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Real-time Collision Computation between
Cloth and Highly-tessellated Models

TAKAHIRO HARADAt and SEIICHI KOSHIZUKA'

In this paper, we propose a method that can calculate collision responce between a cloth
and a deforming polygon model in real-time. Our method uses a distance function for col-
lision computation. We introduce discrete boundaries for calculation of a distance function.
Decomposition of polygon model into discrete boundaries reduces the dimension of the bound-
ary. Since the number of polygons has little effect to the computation time in our method,
a distance function can be calculated in a short time even from a highly tessellated model.
Our method can compute a distance function from the models involving inconsistent data
because it does not need any requirement about topology of a polygon model. Moreover, it
can control the computation time with varying the spatial resolution of discrete boundaries.
For time integration of a cloth an explicit method is employed. An explicit method does
not guarantee stable computation although an implicit method does. Thus to improve the
calculation accuracy and numerical stability, we introduce a sub-time step algorithm. The
distance function computation method proposed in this paper can be accerelated with GPUs.
As we are also able to use GPUs for the computation of a cloth motion and collision also.
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Fig.1 Boundary (left) and a distance function (right).
A distance function is represented by color in the
right figure.
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Fig.2 Decomposition of boundary. The first step decom-
poses 2 dimensional curved boundary to 2 dimen-
sional plane boundaries. The second step decom-
poses to discrete boundaries.
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Fig.3 Distance function calculation using discrete
boundaries.
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Fig.4 Calculated distance function. This figure shows a

distance function at a slice. The distance function
is colored with color shown at the bottom right.

000000000000000D00D0000000
000000000000000000000000
00000000 Swd0000000000000
0000000000000000000YWoooo
000000000000000000000000
000000000000000000000000
000000000000000 50000000
0000 pO0D0020 wiv, 000D0D0O000OD
00D00000D000000000 wihe, 0000
0000000000000 00000000000
0000000000000 00002000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 00000000000
000000000000 00000000000

Apr. 2007

+6

XXXXXXXXXEXXXXXXXXXX
\*«&_L;Mff vO=1.0) v1=(0.1)
° o

0.8
4 Solution A

Distance function

04 | X Solution B

— Theoretical
solution p=(0,-1)

-1.2 -0.8 -0.4 0 0.4 0.8 12
X coordinate
05 00voOviOOOOOOOOOOOOOOOOOOOOO
0O000OSolution ADDOOODOOODOOOOOODO
O Solution BID OO OOOOOOODO
Fig.5 Solution A is distance function calculated by inter-
polating gradient vectors and solution B is distance
function calculated by interpolating distance values
on v0 and v1. The line in the graph shows theoret-

ical solution.

gooooboooooooooboooooooo
goboooooooooooobooooooobooboo
goboooooooooooooooooooood
goboooooooooooooooooooood
goboooooooooboooooooooobood
goboooooooboobooooooobooooboooo
gboboooooooobooooooouooooboooo
goboooooooooocoooooooobooobooo
gobooooooooboooooooooooooo
goooO¢«0obOoO0o0o0ooooooooobooboo
gooooooooooooobo 20000000
gooooboooooooooboooooooDbono
goboooooboooooobooooooood
gbooooooooooooooboooooog

4. DO0OO0OOOOOO

4.1 O 0O O
goo0o0o0oooo0oooooooooooonoo
O0ooo00o0oooooooooooooonoooo
go00o0o0oo0ooooooooooooooog
go00000o0ooooooooooooooooog
go000 200000000 e@m0bO0O0ooooOog
gooooooooooooo kadeDDDDDDD
goooooooooooao kdngDDDDDDi
Ooo0oo F; O
Fi,sprmgIEkadj(|Xij|—ladj)%
- St (5] — Laa) 22D (9)
Xij
DDDDladeldmgDDDDDDDDDDDDDDD
gooo



Vol. 48 No. 4 gooooooobooooooooooooboo 1833
o o o (-] (-] o
o o o o o o
o o o o o o

06 0D00OD0O0ODO 2000000000000000000
goooOoo0ooooooooooooooooo
Fig.6 Two kinds of springs. Springs connecting adjacent
particles are shown in the left and those connecting
diagonal particles are shown in the right.
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Fig.8 Temporal antialiasing of a distance function.
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Fig.10 Computation results with a Buddha model. The number of polygons is 67,240.
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dimensional slices.
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Table 1 Calculation time with three models (in milliseconds).

Model Number of polygons  Number of discrete boundaries  Time(a) Time(b) Time(c) Time(d)
Teapot 6,320 8,753 14.1 17.1 39 7.9
Rabbit 33,518 8,109 28.1 15.6 46 8.6
Buddha 67,240 9,033 35.9 18.8 63 12.5
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Fig.11 Computation results with a polygon model with

an inside-out part.
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Fig.12 Computation results with an opened polygon
model.
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