Time Integration (game engine loop)

The Game-Engine Loop

Previous state:
(f»’(t), cﬁ’(t))
p(t),q(t)

Forces F (1) Integrate velocities and positions

Per-body change
(fz’(t + At), w(t + At))
p(t + At), q(t + At)

Resolve Interpenetrations

Position correction
(ﬁ(t + At), w(t + At))
p(t + At),q'(t + At)

Resolve Collisions

Velocity correction
(ﬁ(t + At), w(t + At))
p(t + At),q'(t + At)




Time Integration (game engine loop)

Discrete time Discrete space

Stability and Convergence



Time Integration (game engine loop)
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Constraints

3 dof translation 3 dof rotation

Kinematic Pairs (reduced dof = degrees of freedom):

hinged joint ™
screw

cylinder

ball-socket joint NO NO No

(on curve,surface)

Enforce one constraint at a time (collision ordering)
Linearize C(p+dp) = C(p)+dC.dp
connect: p1-p2=0 bend: acos(n1.n2) < eps

Motion Control: switch between kinematic control and dynamic interaction
torque: https://www.youtube.com/watch?v=wuJwwHdAD9Q

proportional derviative controller: torque = k_a(ang_0-ang) + k_w(w_0-w)
adjust according to difference in target and current joint angles/ angular velocity



https://www.youtube.com/watch?v=wuJwwHdAD9Q

Time Integration (game engine loop)

The Position-Based Game-Engine Loop

Previous state: (E(t) )
x(t)

Forces F(t) - Integrate velocities and positions

Per-body change
(f?’(t + At) )
x(t + At)
Position correction
(ﬁ(t + At) )

x(t + At),

Resolve Constraints Sequentially

Velocity from positions

Position correction

= _x(t+At)—x(t)
v(t + At)= /ﬂt Position correction

(G +a0)

Resolve Collisions

https://www.youtube.com/watch?v=j5igW5-h4ZM



