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Facility Layout Problem (FLP) aims to optimize arrangement of facilities to enhance productivity and minimize costs.
Traditional methods face challenges in dealing with the complexity and non-linearity of modem manufacturing environments.
This study introduced an approach combining Reinforcement Learning (RL) and simulation to optimize manufacturing line
layouts. Deep Q-Network (DQN) learns to reduce unused space, improve path efficiency, and maximize space utilization by
optimizing facility placement and material flow. Simulations were used to validate layouts and evaluate performance based
on production output, path length, and bending frequency. This RL-based method offers a more adaptable and efficient
solution for FLP than traditional techniques, addressing both physical and operational optimization.
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2.2.1 Multi DQN (Multi Deep Q-Network)
2 dAtollA= Azl HA3E A sidsh] flaEl 7=

DQN 125 gAsto] HEYIE 712 AAISI). o= 3
T EAZE Gd HELARE o] ofel S AdEiet 8
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gorithm 1 Multi DQN

Initialization

Initialize Replay Buffers:

* Regular Task Replay Buffer Dg,,,,, with capacity N
* Cell Task Replay Buffer D, with capacity N
Initialize Networks:

* Regular Q-network Qp,,,/,, With weights Gy
* Cell Q-network Q,;; with weights 6.,

egular

» Target Regular Q-network Q;egu 1ar With weights «9;
* Target Cell Q-network Qge,, with weights QCTG,,
=0.1

egular

Set exploration parameters & = 1.0, &,
Set t =0

in

Training Loop

1:

[V B NS )

O o0 3 O

11

12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:

23: L =

24:
25:
26:
27:
28:
29:
30:

for t<t,,. do

:If t#1 then s, =s,,,
: else get the initial observation s,
: end if

: Determine Task Type task type based on environment

conditions

:If p<e: then
: Select a random action a,
: else

: Select a, based on the task:

argmax 0, oguiar (S @:0peguiar).  if Regular Task
a{ argmax ,Q c.i(8, a;6c.11), if Cell Task
: Execute action a,, observe a,, r,, done
Store experience e, = (s, a,, 7, 5,.1,done) in
Dpoguiar if Regular Task, D, if Cell Task
Sample mini-batch:
If len(Dgogyy,r) Z batch _size then
sample from Dp,q,/a,
If len(D¢,;) = batch _size then
sample from D,
Compute Target Q-values y:
y =r+ymax,0.(s',a’;6;)(1 —done)
where 07 € (Qregutar Ocetr) O € (Oregutar Ocen)
Compute Loss L:

L5 (- 0(s, a;0)

* batch size
where Q € (QRegularQCell) > Oe (HRegulaVHCell)
Train and update Q network’s weights
Minimize L using Adam optimizer

Every C steps, copy:

elze-egular <~ eRegular > egell <« eCell

Update exploration rate:

& = max(g,,;,, €xdecay rate)

in>
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Table 1 Parameters in algorithm 1

Parameter Value Description

N 10,000 Replay buffer capacity

a 0.001 Learning rate

y 0.99 Discount factor

& 1.0 Initial exploration rate

Enin 0.1 Minimum exploration rate

Dacay rate 0.995 Exploration decay rate

C 100 Target network update frequency
Batch size 32 Number of samples in mini-batch

Table 2 Architecture of algorithm 1

Layer Input Size Parameter
Input Layer 20 x20
Fully Connected (fc1) 20 x 20 20 x 20 x 64 + 64
Dropout 1 (p=0.3) 64
Fully Connected (fc2) 64 64 x32+32
Dropout 2 (p=0.3) 32

Fully Connected (fc3) 32 32 x Action Dim + Action Dim

Table 3 Manufacturing line data

Station # of Stations # of Tasks Cycle time
Station 1 1 1 344
Station 2 1 1 38.6
Station 3 2 1 32.8
Station 4 2 1 347
Station 5 2 1 31
Station 6 1 3 349
Station 7 2 1 342
Station 8 1 1 33.1

oF. g, Sk TPolA AL HIEYIZe] 2L Table 20]
eht olck. ag mEe 2 dolee] AL Boln Fr
EAS FE317] 93l Fully Connected #|©]o}2} DropoutS 2
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Fig. 2 Factory environment
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Episode 0 Episode 2500
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Fig. 5 Learning process at the starting point(0, 4)

r, if done = True
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Cumulative Success Count Over Episodes

—e— Success Count (2,5)
900 1 —e— Success Count (2.13)
—o— Success Count (4,0)
~e~ Success Count (4.6)
-~ Success Count (14,9)

Cumulative Success Count
2
8

Episodes

Fig. 6 Cumulative success count over episodes

Z| 7 o] A27} m&E o], Q3 Conveyor 7ht 719 ¢lo]
2 Agk w27} o]Foi Frt. whzbA], Multi-DON Hglo] ks i}
& Bl Azl A= B EAE 5820 s, o
Ao At ARE T5at92 Felsklrt.

4.2 A0 Tl HS

epekss ol A Axeielo] 2 0 ARE At
e, o2 slitem Agdolde Sa A B
k. Az 7F 9] AolF BeE 71EOR F 641k
A RS BESITh 2B AOle BE ARl A
apat ., AR Boll 2 Alukel o] AkkEe B
sk, 24 Ak, g golEAle Cycle Timeo] 71 StationS0]
7stakes BAol A e Cell x| slo] 21gjo] FAJo] ool
A 4 Qe AR wEe] A BolA SR Aol7h



260/ March 2025

Final Layout Start: [6, 6], End: [4, 15]
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Fig. 7 The top three scenarios
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Fig. 8 Most inefficient layout

Table 4 Indicator analysis

Start Point Production # of Conveyors # of Turns Space usage

2.8) 414 2 0 0.090
(3.6) 416 0 1 0.090
(4.8) 414 0 0 0.118
6,1) 416 0 2 0.087

UFEPLER] @lolet. whebA] Table 49} Zo] ME 2% Alkele
s HEgo R F2o 7o) 31429 F71% Conveyor 715, &7t }
AR ee 3 BAstel 2bael B WIS Saskaint.

o] 7b Bl 439l 374 AlLel 0.2 Fig 7ol Ll
ol AU oflM= HE HRAol R AY Slprt Ao
W, H43}1E Conveyor 7171 EXolt). =% & 9] Aty
L F 7P vlasAoletal wekel AU = Fig. 80|t} Ak
F ZHo| = & AFol7t QIRANE =71 Conveyor 7H=7F 10
Az B2 A4 %ol 74 A Uehdet.

5.

My

B

# AeIA Jaeiat Agdlol i Beslel W FF
Hesish Azelele] WA AAsHE xS, Ao

2 g o
012 3 456 7 8 91011121314151617 181920

012 3 456 7 8 91011121314151617 18 1920

glojokx AARlA 33t B840 =04 F=2

ekl o FH Folon, ABdelae AAl A% srol
A Trors Al AT Beld Aok wraid AnE AT
o). o]2 Bl B A% A AWA A BAY

7= Q= ook dAIskIT
Chgk, & Atol A= Aslelsy Bdo] 54 ehof vy o3
7] wiZel, edol vk A oAl asloR s dnks)
3o A AR olF 2 6}71 s &= 04—?01]*1%
o ofju]aEnit thE 2he
sto] Y& Jﬂ«l FAYE ff%“l?%
AFA 852 WA As)st=
g dlolHAlE 7uke g e Jwg 7 EHTOH JM]
7t Hlole) By 2A7F FEHAA Yotk 5 o
OIS B8 e AW A%, Tl 2 A8 W
2487 Q-Networke] Jd|o]E 1] E
3k o Ao|c}.

2 AolA= ZEteksa AlEdelde] s S
‘IHTOH, T ZEAIA 7R AARE FB Aol AlghA o). gy
AtolAs Apeksa AlEdolde AAtte s FRtsto] o
o ZY A WolA =21A MRS} =22 FHAIE SA
of 2ot WHES AT oot Aakshse] Bt AlAl=
AlEdlold s £ vhdste], 37 &84 B FE
23} Hut ofuzeh, Al F4 Y] AAl 7 Edvhe v
Wl ] 2As} 7hsstes AAT ool

ACKNOWLEDGEMENT
o] Qi Aeue|athet wATH]e] MUo Fay
Hotact.

REFERENCES

1. Pérez-Gosende, P., Mula, J., Diaz-Madrofiero, M., (2021),
Facility layout planning, An extended literature review,
International Journal of Production Research, 59(12), 3777-3816.



a

YUSSEX| K423 M3E

March 2025 / 261

10.

11.

12.

13.

14.

15.

16.

17.

Drira, A., Pierreval, H., Hajri-Gabouj, S., (2007), Facility layout
problems: A survey, Annual reviews in control, 31(2), 255-267.

Steinbrunn, M., Moerkotte, G., Kemper, A., (1997), Heuristic and
randomized optimization for the join ordering problem, The
VLDB journal, 6, 191-208.

Singh, S. P, Sharma, R. R., (2006), A review of different
approaches to the facility layout problems, The International
Journal of Advanced Manufacturing Technology, 30, 425-433.

Luenberger, D. G, Ye, Y, (1984), Linear and nonlinear
programming, Springer.

Nordin, N. N., Lee, L. S., (2016), Heuristics and metaheuristics
approaches for facility layout problems: A survey, Pertanika
Journal of Scholarly Research Reviews, 2(3), 62-76.

Yang, X.-S., (2011), Metaheuristic optimization: Algorithm
analysis and open problems, International Symposium on

Experimental Algorithms, 21-32.

Ikeda, H., Nakagawa, H., Tsuchiya, T., (2022), Towards
automatic facility layout design using reinforcement learning,
FedCSIS (Communication Papers), 11-20.

del Real Torres, A., Andreiana, D. S., Ojeda Roldan, A.,
Hernandez Bustos, A., Acevedo Galicia, L. E., (2022), A review
of deep approaches
manufacturing in industry 4.0 and 5.0 framework, Applied
Sciences, 12(23), 12377.

reinforcement  learning for smart

Lee, S. H., Ji, S. Y., (2021), Development of an Al-based spatial
arrangement simulator using reinforcement learning, Journal of
the Architectural Institute of Korea, 37(11), 43-53.

Choi, H,, Yu, S, Lee, D., Noh, S. D, Ji, S., Kim, H., Han, J.,
(2024), Optimization of the factory layout and production flow
using production-simulation-based reinforcement learning, Machines,
12(6), 390.

Klar, M., Schworm, P., Wu, X., Simon, P., Glatt, M., Ravani, B.,
Aurich, J. C., (2024), Transferable multi-objective factory layout
planning using simulation-based deep reinforcement learning,
Journal of Manufacturing Systems, 74, 487-511.

Mnih, V., (2013), Playing atari with deep reinforcement learning,
arXiv:1312.5602.

Sutton, R. S., Barto, A. G, (2018), Reinforcement learning: An
introduction, MIT Press.

Watkins, C. J., Dayan, P., (1992), Q-learning, Machine Learning,
8, 279-292.

Arulkumaran, K., Deisenroth, M. P., Brundage, M., Bharath, A.
A., (2017), Deep reinforcement learning: A brief survey, IEEE
Signal Processing Magazine, 34(6), 26-38.

Farebrother, J., Machado, M. C., Bowling, M., (2018),
Generalization and regularization in dqn, arXiv:1810.00123.

18

19.

20.

. Zeigler, B. P, Muzy, A., Kofman, E., (2018), Theory of

modeling and simulation: Discrete event & iterative system
computational foundations, Academic Press.

Van Tendeloo, Y., Vangheluwe, H., (2015), Pythonpdevs: A
of the
Symposium on Theory of Modeling & Simulation: DEVS

distributed parallel devs simulator, Proceedings

Integrative M&S Symposium, 91-98.

Choi, S. H., Kim, B. S., (2024), Intelligent factory layout design

framework through collaboration between optimization,

simulation, and digital twin, Journal of Intelligent Manufacturing,
1-15.

Ye Ji Choi

M.Sc. candidate in the Department of
Applied Artificial Intelligence, Seoul
National University of Science and Technol-
ogy. Her research interests are Reinforce-
ment Learning, Simulation and Al.

E-mail: yejil1138@naver.com

Minsung Kim

Undergraduate student in the Department of
Applied Artificial Intelligence, Seoul
National University of Science and Technol-
ogy. Her research interests are Digital Twin,
Simulation and Al

E-mail: ideagalaxy@seoultech.ac.kr

Byeong Soo Kim

He received his BS, MS and Ph.D. in electri-
cal engineering from Korea Advanced Insti-
tute of Science and Technology (KAIST),
Daejeon, South Korea, in 2010, 2012 and
2018, respectively. Currently, he is an Assis-
tant Professor of the Department of Applied
Artificial Intelligence at Seoul National
University of Science and Technology
(SeoulTech). Before joining the faculty at
SeoulTech in 2022, he worked as a Staff
Engineer at Samsung Electronics from 2018
to 2020, then as an Assistant Professor in the
School of Software Convergence at Myongji
University from 2020 to 2022. His research
focuses on digital twin, data-driven model-
ing, modeling & simulation (M&S) of dis-
crete event systems, convergence of
artificial intelligence & simulation, and
smart manufacturing. He is also interested in
convergence research of various ICTs in the
era of the fourth industrial revolution.
E-mail: bskim@seoultech.ac.kr




	Optimization of Manufacturing Layout Using Deep Reinforcement Learning and Simulation
	1. 서론
	2. 관련 연구
	3. 방법론
	4. 실험 결과
	5. 결론
	REFERENCES


