e iR i S

N—F v IV EEDE RS LURBA(F 37 2%
BT HRERMNE T+ AT LA

FAEE AT RS B AR

A 2™

JILE k™ R

Wearable Haptic Display to Present Mass and Internal Dynamics of Virtual Objects

. . * . . ok . . .o * . ok ok
Kouta Minamizawa ', Souichiro Fukamachi'', Hiroyuki Kajimoto 2 Naoki Kawakami'' and Susumu Tachi’’

Abstract - We propose a wearable haptic display to present the sensation of weight and inertial
force of virtual objects, which is based on our novel insight that the deformation on fingerpads
makes a reliable sensation of weight even when the proprioceptive sensations on wrist and arm are
absent. The goal of this project is to meet the increasing demand for realistic haptic feedback with
a simple haptic display that delivers realistic existence of virtual objects in entertainment,

augmented reality or telexistence systems.
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Fig. 1: Conceptual drawing of our proposed device.

Real world

By wearing our proposed devices, the user can feel the
weight of virtual liquid in the empty glass.

T4 AT AT, HEZZHELTE—2DY
AVICK > TF L DEMFHTH B X R—ILD
WEIE NS0, Fld 2z EmIC B nTEE
THs. LHLENSHIIANDEENLNETH S
fesd, R—=2T), U7 T TIVCT %DH K H
TdH%. —J, CyberGrasp[4]*°Nakagawara b [5]
I KB EREERI< X 2N RigE. HigICH
VRN R 2R T AEELHEIN TS, &
NHIFIERICHFR I ZIRT S T L IERRETH S
EDD, YMADEIPFRANGoRENE XS
RIRIEHET S ENTE RV, TDOX DT
HZHRT 2 T DITII i 2RO A 2 A B 72 fi]
W Bl DT — LRI 208D
5. L L7 —LICKBEEZREEDIRRZTT
SR, NOIRED T —L e DOEfE L5
e, SR Nr 5D LT TiEAEL, FlED
WO LTELSENTLES. NS5O TF N



BARN—F ¥ LY T )T 4 FRHEXEE Vol.13, No.1, 2008

A A BRI O Rz I X HIE 91
E, BAZEITH LU THgacix s « @D HEMET X
VT F U AMENMEL BB EORENEL 5728,
HEAEEANOYE 2 L T 5551 RE5 7
Ta—FHREICEB EEZIOND.

Z ZTIEE, NEOMEBEREZTER L, R
DOHIG L IIYPINC I 7R % JI R PRI U T
Hz2hE U8B LT, EEMDOTINA A THELE
BEOEWHEZEIGRT 2 FEMERIN TV 3.
N D [611E 2B 7 hsifE & FIE BIELL R ORS00
EIEE 2R HICHA G DY, 2UR R NIEE O &
ZHIREE R ET—HMAIKTI>EENS J1Z2H]
HIG2FINRREEZRE L. Yaob|[7]
&, FEERICRE O Z2 BRIKRYIA D R 2 BR O HiRE) &
EEEZLRL, BHTFICK> THET S FEICK
S TZEDRDHEERPIEN > TWV5E K D REEH %
BUSEZTeZRELEREITo 2. X IE
5[8IIREDIEHEZ1T S T & TR & DR
PREL R R R S, BRI K -
TEIEFICN—F v VisYMAD K & X 2B S8
BT EICHIILTWS., cokSic, BHFEOYMH
S 2 FET 5 DI KR THEMEIR Y AT L7z
MEEETEE, AHOHELNIUCHB N TIZBISE
OYEEBI S & B RIF O ) H 2 HRd % C
EMNTZEBZLWVHTENHLENCEDDDHS.

1.2 REBHHEICHITS TEE)

Jones 5 [9]1C X B il BN IR O FEIC K 5 &,
R EIC BN T, KRELS DT T, WARUAD
IR« KEE - EHE - T - JENMEINS.
INSDEFEIX, BiPTFORBDOKE, VikZzE %
Z B 2D DOFROMPHEEENIC K D E U B A2
REGE, MADNFROKE2ERIES T LicK
DAELCSREEEOMBICK > THREEINS. {8
FEMEDOHIEIE NS DEFICH DIV TITbN
%. TTT, BETOKEIIM - FH - f5OKMIC
B3 EEZERE LEEEHNICE ) % R EREO
ALK THREEINTWS EEZ NS, L
LER, BEXORRIGEERBERNETHD,
ZDIRDT=DICIF I 2 7 m & LIz JTRBERD
WETHBHEEZENTE. LHrLYANTX
DIEHZIICE T TRMEICABREZNETD
TR DHEE S D & DFENC BT, FEOTEH
TR IEFEINEDOZENE U RN K S EYAD
HWORMEORALZIIWEIKILTERWS, K
RERENMEBENWICHO LN TWVWS T &N
Johansson 5 [10[IC &> TRENTWVWS. T
HiaZ, BEZREREZRMET &6 H{ERED
FMOAHTCHIEHEZLIET ST EMNAREETDH S
EWVWSIREHZIEEET 5. A Tld, ARIREHICH
DWEEZRE LRI NS EERO A H

M2AL Y 5 C & T, JERMALGEIC X5 R
D RIS RO A THEHEEEDNHEAEETDH S
T LZml, REEMEEADMEIIRICE S
PEMMNET « AT LA ZEBT 5.

2 FEORREEARE

2.1 FRMYSINRICHITBIBGDEERE
EAZREE 2RSS T s, RO
DHTEHIDEEZILHET DT ENAHETHS &
WD A DIRRIGRZMGET 5728, PIiREERE
WCHIE SN REEEOEME L, REEEICX
HEIREOHIICET M7, £9KD
HARMITUFRIRREL LT, YAERID B DE A,
LA T BN TR Z (- FE 9 2 R0 2 f
5. TOFFNTIRRIREBICB I 2E S OREZ
HaEE EER. Bk L OB R E THAET
BNEEZSHE, 20X, RELEEEE
AWIHICHHETE D, TOE X RIBEHHEICHT
BHEE ) (Fv) ORNIHIEE /1 & FH L L, HAWI(Fs)
OFNI Gk OERE (HEX B NEE) ICF
LV, RFEETE, BIETICEC3RENTYE
AW E D R EZHHT 52 2T, HE
TREHEZNER T ICERBREZIERT SR
A%,

X2 PR O e D EE S &8 AN
Fig. 2: Vertical force (F,) and shearing force (F))
between finger and object in grasping.
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Fig. 3: Experimental setup for with-proprioception sessions.
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Fig. 4: Average rate of "heavier" responses for each
standard stimulus in with- proprioception and without-
proprioception sessions. The dashed and the dotted lines
indicate the PSE and the 75 % correct lines.
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Table 1: 75% difference limen for three kind of standard
stimulus with / without the proprioceptive sensation on
wrist and fingers.

standard 75 % DL
stimulus with prop.

75 % DL
without prop.

50 gf 16.2 % (8.1 g)

18.6 % (9.3 g)

100 gf 9.3% (9.3 2

16.5% (16.5 g)

200 gf 7.0% (13.9 2

11.8% (23.6 g)
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Fig. 16: Simulated internal dynamics.
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Table 2: 75% difference limen for four kind of standard
stimulus in displaying the internal dynamics.

st'fmdard 75 % DL
stimulus
10 gf 4.3 gf (43.0%)
50 gf 10.7 gf (23.5%)
100 gf 21.0 gf (21.0%)
200 gf 58.2 gf (29.1%)
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