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ABSTRACT

Smart Factory consists of digital automation solutions throughout the production process, including design, development, manufacturing
and distribution, and it is an intelligent factory that installs IoT in its internal facilities and machines to collect process data in real
time and analyze them so that it can control itself. The smart factory's equipment works in a physical combination of numerous hardware,
rather than a virtual character being driven by a single object, such as a game. In other words, for a specific common goal, multiple
devices must perform individual actions simultaneously. By taking advantage of the smart factory, which can collect process data in real
time, if reinforcement learning is used instead of general machine learning, behavior control can be performed without the required
training data. However, in the real world, it is impossible to learn more than tens of millions of iterations due to physical wear and
time. Thus, this paper uses simulators to develop grid sortation systems focusing on transport facilities, one of the complex environments
in smart factory field, and design cooperative multi-agent-based reinforcement learning to demonstrate efficient behavior control.
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2.1 Sortation System
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2.2 Deep Q-Network (DQN)

2k 718K (Value based) 73} sh59] t®E2Ql g2
DONe= 2 & SltH11]l. DQN2 ofo l HEZ} 3=t
AoZrgsl 42 AES HEoR vy R4 BAE d5
Sh= Qs.a) 32 HHo|ERIT. of7]4 B3 Experience
Replay Memory©oll A= MEFS Bofl 44T A
o]E7} o]FojAt}, Experience Replay Memory:= F0]7]
o] g W AGE AP o ¥ ARRE 5 o FEY
AME 580 EoAH HEoE HMEHstEE Y 19| =

L Correlation AE 2T & Ut

2.3 Proximal Policy Optimization (PPO)
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3.1 Controller
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3.2 Parts in the Developed System

1) Box
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5) Belt Conveyor
Belt Conveyore BeltE 3|AAIA 25 &7

a) Input Side (North, South)

Z} Belt Conveyor 9Jof| Emitter7} 3t 7§ o] Q. =
a0fl= FAS) doH, Emitter’t 322 dalste & of
3HE-2 QA% Chain Transfer® O|BA7|EE 7HsHr}

rlr o

b) Output Side (Left, Right)
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7) RFID Reader

RFID Reader+= Ao F2HE RFID Tagoll Datag #
A & 4 Ut RFID Reader= FAJo] §t 7§9] RFID
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a) Input Side
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b) Inside

Chain Transfer?ttt $J&o] RFID Reader’} 451,
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8) Diffuse Sensor
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.

ol

a) Input Side

Emittero|l Al A8 A= RFID Tagoll 7% HZA
Data”} 2ol=t], M2 42 o = T At oo} g},
F4E 71¥ 22 Emitter §&0] Diffuse Sensor7} YA|5}
of, M=z A" JARIA FEIT E, AA7F RFID
Readerd FRHHYN A=A TX|gct.
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3.3 Developed System
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Fig. 2. Cooperative Multi-Agents RL Configuration

4.1 Environment
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1) Optimal Routing

LE Sorting OO|HEE AR3H ARE @A YA A &
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2) Congestion Control
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3) Collision Resolution
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4.2 Action Definition

1) Sorting Agents

Z 9719 Sorting oloJHE F HE] U= olo|HES
(Agent,~ Agent,)2] Action Spacet {Stop, South, West,
East}, 7}El<0] 9= ﬂ]O]ﬁE%(Agent4~Agent6)g Action
Spacet {Stop, North, South, West, East}, ofgi&o] 3l
= O] EE(Agent,~Agent,)2] Action Spacex {Stop,
North, West, East}o]t}. =E Sorting Agent= EFY AH|
ottt RS 293 A9, A4 Action Space©A] gt 7t
A AL it

2) Emitting Agent

Emitting oo|HE= Bt A”bc} 67]9) Emitter 22t
o disiA EF t7] U AL AT Sorting oo]HE
oA BEA] A3ttt =, ZF Emitter+ {Stop, Emission}
% 3 7HA] HAHE AEst, Emitting oO]HES] Action
Space Z7]& 2°0] Hrt}.

4.3 State Definition

HE JojHEE 2719 AER FAHE 5x5 oHAE
StateE AF8Rh. olu]x9] 2+ WAL s S1xe] EAfsk
oo]HE &2 HHX|o] gt FEE FI oH, Part't &
AR F= 4709 I FE2 022 AZt. Stated] A
WA AfdofA, ofo]HE 91219 YAlofl= g o] HET}
A85F AR EFY ZH(1: Small, 2: Medium, 3: Large)©]
YPAH A7) glow 008 RFHLH E, BAX] 939
Ao EAAE 12T 5+ ULE 25 @1t o, -2
D,, =31 D)ol PR HE oo]HEY] State= A WA
Ade] Zov] = WA Ade BF M= thch

1) Sorting Agents

Zt Sorting OO|HE+= Stated] F ¥ = E19] 9
2] AEE "ohdith. &, AH419] 91Xl gAnt 12 RYA L
UmA= 002 EFH

2) Emitting Agent

Emitting Oo]AEE State®] &+ WA L2 g &Y
2804 Sorting Oe]AEEC] AEst AAH HEE Hopd
o} AH JHE 7F gAof 3y Sorting Oflo] M EV} MEsh
A9l el A(0: Stop, 1: North, 2! South, 3: West, 4:
East® HHHCE &, Sorting Olo|HEET T2 A WA
Agdol] #8E HA] JHE F7HETh v 92 &, Emitter
7F 9Aek= 6719 g4 002 YKt

4.4 Reward Definition

Table 12 £ @704 AHRE ggeo] FHALER,
Symbol#t 9Ju|7F td o] 9t} Coefficientts dto]m{m}
B EA & A9 Aol AR Frolw, Values sf
g Symbolo] 7Hd 4= U&= Fol MAE yehdh

Table 1. Reward Component

Symbol Meaning Coefficient Value
stepf’ Step Pspep="0.3 oorl
.
right, . Porigne=1.0 oorl
s Sortation _ 1
wrongt’ lu’u,'rong__S'O 0 or

oscz’llationf’ Too Many Steps | Hoscitiation="5-0 oorl

aritic,

. . _ oorl
ritic? Collision Critic Heriric="0.25 0.1 6
balance; | In & Out Balance | Hgancee="1.0 | 0, 1, =, 6
emission;” Emission Hemission=0.2 | 0, 1, ==, 6

1) Sorting Agents

Equation (1) & A% ¢4 Sorting Agents°] &
ZAHog W YT Aotk 2412 5719 Symbol & ©]
Fo]x Qo™ ZF Symbolol Coefficient”} H3A4 &S &
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J3tt}. Sorting AgentPtt}h $24]o] Eg & o] 7} Symbol
£ 0 B 19 38 7H 4 ek WA step] 2 T ool
E7} o el 299 JHS Sgar] W, AAE 48T
A% 19 ke ZE s S 4A7L AFe] AR B
A Aztow BREEE s A8 woh right & A
ool e} 8l el Agle) g Bo) 4AE &¥e =
AR BR A9 19 ¢ 2ET wong e T o]
E7} ol Bl 2l9) Aag Bo) 4R Snte) gL
AAR BRI AL 19 &g Ak osclation’ S EY
A&E WolA dF ololMET 4AE 240 A5
VAR 2 A9 19 e AET oscillation S £

A7k 0 Azt B BREA G AEINA PES S o
Fg Bk it AT oolHET AT HY Ago)A

Collisionoll Bojsl % 19] kg et

1.

-
o
=
o

(AU B O

N
-

A

o

S S -3 5
= :uslep X Stept + :ur'ight X Tlghtt + luwrong X wrong, (1)

. .5 .S
F Loscitiation < 08cillation,” + pu,.;,;. X critic,

2) Emitting Agent

Equation (2)= Y AH| ¢4 Emitting Agent”} =7}
Hog W= gt falojtt =412 37[9] Symbol= ©]F
oA 1o ZF Symbolol Coefficient”} HallA #4S 24
3ttt Emitting Agent= 6702] Emitterg Alolotz Z+
SymbolZ 00141 6 Atol9] Zh& 7HA 4= Slth. WA critic >
3G et 27loA 6719] Emitter 5 F=of I3t Emitter
o] £5 o= ZFt} emission”S G EFY AEO|A 674
9] EmitterE 59l Emission H+&= AR} 5 3oz ZH=
t}. balance;= T B ARIOA Emission =& AR 9
EAR R EREe A& 9 AolE #HeE 2=t 974
e SHE ERUA SHEA 32 ERUA FESHA
A=tt.

e X balance + 1 X emission! )

= Mialance emission

+u X critictE

critic

4.5 Collision Resolving Rule

Fig. 32 &4 g A"olA AHE =8¥617] A9 Collision
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4.6 Episode Termination Condition
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