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for(int	i=0;	i<N;	++i)
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				float	detection	=	dot(p[i]-a,	n);
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				{
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				}
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= + h ( + h F ( , , )/m)pk+1 pk −pk pk−1

h
pk vk tk

⇒ = 2 − + F (p, v, t)/mpk+1 pk pk−1 h2



F( , , ) = −Kpk vk tk pk

= 2 − − K/mpk+1 pk pk−1 h2 pk

⇒ = (2 − K/m) −pk+1 h2 pk pk−1

h < 2
K/m√

+ (y − 2)x + 1 = 0x2 y = K/mh2

Δ = y(y − 4) r =
(2−y)± y(y−4)√

2

Δ < 0 ⇒ y ∈]0, 4[ r =
(2−y)±i y(4−y)√

2 ⇒ |r| = 1/2 = 1 ⇒(2 − y + y(4 − y))2− −−−−−−−−−−−−−−√
Δ ≥ 0 ⇒ y ≤ 0, 	or	y ≥ 4 |r| > 1

y ∈]0, 4[⇒ K/m < 4 ⇒ h <h2 2
K/m√



for(int	k=0;	k<N;	++k)	{
				v	=	v	+	h/2	*	(-K/m*p);
				p	=	p	+	h*v;
				v	=	v	+	h/2	*	(-K/m*p);
}

⎧
⎩⎨
⎪⎪
⎪⎪

vk+1/2

pk+1

vk+1

= + F( , , )/mvk h
2 pk vk tk

= + hpk vk+1/2

= + F( , , )/mvk+1/2 h
2 pk+1 vk+1/2 tk+1

h ≤ 2
K/m√



h = 0.2/ω



h = 1.0/ω

pk

E = 1/2m ( + 1/2K(vk)2 pk)2

pk l0







h

uk
1 h

uk
2 h/2

= ∥ − ∥ek uk
1 uk

2

= ∥ − ∥ek uk
1 uk

2

= A hhnew <ek C1 A > 1

= h/Ahnew >ek C2



= + h F( , )uk+1 uk uk+1 tk+1

F

F uk ∥ − ∥uk+1 uk

= + h (F( , ) + ( − ) ( , ))uk+1 uk uk tk+1 uk+1 uk ∂F

∂u
uk tk+1

⇒ (I − h ( , )) = (I − h ( , )) + h F( , )∂F
∂u

uk tk+1 uk+1 ∂F
∂u

uk tk+1 uk uk tk+1

= + F( , )uk+1 uk (I − h ( , ))∂F

∂u
uk tk+1

−1

uk tk+1

∂F
∂u

⇒



= + hpk+1 pk vk

= + h F( , )vk+1 vk M−1 pk+1 vk+1

M F t

F

M = M + h(F( , ) + ( , ) + ( − ) ( , ))vk+1 vk pk vk ( − )pk+1 pk  
h vk+1

∂F

∂p
pk vk vk+1 vk ∂F

∂v
pk vk

⇒ (M − h − ) = (M − h ) + h F
∂F

∂v
h2 ∂F

∂p
vk+1 ∂F

∂v

https://www.cs.cmu.edu/~baraff/papers/sig98.pdf


PBD	algorithm
For	all	k
				Integrate	position	(without	constraints)	p[k+1]=integrator(p[k],p[k-1],t}
				For	all	constraints
								Project	p[k+1]	on	constraints
				Compute	new	speed	if	needed	v[k+1]=(p[k+1]-p[k])/h

( − )/hpk+1 pk

http://matthias-mueller-fischer.ch/publications/posBasedDyn.pdf

