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Sensory Property in Fusion of Virtual/Haptic Cues
for Perception of Shape by Using Mixed Reality

Morio Nakahara Itaru Kitahara and Yuichi Ohta !

Abstract — When we recognize objects, multiple sensory information (e.g., visual,
auditory, and haptic) is used with fusion. For example, both eyes and hands provide
relevant information about an object’s shape. We investigate how sensory stimuli interact
with each other. For that purpose, we developed a system that gives haptic/visual sensory
fusion using a mixed reality technique. Our experiments which focus on the sense of
sharpness along with egde regions show that the haptic stimulus seems to be affected by

visual stimulus when a discrepancy exists between vision and haptic stimuli.
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Fig.1 An Industrial Products Desighning
System by Using Mixed Reality
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Fig.2 Our Visual/Haptics Display System by
Using Mixed Reality
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Fig.3 A Method of Visual/Haptics Display.
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Fig.4 An Experimentarl System.
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Fig.5 An Example of a Evaluated Cube.
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D, REBRTETEL TV 30 cm BEN/ZZERIC BT 5
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Fig.6 A Cut Plane of a Cube’s Edge.
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Fig.7 An Example of an MR cube.

ZoTWVWA. TOCG ZiHET % L &DBIHZMEE,
B 8ICRT XIS, Fa—Th5 R THERE LR UM
60 EOMAFEIAAHET 2 ROGRE 9 5. ARToolkit[14]
ZRWT, 8 CGFa—TZREDF 2 —7 LicE
'L, HAREEIRRZIT

FUIV—2 3V ORERFE
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Fig.8 A Lighting Condition of Experiences.
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(Left)An Example of an Occlusion
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Problem, (Right)An Improved Ap-
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T, EAVNEBEZ L, BOOHRIAR#HE & i
HHEZBRORTIRRT S kD, ERETN
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T X, YR ORI L DI ORE DR DX
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Fig.10 Distribution of Skin Color
Chroma(R-G) Space.
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Fig. 11 Difference between physical and men-
tal stimulus.
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HDNLNAIETRESNIZDZ, FioTy /Lﬁﬁﬂf
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ﬁ%ﬁﬂﬂl@ 0.4 mm BEEOFHIMZHREL LT, K&
F#E7Z 0.2mm, 0.6 mm, 1.0 mm, 1.4 mm, 1.8 mm,
2.2 mm, 2.6 mm ICFRE L=,

M BRSOV T, 0.1 mm M FORCH LTS, Z(bs
RIS 2 EHARETH o 72D, Fa—T R ITIET BREEORERD
5, 0.1 mm LT CHEREREZE(EBE LN TEEM -T2,
FHIEE 0.1 mm & LTW3,

[PNON
F =0
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Fig.12 Definition for Mental Discrimination
Threshold.
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FEROTFIFCOWCIHAT . FI9MEREIX, K13
IERd KIS, HMD Z2%45 L2 IREETH 2 — T DRf
m@b,@éﬁ%@%mwfiﬁwl/y®®$¥ﬁ
(MEHRE LIEERZRAG (REME 2528

TeFa— T RMER L UTEIERT 5. L@t%@ﬁ
R L TR OMAEDEIE, #HE 2.2 mm, fill
Hl4dmm), ¥ 14 mm, AE:22mm} D2
WD LT 5. TOMEAEDEDORTIECDONTIZHIR
5. BENBOERE, HEOHR, iEOR, £
BZOmGOBEZNL TIN5, ERENID TF
Tlil> TFEV LIEREZT SRS, WS iEx
HO, Frry Y LICRELTE6-5%, Fa—7
IZmnsg. THTRTRE W) LIERPT TS,
FEVLICEELZEE, Fa—TIKEEIN TN
CG 2RI 5. TETRANSTTH->TREV &
TRZ2ZTTI561E, BT RS2 —T7 0 LicBahx
¥, Fa—TJWKEBEETNTNS CGC ZEELGMNS

Fa—Tcns.
WA, —RORAERBRBIR L%, ALk

7 TEAD LU AR RO 5, B & [ U &

&1 BREOFHIE

Table 1 Visual Discrimination Threshold.
A | Bl EERE | AR RS
0.2 0.332 0.07 0.057 0.01
0.6 0.382 0.08 0.078 0.02
1.0 0.395 0.08 0.062 0.02
1.4 0.322 0.07 0.052 0.01
1.8 0.338 0.07 0.045 0.01
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Table 2 Haptic Discrimination Threshold.

HYE T AR R | FpRlEl SR
0.0 0.000 0.00 0.000 0.00
0.1 0.000 0.00 0.000 0.00
0.2 0.000 0.00 0.053 0.01
0.4 0.130 0.03 0.078 0.02
0.7 0.270 0.04 0.049 0.01
1.0 0.237 0.04 0.069 0.02
1.3 0.300 0.07 0.063 0.02
1.6 0.418 0.08 0.095 0.03

. WRE S RELTLBIIE
BERAIET

13 #BEE LR R AR DAIERIR
Fig. 13 An Overview of Our Experiment.
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OIFREER LGS, 15 BRICRORFAHZ &
R B, Inds, FRMERCRERIECC B E AL, B
g hEBRE I THEEEREZ REThEw], 2
BHOIMEHAREFAZMOE T REV] R EDER
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7R LT EREAE S T2 AR e b T AR
BICHLUT, v F U OMEERITS DI, R
FRICEERIMDRE L 72D, ZORE, HEE ORI
EMET T 50 EENDS. —HT, Z2{OHAED
BT, —HOREREIC X SRR (Ecldss

) BEhilEES D, HEREICK > TAMOHE
B2 5T LRI ERRT — X DEEH R
THBENTREEING. T THRRE, 9PN
DOYERFIR LT PRERZITY, HARREDHE
R 5 2 % 2288 R & 0 WEHERII O A&
bEEHE L. BANITIE, £TOREERE S ME
R HA G DR Tz 49 FEORMERICN LT, <
FUVEERTTS. v F U IVEED 3IKEDIRTRS
HEIC XK > TR LN ZFHEFERICENECRVEE, H]
R AIC X BBENTNE DL L, HASDYE
A RDBBNT S, FIZIE, fERED EE E 55
&, HEHEE N ST T HMER GO
MifSSRIE, il OAEHWMEREREEL RS
B, HEMEMAICKZEENHIC S WHAGDE &
Wrxhs., TOTHERICED, HE 2.2 mm, fil
i 1l4dmm!, EE 14mm, fE 22 mm} D2@
D DOWHE R & OB EDEDNRE E N,
T DT IHEBROEBRTE, Rl —%, FEERER
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Fig.14 Mean grit sizes and the standard de-
viations selected as matches for hap-
tic, visual, and haptic/visual stan-
dards; subjects touched an object
with a 1.4-mm haptic curvature ra-
dius and a 2.2-mm vision one.
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Fig.15 Mean grit sizes and the standard de-
viations selected as matches for hap-
tic, visual, and haptic/visual stan-
dards; subjects touched an object
with a 2.2-mm haptic curvature ra-
dius and a 1.4-mm vision one.
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