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Dent-Softness Ilusion : Psychophysical Influence on Sense of Hardness
by Mixed-Reality Visual Stimulation

Yuichi Hirano™, Asako Kimura™,

Fumihisa Shibata™, and Hideyuki Tamura™

Abstract — In mixed reality (MR) environment, an appearance of touchable object can be
changed by superimposing a computer generated image onto it (MR visual stimulation).
Meanwhile, when human sense a hardness of real object, it is known that the perception is
influenced by not only tactile information but also visual information. In this paper, we studied
psychophysical influence on sense of hardness by using a real object which is superimposed by
a computer generated image (CGI). In this experiment, we deform the CGI animation on the
real object extremely, while the subject pushes the real object by his/her finger. As the results of
the experiments, it found that human subjects sensed different hardness by emphasizing dent

deformation of the CGI animation.
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Fig. 5 Visual Stimulation Used in Experiments
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Table 2 Variety of Visual Stimulation Used in Experiments

AR A Riax OB
CGl1 5mm
CG2 (MIA/N) 10mm
CG3 15mm
CG4 (JUAH) 20mm
CG5h 25mm
CG6 30mm
CG7 35mm
CG8 ([HAK) 40mm

72720, bendmy IV L& 0 7 3 —AERBEORI E
THLUAATBEOHNIT B DT, hpe (37 DEED
AEME D e RIW A e g,

FEZERTIL, hpax 25 5Mm O BEPEAYIC 72 5 CG1~8
EHEL (R2), THERBIOER2 CIXRAEHE
B BT AR DRI % CG2 (MA/]N), CG4 (1
FHH), CG8 (MAK) (K 5b)~(d) %, FHr 1 T
1L CG1~8 DT R CEMHTH.

4. FlirRER

4.1 EBRBEM
EEITIZIF U TH DI T OWEOR S 2 MR I
TR L > TRRD EERTDHZENH D DM

HOHEEITED LD ITHT D E MR D701,

LT O FTERETS .
1 OO FEYEICK LT 3 FEO TR
(CG2,CG4,CG8) Zir » iz L, EMRDHE S

NEICTH DI H 0 5T, MR B HIEKIC &
D B2 DS LER SIS DRSS
« FRLFER A X DR % 3 FEE O FEW A (Urethanel
~3) 1Zxt LTITV, EROME SRR 554 T
HEEEOER L2203 5

4.2 ERAR

(1) HMD Z#:35 Li-giBE o B (H.E) (2 1
(Urethanel~3 ® 95 H 1 5% 5 L ATEIR) O
VAT = DB

(2 MAFORRD 3FHEDOCC T =A—arDH
L2 LY (EHFOEWEBRE L7242 6 D)
A PNISESN

B)MIZR)TEIRLIZCCT =A—YarD1oH%
EEME L, EBREICIEPET, v T r—
LOHIDO Nl A2 B —FE 8B 5 THILIA
FE5 (EEHATA)

(4) [FEEIZ, 2 DHD CG T =A— 3 v afERL,
HLIAEE D (EEGETA)

G) 1 HORATELE L T2 2HORITAZ EH KL
T3 @REHV) ~+3 (V) O 7 BEREChIZ
D (WRENEETEZHET, Q@)DORITE
0 3)

(6) 7£V 5 MOMAEHEIZHOWNT (2)~(5) ZHhb
e

M) ()~O6)DPFEERRE, VD2 OOTLH T 5 —A
W LTHITH. =220, BIOEBRTOMEISN
WDOEBRIEBET DL Z L aRT D720, Bigby
LA T d—hEEo BRI 1 H LR 222
JCEMRT S

(8) TRTDOTLH LT 4 —LDEBRNKID - T4,
KON OB D a A N ETEIT 5
EBRFIETS = v 7 = D—RFHBEICHE SN TE

D, RERIIRFEOHFERICL VIS /O NE D0

BNELLTROLND. EMEROEINFE L THD

WZH b5, MR AT K 0 i S Fn5E o]

ODDHENRIEZIN DD THIUEL, ZOLEREIC

RO BRHETHITTHS.

WEREIX 154 0RDBEM 114, ktE44) T

5.

A3FEREER
ERHERAZR 61287, KPP oERIL, KOS

NS BOENIOLERNELZRLTEY, HE

WIS SN EE X, F o Riciiiniz CG T =

A—a VERER LIESGAIT, d8E EnE i<

SO EC T EEEL LD TH D, il

MR E VT EPRET IR A < U, BiE/NE

VIMEEHBE NS R U722 L2 /R LTV 5.
EBRERLOVUTOZ EBbholz

(i) Urethanel~3 §XTIZHB\W\ T, MAF D Ee DR

- 274 -



T - KH -
IRz R LT 5A OO R EMICA B
1% OHEEN® D

(i) Urethanel~3 X CIZHB W T, #BHREILCC 7=
A= a YOMBENRKENEDIFERKS L
BELTWD

(iii)Urethanel~3 -~ TIZHB W T, MA/hEF o X
DY, EROMOBEED R KE B TWD

(iv)Urethanel~3 X TIZHB W C, [FABEORE S FRE D
IRV RSy !

(i) £V, MR BIR R IAE S R IZ R % L IE
T2, 1 WOFBEERHDZEND, FEAED
WERE N BEZ T =2 ERbhd. £, (i) (iv)

DFRERSC, #ERE DX [CG AKX S MTeiE &l
SOBENEE T W TR U EMEEfil> T g &
OhroTNTH CGC DMADKE I THINED-
TZEOITECTLEY ] REDaA MRBLNRTE
ZEMD, BEMEICBITIREORBIINXL,
ASEER Lz L& o7 4 — A0 SFPHAN TIE
MR@@%M%K%H%%%%@@%@Ew’%b
59, RIS RIS US-7 TR & N
bﬂé.$¥$?%ﬁbk3@ﬁ@CGT%% v
a3 ORKM A&, 10, 20, 40 mm & ZERIE Tl
TRNAY, (i) OFERR T2 2 b3 5 5
WEDENEE LT o7 R EDa A vk
MABEDOZEN, HSMEICRE S BELE52D2 &
Bomnbd. Fiz, HEEZLIEBORK/NIH -7
HLOD, MBAENKEWCE T=A—Ya 2 EHE
HE L7 0E R LD EB 2 TR e A &
WNESWCE T =A—va ryZEEMBL-ZLD%E

MOENSEKLE 2 EBERTHEREIT LA WP T.

5. RE&

51X 1: BIAMEDOFHNEDBIE
5.1.1 EEB#

TEFEBR L D, MR AR RN AE S 5T | s 2
HEZDHZENbhots. 2T, £ 1 TiE MR
UL M % 2540 S B 7o BR O R S 15 O 57513 % 7
REHET-DIT, TOFERM T THEBREIT .

- FREREIC S R A R D B
CBRAEE LT, RO MAEE Smm 30

A &H7- CG1~CG8 ® 8 fl¥H D CG A 5
-10@%%% TREU T, RV & e A A

IR - B L, S OEWERE U A0 E 9 gk

9 %

c EHERS I ZFOE FC, EBHEORR T DRE]

DO MNINAIZETE L CRIBROFITEZITV, EDB

PRl S DFEWEJE U D K 9272 D £ 7213k U/

R B0 EFHRD
s X 712" T A~D O A FEEHOHRIR R — TR L

%H - B4 : Dent-Softness lllusion : EARERMERIBICL B SHNE~DEE

TIREOFEFRZITV, FRRIEZ KD 5

RO EBR A X D7 2 3 FEFE O EW A (Urethanel
~3) ITH L TITV, EMEROIE I B2 5355 T
H[FERDO TR & 72 2 O35

5.1.2 REBAR

(1) HMD #2558 L 7c g o Bl (5.b) 12 1 F%
(Urethanel~3 @5 H 1 D% T & LTER) D
TVLH Ty — A E L E

(2 K7 IRT 4 FIHO R — G, EERMET
HRFEANFOFEIEL L ONEF %2 T v X AT 1 /3%

—URE
(3) RIE SHLT/XF — THE, 2 FiSHD CG 7 = A
—3 g VA TER
m | | M}}Jl\
-1. 28 0. 22 1. 07
1.0 (l) 1I0
MoMCELS BCRELD
*% 1 p<0.01

(@) Urethane 1 (WD L & > 7 —24) OfER

IEIJ%/I\
-1.32 0 25 1 07
\4
T l
—1.0 0 1.0
BoHELD BRELCD
*x . p<0.01

(b) Urethane 2 (IO 7 L 2 7 4 —4) ORER

m | | ML
l 20 O 20 1 00

l.O 6 1.0
BOHCELS BCELD
*%x 1 p<0.01
(c) Urethane 3 (KB 20\N7 L X V7 5 —A0) DOfESE
6 TIHEBRORR

Fig. 6 Result of Preliminary Experiment

INR—A

Gl CG2 CG3 CG4 CG5 CG6 CG7 CG8
o T Y R P Yy
. s
NE—B
o] O————+— O =
o -
13— C
w Q——F—+—+—+—+O=
"8—2D P ]
W Q-O—F———+—+— @

[ =

O memn ) wmmn
7 REREORRNRF —
Fig. 7 Presentation Pattern of Visual Stimulation

- 275 -



BARN—F¥ILYT )T«

FRIWNEE  Vol.16, No.2, 2011

30

25
20

15

F BB (mm)

10 +

30 30
25 25
Ezo ] ] gzo
B 15 B 15
% 10 | & 10
5 5
0 S 0

A B C D A

RERFDRR/AE—Y
(@) Urethane 1 ()

B
HRERBOR T/ 2—>
(b) Urethane 2 (Hf#)

C D A B C D

BEFEORR/ EI—>
(c) Urethane 3 (8K 5 750)

8 FEER1DOKER
Fig. 8 Result of Experiment 1

®3 LR 2 THOIEWER L MR OM ARG DY
Table 3 Combination of Real and Virtual Object
Presented in Experiment 2

@ Urethanel (f#V)Y) + CG2 (MFA/)N) &
& Urethane2 (F1[) + CG8 ([MAK)
®) Urethanel (F#\)) +CG2 (M) &
Urethane3 (X 572°0) + CG8 (A K)
© Urethane2 (4f]) +CG2 (M) &
¢ Urethane3 (#5720 +CG8 (M#K)

(4) ICE)TEIRENTZ CC T =A— 3 »ZIHIC
HERE L, WEBREICIIRRET, YA T —
LDEHIDOF WL E 2 ©—FF 0308 5 £ TH LA
EFHD5 (BEEITA)

(5) @)D 2 FFHORITE LN, WHIXDEWEHL D
NEEEIED WHRENRETEXLET, @)D
ARATEMY &)

(6) ¥ —> A, D Ti%, ZZKLDHLMETDHE
T, —EETOBMENNSWVEZIIREW CG
T=A—valEZT, FIREQ)E)EED KL,
NH—2 B, CTI, ZEHELRWERETDHE
f,—<&&bfomwb%btk%u\iknbbéu\CG
T=A—va IEZT, FIEQ)EQ)EEYIRT

(7) 2)~(6) DFEER%E, %V D 35— OULERNEL
fERlER (X7) 2L THIT

8) )~(MNDFEE%E, VD2 OO T VLHX LT f—
LT L THATD
72121, NERZhROIEEZRET 5 T2 DRt 58

Z— DIEFLEHLUIAFEDL YL X 7 4 —LD)E

I o A LI LTWA5.

WA 1T 20 fRooE 15 4 (B

4) ThHD.

513#REBR
SR ZR 8 1Zrd . XH ORI AR AR O

eIy (ONZ—2) %, M3 sx ORE — T

Bon-RBMEEL TS, MEY, 3 5O L

M 14 4, it 1l

AT F—AB I ONTRTCTOERNRNE — N8BT,

SRR L 15~25mm ORI L 72> TW5b. Ll ED
e, SEERA LY LX T — MO S

PHNTIE, RC YL X7 4 —AI0% L CTRAEmIA
DOMAEZDR< &Y 25mm LLEZE 2 72 MR AU 5
FREIRRTH2L T, TNONRRIBITHD
LEEEND LD ZERbNS. KD (@)~(c)
BT D E, ZOHATIEY VX T 4 — LD
SOENFREIIEEL OO EEDbNS.

52X 2 BIHMEICHITA2HEGIREDIHEDR

5.2.1 EERE M
FEER21%, B I OFEMERICH LT, HIER

W ERWEET AL 972 CC T = A—v 3 wiR

L7=BA0T, B SR OIS ANE 2 5 O H iR

THZLEEHMETS.

S ORRD2FHO T L T 4 —AIIH LT,
RN HE SR H59 5 CC 7= A —3 3 »Dfl
HEDEER I DL IITRNT S (W EBIRIC
$HLUT, lEDPVIIEREA A =TT HMNABEDR
EVWCC T =A—vay, LENWEMIRICKH L
T, D LHEVBEE A A=V T BMBED/NI N
CGC 7V =A—var&ignd bllAabE Lo
TW5)

- RIOMAGDLEEY, HEIZ2 5OEMYEKE I
BEL, XERDCECT = A= g iR - Hlk
L7=mas, BRI VW EDKRE, L0k
PN EOLE L THRINDZERHDLE I )
Vil i TN )

5.2.2 REBAR

(1) HMD %3555 L7-#8E o Baij (.b) 12 2 FED
TR T 3 —5(F3DI3IODMAEDLE (@)~(C)

DIEFDOBELENMNEOENESBE L2 6 Mot
H1MET X MGRIR) ZEET D

2 FULE T — AT, £ 3 TxERSTH
5CCT = A=y a s BEEHETS

B) ETHERF IZMD > CLEICENWTHL T L X V
74—, RICERE Ao THICEWTSH D
LA UTF—LEHLIATFED (ZOR, 5
FIIIHHE T, L2 T 4 — AOHIO WL

- 276 -



SEF - KFF - 42@ - BF : Dent-Softness lllusion : EARERBEFHIZ &L FBEIME~DEE

Urethane2 (Fafé) + Urethanel (FELY) +
CG2(M /M) PP ;. S— CG8(M#A#K)

-0.33 0.33
t ¥ t t t v t

-0.6 0.3 ] 03 0.6
BoMCELD BCRELD
s Urethanel (B&LY)

-0.61 0.61

v, + t t hJ

0.6 0.3 0 03 06
BoM<ELD ECELD

#% 1 p<0.01

(@) Urethanel (fifivy) & Urethane2 (H1f#) DA

Urethane3 (BX5H\WY) + - Urethanel (BELY) +
CG2(M#A/IN) CG8(M#&AXK)

-0.50 0.50

Y + t + v,
0.6 03 0 03 06
BHoMELD ECRELD
~ *%

Urethane3 (8RS0 Y) Urethanel (F&LY)
-0.67 0.67
v, , A4
06 03 0 03 06
BEMRELD BCRELD

*% 1 p<0.01

(b) Urethanel (V) & Urethane3 (R 5730)) DA

Urethane2 (FfS) + xx | Urethane3(EixAMN) +
CG8(M#XK) CG2(M# /Iy

-0.17 0.17

+ —Y + v + +
06 03 0 03 06
BONELD ECRRLS
Urethane3 (85 HY) |=———*——=1 Urethane2 (s1F4)
-0.35 035
v . A
06 03 0 03 06
BoCKELD BCRELD
#% 1 p<0.01

(c) Urethane2 () & Urethane3 (#k5723\)) DFE
B9 k2 DfR
Fig. 9 Result of Experiment 2

BrE—7ENE5ETHLAEES)

(4) £ L bl U CARIOMEZ & 9k U= E-2
#ROP) ~+2 (f#) O 5 BpECRIZSE5
(WBRENEETEDLET, 200 L X T 4 —
LB LHEANS Z L 27

(5) 7V SHOMABDEIZONT ()~(@) Z#Y

e

(6) WRIZHEBRF L HMD 24k L, ()~((5) & RfEDHE
Bz, (AR % EERE L2 ke (BLSEHER
DH) TITH

(7) TRTOERKTHR, KOV ERBMERY
DA NEFEERT S
BB 1L 20 Roo2E 11 4 (B9 4, Ltk 2 4)

ThD.

523 fEREER
EBRFEREZR 9 (TRT. ()~(c) DEEMRIT, =

I DS MR BTG & 4R L 73556 OfE 53,

T2 HMD #EEEETICEMRETH LIAALTSED

MERTHD. KXY, HEAYERS 250 Urethane3 & 2

T, EBEIZIZX VRO DO EDIRE X0 v &5

W AWHRHEENEE TWD ZERnbnd. —7,
Urethanel & 2, Urethanel & 3 OfAEDLETIE, =
D XD WA ITE X TRV ERDND.

BB > 1 A 2 M I2E TUrethanel (3684 & TR
BIZER 5200 5 78 CG MER I T H 0L 0 il < J&
%] < lUrethane3 & 2 Z b _7ZBR X HMD @ L 72
& TN Urethane3 1% 5 73 < Ji& U 7273 HMD % 4%
L Cfif s & Urethane3 DI 9 238K 57> < & U TR
ERENT ST Vol bORH T,

Pz Enn, WIROME S BT EA X
G DD, WIKROE S PR E S B D551
S NEZ RN EREER I,

6. RERIERDBE

AT £ COEBRRERZ 08 - B LUIHER, RO
HAENG LT,

(@ THERLDY, EBRICIFALCTHIITTOY
RO X 2 MR BT RIIIZ K> TR 2 S &0
RINDZERDDLZ ENRENTZ. £z, MR %!
RRHPLICIBT D MAEORE I8, HIHRITK
VIS 5 Z RSN, SREIFEBRTHER L
TLE T — A, FETHLBRICH DI X
DEVWRGND b DEFRH LN, ZbEMED
S DBV R DI HED Thhoto,

(b) ZEBR 1 LV, MR BRI A 2k S B 72D
B SR OFRRIEIL, 20~25mm f2ETH 5.

(c) FBr 2 XV, FEMROEE I BT WIGEITIT,
R BIIZHE X AR5 K 9 72 MR BRI % 42
RTHZEICE ST, MEHREOUEBRNE Z 5
TR ENT.

AW THEONIZBHE - WA %, i
“Size-Weight Illusion”<>*“Shape-COG lllusion”{Z 5| X
e < BIZ L ALE ST, “Dent-Softness llusion” & FE5
Z izl

7. 090

21X MR BREZIZEIT 2 MR DOINBLOZEAL 3,
i EIC 52 DB ONWTIHELT-oTE-. K
FaClX, b 27RO CHiE I MTIZE R
%Y, MR BUERAEAEE S R 5 2 % BT
ODWTHEREIToTZ. ZORER, #7575 C6C T =
A= arvEEZDHIET, BMIMRICHERTHS
(Dent-Softness Illusion) 32U A Z & DR T 72,
M% T, MR BURLR R 2 25 S B 7 BE O S AR
DOIPBIESC, EMROM S L0 SRR O J7 03 ME
FLICET HGENHH 2 L 2R LTz,

ARG D, WL OO BLEROE RS ST
DT, SHBRITIFEAEER LR K S W EYR

- 277 -



BAN—F v LT )T 4 FKMmXEE Vol.16, No.2, 2011

THRRDOHERPGON DD, FT, MEORH
MU 2 BA T S6, WF CRICAN 256
RE, BRI EEZ 7205 D BRI IR R A R
BER T TETH 5.

HiEE
ARBFFED—HERIE, BHFE - RIE B [EAHE
TR RIS S\ F I ARENIRICBE$ D HF%E) 12K 5.

SE Xk

[1] REBE—, LA, ERFHT, “FEARMaie s B
LTEEABIERE AT L—ABHA T VT - THA
MRE~OIAH =", [ Vol.9, No.1, pp.79-87, 2004.

[2] R4, AR, H3E2S8KIT0Y, “Watch the Birdie! — =
ARSI T N7 7 a7, Ak, Vol. 12, No. 3,
pp. 259 - 268, 2007.

[3] H. Tamura, H. Yamamoto, and A. Katayama, “Mixed reality:
Future dreams seen at the border between real and virtual
worlds,” IEEE Computer Graphics and Applications, Vol. 21,
No. 6, pp. 64 - 70, 2001.

[4] ZWGHAF-, REBASL, AR, SeHEEA, BAHTT, “6E
BBFIRTRINT L D MEIGEA~DOEE, HANN—F %
VT U T ¢ H2a0EE, Vol. 13, No. 2, pp. 129 - 139, 2008.

[B] $EAWRSE, AFWIF, SEHBEA, HFFETT, “EaBig
TR & BETE RIS B 2 5 fB— pE2EISH o
AT LCOFIHEE LIZFHE—7, BAN—F LU 7
U7 ¢ S250GE, Wol. 14, No. 3, pp. 325 — 333, 2009.

[6] HUFEHBASL, YEPSER, AR, SN, BERHT, “HE
BBIFIRTRIE S H ORI B2 D58, & 71 [
WAL R ER SRR L, pp. 115 - 116, 2009.

[71 AiIFE, FREMSC, HEFHS, KHT : “CoLNIHE
DA T = AL, EAIERBEFE0GE A, Vol. J91-A, No.
1, pp. 162 - 171, 2008.

[8] THess, TH-=alf, A 15 MRS E L
bt NSO S HRRHHE, b a—wi A F T 2R
LR, Vol. 8, No. 4, pp.573 - 578, 2006.

[9] M. A. Srinivasan, G. L. Beauregard, and D. L. Brock, “The
impact of visual information on the haptic perception of stiffness
in virtual environments,” Proc. ASME Dynamic Syetems and
Control Div., Vol. 58, pp. 555 - 559, 1996.

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

[11]F. Biocca, J. Kim, and Y. Choi, “Visual touch in virtual
environments: An exploratory study of presence, multimodal
interfaces, and cross-modal sensory illusions,” Presence, \ol. 10,
No. 3, pp. 247 - 265, 2001.

[12] SrE sy, Veivonk, SRR, A, I RiEfs, fEE,

“BE SERBINCI1T D pseudo-haptic DR, HANS—F ¢
NV T U T 2 14 MRS PEEE, 3B1- 1, 2009.

[13] #e % AHE, FREHRRA, I RER RIS & Vol SERIC
B DEEEFRO TG & YR 2 ERRARE,
HAN=F LY 7 VT ¢ F25m3GE, Vol 5, No. 1, pp.
795 - 802, 2000.

[14] Kva{=, ARAPE, HFRTEN, AT, “DET 4 A7 A
DI HEIE & T RS FRIC 5.2 2508, &7
B EF 2 HATTEES, Vol. 106, No. 610, pp. 37 - 41,
2006.

[15] B. Knorlein, M. D. Luca, and M. Harders, “Influence of visual
and haptic delays on stiffness perception in augmented reality,”
Proc. 8th IEEE Int. Symp. on Mixed and Augmented Reality, pp.
49 - 52, 2009.

[16] TPUsSTES, AUlEks, KHA—, “BEEBESERICRT DR
LA OREZIR AR L= B 2 525k
HIEL", AARAN—=F v LU T U T ¢ P25 3GE, Vol 13,
No. 1, pp. 25 - 36, 2008.

(2010 £ 12 A 17 BH=A)

[(EHHEN]
T&H A— (FERA)

2010 FNLAEE R FIE R T HA T
S TR, BUE, R OKFRET
L FRHE AR R . HA B
AR T ik D NG 5 2 5 2%
WZBET BRI HE .

A+ 81F (E=EB
1996 4 KPR - HabfE T 25, 1998 4
Al KB EL A T2 2o BHE L p IR AR
BT, [\ KREFEBT, SAiE KR T2
Bh#E%, BRI RS S X 23T HF%E
BT, 2009 44 H X0 Sifnfig KoE
TEME T AT ¢ 7T IHERFR M.
it (T EREmA v ¥ 7 = — R,
BABEEK, ~NTT v I A48T 2= ADBRICHKES. &
THEHRBERS, BHRLEYER, ba—v A U H T =—
A4 ACM, |EEE £ 8. KESLHTIERE, B

b1 IR 8
B 2A  (EzxH)

1996 4R BR K5 2B JLpfE T2k 58
BHE L RTHRRARE 7. 1999 ££[F #FFeE
EEGUERRRE T, KBRS PR 22
TRARBIFE AT, 2003 4E 4 H L 0 Siffi
KRFHE TR, HE, [ EHRET
PSR S o = — g RRIMEEEE
Bt (T, EXfLarsta—TF 4
7, BABEREOWIICHEF. IEEE, B HFHEES
=, BARrRy MR, FRUHEZESEOSE. 2005 F
e SR TG

B F1T7 (E=8)
1970 4 FUER R L8R A LR 25
TEHINGEE T HTR AT, $v/
v (BR) ZA&T, 2003 4F 4 A X0 Srdn
fERSEE T2, B, [ EHIE LT
FEAT 4 TIEWE R . T L.
1997 4 L 0 2001 £ £ T, MR ¥ AT A
ZEETZ T TEABLERME T n Y =7 b
R, RFESouEE, BITE, FREE, BEA BRI
ZELHM. WEE Mixed Reality] (Ohmsha & Springer)
2 Vo —F WO (F— 2t 7l B EHRE
15547 = u—, |EEE, ACM, [H#ALE A2, AN THRES:
2, BRIER A T ¢ TEEEOSE . ERLIRSATR U,
N LHGEF R EE > ZH.

- 278 -





