Bl

BAEN—FvV7) T2 SRNGEE

HEN=F¥IYFTYFaFE




S

2

TVRSJ Vol.15 No.4 pp.653-661, 2010

X

JEi RS N R RSB AROMES
FHMA & SXBTRMAEORH
CLN A

Virtual Manipulation Assistance by Collision Enhancement

using Multi-Finger Ungrounded Force-Feedback device
Katsuhiro Kamata™', Go Inaba”' and Kinya Fujita™

Abstract: The feasibility to reduce the delay of collision recognition by enhancing the contact
force change was experimentally examined for virtual environments using Virtual Coupling
and ungrounded force display devices. Two contact force enhancing methods were examined
for more precise collision recognition between the fingertips and the grasping object, as well
as the grasping object and another object. In the force changing enhancement method, the
contact force was enhanced by the temporal increase of the viscous parameter of Virtual
Coupling. In the contact state display method, which has no force delay in principle but no
ability to display the linear force change, the finger contact states were displayed as the
three-levels of discrete force. The experimental trials revealed that the enhancement of the

force change assists the collision recognition and improves the task efficiency.

Keywords: virtual coupling, collision recognition, reaction force enhancement, cognitive

assistance

1 (ZL®HIC

AR HETEREECHEEET BRI e 2
ITENZL, VR RECLREIKICZIECOMIKRIEL
KHRTHIENLEENS. RIBYIELIE % CHEENEL
THRETAIERICB VT, BREMEEIRETE T
DIER, BREL TV 2M kbbb Figie L o
RANBEETHS. ThoDOBEMIT, MR ALTHEE
ZMHBR AOMEIMLIEL, BRONSE TEROE
BTRRE~OKENKREE70, EEESET
T5. ZOBBICHLT, (RMBREIZSWTIEERICR
TR BB O S5 ) R B OTFE T
HhTV3[1,2). L, BN ORKEY, ko
EOMBERIRTBZLNWETHIRT, EFOKE
SRAERLEMITHIFZELDHARE .

T, (ERERRE 0RO mE: B, #5E
ERIRUI TS, BT A REL /B2 H
R Y, FXTREEMVOERBBREBINTH
5. BIZIE, Py REMOTIM 22843 D4R
B TEDIEBRIEAEE P LTI ko> 4% 383 )5
WTHEHEZECI TR [4), )8 ik Bk Bl
SO TIERERBATHERES), PMUE—F& Mot

*1: NORUR IR KERE
*1: Graduate School of Tokyo University of Agriculture and Technology

REBICL>TERSARBLHBT 3R UR AR
ER6,NRENRMBEINTVES. 5L, ThenFR
AR O/ NREZ BT A5, =— O St
ZRFTEARV0, HEMREMIKIZRATILNY
WA AT 5.

5, ARBRSEO TN E M EOBIKERAY S I
L—RTB120DY 7M1= TR, EITTT7 402 245
EFAMLLTHRENTWS, @i Ial—arnit
RAHBICE, EMHHFRALAELEIOMI 5 RD
DEEHTIL[S][91°, FIR AR IER LI-RIZIGU- %
MZBRF T AIE[10]435. FRMTIED Y 32l —4iz
3, EEOTHL — b THIEMEAR S Sab—a palfE
EVOFIE R HIN, AANDTHAMMIBOTRIvH
YATHDI, MBREFHMLR A2HET 31
—F O ARD N ERTREREERETHIENTER,
EIT, INOEMABSLYTERTEHIELLT, K
MRENORERAHIK(Fux) LEROIE L,
M ER L HEERIOREAA—F Ny TY T
(LLF, VC LR CERTIFENRREA TS
[1L,12]. VC AL TRENTIEMER S Sal — ¥ L TR
M EER T DL T, A S h Rk
EHTIMBE I —a  BEARE T AN
HEICARB.

ZIT, MNRe> L7 e R BRI, VC

— 653 —



BEA=FrNITITF1REEXIE Vol 15, No 4, 2010

LTI Lal — SR AR bEEEAICE, 2—F
DIRENBFEBEDEIZKREBATIIEND, Y Ial—
arDEEULEFELABERREREOH HfafnzmE]
BT 5720121%, VC OFERPiMMEEROfEEZ /MY
HUENHD. LhL, ZOKEREAL/NSIVC /T2
— S DHAEhEIL, RETRARILI e« 2A7 R
FTREBHAELTHT.

PTH, FHRERORAIDLL EBVORMOLE
N, FEHBREETIEHIEBBEENS. P,
BREAWEEANRERO—>THS, ikt
LCRE B3R RELEBE, B 1@ioiddLon
Lo Tge, M 1b)0I 52 REmikt: il
LMDOMED R TFHELT, ZKRTFiheRL)D
BamOBHIL, EXRBEEDBT2EBLEELLNS. F
BRMOZBIZBL TiX, AMOBmEEtIC kS,
TR IR T 5L TR O R+ R B
THRABLENRHD[13]. FZTERETIE, FioR
MERICLHIEHRRBIERDROKEL BB, FiF
WD AR O % R JREIZRIE T .

1 @kREBORA, bBENEENLIEEmE
DZROEFBITEDN(ZRFiBH)

Fig.1 (a)Reaction force from grasping object, (b)Reaction force
caused by the contact between grasping object and
another object.
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Fig.2 Problems in ungrounded force-feedback device and VC
environment; (a)fail of thin object grasping, (b)dclay of
object release, (c)delay of collision force. (d)delay of
collision force while placing a grasping object,
(c)phase delay of force in free motion, (f)proxy jump
caused by finger penetration, (g)insufficient moment
while wisting.
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Fig.4 Pseudo-force-feedback system. (a)pseudo-force-

feedback device, (b)entire system
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Fig.5 Example of reaction force calculated by force change
enhancement method
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Fig.14 Relationship among finger motion, movement of proxy
and objects, collision forces and displayed force.
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