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1. Introduction

Even though a particle model based on the mechanical
properties of woven cloth has been proposed by Breen et
al[1], there are problems to describe cloth behavior pre-
cisely and reflect cloth dynamics. In this paper, we describe
a precise relationship between measured mechanical prop-
erties of cloth and the particle model. Moreover, a collision
model describing the rotation as well as move of particles
resulting from impulse is integrated to the particle model.
Some experiments involving two cloth materials are per-
formed to validate the proposed cloth model.

2. Modified particle model for cloth simulation

2.1. Forces and torques acting on particles

Breen et al represented woven cloth by a particle system
where each intersection corresponds to a particle, and cloth
springs were imagined acting on the yarn segments between
crossing-point particles(see fig.1). Here, each particle de-
notes a cloth segment of σ×σ area. Then the measurement
data of fabrics, produced by the Kawabata Evaluation Sys-
tem(KES) for woven fabrics which is a standard set of fabric
testers[2], are used for the mechanical property calculation.
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Figure 1. Cloth springs in particle system

Even though cloth mechanical properties have been in-
cluded in the particle model, the accuracy of cloth simu-
lation is insufficient. Here, based on the KES measure-
ment principle, we modify the magnitudes calculation of
the force and torques in fig.1 to the equations shown in
eqs.(1). Here, F (ε), TB(θ) and TT (φ) denote the functions
approximating KES stretch, bend and shear plots respec-
tively. Fig.2 is a KES bend plot of thin wool material which
shows the non-linear relationship of the bend moment M
versus the bend curvature K.

{ {
Fs(ε) = F (ε) · σ · 978.80.
Fc(−ε) = Fs(ε) · α (0 ≤ α ≤ 1)

TB(θ) = M(K) · σ · 978.80
TT (φ) = F (φ) · cosφ · σ2 · 195.76

(1)
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Figure 2. KES bend plot

2.2. Collision and repulsion

To simplify the matter, we deal with both cloth-cloth
and cloth-body collisions as vertex-face contact. Whether
a vertex(A) will intersect a triangular face(B) or not is
judged by using an Euclid 4 × 4 determinant. Once a col-
lision is detected, the impulse is obtained by using eqs.(2).
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Figure 3. Repulsion between A and B

Here, F C
a (t0) denotes the impulsive force acting A, v−rel de-

notes the initial relative velocity of A and B in the normal
direction(n̂(t0)), Ma and Mb represent the masses of A and
B. At the colliding moment(t0), the face can be regarded
as a rigid body, such that, the impulsive force acting on B,
which is equal to the reverse of F C

a (t0), will rotate B as
well as move it(shown in fig.3). The impulsive force acting
on each particle of B(F C

pi
(t0)) can be calculated further.

{ J = F C
a (t0)∆t = jn̂(t0)

j =
−(1 + ε)v−rel

1/Ma + 1/Mb
. 0 ≤ ε ≤ 1

(2)

3. Experimental results and discussion

Using the particle model that integrates collision, we
carry out experiments on two types of cloth materials: thick
cotton and thin wool. Both cloth self-collision and the col-
lision between cloth and its supports are involved.

Fig.4 shows the simulation of tablecloths(40[cm]
×40[cm]) put on a table(20[cm] ×20[cm]). Here, the upper
figures are taken photographs of real samples made of thick
cotton and thin wool; the middle figures are generated by
Breen’s particle model, the obvious cloth over-stretching is
a problem though the effect of materials has been shown;
the bottom figures which visualize the real tablecloths more
precisely are produced by our modified particle model.

To reflect cloth dynamics, the free falling of a thick cot-
ton ribbon of size 1.5[cm]×60[cm] is simulated as shown in
fig.5. The ribbon rotates as well as moves when it collides
with an object, it shows natural cloth behavior. The last
figure in fig.5 shows the photograph of a real fallen down
ribbon, it is close to the convergent state of the simulation.

4. Conclusion

A modified particle model integrating collision is de-
scribed in this paper. The experiments have demonstrated
that the proposed model can not only simulate cloth drape
accurately, but also visualize cloth dynamics depending on

(a) thick cotton (b) thin wool

Figure 4. Tablecloths

cloth mechanical properties. The model is expected to be
used in clothing modeling for apparel CAD and other re-
lated areas.
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Figure 5. A falling down cloth ribbon
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