experimental system using

tension gauge
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Table 1 Experimental condition

WA ATLA | WiAB ) | wmAsL | HZEL 2
HMD JHAE A | FHAIEC |
Ae—t 74y | A B | A D | AT E

5. S2BR

5.1 EEREM

INFE CTOWREREED S, FHMEICBTZEND
Moo & D NN AL 2T T 2 HDESTHDH I L
DrIpoTw 5 (6], 7, HELERDO 7 v 2E—4)1IC
XoTHERD DRPAERINTRE Z L5, AT
TOWFHET, FEBRIC L D ERIICHEE L 7.

[l 1] HMD % w72 $2 275 ¢k U 2 SR % 5
ATV BIRHCAITE S 2 5L, SEREHZ 52 Twik
WIRFIZHIR 2 FEJREE & D IS 2 5.

MK 2] Av—F 74 ICXBHERDIBEHFRNELD b
HMD & 360 A X 712 &k 2R MGDRE T A2 w758
DFFH, kiR DR IZAERT 3.

5.2 EBRAR

ARECHEM L 7 HEBSE 2R 1ITRT, 1ERDEFETTA

KT 570, HET A4 AL A ELTHMD & A~v—

b7 v D2 CHEBREIT o7,
WTNDOEBREHFICEVWTY, FUDITryyavs—

2% F\>T 0[eN], 400[cN], 800[cN], 1200[cN], 1600[cN],

2000[cN] DIENZ5-Z, HHE L 7E)) & REEDREE & DX

i BRI W 2 I Tt DUMISR T FIETHEE % Eii

L7, %8, &5 U DHERE I FHANRER S & 7

LIZEAZENLEENTRE I ER2BATVS, WHH

ERABE 94 TH B,

(1) Tryaviyr—vzHEBEOBIET %,

(2) 1500[cN] IS 2 $ THENZ2 52, ZOHENZHER
ER-3

(3) Gkl L 7zWU % 0if 4 S C HMD, F72dA~—F
74 VIZRRT 5.

(4) WHEDYA IV IHOETEZ2ET% X[eN]
LS, HERFT 5.

(5) WIFEAMET L ABECHiiZ 77 v 277 b Y 5.

HRIZERE O MBI BT B E v T2 —N=7 2 b F—

DIFEHNHE D, FE (4) (S8BT 2 X GERMEL 056

AR F TORMT 4558127 % X 9 0[cN], 300[cN], 600[cN],

1000[cN], 1500[cN] ® 53D & L 7. H:JJ 1500[cN] i, H

Tl A Z LS wEETh 5. WG T LI 5 &b

7V NBIEFCEGE L CHEML, HET1 A7 LA EL

THMD 22 EBREMERER L TFD A, Av—F7 4>

EHOLEREMENE 1RO B TH B, £, FlHLK%E

(© 2019 Information Processing Society of Japan

Vol.2019-GN-106 No.57
Vol.2019-CDS-24 No.57
Vol.2019-DCC-21 No.57

2019/1/25

WL THE L EROBESEDHERF ST 2 B L

T, LEOFIE (3) THHAETD R WIREETY FMkICHE

Biafior (Z1Ho CRUD). 51, HERIBOAD

MR TEB5ME LTHEREDH 2P U 72 REETHBRICHE

Bizfiof (F1HDE).

BBRE I IZERPICI T DY 4 2 v 7 CEBINRE R

JE% 1 P DI BUiE TR X ¢ 72,

o Tr¥aviy—YinGZBLENNERA (1500[cN]) I
Kot ¥4 27 (A1),

o WHMEICLST, FrviavAF—Uainsiint
V) RERSE G2 4 2 v (A 2).

o HHN7Z7v 277w L, HERHEPE o754
2 v 7 (M 3).

BIRBFICE Ty a vy =Y PEML Tk ukEE 7V

T a v =Y REML TO 2N ERIEL 2R E & X

LTEZET2E95BATVS,

5.3 REBRHEREER

ARFEETIE, BHEEEREOBEAEDELZN TV RIRET
DEBUNES (1 1), #HE & HERICREADAE L 72 IRE
TORBNES (F% 2), BB 2EWT 2 2 L CHERZ T
ZHR L 7ORED BBUNHE ) (M5 3) 252 3€TED,
% 3 & D HEE 2 DEHNIVNS LGS, HH EEROAR
BAEIZLDDRVBZELEEZONS,

F 1B 2 5 2DFEMEMICE VT DR 2348 L 720
B P L2z, EEREM A L C 2L 255512 X 4(a)
I, FEBRSMEB & D Z R L K52 X 4(b) 1T, FEERS
AL BEREKLZKREZK 4(c) ICRT,

BEBRF 9 ATt LT 25 FRMHO SRS T T o 72 4 225
BT b, EEREME A TIE 45 [ 4 1], EEEMEB T
V& 45 Al 12 [8], SEERGRAE C T 45 Al o [\], FEERSEAT:
D Tl& 45 [al 0 [B], FEERSAE E T3 45 [ 2 [8], DR S
AL, HREERICAEEEREIELEMEA LB T
DERPIEDPIAES DL C 2 D coLilthiks b
[A] > 7=,

HMD Z W EBEMHE A L ClcowThA4
BMEZBETA L7 ZA25MMCEREPRD SN
(x*(1) = 4.186,p < .05). £ - T, HMD % H\ 7z 2%
FRIZ BT H IR & RO A EAIC L > T DR
WERLZEEZ N, K1 2T E R 7%,

¥, Ae— 73 vEHOEEREMEB EDIcow
THA ZFE 2 A Lz & 2 AEMFRICH B AR 5
(x3(1) = 13.846,p < .01), T3 E TOWERE FEROKE
RE—FL7% 6]

51T, ARORESTRTH 2 HEREM A LIRS
HRTH 2 EEREAE B IcO VT H A ok %M L7 &
ZAGMMNCEREDRD 6Nz (x2(1) = 4.865,p < .05).
FERGEM A COERRPIEIIERSM B oLk X b



BRLEZSARERES
IPSJ SIG Technical Report

— 14 14 * k:p<.01

=} *:p<.05 =

&5 12 5 12

K 10 RUSST)

2 D

g " s

o 4

% 6 % 6

QD’: o

P4 e 4

®" ®

K BK

# o T
A C B D
EEREH REREH

(a) (b)

14 *:p<.05

TP

E

010

5

B s

A

R

& 4

® 2

%
A B
REREH

(©)

4 DR 4L %G (a) HMD 2 b7 EER S (b) A~ —

R 7oy R SRR (o) B LRI R A b 5
LE s

Fig. 4 Number of times DR occurred; (a) experimental con-

ditions using HMD; (b) experimental conditions using

smartphone; (c) experimental conditions with the mis-

match between visual stimulus and pressure stimulus
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Fig. 5 Number of occurrences of DR under each pressure con-
dition (with the mismatch between visual stimulus and

pressure stimulus)
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