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Passive vs. Active Dynamics c
Passive--no muscles or motors
initial
conditions
| user l particle systems
leaves
numerical water spray
state integrator clothing
graphics
Active--internal source of energy
desired forces and running human
behavior torques model trotting dog
| user I e control swimming fish
integrator
state
graphics )
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Worm Biomechanical Model

left muscle pair

1.0 1O NI 1.0 1.0 1.0 1.0 1.0 Lo 1.0 10
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actuators : 20 point masses : 42
right muscle pair B DOFs : 126
springs’ stiffness : 50,0 -
size of the
state space : 252
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Worm Physics

di
f=k(L-1)-D—
(L=1)-D

A € ! > B
_—

Direction of Movement

... plus forces due to friction with ground.

f = force along spring direction

k = spring force constant

D = damping force

| = current spring length

L = minimum energy spring length
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Eric the Dynamic Worm

The Fall
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Snake Motion
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Her Majesty’s Secret Serpent

= Apple Computer

Presents
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Spring-Mass Model for Fish

Muscle springs
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Hydrodynamic Locomotion
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“On the Run”

ball of foot
leaves ground

knee
extended
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Animating Human Athletics

All motion in this animation was
generated using dynamic simulation.

Alien Occurence

Al'}en Occurrénce
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Learning Motions

Control system Physical simulation

Effectors

3D World

Sensors

Sims94
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Learning Muscle Controllers

CONTROLLER TRAJECTORY
FORWARD
SIMULATION
CONTROLLER TRAJECTORY

EVALUATION METRIC EVALUATION METRIC
E, E,

OBJECTIVE FUNCTION

By = [ (nBau0) + B )

to
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Evolved Virtual Creatures

Genotype: directed graph.  Phenotyper hicrarchy of 31 ports. a. Crossovers: b. Grafting:
I T
x parent 1 parent 2
parent 2
child d?ﬁﬂb child
Mutations

Controllers

Physics & Objective Sims94 )




Evolved Virtual Creatures

Evolved Virtual
Creatures

Examples from
work in progress

Multi-Level Controllers

BASIC ABSTRACTED CONTROLLERS

turn right controller

HIGHER ORDER CONTROLLER USED FOR JUMPING OUT OF WATER

00000 7 JDof ] Do
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Learning Complex Motions
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Behavior

c-wﬁ v
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/ Controller \

Motor System

Degrees Of
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Behavior

Motivational /\
i User
@ Behavior Task
-————————

Motor System Direct
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Fish Behavior

Tu94
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Fish Behavior Controller

3D Virtual World

Habils

Artificial Fish
Intention Generator

Behavior Routines

fliered
sersary

Percepticn
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Intention Generator

collision detection

cer of collision 71
- .

it 1 N avoid

push the memory

pop the memory

and likes schooling?

No/ s

1= school

Generate new intention [
by checking the mental state
and the habit string

K N
{ hungry?)

No

wander |

[

school ]
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Go Fish!

Underwater World of JC
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Multi-Level Control

Motivational Task Direct

Level Level Level

just do the do THIS the do what

right thing right way | tell you

"you are "go to that "wag your

hungry" tree” tail”
Silas T. Dog
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Silas T. Dog

External World

Sensory
System

.

Releasing )

Mechanism

Level of
Interest

Behavior
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Motor Commands

AN

Goals/Motivations

Internal

A/ Variable

Internal
Variable

Inhibition
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Duffy the Merman
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