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Imitating the Behavior of Human Players in Action Games

Hattori YUSUKE " Akihito TANAKAT Junichi HOSHINO'
University of Tsukuba

In action games, the computer’s behavior lacks diversity and human players are able to learn how
the computer behaves by playing the same game over and over again. As a result, human players
eventually grow tired of the game. Therefore, this paper proposes a method of imitating the
behavior of human players by creating profiles of players from their play data. By imitating what

many different players do, a greater variety of actions can be created.
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Fig2. Play data is converted into row of tactics

LbLRERERZBEETIHbOTHE. ZTHALOHR
BRI L TEORITHERBRIEI L EEY
LLTRBY, REEKHLTEVADRTHE~ v &
VIZERTWS, 0Ok, HbERBETHLT—>
OFFHLIRTZ LB TERY. LrL, ABKA
CRETH-THLRELZZTFHERR LAY, Byic
T TRBEZITHERBR LEV TR B S 4 H 5.
BRENZTHBIRECH LTHHFICAAICH X
SBITHTHILBEIARL, LABRBRARLLE
BTT LA YOITEHRBROER, THRROSHMHE
BEEINDZEBEE LY. D 7%®H, Behavioral
Cloning @ & 5 RRB|ICH L T—> 0 THBRRES
NBLSRVRT AFBEH TR,

ZIT, ARTHI VAT bRACIHT S
F#L 20— AFMBLIALLY IR T 74
NEBETD, Tu7 A NBDOY—F Y RITES
WCITHZ2RBRTZ2Z L CITHOIEFREEZFEHL
HABEEICESWTY—F VA2 BENITERIRT 2
TETTVAYDITHEAEEBEL, »oTB0S
BHE2BEILBTES. ABTRI VAT —4 5
THRAShZEHRIRE 227 VA P BRERICH L
TRRLETH L Z0RR O EERE BRI LIRS,
FLT, BERSERTLBDOERIFL— v RET
. INLEBRC— IV AOHBEBEET VAT
— I PERB/L, vAYT T s A NVEERT S.
COM BInFvA¥ 7 a7 s A MICESETEZ
BIRTZZLT, BEEAGETHE2 VA v EEHL
TR EERT 5.

FPLA¥YPLBES VA YT AV EEB
Lie COM 7 VA YEEBLETHEZL D, COM
BRI A vA YT a7 rA 2 ANBLE L
Lo THRARITBRI—VEL>HFLHERRC

ALl A2 g A3 Ad
As}aei| A7 \| As |aglamg[ Al0ALL
p2:] D1\ [ D2 [ b1 ] D2
HIEH®) | L1
HI" [ L1
T1

Actions \
A2 _[—The player’s action } chosen

[ Al I—The player’s action
¢ _A6__i—The opponent’s action
D2 —Distance Criteria of }Tactics
L2 _H—The player’s power choosing
| 2 —The opponent’s power
T1 —Remaining time
L_n_ H—The number of appearance y,
B 3. BRI

Fig.3 Tactics.



IBRE RO RE BRRERERR FF I BER| BRRIRRE

Al ¥

Py caa - EEB I VPRI

I

O 05 Y22 2 DB T P

Row of tactics

Tactic sequence

B4, FvAT—2E&RIFOFNICES, BNONHPLEH S —F 22D

Fig4.Play data is converted into row of tactics, sequence of tactics is made of row of tactics

XB3L5Wh3. AVARTAOHBEELTE, K
ABEEHBLEBIE I VvAF— 25 BEL TR,
KAODTa7 7 ANVEBETIZET, TOHBILK
ABNAELThH, RAOITE RS- E2EHLE
COM ¢ RBT A EBTE, KARBATIEDI
TR~ FFRTEIELELTED. Z0ENIK
b, Xy NU—2ZEBLTCTe 77 NVEX TR
—FF+Bzdicdy, F—rRkaoFrrvdre
DHEBEAREE Vo RIHFEDELLND.
4. A7yl N
4.1. L AF—&
BHEXIBERI IV Y OTH -2/ D2k
BT, BRI LA LTVWERROF— L EHRT
BRAZEHACHODVWTRETS. RETEROE
RLoTHREN, TNLRT VA VYRITE LR
RYIBICEBEELDIO>RERETHD. BEHYS
—ATBWTHLELRIBRIRO LSS,

® HFOIITH

o MEDITH

o HEOTHOT7 A X
o EH

o HEODEYLEA

e MFOERILMESN

o EyRMH

IhbERAVWTITHEZBRTE. Znb0REERK
ERZTCXLIRETELEHEL, COMBITHEZERT
HZEOITHRRELG L LTHVWARE, L0EVWER
HEEHFETXDE., SVvATF—F RS —AP, BT L
—AZ LRGN, M2OEHEOLSICRSTW
5.
4.2. B4

FUATF— bbb, TvAYBBRIXYT 728
BhhicKie, 2oRRCH LTEBRLETEHO
MEEREEBRIFE TS (M3 T). ®iTL, BIFSR
RENEBEETIhI2BRTH L, THRRERM
ORUAEBRIFOBREHELE LTHERTS. Tva7
— DTS A Y OITHEEMLE L CERIFERE L
TWE, PLAF -2 2BRFEOFLELTEREALES
DIEHSTDZ (H2). PvAF— 2 #BFOFIE
BLELODIHBTHZ LT, REBICTRD LiF3
B — o ADBRBEERTS.

4.3, B —A R



o~ o, n L, ¥ i~
Left jab l.eft jab High kick Low kick
" v o=

- -»
Left jab High kick Low kick
o , s 0 > @n
Left jab Left jub Low kick Low kick

s BifF—4or R

FUAF—FEBR~ERTII LI > THRE
BIFHDL SV YOl#KELETHEBRFO S — &
YRELTHYRS. ZhEBRIF—F 2 RET 5.
B —ADE5BT7vary—AcBiId7
VA Y OEKLETHIERFEEL L LY —F v
2 (B —rR), bLLERACELTY—7
VABFET B LItk o TAELEY T 7HE (B
Wros7) LhoTWWd, 5 7HERY—F R
LLTBLRERFY 7 A ERBLY—VT 5
IlIEoTHETE. Lo T, COMKENRT DR
CBES7POBREND —DOEKELETHO
i, BiF—r 2L LTEAISHS.

BiFS —4r 2, TVATF— 2 ERIF~EHRL
THLAEZBRHFALL V- U 2RV ERY, B9
Boly—br AR —r RT3 THR
BYs (K4). £, BIFZ 77 COMITBRET
BLEITHRWI—r v A~ LTHEVHT. B
y—rr AL LTH S LS5 bDBHEL
N, 20— rvRAEe~v—VT5Z2LicLo

TH6DLILBRN I 7aBETHLENTES.

¥k, B DFVLATF—EDHEERFY—FT A%
BRETBZERLCLRZ—2Dy—4Fr ABME LT
Ehky, ACKETCTHLERIBRELTVDS ¥
— T UVABRONEDTZZILEEHD. ThiE, A
BRI LRETTCLERRB CITEH & BIRT 2 LIiZR
5%, hATHH2E 2 THEOHRBEFR > Lo
BN AT BHER> TWAEDE Vo BENE
Zbhd. TOLIRBEBECBRINZITHOMIC
BRINBZTERE, 7vAvOTHRRICEBIT 3
HERURERPERTI O, ¥y —r 20l
HEKEZRETS. BF/ 57 LOoBRIKEZBRT S
Bio, BRI 72 HRT IR - 2R OHE
¥z X CHRENCRFEBRT 22T 117
OITHBRERNEERT Z.

4.4. T A% 7T 7 AN DIER

BERECHETLATYDOTLAT—Enb 7L

(2]

'y | 4
—»
® < Lefi jab High kick
| pper ih
Low kick
i

'r < Low kick

" < High kick "-
Lell jab
[ ]

Middle Kich

Lett jab ' - iN

High kick

Low kick

Be6 Biiss 7
Fig.6 Graph of tactics

A¥YDOTaT7rA)NEEETD. FLA¥ T a7y
ANERFESNZBERIE, AMHE CTBRSRIFL,
g L2 fT#hE2RTRIF 2220 HEREK
THH. Tur A NEAKCE, BB —
FUAERHRIAR, B —F AT b LITERIFS
FOEEEL, YT N~RETS.

5. vA¥ T rALOER

ERTIE, TvAVYOFHETLAFT—FL LT
REL, BEINET VAT —EDE71L LY TR
TrANEHBETD. TVATF—F LV EESISLE
LAY Ta T AN ERECT VA P EEMK LT
BEARTE. IvA XTI s ANEERLEE
IZ, COM I8 - B> — s v REFEHLRD. A
AR — VAR CEB LYy~ 28D
hiZ, thoae~—YFs 2L TCHHBORIEERY
BT 7 0B ERTS. BRI 7 7B T 7
BRbRhoBR— T ARSI 77—
BiEEh? UESS 7 — L IERBENTZEBFY
—r U ALBIS T 7 LES). COM RIS T 7
DA FER>TWEERIFOBIREF L RBERIC
BITAHEMEZALZ T, BT 7 %5HE - BR
LETEBT. BF 7S 7 LoBRFE2ETTIERR
i, ETRORLLEBERAOBIFCERE=hEEB
REGLR>TVWARIRL OEMEE BV FFE - BIR



™
QT M|
: N suitable el i€ N o
_ s
Select aSeleet | | oGer BB
- I . pemPeriorm
segjuence lactics | | tachics
% o R ol
| A T trsition
| End of sequence

H7. BEOCBRN,PLETEC
Fig.7 From the selection to the execution of a strategy.

.

== HEE

B 8. HuEE - BT O FME - BR
Fig.8 Evaluation and selection of strategies and

L, BREAEBRIFCHEVITBERE - 217752,
5.1. RIFS77BE
BAFA—L2DEIBRT IV a P —AilBiTH
EHEO LS RRENITHE, bIEPLIRAET S
BChokh, BRRLORBILLIVEBTZ LT
BBHBREN Y TEEDIE, BRIWDZITHICIE
FHENELSE. ZOEARBICRVAEREREIZL -
TITBEBERBRT LD, YVI—0X53R2757
WECRIbORDHD. ERCBRELEZY—F >R
DPIE =T APRFEITRACBBTTHERS L
TWBLORHE. 2T, vA¥TaryrAn
TOFEDLDREL— T ARES—VLRIES T
TEBETS. RAKODLETIT I 7 0RKERR
TAHZ LIk, RACKE LTS EBRTSIZ 2
BTED.

¥k, LAY TRy A NVBEBRBICIZIOLSIC
LTHBEBHZ I 777 77— NMICRIEBESHS.
BIFS T VR METIRABDERED > LRI
— v RBT T T A~EEEN, BRIFST L
F#FICRDOIS.
5.2. BREE - MRIN ORE AR - BIR

PS5 IF=ADPERACE OB S S 7 28R

THZEIL LTI VA Y EMBELETSHE2ERT
5.COMEM7D &3, (1)8BNKSS 7040 -
BR, (2) 8757 LOBRIFOFTM - BIR, (3)
BRENVEBFHOBE, (A)BRIFOETLVWIER
N—FEFED. £k, ThZhOoITRZHAAE D
D, (2) BBVT, BULRBRHFISETLIE (1)
Ry  REKB LB 7 72BC BT .21,

(4) D%, EFTPORWS 7 7 ICEITHORNH»
LEBTHERBRESFEETLILE, ThboRIF%E
(2) Tl - BRT .

BT 7EFMLUBR - ET T2 TColiihid
H8EknLdhithichoTky, BIFS/5 7%
it BERICIE, B/ T 70— hElRoTWEHR
WORREMH L EITHRORAORBER COBEES
EBWT T 7iconTRD, TORTHENICRNSE
ZRAEL OBEERATHITEVLOERREBFE T 3.
ZFLT, BRENWEERWKZ T 7 EOBNTIE, M8 o
FToLdnith T, FELEBR, £7&8h 5. 7,
B/ 7 L CRICEBTHERZBFE 2o TR
WrxETHORRLEBIFORREHF L OERIC L -
THMET 2. FMEINLBFTO S5, REIANICR
FoBRWEBEBRWEML T 2. KRiZ, Fic &
VEBBRINEH L 2o nBWTIIRIFS 7 7EBIRL
el & LRBRIC, BEWOFME L & 50k T H R
FTARKW— v AOHERBICESEBRIIZE
Rahs.

6. Tl 52 8

BEVATLAOFEHUEERFET S HIC, EHEL
ERETR-T. BRVRATFAERVWRZET, 7V
AYOTEEHMTE B TERLL, AWEEM
Lz — & Ca#fELCT\wW5d cCOM B AR D & 5 o’
Londh, COMICBRTZT -2 ANELEZ
LTHMOFBEEL VA LTWEIRESE N
», B 5. EBRICIE PC (Intel(R) Xeon(TM) CPU
2.80GHz, 1.00GB RAM, ELSA Gloria4 900 XGL)& &
a4y F (Xbox av ba—%) zRAVE. £R
WHERALEF—2DNA—NiT, L OBEY — 1L
F#kC, —ERBAANCHPIZIISZEI DI A—-D%
5220, MEOEAEZOTHEBA LWL
ThD.

EBRTI, BRERBTOFABICEY 10 X447
LALTHHW, I0REHFDT VAT —F2RABL
. EDOWREFOT VAT —IDLHERETNT
noFrvsary a7 rAAEBERLT, FhEhE
COMIZHERL, 7, BREBEIC S Vv A 7 — I BBER
CHBLEZEEO S LvAY 27y A NV EEALE



Mo HHREAERER

Fig.9 Experiment results of testee A

- . . - ‘\
M 10. HBREBOERFER
Fig.10 Experiment results of testee B

COM LHBLTh Do . RILEREBCHE DT L
AY7aT7rANERHBLTLLN, HREBHD
BREAEBSN TV EIPHEBELTOL . REIT,
ERONFCHET I 4EBEOEAMIZOVWTT 7
—FREBILTCAFEOEYELTFML .
BBRERLIZLEZ L AT —F RERKOIER O
Fl, BBRELTVAT—ARBREOHFECT LA
YFu77A% COM CHEALABRLEFORT
EHBTLLE, BRE AR, HFORBREELF »
CaThbLEBLEAENELY, ZORICHFED
BRBEOREZAFL TV Xy 72 HTET
HEZ LABLOHFREBELT, TOEFHEEMIC
HEZHL, BEISKBELTLK3LTHAIETERT
FAWEETZEVoBEE L > T, ZOK
BEADTI LAY T Ty A0 E COMCER L
Lz2A, B9 (HODEDEXYTZ4) OLIICH
BEALARCEAY vV THFOREEZMDL
ZBLEAEVEED (M9, 1~6), HEORBOMRK
FRHL-TVY Xy 7o THEBELRY
LEAVE-SD (K9, 7~12), TOHERMICK
wrHL TV L 5% COM OB EZ2BATZZ L
Bexk (B9, 12~16). ¥k, #HHRE B (K 10
DEOXYF 2 F) ik, ¥%¥ 77 F I LSBATY

777

Q1.Did you feel that the computer Q2Did you feel that the computer
charncter imitated your human opponent?  character’s actions were human-1ke?

0 11s O s
E Hot at all
ads "
e o
Hautral
ash B Yes
56%
W Vary much 5o

Q3. When you fought ngninst the Q4. When we switched the player
computer character controlled with your  profiles, did you feel that the computer
own player profile, did you feel that it character behuved according to
imitated your behavior? different pattern?

0% s

o
2%
564 ‘ I3
T8%

H1. 7roy—MER
NITLEBRBEIPDT LR TCEXEILITHEDIT
HECZLABALARBTORBELERLTHL, HF
BEBREBULLOIRBEIW, FA-VEZTTSZ
LIEZ2BEADLET, o7 v~ EOHEEL
HLTW K9 BBEELoTWVE. ZOHEREB
DFVATF—EhbFEobhiT LAY T a7 r A0
ZCOMIHEMALEZLZAS, MI0DEITLSRA
FREICL2HEEZ2H L@ 10, 1~13), HERK
BEZITTRBHKAELE ZAE 10, 14T v /38—
REDKEBZHLTWD &L ZAK 10, 15~16)BHER
Ehi.

RiZ, HBER 2%, EREIATHLTT
r—hreitole. TOER, AWMOBHO—2TH
5 TQL HERZEMTETWALBLELEN?
(K 11-A) 2 WO RWICRE LTk, #BRE O 44%h
B IETHbEIERDL, 45%00 2585 Ln)
EZEZBEIERTERZ.ZLT, IQ3. BHOI 1
TrANVEBERALE COM EHELT, EFDITEH
FEHETETVEILELELAD»?) (KB 11-0) &
WOV LTI, 56%BTETHE R 51,33%
BITZESES] WS EETCho. ZThbT VY
— MERKZ IV, FFREC Lo THFOTH MK
THILBTCELZEBEERINE.

EbiT, ABTEHbLI—HDOHEHBELT, 7L
AYTa Ty ANEANBEZLLZZLICLEY, Ra R
B~V OMFLIBT S LBEFTWE. 7
Y— b0 Q4 FuTr A NEEZLRE, B
2 s—rvEEBELLRELEN?) (H
11-D) SRl Tk NETbE585) &
WOEEN 18%ELN, LAY TaTrAVEN
NBEXDHZ LT, ERBRTH NI BERTRET
HBHZ EBRENTE.

L»L, 7y — o 1Qa.coM OITENIE AR
REBUETH?1 (H 11-B) LW BWE LT
13, 6% B EBLLTHRN, 33%BTZIRAS ],



BYDO1N%E (HEVZEIBbARW LW EZER
Bohlk., ZORFROEREZR/R2EDIC, bED
FORDRVEVIEIEBE LN ERE O LR
DMEEBRELELEZA, HDETHICHLT, EH
RCITHEZRLTCWEHFERBR LA, ZHhiZZED
REBMBEBT2REERB LCEOERFITENT,
MOBRKE L 22 BBV BE SR LoD ThH
B3rEZLNE. ZERICHVWE S —A02RBEIE
% 560,000 Y HHDOITH LT, WERFOT VAT
— AL BLNERINIIFEY 1000 BECTCH-72. L
ML, 560,000 @Y OREBOPICEFBEAINZZ L
ORVWEIRRE LD B, ERICLERRET
PIBERESNDILELLNEY, TLTHLE
RREBEICHLT 10 REOT VAT -2 LV RFL
BT 1000 REZ—V TRA+HTHoD TR
nWhitEZbRhDS.

7. £¢0

ABTHE, EEIARTHE2 VAL YOT VAT —
Zh LB, B~ REREL, B —7
VABLTULAYOBRENTHED D TRIFNS TS
TEHBEL, TAL2HRRICK L TERITE BRY
222k, COMIZT7 VA YOITEN BT 5
2T LAEREL, FEERICLVAFEOFNESL
FLE. £k, HEIBREOT VA YORK —r v
2, BIF/ S 70EZEVEZZOTVATYD I 2T 7
ARELC, 774 EANELDEZLITLY,
Balp COMDITE R E — BER L.
ABTHBEELOBREFHOFH LRRNIBERT 3
ZERIVITHOBFBEEZR/ LS L L, EERIC
VA F— A DRRICEVEFERBIZENT
ERVWESRIEBDol., TITENEL DT L
AF—EPoF LAY T T r AN EWETBHI L
T, IVEBOBRKERBTILBEALNS.
LaL, BFOBEOBME LICBRIFL —F 2K

L2 EHBRKF ST VRBRBOFERIENT 3.

T, LVELKORIIFS T VERIICHRBICE
BWTIFSREY I THRE, SRISBIFS S
TEBRBRTDIFEEZERIANDILERDDLLEEZD
hs.

X

Brian Schwab. “Al GAME ENGINE PROGRAMMING”,
Charles River Media, pp203-210 (2004)

B. Blumberg, T. Galycan. Multi-level direction of autonomous
creatures for real-time virtual environments, In proceedings of

l

)

Bl

M

[5]

t61

(71

[8]

[

[10]

1

[12]

[13]

[14]

SIGGRAPH 1995, ACM Press/ACM SIGGRAPH, pp.47-54,

1995

J. Funge, X. Tu, D. Terzopoulos. Cognitive modeling: Knowledge,

reasoning, and planning for intelligent characters, In Proceedings of

SIGGRAPH 1999. ACM Press/ACM  SIGGRAPH,

Pp39-48,1999

B. Blumberg, M. Downie, M.P.Johnson, B.Tomfinson. Integrated

leaming for interactive synthetic characters, In proceedings of

SIGGRAPH 2002. ACM Oress/ACM SIGGRAPH, pp417-426,

2002

G. Kaminka, MM.Veloso, S.Schaffer, C.Sollito, R.Adobbati,

ANMarshall, A Schokr, and S.Tejada. GameBots:A flexible test
bed for multiagent team research. Communications of the ACM,

45(1), 2002

J. E. Laird, and M. C. van Lent Human-level ADs killer

application; Interactive computer games. In Proceedings of the

Eighteenth National Conference on Artificial Intelligence, 2000

D. Isla, and B. Blumberg. New challenges for character-based Al
for games. In Proceedings of the AAAIT Spring Symposium on Al

and Interactive Entertainment, pp.41-45, 2002

C. Sammut, SHurst, D. Kedzier, and D Michie. Leaming to fly. In

Proceedings of the Ninth International Conference on Machine

Leaming, p.p385-393,1992.

Van Lent M, Laird J. Leaming Procedural knowledge through

observation. In Proceedings of Intemational Conference On

Knowledge Capture. ACM Press, p.pl 79-186, 2001

MBain, C. Sammut. A framework for behavioral cloning. In S.

Muggeleton, K. Furukawa, D. Michie, editors Machine Intelligence
14, Oxford University Press, 1995
J. Dinerstein, PX.Egbert. Fast MultiLevel Adaptation for
Interactive Autonomous Characters, ACM Transactions on
Graphics vol.24, p.p262-288, 2005
C. Thurau, C. Bauckhage, and G. Sagerer. Leaming Human-Like
Movement Behavior for Computer Games. In Proc. Int. Conf. on
the Simulation of Adaptive Behavior, pp.315-323. MIT Press (2004)
C. Thurau, C. Bauckhage, and G. Sagerer. Imitation leaming at all
levels of Game-AL In Proc. Int. Conf on Computer Games,
Artificioal Intelligence, Design and Education, pp.402-408 (2004)
C. Bauckhage, C. Thurau, and G. Sagerer. Leaming Human-like
Opponent Behavior for Interactive Computer Games. In B.
Michaelis and G. Krell, editors, Pattern Recognition, Lecturenotes in
Computer Science 2781, pages 148-155. Springer-Verlag, 2003



