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Abstract

This study explores the development and potential of an automated system for game level and environment design using
generative Al. The research employed Stable Diffusion to generate diverse level design data, which was then used to procedurally
create environments within a real-time engine. The generated environments were validated through pathfinding algorithms,
demonstrating their playability. The results indicate that the automated system using generative Al effectively reduces development
time and costs, overcoming the limitations of traditional manual design processes. Furthermore, the procedural generation and data
validation allowed for the rapid construction of visually rich game environments, enhancing player experience. This study provides
game developers with new tools and methodologies, enabling more creative and efficient game development. Future research should
expand the application of this system and explore its potential across various game genres.
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71]%]9] Fask 949 #HY tRQI(Level

YAl A58k AlAES Aetal 1 /s
A 7HEe] 4 8

e "o TJP g} g vl

2g, ZYolo e A4e $2F 9g<s Ik A

o @ TRl Fag 982 te 2ok A, dd

ARl ZEolofolA = =ds Alsdth &

ojo17k AdS AP sk Fet AWshe =4 A o5

ddste g2 AHEES =7A sk, Al B &Y
i 2B 9} AlA#

o7k AY AAN B o] MASA FHehl. o2 B3} 3 1)
A AWe Fajololol A AT £ HAZ AT,
o2 sldsis Fgel A AARS Lol B mebd @
W AR Bed Al S0 o] oJHE Am, S
olojste] AEAES Eal Ae] B, LA ZolE A

o
FREE, ol AR Fdolol7t Al BYsky A%
Ho2 geolspl BEE F2 2910/t olsh ol 9
2 A A

TRl Al el ARE PAAE B Fow o
82 Bk 3, A8 UL Sdololt AAL ol 4
Foha JEAGHEAS AR F2E 22olm, ol
A 43 ol 1 Fa% 9gE

g g=pel 9 =
&ohs Tad Jr 3 2 poleh A A2l 2 @
gxol, AYe AF AFE ARA = T83 24 F st
2, gae sy Al s Aok a7 Az 74
o] wj$- gy Hslty A F=x)9 A el 3737

N

2Q7HA TRE WS T se] Edolaky, A H2
2 RABT ole N BAOE sl AR 2AE AY
EFE ok 282 98§ 5 onAE, ooy, )
9Bl 5YA Fol WAHL k. webd Aol B
TS AASE olE T A BAL A HE Zhs)
2 F712 olojxin

AT 2 dr *@"é%‘ Al 71E2 & 5‘1

bstel Thoba

“iEQ} IH1X1~
I TS HAFIL )
g3kl A TR 8a
= Agshele Alzds

gl =3o] 3tk o]& Fl
-

¥ =
rr

_1

5,

i

e

ro
é
=
o
_>‘i
ro,
:i
ot o
oY, o
a
D)
ro,

|

ou 1 ksAE Bl
o] ¢Jx

2
2
E)
é
)
lfo
i
>
0,

w AT AT AlE 2t A A bl
7 UAlS Asstele AndE 7S 1 7R
S ERE gk olE S8 & Ae A A
7 AR yrol X E T A A Sl 0w A Hlo]
B AOR, 47 ARl ZelolE T A(Suble Diffu-
sion) Z-&sto] #d talel AR = e HloH o]
RS Adshe Aotk dglX e ZElolE El%ﬂgl
LERZR] WebUlE ARS8t thdet Bl B B
33, TEZES} —‘“&%}% =4 0}04 "@"5‘% dl 13%
= o8 KA}

i3k HolHE

WA, o HolE F4 AN BEHT T wA
AL B4 22 A4tk HYE A1 fE
(Unity)& 28310, 94 A4S o|nlA] Holeg Hheo
23D §7 W AHOE AR ov) A9 2t 4
Gl TS 87 848 Aol Aolshy, o2 Eal &
A7k Thd 4 9l 3205 T 4 9l 0 TS

A4 QAN QTEE F2E AN G WO 3D

QUAEES AT, o|F 25l B Jejel AY
E
|

IS T3} A WA

#70) AAZ Salod + U8 el sla] A* 92

el (A* Pathfinding) €I F<= AHEste] AR &A1&
SRS o FHNE A2 G4 ARE AAHoE



Tl AgE B9 frEdE A
o] ol B 9 Z o] Btdlell A= FES HUIeHATh
Ao 2| AR A= AtE dd TA1e] 7o) & ket
FAEE =odH, | dolrt Al AellM AR AlS

1. 2lg CIARel Z2M|~

A AEelA] Gl TRl Edolole] AEL Bt
£ 228 222 2 AY 320 ueh ok &7 AL
FE3)ok Gtk o) E Sof, FYE AYL Bz} 33 2L
A AL AZSHE T3t o) WAk B, <
EYE QS ¥ AKES BE BALS AT Ed)
oloi7t AHfEA oS BEES BT + ULT I
A AYAAE BhE W A9 Hel, 3] AETE 2
2% 242 Aear

g Ozl ZEAAE v 2ok A HAE, g
7NE F2E 2AASI ZHolo9] olF AR} 3
AAE Agate goloke triQl @A7E Utk o] @Al
A 712 WS 2AAL F8 AH R} Aol S vl A stk
FHAE, 27 Z2EEYS THEo] HAES Fge &
TFE4 AL Fdol 8AE Hristy, HEW S £ 5t
Nt Fdlo] BI2E SA7E Atk Al AR, 4, ofe]
o, gl E, HE 59 AY 845 Frleta il g
S A 24 E FEehe AR 84 F7F @A
ppxeto 2 HkEAQl HAEES Fa) W19 BAE &2
St HFAd A4S Tl S Sdse T HEE

o]

1 CiRelu 7 A

o
i
o
vz}

1
shbstt A4 A T4 sl

Zeoloi7t =X} MM E =
4 e e Ase AS FRE Ik oldT W

Lo rfr

TAR19] A2 vatel e
atth= deltk ey 71 4 bAge
Z o] FojA]m, whEAl 233} A7k

& 240 7k
o FE FHY0

A3, et

o
1o
oX,
[
=
re ng

¢

b
L

-

7

ZEAE AL B Ay Aol AL olg@

s 2st7] Slal G tAlS A& R AFS 5 9l

thegt A7k AP HAT) g Bol, HAlA duE)F
283 ArelMe HE A9 dl 2ol s Ee
LI ES AR

B &
X
o
o
N
©
<

N
iR
7
ro
2
lo
N
iz

e} 10
fu

=
=
SIS, = T2 AP A4
3
8
3

r
Sh
ot
ins
i)
=
r2
[o
fu
d
Y
e
Y d

dlo

HAto 2% st ol =5 AP 5 e A wE
g2 AlQtety BE AT E %

0]
A
THE ol g3 ME AYE AFoE
3
s

il

g 243k AY AU A4
S FOEH, AY BT
ol o] AY AWE Y o ARHE A7

T e Yol AtE AT

i

2. WM™ Al

AAE Ale To17 HolHZRH N2 TUxE A5
o2 ANt AFA T 7IEelth oy s 44E Ald=
Chat-GPT, Z-H|o]2 T34, 2], =4 (Midjourney)
5ol Stk ¢] 71&2 Y9AE onx|, 4] § thde J
o] Holel & gs5ated Q17be] RhE A fARE A ZE ol
OB E AT & A= THE NI Atk olHe T
A W5, A

3 =
oA FAHl E72 ds] ALEHY vk AGE Ale

[ e

N

[e]
?:! 7H 1l o

[e)
Aot A4 B E shfelth tFd BYS Wy S8

(Variational inference)3} %51 &% (Langevin dynam-

s dolEle] FEZ Sats PHS Ao, ol
UFEA 299 722 FYHAT of BA Y ol
Bl 4402 ol 28 F7he %, 3 #AS Fa
ol 2 A Aol Y HolElSt fALE olplA S A%

E ECERE L BIERIEE SRS



AT ANY Al 289 A A A A+ 627
(Young Ho Kim: A Study on Level Design Generation Using Generative Al)

Ho
riu
o
[N
et
)
of
o
f
rEl
il
2
£
I

ik 2 AR 24 (Forward process)s 9 3t 214 AR T U A=
(Reverse process)2. 2 FA R A7 Ao A= HlolH
of 22 Lo|ZE WMEHO 7T Frlste] HAHOE ¢ W
& ol27h 23 Ho|HE A8, ol& AlZkel whet . 2 cixjel MM AJAR 35
dolE7 #ddt B2 2 #shA frh 4k oM =

o] 27t B HolH A Al&ete] HXAH O R ol2E 2 A7E ANY AIE &85t A g bAl
AAsH QE HolEe] REZ EBLlFt) o] F FHS ¥ 4 OaRlE AEskete A2 158 1 b S
i FEH FY s9%S 2%eto StEEH, 53] AA gt Ale BEE it o] F S8 v A2 e
2 &4 tF4 Zd(Denoising Diffusion Probabilistic I A" S A skt

Models, ©]3} DDPMs)< ©]& 3t & 53l =2 F29 A HA Y AIE EE3 vlolH S 2EHolE o
olm| A& Ak vl AFetsitt o HH > =] & FAE &8st ZEZE B st 34 S 245
A AT FAI, GEEY Hde B3 FEE T Ho dole S 8 gt g FEoAe s 2d

Jole] Bx =2 F3}7 B Bl 2gtE &85t o /A AAES AT

O F Fpate] AFAH oluNE AT F e THS o G AAEME AR fA T4, YT, ET
B, o)2)3 ket RS &-g-sto] Fx) H A QHAE FOZ HolEE EHath 7 WA, Zdetdal
= o] 2Ho|E TFA, = oAl A A omx] o] A} 3 7INke 2 H]oE

7, g, sz
=
[S)

AY, Chat-GPT 55 ol43] #3944 & oulx] AFs 5 AWsho, 234 44< §3 3D 522D &4 W=
AA el Hgstal ok A& o, ez AT THETH S g QBAE iR S FEl F419 SR
ATE AHE-3lo] “Heinz AL Ketchup”olghs 41 34 E U5 ol ougt AA=E APAo] A=A 7sdt
AAR o, o= A7} A S A W tiRelo] EA o]t} Al A, AGE B AR ' S S-S T A
ol21gt Atgl= A4 E Al v Y 2 33 Holo| A dn} H o] AAE S o7t 7hed ARV AeA, 277
U A3 27 E ARE F IEAE ol o9k 2ol A o]5o] 7Fdk FRIA ATk A s & 5
UiFd 2o Y Ale] Q38 FRO= 2|7 9 VT ZAE & GuEEs B8 Fdolod 4= 2 &
o, o] &3 YT A S-&o] Ee] MYHY & o] FAIZ A9 et Y A g
2tk thE¥F 2l o 2= NVIDIAS] GameGAN ZZAH E7}
91T} GameGANS PAC-MAN A9 9] #lds} F3S 4 1. O[D0|X| H|O[E A
st 23 dES G 5 e Al Zdoltt o] ZY
o A9 FEAe] FHI} L sl Zao]olr} 3T dAA = 2EHolE UFAS E83te] Hd vzt
| Stable Diffusion | | Real-Time Engine |
Generative Generative Path Finding
Image Environment Algorithm

SET Prompt

SET CFG scale

SET sampling step
SET seed

GET Pixel Data
CAL Height Value
SET 3D Object

SET Start, End Point
GET Path Length

T8 1. A Rl AN AI2% ClojoiI2

_ oo

Fig. 1. Level design generation system diagram
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Table 1. Generative images and prompts and options
Model Name csgolmprovedRadarTop dndMapGenerator

(Check point)

Generative
image

A game mini-map with only two colors: yellow and blue. Yellow represents the navigable paths,

which should be a single continuous path with multiple branches, connecting start to end. Blue

prompt represents areas that are not navigable. The design should be clean and monochromatic, with

(yellow paths:1.3), (blue areas:1.2), and (clear, connected path:1.3) for a straightforward and
organized map appearance.

options

Steps: 70, Sampler: DPM++ 2M, Schedule type: Karras, CFG scale: 29,
Seed: 3011864351, Size: 512x512
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Table 2. Algorithm for procedural generation

FOR each x from 0 to image width, step xInterval
FOR each y from 0 to image height, step yInterval
GET the color at coordinates (x, y) from the image
SET sampledColor to the retrieved color
CALCULATE the y-axis scale based on sampledColor
SET yScale to the calculated value
SET position to (x, 0, y)
CREATE a colored cube at position with size xInterval and yScale
ENDFOR
ENDFOR
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