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Agent Model Construction Methods for Simulatable CPS Configuration

Jinmyeong Lee - Hong-Sun Park - Chan-Woo Kim * Bong Gu KangJr

A cyber-physical system is a technology that connects the physical systems of a manufacturing environment
with a cyber space to enable simulation. One of the major challenges in this technology is the seamless communication
between these two environments. In complex manufacturing processes, it is crucial to adapt to various protocols
of manufacturing equipment and ensure the transmission and reception of a large volume of data without delays
or errors. In this study, we propose a method for constructing agent models for real-time simulation-capable cyber-
physical systems. To achieve this, we design data collection units as independent agent models and effectively
integrate them with existing simulation tools to develop the overall system architecture. To validate the proposed
structure and ensure reliability, we conducted empirical testing by integrating various equipment from a real-world
smart microfactory system to assess the data collection capabilities. The experiments involved testing data delay
and data gaps related to data collection cycles. As a result, the proposed approach demonstrates flexibility by
enabling the application of various internal data collection methods and accommodating different data formats
and communication protocols for various equipment with relatively low communication delays. Consequently, it
is expected that this approach will promote innovation in the manufacturing industry, enhance production line
efficiency, and contribute to cost savings in maintenance.

Key words : CPS(Cyber Physical Systems), M&S(Modeling and Simulation), agent model
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3} BolojlA] G7tElar 9IthA. Bagula, 2021; S. M. Dibaji,

2019). 53], A= Zoklrle AFe] ‘34 =4 A
o 2AEY 71 AL agd iAo = ZEEI 9

O(X. Zhu, 2017; M. Glatt, 2021), A= 7| vt
HUE P 35 AEA A R SEEHA, &
e A% ALY S48 4R AR Qlch
ole} 22 CPS 7|9k AutE Az 374 9] &2l
98] @AA] ] AlAE O R RE WA= FloE
< sl AHPEE BAY = de HolH 3
, %aﬁﬂ HlolElE 53| what-if analysis 7|5} A 2-2-
Ao 7¥s3t 2] melr, Qo) AAE Aol o
Rﬂﬁd 5“01 7Fsst 7HNEE, & 37HA] A &
71491 A4 25 Z5olof gt}
(Y. Jeong, 2020; G. Zhou, 2020). 0]E A3, 7|1= A+t
e @ l% Jold &t &2 AlEg ol E1E
Agsto] 3742 4 a4 7F AF % FEFCE
AARQl & g ol EE -85k HA(S.
Luscinski, 2020; Parv, L, 2019)& S04 A2== 4
o[ 4, &4, 7HAIS gtolHefe|E Faf W CPS
do] 7Fsstthe Aol Sl whHoll, EollA] At
E4 glolg olEjHo]2(W. Sun, 2021)5 E3)A5t Ho]
B 50| 7Hsato] thefgt AH|2HE 9] HlofE] 4270
ojgith= o] Attt i, T2l AlEH oA
L5 Aehs AR ThefRt CPS 7Y atArgtel ot
A Hagt wro] Ajks Fall 243k CPS g a4
A%E 7FssHl sk AHol QIAIEE ol F fleiAe AlA
8] A% Zojo] Majx|ojof 5lal o|= FFA o7 7]
A|ZFS oF7|SHH. Neema, 2019; J. Sztipanovits, 2014).
CPSE -1/ 5tol| QlofA], Au] AJAR] 415 TA|of 4]
CPSE 7idste] 2| Aoke 4 945 Ajdsh= Alo] ©]
ARoIY, 7|E AEste] FYEIL Qe A AJAEY
it CPSE FH/dsk= Zlo] UHHAQl AF=l o= H]
AZHE o]l 2 @ AlEYold EE é Z
Atk 1y o9 e R WA, AlE
A ASEl= 25 glolg QI Ho|AE A
of AA| Adu] AA"lm 30| Qb= 97t 9l
ofuz}, glojg] wto] 7hEsitietE 2t AxFA o
Ao ZoE olef B s ARE 35l glo]E
FPAlsts ASE A7) ol gRAoR J%E
dlofE wgko g QIgh Al AIAFS] A AS T
4 QUTHR. Sekaran, 2022).
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(Discrete EVent System Specification) &2 7|4} o
ojFE wHle HA ¢l FEsG o, A AILE(PS:
Physical System)3} 7}<] AlE# o] A|ABN(CS: Cyber
System)7t QIE|go] A5 A B sk
AljFeh= CPS mdll 129 G5 A5 f1dll, 27 4
Al oto]a.2 dEg] AJAES] PLC(Programmable Logic
Controller) 8|2} $1gsto], MA| A|AE] Q) A AH
T4 7150l tit ASs stk E3L AdA 24
= 53l AA AILBI(PS) o2 E 9] HloJE| 7] F7]of
U YEYA AA 9 E dlolE o] gl thet
4= Foll, 7] AILEI(CS) AelM 245 Hsl &
T Al AILR(PS) L 2R E 9] oAl HlojE 4~
A 7100 e =3tk
2 =2 S ot 2 2704 CPS 4
R R 71E ] sl drsh, 3ol Aokt
© AlEdlold st CPS e 917t dlloldE 2d
T3 oll s Ak 4ol M Agidel o
Abopolaz A AlAE Bl AY Aue] Lo His)
gkl SAolMe A Aol diel] ke mp|ep
o7 oA B A7 AEE AR

o X oX

2, ¥ A

H Ao|Al= 2717 TAHY ABHolHd =7 I A
BHlo]d =12 AFHoE CPSS A5k Wte] df
3k T Ao dis) Attt

21 B AIZ0[M ETE B3 CPS 7Y T
7 P4 8 9 3 Az o A%E CPS 7

A4S fall, g AlEY A EtES S8l Mol
de] &85 Ytk o EE2 ol Aol At
CPS9| 3714 A a4l Hlojg $3%, =2 HdH,

TS Z|EH o2 EFela 9lon, Ere] g B
Aol whet ek F Aol sl FAF ®Ho| 7}
53 S AEch

CPS 84 F EAo] Qlofr] 7P Fa3t =ej=d
RO #3S 93ll, 71& A7-5914+= Anylogic, FlexSim
S e HeH AJEG o1 T AollA Az Esl et
olH g2 E Eaf EA8lAKK. Khedri Liraviasl, 2015;
Kumar, B, 2015) & ¢ #/2 nd 748 93] Process

Simulate, Plant Simulation 53} Z+& A% E31EH A&



AlZ2|0|H k58t CPS T4 #f8t Of0HE 2 1 WY

Yol =15 F&2 L8519 (Yang, S. L, 2020). 33
Alggold EFEe BHof tiet Egﬂ 2 AZAHL
e S o 29 S 1t E40] fElsitt
J& 2=tk
SHH, ¥ o Loj| A= Visual Components 51} -2
7HA SRR B3k AlE ol =5 ARESte] CPSE
A5 i Lammle, A., 2020; Arnarson, H, 2021). 3
S oA AlsEE 7HIE 715 S8 T Ao
izt ofymlold o] 9 olof it 7HNSE Fal Al
Sk A|ZHA B4 ASo] 7Hsstohe ARe] Sl W,
HEE, HiA] AlEElold Sk B AlEE ol 24 HA
off lofAl] Ao Qlof AlZtet ==yt ARESH | =
3t Mahmood, K, 2020).

%3 Emulated 3D 53 22 U5 AlEeold =4
AA du|eke] o &g o] dE 913t PLC QlElHo]A
Algstm, o1& Faf dH] Ao} Aol AP A&
Hh 24 3stal BAE AnE Sl Al A
29] Aol 7hgoitt. oot T =T B9l
B|2~E(CT: Control Testing)ofl S8}F=]of 37| wizof,
(Phillips, R, 2010) 24| AJut2] e g4 AlEeo] 4
7Fs%t CPSE 457 |ol= HAE Ad:

o Aol EAE AMRRORH E AJAF]
4 8450] A9 oA ALE ThssiA BE T
U HAE ZaAA7F oheste L AR B8-S AR
4= Atk sHAIRE 54 AlEeold =ate] 3k Al

H] 0]]o] HH]= T8to] ofEE 4= glom thE FAl L
EEZOIL Hlolg ZWS AMSH= ALk oAk
o] ogF 4 ik

Hm

=
ol 71
E]O

2.2 AIg20lM 0| 23S B CPS 74 7
AR Q] Al 2T @l Aol =tollA A
sl Az} olole] tioet AzAIE] Al W AR
B A=Y Q7] wizol, 9 AlEd ol =4E Fgt
tlojel =4 Y CPSE F45l7]ol= TAE A dTkH.
Neema, 2018). o5& si2s}7] $Jsfl, 7]& SAtoA= CPS
9] e HE SHUAQI ofEAlo|AE % & o]
o Agsigon, oo e A AL B4 e
o]2of thel F-4I7t &) 7hsste] ARt Azl
A9] CPS LAS 715314 ScHH. Neema, 2019).
CPSS] 3714] 424 % Blole] 543 A 9fa)
OMNeT++, OPNET(H. Neema, 2019; Chen, B, 2014)
5 &4l networkol| 531 =45 ANGSHAY B4 L=
EF Y AR ZeALof g APIE AHA 78] AR

Bt} =g ElHoAs 2 Matlab-Simulink, ARENA,
PySim¥} - DES(Discrete Event Simulation) 7|5+ &=
& B3] Az 349 FAE BAYsH Aol
Asto] A BES EAst AAshie. v, A
B ofejg AlBHold ATE K oR Husl o
H5l7] et olEHe 4Helo] OpenGLI} 2 2.2 4
22 eoluelelg Abgalo] M Alzkst TRAL
7WESAW(Lin, H, 2020), H-& AlEdold =75 B8
sto] 23S Al 22 vEh]7] &= gheMahmood, K,
2020).

ole} T2 = At &3 CPS& th9] AHA]
Axlom PAEo] 718 G, 1ok A 2 AT &
8490] ot Bxke 978 2 HCHH. Neema, 2022).
ol2 2] S8l AR Aol e Sl A
EAEL Astel CPS BIEL FHIIGOM 7|2
FE PUETIE, $AED9 HHES sl
(Margaria, T, 2021) 3}, CPSY| of7|EIXE AH]| A ]
o T2 AAsie] A% % A% ERHA0H AlAY
9] o]AAT} A58 BEAE 32517 = dlrkSacala,
I, 2021).
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7 mgeeh meady o A% #7e] Aoz
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a9 749 e A fARSE oA thete
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ok ok
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d Algdlold =R HolE 4
PSE dske Wilel dis AlARict
sk ?Lé Z2A|2of s AT $, olof B8
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Sk ol s Hojt) HlolE 3ol thgh ARt
HALS fl8l, 9 Algdold Ttz bE Hlold 435
(Data Acqusition)E SHE A|AH(fo]HE mEhog
2Rt &, dloly FARTE AlE HAA AlEEold
Trele] Age B AA CPSE HAISIth

CPS in the stand-alone system

Real-world Data Logical
System Acquisition Model Visualization
: System #2
H System #1
Real-world i Data Logical L
N P S Visualization
System | Acquisition Model

CPS in the integrated systems

Fig. 1. Proposed CPS architecture in the integrated systems

Alorehe CPSE FL&ls}7]of QA o]AkabA 7utoz
?‘%H}:‘ CPS ?‘}.‘% /Kl/\Eﬂ OIE 7]]:]].& E%ﬂ 6‘]—0:]
T &3}7] 9J3) Fig. 2049} Zo] DEVS 4128 24

3}o] DEVS model T+ o4 CPS model2 F&3FITh

AR

Real-world System #1 System #2
System (Data Acquisition) (Logic + Visualization)
DEVS model view
CPS model |
i Data Acquisition System (DAS)
Phym(z;:ss)ys'em <—+| Physical System Interface(PSI) ‘ ;

|‘_ Cyber System

| Cyber System Interface (CSI) S)

Fig. 2. CPS model construction from the DEVS model view

AA| ’SH] A2l B ol RETE AQE FAA
Al &0 £ 7} 7} Physical System(PS) @ Cyber
System(CS)_E FAG O, = AJ2H Afo] 9] Hlo|E
WS 93 F T e ujo]AT} ek FE-S Data
Acqusition System(DAS)© & HE&a}gch 2 =FofA
= 7t 2dof tigf #d 2 1 &, 37| AIARE 2

St FEl= CPSE 453l tha dollA= CPS
model ©] LA QI FFxof tisf A|A[gIch

@D =4S 01MsE| =2

32 HH By 7x
Fig. 32 A28 A7) el 722 Uehjjo, PS4
H12 Alofsti 22tsl7] 913k AoJAIAEIDC, Inernal

Data Controller)} AIA|7FO & W2 A S =35l W
Yealaks mER TAEoglt BEL 9, 4% Sa}

22 U Hlo|El(Internal Data)E 5=35HH, AJojA|2~H]
£ oleig loleiE v 02 u1S] e Hofek
EHE AT R U RETOR A8 4 gt
€} 5 o] |(External Data)E 4~5]st7] 913l DAQ 73H|
S 78 X R E(EDA, External Data Acquisition)
g 2iHem g

DASE PS9] IDCS} EDAZEE HloJglE AA|7ES

2 3313 IDC2}F EDAE Alojg 4= )= PSI(Physical
System Interface), CSZ PSQ] H|o]E| & $A181aL AREA}
A|oJAEE 4A18H= CSI(Cyber System Interface), PSI
7b 343t HlolHE Agsl= Logger, & 3742 4143
A

CSoli: DASS] CSIsh Hole o 44 Aloj1lo s
Gptlalol e RN W SRS Aloja 4 ol
SM(Simulator Manager)©.2 FA%o] it

Outmost

Physical System (PS)

External Data
Acquisition (EDA

Internal Data
Controller (IDC)

Data Acquisition
System (DAS)

Logger Physical System
[“—|Interface (PSI)

Cyber System
Interface (CSI)

le—|

Cyber System (CS)

Manager (SM)

Fig. 3. Outmost Diagram
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3.3.1 DAS Zg =4l

Fig. 4= DAS Z3} wd 125 Uehd Ao & PSI9}
Logger= A% 24, CSI= A} Hdlolr}. PSIE= PS¢}
H|o]g & 44=A151= IDI(Internal Data Interface)2} EDI
(External Data Interface)2 A% o] 9]0, Logger=
PSIZHRE Ad e vlo]eE #4st= IDL(Internal
Data Logger)¥} EDL(External Data Logger)Z -]
of 9lck

IDI= PSO] IDCZHE dlo|el & 4=75}o] CSI2 IDL
2 AEstal CSI7F AREAL Alof 4135 A58t PSO
IDCof| Alo] A5 A3ttt EDI= PSS EDARRE
tlo|elE =3ste] CSI9F EDLE ZEstal DAS A|AH
of AlZEAY AAd wf A& E PSS EDAR MRt
CSI= IDI9} EDIZEE] A1 glo]El S CS2] SMo &2
gkl SMo| ARAL Alof 4135 st IDI= A
g3t} IDI, IDL2 212} EDI, EDL¥} AR e o]
o 94 B AT lons B =FolAi= DASS]
IDI, IDL, CSIdA} ®eo] A5 txut Arggict

DAS
PSI CSI

Internal Data s
Interface (IDT)

External Data
Interface (EDI)

Logger

External Data
Logger (EDL)

Internal Data
Logger (IDL)

Fig. 4. DAS Coupled Model Diagram

3.3.2 DAS®] IDI YA =4

IDI9] Yxprd 25 Fig. 5o Ueplen & o
ol A= IDI IDC 7He] Al T2 &= E UDP(User
Datagram Protocol)& A &Ha}%ct.

IDI= DAS7} Al =H UDP_OPEN Af]of| 4] PS2
IDC} UDP 541 45 Al=3ith. UDP 54l ddo] A
s AZ-E thAl sk, Aol A5k 1A el
7FIDLo|| AE5w Hlojg 45]o] AJZtE 3l REQUEST
Je & Holgith

REQUEST oA CSI=HE AREAL Ao} A2 &
$A15HH CONTROL e 2 FolstaL, Alo] e} ¢l
o™ gloJg 4= F7]9] u}et Read RequestE IDCE
Z4:3FaL WAIT RESPONSE Afefj2 A ojslct.

CONTROL “Fefjollxl= 5415 ARBAY AlojAlzo] ot
Write RequestE PS2] IDCo|| Z4:3}31 REQUEST AJEj
2 Zo|gity. WAIT_RESPONSE ZFefjoll A AAE AZF
Well PSe] IDCEHE ResponseE ~AlSHA| o6t &
Al fdo] #ojxl Zlo= wetsial A4 AEE IDLY
%13kl UDP_OPEN A Holglth AAH A |
of] PS¢ IDCZEE] Response”} =A% Response H|
A Yo} dlo]E1E DASS] wol thEsis Ft 5
2% DATA PARSING AMe]&2 ZHolgltch

DATA_PARSING AMejo] 4= PSO] IDCREE] 23]
gk HloJElE CSIZ %43k LOGGING 4|2 Ho|gh
t}. LOGGING “Jefjo A= PSS] IDCEHE 34 d
o|B|E IDL2 Hslal REQUEST Jejz Holgitt

IDI

P from_IDC_response to_IDC_request P

P from CSI ctrl to_CSI_data P
to IDL_cmd P

@ UDP connection failed

: @ UDP connected
1
UDP OPENY to_IDL_cmd
- / cmd = Sta

i1to_IDL_cmd
i/ cmd = Stop

! to_IDC_request !to_IDL_cmd

/request =data  /cmd = logging

DATA _

[ PARSING :

? from_IDC_response | 1'to_CSI_data
/ mapping_variables() @

= 0.1s — ((Current time) — (Previous loop start time))

Yoop

Fig. 5. IDI Atomic Model Diagram
3.3.3 DASS] IDL g} =4

Fig. 6= IDL 97 =g 122 HolZu, Az 4]
WAIT Aefjoll A IDIZREQ] A2 A 412 7ok
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CREATE FILE AE|2 oo} u}al-g AAet & thA]
WAIT A& Holgic). IDIZEE =33k dlo[eE
A3z 73$- LOGGING AE] 2 Zolale] o]
£ 7|2510 thA] WAIT Agjg Holglth B4l &
Zol AW IDLL A7 AFejS 44183 CLOSE FILE
2 FHolsto] S A 9 FRFE & ohA] WAIT 4
e 2 ZoJgit.

o
ox O @ >

IDL

P from IDI cmd

? from_IDI_cmd
@ cmd == Start

? from_IDI_cmd
@ cmd == Stop

; ?

Fig. 6. IDL Atomic Model Diagram

3.3.4 DAS?] CSI ¥# =

CSI ¥x} w4 L2 & Fig. 79 Uepion H o2
o A= CSI2 CS9 SM 71e] 541 T2 EZEE TCP
(Transmission Control Protocol)& Z&5}4t}. CSI=
DAS7} A=l TCP_LISTEN Afefo4] CS¢] SMi}
TCP AAZ A&tttk TCP F4l Aol Aufjsid A2
THA] Alestar, Ao dgstd WAIT Aej= Folgict

WAIT “Jejo]l 4= IDIY} EDIZ5E tlolEE 4l
3} = SEND DATAZ #olstth. SEND DATA A
o= HE dolHE €S SMe g g3ttt A
Foll /d5shd WAIT A= Holskal, o Hufst
M TCP_LISTEN AE|2 Ho|gtth WAIT Argjol A=
CSS] SMO RHE AREA} Ao] AT E A= 75
CONTROL Atej2 Ho|sttk. CONTROL Afefol|4+= IDI
2 AR Alo] 41T 5 Adshn thA] WAIT Aej= A
oJhe.

@D 5=AS0|M55 =2

CSI
p from IDI_data to_SM_data P
p from EDI data to_IDI ctrl Py

P from SM_ctrl ! @ TCP connection failed

@ TCP Disconnected &

{@TCp
i connected

! to_SM_data

? from_IDI_data
? from_EDI_data

? from_SM_ctrl

Fig. 7. CSI Atomic Model Diagram

3.3.5 0S9| sM ¢4 =gl

Fig. 8= SM9] A wdl 25 Hojr, CS7} 4
3% RUN_SIMULATOR “Jgjol|4] i=2] melnie} 7}
ABHLE Agsta WAIT AE|E Holglch

WAIT Aol Al DASO] CSIZHE 4 golg
£ 424181 UPDATE Afej & #Ho|slo] t=g] mey
7HAIBkR Ol AR &, AREAR Alof AlE7E Y= A
CONTROL Aej & Hols}ar, Alo] AF7} gle HS
WAIT A& #o]3ltt. CONTROL Abejol A= CSIo]
AL Ao} ATE AL WAIT Ae|2 Holglt.

SM

P from CSI data to_CSI_ctrl P

? from_CSI_data

RUN_
SIMULATOR

Fig. 8. SM Atomic Model Diagram
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