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use the same behavi vd, however, suffers from
poor performance be calcule each and every agent's
decision. This thesis presen diar'Fio King, an ar ach for reducing the CPU
load. By giving agent 7 \‘ , a group decision can be
made using flocking rcel fat. aut ma level. This reduces the

calculations significantly. Mai 2 o di e among agents and computing

agents' direction are made inte' grodj «,{?{_7_ S, while collision avoidance is omitted.

The prototype wa '*"L"‘ji,}{-;iﬁ-iil(‘-i-:=‘&=‘.'.‘:ﬁl:-":iii:":.‘i-é‘i;ﬂ'f‘;%;i‘ that the proposed
w i
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PROCEDURE move_all_boids_to_new_positions()
Vectorvit, v2,v3
Boid b
FOR EACH BOID b
vl =rulel{b)
v2 = rule2(b)
v3 = rule3(b)

ocity +v1 +v2 +v3

+ bvelocity
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END IF
END
RETURN ¢
END PROCEDURE
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END IF
END
pcd = pcd / N-1
RETURN (pcd - bd.position) / 100
END PROCEDURE

U7 24 uanssviaianaengden 3 [20]



31

4.3 A0NUNTIRNADINNATNAURAS

anunisaiannneuns Tamon wazinu ldgniaansn 10 anuniend G

v

v A g 1 d” dl I dl 4 % dl Y v 49( o
wldaenaniunisalinaniiuninanadaudn wanldannidsunsuduuu o liad19aui

122

@uﬂ Lﬁ'fluﬂ']@mfaummmmuw

=

aNIauanIngAnIsNliAdnaAa gLl

Iﬂmmummeﬂuumunﬂmam@
mmumiw

agduLuEgIARUNAIN AT L el

DIUNTT0IRARY mmummwwuima%

Anfuludunauiaasadlddog

D

N 25

AuBSnEn ey

'ZQ mmsmm 2 umamnmwau@mmmm ‘ﬂ‘ﬂW@ﬁ]N na 2 wung

M S A RO -

UABILLHNUN qumﬂﬂm%imumm“muﬁ z@'quﬂu@@ﬂmﬂv]Lﬂuiﬂmmmmmmﬂumwu

ﬁqgﬂm 26



32

! ¥ < A4 A T D= B Y
NANAU ATRNUILAABLNAN AHUUIANBUNINNNINATUL ’]Ilﬂ

NNAIUT 8 9 2 mjmﬁﬁmwuﬁmxﬁ@%{ Wiasgl 27 avldanassgenuiiaaaunan

= i co =
917 27 LAAININNITIAREUN AL TINTBIADIUNNTIANARIN 3

a



33

ANTUNITUN 4 UINNIINNATNEURTETRIUNTLUE Lﬂuﬂﬂ‘iLﬂ@@uwsﬂ’ﬂ\‘leu
o o dl A o Ly A A o o PR
mm/l’]\‘imu‘i_lwmf;lLﬂ@‘ﬂi&‘i/lMWNWﬁM’Nﬁ’]ﬂ%@ﬂLLI:JLL‘VI QQ%UN@ﬂmeLﬂuLLﬂQLLﬂUV]N

Anuoupnlinn wiuliifusadauin g 28

P , ¥ o | |
g1l 28’LLmmﬂ’mm?mg@uﬁmmqmjﬂmmuma‘mmamﬂ 4
/ s v .-Js.:‘.lj:J

@

anun1Tnin 5_dhamannaanesiiises aefa eanneie n1a 3 uns

p P W o P P P [ I A = o |
Lﬂ@ﬂu'ﬂmﬂqa\ﬁ%u@qﬂv : QmumﬂLﬁ@ﬂléﬂﬂ%ﬂd@ﬂl&%’ﬂj@xﬂtﬂi&% aﬂﬂuﬂ@ﬂ‘]ﬂ'mgLﬂuLLﬂq
_— v |

o

M

mewAwiusziloy Arisndnstionsegili 20




34

= & A co =
g‘ﬂ‘l’l 29 LAAININNNTARAUNTIALITINTDIANIUNNIIRNAASN 5

ol o cd X o 4 d .
An1UN130I 6 TsnaINNINaILAS Fas 2:9E8 HIuN1TAAEUNIBIENALNG N
Tnnjarnniesnuuuanaaeui bdsduuuiiaveswnui feauddnsusiiluaisunonay

dll dl a = o ¥ a o dl
waeun W luiAnaReafuadansALaLEeUINTRININg mgﬂm 30

?ﬂ‘w 30 zﬁm.mwmsmﬂﬁuwi
"; gt : ““"'..4‘;)'}

zqmumimm 7 ‘L!’I jﬁ L’i“ﬂ\‘] ﬂN'ﬁ‘ﬂ Lﬂum@mmﬂummmmuﬂ@u

.JJ-.'._'V

Iumm@@umﬂmmﬁhuumﬂmﬁ@umiﬂmqmumumm@jmumﬂwmvmuﬂ@ﬂum

T-‘
Lﬂmuwiﬂ"lmﬁmum@u AagL 31 7 X

\
ﬂ\?’)ﬂﬂ’ﬂﬁ@ﬂ’]ﬂﬂ’]ﬁ‘ﬂé@’]@@\?% 6

= &4 A co N
g‘ﬂ‘l’l 31 LAANNINNNTIARRUNIALITINTBIADIUNITIRNARNN 7



35

1
=

AnUNIININ 8 NNANANEURSiTeY 2980 unNsLAARUNTaYENTY

waBUAINMNABa lUNesuEe wigsruidnsnsduanmaanaesg Asgln 32

o

— o

INWASP AAUTILARIZINIDIANIUNTIRNAAT 8

v

o $h 2l X 4 4
ADIUNITUNO WIHA: 249 1999 Lflumimmummgjwu
s f o

;o Y ; ~ ‘ud o I =
ﬂuqﬂiﬁfylﬂ@’ﬂu@qﬂﬂqu il |; AU TUN ﬂHﬂAtLﬁ‘ﬂﬂ[ﬂﬂNLﬂi&%LUﬂU

= i co =
g'ﬂ“l/] 33 LAANNINNNTIAREUN IAEITINTBIANIUNITIRNARST 9

b

1
=

A07UN190I0 10 YrN1aInAINeUAFFa TuE 3 1lunnamaauNIaIned
dl dl 1 a | dl dl v £ v
nislasenszan daud llngunushunilunisindaunainniesdiudae il fuaan

Tnanguminsutieaniluaungueion gl 34



36

N\ "f/ﬂ”_—_ﬂ

.p’__i -

=

gﬂ 34 Wl N -~§\ fammumz‘mmamm 10

4.4 HANTITNAADN

4.4.1. wopnssuiFaanaagaasnaant

~ ! dl dl Yar
mmmiml,mmm AT mmmﬂ@mm 1 aqlafugluunaedss

ﬂu@ﬂﬂ1w X wuum@@ivmnmqmusmﬂmhlwmmumm'a NL“ﬁ@LﬂWMNWﬂVIﬂWMNﬂIﬂ

; ﬂ Ao %&l&%@%ﬁﬁ%ﬂ E)
QW’]&Nﬂ‘EﬂJ UA1AINYA Y



37

0

21191 35 LL@ED’]Wﬂ’Wﬁ‘LﬂﬂuV] mmqumn‘[ﬂ?LLrﬂlmmummﬁ 1

a

ﬂfuﬁi Lﬁ%%}’%ﬁﬁwﬂgﬁﬁﬁﬂuﬁsLﬂu?::Lﬂﬂumrmd']

anunnsniiualiv gﬂﬁﬂmﬁm?mﬁﬂégﬁﬁuﬁmwgihﬂél’uaﬂu Lﬁﬂ@éfﬁgmumﬂgjwmz
Lmnﬁq@mﬁﬂﬂs@aﬂﬁjmeq@wﬂqﬁﬂiuﬁumu uaz
auiileusasluiusau lugniunisnifuatiuesbifngnisnti feiituwezdn wagans
aenficlilldfinsdndesnistuiuesiaras 3atleiutiuiduilnglifesAnnis a1a
nliTae Avualiaausaziaalzwinlug LL@:‘Lﬁaﬁqmuﬂuiﬁ’ﬁ@ﬂﬂdqﬁ feazin i

daaienelumaisanaNfiiazAsay luauiu



38

natesll sunsunadaanuiILAnIuNIIIANa e 2 S9liFugluuuneys
AUAN AR Tl wuummuwmnmqmumam’l,ﬂmqmummfa Sl vunafiinmunls

4 \1ARBLIAMNILAT 30 40 50 UAY 70 um@ﬁummﬂugﬂw 36

Wm

||||““

i

Uil :
HH

.waw§WHw
RRAS A A B

AINN1944 Lﬂﬁl‘WE][ﬂﬂi‘ﬁ‘?J WUQ’]Nﬂ’W?Lﬂﬂ‘ﬂuvLV’)‘VILﬂu?”L‘]JEI‘]_Iﬂ@’]F;Iﬂ‘]_I[FIuQU‘LI
WsNanaqAnHNE (nmeumsiafuaiidy mewqmﬂ@ummwmumﬂ) TIHIUALAN
o = a o ' dl dl a 1o a
FAINSATACWENETNLLEA LA AN UAULUUNIN GINLﬂuﬂﬁyﬁqﬂLﬂﬂ@qﬂﬂq?1uqﬂﬂq?ﬂqimuﬂﬂ

LTULAEIIN



39

naresllsunsunairadauuiuaniunisaiataeed 3 a9ldldiugUuuuaes
eananing degerutiinaaunainniednuuudialdniefiuansann Suradlunnei

Auualif 3 1aka 90, 99 uax 100 Anassuanslugii 37

B NUNTNETY
RTRERIEERTINBIGE:

a = ¥ ¥ o 1 o a ¥ o1 ¥ =
WEHANTTHHAMTNARNIEALRUUAENTN faazAsiauldAaudaiusziday

toyrnisauiug lddainluanunienii

nage9tlsunsunafedsuiuLanIunIInianaesn 4 avldldiiugluuues
- d” P = [% [ [% = Ao 2
genuannind aeelsauiiaaaunainniesnudaaliniedinuaen Suadimsnanninua i 1

LIAABLTAMNIILAT 50 Anassuandlugiln 38



40

e

i A I‘l Lx i
‘ﬂﬁ 38 LL@E\WWﬂ’W?Lﬂ@@UW peiTaNAN L 9uL ! lugan1unnanin 4

APPSR Gt

[ 1

Hn mmu@um@%ﬂﬂwmmummm ;uﬂumuauumiumaﬂum L‘]Jui‘y dauunaunail deil

L”W@Wﬂqﬂ*ﬂ@ﬂ%m%ﬁ%%ﬂﬂ@ﬁ““‘j*”“’"“““

mel Lﬂ‘WW&ﬂﬂ’]\‘Iﬂ\‘l WaNANUINBLAUATRE NN L‘WH‘WE] AnssulpdALaUNn

Hage9tl sunsunafedsuiuLanIuNIIaianaesn 5 aeldliiusuuues
annann g Gegauiiipdaunainnisinudiglinieinue Suadihmuiefinmuali 1

LiaPBIEAUNELAT 60lNaALans LR 39



41

1 r '
= | -
‘ﬂﬁ 39 LL@E\’]Wﬂ’W?Lﬂ@ﬂuﬂ imeizanannldsungd luaniunnnii 5

S BB BTGt

A9 mewqmnﬂmmummnu ‘N’&W‘}I’]?ﬂﬂ?ﬂblﬁfm L‘ﬁ@ﬂ@’]??\l@@ﬂﬂ\‘]@’]ﬂﬂi‘ﬂlﬂ]ﬂﬂﬂ’]?

" RRITRETT UA1INYA Y

N@?I‘ﬂ\ﬁﬂﬁ‘LLﬂ?NVm TN L@ﬂumemum?mmamm 6 ‘ﬁ\‘liﬂﬁ‘i_l?ﬂ BLTIUBN &I\‘l

mumnlﬂzﬁ'%Wﬁuum@@ummnmqmumﬂﬂmqmwm Haallvnng 5 wape 11, 31,

51, 71 uaz 91 duasuanslugiln 40



42

717 40 uamsnmnasiaReni nasasaanllsunsluaniunisnii 6

— e o & d o
NN TAGNFWE AN TN WHITHATS Lﬂu'summmfammmm@

1%

1ausag tuag T Lﬁﬁﬁu g A Elﬁ/‘i__@ﬁlﬁ/‘l_l wsiarausnaaliliag

a o ?:// dll n=ll ¥ 7 % t=ll 1 a o
LLﬂ'JLﬂﬂ’)ﬂlllfﬁ@Lﬁ'\ﬁﬂqw&ﬂﬁiw{lqﬂqﬂlﬁww LﬂqiﬂLLW?ﬂﬂULsﬁ@W@ﬂiuLLuQLﬂEI’]ﬂ'LI

T L T

mimuum@mﬂ%mmwmmu mﬂiLL,34 mmmmﬂwmﬂlumaumumeuen'mmq
o YT )i
pntnaldn frusasdanliifussidoueiing dnnaasunilasdnsaiastineasayg
ANATY mmuummL‘ﬂfmmﬂLW@lmﬁumNLwamﬂ'wmm an1unnsniazeanun ldsnaiy
nsldsunsuielaus lilAumI wqﬁmmmﬂmim%’ﬂﬂéquLmﬁuﬁﬂfifmﬂquﬁm?uﬁ

ANAFINIINIINLD AU NALALAS



43

nareslisunsunairadauuiuaniunisaiatandd 7 delasugluuuvesys
auAn WA Tepruilinaeuiannmiesuineliniadnuaen Raadimsne 4 wase 30, 50,

60 waz 80 Huafauandlugiln 41

wawfﬂaw

9 Wﬂﬂ‘ﬁfﬂﬁ SRR

’Q’]ﬂﬂ’\?ﬁ\?LﬂﬁlWi}ﬁlﬂTﬁ‘N wmmm?ma@ﬂmmﬂm viflauAfna s ualy
winalndteqanung %mum@mmummuLLﬂﬂvmfaﬂ'Nmuimmmmmmiﬂmg}mq
o = a o o=l 4 Ay
weanuealiinuung GINLfluWL']L"]ﬂ??NI@HV\'J1‘1J°II®\1L@L’QHMVIWEI’]EI’]NLF]@@HVI L?IWQL{"]MQJ’]?_I
o [ o :’/ o = 1@ 9N 1o ' rdl :// d’l d’j dl
amFunsruiuiudeasuamiuls lddaminannunisalau Mellanadumw sz nundvune
= 1 % v a o % o 4 & 3
NﬂluqﬂiﬁfyLL@Zﬁﬂ'J’NlﬂﬂLﬂﬁl\?ﬂUﬂQ’]Nﬂ'}’N"ﬂ@\i Qﬂﬂju N ie L’QuﬁlLLﬂﬂﬂqﬂiﬂmqﬁJLﬂqﬁN’m

1oun aeldifanadamdsaiuuiniin



44

1A224 1 SUNTUNA TR UILLADIUNNINIANA 097 8 FalATugunnaay

]
=X

AUAN WA Begerutiiaaaunannnissnuaanliniesiudie Suaiunne 4 wame 11, 31,

51 waz 71 Huasauanalugiln 42

PRI TUAMINY TR E

917 42 uansnmnisieaeunlaasananilsunsuluaniunnsnin 8

wudn Weqauinalatansizsmsnduluaniunieniil iwaganiwasni

KX A

azugnanisiianiarsonfaredalaui iy - Aviugagauiiandruialugasd

ANAATY TunstlesiungAnssNnIs T



45

nareslisunsunairadauuuuan unsniatandd 9 delasugluuuvesys

AUANA N Tl mUTLARUNANNNIAIULUIUNI9AUAN Himatliuung 4 wame 92, 94,

a

96 waz 98 NuafIuAnalugLln 43

I NN INHYIT
AENRIAITAUNIIDI S B,

” a LA A aAn o ~ Y o
@qﬂﬂqﬁ‘@\uﬂqumﬂ??ﬂ WUQWNﬂW?Lﬂ@’ﬂullMQV]»LQJLﬂuﬁ'gLUﬂuﬂ@qﬂﬂU

Fueily uswa lnATsqanINg AzLiuNTARABWALLLILINNARIAAUADWNNIAEN 7



46

nareslisunsuna¥iaasuiuLan1uN1IdRNae9n 10 AelaFugluuLvegg

AUAN NS Tl arutiinaaunaI NN aIug e lUn1efnuann Jealtlvuneg 4 mana 20, 40,

a

60 waz 80 NuaAIuAndlugLlN 44

L
J‘+ .J":_':‘

R NUNTNYTY
BRI TR TN A

o a oA nﬂl Adl = ¥ o Y o
RINNITAY ANE FANTTH 'W'LI’J’WNT]W?Lﬂ@ﬂ%i‘l)i'ﬁ%ﬂﬂi‘&ll?_I'Llﬂﬂ’]ilﬂ'i_lﬂu’illl‘i_l

1 R (-3 dl dl 1 < % dl v 1 a o
LLﬁl‘W‘ﬂsLﬂ@ﬂ\‘]"}ﬂﬂN’Wﬂ AzUNNAAUNLLLILENN e adiuld R L"I]@‘Vﬂ&ﬂﬂ‘ﬂ% LUALAEINU

e Y o A = o
VALl NN LLZ‘]ZL@L’QLW]'VI@%V]'Nﬂ’]uﬁlqﬂ'ﬂ’ﬂﬂﬁ’]\?@qﬂLﬂ’]ﬁNWEI’QzWEIWF;I'TNLLIﬁIﬂl,"llqé

kTl

hunng Anesandaiuasaeiausiiatuissaniaagatsiaanisliinismsadunisau



47

4.4.2. WoANsTHN LAANEANETNNNAR NNULILIEITHNAN

A sy A o A Ry e
N@‘H@QTﬂ?LLﬂ?NVI'M"NL@ﬂuLLuumm’]uﬂ’]‘j‘mfi]’]@’a\‘m 1 GHQVLQ?UEHLLUU?J@QQ\?
-2 A Y oy oA [y A = =
ﬂu@ﬁﬂVLW@ m;ﬂwuumaﬂuwmﬂwm‘lM’]usﬁﬂﬂmﬂiﬂ‘l’l’mm’m‘ﬂ’rmﬂ NLT@Lﬂ'}‘MNqﬂ 4 IAAR

WNNELAT 30 50 60 Laz 80 Huafuandlugiln 45

LU ANANINENT
o Y Sirip)sdofingpnsk N%ﬂ%&%@@@ﬁm@mmﬂu

szifley dazgisanisipudemslunuadnafiuaniunisalfuetiu wifiaiunsafiuieLausd
a { dl o dl % ! dl g dl 3 ¥ = Ly
wiuwannguive ligadihunnenlndnan weawauiinaaudnindili g gmieniaiausas
. 4 Ao = = = 2 ad o
veasanautpaaunidiuutvuneilasainiivuneduiiesqainasqnineq Satdesiu

flymuiiaantspenssauwaqaiudielindneay ludauaesnsauiu weiausldinng

N imanziidanesnnilasiunisue)



48

natesll sunsunadaanuiILAnIuNIIIANa e 2 S9liFugluuuneys

]
o X

AUANN NG Tl sTuilAdauNaINN s ud1ata lin19snuaanie Saalivung 4 1A

a

LIAUNIELAT 30 40 50 waz 70 Huafuandlugiln 46

371 46 ugpnmnsAdeuiilpysananntsunsuluaniunisnii 2

a

B R A E L A AR B i

= < a 1 o‘d‘ 1 4 % y dl ¥
- %ﬁﬁﬁ%ﬁ%ﬂﬁjﬂ!ﬁwﬁqﬂij&f Ef e
4918 LA BANY N ADEN9AN AL EIAL SRS SR HEEE wileanudm

Wunng wenn9muFa i ldiR AT

na2e9ll sunsunafedsuiuLanIunIIaianaesn 3 aeldliiuguuues
enuanning desauiiiaaaunainniesnuuudelinissuaniann Suadmang 3 e

A9 90, 99 UaY 100 Anasauandlugiii 47



49

anTdsunsuluaniunisain 3

@fmﬂ -------------------- AL umm@unﬂﬂ@mﬂmﬂu

suidle LL@:gﬂéﬂmm@ﬂ"\m i ) imﬁfa‘uu FamaudiadewdiIng

hwaneeausiindeuuspean iludmanggy 3 haune nTueN NIRRT

mmmmﬁﬁﬁp@ﬁ@wﬁw@w ottt wii

uan

A WARNN LI RenA. A

ﬂu@’mLLW@ sms]wuumaﬂuw-mnmamummiﬂmqmumﬁ Jwadl g 1 apeLEa

UNNLAT 50 maﬁummﬂugﬂm 48



50

a

717 48 UARININNI9AS eganann i sunsuluaniunisnii 4

AN NN IRSEGTAE AT NstARAARTd 1 N vnquiullasinglaidy
= ! . - ... [ a d” A
suillen ‘lmzmwma‘ﬂmn 7 AN TR TansiFuu Uil ey
g

AuatiuNINNgn Lm:@auﬁﬂﬁﬂﬂdﬂLﬁ@l%l,en@wirw'mﬂﬁq

y @ﬂ%ﬁ@%ﬂﬂLﬁaﬂﬂ%@g 5 %@'qimgmmuzmgq
ey i Rt b gieh (T



51

91l7 49 LWAANNINNIIAR nT1sunsnluaniuninin 5

ANNOSASTFWE AT NnaiAnnE g uiulled 19l ussdey
4‘ dd’l a 1 o '“ % o :// a dl
m’Lummuwmuiumﬁﬁm a T weRsfusutunansnaAuy

’i‘vL‘LI?_I'LI wama biiuan ‘V\I@ﬂﬂ&LL‘LILI iIFRN ﬂ’]ul@ﬂllﬂ’]ﬁ‘l,ﬂu‘l/] Lﬂuﬁ‘vL‘LIEI‘LIVLN ATin

AMELANENANEANT  somesms
L ARSI RY] ﬁ@fﬁ*ﬁf S



52

317 50 uaRININN? _3 5@t sunsnluan unnsadi 6

N7 ‘P‘e ---------------- il qg (T T T o

wengudaadim L‘ﬂﬂEﬂﬁl AN L@mmwrﬂ waeudnguinang

dl | a Adl ¥ [ dll 13 o a ' | = a a dll
sedunniinssuneaeiuiialdisaganinasnis wimausndonvasunnasFuideide

m@@uﬂﬂmﬁu eINENINEING
ST Kt by ale LY e

60 waz 80 Huafuandlugiln 51



53

317 51 uapsnmnaeAeL Indaanaan il sunanluanunisaii 7
AN TATHWEATITN W It ot lunuadaafuivaneiy
= % - a 4
WEI’]EI’]EJL‘LIEI@L‘IJ’]W]Lﬂ’]ﬁJ’]EI@ 5 NG wgmummuvm'aﬂﬂﬂi:@ nITUEN

nqueananiufinguingilelfimaganiviagnie iwaaariuanmunisalii 3

 GUEADHNINEIDT s
e Ry

a
|



54

91ln 52 LAAINIWNI3L) m"@y f[: nlsunsuluaniuninin 8

R W e ————— . e = o 4
AN peel luuuaneiudmun ey

o - ed A4 o
Wmmumﬂmmumﬂﬁmm qerL@mmwmﬂmumm@ﬂmuw

mimﬁfauﬁ‘imamwj”qmi#LHmz’hﬂﬁ’ummua}miﬁuLmu widnmuzanuiussiiauay

e SR HARERINEING
ESVLE S Lttt b L s

96 uaz 98 Anansuanslugii 53

D



55

a

=L

71U 53 uasenmnistpaeni nasasannlysunsaluaniunisnii 9

e ) . y
NN TATTFWEFTTTN WL G L IR Rt PRIt

wmmmﬁﬂmﬁﬁmlﬂqﬁw A m
Tﬂrjé 519018 1%( 31909710 B918Fuglunnae s
mumﬂwgﬁ'%@@;ﬁ 7 magjmi Wmﬂnﬁaﬁmmﬂmmmﬁﬂ 20, 40,
60 uaz 80 fluaduanslugli ¢ —~ f
fRTAHIN UM IneaY




56

ZT1sunsnlugniunisadi 10

——ll

AN ’y_' ---------------------- TR 1 mmuumn@mwmmm

WNuane LLM&\’W%"}W@Z Ak 'mmq e v ns Ui

Taiinngau i mum@ﬁﬁlﬁu@mLﬁmﬂuwm?ﬁq unnldatinggamiia uAsepsAn LY

i ¢ Y 1) EJ NINEINT
ARIAINIUNRIINYIA Y

4.5 Nﬂﬂ%l‘ﬁﬂﬁ‘ﬂﬂ'\ﬂﬁ“ﬂﬂ\iﬂﬂﬂﬂ?Lﬁlﬂ‘i

= dl a e’dl 1
PEAZIRLATANLATANARNNUARN LT luN 19U seinanaNneLsziIaNanans

wlaglszunanan 1NN A INAIMAN 1undeTiunndays
CPU Intel® Core(TM) 2 Quad Q9450 @ 2.66GHz

RAM 4 GB



57

Hard disk 320 GB
GPU ATI Radeon HD 4800 Series

nani1sldnineansnigpanfiainesaesldsunsuimaganinaanne Ay
lsunsudafiaausinaania Gan19danaiin daannnisld wisailszuaananansvisa CPU
oy o A = WA A > ¥ A . X o =
waznisldniaaaauaza RAM agdadinsginidudesniiuizeld wanainifdadnnani
Tt lunsdszuranalaadusas arililslmzaEuilsrutanaaunanainllsunsy
Uszaaauaiawlsui 400 178 11lsunauN199uAsH400 501 Tenad lHannisdanasiilsunss

iaga1sWaania fu Tusunsidafivaiaudnaonnytwnansluan e 1 Lazan9en 2

AINANAL \

A Y s 4 = < a

ANTINN 1 LL@ﬂ\?ﬂW?FLTVI?WE!'Tﬂﬁ“Hﬂ\‘JLﬁ?ﬂﬁﬂl’ﬂ\ﬂﬂﬂm?ﬂLeﬁﬂgﬂqﬁ\w&@ﬂﬂ
} "
nsldnEneInsaeTagalEaeni
..- 7 : .-'- -:J"J

anuNNIRl | A1u0u vraLnvne sl | sl wanfldlunng
i GIETT - nsauas, | iiouannnan | Adusnis

L * (%) _%"(!_VIB) LARDLTA(WNT)
1 400 30, 50, 60, 80 25 “"348.310 0.08
2 306 30, 40,50,/70 25 364.489 0.07
3 379 90, 99, 100 25 372.729 0.09
4 52 50 25 367.478 0.02
5 64 60 25 355.840 0.02
6 529 11, 31,51, 71, 91 25 368.784 0.11
7 406 30, 50, 60, 80 25 363.403 0.08
8 287 21,41, 61 25 360.520 0.07




58

nsldninenszedisagarinaanis
An11n190d | Auau Eiainnng ANl | nNFldan wanildlunng
ﬁ LOLALB WaTaEas | MdneAINan AUIEUNNT
(%) (MB) LARBUN(WNT)
9 562 92, 94, 96, 98 ) 376.182 0.12
10 320 364.524 0.07
R399 TUNINNAFLDLAUANABNNY
- ° J#ﬁ --'-' o ~
ao1un1al | AMuawe = N5 a1 wa g lunng
ﬁ LALB PUILAIINAN AUIEUNNT
LWAARA(UNT.)
1 400 352.422 1.17
2 306 30, 40, 50, 70 25 359.209 0.48
€ = o
; A UHINYNIWNYTNRS: |-
v ¢
- L7
4 : )
Slﬁqﬁu@ﬂ‘fﬂlq AN ﬂgi??a @] |00
NIl dbkoNFK] | O o
5 q 64 60 25 347.029 0.05
6 529 11,31,51, 71, 9N 25 377.411 1.63
7 406 30, 50, 60, 80 25 375.493 1.06
8 287 21,41, 61 25 362.007 0.52
9 562 92, 94, 96, 98 25 385.164 2.05




59

s Mnsnensuaallsunsudaseausinaania

do1un19ad | auowe | Wihvsne ANl | nNFldany a1 lunng
ﬁ LB WaTaEas | MdneAINan AUIEUNNT

(%) (MB) LWAADUA(WNT.)
10 320 379.493 0.54

2.5 -
2 —
_ 1.5
',E_ m Cellular
"g’ Flocking
= 1 A = Multi-agent
Flocking
0.5 -

10

]
717 55 il mﬂi:mammmlfmqmafmgﬂ

o o

NG Lﬂmumwgmnm

! usinaningan whsogrloanis

AN aLfrJL@umW@@ﬂﬂ\‘lﬂﬂ’N@yLﬂﬂﬂu‘lfmeslum?’lAB

ARIANN 3TN i nenas



AT19R 3 udmanaFaunisdninensuesia 2 Tlsuns

60

iagAaNTNaaN TamlalauAnaanng

#071NN90dN | A3l Agldau | wanldle | nngldeu A5 a1 ldlu

Wseatas | wdqeanu | n19Anwins | amdmes | ulamAa1Nan NNTANUIN

(%) a7(MB) a7 (%) (MB) ANTLARDUN

wa (11%.))
1 2 | 3488107 | 008 126w 2.422 117
5 /) 0 1)8 p 1‘\.\% 35
W N .'\‘
2 25 0. "\ N 359.209 048
g 48

3 25 2 6‘(‘7&' 372.948 1.14
4 356.130 0.03
5 347.029 0.05
6 377.411 1.63
7 375.493 1.06
8 362.007 0.52
9 §85.164 2.05
10 25 1' 364.524 O 07 25 379 493 0.54

’QW']Mﬂﬁm ﬂJ‘VI'T]V]EHQEI

NANTT N SNEINNIN N IN TR LA S L AT U AINANUBIN ADN NSRBI LI

Y = v o & ' P = ~ Y o X, ° oy a
uuﬂﬂqqmﬁlﬂ@lﬂﬂ\‘]ﬂu N LLui@VLmqq1NNﬂ?mﬂﬂLQuLﬂﬁ‘ﬂu mum@ﬂum TANUIULNDLLAAIDU

wduly waganfnaanfsldaindanan BearuaueaufiNIn AsuwansnBaiulsgn

dl ¥ ¥ o A ' ' a A c
anuanimaaadlagadaudtazldnanlunisfuandnlssunnd 11.87wn AiNeNan1uniand

dl ' :’/ dl ¥ v o ?.1/ é’ o e 1 d’ld 3
N 4 uaz 5 WNTun kian lnalAen NI LA wILLaLaLWs lanunsadaniiltias




61

angnuneniinaesi 10 uwudhedus lddenanunienl 5, 7 uaz 10
dfusaunuaeanisputesrungy g ludnwouesinaiu (Juwos ilungunszane uay
dunguedesuanangy) u1min1maaes dsRnlaeiuelfunufiqieiaus 100 6 200
52 300 6 uaz 400 Famudsy InevinnsunBandiaunaildlunislssnanadiuiunis
ﬁﬂﬂﬂuﬂjﬂﬂLsﬁﬂqaﬂﬁfW@ﬂﬂﬁ\‘iLLﬂzﬁﬂﬁLﬂL@uﬁW@’aﬂﬁ\i%\‘iNﬂﬂ’]ﬁ‘l,ﬂ?‘ﬁl‘i_ll,ﬁﬁl‘i_lL"J'ZQWJﬂ\‘i

7 LAY 58 MMNAAL

ADWNI0IN 5, 7uaz 10 uansatlug

1.2

=
il
[y

T

0.8 -
0.6 -

LIRINVUIEL

0.4 - —&—Cellular Flocking

0.2 Multi agent Flocking

31l%1 5

uaZ 400 i TuanUATIENT

W AA11491 100, 200, 300

&l
AATUNNTEUN 7

#31 HNIRYINT

U
& @l

i

2

——Cellular Flocking

2
mmwg

q 0.4
0.2 - Multi agent Flocking
- _-.
0 % ——
100 200 300 400
AMULBLAUE

g 57 wamanisufsauiaunisldinanaedieiausaIuau 100, 200, 300

WAL 400 Falugniunisaii 7



62

o=l
#fa1uUnisadn 10

1.4
= 12
g1
=
2 o8
]
% 06
= i —&—Cellular Flocking
g —l— Multi agent Flocking

- : o o \ ;. ) & :’/ i QI 49( 1 o1 °
HARAN TN 1‘1 Fruldinnauinlauddnanuau

PAEINLAIUIUADLALA WAL TR 9NN

u

Hednuuresenuinn Sarieaustias idaaaduendi) g s

FINTINY] DN INANNLIVHAUAUALLWU

ﬁmﬁmmuﬁﬂmnﬁqﬁuﬁﬁ@um N Hanu 1/15Lﬂ?@mmummﬂﬁmﬁﬂwuumm

wagafWaannelANwinAtdasiaruinaenisueniungused1e s iuunateslafLe

a

: ‘ ‘ ‘ dl ¥ o !
AUANINNGTY) mwuﬂigw L%&%%@WL&'&Q%%MW:@Wmm ANQN

ﬁQﬂﬂﬁﬂﬂﬂﬁquiﬁ%Wﬂﬂﬁ?ﬁﬂLﬂ[ﬁlm‘i‘mawﬁiu?xﬂzﬁ’]ﬁ (400 f17) TaedlpzuuniadeaIn 10

R RAFIRI U RAIH AR Ehtmosdor

ﬂfnmﬁu%a;:mmw,vhﬁu 7.56



A5 4 LAAIHAAZIUUIINMT AU LTIV

’a
ADIUNITUN

4 a v A 4 a
ﬂzuuuwagam\laaﬂm azuuulaneuaasnng

1

7.1 7.7

2

\ U /

™, 7.6
‘j-—-._"_‘;;-’ .‘

3

,///A\\\\
Z7/E 0\

10

" T’T T‘l’

Qﬁﬁﬂﬁﬂimmﬂﬂﬂmﬂﬂ

63



unn 5
a5Unan15vAfaad andsians wastaldualus

5.1 agUnan1Ivnaaas uazaiilss

nuAngndnusidiauanisianaaniclusyiuma aaAn1TAIUI BB
N19aF et ud MUY Han1IAaadLansliiiug nasianaenislussAumaiugay
ann1sAniadlAuetngmIn Gaaindeetnsinaaes a1u1snanaINIIA AL

101911.87 winusieiausifegoaaansueng anasudusily

a

ANNULILABLRAN- @ UN NN 12.58,4, 6, 7, 8, 9 LAY 10mﬁ1§1’@’m
Tdsunsudamialausnaan i ﬁﬂ'ﬁ’mﬂﬁ?ﬂlﬁﬂﬂﬂﬁuﬂ’l?ﬂj’ﬁﬁﬂ‘ﬂ\?ﬁuLLUUN’]ﬂﬂ’j’]N@ﬁVLéj@’m

Tsunsnmaganiasniy weSeanmatraaunaesnganusiuiannliifussiiioveglu

a

'
o 1 a

= < =y o T @ = = o Ay
F3 SINL‘?J@Q@’]?‘V\I@‘ﬂﬂﬂ\‘ivLNﬁ’WNW?GVIF]ﬂ’]ﬁ‘}ﬂ'@ﬂuVlVIiNLﬂui%LUﬂUﬁi“ﬂﬂ’]ﬁ‘LﬂﬂﬂuﬂW1M

= [ % 1 vl fdgj ﬂ]ﬂ' = o‘d‘ o Y a 1 =
mmuﬂum@mmmmwuﬁlmm WAL LN@NJ@D’]MT]’]?OAVWH@L‘VILHﬂﬂﬁﬁ“ﬂu I NINaany

)
ANBUTILAL LﬂL@u&ﬂuﬁ@@@’ﬁﬂ@ﬂﬂﬂﬂ@dﬂﬂﬂ meumumﬂummﬂuumiﬂ@\muma

i ‘vn‘lvlmmmmu@mumimmu@um m\ﬂ;ﬂ

-

ra} (] - Al - ?‘fll-" e dl v £
ADT1UNITUN 5 Lﬂummmwﬂﬂimmmwamauuuuzﬁﬂumﬂumuuu

a dermal

Lsm@m‘EW@@ﬂﬁqLﬁﬁﬁuﬁuﬁ@ﬁl@l@uﬁwgmﬂm mmwa*ws]wﬂmmummi‘ﬁ 5 1uinNg

a

| 1
=

dd‘ | = BT
LARAUNNIT UL T AUR ANHIN

v
%

e QQ_]L F;I‘Wt]lﬂﬂ??llﬁ’)uWﬂﬂ LLG]‘WE]IFIﬂﬁ‘?lI‘H@\‘iLsﬂ@@@’lﬁ‘wz‘l@ﬂﬂ\‘iuu mﬁ@

QWL‘]J“L&‘V]EI@N?Uiﬁ IﬂﬁﬁﬂwLLuuL’ﬂ@ﬂﬂﬂ‘W 31 N0 39N LU LA N

Tunnain 114y aganivaenfshazimun siuni i eauiniauunoesig

| ! ¥

Hunguieutiudogbvial wunisduiwaewimsguaaisannaszinaauodungs

q

% 1o 4 o‘d‘ 1 dl dl ! o I -] My o 4
ﬂﬂuLLﬁlﬂﬂﬂﬂ@um’WﬂﬁL@L@uﬁﬁ’]'ﬂﬂﬂu‘ﬂﬂLLL’]QLF’]@@‘MW?QN umgw,mwmmuimﬂm Mg

q @
¥

wasulualsdifugluuuniasaauiulyl uenanniidsanunsaldiunisanaasganuly
dl 1 % | dl P % o ¥ ¢ a (=3 %
szezlng Weldlinsrudundunaliing S wsupuioanaesisagarinaaniaiuls

dadninisGeadaniniull deudrauauauninuatesaagatfiaanisaziiulalidaia

a R o Ny =L ¥y T vy A A= A Y o o
WE]E]ﬂ‘;"iNV]EI@N?ﬂ@ sﬁﬁiﬂqqﬂﬂqﬁ‘wm@@\?uu VLm@ﬂﬂiZ?;ltﬂ’]?Lﬂ@@uWN FNDRAINARAUAININNA

=

Fain limaganiasniamunziunisanassnguARniauuNIn luszazn1sARUNANIA



65

5.2 UALAUDLLUL

5.2.1 Matiudgaludanzesaaganinaania

[ %

daiiiutlymdrAyma aonadussidavawiiuly dAunisauuaznisibu
navlindunnaesierausussa nasuddguiaendussidouawiulidu enaldnnedu

AUNAUDIANNITI LFA19TUA M LLaLAWELEALFR TatanAaAaddanA ualus s AT

TUIUTEALLALAUE WA TIAZA INFAN0 Qﬁuuﬂumwﬁﬂmmmmu

o

Aantsinnun i sz ldsndnIna e e s \ w5 alaniaiaiaufas iy

Tudondesdan PNE 1A LD LA UG LA AL FLA

LﬁJ’ﬂﬁ]ﬂ\‘lﬂ’Wﬁ‘@i‘%‘iﬂqﬁ‘Lﬂ AN Lu’ﬂﬂ@’miuﬂﬁ“ﬂ mmuwﬂmﬂ’mum ALiln

YN AR LA LALF éj ﬂﬁaﬁﬁﬂiﬂﬂ%ﬁiﬁmummmemm?
e mdsn i i& Fauraaniiulyl dely
mu@unupﬁmm&ﬂ@@nﬁﬁq AU AN A N TR AT A

A WIANTI TN {AnENas



318119919949

[1] Wikipedia. The Lion, the Witch and the Wardrobe [Online]. Available from:
http://en.wikipedia.org/wiki/The_Lion,_the_Witch_and_the_Wardrobe [2010, 4
May]

[2] Aupun wautidu. Aundqe [Online]. Available from:
http://www.kantana.com/khankluay/ [2010, 4 May]

[3] Mathworld. Cellular Automaton [Online]. Available from:

http://mathworld.wolfram.com/CellularAutomaton.html [2008, 7 Feb]

[4] Andrew, |. Artificial War Muiti" agent-Based Simulation of Combat. Singapore: World

!

Scientific, 2004. \

[5] Reynolds.. Boids [Online]ﬂ, Available‘from : hitp://Awww.red3d.com/cwr/boids/

— -

[2008, 3 mar] |

.

i NN M
[6] Wikipedia. Batman Returns - Wikipedia [@nline]. Available from:

Fdd
i

http://en.Wikipedia.org/wik'i/Béiman;ﬁ};turns [2010, 28 Apr]

Y

[7] Youtube. The Lion king [Onliqjg],.‘ Available}ffég_rp:

http://vvwvv.youtube.Com/yyatch?v:ZKﬁwgqu7dk [2008, 30 Mar]
[8] Reynolds, C.W. F__I(S_é_tkS, Herds, and Schools: A Distributéd_.Behavioral Model. ACM

SIGGRAPH'874pp.25-34. 1987.

[9] Massive. Massivesoftware [Online]. Available from: ™

http://www.massivesoftware.com/whatismassive/2010,28 Apr]
[10] Tantisiriwat, W.,"Sumleeon, S, ‘'and'Kanangchaiyos, P."A"Crowd Simulation Using
Individual-Knowledge-Merge based, path Construction and Smoothed Particle

Hydrodynamics."The! 15th international Conference in'Central Europe on

Computer Graphics, Visualization and Computer Vision’2007, Czech Republic.
2007.
[11] Saber, R.O., and Murry, R.M. Flocking with obstacle avoidance: cooperation with

limited communication in mobile networks. Decision and Control, 2003.

Proceedings.42nd IEEE Conference, pp.2022-2028. 2003.




[12]

[13]

[14]

(15]

[16]

[17]

(18]

[19]

67

Leo, B., and Richard, H. Coherent Formation for Agents Using Flocking with

Cellular Automata. In Knowledge-Based Intelligent Information and Engineering

Systems. pp.220-227. SpringerLink, 2006.

Masaru, A., and Akira, M. Massive Multi-Agent Simulation in 3D. In Soft Computing

as Transdisciplinary Science and Technology. pp.295-305. 2005.

Hamagami, T., and Hirata, H. Method of crowd simulation by using multi agent on

cellualar automata. Intelligent Agent Technology, 2003.1AT 2003. IEEE/WIC

international Conference. pp.46-52. 2003,

Bandini, S., Manzoni, S.,.and Vizzari, G..Siiwtated Cellular Agents for Crowd

Simulation and Visualization [Online]. Availablefrom :

http://www.iemss.o‘rg/iemss2004.pdf/complexinteract/bandsitu.pdf [ 2009, 15

mar] / i

Klupfel,H., and MeyesKonig, T. Simulation of the Evacuation of a football stadium

using the CA Model PedGo An Traic and GranularFlow'03. pp.423-428.

SpringerLonk, 20(57 _ i ""_

"gl i

Sweeter, P., and Wiles, J. Combrnmg lri)uence Maps and cellular Automata for

Reactive Game Agent 6th ‘1nternat|onai-£{dnference on Intelligent Data

Engineering and Automated- Learnmq CfDE:AL2005) july 2005.

Murakami, Y., Mmamr K., Kawasoe, T., and Ishida, T. Mulu -Agent Simulation for

Crisis Management Knowledge Media Networkings 2002 Proceedings.|EEE

Workshop. pp.185-139, 2002.

Treuile, Ai=Caoper; S.yand PopaviesZeCantinuum:Crowds=SIGGRAPH '06 ACM,
2006

[20] Conrad Rarker.-Boids.Pseudo-code [Onlinel. Availablefrom:

http://www.vergenet.net/~conrad/boids/pseudocoderhtml [2010;28 Apr]



AULINENTNYINS
ARIAATAUNINGIAY



69

MARNUIN N N@\'i'luﬂ’]‘a‘aﬁﬂdﬁ

Jongsarikit Kitikun and Kotrajaras Vishnu.2009. Cellular Flocking: Improving the Performance of
Agent Based Crowds. CGAT'09 Annual International Conference and Industry Symposium on

Computer Game: Animation, Multimedia, IPTV, Edutainment & IT Security. Singapore.

AU INENTNEINS
PRIANTUUMINYAE



70

Cellular Flocking: Improving the performance of Agent Based

Crowds
Kitikun Jongsarikit Vishnu Kotrajaras
Department of Computer Engineering Department of Computer Engineering
Faculty of Engineering Faculty of Engineering
Chulalongkorn University Chulalongkorn University
Payathai Road, Patumwan Payathai Road, Patumwan
Bangkok 10330, Thailand Bangkok 10330, Thailand
Tel. +66817797655 Tel. +66890212323
kitikun_j@hotmail.com vishnu@cp.eng.chula.ac.th,

ajarntoe@gmail.com

Abstract

Commercial animation software-ttilizes its crowd feature based on agent technologies. Using
an intelligent agent for one charagter allows animators o easily modify a specific character’s
behavior in detail, while.most ether characters can still use the same behavioral template. An
agent based crowd, however, suffers from boor performance because a CPU needs to
calculate each and every agent’s decision. This‘paper presents an approach for reducing the
CPU load. By giving agents in the same map cell a shared brain, a group decision can be
made using flocking algorithm ‘at*cellular automata level. This reduces the calculations
significantly. Maintaining the distance among'égents and computing agents’ direction are
made into group decisions, while-collision avoi'dahjée remains individuals. Our results show
that the proposed technique not.only‘reduces the calculations, it also maintains satisfactory

individual-like movement for each agent.

Keywords

crowd animation, intelligent agent, flocking, cellular automata

1. Introduction

In recent years, there has been a great'increase in crowd animation usage, especially in the
entertainment business:» Crowd animation has been used'to produce bands of soldiers, flocks
of birds, or even schools of fish. Such effect could be produced by using mathematical
equations or by simulating individual agents. Mathematical based methodology was fast.
However, software used in the film industry tended to utilize agent based crowd animation
because it allowed artists to control agents intuitively. An agent in agent based crowd
animation software had its own set of sensors, such as vision and hearing. To move agents to
their common destination, an artist only needed to make an agent follow some noise or some
kind of visual indicators (which would be generated from the destination). Each agent then
calculated its own direction and speed towards the destination for that moment in time. An

agent was able to navigate around its environment and other agents using rules given by
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designers. Flocking rules were applied for group movements. Once an agent was defined, all
agents of the same type behave in the same way. A variety in the crowd could be made by

utilizing different motion capture or animation data.

Despite its intuitive interface, agent based crowd animation was very slow to render because
every agent had to make its decision, resulting in a very intensive computation and longer
production time. In this paper we propose Cellular Flocking, a methodology for reducing the
number of individual flocking decisions. By putting agents into groups and treating each group
like an agent, common direction for each group can be found and distances between groups
can also be maintained. These results can approximate the usage of the flocking algorithm on
each individual agent. This reduces the computaiion.time for flocking considerably. Individual

movements can still be displayed.by-adding randomness to selected characters.

2. Related Work

Tantisiriwat et al. [1] proposed: a” methodology where agents combined knowledge to
construct their paths. Fluid'equation was used to simulate crowd. However, a complete paths
construction could not be achieved in-a single run. Individuals could not be easily modified by
scene designers because the eguation was hot easily understood by artists. In our work,
paths were constructed using influence mapé; bur crowd was constructed using agents,

which were easier to work with. 7
Aoyagi and Namatame [2] extended: Reynolds’ flocking algorithm by modifying the rules of
flocking. Individual agents were easier to be distinguished from each other. However, no
group decisions were-made in order to reduce the amount of calculation. Saber and Murray
[3] presented a technique for obstacle avoidance in flocking. Agents were represented by
nodes in a graph. Distances between agents were represented by edges. Nodes that were
situated close to"an obstacleykept; ay certaincdistance: from .itOther nodes adjusted their
positions and their distributions according 'tol the nodes-near the obstacle. This technique still

did not cover shared decisions.

Leo Bi and Hall [4] combined cellular automata and flocking Algorithm. A cell in cellular
automata was used to calculate a position for an agent. An agent’s movement relied on its
leader. Agents positioned themselves using a tree structure, with the leader as its root.
Obstacle avoidance could be achieved by changing the shape of the tree. This technique
utilized cellular automata, but using one cell per agent could not reduce the amount of
calculation as well as it should. Hamagami and Hirata [5] simulated a crowd using a two layer
model composed of cellular automata and multi-agent architecture. Cellular automata were
used purely for calculation, while multi-agent was used to display agents’ movement. One cell

represented one agent; therefore shared decisions amongst agents were not utilized. Bandini
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et al. [6] proposed a multi-agent system for crowd modeling based on situated cellular agents.
One agent was represented by one cell but each agent could occupy a varied size of area.
Agents interacted with environments through its sensors and information in cellular automata,
which was similar to our work. Nevertheless, our shared decision amongst agents allowed
better calculation optimization.

There existed works which allowed one cell to contain more than one agent. Sweetser [7]
proposed EmerGEnT system, a system for creating units’ Al in real-time strategy games.
EmerGEnT used cellular automata. for its /map. Each cell of the map contained its
environmental properties, which could influence agents’ movement decisions. Although a cell
could contain more than one agent, each of Sweeiser's agents obtained information from
neighboring cells and made its_own movement decisions individually. On the contrary, our
model had a cell read information_irom neighboring cells and made decision for all agents in
the cell. In Sweetser's modelgagents only obtained information from the map, not from other
agents. Therefore collision avgidance between agents was not realized. Our model took care
of this issue. Treuille [8] presented a real-tim(? Crowd model based on continuum dynamics. A
dynamic potential function guided allindividuals simultaneously without any need for explicit
collision avoidance. A grid discretization'scheme allowed the potential function to be applied
on a cellular automata map to reduce the amou'htsbf calculation. Each character’s speed was
influenced by population density. This approéc@h"only modeled the potential function at cell
level. It did not model individual agents. Therefdi’e .élzharacters that shared the same grid were
able to intersect. It was fixed by enforcing a minimum distance over all characters, but this still
introduced artifacts. .Not modeling individual agents, the sysiem lost the flexibility and
variability available in_.agent-based approaches. Our model .also calculated most crowd
movements from the cell level. However, we used agents to calculate movements within cells.

This allowed better individual adjustments and improved behavior in smaller crowds.

3. Our Methodology

In order to implement our Cellular Flocking for a specified number of agents, a map had to be
divided jinto rows and!columns. Users could specify the number of rows and columns. The
more rows or columns, the smaller each map cell would be. This would also result in smaller
agent groups. In our prototype, agents were randomly distributed all over the map. Agents
were distributed such that their original positions were not too close or overlapped. Once a
destination was put on the map, a value that represented proximity to the destination was
propagated from the destination cell to its neighbor cells and from its neighbor cells to their
neighbors. No cell received this value twice. Agents that occupied the same cell were put into
the same group. From its and its neighbors’ information, a cell worked out a common speed
and direction for its agents. The speed of an agent could change depending on the distance

from other agents. We used a position database to store each agent’s position. This allowed
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us to quickly check whether a position (x, y) had which agent inside. Figure 1 illustrates our
system.

The information needed to calculate the common speed and direction for a cell included:
e Proximity value from the cell and its neighbor cells to the destination.

e Common directions of the cell and its neighbor cells.

¢ Population density within the cell and its neighbor cells.

destmatlo Lo
, humber '

A cell had its own “comforti 5 lated from the proximity value to

the destination and the popul NS It was calculated using equation (1).

Cq-nf rt = Wden*DensQﬁ Widis*Distance (1)

N\ LT Ty

agents that could be put in that cell, as ghown in equation (2).

Q‘W’lﬂﬁﬂﬁm IAINENa Y

Density =n/m (2)

Where:
n is the number of agents in the cell
m is the maximum number of agents in the cell.
Once a comfortable value from each cell was obtained, each cell observed comfortable
values from all its neighbors (8 neighbors).
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When the system started, each cell was given its initial direction using array indices
comparison between itself and the destination. This calculation is shown in Figure 2. The
direction was mapped to a simplified angle shown in Figure 3. Once the system got going,
each cell calculated its direction from average angles of its surrounding neighbors and its best
comfortable direction (see equation (3)). Figure 4(a) shows a direction of the calculating cell
(the middle cell) obtained from averaging out all its neighbors’ directions. The top right cell
was the most comfortable cell. Our equation effectively steer the calculating cell’s direction

towards the most comfortable cell (see Figure 4(b)). In our experiment, we used a fix ratio in

the equation (Wavg was 0.3 and VK\W}/}M this could be changed according to
experiment. &.\ ‘/l
An@* a@age@om *comfortAngle  (3)

same
Else If in

Else Ifindex | i currenggglje'
*IJ.-":‘.",' -,

Figﬂ‘re 3. Initial Cell Diretio
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Figure 4. Cell Direction Calculation
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Figure 5. Agent’s Sensor Region

After common decisions for all agents in a celli\were. made, agents moved according to the
calculated direction and speed. Random variations«in direction and speed were added to
some agents in order to preveni-agents from the-same-group from behaving too similarly.
Agents avoided collision-using asstandard flocking procedure. Each agent had its limited
sensor that could detect.its surrounding. A Yision of each agent is shown in Figure 5. If there
was anything obstructing its path, an agent ](Nould gradually change its direction until it found
an unobstructed path. Agents tried'to keep ébood distance from others when it reached its

destination. - i

4. Experiment and Result ! e

Our scenes were created using 8ds max. We féﬁ@ur experiment using Intel(R) Pentium(R) M
processor 1.60 GHz with 1278 MB:of'-memory,"'-'r'dn:ning on window xp sp2 with DirectX 9.0c
and GPU ATI Mobility Radeon 9700 64- MB. We ran seven scenarios. Each scenario involved

agents moving from their startlng cell(s) to a destmatlon cell. Each scenario either had

different starting ceII(s);;destlnatlon cells, or different numberjoflagents. Most of our Cellular
Flocking agents were‘a;ble to move to their destination, as wé.il;as display the characteristics
of ordinary flocking, such as avoiding collision, maintaining“group proximity, and moving in
angles influenced by other‘agénts. Figure 6(a) </6(e) show the movement of Cellular Flocking

agents in a scene.

We ran‘ourseéven, scenarios usingboth ardinary flockingtand CellularFlocking and compare
their running time. The resource utilization of 'Cellular Flocking is shown=in Table 1. The
resource utilization of ordinary flocking is shown in Table 2. Starting points and destination
points are referred to as numbers. The position in our map that each number identified is
defined in Figure 7.
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(a) (b) (c) (e)

Figure 6. Cellular flocking behavior
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Figure 7. Map position index
Table 1. Resource  Utilization of Cellular Flocking
Cellular flocking
Scenario | Number of Starting Cell | Target Cell | cpu Memory(MB) | Time(m:s)
agents
1 50 i 25 100 750 2:11
2 50 61116 25 100 751 2:19
3 50 61116 5 100 753 2:00
4 50 1 25 100 661 2:11
5 50 61116 15 100 613 2:08
6 100 11 25 100 650 2:54
7 200 11 25 100 750 4:16
Table 2. Resource Utilization of ordinary flocking
Ordinary flocking
Scenario | Number of Starting Cell | Target Cell | cpu Memory(MB) | Time(m:s)
agents

1 50 11 25 100 751 3:27
2 50 61116 25 100 745 3:32
3 50 61116 5 100 746 2:49
4 50 1 25 100 744 0:27
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50 61116 15 100 751 3:18
100 11 25 100 752 1:20
200 11 25 100 769 10:20

It can be seen from the tables that Cellular Flocking used less running time and memory for
most cases. In larger crowds, the running time advantage could be extremely significant. In
scene 4 and 7, ordinary flocking surprisingly appeared to perform better. We believed that this

was due to many agents wanderin in those scenes, accidentally causing the

reduction in computation for ordi

§
| —
o

5. Conclusion ‘-.——!"'

This paper presented a M : king calculation to the level of
cells in the map. Our result d the running time considerably.
This new technique could in the animation and game

industry.
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