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A Random 2D Environment Generation Framework for
Learning-Based Navigation in Office Buildings
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Abstract: Indoor mobile robot navigation through reinforcement learning (RL) represents a
significant step forward in robotics, enabling adaptive, efficient, and autonomous navigation
capabilities. Effective training of RL agents to navigate unseen environments requires diverse and
interactable settings to generalize across various indoor layouts. While existing frameworks largely
focus on generating images of home-like environments, this paper introduces a novel 2D
environment generation framework designed specifically to create interactable office building
layouts with diverse shapes, corridor structures, and spatial configurations. Additionally, we propose
a partially observed map generation algorithm that is essential for running RL simulations
effectively. Our framework provides training environments that foster the development of robust
navigation skills suitable for complex, real-world office settings.
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[Fig. 1] An example of full indoor map; walls, doors, rooms,
corridors, outdoor space are represented with red, green, yellow,
blue and black color, respectively
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[Fig. 2] Examples of edges and corners of the building; 5 edges
(top) come together to form 6 corners (dark blue area of left
bottom figure), creating H-shaped building (right bottom)

I s
cm— —

[Fig. 3] Four types of building edges; (left top) no room space,
(right top) one room space on the top side, (left bottom) one
room space on the bottom side and (right bottom) two room
space on the both sides
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[Fig. 4] Methods to adjust room space and corridors in each
corner

[Fig. 5] Rooms are generated by dividing the room space and
doors are created where the rooms and the corridors are met; all
lengths of edges are 0.8, (left) w =0.1, w =0.03,

desired noise
(right) Wy, 4ireq = 025, w =0.03

noise

[Algorithm 1] Algorithm to generate random full map
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Outputs : a map data with 1nformat10n of its rooms, corridors and

doors

Begin (Algorithm)
fori=1to NV,

edge
T R A
Generate edge with p', ,, D'y D'y,
PR .
Generate room spaces with p', ., p’,,,

end for
Detect all corners and adjust corridors and room spaces

Divide room spaces into rooms by w0 ;> Whoise

Generate valid doors
end (Algorithm)
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[Fig. 6] Corners of the walls exposed to the corridors are
represented with white color

[Fig. 7] 8 types of wall corners; Blue pixels represent corridor,
red pixels represent walls, and pixels with white circles
represent pixels that are the corners of the walls
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[Fig. 8] Example of waypoint creation; white arrows indicate
the navigation route, and black in-circled numbers indicate the
order of waypoints
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[Fig. 9] Examples of generated various full map images

[Fig. 10] An example of a warehouse-type map created using an
overall map data generation algorithm
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[Fig. 11] Examples of generated partially observed map images;
the left figures are the original the buildings being searched, and
the right figures are partially observed maps obtained by
searching along the randomly generated paths. The generated
paths are represented with white arrows and unobserved areas
are shown in gray pixels

ASEL 3149 5 Fejol ek gl e Sof 4
H A2 ol §HUIL, B2 JIY Mol 325014 e
LE|ES ol gto] ARSI, HETA S FHS B4
SEEEALTES

Yol 8 A4S 913t LielE Akt £ o] ]
Sl 7| 27 el e B4R A o
5alo] ojwst F7H(Y, Bz, ¥ 5)& LhehhieA] 4
oD 16] 58] Bololeh, =, 019} 2ol
A5/} 450l Fs Sl ol21% ol 831of
4 A5 olel Ao Qele & At olgier
AR A %05 ol 20| ol B8 P2 A
BE| A% A YL AESHe A% Sk 5 ol 2 7]ut
Hpo] o}6-8 4= 9lck.
5 2 =2 Yol AL o]
B BEHA S I B
I

=0 5L.Q=
S 83 A%

N

l

_l\l oéﬁ

u

e rsl

1
ll

©

o%; HL

ox
olv

8] 1Y B2E A=y
4%%£ﬂ%£§%ﬂﬂ@
2178 o]t

62 ¢
¢
o
d
i
Jot

References

[1] J. Han, D. Kim, Y.-B. Ko, and D. Kwon, “Centralized TDMA
slot assignment scheme based on traffic direction for QoS
guarantee in unmanned robot systems,” The Journal of Korean
Institute of Communications and Information Sciences, vol. 41,
no. 5, pp. 555564, May, 2016, DOI: 10.7840/kics.2016.41.5.555.

[2] J. E. Kye, “Trends and acquisition strategies on defense unmanned
robot core technology,” Electronics and Telecommunications
Trends, vol. 29, no. 3, pp. 118-130, Jun., 2014, DOI: 10.22648/
ETRI.2014.J.290313.

[3] X. Zhang, B. Li, S. L. Joseph, J. Xiao, Y. Sun, Y. Tian, P. J.
Mufioz, and C. Yi, “A slam based semantic indoor navigation
system for visually impaired users,” 2015 IEEE International
Conference on Systems, Man, and Cybernetics, Hong Kong,
China, pp. 1458-1463, 2015, DOIL: 10.1109/SMC.2015.258.

[4] Q. Zou, Q. Sun, L. Chen, B. Nie, and Q. Li, “A comparative
analysis of LiDAR SLAM-based indoor navigation for auto-
nomous vehicles,” IEEE Transactions on Intelligent Trans-
portation Systems, vol. 23, no. 7, pp. 6907-6921, Jul., 2021, DOI:
10.1109/T1TS.2021.3063477.

[5] M.-Y. Choi, W. Shin, M. Kim, H.-S. Park, Y. You, M. Lee, and

H. Oh, “Collective navigation through a narrow gap for a swarm

of UAVs using curriculum-based deep reinforcement learning,”

The Journal of Korea Robotics Society, vol. 19, no. 1, pp.

117-129, Feb., 2024, DOI: 10.7746/jkr0s.2024.19.1.117.

Y. Zhu, R. Mottaghi, E. Kolve, J. J. Lim, A. Gupta, L. Fei-Fei,

and A. Farhadi, “Target-driven visual navigation in indoor scenes

—_
N
[}

using deep reinforcement learning,” 2017 IEEE international
conference on robotics and automation (ICRA), Singapore, pp.
3357-3364, 2017, DOI: 10.1109/ICRA.2017.7989381.

[7] S. Oh, J.-H. Park, H.-Y. Choi, and S.-H. Ok, “Development of
simulation environment for a ROSbased mobile robot rein-
forcement learning,” KIIT Conference, pp. 533-536, 2022, [Online],
https://www.dbpia.co.kr/journal/articleDetail ?’nodeld=NODE11
183874.



470 =355 =54 4207 A3 E (2025.9)

[8] H. J. Kim, S.-M. Kang, and D. Kim, “Development of auto-
nomous driving algorithm for robots in high-rise buildings using
Gazebo simulator,” Journal of Institute of Control, Robotics and
Systems, vol. 28, no. 8, pp. 758767, Aug., 2022, DOI: 10.5302/
J.ICROS.2022.22.0093.

[9] S.-H. Choi and J.-K. Lee, “Generative Al for automated urban
housing floor plan generation,” Korean Journal of Computa-
tional Design and Engineering, vol. 28, no. 4, pp. 514-523, Dec.,
2023, DOI: 10.7315/CDE.2023.514.

[10] J. Shim, H. Kim, J. Lee, and E. Hwang, “Building plan gene-
ration technique using Pix2Pix,” Korea Information Science
Society Conference, pp. 638640, 2021, [Online], https://www.
dbpia.co.kr/journal/articleDetail ?7nodeld=NODE11035802.

K-
7l
nl

HOII

.|_4

2019 Ah2hstal 71 A S (B

2019~8A] AEeta 7 AR EA )

2019 AAehEtaL 77

2021 A& 7| AEERH(AIAT)
2025 AtETiEt 7| ARSI
2025~81A) KIST B ES37-2

Aok 25 24, Learning from Demonstration

S T
2022 A GUISHL 1A ZSHREAD
202287 A &ojBL 71 ATRAID

2024-37) A Lufek 7S] )

= [

Tilok wAl 2

g, 25 24

[11] P. E. Hart, J. Nilsson, and B. Raphael, “A formal basis for the
heuristic determination of minimum cost paths,” /EEE trans-
actions on Systems Science and Cybernetics, vol. 4, no. 2, pp.
100107, Jul., 1968, DOI: 10.1109/TSSC.1968.300136.

[12] S. Suzuki and A. Keiichi, “Topological structural analysis of
digitized binary images by border following,” Computer vision,
graphics, and image processing, vol. 30, no. 1, pp. 32-46, Apr.,
1985, DOI: 10.1016/0734189X(85)90016-7.

[13] T. Asano, “Efficient algorithm for finding the visibility polygon
for a polygonal region with holes,” Transactions of the Institute of

Electronics and Communication Engineers of Japan. Section E,
vol. 68, no. 9, pp. 557-559, Sept., 1985, DOI: 10.24517/000
62806.

Al

a
2002 ZA3stl 7| A Es(SAD
2004 73fehta 71 A SHHAAD
2013~AA) LIGHI2 s 74

0x
MM

iheok Xk%zrfiﬂ A, dFAI

Mo 3
2018 LUt 2SR AWACTIFEH)

% & 2022 SR{theksm A7) A8 Alo] ik,
— AR AP

‘ < 2022~8A] LGY2¢ A7
E

5 Alo] % AZ A28, 487

= o
t—'!"é'-r

1985 MIT Elec, Eng, Comp. Sci SHA}
1991 Harvard Univ, 2858} ¥lA}
1995~&A AM&tieta 7|AE e us

=
L

Aok 2lit 7lekel, 25 Alof, =X 2

J, 7R v



	오피스 빌딩 내 학습 기반 내비게이션을 위한 랜덤 2D 환경 생성 프레임워크
	Abstract
	1. 서론
	2. 랜덤 전체 지도 생성 알고리즘
	3. 부분 관측 지도 생성 알고리즘
	4. 지도 생성 결과 예시
	5. 결론 및 향후 계획
	References


