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IRrtAIS talik

Brief review: of autonomous characters

Definitions
Applications

Steering hbehaviors
Tleolkits and procedural compaoesition

Evelutionarny computation

Physical realism
Point=mass Versus rgid=hody dynamics



AllienemoUS Characters

Selfi=directing characters, operate autenemously
“Puppetsithat pull thelr ewn stiings” (Ann Marion)
Combination of:

Geometrical model of boedy.
Animation data or precedures fier boady.
Benhaviera model



Allonemoeus;charactersin animation

© 1994 and 1998
Walt Disney Pictures
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AUIONOMOEUS ChalaCESS: groups

Individual

simplie lecall behavior

Interaction With:

neary Individuals
local envirenment

Group:
complex globall behavior



INVPES Ol I9eizVIBal IMBEElS

Kinematic  (animation)
Dynamic (physical simulation)
\olition

Reactive

L_ikenstinct, effi=the=cufi decision making

Rulle based
Exppert system: searnceh threugh large knowledge lhase

Planning

Searchithreughispace of actions and conseguences



AL Renavieral nIeranehy,

Action selection

Sefting goals, picking strategiies
Patin selection: steering

Character’ s motion through itswaorlad
[Pose selection: loecomotion

|_egswalking, amms reaching
\Wheelsrolling
elc.



StEeerine PEeNavIensS

Simple, basic behaviors

(seek; flee, wander, ...)
Operators to combine them

(sum;, prieritized selection, dithered decision trees)
Teolkit of simple and combined behaviors



Slimplepnysical Imouel

Point mass model:
Position, adjusted by Vel ocity.
\/ el ocity, adjustied by steering forces

|_ Inear moementum, but mass has zero radius, Soino
moement ofi Inertia

Body shape: sphere (or elipsoid)
\/elocity=aligned |ocal coordinate sysiem
Animated geometrical model can e attached



Peimtmassiveniclielmedels (i)

velocity
mass e

body

model



Peimtmassiveniclielmedes (2)

velocity

body ' acceleration
: steering force
new velocity mass

model




Steerine deials; seeiandiies

flee path

flee steering

desired
velocity
(flee)

current
velocity

seek
steering

desired
velocity
(seek)

seek path




Steeine enaVvier Gemoes




Rlojjelsizlnlelfloje dlnle

HisSieical netefitsinieitethee Buractull
plieceded generallsieating enaviers(126y)

Natural flocks are beautitul, and a bit mysternous

Can they e poertrayed In computer aniimation?

Perihaps gain seme insight Inte hew: they Werk?
(ALifie == artificial life)

Can the complex greup ehavior be explained in
termsiel simplehenhavier by the individuals?

(CAS —— complex adaptive systems)



Bolds: threerules

Trhree rules seemed necessary:

Separation
[Doeni't get too close te neany. flockmates
Alrgnment

Tiry toimove at the same speed and direction (Velecity) as
neary flockmates

Cohesion
Prefier to be at the center of thelocal flockmates

Early: experiments verified they were sufficient.



Bolds: threerules




BEIESTOr AR CRIPeHUCHER

Obstacl e avoldance

Elecking
Separation
Alrgnment
Cehesion

Attraction to (or repulsion firom) ameving target



Stcliliey/ ane Stell S REaINet:
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PIgeensIninePank

Based on the 1987 bolds model of flocks, herds
and schools

Uses fast hardware (PS2), and spatiall data
structures to accalerate bords: about 6000 times

fiaster than 1n 198Y.

Allews real tiime (60 fps) Interaction With agroup
of about 300 birds.

Includes behaviioral state transitions



PIgEenSTRItEPaVICED




(CoeveUerRieiiag Players

'he game of tag

Symmetrical pursuit and evasion
ele reversal

Goal; discover steering lbenavioer for tag
Miethod: emergence ofi behavier

coevelution
competitive fitness

Self=organization:
Ne expelit knowledge reguiired



Sensors and obstacles
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ypIcal fitnessitesi (i)




VpIcal fitnessitesi(2)




Compeline ceeyolten: SUmma,

Pros:
Good results, comparable to human=designed players

Diversity and skill gradation frem! evelution histery.

[Dees net reguire knewing awinming strategy: or NeW.
te/1implement It.

Cons:
Reguires very leng computation time even fer aveny
simple game:

Untestied fior games reguirng complex strategy.
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Stegineand phRysicalreaism

Previous topics use simplistic models of physics

Work In progress:;
Readl time rigid body dynamices simulator (Eric 1L arsen)
\/irtual rebot soceer world (Ercltaisen)
AUtenemous steering henaviers fer playing Soccer

Miore accurate physical modell reguires mere
sephisticatedl steering ehaviors.



EgrlemWerks SinplifiedipnysICs

B01ds|(1987), steering behavior toolkit (GDC 1999)

Point mass moadel:
Positien
\/elocity, solinear momentum
Zero radius, So noe moment of Inertia

Spherical (or ellipsoidal) hody.
EVvelution off steerng behaviors
Physically plausible kinematic model



Siegneieracclraie physicamoeces

Moement of Inertia (anguliar mementum)
Miust medel and compensate fior: retationall Vel ecity.
Over=sieaiing and heading escillation
Miore accurate collision modeing
Catching cormers
INon=sphericall bedy shapes
Eriction
Collision aveldance mere critical

Back up te unwedge



Siimp e pLrslitEIaVIeN

slower ® targe

faster
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Pursuni- withrheadimg prediciion

predicted headings
@ target
l e

current heading






Concliusions

AUIGNOMOUS characters
Definitions
Applications

Steering behaviors

Tleelkitsand procedurall compesition
EVelutionary computation
|Ssues related to accurate physicall models






