624 W3 =EA A299 A5, 20243 92 (JBE Vol.29, No.5, September 2024)

'i) Check for updates

|

%= (Special Paper)

2283 =52] 2299 A535, 20249 92 (JBE Vol.29, No.5, September 2024)
https://doi.org/10.5909/JBE.2024.29.5.624

ISSN 2287-9137 (Online) ISSN 1226-7953 (Print)

I

Y AIE 283 44 YAkl A4 A

my

=ayt
Og _Q_a)

A Study on Level Design Generation Using Generative Al
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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.

Keyword : Generative Al, Game, Level design, Procedural generation, Environment design

a) GRSy 71§ T8t Department of VR Convergence Engineering, Duksung Women’s University)
¥ Corresponding Author : %% (Young Ho Kim)

E-mail: youngho@duksung.ac kr

Tel: +82-2-901-8852

ORCID: https://orcid.org/0009-0004-8652-6413
+ Manuscript August 10, 2024; Revised September 4, 2024; Accepted September 4, 2024.

Copyright © 2024 Korean Institute of Broadcast and Media Engineers. All rights reserved.
“This is an Open-Access article distributed under the terms of the Creative Commons BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited and not altered.”


https://crossmark.crossref.org/dialog/?doi=10.5909/JBE.2024.29.5.624&domain=https://ksbe-jbe.org/&uri_scheme=http:&cm_version=v1.5

AYE AN AIS BET A8 U 44 A7 625

(Young Ho Kim: A Study on Level Design Generation Using Generative Al)

B A= AMAY Al(Generative Artificial Intelligence)
71]%]9] 'EB_@ {40l Eﬂ““ Y&k (Level
]

AFsla 1 7hs

ut

) 9 TRl F28 g
TS Edololols] 2UWI BAS A e E
olol7} AYE ARk Fok AL £A HA%} 0|2
Sldshe e AL LAl S, Ao e 29
E2 EQT B4, A Ol A 2uesh A%
2 AYeks 298 S|t A TR S Fl 1Y)

o7k A Aol B Zo] mAEA Sl o2 Baf 2 o)
AlE e FdlolofoAl AEd =4 A E At
15 sl dshs #AAA AHE =7A S debA )

YRR Sed A FHlo] o)l vlE 7AW, S

olofste] AEAEL Eal Aol A, MAY Zolg A
. oeie AR Felolol7t AYl BYL A%
2 29101, ofst o] @

3)
Alde] ARl AdS FINTE Eﬂ 23 9
o

YL JSALIEAS BAE FLT Lo, ol
A 4T ool 28 JFL v,

A8 tAle AY A FPANA AL Holwg =
23 229 34 2 sholth 98 UAAS A AF
Bzl A AT ¥ T ARAE FLF 24 F sht
2, A0S shusih A s Aok 3710 A% 34
o Ti§- =3 Bsitk AR S£Ask A We| BA3A
2744 TR WS T sel Seolahy, Y H
2 RABT ole N BAOE sl AR 2AE AY
EFE UolE 28L 98 W 5L 2nAE, ofolg, )
9E 9l 5YA Fol WANE Akt Aol Bl
T AR GRS ol d A BRL NE v E] Z71s
2 W 7712 olojAnt

AT 2 A A é Al 713% ‘O‘l

Paso] theba

950l 98, oI5E GAES olmAE WO A
29 PUAZ 328 5 Yt 4EE 542 BT 9
o AT AP ALS Bl AU FRE 24
QA TR $7 DAL AEseE A2DL )

Welz, 1 FsAE greks o B4e) gk ol B
BAE AV AY DAl 3ol ol gA 2§88 & geA
g $AS, T ) BEAL PPN S A
Q9 B2 A& AT 5 A= BAE PES Aol

2 ATE WYY AL BE3] A @ Rl
7 OAR1S AEsehE A2UE THAT 1 kA
g < SEE QT o1& fld) & Are A A
74 QAR whre] Aalgth 3 WAl 9AE olvlx o]
H Ago= MY AISl &ElolE t]%(Stable Diffu-
sion)& &-g-sto] &M TAelell A = Sl ElolH ]
WA g Ayshs Zolth AFelE 2ol tFe)
LERZR] WebUlE AHE8H] thfet Bl B Bl
2aly, ZEzEY} SAYS 243l YA H Yo|HE
A

T A=

=

15tk ol2 Fa) g sheb) g Olﬁoﬁ FA%

WAL B4 22 A4tk HYE A1 fE
(Unity)& $&5t0], 241 AT o]nl) BloElE wigo
23D 87 W AHOE AR ov) A9 2t 4
Gl TS 87 848 Aol Aolshy, o2 Eal &

£ 37 o % gl B0 TSt

A Y AR DIDFES F2E AT G PO 3D

QHAES PARI, o 2Hse thrd FH AY
S FEYT A WA DAL deolE FZolth 448
o] AR EeOF F UL FAHY] S13) A* 3

ol

(A* Pathfinding) ¢85S
sl o] FAHANE HE B s A7t

-l> oo rﬂ

QeERs
7
42l

B



r
e

[o
o
oX

[0

-

faiec)

>
i)

ko
=
oot

fob o
H

my
o rlo o

g Yol Z2A e v 2ok A AR, g
N8 FZE 2AAG ZHolole olF AR 23
A& Agste Folokx YRl BAIZF et o] TA¢
A 718 W 2AREAL F8 A2 A ES A g
FHAZ, 27] ZREEQYS BHEY] HAEES 3e F
TFZ9 AY Ed o]
E gAZE ek Al RA
84F Friela g a9y
F7} @A ok
sl W19t FAE WA

l

1 CiRelu 7 A
7 EA g -

& gk oy W)

=

WY
o
i

f
©
ox
o

O:

Z o] FojAH A A AT &

=
il

Ast7] 9 A8 UL &

A7t AYRAt Ag B z

A HE AU dd 28l 5T

FATH, i e AP AR ST ES AL
]

19 toluzh Qe gk Te e
[}

e
o2
(o

s

oo
o

o ko o fo o rir
B> &2 rﬁ

i N
B
2
oty
ot
£

N

.?1_,
o
rr
o

>,

o fo

N
I

N,
dlo

A S ZAstete] A =&
%

AR
=
g 243t AY UAIINA 44
AhEES FomA, A Wax
ol =e] AY A8 e Ul 205

T e Yol AtE AT

e

rir
>

2. AUMBES Al

AAE Al 017 HolHERE A2 FTHZEE A5
o2 st AFA T ZIsolth olgd WA Ald+=
Chat-GPT, 28|0]2 T)F4, 2], =41 (Midjourney)
2
]

flo M
T

ol 3tk ol 7= E, onA|, 28] T thFe J
] dlolgE gt Zhol W= A FARE 22 d

VB YT 4 U FUS /T Ak o) 5

oy
ol
o
2

[e] a%
A w5, A N, G5t AlA, B, e T e ok
ol A Al EFE Fs] AREE I vk AAE AlE
T2 g4k 2 d(Diffusion model)S 7|WHe 2 23T T
FA 22 gt A Gt S T3l olvAE A
Aste A4 e F shdolth Y Ed2 ME FE

(Variational inference)3} %51 &< eH(Langevin
ics)ll 7]%9ES Ft}. Sohl-Dickstein et al.< it 4 S
8] tlolH o 2 E ShEate WS Atstdon, ole
OFd Zde) 7125 g4sta0l. o) R 94 bo
Holl JRAC R o|2E F7he &, A3t A5 Fa
o] 2 E AAst] A vlo]H e} frALEE olr A& A/ S}

ER ECERE L BIERIEE SRR

o
|
2

o
o

=
o



AT ANY Al 289 A A A A+ 627

(Young Ho Kim: A Study on Level Design Generation Using Generative Al)

2t 22 A2 A (Forward process)? & &4k 314
(Reverse process)2. 2 FA R A7 Ao A= HlolH
of A& wo|RE MR O 7 Frlsle] HAFHOR ¢ B
& olz7t 23 dolHE A, ol Al7tel whet
teolel7F #98 X & WA "k JZ4t FA oAM=
o] 27F B HolEol| A AlAste] FRAH O R ko] 2E
A AsH L& dlolee] BXZ B3t} o] F > W
i FEH FY s9%S 2%eto StEEH, 53] AA
2 &4 tF4 Zd(Denoising Diffusion Probabilistic
Models, ©|3} DDPMs)<- ©]&]dF Hs ol =2 F29
oA E A k= Hl AEetiith o] AL =e2lske] &

b g frAbeke, 3EE4 Hde T3 7@€ Ho

5 E4
et al<= DDPMs= HHAA, B3¢ vlolH X5 a4
O 7 Sgate] ¥FHY onAE AT F e TS
HAFAH o5 et thoket Rd S S8-ste] A WA
7, 7Y, 3= F o8 719e] ZHolE HiFA, =
AU, Chat-GPT & ©l-&38l 33 944 3 olvA] A%<
AA Fgel Ag&stal gtk & B, selxe Y
ATE AHE-3lo] “Heinz AL Ketchup”olghs 41 34
Az oH, ol AIZF A AR B HAlo] E4o|th
olg| g AlEll= A3 AZF vHAIE B 0 Fofell A dnt

U AEst SR AMSE F EAE Bt o9k 2ol
O Bl A9 A9 29 7
om, o]F &&3 vkt Aot S&o] Eide] Ay
Atk HEAQ o Z= NVIDIAS] GameGAN ZZAE
)th. GameGANS PAC-MAN A <] @3} 428 8
ato] A2 HES AT A Al Zdlojt) o] 29
& AL 71EHQ AT HHe Sgste] Folol

M
o
fitl
D)
,
i
fd
%2

9T & 9= A=

i

H2E AEoR vHEolul),

Ho

=

0. S cixrel M AAY 7

B ATE A4 AIE FEte] AYS A8 U4
7 AN AFASE A2 T
Yrshs 2

5 5
£ Gk oS 1) et 2w

ol
o
rr
»
il
f

o
Y
1o
offt
rx
i
o
e
o

2

offl
o
i

B LHAT F WA, DA

w = T
ol *

o o M
9,
A
ox
2 oX
ol
o
=)
R
o
1=
o
i
o
N
=
o
fr
=

° o
o

2,
=)
2 Lo

i
-
ox
X,

r
e B
o2
Lo |z
TR
=
ﬁ';
i
ofm
=
=) rg
N 1o
Ml
Y
1 e

3o

¥ N rlr o

D)
rlet
o
o

>
Y
M g
[H o,
e
o >
N
N
olr
o
o
fu
N

A

AU

)

ol | e

N
e =
-
N

N
©
offt
©
o
olr
rot

o of
ro
Y

o gy,
o|X
ro
&
oX
ol
a
N
N
i
ot

oy

v
X
1o
=
r
e
.
=
)
fijo
X
>
ot
i)

1. O[OIX] GOl 4

g dAME 2H ol HFde 28] dd A

| Stable Diffusion | |

Real-Time Engine

SET CFG scale
SET sampling step
SET seed

Generative Generative Path Finding
Image Environment Algorithm
SET Prompt

GET Pixel Data
CAL Height Value
SET 3D Object

SET Start, End Point
GET Path Length

T8 1. A Rl AN AIA% ClojoiI2

_ oo

Fig. 1. Level design generation system diagram
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Generative
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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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FOR each x from 0 to image width, step xInterval
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SET sampledColor to the retrieved color
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CREATE a colored cube at position with size xInterval and yScale
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