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The fighting QM f : sful genres in the gaming

industry. Playing again

game. However, most of opponent that comes with a
fighting game is too pr se it is pre-scripted. Most
players resort to playi we 0, real people provide a greater
variety of challenges. To all —L ' haracter to provide various
levels of challenge, this thesis »-aﬁ—f artificial intelligence (Al) approach
for fighting games. Using ar - d.technique loosely based on
reinforcement learn _ pt in real-time during a
playing session accord! oW esﬁn plays the game. The Al

improves its performan%s against the pla er, which ultimately provides various

challenge levﬂﬁJﬁ a TFFEJ % ﬁvﬂﬁsﬂff ﬂéj on testbed AI-TEM,

created from a fiandheld machine emulator Real commermal games can be played
" @Wﬂfﬁﬂw NPTV TR
ensure that the Al is applicable in real games. With Street Fighter Zero 3 Upper as a
case study, the experimental result shows that the enhanced Al can improve itself

during game play and provide a more satisfying experience for players.
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Player | AVERAGE % OF | AVERAGE % OF CASE | TOTAL NUMBER OF
RANDOM ACTION | UTILIZATION PER ROUND |  LEARNED CASE
PER ROUND
GAI AGAI GAI AGAI GAI AGAI
1 8.15 9.51 91.85 90.49 20500 | 285.00
2 6.61 9.07 93.39 90.93 207.00 | 293.00
3 5.94 610 | _§4L B 93.90 146.00 | 250.00
4 7.56 6.64 _z_.ftd[ f 93.36 160.00 | 226.00
5 7.00 9.67 93.0_/:/"? 90.33 108.00 | 156.00
AVERAGE | 7.05 B0 02.93% e 1 50 16520 | 242.00
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Player AVERAGE PERFORMANCE SCORE
Player’s score — AGAI’s score | Player’s score — AAI’s score
1 95.03 38.90
2 47.10 86.21
3 24.85 76.03
4 93.16 124.03
5 59.46 92.36
AVERAGE 63.92 83.50
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AN WﬂL?ﬂu?
Player AVERA —— MER@ CASE | TOTAL NUMBER OF
OF RANDOM uT IZA’Q@?OUND LEARNED CASE

PER R

AGAI AGAI AAl
1 9.51 285.00 115.00
2 9.07 293.00 124.00
3 6.10 250.00 102.00
4 6.64 226.00 109.00
5 9.67 156.00 90.00
AVERAGE 8.20 242.00 108.00

5.3 AATITNHANITNARDY

Bt B
Rt LA

il ;.—‘I"
Lu‘ﬂﬂ@’]ﬂLﬂNﬁ]ﬁ’&NLﬂ’]MN’]fﬂuﬂ’]ﬁ'ﬂNmE‘M‘W@\igﬁ ?r:hﬂquwumwmﬂwu“

~Na =

AR PN by ‘Lumiwd“——_ 17 AN TAT AN LA avgiauntensedinn doadiilu

AR GLRNELVREEE DEEEE ANDAN @Mumiummuuumﬁﬂmmﬁq

AYNAINNTD TuNTTEAUINY uanTiAzuuwaIngaensedinnldnan wnnaaNdIaNnnIaw

L wmmﬁ Apbihiantiiey W E T3
%maimmmﬂ%ﬂmﬁﬁﬁ:l?éﬁﬁ;li?ﬁli;iii

9

dJ ' dl % I [ dl 1% KX o A
AGAI sﬁ\“l’ﬁqﬂN@@ZW'LI’]’WN@Vﬂﬁ@qﬂE;IJVIﬂ@’ﬂ‘i.l‘nﬂﬂu@ﬂﬂﬂqiuﬂﬂﬂm:iﬂﬂ@’]ﬂﬂ@\?ﬂu‘ﬂllﬂ AR

audansiaulinniele uwiaAlszansnmielaiililunisisunugneaauiu dAdnlng
Auangnaasuninli uansliiviudneleansnsadiudald Tnaandblszaunisainliainnis
1 ' a a dl ¥R v a d;l £ |dl o 1% oA
Ny AdszAnsnandlansudiaziAnauacting usidanesdnsuslnasnudoaznudnd
o al' = ' ' [ S a a Py ° v &V v
anwoicianunlaslininAsuiinansn denlszansnnwninaaauiinlfainialedlbng

aanuN AN LAY Tea1N1TnasunelAq0 1Han1n17aung 1 laasninisaaniaLl



44

sUuuunsiauaesinaasy uazinUiuldliunnzan salawladmnuaiuimlunisiay
AL o gy 2 a Ave a £ e o 3 @
i M liidsc@nsnnnlafuininau luangngnaaey wasainlddszaunisallunisau f
agmunguuunisiauaesiaestull G liidssansnimaeselennas danaliinladiag

3 o 1A [~1 1 dgj dl ] 7N a a o
nn1sdiuguuunisianan Lﬂumuuiﬂmm N AT ANENINLAAIRDNNN IUAN LY

1 o

A . & ' o A = ¥ @
PAINTINNNNITHNINTUAY LL@N@ﬂﬁsz@ﬂ?QNﬂ@umqﬁﬂﬂVI %QLL@@QIVLVUQWL@VL@@WN’]?Q

Fudamuineaauls atnslafinnu Wasain AGAI arnnsaldlfinesvinnsnseinnaan

= ¥ 1 n’: 1 v o e % o v 3 d‘
B UNIAMNNWHNARDULNIUY 1342Mmmhm@mwﬂuu@uﬂm N1 ln1TnseNng

va o

uamsaanldiandn deinifluaimnli ACAL FamiansiinglTlatesinalifnaaan iy

Taunlilaedne Antlszandaannineaaulfiuluisasanasnisiaunuiiu Inadaulun

al

Vo

fapetiAuNnINANLsADnawdnsdlua la lisuas aaldmeliigiugn Daudialauuy AGAI

U
1

azaNTnUFusan N laligg il egaumunnEeasaiu fapsiaNaINIm

TunsBeuiuazUiudalazanne letun AGAI et via ikiauanunsaaulinng)

_—

Tunafinuaanie @higandmaaesaannianinadey wwivielauuy AAI daflue
Taftiaualudnaninust anpsaasdiuladadn1asimesaunnauazaanun luansuey
~ . < = = 38 ¥ 84 o Ay v oy
HNUNTATUAY mmmm@ﬁmﬂmmammm‘muuLmﬂfm‘umwimmmmmmiwmw
naaeUiu AGAI athalafina ialhuti AA wmmmmvmumimﬂmeq@faﬂmmmq

mimmﬂum mimmmmm@@\f[ﬂummum@ml,ﬂuLmum\mvl,m vinligtuuunisianladlé

gﬂ@]’mﬂ 61]\‘1LN@W@’W'EQA?%@’WU?%@W&?J’]WWWL@ LALLIL AAL 910 Lﬁ@_ﬂﬂﬂqiL@uﬂUﬁﬂlﬂ@@ULL'Z\lzﬁ’]

1 1 - v - 1 v
dszAnsnininneiegnaaaun i Busasanuantiis wida fnise@nsnini AAI i1

Ay

FandnndfuaRdiaunlAuAaa U AGAL Adnsliiudinalad nnsndsusawmun1é

a

Tnaendulszaufinsnin liannialaunu s uspnilse@visn1naes AGAI tiuiianln&iAaeriu
AnaagflaunInngn AAL aeniluduinii aunsnasuneliidn wlawun AGAI 1l iasain

] - o B o = SO0 4808 = | )
quqQﬂV\L@i@quqﬁmuu Nﬁ@ﬁﬂm?@’ﬂﬂL@‘EJ‘LALLUU‘I/]’WIQL@‘L&M@?JNme 1%Nﬂﬂ?ﬂﬁ@@ﬂ%ﬂ

1 d’ 1 1 dl P < ! dIQJ a 1% 1 A4 = %
QL‘MN‘”] sﬁ\‘l‘ﬁN’]ﬂﬂQ’]N'ﬂW’Wﬂ‘ﬁ@@ﬂNﬁLﬂu‘l’ﬂ%@jL@uﬂﬂLL@fJ'}’ﬂﬂiﬁN@”’NiﬁLL’&ﬁN“ﬂ‘ﬂﬂN’]

1 1
¥ 1 ' ' a A v

A o = v @ o 1 aa A 3// =2
L‘].I?‘m_lmmum%mmmmugimmﬂﬂm@m\‘mmmm@u mmw’]mmmmhum\i

a U
1

AaudneldlEuan wazlfAlsc@nan1nia lunienauny wlakuy AAL 3 inAaanukuUay
= o X [<1 (-2 dl o v = o 1 o 1

dn1stunniflueaisadearnnsaniazunuli(vetii llgnisiiazuuulunan iy
flann) Wil fi1eann AGAI  Miuiinvinseaniaunnilumaianelidviniuazlsus

= A = Ao 2y ) oo 1y , o §wo
‘1)1'3‘@134 ANUUANUIULAZTAY AAl ANHANUIUUBLENIT NITNHANUIULARUALININ Vl’wslu@ﬁu'm



45

o

o Ay Py a oy al Y o g =
sluuunisnszvinisiesldiunismaniuuiisunedadivitieaaslifion uanani AAI R
nisnaaerindiewanseaniegluuuninaulusfion finlifesldnanasstinaasgn
A mFugduuuniniausing wazvinlndazlifunisiuiniwaafisedie 1 liazuunvie

P lldnnsldazuunluna i usani) wini ann13NNau AN AN LN R LAY

u

o o ' | o o g . a a Ao ny=k o A, ¥ A v | @
mﬂ\iwqﬂq?mﬂ@ﬂﬂwqiﬁﬂjvlﬂﬂ’)ﬂ Vnﬁlﬁﬂ’]ﬂ?if'aVIﬁﬂqWVW]qiﬂﬂ\?LLN@zNﬂ’ﬂﬂ@Lﬂﬂﬂﬂ;l]l,ﬂu LLBITY

1 v
aasR o ﬂ 14

TpelfdiasniiAnlsc@nsninaas AGAI  Faninfasn1 i lANan s auNA1w Aflugiag

naaasgluuunaauliflaslununainvandiieswauas 1nan lunnsBauinuiuau any

o = v = o b
‘Wi\mﬂ’]ﬁ‘ﬂl'ﬂ\m’]ﬁ‘Lﬁ‘ElugLLUU?uW@ﬁ‘@LNu‘V]

- |
atinglsAnINANALaEAN SN 18 1a YN dRILLN0 1A TULAALENABINITLAY AL

' ¥ = s o/ 9/ @ as 1 v 1
Q’]LLNL’rﬂ’ﬂ’“ﬂ%&lﬂqqﬂZﬁ’]ﬁ\l']ﬁ‘ﬂiuﬂ’]’i‘ﬂﬁ“]_lﬁ'l']LL@"J LL[F]ﬂENLL'&ﬂﬁﬂ’)’]m@qmq?ﬂﬁluﬂq?muiﬁL‘WENLLV’]

v

v ] 1
IndiResiugnaasuwigl lufsdutiiendnimaaetlasanysnlld gnaseuindunyee

v v
= A

o = 9/ g F ¥ @ ' P o
mmummmmmiummﬂugLmzﬂ@umwwmimmmwmhﬂg Miuuidugnngn

a v = = o 4 \
@ﬁmﬁimimﬂmm@:mm N1 4

1
A

5.3.1 ﬂ’)’]ll?LﬂEQﬂUVI"IWﬂ“’u’]N’ﬂ“N’THr ENLLE\I')WL‘ﬂvL@"]"’NﬂQ’]N@’WN’]?ﬂiuﬂWﬁ“ﬂ?Ulﬂ’)

1in mmmuma‘nﬁmﬂhmwmqmﬂuN@@Wﬁ%@mﬂwmummwu \wan a1

A v = v = | a2 < A 1 Y =
L@@ﬂ%mﬂumammmmumm,ﬁmLLmuu Lkﬁ!ﬂﬂﬂi}liﬂm’]ﬁ\lLuﬂﬂ@’mL®1ﬂ1NNﬂQWN§1uLiﬂﬂ

vy

1097INNNINTENUALEINTL AA] 511u1mm@mmm@ﬂLLuuuu‘meﬂummﬁ ALFAAIN AR

—ar

]
o

Y R azvin ony RaanILn1sniA S EAUNANAE LA Wi s A\ Sua R Tl Fesld

1 ]
=

wanTunisFeuduu liannainnsnlunisdfudadedmnanfiauiniunyedass Gale

o v Y o A v ¥ dl 09; Y
WauiuLae galeeagianungiseldlunamaseeieshinaiidinasarldvilaluy

anunsnfinafinuitertiae i Winamnda urimaed 9y Tunsaii ”fm”mmmﬂmmq%ﬁm

o = A = % 4 U |
nn1slan @ lagldpasnaslanianmiinunnash el RbaN L‘ﬂull ‘1:? meumum F)

a

(’

]
=

TwiuA 1Az FAadnAnTatlaeis wativan vise a1 stadAN IR AN 1stanm ln 9wy
WAananslandlinguly Seilifies 3 vin dvsusaazas Ryu nlinaaaaiunsii@ne san
vy o d = 1 o & d = o 1% d o
WROHIUULLNNINIEA MM ZANLNEN 5 gﬂLLuummu FaNaiaUy AAl LAq HasazAT
Hamgadinunseinalanmiiinun wlaaziaanvinnisnszninn inalinaunislanmiss wsann
dl al Y dl o ] al (=1 v 1 o o ¥ % a
nsnialaliiaanaginaaiuinaa(wandaanninesiuiiaunsziii) e lafaafiaison

iﬂLmum@mvmmummLﬂuiﬂi Fenennn 77 gUuuudmiusiaazas Ryu (@mn9ninan

D

nanaalils 68 giuuy gﬂLLuumm@LﬂugﬂLmuwL@%Mmmmﬂizmmmmum\ﬂmmﬂ



46

' 1
K 1 aA4A

nsznbdenn)  waziaane N linauie devinmaenun iuanadluvinfldneadeady

4 1

an1un1ndae i e uvindusasun dailunislanmn1ai 1 uaaninAnielddnentin dely
a1 lduauuan daeiu viralanfgaunaunisnsglaalanmannniediuuuléas
e lagassunislanmannedansainuly wdaasAassinainasnsiiulilninislfusn

°9J o J Yy dl A 3// 1 d’ 1 dl = v J dl
muuﬂwﬂmmmmhuuim WNIZAN 9NN L‘ﬂi’ﬂ@:ﬁ'&’]ﬁdq?ﬂ bIEUFAULRININUNNICAN

aanun W Wigniuaniunisniiu anflufieslfnainaasslinazinauagiuiladaainnisgs

v maaaslifae draglfvinnmnizanan i awlsiivseld visesiassaiaaaniunisniina

wdagnlanfnananis asazguliianmanZaudalfaauls vinliudinlaacdiudalsigalu
=

a 5~ 1 dl @ = ' o T a d‘ (=3 @ b4
bIRTNAIN LLﬁlﬂVLNZQ’]N”I?ﬂVI"Q;‘iL?QLVIEI‘UL‘Vl’]ﬂHﬁJ‘léHEI@N WNaLuan 1 uN1ralluing NANNTNG

Y o A (4 I o = @ { o o/ ! %

Iviunlnglifialdnaiinseeiatnsiaesasiosiamnls s
5.3.2 quaznialidae@an 188711 BnaNvaniNIAaE091899919EN1TUAAEANTIN
Tadmiuinusieguiain gt demnkanseanviaduiutediAynnnlunisauny
TnadenaliivFesaenigdlauhdnaclaudag nssinnvisals visaluntslananineniuis
Famazdnatanisinaeniiiiazaqunmnnaléivisaldfias luaniunisainisiauinuiu
= 9, " o s @ 1 o el
Dauddneleazanunsnidengisnsznasuaadeen lagluvinimnzaniuaniunisala

D) Lmeﬂmmvm?mm@faﬂmmmuuwﬂﬂmmiﬂ &enann i F B naaurinli

tna mmmuuﬂmmmmiﬂim LL@vsLuﬂ’]‘J‘I‘ﬂllffl‘Vl’]ﬂ‘ﬂﬂJI‘Ll‘Vl’m@'ﬂﬂVﬂ L?QM?@‘H’W muiﬂ Az

Winslanlioanvite RaTHEIAY IATNISH AR A ADA 1

1
o

F9u9zlun17987%IN19NT N1 BUAUdaIaadN1InaAdIvintdulunan Tag

dl v o/ al a o 1 dl 1 o ol/ v o | O ol/ [~3 le v [~]
RALILAD FoazATAEEBNLAAM TINT Ranavn I8 Adudnlrudeaan g A daadazuuan il
1981 6 Wan (AdinFagdaulngfif aziEm uIuisn 60 WeuFaulledun) Ged iy

12l luRn L RANUS LA T NN 7A208E ALIA DWANSATIHL AN IABNBANAZN AN EINAYIN LN S

Y . ¥l 4 F o 1 :
uandaany a6 wid (lisaumeunlgdnniunsfidaiayivenasarsnsouaniaanyia

o v 1 ! dl o v A o nI/ ! | o nI/ |
ﬂ’]ﬁ‘ﬂﬁ%‘l’ni@‘ﬂﬂ’]\im‘mu@\‘]ﬂuiﬁ wazldnainaadainiunaindiay 3 e (L‘]J‘IAL"JZQ’]

|
o

-ai ] o 1 1 dl 1) v v [ % -&l o
RAEAUTUNNINANTasNyEdlunaaw e ldliins 1 BeuiuluGesasanisna A gy
szudnaialanugiaun) aavivdielelinainmasenlunisdiindsuazuansaanyinnig

o 1 [ % v 1 dl o v -] dgl L2 1 dl % v
ngenn dviuiaunainnmiliuldnaimieunsegailivinaanlugosnanfiasnigls

'
@ Y

dl o IS o dl A 1 o A 3 1 any 1 dl 1% (L
Lu’ﬂ\?@']ﬂE‘l')LﬂMNﬂ’QQEIVI@léD&I’]E‘lsLMSL@ﬂ"]’&\i‘V]'W]’]Mﬁ"ﬂLﬁ")ﬂ')qﬂﬂﬁliﬁﬁm\u’l@’]ﬂuﬂLL@QLLMVI’]T]W?



47

n3en1 M dNITan MuRsaaraanyinldnnitale danalivansaanlunisaulinngie

1l

5.3.3 Short animation wana NWULALEIHEF0a09 short animation Taiflutloymid

(% [ %

a & ~ o A v my o Ay , Ao
NAYIUITNNITN mmﬂmmmim‘zm@uwiuimLﬂummizm‘wmm@@ﬂmiumwm N

1
[ o

[ I dl ! { &l A 4 :/J A
BRAAINITNTENIDENNUUILT U Iuﬂ’]?ﬂ@’ﬂﬂﬂ??&ﬂ;uLWﬂI@Nﬁlﬂhﬂ[f*]?\ﬂl’]lluu Tn1snaAnds ag

avReuiinuas wiin uionatlusies fyaapdnsunnall faazasanvintiulng newn

azuanvinlaasnszguaany a1alansin i atas nunnauseaznila 1 anAdsngadinli
Faflesay mLmmmsﬁﬁuimml@ﬂmﬂmaﬂm arinasavn e ladnlaindnvinasll1Esala

A mmuu Hluvinnanaasanaunastiiig sl L“ﬂWVL‘]_nf]J miwmmwmmmwaﬂﬂm

v || 1 '
o o A o = a a o

534 alwdunTdeuni andnua 399ANNANINANTAIRULNTUN LY NaULINTY

Tuunegnuaaavinmdauni i lilie wasnaleniniam 19aza11 anani liidinlaniuiiaily

=

‘ﬂﬂ‘V]’]‘VIu\iVL@ amqvl,@ﬂmmmwmuuu ENLLQJ@ mmma?mﬂfammm wAngeAsa1Nsn lEving

P '
' a =

Lmﬂfammuuimimmuum L‘W‘J’W‘Vﬂ @mmummuﬂuuu azifluinuuuinga iy Naz

Arenulilifesseazuaz Ay La‘wmmLViﬂiI}};__Lﬂ”L@%qmmm"lﬁﬁﬁﬁﬁmmuﬁﬁﬁmm::lﬂu

a3 b lusrAunile ufiazlailiafilvsiauinlaaasiy soliniy

1 @ ot ":;j--‘-;"i_‘ e Y v ]
ag19lsfinu u@ﬂ@']ﬂNﬂﬂ'\?%ﬂ@@\iﬁiﬂ[ﬁmﬁ@‘ﬂu‘l’]ﬂ@‘ﬂ\‘lL@uﬂULﬂiﬂLL@Q WNARADLILE

azaudeliliaansiiuifgany L@”Lﬂﬁﬁﬁmu@iuﬁmmﬁwuﬁ@ﬁﬁﬁ”ﬁ%ﬂEoifm Tnenaaauyn
ﬂuﬁmmLﬁuiﬂﬁlumu?lﬁmﬁudﬂ wlonuy AAI 1 5@LL;’ngﬂ@@xi’ﬁimﬂi:am’%mwLﬂmm
wleannszuuuuuy AGAI uiinansdnT liaanninaiu ieleuuy AAl asnsnldiguluuy
nsiaufandaneinTsiawn miu s g inmhielauinAGAl Aifinisuansean
FegUluuumesdunnndy fnaaseiaensiiuinelesty AGA! uaz AAI 1 eaesuuLR
g alninlumssuFT TR e an A dsvaunAsnli e inn s taunal A s uunnasiay

NIREWINANTT uazliinaniiomglunisaungandnelauuy GAl uazieladnfzednu

1 =3 Y o
asingiulfdn



6

=)

un

asUnanisidaLazIalAUBLUL
6.1 @#gUNAN5AE

QAR gMTLAnENHnusalLT Ranisainve leduiuinusedniacinainiem

Tunstfumsimununuuanludflueaiass Inaandediayanlfainnisiaunuunninig
v

WENUNAULDY "’WﬂLLu’JﬂﬂLLﬂwﬂ’]TVl@@@Qﬂqm’lﬁ‘ﬂ’&ﬁ‘ﬂﬁ\l@i v\‘iﬁ

Lﬂ%ﬁﬁ’]muﬂu’%wmﬁwu%ﬁuﬁ% AdaptiVe Ghost Al (AGAI) waz Automatic
Adaptive Al (AAl) mmtmﬁﬂuﬁumﬁuﬁqﬂ“mm‘*ﬁwﬂmummﬁq Tmﬂmﬁﬂ"ﬁﬂgmﬁiﬁ@m
NIFLAULNS %q@ﬁﬂmmim@mmmmiﬁmLﬁummﬁwmm uanslifiiudnelerty
mmmﬂﬁ?‘uﬁaﬁwmiﬁ@?qmmmiwuﬁm@qmﬁ@i“ﬂ wrasalsfimueledigannngn

ﬂmmmumuim Tmalmm‘lum@muimimLﬂmmmummu 13Jﬂﬂ?°’®‘1.lﬂ']”l§~l@”l§~l’]ﬁ‘ﬂ‘1/l@ﬂﬂ’)’]

24

NL@%I@EIZQNU?&H@ @Wﬂﬁ@@ﬂﬂiﬁﬂ@’]'}ﬂxﬂuf\huﬁLﬂﬁ"]”ﬁﬂ@ﬂ’]?‘i’lﬂ@@\‘]

u

G
o

6.2 aﬁﬂﬂﬂmﬁ'ﬁ’ﬂme**ifmaummz Sl

il
—

) )

a

’W'm"ﬂ@ll@%llﬂu’]Lmuﬂluﬂ’)u’uﬁ‘;‘ﬂyﬁﬂ’]ﬁ‘ﬂm@m fTadanvinliielaGaugwmun 15d)

el

uu NW@’WﬂﬁﬂJ‘Vlf] Lﬁ‘@ﬂ"ll’ﬂﬂ short anlmatlon mmmmmmmmwmmm AIUNLNT

| o

LARIBENTIN28948 8- mmi E\Lﬁﬂ%ﬂﬁﬂﬂﬁiﬂiﬂﬁﬂm_s-ﬂqm’lﬂummum@mmm

v
a o a

ufaﬂmﬂumuﬁmmmmummwu@wm AAIBNAE] i

Andulzagtad shoft | animation | tazAMLEI e aataiduiiu wasannialah

tntaualudnenBvusariuiuu divliinisGauiuuueeulad Gvaziansaunaiinaauly

'
aa a

NI AR U e eI Sns A d LIS Rar T aritfation T Lhafbkindauaeiaii
w1 Hesanndeslfinarian sy uaunanasy 29mnialaaesninissaliie
fiansoun azinlfinisBuusinuar livuiunisaurecdiauly ednlsinatlygmiiansnse
UsudauiminlilneinsBuiuusenladildluouinaele  [©1010]  diunld

Usznaunisizanigsiae

Tugaureadannznisnandaanyiniy aranalfdiluiaandnatitanilsuagialan

° -4! v 1% -ﬂl J J J aa/l ¥ dl o Yy v o dl 1 o
mmumumiﬂmmﬂ PUANRAMNNIANSNTIUU mmmhmLumﬂuimmmﬂmuuﬂwmmu



49

I
=3 1 v @

ad o o ' 1 Ny A ¥ :/j oy ° =
WAZAITNITNAAIRILARENA ﬂm@ﬂmuﬂuiwmagmmu saurinan g lunsnaA 49

)

ladtifinunisgduuazmnuliuiuauaassonudinnnaadasdas franmiluuyeeiig wiill
AunIndLAsstetaanauardayamaniiliateusudngnsiesisunn wifaanisendy
Uszaunnsnlluniaia A3aIN130NALNLIIATUAZ ATLIANNIZLAUNIT38943U a8V 1A

o R ie e o y = = ety o = |
Tuszatnils usduiudhaalendn winfiasinisnssinedeyasuillnaazidan a1l

gauran lfdiasdoadaaninuesnisn idanisadinnaldnuassianuld Nl luanunsnna

1 v v
oz a % o % v

iendiayailadafinuanaeansdeAIAsIes AnNaTIaN AN NAN TN 1H wananiuLAY Ll

U84 dIO | a’// % 4 QQ// dlal dl9/ a [ o :: o a
@3@W3J'Wﬁ‘ﬂi“ll'ﬂ§~lm/l@ﬁLﬂl&%\iﬁﬁdﬂ1ﬂ LAdD L ATWAEN N AaINA 7T UR WA UNN il

a a u

' = S A = o ] o ' o
ﬂ'\LL@ﬁ?WH@%L@H@ﬂ@ﬂﬂ@ﬂ@ﬂﬂﬂﬂsﬁﬂmqﬂm1ﬂ[ﬂ’\NLLﬁ@ﬁWJ@%ﬂ? q‘fJJ“]JLL‘]_I‘]_Iﬂ’11‘4‘LZQ°L<! LASATLNH
% o QQ/J ° v a a [ o d”dl 1 ;2 all o a oqj

MEQL@\? mummmmmuwuﬁmuwgqLuu”l,ﬂmmammu@ LWﬂuﬂL‘ﬂiﬂuu NITLAAIRAN

nsnseiinuardandInisnaii et e an AL iueuA Ul Asdadiluasnish g

1%

e = o = A o - A o " e e
@WQ@LL@Q sﬁ\‘]‘Vmﬂm‘ﬂ\?ﬂ"lﬁquwﬁl\luqslﬂL@iﬂ}l"ﬂqqﬂ@’]Nqﬁ‘ﬂ‘ﬂ@zﬂﬁﬁﬂu@\‘]VQZﬂq?ﬂ@ﬂVmbLﬂ

q

v . [ f
v al

a o o asa al [ Y% 1 al & G v

a39uu e e Enasuah b dudiyn i an el didugnenlfluninaele
)

[9] [10] {1 L‘W@TﬁLﬂi@ﬁm:mmmﬁmimmmNmu dmesazlddanaznisnatuuuule

‘ﬂﬁl’]ﬂiﬁ‘ﬂIFI’1&]’Jﬁﬂ’]i‘ulﬁ1ﬂﬂ‘i_lﬂ’]?L?EIu?LLUU@’m"ﬂ@uLVﬁuu

ZQ’WM?‘LIﬁELIﬁW L‘i‘ﬂ\‘i m’m:"Ltrmmimmwwmﬂﬂummum'a‘ml,mu [FI’N’]‘LL‘LL nle

MEvauail mmiaﬂiuﬂ@ﬂuummmaﬁmmeﬂcﬂ Tmﬁl” dayada3anA (heuristic)

anaye ol TN e UG AN EEAAaN 2N N SanuanunnTnl
gaie o liluly luuuamnanatuls adaelsfimn AtsasidunsuusuuanianisBewdiving
o < 1 @ % ldl = o Y o a
uflustemunzanfiiegyanin Wesainandnisiinusuwimelidueleazidaauin
auiull  agiBilelanagudluelesuudeslsiiells meizghinuuanisnszsinling
uNALAL TednrLRmssuNsae9udsenssuLe lana s Bauslifas siaeainea
faannaedialostunariisinldnuasla

v
o 4

o o o dIQJ 9/4‘ o K P
mmuﬂmmmmumwuﬂmm AAl U faquinnistunniAa a1a'ldng

TUNNAGULL AGAI UAIABENNIEEUILATNAABIRAYNFIEATUY AAI



5181N15D1984

[1] Capcom Co., Ltd.. Street Fighter [Online]. Available from:
http://www.streetfighter.com [2009, 10 Nov]

[2] SNK Playmore. The King of Fighters [Online]. Available from:
http://kofaniv.snkplaymore.co.jp/english/index.html [2009, 10 Nov]

[3] Sega Corporation. Virtua Fighter [Online]. Available from:
http://www2.sega.com/gamesite/ vf5/phase?/index.html [2009, 10 Nov]

[4] Namco Bandai Games.lnc.. SOULCALIBUR [Online]. Available from:
http://www.soulcalibur.eom(2009, 10 Nov]

[56] Namco Bandai Games Inc...Tekken [@nline}. Available from:
http://tekken.namcascom [2009, 16‘N,ov]

[6] Nareyek, A. Alin Gomputer Games. AFM Queue February 2004.

[7] Thunputtarakul, W and Kotrajarés, V. A':i{TEM: Testing Al in commercial fighting game
with emulator. Internationrél Cj)bnfereﬁ;leﬂon Computer Games: Al, Animation,

ald v ol

Mobile, Interactive Multimedia. Educaj['t_c_’fg@l & Serious Games (CGames),

Lousiville, Kentucky, USA, _2606. ﬁ

Sfa—-

(8] VisuaIBoyAdvan__cé_{Team. VisualBoyAdvance [Online]. A\éailable from:

http://vba.ngému.com [2009, 10 Nov]
[9] Thunputtarakul, W-and Kotrajaras, V. Data analysis forGhost Al creation in

. . . th 3 .
commercial fighting.games...8. International.Conference.on Intelligence Games

and Simulation (GAME-ON 2007), Bologna, ltaly, 2007.

[10] aswau seusinana. niawmunindialawazimaumdviuinunisdedinglasiames,
NN ANUS LR Y I DU, ANAATIIFANETNAANNALAD T ANEIAINTINAIRRT
NAINTINUNINENAE. 2550.

[11] Spronck, P., Sprinkhuizen-Kuyper, I. and Postma, E. Online adaptation of game

opponent Al with dynamic scripting. International Journal of Intelligent Games

and Simulation (eds. N.E. Gough and Q.H. Mehdi), pp. 45-53. Vol.3, No.1, ISSN:

1477-2043, University of Wolverhampton and EURQOSIS, March/April 2004.



51

[12] Spronck, P., Sprinkhuizen-Kuyper, I. and Postma, E. Enhancing the performance

of dynamic scripting in computer games. Entertainment Computing - ICEC 2004
(ed. Matthias Rauterberg), Lecture Notes in Computer Science 3166, pp. 296-

307. Springer-Verlag.E, 2004.
[13] Mitchell, T. Machine Learning. McGraw-Hill, 1997.

[14] Graepel, T., Herbrich, R. and Gold, J. Learning to fight. International Conference

game balancing: a = oach. 4" International joint

conference on Autonem: g€ and mul ""‘-“-. systems, pp. 1111-1112.
The Netherlands, 200 , J \

[16] Thawonmas, R. and @sake ;ﬁi ethod for onlir daptahon of computer-game
Al rulebase. ACM inte hqA \-\1 ce on Advances in computer

entertainment technolog n'm-t': Ca \ 2, USA, 2006.
[17] Lueangrueangroj, S and ;-.s..- aI -t 1‘ mitation based learning for

commercial fighting ga gs-“Compu ‘ , Multimedia & Allied Technology

-
L

2
ﬂﬁﬂ’.]'ﬂﬂ‘ﬂ‘ﬁﬂﬁﬂ‘i
QW']&NﬂifLJ UAIINYAY



UFTUIUNTH

[1] Studio BENT STUFF. All About Street Fighter Zero 3: All About series vol.21.
Printed in Japan: 1998.
[2] Kolodner, J. Case-Based Reasoning. Morgan Kaufmann Publisher, 1993

[3] Leake, D. Case-Based Reasoning: Experiences, Lessons, and Future Directions.

AAAI Press / MIT Press, 1996

[4] Sutton, R. and Barto, A. forc men Le J: An Introduction (Adaptive
Computation and e Learning). -.q- MA, MIT Press, 1998.

AULINENINYINS
ARIAN TN INY Y



AULINENINYINS
AR TN TN



AULINENINYINS
AR TN TN



55

NAITUNITANNA
1. Lueangrueangroj, Sarayut and Kotrajaras, Vishnu. Real-Time Imitation Based
Learning for Commercial Fighting Games. In Proc. Computer Games,

Multimedia & Allied Technology 2009, Singapore, 2009, pp. 67-74.

AULINENINYINS
AR TN TN



56

Real-Time Imitation Based Learning for Commercial Fighting

Games
Sarayut Lueangrueangroj 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. +66813762763 Tel. +66890212323
Sarayut.L@student.chula.ac.th, Vishnu@cp.eng.chula.ac.th,
yutic@hotmail.com ajarntoe@gmail.com

Abstract

Ghost Al is an Atrtificial Intelligence (Al) forfighting games which is capable of observing and imitating
any player’s style of play. By using Ghest Al, a player can play the game as if playing against another
player. Although Ghost Al can simulatesa human player, current research only applies it offline.
Therefore, a human player can easily learn to beat Ghost Al during a match. We propose a
methodology that allows Ghost Alfto learn in real—tirhé. The real-time data is also used to vary the
frequency of each imitated action, so'that the action canonly be executed in situations which favor the
Al. Our experimental result shows'thatthe enhanced Al appears more human-like and more intelligent

than the unmodified Ghost Al and provides a mare satisfyiﬁ-g experience for human players.

Keywords
Ghost Al, Imitation Based Learning, Dynamic Scripting,'Fig‘hti‘ng Game.

1. Introduction

Fighting games have a long history along with the history of video games. Fighting games have gone
through numerous improvements over the years, but one aspect remains almost unchanged. It is
artificial intelligence. Mast fighting games utilize pre-scripted Al. It means that, for similar situations,
the Al always behaves' in, the same manner.”"Commercial fighting ‘games  usually allow players to
select various difficulty levels according to their skills. However, each difficulty level is still pre-
scripted. Conseguenily, experience gamers/find these games repetitiverand boring.-Most experienced
players thereforetopt to play against real humans because real humans provide greater challenges.
Human players can imitate any useful move performed by an opponent who uses the same player
character. They can learn and adapt their playing style during gameplay. Through trial and error, they
can also learn how one move can be more effective than other moves for a given situation and select

the best move for that situation or similar situations.

Better internet access and online play allow players to find their human opponents much easier than
before. However, online play requires all participants to be connected at the same time. A computer

controlled Al will still have to be used when online play is unavailable.
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Some interesting technique was proposed in order to obtain a better computer controlled Al. Graepel
et al. [1] applied reinforcement learning to a real commercial fighting game. It showed that machine

learning technigues had good potential for applications in the domain of commercial games.

Another approach was imitation learning. This technique was used in Tekken 5 Dark Resurrection, for
Sony PSP game system. When a player was playing, the game produced an imitation data file for
him. Other players could then obtain the file in order to play with the imitative Al. There was a
research which explored this technique. Ghost Al system [2] was proposed for commercial fighting
games running on emulators. By recording actions carried out by a player in various situations, the
system generated a probabilistically weighed case basedi Al that performed comparable to the player

it imitated. Players were able to play with a Ghost Al as'tisplaying with the person who trained that Al.

Since players vary in skill and different players play differently, even with the same character, a ghost
Al system can provide players with many different challenges from a single game character. However,
the Ghost Al system proposed in curient sesearch only learned offline. Therefore, its actions and style
of play were only limited to what'it leafned in past matches. it would keep its play style even though
the style was not useful in the maich itwas playing. This allowed human players to eventually spot its
weaknesses and beat it using such weaknesses, rendering the same problem as pre-scripted Al.
Human players, however, are able to change their play.styl_e during play to remove such weaknesses.
In order to learn to fight other players effectively, the Al sﬁéuld not just imitate the players’ moves from
past matches. It should be able to reason when to (or hbft'tp) execute each of its learned move in real-
time, just like a human player. If there arée alternative rhovlés available for a situation, the Al should

learn to execute the move that troubles eurfent:opponent the most.

This paper proposes a technigde to improve an imitation based Al forfighting games. By applying
dynamic scripting [3] [4], an efficient unsupervised learning algorithm for a fighting game character is
introduced. Our Al agent learns and improves itself from how its opponent plays the game in real-
time. The Al observes, imitates its opponent’'siactionssandiadjustshowsit executes its learned moves

in real-time. This leads to_a more'challenging and more‘realisticiimitation based Al opponent.

2. Testbed: Al:TEM Framework

Our proposed Al operated under AI-TEM (Al-Testbed in Emulator [5]), an efficient testbed
environment we created for testing game Al. AI-TEM was created from Visual Boy Advance (VBA),
an open source emulator for Nintendo Game Boy Advance (GBA). A commercial Game Boy Advance
game ROM could be played on AI-TEM and used for testing Al. By using and controlling values stored
in the memory of the emulator, game states and game behaviors could be controlled. Testing on
actual commercial games guaranteed the quality of any developed Al. For this paper, we tested our
imitation based Al on Street Fighter Zero 3 Upper, which was one of the well known fighting games on

the system. The image of the game is shown in Figure 1.
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3. Online Imitation Based Al ... 9 -
3.1 Overview _— |
1
Our imitation based Al could beM up' into tﬁ:) parts. The first part handled imitation. The Al

observed how a player respondedito each S|tuat9

and created cases from the observed data. A

case contained the details of a gamg'st n -éC_thQS the player performed in that state. The Al used
cases as its scripts. Therefore ii‘played garﬁe using the same style as the player it recorded its
data from. The other part of the Al handle egrq@g.io*r'dinary Ghost Al, the Al utilized each imitated
action with the same frequency as played. by its trainer. However, our system worked differently.
When an action was executed, our'system chegcked V\L&gther the action contributed to the fight score.
The probability for the action to be ex cuter.i in_the samé sltuatlon altered according to the observed

fight score. Therefore the Al learned to utllle the plaﬁtyle it had imitated in a way that was most

__i_:’ 1_1"!'-1-
£
—= o

—

4
'I"j . s

beneficial to itself.

3.2 Data in a Case
A case contained details of a gamé state, as viewed by the Al. A game state contains:

e The distance between the Al character and its apponent on the x-axis and the y-axis.

e The distance between the Al character and al projectile weapon (if there was any on the

screen) on the x=axis and the y-axis.

o Al state.

e The list of actions a’human player perfermed in response to that. game state.
Possible values for each parameter are shown in Table 1. For the list of actions performed by the
human player, each action stored:

¢ How often the human player executed the action in that situation.

e The action’s weight, which was used in our learning mechanism.

The contents of each list of actions are displayed in Table 2.
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Table 1. Game state details Table 2. List of actions and values in a case
Details Value Actions | Frequency | Weight
Delta X 1-9 Action[O] X X
Delta Y 1-4 Act!on[l] X X
Delta WX 1-3 Action[2] X X
Delta WY 1-4 X X
X X
Al State 1-5 ” "
Player Actions List [0-76] | Freq | Weight Action[76] " "

3.3 Imitation Process

When playing against a human player, whenever the player performed an action, the Al determined
whether there was a matching case. Parameter valuesin.each state were grouped into ranges in
order to allow similar cases to besmatched. The"list of theplayer's actions was not used in this

matching.

If the case did not exist in the daiabase; the /Al would add the case to the database using the game
state details. The player’s action would be recorded with an initial frequency (the value was 1) and an
initial weight (the value was 0).4f the'case already existed, the Al would check whether the player's
action was recorded in the list of actions for that case. If the action was in the list, the Al would then
increase the frequency of that action by one. Otherwise, the Al would add that action to the list with
the initial frequency and the initial weight. The imitation process is described in Figure 2.

3.4 Learning Process 7

During gameplay, when a character was dealt damage, ihé Al updated the weight of the action that
created damage in that situatien. Since our imitation cases were created when a human player
performed actions and any actions the Al could perform came from those cases, it was certain that a
case existed for the damage situation. When a character was damaged, it was either the Al character
or the player character. If the Al character was damaged,the weight of the action that the Al character
performed would decrease.| At the same time, the weight of the action performed by the player
character would increase. Similar updates took place when the player character took damage. This

process is shown,in.Figure 3.

3.3 Using Cases to Play the Game
When playing against a human opponent, the Al would check if the opponent’s state matched the
situation details in one of our cases. The Al would check the followings:

e The distance between the player and the Al in the x-axis and the y-axis.

e The distance between the player and a projectile weapon on the x-axis and the y-axis.

e |t also checked whether the player’s state matched with the Al's state in the case.
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Figure 3. Learning process

Figure 2. Imitation process
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If all values matched, it meant the player behaved |n the same way as the Al when that case was
created. The Al would then be able to choose an actlon-'ffom the player’s action list to perform in order
to imitate the player. If there was no match the Al'would perform a random action in order to create

more chances for a matching case. Any.random actlo’rn‘:-th_gl_damaged the human-control character

would not be used to update the weight because we only wanted td adjust actions obtained from

imitation.

A player’s action had its frequen'E:-y and weight. The frequency reflected the imitation aspect and the
weight reflected the learning, aspect. TO choose, an.action.from, the.list.of actions from a case, these

two values had to be considered!

Action would be“chasenbased oniprobability.Thisipracess of €hoosing ansaction, could be divided into
two parts.

o First, the Al used the frequency value of each action to calculate a percentage value for each
action. This percentage value was the probability for each action to be chosen based on
imitation alone. The frequency based probability was represented by Px.

e Second, the Al considered the weight value of each action and used it to calculate a
percentage value for each action. This percentage value was the probability for each action

based on the learned success rate of the action. This probability was represented by P,,.
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Figure 4. Choosing cases'to play the game
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The Al then computed an adjusted probability value for each action using P; as a base value and

using P, to adjust P;. The adjusted pr(_)_bability for an_-!_,é_gti'p_n_ was represented by P,. P, would be

calculated using equation (1),

CP.= P+ (CxX(Pr-Py) Yl @

Where C is'a constant value (which is 0.1 in our"e‘xperiment).

P, would be used as a probability valtie for choosing each action in the list. The process of choosing

cases is illustrated in Figure 4.

4. Experiment

We conducted an experiment to compare the performance between'the  Ghost Al (using the code for
our Al, but performed only imitation, without learning) and our Al. In this experiment, we tested our Al
with 9 human players; each player played against the Al for 10 matches, each match took 3 rounds to
win.

First, we had human players play against the Ghost Al. We recorded damage data that each player
did to the Al and damage data that Al did to the player for each round. The result is shown in Figure 5.

Due to the reason of space, only the result from one person is shown. But all results were similar.
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Figure 5. Ghost Al - Player
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Figure 6. Imitation based learning Al -

Player

Then, the experiment was conducted in the same way but human players played against our
Al instead. The result of this experiment (for thé Same person from figure 5) is shown in
Figure 6. The line referred to as Al-line stamds forthe amount of damage Al received from a
player for each round and thedine reieired to as Playerline stands for the amount of damage

a player received from the Aiffor gach round.

"y

4.1 Discussion / 2 408

Experimental results woulﬁ/b’e con5|dered in'separate parts. The first part’s result showed that
for most players the amou.nt of damage thelehost Al received from the players increased
over time. This implied that the players Iearned,jaster than the ordinary Ghost Al. The amount
of damage the players received from the Al-lﬂ}creased for a period of time, then suddenly
decreased, then increased for another period Qf_“ El)?we This was probably caused by the Al

imitating players, learning to perform playefs moves until players adjust their plays
(represented by sudden decrease in damage f:au‘s'ed by.the AI) The players could exploit

weakness from the GhostALby_ad;ustngus_style.—_;‘;

For the second part of the experiment, we could see that.for most players the amount of
damage that Al received from._them was quitesinvariant, only slightly increasing at the end.
This indicated that the human player still'played better, but it was more difficult to see. The
amount of damage that players received from the Al appeared to swing between increase and
decrease period and appeared to be an invariant pattérn similar to the 'Al. This was probably
causediby the Al learning [from_players,. performing better/ moves until players adjust their

plays, similar to how the Ghost Al performed.

From the collected damage results alone, it could be concluded that our imitation based Al
could perform online learning in real time, similar to the online Ghost Al. But human players
still learned much faster. This caused the result from our Al to appear slightly better than the
result from the Ghost Al.
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Table 3. Players' opinions on which Al was cleverer and more human-like

Player Ghost Al (GAI) /
Imitation Based Learning Al (IMBL Al)

Player 1 GAI

Player 2 IMBL Al
Player 3 GAI

Player 4 IMBL Al
Player 5 IMBL Al
Player 6 IMBL Al
Player 7 IMBL Al
Player 8 IMBL Al
Player 9 IMBL Al

Besides the damage data, players who tested the-Al had given their opinion on how both Al
performed. Most players agreed that the ‘imitation " based learning Al could perform more
clever maneuvers than the pure*Ghost Al. They were satisfied with the performance of the
imitation based Al. This information is shgwn in Table 3. From the graphs and players’
opinions, our experimenial result showed that the imitation based learning Al was able to
learn and adapt itself to suit the game situafi'bn in real-time. The imitation based Al could
perform cleverer moves and appeared mor-_é intelligent and human-like than the ordinary
Ghost Al /A

Conclusion i

In this paper, we introduced a Rew techniquifb‘? creating an Al in fighting game using
Imitation based learning method. Fhis techniq—ué_;had improved the Ghost Al technique,
creating an Al that not only simulated the player style of play but also utilized the observed
style in an efficient way to favor itself. The experimental results showed that our Al was able
to improve itself overtime during gameplay. It also provided more realistic challenges for
human players. In our future work, we intend to improve this Al further by introducing a

feature for the Alto counter a.player’'s,maneuver.
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