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ABSTRACT 
One of the most widespread techniques to evaluate 
various aspects of a manufacturing system is discrete-
event simulation (DES) (Banks 1998, Law and Kelton 
2000, O’Rielly and Lilegdon 1999). However, building 
a simulation model of a manufacturing system is a 
difficult task and needs great resource expenditures. 
Automated data collection and model buildup can 
drastically reduce the time of the design phase as well 
as support model reusability. Since most of the 
manufacturing systems are controlled by low level 
controllers (e.g., PLCs, CNCs) they store structure and 
control logic of the system to be modeled by a DES 
system. The paper introduces an ongoing research of 
PLC code processing method for automatic simulation 
model generation of a conveyor system of a leading 
automotive factory. Results of the validation process 
and simulation experiments are also described through a 
case study. 

 
Keywords: PLC code, manufacturing, simulation, 
generic simulation model 

 
1. INTRODUCTION 
As majority of manufacturing simulation projects 
constrained on financing issues or on close deadlines, it 
is necessary to reduce the most time-consuming and 
expensive tasks of a simulation project. The design 
phase of a simulation project constituted by input data 
preparation and model building can be significantly 
reduced by using automatic data gathering and 
processing. 

On the other hand, simulation is applied to long-
term planning, design and analysis of manufacturing 
systems. These models are termed “throw away” or 
“stand-alone” models because they are seldom used 
after the initial plans or designs have been finalized. As 
opposed to the “traditional” use of simulation, Son et al. 
(2001) proposed that once the system design has been 
finalized, the simulation that was used for evaluation 
could be used as the basis for system control. In their 
concept simulation was created by using neutral system 
components, i.e., they made efforts to build simulation 

models for Shop Floor Control System (SFC), 
generated automatically. 

Data needed to build simulation model of a 
manufacturing system are available in production 
database or can be collected. Nowadays majority of the 
enterprises are installing automated manufacturing 
system (AMS) consisting of programmable logic 
controllers (PLCs). Subsequently, the topology and the 
control logic of the manufacturing system needed for a 
simulation model are inherently kept in these PLCs. 
Consequently, building of simulation models can be 
supported by data and control logic extracted from PLC 
codes. 

The paper introduces an ongoing research of PLC 
code processing method that generates a structured 
dataset that can be used by manufacturing simulation 
software to automatically create and parameterize a 
model. 

 
2. AUTOMATED SIMULATION MODEL 

BUILDING 
As stated by Ryan and Heavey (2006) the most 
commonly used rule of a simulation project is the so 
called “40-20-40 rule”. The rule states that time spent 
developing a simulation project can be divided as 
follows: 

 40% to requirements gathering, 
 20% to model translation, 
 40% to experimentation. 

Time-consuming requirements gathering phase 
contains input data collection and preparation. 
Significant planning time reduction can be achieved by 
automating data gathering and preparation. 

Several approaches have been used for automating 
simulation model buildup by automatic input data 
gathering and processing. Park et al. (2010) suggest a 
naming rule in PLC codes to automatically identify 
objects and control logic in code giving a basic data set 
to build simulation model. This approach needs a 
renaming process on PLC codes if naming rule 
suggested is not applied. 

Bagchi et al. (2008) describe a discrete event 
simulator developed for daily prediction of WIP 

155



position in an
support tactic
automatically
performed on
factory, whil
status of p
manufacturing
of PLC). 

The mos
codes for g
verifying PL
propose a pro
control logi
programming
supports func
control level
proposed by t
changing PLC

Several 
time needed b
project of a 
importance of

Research
reduce the 
models. Wy
simulation m
simulation m
framework co
information o
objects. Acco
logic of the m
the appropriat
 
3. NOVEL 

SIMULA
 

3.1. Data nee
Simulation m
require severa

Shop flo
physical stru
elements of t
distances. Ele
identification
PLC code. R
from PLC co
code between
easy to revers
system is inco

Second 
manufacturing
elements. Co
given on PL
control logic 
and object’s 
language of th

It is also
simulation m
with these ki
however, A

n operational 
cal decision-m
y updated 
n historical e
le “snapshot”
roduction is
g execution s

st widely spre
generating si

LC codes the
ototyping to im
ic verificati

g. The tech
ctionality veri
l. Contrarily 
the authors is

C codes on the
previous stu
by the develo
manufacturin
f this topic. 

h is carried o
time require

ya et al. (2
modeling fr
model build
omposed sev

of layout and 
ording to this 
manufacturing
te software. 

 SOLUTION
ATION MOD

eded to build 
models related
al types of dat
oor layout p
ucture. Basic
the system, th
ements contro
, so a list of el

Relations of el
odes, because
n elements tha
se engineer th
orporated in th

indispens
g systems is

ontrol logic d
LC’s output d

consists of str
relationship 

he simulation 
o necessary to 

model. Most o
inds of param

AMSs usua

wafer fabric
making. Mode

using stati
event logs ge
” (specified la
s generated 
system (i.e., 

ead application
imulation mo

emselves. Han
mprove limita
ion methods
hnique propo
ification of PL

PLC code p
s for evaluatin
e overall syste
dies aimed o

opment phase 
ng system tha

out to develo
ed for build
2011) propo
ramework to
ding time. 
veral software

control logic 
approach lay

g system must

N FOR REDU
DEL BUILDI

a simulation
d to manufac
ta. 
provides infor
cally the la
heir dimensio
lled by PLC a
lements can b
ements also c

e there are re
at are connecte
em the topolo
he PLC code. 
sable info
s the control
describes the 
depending on 
ructured meth

can be tran
software. 
parameterize

of PLC codes
meters of con
ally apply 

ation factory 
l parameters a
stical analy
enerated by t
ater) of curre
by using t

aggregated in

ns of using PL
odels aims
n et al. (201
tions of existi
s and ladd
osed by the
LC code on lo
process meth
ng the effects 
em. 
of reducing t
of a simulati

at highlights t

op a method 
ding simulati
sed a gene
o reduce t
The propos

e that contain
of the model

yout and contr
t be designed

UCING 
ING TIME 

 model 
cturing system

rmation on t
ayout identif
ons and intern
also have uniq
e retrieved fro

can be extract
eferences in t
ed. Even it is n
ogy of controll

ormation 
 logic of th
response to 
the input. T

hods so variab
nsformed to t

 elements of t
do not opera

ntrolled eleme
Manufacturi

to 
are 

ysis 
the 
ent 
the 
nfo 

LC 
of 

10) 
ing 
der 
em 
ow 

hod 
of 

the 
ion 
the 

to 
ion 
eric 
the 
sed 
ned 
led 
trol 
by 

ms 

the 
fies 
nal 
que 
om 
ted 
the 
not 
led 

of 
heir 

be 
The 
les 
the 

the 
ate 
ent 
ing 

Ex
co
ev
be
th

 

 
3.
A
is 
pr
to
te
al
ca
In
m
by
sy
pa

sit
pa
ex
ex

ru
ac
st
cr
se
an
ar
m
da

3.
A
bu
ge
3.

Th
fo
gr
w

xecution Syst
ontrolled elem
vents. Possibl
e retrieved by
hese data as sh

 

Figure 1: D

.2. Data need
After building a

ready to ev
roduction scen
o cut-off scen
sting maximu
so called stre

an be determi
nput paramet

maximum perf
y defining par
ystem and p
arameters as w

In order 
tuations that
arameters mu
xperiments 
xperiments. 

Ramp up 
un so it is nec
chieve this g
eady state. A
reated and ini
et according t
nalyze the beh
re created pe

model needs 
atabase hence 

 
.3. Proposed m

As mentioned a
uild up a sim
enerated by di
.3.1. Variabl

code 
he base of da

ormat accordin
rammar de

www.programm

tem (MES) th
ments and ti
e states and p
y statistical ev
hown on Figur

Data gathering

ed to run a si
and parameter
valuate system
narios. Evalua
narios are com
um performan
ess tests. Perfo
ned by stored

ters of case
formance can 
rameters that 
parallel reco

well. 
to evaluate 
have never

ust be set 
is so c

phase distort
cessary to ign
goal simulatio
A so called s
itial states an
o states and p

havior of a sys
riodically. Th
real time co
it is an on-lin

methods 
above, several
mulation mod
ifferent metho
e and value 

ata gathered f
ng to text-base
efinition l
mar.com) is ap

hat stores stat
imestamp of 
parameters of

evaluation acc
re 1. 

g for simulatio

imulation mo
rizing a simul
m performan
ations of the r
mmonly used
nce of a syst

formance limit
d historical da
es when sys
n be automati

shows perfo
ording the 

behavior o
er happened 

manually. T
called “wh

ts results of t
nore or avoid 
on run must 
snapshot of r

nd parameters 
parameters of
stem in real ti
his adaption 
onnection wi
ne application 

l types of data
del. Each typ

ods and proces
identification

from PLC cod
ed IEC 61131
language 
pplied to iden

tus changes o
state change

f elements can
complished on

on model 

odel 
lation model i

nce in severa
response given
d technique o
tem. They are
ts of a system
ata of factory
stem run on
cally detected
rmance of the
set of inpu

f systems in
before inpu

This type o
at-if-scenario”

the simulation
it. In order to
start from a

real system i
of model are

f snapshot. To
ime, snapshot
of simulation
th production
of the model.

a are needed to
pe of data i
sses. 
n of the PLC

de is in AWL
-3 standard. A
(ProGrammar

ntify variables

of 
e 
n 
n 

 

it 
al 
n 

of 
e 

m 
y. 
n 
d 
e 

ut 

n 
ut 
of 
” 

n 
o 
a 
s 
e 
o 
ts 
n 
n 
 

o 
s 

C 

L 
A 
r, 
s, 

156



values and m
the nature of
language this
as well. 

The test 
blocks. One 
actuator (e.g.
Every block c

 In th
in th

 The 
call. 
in th

 

 
The well

identification 
ProGrammar 
possible to cr
and paramete
defined langu
connection o
process, as all
connected ob
material flow 

 Refe
 Refe

objec
Possessin

the object it is
 

3.3.2. Topol
A techn

www.wolfram
the results of 
support the au

 

ethods of PLC
f them. As PL
 process can b

PLC code as 
block desc

. electric eng
consists of two
he first part the
e appropriate 
second part 
The argumen
is part, as wel

Figure 2: P

l-defined synt
of all in

is a gramm
reate a langu
rs of the code

uage. Data sto
of the object
l the blocks h
bjects. Accord
 two type of r

erence to the n
erence to the 
ct) 
ng the inform
s possible to g

ogy graph ge
nical computi
m.com/mathem
f the above pr
utomatic build

C codes by de
LC code is a 
be applied on

all the PLC c
ribes the be

gine actuating
o main parts (
e inputs of the
memory field
of the block 

nts of function
ll as the name 

PLC code part

tactics of the 
nputs and p

mar definition 
uage to identi
e by parsing th
ored in the co
ts can be ga
ave reference
ding to the d
reference exist
next object (su
previous obje

mation of the 
generate the sy

eneration 
ing software
matica) is app
rocess (see Fi
dup of simulat

efining rules a
strictly defin

n different cod

codes consists
ehavior of o
 the conveyo
see Figure 2):

e PLC are stor
d. 

is for functi
n call are defin

of the functio

t 

code allows t
parameters. A

language it 
fy the variab
he code with t
ode such as t
athered by th
s to the id of t
direction of t
t: 

uccessor objec
ect (predecess

connections 
ystem topolog

(Mathematic
plied to visuali
gure 3). Resu
tion models. 

and 
ned 
des 

 of 
one 
or). 
: 
red 

ion 
ned 
on. 

 

the 
As 
is 

les 
the 
the 
his 
the 
the 

ct) 
sor 

of 
gy. 

ca, 
ize 

ults 

m
ca
th
to
gr
Pr
ta
Pl
ta
sim
Fi

F

 

pa
sim
us
tra
sim
Pf

Figure 3: P
 
As Mathe

method of ProG
an be fed with
he conveyor s
opology of the
raph creating
roGrammar c

able form.  Sp
lant Simulati

ables and m
mulation obje
igure 4). 

 

Figure 4: Scree

A produc
arameters of 
mulation mod
sable data ar
ansformed as
mulation softw
feiffer et al. 20

Part of topolog

ematica is su
Grammar usin
h data of conn
system. After 
e examined sy
g command. 
can also be c
pecial simula
on ver10) an

methods are 
ect instances a

enshot of test 
mod

ction databas
the element

del (see Figure
re gathered 
s well as pro
ware is able t
009., Pfeiffer 

gy of a convey

uited to call
ng a predefine
nnection amon
r a conversion
ystem can be g

The data r
converted to 

ation software
nd its intern
applied to 

and run the si

run executed 
del 

se is used 
ts and input 
e 1). Directly 
from MES 

ocessed to th
to apply (Kád
2007.). 

 
yor system 

l the parsing
d command, i

ng the parts o
n of data, the
generated by a
received from

a connection
e (Tecnomatix
nal connection

generate the
imulation. (see

on simulation

by providing
data for the

and indirectly
database, and

he format tha
dár et al. 2010

g 
it 

of 
e 
a 

m 
n 
x 
n 
e 
e 

 
n 

g 
e 
y 
d 
at 
0, 

157



4. PRELIM
The propose
section is te
system in a la
part of the re
drawbacks o
enlisted by de
physical syste

 spec
are 
syste
time 

 there
envir
syste

 there
inter

 resul
autom

 real-
chan

On the ba
the research 
which the sim
control system
real executio
evaluation of 

This mea
enabling relia
furthermore, 
(data collect
reduced to a d

 

Figure 5: Num

 
Two ma

creating sim
automatically

 Off-l
used
syste
relev

 On-l
appli
case 

MINARY SIM
ed solution i
sted on real 

arge-scale man
eal PLC code 
of currently 
ecision maker
em or control 
ific building 
redundantly 

ems, which r
 and costs; 
e is no inte
ronment or 
em and proces
e is no fact
rface; 
lts of curre
matically adap
-time daily u
nges required)
ase of the abo
is to build a

mulation mod
m hence, inpu
on system a
simulation re

ans the collec
able, automati
manual interv

tion, modelin
definitely low 

mber of waitin
of conve

ain areas of 
mulation fr

y: 
line, i.e., pla

d for analyz
em, and fed w
vant productio
line, i.e., exe
ied for short

of certain d

MULATION 
introduced in

data of com
nufacturing fa
of the runnin
applied simu

rs for testing c
system are as
blocks, mode
implemented

results in mo

egrated design
system whe

sses can be an
tory-standard,

ent simulatio
pted in real sy

use is not po
. 

ove assumptio
a new simula
del is an inhe
ut comes auto

and support 
sults. 

ction of data f
ically generate
vention regar
ng, paramete

level. 

ng pallets on a
eyor system 

use are disti
from PLC 

anning level:
ing effects 

with historical
on data for par
ecution level
t-term “what-
deviation or 

RESULTS 
n the previo
mplex convey
actory by using
ng system. Ma
ulation metho
changes of eith

follows: 
els of process
d in separat
re developme

n and analy
ere the over
nalyzed; 
, uniform us

ons cannot 
ystem; 
ossible (manu

ons, the target 
ation system 

erent part of t
omatically fro
is provided 

from PLC lev
ed DES mode
rding simulati
rizing) can 

a critical secti

inguished wh
level cod

: Simulation 
of changes 
l input data a
rameterization
: Simulation 
-if” analysis. 
disturbance h

ous 
yor 
g a 
ain 
ods 
her 

ses 
ted 
ent 

ysis 
rall 

ser 

be 

ual 

t of 
in 

the 
om 

to 

vel, 
els, 
ion 
be 

 
ion 

hen 
des 

is 
in 

and 
n. 

is 
In 

has 

nu
co
w

ex
en
e.
of

5.
Th
ap
pr
pa
he
A
sim
go
Se
re
bu
ex
fr
pr
of
ex
 
6.
R
Sc
St
by
(N
ne

fu
Pr
N
(V
 
R
B

B

Ju

occurr
predef
proble

Figure 5 s
umber of wa
onveyor system

were examined 
Consequen

xperiments ca
nabling fast, f
g., analyzing
f PLC code of

 
. CONCLU
his paper r
pproach applie
roduction app
art of a simul
eavily affects 

Automated dat
mulation mod
oal and is als
everal approa
evealed that P
uild up a si
xtracting topo
om PLC cod
roduction data
f the model 
xperiments. 

. ACKNOW
esearch has b
cientific Rese
tructures as C
y National O
NKTH) gran
etworks", OM

The resear
unding from th
rogramme (F

No: NMP2 20
VFF). 

REFERENCE
agchi, S., Che

2008. A fu
support 
productivi
Simulation
Mönch, O
pp. 2021-2

anks, J., 199
Methodolo
John Wile

uyoung Wya, 
Park, Jaej
Lee, 2011
for logist

red decision m
fined method
m. 
hows results 
aiting pallets 
m. Two types
in this test. 

ntly, these 
an be easily ad
flexible and s
possible effec

f control system

SIONS 
revealed a 
ed for decisio
plications. De
lation project;

the effective
ta gathering 
dels is a possi
so a solution 
aches were 
PLC codes st
imulation mo
ology and con
des has been 
abase were us

and generat

WLEDGEME
een partially s
earch Fund (
omplex Adap
Office for R
t "Digital, 

MFB-01638/20
rch reported 
he European 

FP7/2007-2013
10-228595, V

S 
en-Ritzo, C., 
ull-factory sim
tool for 30
ity, in Procee
n Conference,

O. Rose, T. Je
2029 
8. Handbook 
ogy, Advances
ey & Sons Inc
Sangwon Jeon
joon Shin, H
, A data-drive
tics-embedded

maker is able 
ds, scenarios 

of a prelimin
 on a critic
s of pallets (T

results of
adapted in rea
smooth chang
cts of change

em. 

discrete-even
on support of c
esign phase is
; hence reduc
eness of the w
supporting th
ible solution t
to create reu
studied in t
tore informati
odel. A new
ntrol logic d
introduced. D
sed to parame

ating input f

ENTS 
supported by 
(OTKA) gran
ptive Systems”
Research and
real-time en

009. 
in this paper
Union Seven
3) under gra
Virtual Factor

Shikalgar, S.
mulator as a d
00mm wafer
edings of the
, S. J. Mason,

efferson, J. W

k of Simulatio
s, Application
. 
ng, Byung-In 
Hyunjoong Y
en generic sim
d assembly m

to test severa
for resolving

ary test run o
cal section o
Type1, Type2

f simulation
al factory, thu
ges in factory
s in some par

nt simulation
control related
s a significan
cing time of i
whole project
he buildup o
to achieve thi
usable models
the topic and
ion needed to

w process fo
ata of system

Data stored in
eterize object
for simulation

the Hungarian
nt “Production
” T-73376 and
d Technology
nterprises and

r has received
nth Framework
ant agreemen
ry Framework

T., Toner, M.
daily decision
r fabrication

e 2008 Winte
, R. R. Hill, L

W. Fowler eds.

on, Principles
n and Practice

Kim, Junhyuk
Yoon, Sujeong
mulation mode
manufacturing

al 
g 

of 
of 
2) 

n 
us 
y, 
rt 

n 
d 

nt 
it 
t. 

of 
s 

s. 
d 
o 

or 
m 
n 
ts 
n 

n 
n 
d 
y 
d 

d 
k 

nt 
k 

., 
n-
n 

er 
L. 
., 

s, 
e. 

k 
g 
el 
g 

158



lines. Computers & Industrial Engineering. Vol 60 
Issue: 1. pp. 138-147. 

Kádár, B., Lengyel, A., Monostori, L., Suginishi, Y., 
Pfeiffer, A., Nonaka, Y. 2010. Enhanced control 
of complex production structures by tight coupling 
of the digital and the physical worlds, CIRP 
Annals - Manufacturing Technology, Vol 59, pp. 
437–440. 
(http://dx.doi.org/10.1016/j.cirp.2010.03.123) 

Kwan Hee Han, Seock Kyu Yoo, Bohyun Kim, Geon 
Lee, 2010. Rapid Virtual Prototyping of PLC-
Based Control System. ICAI'10 Proceedings of the 
11th WSEAS international conference on 
Automation & information 

Law, A., Kelton, D., 2000. Simulation modeling and 
analysis, McGraw-Hill, New York. 

O’Reilly, J.J., Lilegdon, W.R., 1999. Introduction to 
FACTOR/AIM. In: Proc. of the 1999 Winter 
Simulation Conference, pp. 201-207. 

Park, Hyeong-Tae, Kwak, Jong-Geun,Wang, Gi-Nam, 
Park, Sang C., 2010., Plant model generation for 
PLC simulation. International Journal of 
Production Research Vol. 48, Issue 5, pp. 1517-
1529. 

Pfeiffer, A., 2007. Novel Methods for Decision Support 
in Production Planning and Control, Thesis 
(PhD). Budapest University of Technology and 
Economics. 

Pfeiffer, A., Kádár, B., Szathmári, M., Popovics, G., 
Vén, Z., Monostori, L., 2009. Self-building 
simulation tool for daily decision support in 
production control, In proc. of the 7th 
International Workshop on Modelling & Applied 
Simulation, MAS 2009, 23-25 September, 2009, 
Tenerife, Spain, pp.: 246-254. 

Son, Y.J., Wysk, R.A. 2001. Automatic simulation 
model generation for simulation-based, real-time 
shop floor control, Computers in Industry 45. pp 
291-308. 

Ryan, J., Heavey, C., 2006, Process modeling for 
simulation, Computers in Industry 57. pp. 437–450  

 
AUTHORS BIOGRAPHY 
 
Gergely Popovics, graduated in 2008 at the Budapest 
University of Technology and Economics. Currently he 
is a research associate at the Engineering and 
Management Intelligence Laboratory (EMI) of the 
Computer and Automation Research Institute, 
Hungarian Academy of Sciences (SZTAKI), member of 
the Fraunhofer Project Center for Production 
Management and Informatics at SZTAKI (FhG Project 
Center). His current interest includes the simulation 
modelling of complex production systems and 
automatic identification technologies. 

András Pfeiffer, earned his PhD in 2008 at the 
Budapest University of Technology and Economics. 
Currently he is a senior research fellow at EMI, project 
manager of FhG Project Center. His current interest 

includes decision support in production planning and 
control, as well as the simulation and emulation 
modelling of complex production systems, self-building 
simulation systems. 

Botond Kádár is a senior researcher at EMI, project 
manager of FhG Project Center. He obtained his MSc 
and Ph.D. degrees at the Budapest University of 
Technology and Economics, Hungary, in 1993 and 
2002, respectively. His current interest includes 
production control, simulation and multiagent 
approaches for production engineering and 
manufacturing systems and he is involved in several 
research and development projects from these fields. 
Dr. Botond Kádár is author or co-author of 70 
publications with over 120 citations. 

Zoltán Vén, graduated in 2006 at the Budapest 
University of Technology and Economics. Currently he 
is a research associate at EMI, member of the FhG 
Project Center. His current interest includes 
reconfigurable manufacturing systems, as well as the 
simulation and emulation modelling of complex 
production systems, self-building simulation systems. 

Prof. László Monostori acts as Deputy Director 
Research of SZTAKI, Head of the Engineering and 
Management Intelligence Laboratory, and Director of 
the FhG Project Center. He is also full time professor at 
the Department of Manufacturing Science and 
Technology, Budapest University of Technology and 
Economics. He is a Fellow and Council Member of the 
International Academy for Production Engineering 
(CIRP); Full Member of the European Academy of 
Industrial Management (AIM); Chairman of the 
Coordinating (CC) on Manufacturing and Logistics 
Systems, International Federation of Automatic Control 
(IFAC). He is Editor-in-Chief of the CIRP Journal of 
Manufacturing Science and Technology; Associate 
Editor of Computers in Industry, as well as the 
Measurement, and member of the editorial boards of 
other international scientific periodicals. For his 
research achievements published in more than 370 
publications resulted in about 1800 independent 
citations and for his development activities – among 
others – the Dennis Gabor Prize was given to him in 
2004. Prof. Monostori is a corresponding member of the 
Hungarian Academy of Sciences and member of the 
Hungarian Academy of Engineering. 

159


