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Tricky Problem!
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* Resolving collisions is a global problem, multiple possible solutions

e Start in valid state, make sure entanglement never happens
(sometimes not avoidable)



Five Tricks ﬁ

* Use particles and a particle hash

* Use rest distance to avoid jittering
e Use sub-stepping, not CCD

* Enforce maximal velocity

» Use unconditionally stable cloth-cloth friction



1. Use Particles and a Particle Hash

* In general: use many simple primitives instead of few complicated ones!
e Simpler to implement, more degrees of freedom, higher fidelity

e Can use a simple hash for uniform particles (see tutorial number 11)



2. Consider Rest Distance to avoid Jittering

y

* If d, .5t < 27 the distance constraints and the collision constraints fight each other

e Setd,.,;; = min(2r, dyest)

e compute on the fly from rest positions of particles



3. Use Sub-Stepping, not CCD

At, < At/n
while simulating
createHash()
for n sub-steps
for all particles i
V; «V; + At g
Pi < X;
X; < Xj + AtSVl'
for all constraints C
Overlap test of swept volumes solve(C, At,)
for all particles i
Vi & (X; — Pi)/Ats
renderScene()

Continuous collision detection (CCD)

Volume touched by objects that
rotate and move in curved ways

Rollback somehow
—>Tutorial 9 (XPBD)



4. Enforce Maximal Velocity

r r __ T'Nsub-steps

vmax _

Atsubstep At /Msyb-steps At

* The larger the number of sub-steps, the larger the limiting velocity!

* Exampe: r = 1cm, Ngypsieps = 20, At = 1/30s
Vmax = 6M/s = 20km/h = 13mph

* Fast running speed, not a severe restriction!



5. Stable Cloth-Cloth Friction

v; < (X1—p1)/h P; previous position of particle i
vV, « (X,—p>)/h X; current position of particle i
Vavg < (v1+V2)/2

X1 < X3 +d(Vgyg — V1)t h

X, < Xy +d(Vgyg —V2) - h

e Time step size h cancels, can be omitted
e Damping coefficient d € [0,1], unconditionally stable

* Make physical by choosing d = clamp(h - dypysicai, 0,1)



Let’s look into the code...



