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Reciprocal Influence between R-V Dynamics Illusion and Size-Weight Illusion in Mixed Reality Space

Yuta Kataoka™ ", Ayumi Nishikawa ™, Satoshi Hashiguchi

, Fumihisa Shibata", and Asako Kimura"

Abstract - The aim of this paper is to reveal the influence that the two illusions: “R-V Dynamics Illusion” and
“Size-Weight Illusion” have on each other in mixed reality space. R-V Dynamics Illusion is an illusion that affects
our perception of weight by superimposing moving virtual liquid on a real object. On the other hand, “Size-Weight
Ilusion” is a well-known illusion that is related to the perception of weight. It is a phenomenon where we perceive
small objects to be heavier than large object even if they have the same mass. In previous research, we confirmed
this phenomenon under the condition where the real object and the virtual object are the same size. However, R-V
Dynamics Illusion and Size-Weight Illusion happen at the same time is likely when changing the size of the virtual
object. Therefore, in this research, we combine two illusions and analyze whether if they cancel each other out or
occur simultaneously by subjective experiment and measuring muscle activity. As a result, we confirmed both
illusions occurring at the same time, and affecting the perception of weight and muscle activity.
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Figure 2 Real object used in experiments

x1 PHEBRCTORT Y —
Table 1 Experimental patterns in preliminary experiment
RO Al A2 A3 A4
i 1
TR
"’E(imfié 165%90 | 165%90 | 165x135 | 165x180 | 165%225
£2 FEBR COHRAL—
Table 2 Experimental patterns in experiment1
RO Bl B2 B3 B4
PR
NF—v Bl 1 B2 1 B3 I B4 1
X i &S
(am) 165%x90 165%90 165x 135 | 165x180 | 165x225
mm
. 45 45 45 45
(mm)
£3 EBR2 TORRNSY—
Table 3 Experimental patterns in experiment2
RO Cl1 C2 C3 C4
fiaN
g Cl 1 Cc2 1 C3 1 C4 1
*E‘(X “*)é 165%90 | 165%90 | 165x135 | 165x180 | 165%225
mm
s 45 90 135 180
(mm)
179



Eai—<IVA4 V87 —RERXMNEE Vol.18, No.3,2016

BEGIIK 4 omY THD.

(B ALETE]

MR 2 AL H 9 5720 CHE S MRS 8 R AE S
LZOTHIVUE, FEROFHITENC S FEE 5 2 5 ARetEn
H%. Koike HPNL, HRIEHIMANESHMEICE 2D HE
B L > TRME L TR Y, AT RERICHTE
WEABETL LI L. BARIICIE, EMEEIED
BromIsh - BINESNCEH L, FRCRISNESRICEM T
LIRS 2 k5 & U CRP AL 21T 5. FHENCIE, #
i E# (ATR-Promotions, TS-EMGO1) % fivy, T 1 A
RN—H TV R RIS 35, 7rds, M
FEEEIE 25mm, 7 — ABARIT N B IR & Lz, £72,
KEMGEHHSEB ST a2 E5E, 7y
7 & ¥k 500Hz THLY JATe.

RFMHENC L HEHZBIET L2 FEL LT, HE
M OREEHRZ AN CER(LSND Z LNV 22
CTARMFFETIE, M OMIGENRZ I 5720, fHE
MOWIREFRN OEIN SN D, HAOTES) &4 b L
72~ %MVC (Maximal Voluntary Contraction) % F| ] 3
5. %MVC X, K BEFRHIHERFODENM (MVC) (2%t
LT, EHILZZ/EA (EMG) OIS Z25H+ 5. MVC
VEBIER,  EFEARIUNE O B KA 2 3 HRI 52, %MVC 0%
Hix, X (1) OB THhHD.

FHH L 72 /i #E AL (EMG)
e K B FEFHIHERE O 5 87 (MVC)

FRFTIZITELAEARHT V7 I GNU Octave & VT, i
FE0ESNEEIEE 2 TR LTS ESEEAT
W, %MVC ZHHT 5.

4. FiExRER

%MVC = x100

(M

41 HEREM

FTPMERL LT, FMIRICH L TRRIER (5
) OREMEEFEEHE L, MR ZMICB T2
Size-Weight Illusion DIEAEZ TR 5. [7] UEMIRITHR L
THREANIARE G OTIR AT L, Size-Weight llusion
WHRET DNEREIT .

42  EEREH - FlE
[EEREH]

TARFEBR T, FENRRD 4 FHEOREMIK (Al ~
Ad) HEEHEET 250, AR E BERIE L2
A (RO) OF SHFEHD S H 2 FifAE 7 v & LRI L,
P2 h O RHEIEICIE ST, EH ALY ESL
JE U 7=l - |IE S 5. Zia 2 TOMAE DRI
DNTITY, R THBRF LT T 2 E S OLBRE
ERHTS.

Tz, B HOBENC L EELHERT 5720, ER
RN RBSRIR D B EZ 2R L, & TOWBRE TRl %2 &
Sz BREICIE, ESEUEES TR AR 90° (2mih S
TTWD. F, IRYBEIXEMEREZ BRITIRY T W

180

(48)

B3 SR THRR LR

Figure 3 Virtual object used in experiments

4 FEERF

Figure 4 Experimental scene

BERELY
**:p <.01
$ok Hok Fok Fok
[ LU 1] 1
RO Al A2 A3 A4
- -1.5 -1 -0.5 0 0.5 1 1.5 2
g 8

& 5 TiisEEnG R

Figure 5 Result of preliminary experiment

A bw ) —A0OT R 100BPM IZHHI L TRV, LD

FERTHEEROIR Y BIECHEBRL T\, EMEOIRY

MEIIAKEE 00 & L72BS, EAFnEh 307 BELE L,

AT 307 LLEBIT 2 & S E B =N 5. ik

FIE, E0 o b3 I m~ED KSR LTz,

WERF I, For Lml@h T 2 FCEanc oy

EATOEIZ. BHREIIRA 114 (B4, &tE2 4,

L 22.6 5%), PATIHENT 1 45720 sC=10RITH 5.

[=ERFIE]

(1) #¥%RE |2 HMD % 35

Q) STHDOIRR AF —2 D) B 2FEE T V¥ LM%

3) Q) TEHELEAZ—2DHEH 1 SEER

4) BBRF IO LS (N2 907 1wl S 7k
) CTEMEKREZIEEEL, A b/ —LDT VR
(100BPM) IZ&0E T3 M, FE LV LELTTY
RE LD EEETT O

(5) ) TEH LK DREZ =250 T, FHERIZ
(3)4) %k X9

©) 1EEHE2EEORITOI L, EHENRLVESELD
R A EIFS

(7) AT LA BE YRS 2720, | GREDA ¥



HFARERET TO R-V Dynamics Illusion & Size-Weight Illusion O E{EFH

— NV EFRT D
(8) 7V DHALADEIZHONTE (2)~(7) ZMy KT

43  EEER

Tl FEBROM T %, B’ 5 17T, HPoREfL, %
NENORRANE —NIBITLESOLERELZRLT
WD BN NS WVIE SRR A EL, REWIEER
SHRELTWDZ EaRT. £2, ZOMKEICONT
FEMEIZL YV EEEAHER L. 0k, £~—W DK
PRIL, IR LT R EOTERICKHE L T D KLY,
LD Z Engmnd.

()  AEIROIGIR S/ NS WIE R 2 E L, k&
WIME SRR LTV A

(i) AR ESER L2 WA
%

(i) TIE, Al~A4 ZJAICEE IR L TWD Z &2y
5. EMIRICR LR R EEHE L7255 TYH,
Size-Weight Illusion OZhRIZ LV, B S HFRIZEEE 5 2
TWe. 2F 0, EMERIIFA—F&HThoTh, AR

FROFMEEMRLINTE 2 5721 T Size-Weight Illusion 73
T D EN ol

(i) TIE, RO & Al ITHOWT, [ATEIR - [RAIE RIS H B

ZRbHESHELTY

POPHEAE TR L. RO IAEM K2 BERE T,

HAIZBNEMROLEE -S> TEY, Al IZHWEIERS
EIESTHDHIRETH DM, it () oENE
BLI-LEZLND. DMEOHEREWTE, B MR
THZEPMESNTEYE, LZmRL Y EHEDE N
RGOz, LB MR LIZEEILND.

5. EER1

51 EERE®

TIHEBRTIX, MR ZEMIZH1T 2% Size-Weight Illusion
DFAEEMEER Uiz, EBR 1 T, ARSI %
A L7
Tz, KON ERTRT 22 LIS L DEIME~DR
# >F ) R-V Dynamics Illusion & Size-Weight Illusion 73
FRHCRAET 20, FIHHE LA 0, ZOBBRESHT
5.

52 EEBREH-FIE

FEBR 1 T, PIHEFEBRTR R LIS 0 L FRBROKE
KaxFHT 5. 2ol X, RAEHRNEIZ - EREDRK
EEEME L, HREDOFOBE IZH O TRIKD
N7 WEAE (Bl ~B4), #5854 (Bl 1~B4 1) OF 8
XA HWD (F2). LT, (WKL MW LA
W& (RO) &7, §F 9 ML 2 A 7 v 4 A
WZEML, =2 hrO—x iRz ESNT, Eh5
NDEVEIE U0 E i - FIESED. A IR
114 (BP9 4, &ME24, FH23.6m), #ATEET
L4 H720 oC=36 M TH L. 7ok, FEBRPNEIL T IR
LREET, () 25 TR R Y =20 H b, 2 FiH

AT, Size-Weight Illusion 2364292 7>,

= [
*% *% *% * fi’?%%f)
=h I L L L | . E <05
#L |RO B1 B2 B3 ﬂ B4 o
w i ‘ ‘
-2.5 -2 -1.5 -1 05 44 O 0.5 | 1 1.5 2
il
‘ *%
*k
*k
*k ‘
: o)
®Y B1.1 B2.1 B3.1 B4.1
‘ ‘ S
2.5 2 1.5 1 05 0 o5 1 15 2
*k *k *k

]
[154

B 6 SEER 1R

Figure 6 Result of experimentl

BT UL NIRET L) ICEDLIETTHS.
53 ERE&ER
KB 1 OfERE, B6ITRT. KPO 2 ROKERD
25, OB E EEREE L eV &R IR
DEENE TR L7V, T OO MNRE DR Z R
L7eghaR L TnD. LY, IFTOZ ERNnnsd.
()  EEOENOFIEIZE DL LT, (RKAMKOTRD
SWFE MR AR, REWIZERS AL LT
YA

(i) ARIEERFE RO, BiEORN TR~ T 2
e THER RS ME LTV D

(iii) R-V Dynamics Illusion & Size-Weight Illusion M%)
%, IEMICERND

() TIE, TIHERLEFEE Bl ~B4 ZJEICE MEL
TWNDZENIND. Lo, RMERIIK L TRIkE
HEHB LZHAETSH, TORLOAEICEHD LT
Size-Weight Illusion DFEAE D MERS S 417z,

() T, WEROFENEZIRTTHZLICLST, 2T
DR T R-V Dynamics Illusion 28384 L T\ 5 Z & 235y
M5B, JeATEFZEClE, 2T BI & Bl_1 OBRICIREL
C R-V Dynamics Illusion Z 78 L TN 7223, AR D
AR 2 DD G T, ESME~ORENH 5 Z
L a R Lz,

(iil) TIE, N L TR LR SIcR LT, B
f#1%% D F %12, R-V Dynamics Illusion (2 & 5 Zh F 3 MNE
FIAEH L TWA. 2F D, BRAREWIZEMIKREL R
<N D Size-Weight Illusion, & L C, WAEDIENE
R T 52 L TR EE AT S R-V Dynamics
Hlusion, ZOWEEREAITHIH LA D Z &7, ESME
DEEL L TR TND I ENDN5D.

6. B2

6.1 KEREM

FEBR 2 TUE, FEER ISR LR SR O NI A
B9 DR B A I S E 7286, Size-Weight Illusion (&
EDRI R BE 52 50001 5.

181



Eai—<IVA4 V87 —RERXMNEE Vol.18, No.3,2016

SATHFZROICIE, BEE T D IAR B A T L,
Wkz LV ELHETD 2 ENHBERENLTWS. —74,
Size-Weight Illusion TITTEIRDI R & WA L < Jn
SNDD, TONEOWRIRE A HFEINEEMS TS 2
LT, BSARINROFRRERD D, £ 2T, WIEE
1Y Size-Weight Illusion OHITIZ D L9 g4 5 %
L, FOBmESHTTS. AbET, &M LT
HRDFENOE I X R0 5.

62  EREH-FIB

JEBR2 TIE, R | CHEEME LA RCRT LT,
ZTNHEHEF LS, o AKEE TOHERENFE T
MEIZ72 5 KOMRBREEZEE TS (K3). £LT, K
ERENIRVGE (CL~C4), BN DS (C1_1~C4_1),
L CIRAEME Z2 EER N L e WS (RO) 2372
o RN 2 A T F LT®EL, —A RO
—XHBEIC ST B IR T S, b, #BRE,
AATER, EBRTIEIER 1 LFEETHD.

63  EEER

FBR2 OfERE, BITIZRT. MO 2 ROFERO
26, RO PMAEWR A TR LS, )]
ROFENE TR LI2WGAE, N OB NRIKORRN % 17
RLERMEEZRLCOD. RED, LLFOZ B0 D.
(i) WEEROENEZIRT D Z LIk - T, R AR

<HEFE LTS
(i)  HE S IARIRDOIAR D B Bl & % bl T
A

(ili) WRARREIC L HHES ORI, Size-Weight Tllusion
DHTIZHEL 52 TN 5D

(i) Ti&, AT CEmI N C1 & Cl_1 DA DR
TEEDOTRCEAE T EDO ST TH, R-V Dynamics
Illusion 2NWAET D Z EMphnote. ERE»OIE,
RIREENRZ L, RIEDFEN WS LR D56 D
HEWZ, RIEFENDIRVERR 1 054 X0 BEE A
L7z (R-V Dynamics Illusion DL % Z 1 FR0T o iz) &
W) B RGN

F72, (i) [ZOWT, ER 1 TIIBRORE =ITkk
Bl L CES TS TWER, IHERERZHCTZ & T,
ZOMAN R ENRL 2ot DF 0, RIKEREOHMN
23 Size-Weight Illusion OINFICHEL 5.2 TBY, Bk
DHIZE > TEIOHWIN I TN EBRGND.
IO END, BRNIHIERDTGIR R CRIRS B & A
L72B, 2 DOE#HEHRA L ECEIZHK L TWD
NI,

7. RE&3
7.1 EEREM

ANDEIFEPRRERII L > TET DD ThHIL,

HIROFHTEINC A R S D FTREMEDN 8 5 .
R ENE, Ffo T2 b OO EENYERAYICE T UL

182

-2.5 -2 -1.5 -1 -0.5 0 0.5 1
|
[

HSRELY
*k: p < .01
*:p <.05

—
%L | RO Cc2 Cc4
i n . .

C3 Ci1

k%
—
®Y

r T T T T T T
-2.5 -2 -1.5 -1 -0.5 0 0.5 \

B 7 FEER2 AR

Figure 7 Result of experiment2

HRALT 5. EE, EWKROEEE 500g, 750g, 1000g
EEZT (CGMHRe L), ZHE TOERFEROIRY B
ECHED &, FHHIEEE (UMVC) IZZnE1 15.8%,
16.2%, 19.1%& 720 ($BRE 540), EEPEVIZ EMHTE
HENARKE S RDIMARLOND.

UL, AMEREWVWEARLTHD0DENSTRHRU
X OICmRALT D LR B, RETIE, Fx OR
DED XD ITHEMICEEE HE X 5000+ &%
HigE LCW5, EB 3 T, TR CHER LR
BBIZKI LT, N EDRRARNRMNEEE 52 50, F
HIiE s & ORFRIZ L OB ST 5.

72 EREH - FIE
[=ER&H]

FER3 CIE, BB, 2 0FBERCTHEALESBGD S
%, TAl1,A4,B1,B4,B1 1,B4 1,C4,C4 1) D 8 fifH4%
FIRT 5. EBFER L REORE Y BEICKTHIT 5729
LBERLIRDL T VAR EHOR LI BT, BorLZEY) Tx 5
FCHEAN 072008 2 Sz, WREITR AR 5 4
(F¥) 228 5%), #ATEIEKIZ 145720 (=8 EITH 5.
[EERFIE]

(1) #EBRFE 12 HMD & B il O BB iR 4 2555
Q) FEFDIET NZ—2 D OB | A T v F LIT#RT
(3) HERF 1D DT RES (% 90 JEICmh S w70k

) TEMERELLEEL, Abha /) —L0OT VR

(100BPM) IZ&0E T3 M, FE LY LELTTY

K%Y D EERAT 9
4) (3) AT~ 7214, 3 RIfEIL
(5) 3)(4) % 3[AlfgeY K
(6) W I7IZ K DB EPIRT 5720, | HREDA ¥

— L EET D
(7)Y DIRE—2ONTH (2)~(6) 20T

73  ERER (FHUHEHE)

ZITH, ETIEREVIESAEEBLT, ESARICE
B 5.2 % [Size-Weight Illusion] [R-V Dynamics Illusion
NRIERE) © 3 DOEFRZNEND, HIEHICE ok



HFARERET TO R-V Dynamics Illusion & Size-Weight Illusion O E{EFH

25% 25% 25%
20% [ 1 T T 20% T T T 20% T T
. 15% o 15% , 15% -
> > >
= = =
= 10% = 10% = 10% —
5% 5% 5% _—
0% 0% 0%
Al A4 B1 B4  B1.1B4.1 B1B11 B4B41  C4C4l B4 C4 B4.1 C4.1

0 =0 =

(a) Size-Weight Illusion

== Ul

(b) R-V Dynamics Illusion

1N

(c) WA E

8 FEER3IAER (%MVC FHE)
Figure 8 Result of experiment3 (Average value of the %MVC)

EREE G2 TWDONEERT 5. B 8 [T
BUITAEREZ /T, Zeds, MiEALENT I, IRV BifED
BAE BT £ CO 3T ZMITIXHE & L T%MVC 2 5
HIL, TN TO%MVC FHE &R Lz,

[Size-Weight Illusion]

X8 (a) &V, (ABE RO T b EERE L7245
A (Al & Ad), TBIRORE WS (A4) OGN L
KT BEMICH - T2 DRKEIE NIRRT — T,
AR O NEN IR 2 EEHE L7256 (Bl & B4,
Bl 1 & B4 1), BIRDOKE VN (B4, B4 1) ST OBTEEEN
BN A H -T2, FTo, EWEEEL TS S0
HLeNoT, MEEELIRWELZ ST b Cldhna &
LMD,

[R-V Dynamics lllusion]

B8 (b) £V, MIKDENEIRTHZLIZE-T, &
Nt TS LN, EHHIEEERMET LTV,
ETOERMEIZBWTIHEBEIREDEIICH Y, IR
BAMEMSEZ54 B4 2 B4 1,04 C4 1) TH, RV
Dynamics Illusion DN FHIFEIEIZERNL TV 5.
[BRIABE

B 8 (c) Tik, IRAARMNEOMREREEZHIMEETH,
PR ERICHEEEY 52 N2 ERNbnD. EmRE
AR IR R —TAR DY &, WA B O AN RV
ZESHEL, I OICHIEEHEICER TR EN
o TnBI KEBROIERNG, EWR L RIEME
DIGRD I T2 256 THREERIS, FEERICZERITR S
Niginodz. DFEY, (HERMGNOIRIREEIL, FERY
REIMEICEEE 52 5000, FHRHIGEEIZITSA
A G 2N LRy o T,

PLEORRENG, REMEOENEL 2R T 5 R-V
Dynamics Illusion 1%, fllDFRIG & D &R,
BITEEN &I B L 20T VR CTh D 2 L3 o
7o, ZOFRERIZONWT, EMIRITLEL FRICHE->THY,
IO L TH AL L CRENDT=H, Z0
R EAL D BN N OFfFER I EIC Lo TENTZEB X
Hivh. —J5C, Size-Weight Ilusion CHIAR D L 5 72

(51)

B2 8 X, SERMRIEERIITE AL 521t nD &
DIDD.

74 EEBRER TR

W, MEREOMEZRT. B9, RENR14L
(1, 23.0 %) ORETHD. L, IEVEIE3 T
15 ORRRGE & B DO%UMVC 2 LT\ 5. #RE N
MR EIRHBE, WiEE RO E) % B & o8l
5 LT, $ERBIBOEBNFIEBRT S, B, £
DOMOEE B W T HREROEASEE SN, K&
D, UTFDOZ EBGn5.

() R KE VT L, EBIBHARE (RMSCTIE, &)
D V{EE Sy & E ) ISHNEBI AT 5 (X9 (a),
X 9 (b))

(i) RO EZIRRT D Z L2k~ C, EBBRMGEO
GB35 (X9 ()

(i) WRIEAEE, BRI EL 5220 ([’ 9 (d)

(i) TIE, A4, B4 DL H TN KREVWRIE L, &
BB D FFIEBIRIIRE W E RS0 5. ADRWIEE
RY B2, b IERIETHXA I TIFZDORED
LFEBRETH D0, BIRDKE OBIRTIE, ZOmEmN
BEVEHETH-T-.

Z b % b, Size-Weight Illusion DFEA A 1 = X AIZEAL
T, WROBESZTPHTSHZ LICL - THENEETS
LEbRTWD. Ziux, SRMICKEZ2MIEERD L
o, TOBESOTHNORERDERET DN, £
BUCEED EIFCAa D &, RED/NS e FERRICNTERT)
X0, REBRDEATET D EDOERETDIENI LD
ThHHHB KEBROERNHIX, ZOMEABIALN,
EEPHAARE I E R A BHMEE L, TG Uz & 5l
LTW%. LA, 2 [BIHBAREOR Y Bi{E) & 1XATEE)
EREOLTRY, AfbomEEEDOERNDL &K
WTWb EEZLND. F72, ZOHOWEEN, EIM
RICHBEL WL EEZLND.

(i) TiX, mEEEEHRE LGS TH-TH, B
DR E WIIRITEBI B AR O TR B RS K E V. F
IRDIEN IR LW LI2X - T, EEHBBIFEOM

183



E1—I VAV T —RAERRX

60%

o |8]8]le
40%
30% /X
SN/ LIVA RSP A
10% _ff \ Yo g

0%

%MVC

(a) A1 (100%) & A4 (250%)

] e
,:-/\\ N\

20% H -~
10% /\;L/ “\ \\f\///‘ \\/-/-// \\/—/’

%MVC

0%

0 0.3 0.6 0.9 1.2 1.5 1.8 21
()

(c) B4 (250%) & B4 1(250%)

% Vol.18, No.3,2016

— Bl -- B4
60% []
o @l[e]e

— Wy
40% -
§ 30% ;"'- -
e A A
10% e "/"\// LA /\ /
"0 03 06 08 12 15 18 2
()
(b) B1 (100%) & B4 (250%)
—B4,1E ——‘c4_1i
60%
: e |e
" ale
40%
o
§ 30% P

20% /A T8 £\ -
o AN N AN A
e N\ N W)

0 0.3 0.6 0.9 1.2 1.5 1.8 21
()

(d) B4 1(250%) & C4 1(250%)

0%

X 9 ZFEBR3 AR (%MVC fHERE)

Figure 9

FHEMEND Y R LN TREVWI EDSND. 2
L, MR EER L ETEDRE R T2, A TH
T2 NEREIFEAD D) L) B2 EHEENFEA LT
BY, TR TIOANTGICEEGE 2T LB 2B,
728, Bl & Bl 1 &MFHEITH, FFEOEATH -7
(iii) TiX, EEORAFE—D & &, NEBIZES
B STV HIREREEDE VL - T, HEEBICE
IR ONAeh otz FHMTETRICE LT, RIEERD
BWIZEAEBEETR LN o120, Rk &gl
L7-AERICBALTH, REEN VR E -T2,

(i)(ii)(iii) 7>, Size-Weight Tllusion "ClIEEhEHAAKFD
HTEEEICRE S EBE H 2, S OIEEMIROIRE
DENETTHZ LIk - T, ZOBEHEOKE X
WERBAL TV, 2, ERAFEEICELTE, s
BEIZH 2 DREN NS WHERE o T,

8. TITUY

AL TIL, R-V Dynamics Illusion & Size-Weight
Illusion Z /A DOETBEOFEL, BT & mEN
BN X o> CRERR L, /T Liz. ZOREE, LUFNORER
Boir.

(a) FEWIRIZHE LT, TR D H 72 2 A8 1K & B A0
52T, REVWHDOEELS, /M bDEE FHE
9% Size-Weight Illusion /% MR ZEf{] C 45 4E7 5

(b) ABE IR 2 B ERIE L7254 T, Size-Weight
Ilusion 1XFEF 5. £/, £ D%IFIL R-V Dynamics
Hlusion & AIRAYIZEIN D

(c) HEME T HREEEL, (IBAGHRORE JITHDYE

184 (52)

Result of experiment3 (Time variation of the %MVC)

THIRLd 2 & T, Size-Weight Illusion O IR 2588 %

525
(d) TERDSK & WRABARRCUE, TEBNBRAAIHC e b TR ED

BERHINL, ZO®IMETT5
(e) IEDFENZIRT 5 L DT, RN RBINE LI %t

L CHIBAL O ZEAL A R\

INHOREIE, 1 DORBIJFEES LT, $EROM
HEMREH O TE W) A CERH D B2 5.
BT, NOFEIMECIFENRME A B8 LI ARG
L, TN AFEEITO LTO—mAE LT, HHLH
FrC& 5. F£7z, Size-Weight Illusion 1%, oAk~ 2ashH:
ERIFFICRAESE D Z LT, RROMERLL EOR 24
LB ATREME DS RIE STz

— T, IO ORISR E 52 L EEIT, M
FEWROIEF T ECE & - SEONLE - WTE O, [KAE
WEDU T VT 4 ERBEZLND. 5%IL, FFER
EDEIICANDMREITHEEE 5 2 2 HRFN 8T LT
WS TETHD.

e

ARFFR DO EIR O A Y Ul fex KRk (BIAE,
SRS OB ERT D, Ik, AR
1%, B - EFASE B (A BLEERIC KT 2T -
RN RICBET HA198), SR B (86 5 ERGL R M
{2 & % R-V Dynamics Illusion OFFZE] 125 %.



—

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

HFARERET TO R-V Dynamics Illusion & Size-Weight Illusion O E{EFH

SEXH
M5l & 2 DISAFEES ), ba—~vrA i T72—2%

2w 3CEE,  Vol. 12, No. 2, 2010.

A. Lecuyer, S. Coquillart, A. Kheddar, P. Richard, and P.
Coiffet: “Pseudo-haptic feedback: Can isometric input devices
simulate force feedback?,” Proc. Virtual Reality 2000, pp. 83 -
90, 2000.

A. Tesaki, A. Somada, A. Kimura, F. Shibata, and H. Tamura:
“Psychophysical influence on tactual impression by
mixed-reality visual stimulation,” Proc. Virtual Reality 2008,
pp. 265 - 267, 2008.

Y. Hirano, A. Kimura, F. Shibata, and H. Tamura:
“Psychophysical influence of mixed-reality visual stimulation
on sense of hardness,” Proc. Virtual Reality 2011, pp. 51 - 54,
2011.

H. Omosako, A. Kimura, F. Shibata, and H. Tamura:
“Shape-COG  Illusion:  Psychophysical influence on
center-of-gravity  perception by  mixed-reality  visual
stimulation,” Proc. Virtual Reality 2012, pp. 65 - 66, 2012.

PERFIEYE, A, SRESA, ARMET B L
T 5 E A B R Eékﬂﬁ CHADRAE, BA

}{_%JV/I/U‘TU%/(’:]A_‘/J—\\E% n/u
264, 2014.

Y. Kataoka, S. Hashiguchi, F. Shibata, and A. Kimura: “R-V
Dynamics Illusion: Psychophysical phenomenon caused by the
difference between dynamics of real object and virtual object,”
Proc. The 25th Int. Conf. on Artificial Reality and Telexistence
and the 20th Eurographics Symp. on Virtual Environments, pp.
133 - 140, 2015.

A. Charpentier: “Experimental study of some aspects of weight
perception,” Archives de Physiologie Normales et
Pathologiques, Vol. 3, pp. 122 - 135, 1891.

Gl UMETI, VeERR, NIRRT - “SPIDAR & VMo
&mﬂm@ummm@@ﬁ”EAA~%ywu7u%4$
SEMOCHEE, Vol. 7, No. 3, pp. 347 - 354, 2002.

R, SO B BRI RO b2 5 OFEVIC K SR
B LT R O idiE B & AR SN B D R e R
Shoy i & R ERIC X 29—, BEERERLE, Vol
28, No. 6, pp. 745 - 750, 2013.

H. Y. Solomon and M. T. Turvey: “Haptically perceiving the
distances reachable with hand-held objects,” Journal of
Experimental Psychology: Human Perception and
Performance, Vol. 14, pp. 404 - 427, 1988.

A. Lecuyer, J. M. Burkhardt, S. Coquillart, and P. Coiffet:
““Boundary of illusion”: an experiment of sensory integration
with a pseudo-haptic system,” Proc. Virtual Reality 2001, pp.
115 -122,2001.

K. V. Mensvoort, P. Vos, D. J. Hermes, and R. V. Liere:
“Perception of mechanically and optically simulated bumps
and holes,” Applied Perception, Vol. 7, No. 10, 2010.

F. Argelaguet, D. A. G. Jauregui, M. Marchal, and A. Lécuyer:
“Elastic Images: Perceiving local elasticity of images through a
novel pseudo-haptic deformation effect,” Applied Perception,
Vol. 10, No. 17, 2013.

A. Pusch, O. Martin, and S. Coquillart:
“HEMP-Hand-Displacement-Based Pseudo-haptics: A study of
a force field application,” Symp. on 3D User Interfaces, pp. 59
- 66, 2008.

L. Dominjon, A. Lecuyer, J. M. Burkhardt, P. Richard, and

S. Richir: “Influence of color/display ratio on the perception of
mass of manipulated objects in virtual environments,” Proc.
Virtual Reality 2005, pp. 19 - 25, 2005.

I. Rock and C. S. Harris: “Vision and touch,” Scientific
American, Vol. 216, pp. 96 - 104, 1967.

FEIEZEN, TRRATIER—RE, PR, I LR, §E . <N
—F X NIBMEDOBE RS ORI S A T 17 AR T
LIEFRMN) T 4 AT VA7, AANR—=F v L) T U T
£ 23R SCEE, Vol. 13, No. 1, pp. 15 - 24, 2008.

H. Y. Yao and V. Hayward: “An experiment on length
perception with a virtual rolling stone,” Proc. EuroHaptics
2006, pp. 325 - 330, 2006.

Y. Koike, J. H. Kim, and D. Shin: “Role of stiffness in weight
perception,” Japanese Psychological Research, Vol. 48, No. 3.
pp. 174 - 187, 2006.

Vol. 19, No. 2, pp. 255 -

(53)

[21] T. Sadoyama and H. Miyano: “Frequency analysis of surface
EMG to evaluation of muscle fatigue,” European Journal of
Applied Physiology and Occupational Physiology, Vol. 47, No.
3, pp. 239 - 246, 1981.
ARGRIE, HEIE, ARFET,
FUUEE R RS, 2006
Y. Ban, T. Narumi, T. Fujii, S. Sakurai, J. Imura, T. Tanikawa,
and M. Hirose: “Augmented Endurance: Controlling fatigue
while handling objects by affecting weight perception using
augmented reality,” Proc. CHI 2013, pp. 69 - 78, 2013.
G. E. Miiller and Fr. Schumann: “Ueber die psychologischen
Grundlagen der Vergleichung gehobener Gewichte,” Archiv fiir
die gesammte Physiologie des Menschen und der Thiere, pp. 37
- 112, 1889.
R. S. Woodworth: “Psychology: A study of mental life,” New
York, H. Holt, 1921.

(2016 -2 A 1 H=AF, 5 A 23 HEAD)
[EEHBN]

[22] Ve it - KRB,

(23]

[24]

FiE X

2014 AFENZANVEE R R T
a3 a=h—3 g VR 2016 4F, (6]
KR 0L L2 20 B i SRR AR
ET. [AE4H, Far2AadE ) A
th. A BRI R R S AREI 2RI 5 2

DB B DEICIE . AAN—F
XYY T VT A PR

#lll %k

2016 AFENTANEE R B T A 7
o TIEWRERZE. R 4 A, Z 2280 (R
A& AL BT AL 2 ik EN Gz 5

3 DIt ARSI R, EEW
I'. % poan
BO B (F2B)

2007 4FJUN T2ER PR ZFFEA MR L
ZERHE L RTHIRRARE T, 2013 A= Ju)N
REERFBEEN T2 MR 1.
BUE, SEMmBERPIEHRIE LA T 47
THHER T, ik T+ A7 1A,
/\*—%«7/1/) TUT 4, HEEBLFEKON

‘.-". SO, I (T2). HA/S—F v

U7 VT (R jC,%\

)]1]]11

%l B2A (ERB)

1996 4F KRB R KPP ILuft T2k 4t
BHELRTHIEREE T, 1999 4 [FHFFER

LR RS T, KIORZEEIER 2T
ZeETI) R AR T, 2003 4F 4 H X0 i
%k%ﬁi%%%ﬁ& [RI R A R PR L
FEAEBAR AT, BUE, W,

(L2). =S NV a s Ba—T 47,
BOBERSOMZEICHT. KESEAGHEREEE
A%, IEEE, ECHdEEYS, HlusYs, va
= A VBT 2= AR, KSR CE, H

185



Eai—<IVA4 V87 —RERXMNEE Vol.18, No.3,2016

\]m_

ARAN—=F VU T VT LRI - i %%

A BF (ERE)

1996 4= KB FFME T 225025, 1998
AR[R] R B i 1 ik 20 1 e i )
BAET. FKRFIMT, SCafig R L%
TBhEdE, BFEHINRBENE X & 23T
ZEES AT, 2009 F 4 H XV TanfE
a KAWL T 228 A T ¢ 7 R e
R g, BUE, REER. Mt (1), E
HHREmA X T =R, HEBFEER, ~TTv AV
X7 2 — ADWRICHESE. BIEREESS, HRoe
s ba—vw AU HF T 2— A% ACM, IEEE &5

A. ﬁ?%ﬁiﬁ, HANR—=F v L) 7V 7 ¢ 4l
TEENE - WSO, AR TR A E S .
186

(54)

(C) NPOJEAE 2 —~< A VB T o — AF5



	pagenum_c45: ( 45 )
	pagenum_s177: 177
	pagenum_c46: ( 46 )
	pagenum_s178: 178
	pagenum_c47: ( 47 )
	pagenum_s179: 179
	pagenum_c48: ( 48 )
	pagenum_s180: 180
	pagenum_c49: ( 49 )
	pagenum_s181: 181
	pagenum_c50: ( 50 )
	pagenum_s182: 182
	pagenum_c51: ( 51 )
	pagenum_s183: 183
	pagenum_c52: ( 52 )
	pagenum_s184: 184
	pagenum_c53: ( 53 )
	pagenum_s185: 185
	pagenum_c54: ( 54 )
	pagenum_s186: 186


