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BHENENX

o ER—YERRE TAEHEREBRN
—REMAR, EIRTAERITHER
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)

o BHFHHEIX
s 2 —— Crowd behaviors
s ZH —— Group behaviors
s ™MK —— Individual behavior

o FE—URIFENER
= Crowd: —figf§ AE¥;
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Flocking(8%{#8) System

o =FRIXRAIITH o Action Selection: EF A T488M
1T/915%4%

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

('steering: path determination ) « Locomotion: SCAMYEAMAFT

(Locomotion: animation. ariculation ) = BERABEANAMA :

o SHEE, B8, A

s BERNEEIMA
BEMSMITHHREE, FilLi£mit o ~
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BHPIRIAERY:

e Atoms Crowd

EREIHAI3DREER, FsdissmMayafl  § - Cre
Houdini, RJLAREEREEFNE, SOIFEMT TR HERSE
3DIEFZ BRI, A PR FONE <

e AXYZ Design Anima

anfima’

The Crowd Simulation Soffware

e GOLAEM

= Population Tools For Maya
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e Massive
= DIEERRSEA

-

Simulahng Life

11



SRR {FMassive

s IR
‘f 0 : .+, [ Lord of the ll.rll Return of the “llw
& LR M image courtesy of New Line Cinema and Weta Digital.

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

o &Y "the Lord of the Rings” 1BIAE=EPHFIIAREP S EFTEL INEXIGEHE
FrifriR, XERIDFRECIEEIAL T FE A BRVEFEEIYG 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
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Massive B EfFR AR

o BRIEH—EZMNERER, ENEEIENPESmREIEGS|ZE
o BENZAFIT— P RELLMIIFESEREIEA TS REIE
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SRR {FMassive

0 MassivexE—AﬁELE’J' MEABHETLE, V2N TEEEHRE=EP
iZitHY., fEMassivedR, FFBEEFRNEERAgent )X EIFTEBE) ‘U
z‘IJ” “BIRE] IS B = N,
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L
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mstantly start creating crowd shots
ready to run agents
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o SE3GK

Craig W. Reynolds. 1987. Flocks, herds and schools: A distributed behavioral model.
SIGGRAPH Comput. Graph. 21, 4 (August 1987), 25-34. (Google citations: 133637X,
2022.10.10)
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Flocks and Boids

o Flock 22MIIFF. IEilliE. REIEFIIMSRM
—2EYIUK (Flock is a group of objects that

exhibit the general class of polarized

(aligned), non-colliding, aggregate motion)
o NTERMBHFNSR, BlIREIN—REATH
= RK(Perception)
s ¥{TEN73ZF(Flight dynamics)
e BoidE—MEMRIHUTZ—HFHIIR
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AHAIRIARHB1T /3?

o ARIANES: MLUEA
o NIFHRF: KEEH,
o BRFRFLEENME
s 5| \NEERRA](Local perception)
» SINYIEE(EE
s EWEHNMTAH
o BAERIN—REBEXIEENTA,
AEEE S MR [BRENERIK
SMMEHATH

* Ej] E] JfWEjJiUZEJv/A
o BEMGERIMER, BILERNE
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N ¥i7—1i§l(Banking)

o HRIMEENX/NEREEIZN
RHNEEAIEREAYHZRT A

o IFFRIFE—YAREE=ES
RRNAATRERITXI 5T

o EEEN, HERANEXIFEITH
(banking behavior) o {EEboidBNEIFIELFMAFEWMAR
AYERZEE

o RSYIENAAREF
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RSB RREHPRIU =X RN

o filbfEE G JENI(Collision Avoidance) Ag\
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B SEf[EM (Flock Centering)
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Steering Behaviors for Autonomous Characters

BE T BERABRAXERSSMMITH

o RZIFNE | ZERA T IXLERIAN:
YOUNITY 3D, Cocos2d-x&k.

o SEM
Craig W. Reynolds, Steering Behaviors For Autonomous Characters, Game
Developers Conference 1999. (Google citations: 2082, 2022.10.10)
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B tEg

o EIFXNAIIEF, WAXTHERE o BRAZEFHREE(Simple Vehicle
FA TN EANEDRII S TUHI TS Model)

A o TREUHYHIERIE
o N——} /> -k ;%l\hé%: oy
BT IHNEIR S o SfitTH

(Actiun Selection: strategy, goals, planning) s — Pk NEERTH
|
(Steering: path determination ) = E‘Fgﬂh'yﬂ

}
e A
(Lucumutiun: animation, articulation ) o 1:1'7:'] EI':']?E =

gpus
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BBV ZESHIERY (Simple Vehicle Model)

e Simple Vehicle Model 7 -
= Mass scalar | /\}
= position vector g 5t1§ bm&inm
= velocity vector % _—

s max_force scalar
m max_speed scalar

. . _ A
m Orientation N basis vectors
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EIMRER PR IRIE

o BEREHRERIYIIERIE BRI ERAIFR 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)
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fR#l (Constraint)

o IXNMEERHERFERIAGEEIUNFT
5. BIESFER,

Xt

o ME, ZEEIFEMTEIR
HI%8E,
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SFItE (Seek and Flee)

flee path

flee steering seek path

desired

velocity
iflee)

desired
velocity
iseek) target

o SH(EIER)— 1 FESHIBTR
m desired velocity = normalize (target - position) * max_speed
steering = desired velocity — velocity

o FEIEZRIER, BIAEE

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

1E:ZF8%EE(Pursuit and Evasion)

1OwW

LR & ey future

-
r

o 1BZ(Pursuit) 533K (Seek)IFFEZE(,
= [BRIIEMETTNX S TRRREEE,
= BTSSR BT B E e RS

-Bir—#Zar et

HEXBI7ET

5 (351D,

ELAT, FEzRZEES IR EHEINKSE.

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

1B X086 (Pursuit and Evasion)

M tBE#EPursuit and EvasioniidikSeek and Fleefq



IRIZRYIBIZ (Offset Pursuit)

o NE—FHIOBEFIBRRER, BEFERHAN
ZoENR (BlF, SSHLUEIT=E5T)

o XJFUNAY B ir~E TR (EEIrEENEED
WIRR) , IEEEREMEE EIBERNIF(Side-
Up)FmE, MRBAEHTII—E, FLLLFIE
FRE®E), FEenz BEBIRR, AGIE
1215Lﬁ%11%(x]@ o[t R ARR),

o XTI (Seek) T AFZIARE R,




IRIZRYIEBIZF (Offset Pursuit)




o I

o (HE
{=1E,

o

213X (Arrival)

| SHATHRINS BT BIR, X

58 UEES

Ho

BExmEBRET, AT ASSHATAIVFEE—EFRY;
2R TN, B

DIRERAIEE R AZ A T ARI— 124
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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) (X —rE)
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 FEAIIEE
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http://www.red3d.com/cwr/steer/Arrival.html

213X (Arrival)




[&h5i8it8 (Obstacle Avoidance)

Obstacle Avoidance steering behavior

J -
Q O

O
o HTHMEIRE: EXAEHE, - WERHEENE:

anticipatory collision avoidance

A ° -

RIEE—MREE B RZE » IREBREE FINES YRS E;
(SEPR 2 FER Ti—’Eﬁ]HﬁJ&?-') » MRSERIEREERREN, &E
e http://www.red3d.com/cwr/steer/O —MFHE (BE, BEFEE) |

bstacle.html BEX—BTZIAEELIEE,
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http://www.red3d.com/cwr/steer/Obstacle.html

[&h5i8it8 (Obstacle Avoidance)




ikt (Wander)

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

SMARFRALEHE

2

E

AR ERI SRR TR

MERTSABIBEY R EIH TR


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

ikl (Wander)




ikl (Wander)

o —TIENSHN, (BEXNBE—ERHFE: E—miNSinaE
5 SinnEExX. LJ#E%E&—hmvm
FREEBIEN(EETHEEN "MEE" oE, 153t
%i}\ﬁ%@ﬁﬁ’ﬂ‘@iﬁ%ﬁﬂlﬂl%iim o

Wander steering behavior

o AHEITIBIRSE "HEES A" XIS, Jai%%
RA— N, ﬂ*&E’JﬁHIEITil‘ji’J% — 2R E, \
ERAFEAT, HPOWTE ﬁa@l‘]ﬁuiﬂa(forward
xis)sqrt(2) AT K BRI, o

o AHMEREIRISEL
= Strength: MOGRE%EM) & 1.
= Rate: =H "AHEAME "THRIREE, MO0 (L) %

21 (RERIEBAERIZRMN) |, XEFRFRAREF
12 (EBE3RYM 0.6, REAHMETREE)
o SMAOHFRTABBHNERE. FHIEERMIXE
KR, SNOIRERRERET.

\
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Isi=iRfE(Path following)

o ZRIE T RBRRIEMITH, BIFSEZEE—\\28 Path Following steering behavior

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

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

BIRETHAE;

o EREFIRMETAT, REUEBEEFXE
RS, ZHITRIES,

X]
l
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Is{=ikfE(Path following)

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

. RE—RBEEHRE, FRREESES
HHEEEN,

o GRS INFREAEEN, FAEEHTESM

RIE,
® E:JH\U ' }r E',ﬁﬁ,ﬂﬂ E"JﬁZ%Tﬁ%ZEUE%?éJZ ' TE‘JZ,"\I—\'_'\«E IRetB% (Projection distance) :

RBEfRE, FHiHITSEH (Seeking)iTH, W2 =) el
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http://www.red3d.com/cwr/steer/PathFollow.html

Isi=iRfE(Path following)




yalEEnl(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 GBI
R mie &

BRI

yalEEs](Wall Following)

W(ERI S E1T ALAEIS BintRC K

=, MEFE $§z:)]lﬂj EERESEEENES,
EEEKERT.

1 'U‘ﬂfbjj o8

RERIXIE 17753

o OEEENT ALY BIRIESRIRIERTUN—ERIE)EZ

B
wa,

\\\\\

o FRSEZEREEEIT—NE
FRZIERERN, £9\anE2E SRRz aYERE, B

SCINL:
w—.rﬁ}'b

FilE LEER

MER— P EirA(EIeNE). &

HARIT—RE
FIRRNREE AR EX

RS, %

SRS

TARABENERERERIFRER.
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#P#l] (Containment)

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

« ZESERRIDGI (e MRS (TR EIERTy  Contarnment steering behavior
REMKE, XRTA SETRAES R EIEX (5
BB A EREERET) . AT, BRI
BEERR, FRTEmSETRERRE.

. EEESRNAUTRENENEELRT), Liak P

RABSRSHIRT, ZEMRIERAAREIT A, LUEREEERIZ
o5 "BE" 35, SRlRERMEIESEYRT, iz
LR/ RIESYIRIRE, HATRXRINER, imARRR

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

DT IEEYIAES, WRENE, FEESY LH&A
RINZRANAR. R, SMTAFATENBEEESR
EHIFIRER.
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http://www.red3d.com/cwr/steer/Containment.html

ininiRiETT /I (Flow Field Following)

o http://www.red3d.com/cwr/steer/FIowFoIIow.html
® 1EX121_237] Eﬂz EQZE — Eu | L.i/%
o HEABE EEEI’JME#LJr%T XA

o BRINNERE (PR ARATHAZRIEE, Siho
[[)(S) SHIE RS RIRERE

AN
Ny
for

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

Z\
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2 ¢A1Y917 5 (Group Behavior)

= (Separation), E£E(cohesion)f X35 (alignment) SEHARYIT /91
=28 b

MATARE— A EEXI EERIAES

L]

L]

[ h ;

O ) 62y

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

FLIE BN TR
BREE

=P 3




#BE(Neighborhood)

® %A%EI‘JJ% E"B@B;E

angle

o BEEFERREB—NMER (MNEEFOHR

R HI— S (B RIS RS FIFHARTR) R -
TR, AR N T Rt AT 0
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IRfENS (Leader Following)

o WNR—NIEMERFEAIB CATFIISRIE
BN—1MEFXE, BSEEnEMSERN £\ %
RAZ;
o B, EliX(arrival)Btr RN S/aHEAI— L
Mt D/r)75j

o IRPERKERKFD H1T /IR REE IS,

http.//www.red3d.com/cwr/steer/LeaderFollow.htm/
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IRfENS (Leader Following)




T ARYES (Combining Behaviors)

o HEITHRLLRAINTHMLIU

[ tﬂ}ﬁ(SWltCh)

» ;BE&(Blending)
o EENAAMBRETEEE
AOSAN T AFHEAR IR,




IE\Q:HE

=

o BOIDSIER!: (B epmaian  © PR
s BT EREARXNER

Zz3h
= o BEME—ABREPLEA
n MRS JS
o Steering Behaviors for o TBX BRI
R IZ: Y AA

Autonomous Characters: IHEE
FABRETSN

o liE I S TT BB SR I
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*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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http://www.red3d.com/cwr/
http://www.imdb.com/event/ev0000003/1998
http://www.oscars.org/awards/academyawards/about/awards/scientific-engineering.html
http://www.oscars.org/
http://www.oscars.org/awards/scitech/about/index.html
http://www.us.playstation.com/
http://www.dreamworksanimation.com/

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.

73


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

KSR () 155




TTTREANIRMSIPEY 2% (2018)




The End



