82 Yate| =2 Aol
H6H H15 20064 38 =

Sd0|0 HS8 GMM 7|2t S

o|AA H7|1H
Salchstw, OjC|o{stal HCI Lab.
monask @ssu.ac.kr’, kcjung@ssu.ac.kr

H A 2id Clx

Player Adaptive GMM-based Dynamic Game Level Design

Sangkyung Lee?, Keechul Jung
HC! Lab., School of Media, Soongsil University

29

AdolA g cl2l (Level Design)?h A EIREe] WL Ade] Fr18 2R3k vie- T2% 8
Zeoley, el tizloluio ofs 2 drt. 71&2] Aol Edlololr 7P & ArlE = e )
el 37 ARl S AHoe Ao 2THE P oz Y, o9} o] FH oz A
2 gl whzt A = Faololrt HAl H31A =, Fdolof o] SisF ol me} dd tRohdz}
A= Wl2gt A & YA old EAIEE HFsh] A1) £ =2elMe A =5l S0l
2] t}g siE-& GMM (Gaussian Mixture Model) 2 2 RHY5}3 E-43te] @ tito|ulr} ol =Fd |
W3} AulE =7 5= Qs BAE AT S A A WS A 2D FEA Yol H-83)
o g olo]o] RS £ Ao} 54 dld tiAle] A B

Abstract

In computer games, the level design and balance of characters are the key features for developing
interesting games, Level designers make decision to change the parameters and opponent behaviors in
order to avoid the player getting extremely frustrated with the improper level, Generally, opponent
behavior is defined by static script, this causes the games to have static difficulty level and static
environment, Therefore, it is difficult to keep track of the user playing interest, because a player can
easily adapt to changeless repetition. In this paper, we propose a dynamic scripting method that able to
maintain the level designers intention where user enjoys the game by adjusting the opponent behavior
while playing the game. The player s countermeasure pattemn for dynamic level design is modeled
using a Gaussian Mixture Model (GMM), The proposed method is applied to a shooting game, and the
experimental results maintain the degree of interest intended by the level designer,
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1. Eech parameter is set initial value. p(i)is set 1/k .

2. The P of each component is calculated in E-siep (Eq. 2).
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3. Each parameter is maximized (Eq. 3).
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1. These two steps are reiterated until converging (Eq. 4).

L(®) = 3 log G(x,[®)
J=t

(4)

[O8 1] EM ¥UHE

2.3 78 AU HE

AAMYUY =2AN Ho6A AT 20064 3¥



6 Zeolo} 88 oMM 7w 54 A @4 ga

2 =RdAte folr 23 GMME 2D FRAY A8
& Sajolole] Ui ALY g mdAPoH dhg HBE ¥
Mg 4 bAoluzt 4 Aot AvlE =42 = 3l
=5 FHoE A9 34 He g 24T

|> ) ] E A
Ji'%')\l’—“‘ BOSS [t Oﬁll &
(a)

> A

HYAIR n!>ss 28| o‘xt &
H : H :

H H H

2183 s 22 . 3e

T (EF 23¥E) | (BF23¥E) 1}

(b)

[13 2] 2#9MYY U F%: (a) NEY 25 WY 72
(b) 5% AJFYE 237 712 (W8 [E 23

B, §4 AJHE N§ ©W, HA Y H)
dubzlel A YoM E 18 2)9} Zo] 238 FY
22 Aol A olold 5 ¢ H AYEig BAE
ZstaA = HA Z|olA7} Selo] €k 7]&e] B
2AYEES AMgshs wRAYINE B 2aHEES
wetA Y= A AHe e g A2kl Fel A
S TR o F, TATE. o] W2 Edololrt 4]
A Ao T4 Held A-gaHA dd o]zt o =g
dde 24 & 5 glor 239 49 3L Sl
E AT e 29 Td 2(b)sk 2o] Y AAE
3RAZ R E=RA ARbeke WS A8t &
o 1Al elME 7180 B ATYE Aoz Y=
Zdolole] gi-g A& F23c}, 28A| M = 127 oK
29 U8 g BAA g Yozt =Pd
ol AY 83 THE & e STHES FHoE
g o)2 TN Ade JFF olFA T
2 7Y 23HE A Egojole] T v &
WA &2 o)Al oAU Edolo7t AR 77 &
233 HEE 77124 vleS #AE YA 2. o
FA o AAH o FHolole] IHES FAlsHH
3RA NN B2E A o 443 7] s AN

g4 tzte] 7t RD AY BALE 74 st =5 S
#4 tAelUE 1Al 28k 2 Eellolofe o
€ e F ofE 22 ANEA] Bafof e}, £ =7 elM

AINASY =2N J6H A1 20061 38

T A Eeolold HAK, y HE FHE =rldes A3
o o]PA FE€ vlolelE GMMRE R gt o]F
A 2dg 2 wlolEst A glort ded FEE
9| AolS wlamajy & Yziolurt A=Y AY &4
olu 873 gheolE A9 ¥4 Hes FEos AR
A 227 A2 23 - E W8 A €

310 3 200
300 1 640 508
- 0

0o 6 23 £ 0
#n6G 99 206 501
e YU 330 D

99 200 501 |

-+ 460
|

sSSP 99 100 Son v ! v
688 1 648 180 . HaiE
650 99 85 S0O7 &Y | e =
660 1 640 320 s A2 | =2 EE AH
708 99 180 502 = S ST gz (X,Y)
920 6 100 124

020 6 200 124
1150 3 S50
11506 3 356
1180 2 SO
1180 3 350
1218 3 5@
1210 3 350

£ ——

1450 5 60 116 l l l
1460 5 120 116

1470 S 180 116 Jh et Il 2 £ 2
1480 S 240 116 HEE jM;‘EH _?H?:‘HI
1498 S 3060 116 B8 A2 | BR || 3TEY
1500 5 360 116

1650 5 360 116
, 16690 S 380 116
| 1678 5 2ue 116
11680 5 180 116
| 1690 5 120 116
1708 S 606 116

| 1808 7 100 “’[
L

EFERECEEEEGN

(O3 3] WYAN AlgE ATHE: O

ot 21912 BIUY 2 &
48 UEIYL IS WYL N

9 31 qHOS 7Y

(29 312 ALlA AHgEE A e 9] 34 sfd 2~
aYEol, ATYE e 3 eele B AYE Sk
& Yehlin o]d 2elEe] S i HEl o Ao
gk, &30 A1Z91A 2 AN e 34 el $9
£ vehdith, £ =olAE o] FA Aojd slute] sfdo
thgk Felojel o] ¥k vlolel & F&31A Ht. fellA A
)9 Ao} sjge] Saololr} ojm $HAo2 Ulg e
A2 epdc (22 4,

Y&

(38 4] 2301y FH° GMM2E BY H 9



Zejolo] 328 GMM 71 54 AL 418 TR 7

2 4oA 9] 7tz E NEEe ZH Eglolold x, v
2] A% gl ds = AZSFE vole P A X &
ADE A 34 d| shrt AR E L B b7k MEH
d Zolole] s 53 YIS veldt), 27t Elele
TH-AIR AXUEZA el 59 H AFEUE &
g dlo|E| S 9] F@gtolth, ol9} o] Hof T4 A o
3 Zgolol g A FE2 Y RdY Fo=A AY F
ukile] gldl tzte|ur} deRd AY #7301 € 5 e
g 5402 Mg 4 A €t

AY TukRo) 2 B4 2IAPEE URSH 22 HH 0
2 9hEo] Act (29 51, S §7hA AH 2T HERHL
2 235 2] 34 ghEhte] Y€ 23 4E) vt
g Zdolo] g de-g 2y 3} o]FA nd
g g Zgolo] ti-& AL 71ZA} xdt 53 el
v wate] HEH O Folo] Y FELE F El
I} 71 HEolE AT HEE MEsjA] FubRe)] AL8E
54 23YEE PASH g, o] J9E 23YE
£ ZPolof9] th3-& #d tizto|ur} ojxgt H=
g T2 2AYESY FHFHoE AY
o Z#olo]e] th3 el gl tizjoLiv} 9f
A EFXEWES £ ok

GMMOE E@H Ho[HE o]&3iA THoE 29
4 g Aeshe A og F kA S AR
A AL gl ozle|yrt A 5F Rxwe 7P
He BEE (28 62 Hol= Ho ¥4 sel g desh=
Hlojt, T WA w2 B2 gjRle] 7 X UES] P
HAe 1Mo 3N 59 BEY] H gt v W
o8 71Z24E A3l 1 Had s e s AgE
T2 0 (2 7). F, HF Zeolo] ulg HEE 54 A
ol $£3H3= £58 SU1 A7 S8l v o g 7
FHe AA8la 1 7188 AT 22 U dEs
Bol|& Fel 34 Hel-g Mese Walolt}, daelF 2e
71ERE N2 AT F dueF 1¢ AP ieE ¢
IYE 15 o] &M A E 23HES YTEF 2& o
S8lx A 23PEE 2F5d 54 A fARE
2TYER Age v Bo} Fukee 2] 34 gE g
ks FAE = glon B4 e 3 g $55
7 & it

ol
e
ot
|
2
End

K

(A
M

rory o ol

N

229 3 23yE
(Mo 3 mE) &

EEE-EL B
Be +3 1

T__ +d&E  &oolo

08 He 2u

— - User's patterns

Enemy .
scripts . |

v
A X ASE B
H e E400 1S
WE di

¥
HIEL AL B
2HEHES o8
4

¥

R0 MZ FHE &
IEELY

. Iz
Pnd

[18 5] 5% AJHYEY HYHT

middle

Target
pattern

4110 Ko

)

1. #@4 tigteld vl Tixkele GANMoiA] 2 HEUE B
G u, 2 dta o fy GAMMY Z FIVE Jo
uy & 8hak

20w, o uy o) feldd Al vmeA 7hge
7 AAkg B, w7 B Aerh

3. AxojA Az Ag A& FPh

4. 3oA T Al A& k N F 7 H Gk

(19 6] 8 gAoYT 4% S5 RFL 239
& MEYY ANY Y LUFFE 1

1. @9 r]xlol 7k o] A1@ GO REviFe] HrH S
NERLE FI Fulolold) wE Y FXAR HF
o}o] zpoj e ghg T-eheh

2. 190X P Hely) v e MR 71EFY S 4y drth

3. 2olA Hgt 71EEE ol gelA 4 FLIS £ ToR
RIRER- R Rl

(38 7] 3¢ guoyT 4% S5 Y Z3°9 {
¢ MENY YNY WU LUHE 2

3. &8

=Rl

#a

ol A o]22 A AR AUV HeP om0
¥ 8 d3e 5HL FHoE 2AHH do|xdf ulz} vhg

PANYAY =27 Ho6A H12 20064 34



8 Zglolo] ¥ oMM 7Nt B4 AY @ A

3 g o]o)9) ths siElo] i tAoluyrt dedd &
21 He e dAGE =Y F Y-S Bole Rolth A}
Aol Fd Aoz} 71 A8 =71A dre 4 sid
& oty ol2 GMMOE B9 sta Al xute F9t
Foll ALEE 2o 34 & 2TYER 73T}

PR E ey
TILIE LhediL UL

(18 8] ¢8I NEE MY

2 390 A 34 S 72 Al om shte)
Hele 4w 1Se] 28 23, A8 914, FAE2 74Y
o}, 2o 7 QA% ARk 102 AP or Al B
7 afRi(0]2 Relgk 2aYE) shbg 28] 43) =i 37 2
aREg Agsks 1R 1he] AZHETL s
143 52} ASUck. Sdoloje] 5 oixfe 2% ¥ A
% =je] 4319 Seolo] thg HEL 4-53] EM LrelZo]
Hh oo el e AARke e BYY 9 4 gl

(12 91 ()Y FHTUAN Bojo g HHAL GMML
2 Qe300 18, (b) AJY B gAY o
o YoE =N QH
28 9] @F AY xR 7R A 239
EYg Aldo] AFHE u] S oloje] ¥k dlo]HE
GMMo 2 2938l 1do)1 I3 9(b)y= gl tiAto|ur}
w3 $A 2RI E wdPet aolrt,
(23 101 Aol AR A 37 A8 B2 So)o]
o 8 BHE GMMO R BHF Aotk

(14 1O]7 139 5

879

Y QEY Oy HgA EHO9Y
EEE CMMOZ REFY I3
kel F#lolo] tig- Fato] gl tiatoldr} o=y
A )2 £IA)7] Ashre SR FElolold) e
o} 24 sjRlzte] 2polE £H3la, o] AojE Ed
T 23HERY] 34 H)E 9d § o] 2IHES
FallM S o] F o] 2AHES FAHIY.

23404 A Ae) YaeFel bt A, C, G HE o
23¥57H A 9 b)s} 77k A- ol & < Sl A9
o] ZHHE o) F & o] HEE FHOE Aljlel 3R A
el B F HAH Zdjojofd] g e o I¥ 11}
23 Azke) AXJEES] U olF-E B g tzol
Wes YA FEES 5L & 5 I

)

30, &

BN

[18 1] 5% AIAET MR ¢ BYojoly gy #EC

1) 2D %5 AI (Al 2 3 FINAL MISSION) o] 20010 @ E 422 F71% B Ak d843)

UINYSY =8N Fo#H AT 20061 3



Zolo] 33 oMM 7|8 54 AL #d Al 9

[18 12] 859 2ECY #Y Hi: (o)WY 5¢ ¥TA
B30l $MY REE, (b)TY 2o 55 A
JUETY MW ¥ EAOIY 2NY FEE,
()N WY @ 5 MY EYOY TH
8N EEE YEHD, (d)1Y 4% ¥ Y
CREEELLELTE

(23 1294 54 23PEE 48 F AU £xA W
7t AA AgdelA o1gAl dehdbeA] ReEd (39
12 (bye AIY AR & 2 d7x] Edlojolr} Hel &2
B2 2AFF Tdolth Al WA sjeke] 7heAY HE
YE(TY 12) @3 371 B £27} AN Sato] ¢}
A= el 252 B 5 Yok (29 120 () ashA B
(23 12 (b)¢] 3tk P&e] HEIEE WHYPSE &
ick. (2312 @] 13 HAEAES] Eabe] e A4 why
BE 8 itk 28 129 F i 92 4 ARIES)
AQglA ool HAsh=A] ekl etde +299
T8 EE AXE e, SR 4% fol A9 F
olole] g2 FEE (19 12(0) #Pd Aozt o=
&4 REEE Wskshe AL B JIrHE 12d)

F7HH o2 Fdolol7t 2 Heluitt 20|18 7], HE%
RS BEE R Yol=g FHo2 24 & £ 3t
(28 1312 2 42 4 A viet Eolol’t & F717t
AdA A% +& Jerdtt. g 20 9l trfeldr}

= gAY £ 77|55 frAlskL Artd ofd 77
AR NS AR E FE3H 54 7] S0Pl #2 3
o 374 R e FHoE 2TYEE P AL F
5 Qle), g o]} 2T HES AT 1) HF A A

45 3%

2 CIHE

[1% 13] 3 gEog 27 &
2 1 mEg g

Zzke) Aol g AR IS A Anlol FF
73 F e drd s ol 7H, dE ol Hd o
Aozt Zdlojole] Eiet AL AYe AF] 242
APE o #hd tolve thg Y =l x, v& HE
EJI Felolole] TP FETE EHsH I, A3
g 57) 293 Aol Anlg FAE B HE =ule
) A AFFR $ A 37 AL Edolole 77
AMg e RECE BASHE Al ol A=dd H4d
VFEE FAE 4 W ok, o3 =ede Ao
HE Eyolo} he e GMME AHgsiA Seele g
o2 BT & Sloh of¢} 2ol dpd tAtode) o=st &
#loloo] )& el & et EstA BHT 5 A =,
A BF ol Al2=go] t-§ Hel& vlas7]7} g-olskal &
A e o) ezt dX3E FAE F 0o F
B ST, Rl FRFL AR dolE %
2o 3439 B8-S 72 o] 7hsEA| dd YAt
ojU7t 23HEZS AAE o dloJelE 7te2 HA} 7}
w3kt =g e HI2ES o £REE Edolold e
Hlolel g Rdair #4 0] golsiAlE 3ol At

B =RNE o3 Azhe] ti3 R =ijlE Ak
#4 tixlel 7t Q=g Az dol=E e A e
AN, FF A B A HollM 2Ash A9HY
AHES e e vlolel 4 Bt o] Bee GMM ZE
o] v)2 g 243 e 2ol i3] A7 dlolth

2 ol

;#

AN 3 A7H) AR o] FoHE”

AINYAY =2A A6 N1T 20063 34



10 Z o)) ALY GMM 7|5t 52 Al Fdl Al

e

[1] Noah Falstein, “Game Developer Magazine,” The
Flow Channel, 2004.

{2) Raph Koster, “Theory of Fun for Game Design,’
Paraglyph Press, Phoenix, 2004,

(3] Daniel Johnson, Janet Wiles, “Effective Affective User
Interface Design in Games, Intermnational Conference
on Affective Human Factors Design, Singapore, 2003,

{4 John E. Laired, “Using a Computer Game to Develop
Advanced Al” IEEE Computer Society Press, pp.70-
75, July, 2001,

{5] Bemnd Freisleben, “A Neural Network that Leams to Play
Five-in-a-Row, Intemational Conference on Artificial
Neural Networks and Expert Systems, pp.87-90, 1995,

[6] 1. Faybish, “Applying the Genetic Algorithm to the Game
of Othello,” Master s thesis, Vrije Universiteit Brussel,
Computer Science Department, Brussels, Belgium, 1999,

(7] Imran Ghory, “Reinforcement learning in board
games, Technical Report CSTR-04-004, Department of
Computer Science, University of Bristol, May 2004,

[8 Pieter Spronck, Ida Sprinkhuizen-Kuyper and Eric
Postma, “Difficulty Scaling of Game Al,” International
Conference on Intelligent Games and Simulation,
Belgium, pp. 33-37, 2004,

[9] Pieter Spronck, Ida Sprinkhuizen-kuyper, and Eric
Pstma, “Enhancing the Performance of Dynamic
Scripting in Computer Games,” Lecture Notes in
Computer Science, Vol. 3166, pp. 296-307, 2004,

{10l McLachlan, G. j., Ng, S. K., Galloway, G. J. and
Wang, D, “Clustering of Magnetic Resonance Image,’
Technical Report, Department of Mathematics,
University of Queensland, Australia, 1998.

(11] Todd K. Moon, "The Expectation-Maximization Algorithm,
TEEE Signal Processing, Vol, 13, pp.47-00, 1996,

[12] Richard O. Duda, Peter E, Hart, David G. Stork,
“Pattern Classification,” 2nd Edition, pp. 55, John
Wiley & Sons Inc, 2001,

{13} Chad Carson, Serge Belongie, Hayit Greenspan,

AINYAY =8N Ho §12 2006%E 3¥

Jitendra Malik, “Blobword: Image Segmentaion Using
Expectation-Maximization and Its Application to
Image Querying,” IEEE Trans. On Pattern
Recognition and Machine Analysis, Vol, 24, No. 8,
pp. 1026-1038, Aug, 2002,

(141 01’37, 3%, B714, "GMME o188 F4 AY
A oAl 8= A, 2000 FATTAYS
3] st 3], pp, 51-55, Jan. 2000,

o834

2005 ket mlclolsha: (8
20069 ~ A A0S ofate wlTiolelst (4A15)
Aok AT A T, AFE T2, AT v

Y714
199414 ABstE AFE THIHAD
19963 Auea ik AFETEIHFHHAD
200014 Auista oigd AR T T D
19999 HHE 379 Intelligent User Interfaces group,

DFKI(The German Research Center for
Artificial Intelligence, GmbH), Germany.
2001d PRIP Lab,, Michigan State University, U.S, BHAME-
Signl
2003 ~ A SAHE W ITHE v Tjofsty 2
TAlEoF : HC, Interactive Contents, A 2], 1212, Augmented
Reality, Mobile Vision

E=RE Y - 2006 29 7Y
AAretE el - 20060 39 7



