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Real-time Rigid Body Simulation for haptic interactions based on contact volume of polygonal objects

Shoichi HASEGAwA*, Nobuaki Fuiir*, Katsuhito AKAHANE™,
Yasuharu KoiKE* and Makoto SATO*

This paper proposes a new method for real-time rigid body simulations for haptic interfaces based on contact
volume. Analytical methods for calculations of contact forces take too much time to keep fast update rates of

haptic controls. In addition, they prohibit direct connection of haptic interfaces.

Penalty methods, which employ spring-damper model for calculations of contact force, are very fast per iter-
ations. In addition, they permit direct connection of haptic interfaces. Therefore penalty methods are good for
haptic interactions. However, previous penalty methods do not regard distribution of contact forces over contact

area. Therefore, they can’t calculate normal and friction forces on face-face contacts correctly.

We suppose distributed spring-damper model on contact area to solve these problems. We analyze three di-
mensional shape of intersection part on polyhedral objects. Then, we integrate forces and torques of distributed

spring-damper models.

‘We implement proposed simulator and compare it with point-based penalty method. It showed that only

proposed simulator can simulate face-face contact and friction forces correctly. In addition, we connect a 6 DOF
haptic interface to the simulator. Users can feel 6 DOF force feedback and input 6 DOF motion.

Key Words: Physics based modeling, 6 DOF Haptic rendering, Friction force, Penalty method, Contact analysis,

Real-time simulation

1. gooo

1.1 00

gbooooooocooooooo3boobocoooano
tobooooooboobooooooooobooboooboo
0ooo0ooooooooo0ooo (=00)ooooo
ubooboboooooboobooboooobobcbOoboooDo
oooobooobooboooooooobocooooobobooo
ooboooobooooboooooooobooboOooooobooo
oooooboooooooooooobocoobooboooooboo
obobooboboooobooooboooooboboDno
ooooog

goooooooobooooooboobooooboooooobooe
ooobooooobooooobebOOUOODOOODODOOO
gooooooooooooooooooooooobobooo

*0000000000000 000000000 4259

* Precision and Intelligence Labratory, Tokyo Institute of
Technology, Midori-ku, Yokohama
O Received May 31, 20030
0 Revised August 1, 20030

gooboobooooooboboooobooobooboona
goboooboooooboooobooooooooooo
pobooocooobooooooooooboboOooobobooo
gooooood
goboobooobooooooboobooouooooooboooo
gboobOobOoboboobOoboboooobooooed
goboooocooooooobooooooobooooboo
gobooooooooobooboooooobooooobobooo
gbooooboooooboooooooooo

1.2 00000000004

gbooboooobobooboboobooobooboo
gooooobooooooooooooo

goooooooooooobooooooooo

0000000000000 O0OU0ooooOOO (300HzO
1kHzDD)DDDDDDDDI)DDDDDDDDDDDDD
goooooooooooOooooooooooooobobooo
goooooooooooboooooooooboooooboo
goooooooooobooo

TR 0002/104/4002-0001 © 2003 SICE



2 T.SICE Vol.40 No.2 February 2004

0000000000000000
00000000000000000000000000
000000000D000000000? 0000000
000000000000 00000000000000
00(2.2,3.2000)

000000000000000
00000000000000000000000000
0000000000000 0000000000000
00000000 600000000000000000
0oooooo

2. OODOODO

2.1 00O00O0O0OD
00000000000 000000000000000
0D00000000000D00D000000000000
0D00000000D000000D00000000000
000000000000000000000000000
0000000000 00000D0000000
oDooooon

Baraff 0 ¥4 000000000000000O0DOOO
0000000000000 0000Baraf000O000
000 »nDO000 o(»®*) 0000000000

Mirtich 0 Canny® 00000 20000000000
00D0000000000000000000000000
000000000200000000000000000
001000000000000000000000000
0000000000000 000000D00000000
000000000000000000000000000
ooooooooDo

0000000000000 0000000000000
0D0D000000000000000000000000
oooooooon

00000000000 0000D000000000
000000000 (000D00000000000000
000000000000 00000000000000)
000000000 D00000D00000000000
0000000000000 00000000000000
0000000 (2.20 00)O
oooooon

Moore 0 Wilhelms ® 0McKenna O Zeltzer 70 Keller O
8 0D00000000000000000000000O0
00000000000 0D00000000 (0O00000)
0000000000000 000000D00000000
0000000D0000000000000000 nO0O
0000000 o(n) D0OD0OO0DODODOOOOOOD
000000000000000000000000000
0000000000000 00000000000000
oooooo

00000000000000000000000000
000000000000000000000000000
000000000000000000000000000
00000000000000000000000000
ooooo

Terzopoulos 0 ¥ O Snyder 0 'Y 0000000000
000000000000000000000000000
00000000000 0000000000000000
00000000 000000o0o0g

2.2 600000000000

McNeely 0 ¥ 00000000000 O0000O000
600000000000000000000000Kim
oY OooooDO0o0o00000000000000000
000000000000 000D000000000000n
00000000 DD0o0O0n

00000000000o0ooooooooooooo
J0000KimOOOOOODOOOOOOOOOOOOOO
00000000 0000oo0

Chang O Colgate? 00000000 DODOOODOO
000000000000000000000000000
000000000000000000000000000
00000000000000000000

Adachi O ¥, Hasegawa 0 4 HollisO '™ o0OOOD
000000000000000000000000000
000000 (00000)000000000ogoooog
000000000000000000000000000
000000000000000000000000000
0000000000000 00000000000000

3. od

goobooobooooooooboooooooboooDbbooo
goooooooooobooboobobOobOobooboDbo
gooooooooooooooboboOoDbOobDOoDbOo 30
gooooooooooooobooooobooboooooo
gbooooobooooooooooooo

goboboooooooooobooooooobooooaoa
gooooool1oooobooboobobobooboond
gbooooboooooboboooooobooooooo

gobooooooobooooooboo

3.1 100000000

gobobooooooooooooobooocooooobooo
0000000000 n000000000 o(»*)0000
goboooooooooooocooooOooooobolbooboon
gooooobooooooooooooooo

gobooooooooooooobooooooobooboOoo
0000000000 »00000000 o(n)00O0OOO
goooooooooooooooboooooboo

3.2 000OO0OO0OO0O0ODODOO

goooobooboooobooobooboooboboobDo



Oo0ooooooooo b0400 020 20040 20 3

000000000000000000000000000
ooo
00000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
00000000000000000000000000
00000000 oooon

00000000 60000000000000000O0
00000000000 600000000000000
0000000000000 00000000000O00n
000000000000 00000000D0000000
oooDoDoOooooDoo

3.3 000000
00000000000000000000000000
00000000 0000000000000000000
00000000000 0000000000000000
ooooooog

000000000000 00000000000000
0000000000000 D000000D00000000
oo
0000000D0000000000000000000
0000000000000000000000
10000000000000000000000000
000000000000000000000000000
000000000000 000000000000000
ooooDooo
OD0DKimOOOO W OoOOooODoOoO0OOoOoO0O0OO00o
000000000000 00000000DO0DoOoODn
0000000000000 000D000D0000DOo0Dn
000000000000000000000000000
000000000000000000000000000
0000000 (Figl)o

e

@ : Deepest penetration point

4 : Normal force

Fig.1 Problem on normal forces

O0O000O0®Y00000000000000000
00D0000000000000000000000000
00D0000000000000000000000000
00o0oo0OoOooooDo

000000D00D000000000000000000
0000 (Fig2)DODO0OO00000000000000
0000000000000000000000 (Fig.2)0

9

@ : Each point on contact area 4 : Normal force

Fig.2 Solution on normal forces
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Fig.7 Triangular decomposition for spring model
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