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Simulation Model

XPBD: Extended Position Based Dynamics, (tutorial 9)

Simple to Implement
Unconditionally stable!

Physically derived (unlike PBD)

IS



Traditional Methods:

Solve complicated large systems of complementarity problems
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XPBD: Forward execution of simple formulas that are

easy to understand
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Rigid Body Simulation Recap

Tutorial 22




XPBD Algorithm for Particles

while simulating

for all particles i
Vi<V +At g
Pi < X;
X; <« X; +Atv;

for n iterations
for all constraints C
solve(C, At)

for all particles i
v; < (X; —Ppi)/At

X.
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solve(C, At):

for all particlesiin C
compute AXx;
X; < X; + Ax;




Sub-Stepping

Magic trick: Much faster convergence (like a global solver):

while simulating

for all particles i
Vi<V, +tAtg
Pi < X
X; < X; +Atv;

for n iterations
for all constraints C
solve(C, At)

for all particles i
v; < (X; — py)/At

while simulating

for n sub-steps
for all particles i
Vi<V, +tAt g
Pi < X;
X; <« X; +Atv;

for all constraints C
solve(C, At)

for all particles i
v; « (X; —py)/At




Orientational Quantities

A rigid body also has

* an orientation q
* an angular velocity w
e and the moment of inertia I




XPBD Algorithm for Rigid Bodies

while simulating solve(C, At):
for n sub-steps for all bodies i in C
compute Ax;, Aq;
for all bodies i Xi — Xi + Axi
integrate v;, X;, w;, q; q; < q; + Aq;

for all constraints C
solve(C, At)

for all bodies i
update v;, w;



Constraints



Distance Constraint

Ly Ax4 £ AX,

[« 2| g C——

corrections proportional to m™1

corrections proportional to m~tand ™1



Linear Correction

ApplyLinearCorrection(p,,p,, Ap, @) * Compliance « is the inverse of stiffness

e wistheinverse of mass
C < |Ap|

n « Ap/|Ap| e Stable handling of infinite stiffness: &« = 0

* Stable handling of infinite mass: w; = 0
wip «myt + ((pi—x;) X n) 17 ((p;—%;) X n)

A —C- (Wl +W2 +i)_1
At? 2 . .
* An/At“ yields the constraint force

X; « X; + Ainm;?!

q; < q; * %/1[1{1 ((pi—x;) X n),0] g;



Orientation Constraint

o\ m=

corrections proportional to 11




Angular Correction

ApplyAngularCorrection(ae, «)

C < |Ag|
n < Ag/[A@|

w; <« n’I7'n

Ae—C-(wy + +0()‘1
«—C-(W+wy +—

q; < q; £ %A[Ii_ln' 0] q;

An/At? yields the constraint torque



Building Blocks



Attach Bodies

AttaCh(pl) P2, drestr a)

d < |p, — p4l
n < (p, —p)/lp2 — pil

ApplyLinearCorrection(p4, P2, —(d — d; e )N, @)



Restrict to Axis

RestrictToAXiS(a, p1, P2, Prmin Prmax, @)

P<Pz2—P:1
p<a-p

if p < pmin then p < pmin
elseif p > par then p < D4y

P<P—pa
ApplyLinearCorrection(p4, p2, —Pp, @)




Align two Axes

AlignAxes(a,,a,, a)

ApplyAngularCorrection(—a; X a,, @)




Limit Angle

LimitAngIE(n, a1, A2, Pmin» Pmax C()

@ < angle(n, a;,a,)
if ® < Pmin OF @ > Pmax

P < clamp(go, Pmins Qomax)
q < rotation(n, @)

a,’ —qOa,

ApplyAngularCorrection(—a, X a,’, @)






Attachment Frames (2d)

b =qO b
= q O Arest

brese X+ q O Prest

arest

Rest state stored on the body Current state



Hinge Joint

AttaCh(pl, P2, drest = 0, a = O)
AlignAxes(a,a,, a = 0)

LimitAngle(a,, by, by, @min, Pmax, @ = 0)




Servo

AttaCh(pl, P2, drest = O, a = O)

AlignAxes(a{,a,, a = 0)

LimitAngle(ay, by, by, Oservo, Pservo, @ = 0)




Velocity Motor

AttaCh(pl, P2, drest = O, a = O)
AlignAxes(a{,a,, a = 0)

LimitAngle(a,, by, by, @inotor, Pmotor» @ = 0)

Greniar < g 1 O @i




Ball Joint

Attach(p,, P2, dyest = 0, @ = 0)

n < (a; X az)/|a; X a,|

LimitAngle(n, a,, a;, 0, @swing max, @ = 0)

n < (a; +ay)/|la; + a,| _ %
bll — b1 — n(n . bl)
bzl — bz — n(n . bz)

LimitAngle(n, by', by, @rwist min Pewist max, @ = 0)



Prismatic Joint

RestrictToAxis(ay, P1, P2, Pmins Pmaxs @)

AlignAxes(a{,a,, a = 0)

LimitAngIe(all bl) b2; Pmin» Pmax> a)



Cylinder

RestrictToAxis(a, P1, P2, Ptargetr Prargets & = 0)

AlignAxes(a{,a,, « = 0)

LimitAngle(al, bl; b2» Pcylinder» Pcylinders a)



Velocity Level

Forces, Torques, Damping



Velocity Step

while simulating
for n sub-steps

for all bodies i
integrate v;, X;, ®;, q;

for all constraints C
solve(C, At)

for all bodies i
update v;, w;

for all constraints C
apply velocity corrections



Linear Velocity Correction

ApplyLinearVelocityCorrection(p,, p,, Av)

Av « |Av|
n < |Av|/Av|

w; < myt + ((pi—x;) x n) 17 ((p;—%;) X n)

Ae—Av-(wy +wy)t

Vi <« v; £ inm; !

w; « w; £ AI;* (r; X n)



Angular Velocity Correction

ApplyAngularVelocityCorrection(rw)

Aw < |Aw|
n <« |Aw|/Aw]

w; < n’I7'n

AeAw- (W +wy)™ L

W; < W; i/lll_ln



Linear Damping

DamplLinear(p,, p,. 0, ciinear)

AV < v, + (P2 —X2) X Wz — Vv — (P — X1) X 04

Av < n-Av

Av <« Av min(At ¢jineqr> 1)

ApplyLinearVelocityCorrection(p4, p;, —Av n)



Angular Damping

DampAngularn, c . u0r)

Aw <« W, — Wq
Aw < n-Aw

Aw < Aw min(Atcgngyiar 1)

ApplyAngularVelocityCorrection(—Awn)



Apply a Cylinder Force

ApplyForce(f)

ApplyLinearVelocityCorrection(p4, p», é a)




Apply a Motor Torque

ApplyTorque(t)

AppIyAnguIarVeIocityCorrection(Ait a)




See you in the next tutorial...
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