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3DOF Force—-Reflecting Interface
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ABSTRACT

In this paper, we present the 3DOF  force-reflecting interface which allows to acquire force of object within
a virtual environment. This system is composed of device, virtual environment model, and force-reflecting
rendering algorithm. We design a 3 DOF {orce reflecting device using the parallel linkage, torque shared by
wire, and the controller of system applied by impedance control algorithm. The force reflecting hehaviour
implemented as a function position is equivalent to controlling the mechanical impedance felt by the user.
Especially how force should be supplied to user, we know using  a (God-Object algorithm.

As we experiment a system implemented by the interface of 3D virtual object and 3DOF force-reflecting
interface, we can feel a contact, non-contact of 3D virtual object surface and sensing of push button model.

Key Words : Haptic, Force reflecting device, Haptic rendering, Virtual reality

.M B Glove, Motion Capture 7&H] ‘5ol glar, Az7H4] A

A&k &A= Thomas H. Massie 2] PITANToM

A7tef Al #AE Agstr] 91 Fytoas 99 7, Iwata®l Haptic Masteri$o]l o' cref} 7)1
A Wroliiolrs fuRo. ARE o] oF 7004z Al7}bo| kel A G TR kel AAEH I 2 Eol

O3 Bo2E]7] wio] A|it7bA giiiie] 7pakE 2 o) ofxal ARl HAlR B &l ooy %‘fl

ot AA7E 329 A sl 2]y o g ul 11_4] So) e APl @ wae] o)

rejvl F#H:E Alzkah A zhel] ofo] Hzbo gl yk4lo] of eAtiz Eul bAoA, #A QoA sl

weobzbar ok Z3FE] wlnie) Aol vhae] AlAE *Hf% EAGLEIE IR
dasiar 7k A7k AE <lEjso] A &Hi: Uvlo) b Qe MR A zkelw QIZtel Al ety Yk
A2 oAb el shin] o] tlhpol A b ut= g #8 Adsh: 89 Man-Machine Haptic Interface
1%

S A ETHE AEks Cyber Glovell Data Aol sfubE HH ot 9] FE)o] igal vhaksh



456 IL}j‘L t_jfhﬁr ) )Lnb ’}14 ‘{__}f‘ ‘7[J Jh‘: 1999;‘}‘ 10”

o o] e} 5= DCAT R UL1~ /x}%o}oq % jrxﬂoqoﬂ s ke

= s B skelan, 7]t i
i ””71 B 9} ]o] 3 %
AU o] FES FE) ol
€] ? ARG B, a4
ek 3% CidjR Wk AL 5
R wRelA A AR e )
wp QlEfH|o] 22ake] 3akg) JrejEl gk Aol ol 7hA 9|
A7hs rEg AvE A Eei)
2. oz wdol g
RIZE St=2rA2 Evheh JFolA] Z4yl Fesh4ql
9l W A~ (impedance)ol] v diste] yh#o] e 7HA

|
(stiffness)& wHAg8ko 4 L‘:VJ 20 7hx)ar S4o
i 3'”49] R R R R
227b A A 052 W glelo ’1@3} el 4
) s S

A W g Ui Slskel 2 9

AT Y

FUA P GEE we was @ e g 29
ol whlsash Yyassh YL Eg¥eln
S orAR) @5 wgerst pLuo] el i

J8 1 #He RE( K, 3d. B EY, x JHELA)

Fig. 1 Model of wall( K, stiffrness, B, dam-ping,

x,.. location of contacted)

Ex)=0 (x< x,)

(1)
Exy=1 (x=x,)
FI\Q}- 7I<1}\Cj J1 F[;1L_‘
FA’:Kw(x—xu') E(x)
. (2)
FH:BH"X E(x)
w h A el g
F=Fi+Fy=8)[K (x—x,)+B,x] (3)

oful, A€ Abgko] My} HFeh: UG fow ¥
53l Aoju}

&t~ ] ‘H coll ol nwlE] sk m1g] 29 #t of7iA
ol bR o) @A Kok #A A9 By el 1y A
of| A
K = xx‘x K.
‘ (4)
B = —;{ B, (& X=x,—x%

T8 2 AuExe HEO| 0|ROIH mjel patb
Fig. 2 Virtual wall when the Force-reflecting device
is contacting



3AHE 9 v g 457

b el sl xek 4l AT K, B b S
o1yl yroir A4 }iA UHLH_?EJ]O]E‘]Q] 2 ]U Woox. i
vhoizte gkdA|siel & kR A Algke] W
Sluh %5, L) Eelol B o] 91X Ao ﬂﬂﬁ*
o] K, Bak& AbEsho] afgho] ZlalAlef ] 17 4= ¢
= uls) 47 bRl Ae S e

3. HAEx o HA
3.1 o =aolH
U gA: FIAE Lo o e yhioll habe

1
wAleh fEol lojuld . A4l

Aol i ulae W ez azlel

2ol o) Aofir sls) HA
'Eﬂ 9] = y] 1z
& ool Wl il A1e A s

'\
rel 32 A1 At @:}4 Ao A

" 3 AE MEE 92 F3

Fig. 3 Prototype of Force-reflecting device
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