Class Notes - Lecture#7 (01-31-2011) Ankit Chaudhari

CSCI 599 Physically Based Modeling for Interactive Simulation and Games.

Topic: Cloth Simulation.

Interpolation Overview:

1) Trilinear Interpolation :
If we know the color values at four points (viz. f00, f01, f10 and f11), how do we interpolate the

color at f?
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2) Barycentric Interpolation:
This technique is used to interpolate color values in a triangle.
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So, the value at f is given as -
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Cloth Simulation (ref “Large Steps in Cloth Simulation” — Baraff and Witkin, SIGGRAPH 1998)
Problems in Cloth Simulation:

- Large Time step which affects numerical stability.
- Use of Explicit Integration techniques results in slower results.

This paper helps us in a better cloth simulation because:

- Use of implicit Integration method which enforces constraints on individual cloth particles.
- The technique used models cloth as triangular mesh, with internal cloth forces derived from a
simple formulation.

Why Implicit Integration?

- Cloth strongly resists stretching motions while being comparatively permissive in allowing
bending or shearing motions. This results in a “stiff” underlying differential equation of motion.

- Explicit methods are ill-suited to solving stiff equations because they require many small steps to
stably advance the simulation forward in time.

- Thus, the computational cost of an explicit method greatly limits the realizable resolution of the
cloth.

Various Forces on Cloth:
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figure 1. Forces on cloth
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Stretch Force:

Stretch can be measured at any point in the cloth surface by

Consider every cloth particle has a changing position x in world
space, and a fixed plane coordinate u - v.

Also consider we have a single continuous function w that maps
from plane coordinates to world space.

e
dw gV T //
examining the derivatives 9% and 9w at that point. &y /
The magnitude of w describes the stretch or compression in the u ,é'ff’-
direction (for e.g. the material is unstretched wherever | |w|| = 1) (;,f-f""x du
Thus the stretch energy is given by:
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Shear Force:
Cloth resists shearing in the plane. / 7
We can measure the extent to which cloth has sheared in a triangle / g: p /’
by considering the inner / s/
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In its rest state, this product is zero.
Thus the shear energy us given by:
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3) Bend Force: ﬂlf &ﬂ; I!
- Bendis measured in between pair of adjacent triangles. —F— |
- Letnland n2 denote the unit normal of two triangles and angle © 1| / /’){ /
between the two faces. g / J
- Thus the Bend Energy can be given by: ! // 7
e
c(x):=6

4) Damping Force:
This can be given as:
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Implicit Integration:
Considering the following notations
M = diagonal mass matrix.

F = Total Force.

We can write the acceleration function as :

ME}’ = F(..fj)f}s’t) @J

- To transform equation () into a first-order differential equation,
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Barycentric Interpolation:
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