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Passive vs. Active Dynamics
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Motion

» Example 1: how do worms move?
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Worm Biomechanical Model

left muscle pair

point masses : 42
DOFs : 126

size of the

actuators : 20
right muscle pair

springs” stiffness 1 50.0

state space 1 252
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Worm Physics
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Eric the Dynamic Worm
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Uirection ot Movement

d J=
f=k(L-D- Da f = force along spring direction Worm
k = spring force constant

D = damping force
I = current spring length
L = minimum energy spring length

Eric the Dynamic

a=f/m

1
X—a”fdtdt

... plus forces due to friction with ground. Millerg3 ) Millerg8 |
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Fish Motion

» Example 2: how do fish move?
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Spring-Mass Model for Fish Hydrodynamic Locomotion
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Swimming
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Animating Human Athletics
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Learning Motions

Control system
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Effectors

Sensors

Physical simulation

3D World
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Motor System

Controller

Motor System

Degrees Of
Freedom
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Animating Human Athletics
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Learning Muscle Controllers
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CONTROLLER TRAJECTORY

FORWARD
SIMULATION

CONTROLLER TRAJECTORY
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OBJECTIVE FUNCTION

Bt = [ () +mEe(0)

to

Grzeszczuk95

J




Ve

Learning to Swim
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Evolved Virtual Creatures
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Evolved Virtual Creatures

a. Crossovers: b. Grafting:
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Mutations

Controllers

Physics & Objective ¢ o1

Evolved Virtual
Creatures

Fxamples from
work in progress
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Multi-Level Controllers
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Learning Complex Motions

BASIC ABSTRACTED CONTROLLERS
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tum down controller tum up controller ‘move forward controller

DocO]

turn right controller

um Teft cortroller

HIGHER ORDER CONTROLLER USED FOR JUMPING OUT OF WATER

Pooooofl 7 ~hof] Sol

move forward controller turm up controller tum down controller
turn right controller
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Behavior

Motivational

Behavior

Motor System
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Fish Behavior Controller

3D Virtual World

Go Fish!

User

Behavior

External World

Goals/Motivations
Internal
Variable
Internal
Variable

‘ i ‘Inhibition

Level of
Interest
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Motor Commands

Intention Generator

Underwater World of JC
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Multi-Level Control V Active Dynamics
* Motions

o Physics

o Controllers
Motivational Task Direct Behavi
Level Level Level * behaviors

o Learning
just do the do THIS the do what
right thing right way I tell you Cognition
"you are "go to that "wag your o Planning
hungry" tree" tail"
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Planning

Virtual Sensor
Information
Tlser C s -
High-Level
Simulations
Library of
“Canncd Motion:
Planning
Synthesis Algorithms
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Motion Planning

Kuffner
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Duffy the Merman ? Summary
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