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Computer Animation

« Animation

o Make objects change over time
according to scripted actions

« Simulation / dynamics

o Predict how objects change over time
according to physical laws
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Passive vs. Active Dynamics
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Active Dynamics

* Motions
o Physics
o Controllers
o Learning

« Behaviors
o States

« Cognition
o Planning

Cognitive
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Motion

 Example 1: how do worms move?
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Snake Motion
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Worm Biomechanical Model

left muscle pair

. i actuators : 20
right muscle pair _ _ DOFs : 126
springs” stiffness : 50.0 .
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Worm Physics

Direction of Movement

dl
f=k(L-1)-D— f = force along spring direction

dt K = spring force constant
a=f/m D = damping force
X = ”(f / m)dt | = current spring length
L = minimum energy spring length

... plus forces due to friction with ground.
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Her Majesty’s Secret Serpent
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../../../funk/movies/SecretSerpent320.mov

Fish Motion

« Example 2: how do fish move?
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Hydrodynamic Locomotion
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Motor System
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Swimming

GO FISH'!

TU92/



../../../Funk/Movies/gofish-small.avi

-

Human Motion
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Animating Human Athletics

All motion in this animation was

generated using dynamic simulation.
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Learning Motions

Control system

Effectors

Sensors

Physical simulation
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Learning Muscle Controllers

CONTROLLER TRAJECTORY

FORWARD
SIMULATION

CONTROLLER TRAJECTORY

EVALUATION METRIC EVALUATION METRIC

OBJECTIVE FUNCTION
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Learning to Swim
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Evolved Virtual Creatures
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Evolved Virtual Creatures

Evolved Virtual
Creatures

Examples from
work in progress




Multi-Level Controllers

BASIC ABSTRACTED CONTROLLERS

T N N
e T

XC0COC

tirn down cortrollar

turn up controller

move forward controller

tumn left controller

e® e

turn right controller

HIGHER ORDER CONTROLLER USED FOR JUMPING OUT OF WATER

o N

move forward controller

turn up controller

tlum down controller

turn right controller




Grzeszczuk95




-

Active Dynamics

* Motions
o Physics
o Controllers
o Learning

> Behaviors
o States

« Cognition
o Planning

Cognitive

Funge9

Y,




-

Behavior

Motivational
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Behavior

External World
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Fish Behavior Controller

3D Virtual World

Artificial Fish
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Intention Generator

collision detection
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Undersea World of JC
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Planning
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Motion Planning
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Summary

 Motions
o Physics
o Controllers

* Behaviors
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