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The control of
physically-based animation

• Forward and inverse dynamics

• Tracking

• Space-time consraints

• Controlers

Forward and inverse dynamics

• Forward dynamics
– Given forces and torques, compute motions

• Inverse dynamics
– Given motion, compute forces and torques

• Hybrid dynamics
– At each DOF, set either force(torque) or motion

– Deduce the complementary value
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Tracking

• A dynamic objects follows an invisible target

• Diffculty: coordination of several objects

Space-time constraints

• Principle
– consider a whole time interval

– define the desired animation as a set of
constraints over time

– define a cost function

– perform a constrained minimization over the
time interval
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Space-time constraints: example

• One particle in one dimension

• Go from A to B using a forcef in a given time

• Be as lazy as possible
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Dynamic relations

• Approximation of the
derivatives

• Newton´s law
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Constrained optimization

• Control variables:

• Constraints:

• Minimize
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Optimization method

• Constraint Jacobian

• Hessian matrix of the cost function

• Start from an initial guess

• Iterate:
– minimize cost

– apply constraints

– update solution
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Result

• The goal is met using minimal forces

Example: Luxo jump

• A desk lamp must jump to a given point
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Model of Luxo

• DOF and actuators

Other kind of space-time
optimization

• Model a trajectory using control points

• Minimize necessary forces
– the variables are the control points

– forces are computed using inverse dynamics

Realistic transitions between given
motions
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Utility of space-time constraints

• Optimize motions using given constraints
and criteria
– realistic animations

– transitions between precomputed motions

• Problem: big optimizations
– expensive

– may need expert users

• We need reusable control laws

Controlers

• Define forces as a function of the curent state

• Tune the function parameters for a given task
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Example of controler:
motion of a fish

• Fish model

• Dynamics: motion in function of muscle forces

Fish controler

• Optimize controlers for given trajectories
ans criteria
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Generic control

• Parametrizable controlers canbe reused. Ex:
– move forward(velocity)

– turn right(velocity,angle)

• Controlers can be triggered proceduraly or
using sensors

Control graphs

• Different control laws can be applied
according to the current state

• Ex: human running
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Complex control

• Complex tasks involve the combination of
several sensors

• Sensor-actuator
networks

Utility of dynamics
for computer animation

+ Realistic motion

- Much computation

- Control is difficult
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