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Collective Behavior(&{#1775)

e \What is Collective Behavior?

Animals in groups — like fish schools, bird flocks, and insect swarms — frequently exhibit complex
and coordinated behaviours that result from social interactions among individuals. These emergent
properties of interacting units span systems and scales, from cells forming biological tissues, fish

schools moving in synchrony, animal migrations across continents, and robot swarms.
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Collective Behavior(&{#1775)

EEEIB133 (Collective Behavior) RIFARGURAR, £EAE/AMHF/IMEBREARLAISEET
H&., LITRE—EEX—agisalEaniRs)va:

o lain Couzinfyifi5siVéR - lain Couzin (EEEISEFRT) 2EMTAHRITIKS—, fEEYH
RIMNBEFTNEHMZsIRIANE, HINSEFISERRYTA.

e Deborah M. GordonfJif5i/\éH - Deborah M. GordonZ2Hii B B KAFIAEYI=2%, b
A/ NBE T T IS ET SR EAVSERI T,

o Martin NowakfgiFss/hv - Martin Nowak 2 ASIEYSFIECESES, IR
RN ZEFIERINMT .

o Frans de WaalgJifi53/V - Frans de Waal((REABEXF)Z2MEZHNRIKEIMIFR, A
AREPERKEZDNILSITAMBER, BASMKMMTAARER T RZZ .
XENHBREAERIFE DTS, WER. &35, BEMTISET), BITNER

BT SESHEHAMTA, HWRREMTANEDNRESG, XEHRAMIEYZ G
FEREETN, BIATERE. TS AFEFEMWETET B,




MAX Planck Institute

Department of Collective Behavior

e hitps://www.ab.mpg.de/couzin Prof. lain D. Couzin

Collective Behaviour

Max Planck Institute of Animal Behavior and
University of Konstanz, Germany



https://www.ab.mpg.de/couzin

BHENENX

o ERE—YIIEAR TR BRI
B, BT ABERITHERS
EIRMRETRIIT 9. (A large

group of individuals in the same

physical environment sharing a
common goal and may act in a
different way than when they are
alone.) (Benesh, 86 and Roloff,
81)
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o BFHHEIR
s 2 —— Crowd behaviors
s ZH —— Group behaviors
s ™MK —— Individual behavior

o FE—URIFENER
= Crowd: —figf§ AE¥;
» Flock: (GFE3)EF,(JCIEEEARY)—KEE

o RIFEFZHINMEZEEERE, Mef

BepMEZEEBEIR(Agent),
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BRI HEAIRREER

° 1FE
s FNEIRITFIS AN
XYI2FHET A AETENNER. B8, BEE,

{FE

o IRDEEHAY

o TR
 BRENERNAS. IEFEEER. HREE.
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E) &AL €2012) o (BURLERY o () -
CEDKIERE3. 2B theik) F

o FRINGIF: (I8IA3
B k) (World War 2).
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Flocking (&%) System

o —FERIXRRIITH o Action Selection: EF A T488M
1T/915%4%

((Action Selection: strategy, goals, planning ) . Steering: HISIISHTH

('steering: path determination ) « Locomotion: SCAMYEAMAFT

(Locomotion: animation. ariculation ) = BERASENAMA :

o FEE, BEE, A

s BRANSEINIMA
ISEZMEMTHHMRLE, FilLiLmit . -
ASTNSCIN, o &N, AAE, FE
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BHEREENE ]

BN IZoRY4FLE :

» B (2R, BER) 15 (R, %EHE)

s ‘ME (BEFRY, RERY) 451iE (Steering Behaviors)
» BT LAYES (EiZiERAMBISHEHINEE(FIS1IE)
o Reynoldsi2HAY2E R TFiu_LAJ=Hl [Rey99]

o sREAENETEM
o B—ERYRAELYE

» BEMTRIUESE] (BEIEEHEIESIHIE)
o BABY: KEIZIEH
o BTN, Haiiz, HBEPEKE], BIIRMELF
o T EBERNEsEHGE

» RSERENES
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BHPIRIAERY:

e Atoms Crowd

SR EUTAI3DNEtERr, FzfsskMayafll i - Crow
Houdini, RILMRERERGEEEFRNE, RIFERT ENRCETHEEN TS
3DIEF Z AR, e EREs

e AXYZ Design Anima

anfima’

The Crowd Simulation Soffware

e GOLAEM

= Population Tools For Maya
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e Massive

= JIRERRSEK

MAss|vE

fating Life

Simy!

o
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SRR {FMassive

UUUIERY e
‘f 0 : .+, [ Lord of the ll.rll Return of the “llw
& LRNELSY B image courtesy of New Line Cinema and Weta Dightal.

o Weta Digital A8I/ushttp://www.massivesoftware.com/

o FHid "the Lord of the Rings” 1§ E=ZFHIMIAREF S E S FZEH SHNEAIFHE
FrfiR, XERTHFEECIEEA L TTH A BRI Massive,
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http://www.massivesoftware.com/

Massive at SIGGRAPH 2015
14 August 2015

MASSIVE
for Maya

$3500 including Ambient Agent
limited offer


http://www.massivesoftware.com/massive-for-maya.html

S ERIERY Massive

Massive /9183 £ =EFHHRIHI A RY.

HeElig A9#iFa=AStephen Regelous

=Peter Jackson (I8IAE=ZPEHAISIE) [0
RegelousgEE e E =8 A—EEF AR
FRIATE, BIZRIFHEX P INEIKRS| T,

,LII

RegeloustB{E 7B E=2PHIAVBHARIIES, H
& 7 2 RIAY A9 S H T Massive,

FIR2003FHRET R FS5TiEX
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MassiveTEE AR RAYA)ER

o HElEH—ER
o HHAZAZFKIRI
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Massive/3{a g IR B AEE?

LT ) :

o TR ABFTTIRIT,
o EFHITTRVIMN, LIBRIRIERISERE;
o KATRSAFMHRGIE,




SRR {FMassive

o Massivexe—/\ﬁ'ai_ﬁ’]' MEABHETLE, V2N TEEEHRE=EP
iZitHY., fEMassivedR, FFBEEFRNEERAgent )X EIFTEBE) ‘U
z‘IJ” “BIRE] IS B = N,
o NZAFERMEZITE, FTUAAAEERE.
o MassiveR— 5B m, BEERKT. BEREG. RGN, rMR

Ttl AgentWE NEmRE. E)J1’E‘“‘Jr\ ERREEE. FMERSEE. JTHIE,
HL{4tAY RenderMan #1745,

FA

2 |
g
R{ S

I 74 4 '~' \ f
2 W -’ yf ,}- 'i§1 " ‘ o oy ? ' &/‘{
\Ji . A '{\t‘q ; } \ ’ " f':l(;
g A mw L h h xL h.s l&n“ = ‘-‘

mstantly start creating crowd shots:
ready to run agents
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http://massivesoftware.com/massiveagents.html
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Nz FESEfI——
{World War zZ) (EPtE{XEk) )




R AEH— (FBBETE)




R AEH— (FBBETE)




W ASEHl— (FFEEE)




R AEH— (FBBETE)




R AEH— (FBBETE)




R AEH— (FBBETE)




o SEh

Craig W. Reynolds. 1987. Flocks, herds and schools: A distributed behavioral model.
SIGGRAPH Comput. Graph. 21, 4 (August 1987), 25-34. (Google citations: 152067x,
2025.3.17) (B2 R=mAEG1R30, 26D
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Flocks and Boids

o Flock 22MxI7%. IHifE. REzEIINSAY
—2BYI{K (Flock is a group of objects that

exhibit the general class of polarized

(aligned), non-colliding, aggregate motion)
o NATERMBHFNSR, BlIREN—REAITH
= RK1(Perception)
s ¥{TEN73ZF(Flight dynamics)
o Boid2—MEHURIEIUT E—RERIIIR
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AHAIRIARHB1T /3?

o FIE|DENIKEISE
o BEMGERIMER, BILERNE
SRR E HRER

o RIBIEERIMT ARSI, E
I AFIEESHY RS # T—

o ARINES: MELUEA
o RIFHRF: KiEEH,
o BRIFRFEZEFEINS
= 5| NEEFREHN(Local perception)
= SIAYE(FE
= EWEHATH
o BRI —REEXERNTTA,
REEE S MAZBIRENETIFK
SEHAITA
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. YIRAE— ST,
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EENE

o YIRENIMEZE], BREER
TREE TR R eI BES ALY
R (ANSIEES)
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N ¥i7—1i§l(Banking)

o HRIMEENX/NEREEIZN
RHNEEAIEREAYHZRT A

o IFFRIFE—YAREE=ES
RN RERRITXI 5T

o EEEN, HERANEXmFEITH
(banking behavior) o {FEEboidBNEFIEL MAFEWAR
FIHAEE

o RSVIENHASF



B7ARFRE. 48f. BRFSET

o BRI ) LRSI E SRS TETA
o T, (BAERATH
» SEEFIARYEREE
» SHEBAlE
. — R RAEEEBIES R RTE S L
» BN EEHPHEHEERIBIER 2EERFILRIEEY
A==
o BEERME




RSB RREHPRIU =X RN

o filiiEEER RN (Collision Avoidance) Ag\
. B SIEARHORE AL R AT | /A

o HEILHEREN(Velocity Matching) ;{}3 *Q) L\
» REFRISSRESSEEF R RANEE LA I\}-‘ B/
o . B A\

o BHASEFRNI(Flock Centering) N A?EA
. BHERRRESIA . /
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£ E L /&EN (Velocity Matching)
2NN

HEEIEE
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fillE e R I i
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B SEf[EM (Flock Centering)

o BoidFERRAIRIBHAFIL,

o {#1Sboid K[F51HIBbo

o WR— P boidfFITAHARIFL, ZRNITEHZMAKX (&

ZYY))  {BUNRES

idsEye

FEHARRUIANZ, XIBXTET

o IFRINEHADZAGH
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MEMT RIS AR . IRERSERR, EIEERIASIREE

THESISY, OERE, H—gwmE BRI TR
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Flocking Bz

1\nl

ZRBtR, £BAH

BIMIE—SHEX— MBI T

BRIGE, FEboidZE KEITHEBRR

NEMIERE., ERARXEREE
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Steering Behaviors for Autonomous Characters

BE T BERABRAXERSSMMITH

o 1RZIXKS IZERA T IXEIN:
YOUNITY 3D, Cocos2d-x&k.

o SENEN
Craig W. Reynolds, Steering Behaviors For Autonomous Characters, Game
Developers Conference 1999. (Google citations: 2234, 2025.3.17)
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B =HEg

o EFNAIZIEF, MEANTHERE o BHEREAIFEFHRE(Simple Vehicle

H TR A TUH TS Model)
An? o TERINGHIIREIER

o IEHHTARNRIRGEH o SHITA

(Actiun Selection: strategy, goals, planning) = —/|\ﬁﬁ/|\ﬁéﬂgfi7g
!
(Steering: path determination ) = Eaﬁgﬂ"ﬂ'yﬂ

}
o A
(Lucumutiun: animation, articulation ) o 1:1'7:'! H’:‘IZE =
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BBV ZESHIERY (Simple Vehicle Model)

e Simple Vehicle Model P -
= Mass scalar | /\}
= position vector g 5t1§ bm&inm
= velocity vector % _—

s max_force scalar
m max_speed scalar

. . _ A
m Orientation N basis vectors

a7



EIMRER PR IRIE

o (BIERZEINRAIYYIIRIRIB ORI BRAIFR DA -

= steering force = truncate (steering direction, max force)
acceleration = steering_force / mass new._up
velocity = truncate (velocity + acceleration, max_speed) A oproximate_up
position = position + velocity '

o MIEHTHIEMRE (FEPUIRR)
= new forward = normalize (velocity)

approximate up = normalize (approximate _up) // if needed
new side = cross (new forward, approximate up)

new_forward

new_side

new up = cross (new side, new forward)

48



fR#l (Constraint)

o IXNMEERHFEREEIAGEEIUNFT
5. BIESFER,

it

o ME, ZEEAITFERTIE
HI%8E,

49



SFItE (Seek and Flee)

flee path

flee steering seek path

desired

velocity
iflee)

desired
velocity
iseek) target

o FH(EER)— M FHSHIBTR
m desired velocity = normalize (target - position) * max_speed
steering = desired velocity — velocity

o TEZRER, BIANEE

o http://www.red3d.com/cwr/steer/SeekFlee.html

50


http://www.red3d.com/cwr/steer/SeekFlee.html

1E:ZF8%EE(Pursuit and Evasion)

1OwW

LR & ey future

-
r

o 1EiZX(Pursuit) 533 (Seek)IEE (L,
s (EIEMITETTIX B TR AL,
s RSN BB T S RS

-Bir—#Zaia et

HEXBI7ET

5 (J5H).

ELAT, FEzRZEES IR EHEINKSE.

e http://www.red3d.com/cwr/steer/PursueEvade.html

51


http://www.red3d.com/cwr/steer/PursueEvade.html

1B X086 (Pursuit and Evasion)

M tBEIEPursuit and EvasionigitSeek and Fleefd
52



IRIZRYIBIZ (Offset Pursuit)

o ITE—FRORFIBRIER, (ERAERHEAN
ZoENR (BlF, SSHLUEIT=E5T)

o XJFUNAY B ir~E TR (EEInAEENEED
WIRR) , IEEEENEE RIBERNIF(Side-
Up)~m, RﬂﬁiﬁzmiL TI3—1t, T LEEHIE
FRF®E), FEeinz BEBIRR, AGIE
IZ BRI TE B (TR ETH R ATRER),

o XTI (Seek) T AFZFIARE R,




IRIZRYIEBIZF (Offset Pursuit)




=
(B
=1k,

/

213X (Arrival)

s BirlY, FIXITASSHITRAIVFE—HEFRY;
2R TN, B

| SHATHRINS BT BIR, X

58 EES

Ho

DIRERAVEE R AZ A T ARI— 124K

55
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213X (Arrival)

Arrival steering behavior




213X (Arrival)

e http://www.red3d.com/cwr/steer/Arrival.html

o target offset = target — position (XR— P HE)
distance = length (target_offset) (X2 —MirE)
ramped_speed = max_speed * (distance / slowing_distance)
clipped_speed = minimum (ramped_speed, max_speed)
desired_velocity = clipped_speed * target_offset / distance

steering = desired_velocity - velocity

slowing distance: ‘R FIEAIIEE

57


http://www.red3d.com/cwr/steer/Arrival.html

213X (Arrival)




[&h5i8it8 (Obstacle Avoidance)

Obstacle Avoidance steering behavior

4 L

O O

O@\ O Q

e

O
D £
Z{THMB IS XA, o [ERSERIREIRYE:
RIEE— MR EIERIB AL, = REBR S SN SAVE;
HRMEE: RS - MROHHIEROEEBG R
http://www.red3d.com/cwr/steer/O _MHE (BE, BERE) |

bstacle.html HEX—EZIAEELIEE,

59



http://www.red3d.com/cwr/steer/Obstacle.html

[&h5i8it8 (Obstacle Avoidance)




ikt (Wander)

http://www.red3d.com/cwr/steer/\Wander.html

SAhRFRTRALERE
E|FRHY KRBT S TZIR
NERTSRAIREN R EH1 TR



http://www.red3d.com/cwr/steer/Wander.html

ikl (Wander)




ikl (Wander)

o —REHLSHN, BNE—EHIMT: E—mHISihaH
ST—mHIShAREXR, X ECER RS
HHEER LE’JLEH

o AHIIT NGRS "R A" X—IRES, XBR
VS AN = ﬂ*&EI’JﬁFﬂEITi mARE— 1 ER L,
ZRNFERNAT, BT iaaeraiim(forward

axis)sqrt(2) BRI EBRIME.
o AHERELHZEN:
= Strength: MOGeBI%ME) 2 1.

= Rate: = "AHEAE "ZAFEE, MO (R3ZEH)
21 (RIEIINBAERZRM) | XERTAHERISF

12 (EEIR7rY7 0.6, R ARIMEIRZE)

o SMAOFFRABTEHRE. FPHNEERmIXE
RER, SMDBEBXRERET.

63

Wander steering behavior

¢




Isi=iRfE(Path following)

o BRI ~TRBRRIEMITH, BEIEFSEZEE—\\45 Path Following steering behavior

E%bﬂﬁﬁ%ﬁLT(ELﬁA 1318
) |, BFREFEPOMTFRERX S,

o HMIZHIFH, HRIZENN—FIREIN—1FZ,
1Z17 9510l (containment) i GiEiza(wall
followmg) Hx, EX3IET, EREERES,

BIRETHAE;

. ERERNETN, NESEHEETRE
A, AHITARESHR.

X]
@l/
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Is{=ikfE(Path following)

e http://www.red3d.com/cwr/steer/PathFollow.html

. DE—REERMAE, FHENRSES

HEEF 1A,

o IGEIERE: INFREEEN, FEERTSN

RI1E,

HBtrE, FH

all, BFRNR SRS

HIT5 K (Seeking)1T/9,

65
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SRR E, IBi1zZ(E

2B (Projection distance) :
MBI EE =TI i HIEE



http://www.red3d.com/cwr/steer/PathFollow.html

Isi=iRfE(Path following)




yalEEs](Wall Following)

e http://www.red3d.com/cwr/steer/Wall.html

e
RV

Wall Following steering behavior



http://www.red3d.com/cwr/steer/Wall.html

o FEBLE

ISR

R R E.

E%ET I -r.rﬂ}'bjj o8

yalEEs](Wall Following)

iSiEIEE)]

/—\.—tr $§z:)]lﬂj EERESEEENES,
EEEKERT.

=T HLAMEIS EintRc Ak

RERIXIE 177253

o OEIEFHTAREIL: BSRIESRRIERETN—ERE/E3

Bk EE LR e
wE, NmER— T HirREeNE), &
i

\\\\\

o FRSEZEREEEIT—NE
FiigigRmed, S91\n e SRS NSRRIz RER, E
T?‘I?E%DJEFE?%EHIJ}F/’{*1EIQ\°

SCH:

— ) —

ST /93

68

HMARIT—RE
FIRRNREE AR EX

RS, 8%

SRS

IENR(ELR), IBizZainiEaAR (EI %) Boha Er R
53 (Seek) T ARZEEIR

YR E MY (generic surface protocol )3

ItE,



#P#l] (Containment)

o http://www.red3d.com/cwr/steer/Containment.htmi

« ZESERRIDGI (e MRS ) (T R EIERTy  Contarnment steering behavior
REMKE, XRTA SETRAES R EIEX (5
BB AEREERLET) . AT, BRI
BEERR, FRTERSERRRE.

. EEESRNAUTRENENEELET), Liak P

RABSRSHIRT, ZEMRIERAAREIT A, LUEREEERIZ
o5 "BE" 35, SRlRERMEIESYRT, iz
LR/ RIESYIRIRE, HATEXRENER, DA RS

—EE2ERR{EASeek BimEI TSN,
o FMSIEISYEREEEE —MERRIRE MY
(generic surface protocol )3&3CI: ZEEHIA)EHRN A2

D TIEEYIAES, WREAE, FEESY LH&A
RAMZRAYER, B, SfTARFAEENERESR
EHIFIRER.
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http://www.red3d.com/cwr/steer/Containment.html

ininiRiETT /I (Flow Field Following)

o http://vW\AN.red3d.com/cwr/steer/FIowFoIIow.html
® 1EX121_237] Eﬂz EQZE — Eu | L.i/%
o HEABE EEEI’JME#LJr%Z‘ XA

o BREINNERE(FENARATHAZRIEE, Siho
RIS EESES R EESEAENES

AN
Ny
for

A
/ /;
A


http://www.red3d.com/cwr/steer/FlowFollow.html

Tutorial - Flow Field Pathfinding in Unity

e https://howtorts.github.i0/2014/01/02/steering-introduction.html

/f,S'

RPN PP
N R R G
ath)

L]

M -«

QUK TR T

t =+~
R R )“’i“&”
—lIN TR
|U(.-*—O——*—m—e¢
e & LD ™

S RP R P LD



https://howtorts.github.io/2014/01/02/steering-introduction.html

Z\
7]
=]

2 ¢A1Y917 5 (Group Behavior)

= (Separation), E£(cohesion)Fx33%(alignment)SEHARAI1T 97
=kt

MATARE— A EEXI EERIAES

L]

L]

[ h ;

O ) 62y

Repulsive force is computed by subtracting the
positions of our character and the nearby character

PLIE R EN TH]
BREE

5K,




#BE(Neighborhood)

® %A%EI‘JJ% E"B@B;E

angle

o BEEFERREB—MMER (MNBEFOHR

BB A— A BB AR )% >
2%, RN T R SRS 0

73



IRfENS (Leader Following)

. B A ANE ST NS
L, EARRTRASED | A %
E&,{I :

SN, FiX(arrival) B RHWSEEE— e
Mete s, D/r)75j

o IRPERKERKFT H1T/IREREE RS,

http.//www.red3d.com/cwr/steer/LeaderFollow.htm/



http://www.red3d.com/cwr/steer/LeaderFollow.html

IRfENS (Leader Following)




T ARYES (Combining Behaviors)

o HEITHRILLRAI NHMLIU

[ tﬂ}ﬁ(SWltCh)

= ;25 (Blending)
o REENLAAEREITESITE
HYSAATAFHEREITINSSKAD,




IE\Q:HE

o BOIDSIER!: ¥ &Rizaigr  © PiERE:
- o BEME—ABREPLEA
o MEEGRESR S
o Steering Behaviors for o TBX BRI
R IZ: Y AA

Autonomous Characters: IHEE
FARABRENSAR

o FliE I 5A TT BE R

77



*XFCraig W. Reynolds
(born March 15, 1953)

http://www.red3d.com/cwr/

Winner of a Scientific And Engineering Award presented by The Academy of
Motion Picture Arts and Sciences for pioneering contributions to the development of
three dimensional computer animation for motion picture production at the Scientific
and Technical Awards of the 70th Academy Awards® held in 1998.

1998 to present
m Sony Computer Entertainment America

1997 to 1998
m DreamWorks Animation
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OpenSteer
Steering Behaviors for Autonomous Characters

e OpenSteer is a C++ library to help construct steering behaviors for autonomous
characters in games and animation. In addition to the library, OpenSteer provides an
OpenGL-based application called OpenSteerDemo which displays predefined
demonstrations of steering behaviors. The user can quickly prototype, visualize,
annotate and debug new steering behaviors by writing a plug-in for OpenSteerDemao.

e OpenSteer provides a toolkit of steering behaviors, defined in terms of an abstract
mobile agent called a "vehicle." Sample code is provided, including a simple vehicle
Implementation and examples of combining simple steering behaviors to produce
more complex behavior. OpenSteer's classes have been designed to flexibly integrate
with existing game engines by either layering or inheritance.
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The End



