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Abstract

Smart manufacturing systems play a pivotal role in Industry 4.0, facilitating critical tasks within the manufacturing environment. This study
proposes a process-based modeling and simulation (PBM&S) method to support the implementation of such systems. The PBM&S method
integrates resource information, functions, and process flows of entities to enable performance analysis through simulation. The PBM&S method
consists of four main steps: (1) creating virtual unit models based on resource information; (2) developing encapsulated models by representing
entity characteristics and process flows as modules; (3) identifying interrelationships between models and creating process-based models; and
(4) performing performance analysis of the generated models using a simulation engine. A case study was conducted to evaluate the PBM&S
method within the context of a shipbuilding production line. In conclusion, PBM&S can be integrated with advanced technologies such as
cyber-physical systems (CPS), machine learning, and artificial intelligence, contributing significantly to the development of the manufacturing

industry.

Keywords: Smart Manufacturing System, Process-based Modeling, Intelligent Technology, Manufacturing Process, Modeling & Simulation

1.M 2

2 A8 mel AZYe] FAT WIS Yorln glov,
53] 9 Ao 2 =} NS 7181% AT Yok 4%
Aol Al o SRS B, v, A F5 S AL
A SN e 2 AN 98 Hab] 9 A
2 wefala Qe olee A4 T ol B AEge 22
A AR fA05 EEAS Fol7) AT AZE AL
RANE Qlow], 7 ZAeli 2ukE Al Azsle] Ajejsla 9}
A AR B AZIAES TR AE A4
A 8, e A BEY TS BEE 2ohE A A
2oEle] o A7 FAE obA g e

AEAL ARG A LS o B wF, P 18,

* Corresponding author.  Tel.: +82-33-250-6287
fax: +82-33-259-5544
E-mail address: eastriveri@kangwon.ackr (Dongsu Jeong).

ARE, T2 AL Hgo] Ag.En, S AR, ),
S FEHoR AEshs Zlo] 23 FAtE 3 BOMBIl of

] Houtfitting) & TF¥eH A A S5E
o] T HHow %4; Slof Ak} H-go] Fol ARLE= 7R
o] Siek, ofeft EAIE 5] 913 ATASAD, AR
(oT), Bdlelel, FEH9C AFY Sl W /16S BEW svhe
74]}_ }\]_/;Eﬂo] vl 43 ghqﬁ]

1 %)

o

/\g],E xﬂ}_ }\] ﬂ% Indusn'y 40_0/] z‘ﬂl/\] 7HL1]O 7]‘__/] ;q]z
TAE AFsst R Alsstslo] e Sthelelar EdE AhAdst
= o Fas 4gE ohar ol AnpE Al AlRR AR
Hole 245 Saf 57 HH3ke} oS FARTE 7Fss o
W o2 5] BWad TeElelS Zola A9 BEEE Jrjs)
@ 4 Q. e 2PLE A A2Ee] 4EEe FEE 9l

43



Journal of Industrial Technology, Kangwon Natl. Univ., Korea, No. 44:1 (2024) 43~49

Az Azede] BAE wege 2As wee] £787} 955
A SR AL B BEE AU A7 2

1:}74]01] /\1 /ngz\} *X%% BA3
ol 331 v 71A A A
o Woo et al. & A AZ
& TEohs Algde

St Han et al¥} Seo et al-> #| 3=
IDEFOE ARE-3t] 244 id
Z A 2 Kilineeit= Petri netS o83 EP
Psjo] 23 2119 B §S BAASHACHI, Kim et al 7
&7, AHI(PPR) 71EE *F“’%‘M UMLS} A2t 74 <] zﬂ%
EYo]d Bdg Ao, o)t Oq%
Ao A AZL A= Akl HasI). Lee et
2 AL 34E SR FEEHIL ]
2238k Process-Centric Modeling(PCM) *'H &
2]al pPCM HHHES 7 ]HPi 7]""L AZE flg

EESIES

vu
o}j [‘E
td
i)
mo® o
ok
i

=3
rulo
Mz
t
of
w fo

F:U
o ogth
o4 o2

O

R
oX %

i ol OP
a OH o>,
L

¢
[ s

rlo _|

F_u £
>
1‘0 N o?rl

>

(E)\

32 oz X

o
o
2L
rT)
mr o B

l‘

Ll
@ i
B
>,

rol

o)
o)
>,

o
Mo &
o

[
e
Mo
o
>
ri
OPH
rO
:L
OO
o
2
s
M
(o3
=
>
i
X
[~

o e
s
TS
il
[e]
re
-
i
32
=
Jim
ol
3l
i)
)
he)
>
e
&
o o
2
&

|t
N

X o

ol [L}E]r 7Ht§@i 4543% 7857t Wol Esid

stk o] g7} A‘ZH?}‘jr

2~ 2dlo] EAY} e Trldle] et 2 9IS

1S TPdsls vl B W8 AlRte] A gt whebA
woplA A8 7hs e sl ZTRAS RES

9~ F 83tk SN o] sk Hgelxl= theat

A S| AT

A(Structuralization): 2F 419 Al 2 Q8] B

ZR TRAA RS Ak Zlo] offth

A (Interrelationship): Z2A|AS A= R4S 7F

o s %}74173: ﬂg]é‘}b A Euﬂo]‘j}‘jr ‘jre‘jr

%

oot

3
X,
rlr
K&l
g
>4
i
&‘
E
=
é
jwi
11& ©
2ol
2
o

=
o
m
&

ot

m =
il
i
=
_\1%

™

A

=
K

i

(o)

ol
T

M
flo rir

g
Bt

o
O
IS

to flo = o

[¢]

o
c

=

[x)

r

¥

—~
&2
o>

d 7154 mepf0®01bﬂ1W) T4 TAlEE ARk B4
o el whe} v Aol Aol kEd ¢ Qlth

(5) M-8 (Generality): =w|9Ivlc} 153k 5448 a1 3flof 5=
2 5 Hle] AL Thse MeAQl Y o] ofHrk

44

)

o]

B F7IIA ek 9] Hofel Sgel g Tza

Aol 231 YA, Al ATE FATE ols) F2oE L
212 2 e ol 13] ofele AR Hot girk olel B
ATAEE FEHOE Hg TFsdle] AT A B8 5

1t _Ll_ﬂ.g _Li/(-“/\ Dt—la

B mRol A 20kE A2 A2

e

PHES ek Qlrk

G3 Adslr] 93 ZeAx
719k 2dle] & AlEH o)A (Process-based Modeling & Simulation;
PBM&S) & AAstH, o] & Fall g A3 ] A53E 9
aF AR WS AAstarat g,

2. =

rh
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Fig. 2 An example of Resource model creation using the Physical

and Behavioral Component
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Fig. 3 Creation of the Functional Module through the Common

Functional Elements
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Fig. 4 Creation of the Encapsulated Model combined Resource
Model with a Functional Module

2.4 Process—based modeling of describing scenario process
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Table 1 Scenario purpose and basic scenario process of

production planning

No | Basic scenario process of ship production planning
Purpose: SSIA middle assembly block process
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Fig. 6 Process-based Model of combining an Integrated Scenario
Process and Encapsulated Models

2.5 Process-based simulation modeling through
mathematical formalism
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System (DEVS)S.2 X H@&3}o] Process-based simulation model
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(Fig. 8).

Fig. 8 Petri-Net Model of the process-based model

3. Case Study : Ship Production Planning Research
on Ship Block Assembly Process
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Fig. 9 Example to demonstrate TT1 block’s production process
of the large assembly blocks through the PBM&S

method.
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