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Development of an Efficient Force Reflection Algorithm for a Virtual Environment

H. I. Kwon(CBNU, Dept. of Precision M.E), K. H. Kim{KAERI}, C Y. Oh(CBNU, MRC)

ABSTRACT

In this study, efficient force reflecnon algonthm 1s developed for the Haptic Display by using a proxy concept
ana friction model. When there are not any contacted obstacles the proxy 1s following human operator's comimaid
wajectory n the 3D virtual space. But when the operator's command trajectory is locating wside of the object, the
proxy 15 constraned by the surface of the object Here enly with the information of the proxy position and opetator's
command lrajectory af every bme step, we can calculate the reflection force and its onentation To display the
friction force between two wvirtual suff material which are shding against each other, modificd Karmopp's (tiction
medel is used. In the fiction model, a damping tcrm and a Stribeck effect term arc wncluded to display the relative
velocity effect and stick-slip effect at the very low ielative velecity region respectively
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Fiz 2 Modified Kamopp's friction model which
includes damping effect and Stribeck effect

and:aﬂ(xr Fu) =
(Dn + bn-"C)F\ x( — Oy
—(*S——Dl(wrf\ W? +D,1)F — A x40

(—(—Sﬁ—;-uz—p('l)‘—/_\!})2+Dp)Fﬂ F0daC Ay

(D, + byx)F, Coxy A

o 7] A

D,, D, &9 Bordy 3

x % vy 599 40 &=

S, S, &9 AuR 3

Ay SR 00" THEY & E obF #
& Exg e

opd =g npEdg 2 SAERF BlHEc o
A mrE A g opdd =27 w@ee Bdgs
Fig. 22) Al54gd 285 gavz #AS B 47
ol A A nhdee F0)s 2% FASF v
A3t F AS B Alels] Aridme 2EEH
Ak 714 kg AFA gL vAd H
= 4 a}%—e] A7)E o Fig 33 28 g A
b AE g ofRete PFEFich

._6 2_

Fig. 3 The basic concepts ol force gencration with

the information of the proay center pasitton  p.

contact position

[

1

= g

i

g 33 2
iz

=i

¢, operalor's command posiion £

wgEg gy 2]

IFl = disx K + wel,x D

®£§ waEe) wek gilFe ¢ oo A#sie
¢ & Ak 4R W] Ak mebd [4Eeo
$48 #2w. 2 oha wde A2 $45F
278 B 4 & UL
4. HEF o 25

@& 2] 9 o] AL Gl ol
W @EFS J%E 57 fla@ EXSER-SS
Frd Fuo s (= Fpuen) ©0)0F Wb Holth
°of A& wHsE Ay, dEre F, 4oz
gAe)7] AFEA A FHRe A4 CuAE

Haz e Agaz oysAdd (Fig 4)
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