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Three Worlds
M. C. Escher




IRriAIS talk

Brief review: off autonomous characters

Definitions
Applications

Steering behaviors
Toolkits and precedural composition

Evelutionarny computation

Physical realism
Point=mass Versus rgid=hody dynamics



Altenomous characters

Self=directing characters, eperate autenemously
“Puppetsithat pull thelr ewn stiings® (Ann Marion)
Combination of:

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



AlIoRemMeUS Chaiactersiintanimation

© 1994 and 1998
Walt Disney Pictures
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© 2000 Koei and Electronic Arts



AUIRROMBUS ClAECIES: GIoUPES

Individual

simple lecall behavior

Interaction With:

nearby individuals
local envirenment

Group:
complex globall behavior



INV/PES Gff ERaVIeIaINMBHES

Kinematic  (animation)
Dynamic (physical simulation)
\olition

Reactive

L1ke Instinct, offi=the=cuff decision making

Rule hased
Expert sysiem: searchithroughilarge knewledge base

Planning

Searcehithreughispace of actions and consequences



AL Renavieral nIeanehy,

Action selection

Sefting goal's, picking strategies
Path| selection: steariing

Character’ s motion threughiitsworla
[Pose selection: lecomotion

|_egswalking, amms reaching
\Wheelsrolling
elc.



SN ENaVIenS

Simple, basic behaviiors

(seek; flee, wander, ...)
Operaters te combine them

(sum;, prieritized selection, dithered decision trees)
Toolkit of simpleand combined behaviiers



Siinplepnysica moas

[Point mass moedel:
Position, adjusted by Vel ocity.
\/ el ocity, adjusied by steering foerces
I Inearr momentum! (zere radius: noimoment of inertia)
Irrtineation of fierce and Vel eeity: (power limit, drag)
Body shape: sphere (or ellipsoid)
\/elocity—allgnedlocal coordinate system
Animatedigeometrical moedel can e attached



PertmassVenclemoaes ()

velocity

body

model



PeItmaEssVeclemeae (2)

velocity

bOdy Nd;ilgegce
new velocity e

model




Pertmassiveniclielmedes (8)

velocity

mass > truncated
oy e
truncated velocity e

model




Steerine detals; seexiand filee

flee path

flee steering

desired
veloeity
(flee)

current
velocity

seek
steering

desired
velocity
(seek)

seek path
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HiSieical Reiefitsinieieiee buractull
prieceded generall sieeting benaviers(126y)

Natural flecks are beautiful, and a bit mysterious

Can they e poertrayed In computer aniimation?

Perhaps gain seme insight Inte hew: they Woerk?
(ALifie == artificial life)

Can the complex greup behavior be explained in
termsiel simplehehavier by the individuals?

(CAS —— complex adaptive systems)



Belds: threertles

Trhree rulles seemed necessary:

Separnation
[Doeni't get too ¢lose te neary. flockmates
Alignment

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

Cohesion
Prefer to be at the center of thelocal flockmates

Early experiments verified they were sufficient.



Belds: threertles




=ojelsiiofznlnntilop) efeelteife)

Obstacl e avoldance

Elecking
Separnation
Alignment
Cehesion

Attraction to (or repulsion firom) ameving target
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PIgeonsIninePank

Based onithe 1987 boids model of flocks, herds
and schools

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

fraster than 1n 1987.

Allews real time (60 ps) Interaction With agroup
of about 300 birds,

Includes behavioral state transitions
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(CoeveUerRieiiag Players

ihe game of tag

Ssymmetrical pursuit and evasion
iele reversal

Goal; discover steering hehavior for tag
Miethod: emergence of benavier

coevelution
competitive fitness

Self=organization:
NG experit knowledge reguiired



SENsoersiand ehsiacies




EVElUeRaR/ cCompliaen (GVevien)

Genetic programming
Stieady: state pepulation
Coeevolution

Species and demes



EVeltenaR complialien (dezls)

Genetiic programming (Versus eeneiic aligorbnm)
Genetiic materiall; Source code; as/parse. iree
Steady: state pepuliation (Versus gene@lons)
Pool of Individualsi(programs), lieplace oneat atime
Coeevolunen (Vesusa pr e itnessicrierda)
INew: program competesagainst othersiin poepuliaiion
Species and demes (Versus panniia)
Cressovelr Within Speciies, competition within demes



(GENENC PregrammING: CloSSeVe
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CompPeitivecoeyel e SUmman

Pros:
Good results, comparableto human=adesigned players

Diversity andskill gradation frem! evolution histery.

[Dees net reguire knewing awinning strategy. or oW
teImplement It.

Cons:;
Reguires very leng computation time even fer aveny
Simple game.

Untested for games reguirng complex strategy.
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Steerine aned physicaliealism

Previeus tepics use simplistic models of physics
\Work Iin pregress:
Real timerigid hedy: dynamics Simulater (Erc LLarsean)

\irtual repot soceer world (Ericltaisen)
AUtenemous sieering benaviers fior playlng Seccer

More accurate physical model reguires more
sephisticatedl sieering ehaviiors.



EgrilerwWerks Simpliiiled phRysics

B0o1ds|(1987),, steering behavior teolkit (GDC 1999)

Point mass model:
Positien
\/elocity, so/linear momentum
Zeno radius, So ne moment of Inertia

Spherical (or elipsoidal) body.
Evelution ofi steering ehaviors
Physically plausible kinematic model



StegiingioracelaiephRysical Imodels

Moement ofi Inertia (anguliar mementum)
Must medel and compensate fior retationall Vel ety
Over=steaiing and heading escillation
Miore accurate collision modaling
Calching cormers
Non=sphericall bedy shapes
Eriction
Collision aveldance mere critical

Back Up te unwedge



Siinple purSiFIseAzVIor

slusiEs ® target

faster
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Pursunt withrheadimg prediciion

predicted headings
@ target
l e

current heading



DIVIRNG IRIE HIIEGROISOCCEF COUE:
i0)0) |eV/el felgjojteaife)

voi d robot Aut ononousControl (Robot St ate& robot)

{
I f (robot.goalie)

{
goal i eBehavi or (robot, ball);
}
el se
{
| f (robot Most Forward (robot))
{
r obot For war dBehavi or (robot);
}
el se
{
r obot Def enseBehavi or (robot);
}
}



DIVIRNG IRIE HIIEGROISOCCEF COUE:

fopWeirel olzV/ef feceiteepiife)

voi d robot Forwar dBehavi or ( Robot St at e& r obot)

{

vec 3 steer;

| f (robot Avoi danceBehavi or (robot)) return;
| f (robot Checkl f Wdged (robot)) return;

| f (robot ZoneCont ai nsBal |l (robot))

{
| f (robot GetBal | O f Wl | Behavi or (robot)) return;
[/ if ball is closer to goal than we are...
it (...)
// try a shot on goal
el se
/1l avoid ball while getting behind it
}
el se

[/ wait for ball
r obot Bl endl nNewwWheel Vel ocities (steer, robot);



[DECOMPESIGNVESUS PRIC PICiuRE

3
—> obstacle avoidance
3
_ obstacle avoidance
- — ™ combined with
_ l seek target
»






Concliusions

AUeNOMOUS characters
Definitions
Applications

Steeriing behaviors

Tleelkits and procedurall compesition
Evelutionary computation
|Sssues related to accurate physicall models






