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Abstract: The simulation software market is becoming moraglex and universal. Computer simulations are thage
accessible and are becoming a modern tool tha& keide application in industry. Their potential dmehefits can be
used in small and large projects. A simulation nheda take into account inventory, assembly, pridocand human
resources, leading to decisions that can maintaimprove efficiency at the lowest possible codteTdata obtained
through the simulation allow to test different cangiions and scenarios in the virtual world. Thendfigs of
manufacturing simulation include reducing investtngésk, minimizing waste, improving efficiency, necing energy
consumption and even increasing worker health. qutestion arises as to which of the possible sinangiackages is
the most suitable for a given company, so thairthestments made are the best possible. In thepfirs of the paper the
theoretical basis of simulation in Industry 4.@issented, including the description of the posesiithulation modelling
tools. The second part of the paper offers comparand descriptive analysis of six selected diseewent simulation
software packages — AnyLogic, Arena, FlexSim, SINJDecnomatix Plant Simulation and WITNESS. Theegiv
simulation tools are compared based on their madmacteristics, simulation features, applicaticgnarand popularity
among the companies which use simulation softwac&gges.

1 Introduction Industry 4.0 concept, it becomes necessary to apply
The Fourth Industrial Revolution (Industry 4.0)variety of types of simulation, regardless of wieeth is
assumes a new approach to production based on fstomary to call them simulation modelling or not.
massive introduction of information technology in
industry, large-scale automation of business peeeand 1.1 Industry 4.0
the development of artificial intelligence. The adtages The Fourth Industrial Revolution (Industry 4.0)ds
of the Industry 4.0 are clear: increased produgtigreater transition to fully automated digital productionntmlled
worker safety by reducing jobs in hazardous workingy intelligent systems in real time in constanemattion
conditions, increased competitiveness, ground-lingak with the external environment, going beyond the
products, and much more. Achieving Cyber-Physicdloundaries of one enterprise, with the prospeciniing
Systems and Smart Factories is the goal of thetlFouinto a global industrial network of things and seeg. The
Industrial Revolution. purpose of Industry 4.0 is to build a highly flelb
The desire to implement its concept leads to tleelb@  production model of personalized and digital pradand
use the capabilities of modern computer simulatsimge ~ services, with real-time interactions between peopl
it is an effective means of researching new preseasd products and devices during the production profds#n
testing new products, devices and technologies.t®tiee a narrow sense, Industry 4.0 is the name of on&Oof
complexity and interconnectedness of scientific anprojects of the Germany’s Hi-Tech strategy 2020,
production tasks formulated within the frameworktleé describing the concept of Smart Manufacturing based
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the global industrial network of the Internet ofifids and efficiency, fewer defects, new opportunities, and
Services [2]. better customer experience.

Industry 4.0 consists of a wide range of fundanmlenta Industry 4.0 is based on digital and physical
concepts such as Smart Factory, cyber-physicatmygst technologies with the former considered to be ¢jose
decentralization, individualization of distributiomnd connected to modern communication and information
procurement, adaptation to human needs etc. [8f€Tare technologies and the latter to manufacturing. Those
three main elements ensuring the effectivenesshef ttechnologies are the following [10]:

Industry 4.0 performance [4]: » Additive manufacturing
» Horizontal integration across the entire valuetioea  » Artificial intelligence
network (it includes every link, which is in thelva + Augmented reality
chain as well as the relationships that are formed,. Autonomous robots
developing and maintaining value-creating and. Bjg data and analytics
vaIue-addmg networks) [5][6][7][8][9]. « Blockchain
« Manufacturing systems, vertical and network ., cjoud
integration (it is thel process of gonnecting alels « Cobotic systems
of a manufacturing enterprise - from the c ;
) ) » Cybersecurity
technological site and workshop to the level of . .
- ! * Unnamed aerial vehicle
administrative management). L
. . . » Global Positioning Systems
 End-to-end engineering (analysing data collected Int t of Thi
throughout the manufacturing process in a systemati n ebr.rl1e 0 h mIgs
manner, allowing for quick decisions and product or © Mobile Technology
service follow-up with an emphasis on quality and * Nanotechnology
customer satisfaction). * RFID

The main difficulties in implementing Industry /e~ * Sensors and actuators

associated with the following factors:  Simulation
» Price. Although it is potentially beneficial to upde _ o
systems to Industry 4.0 standards, a significatiain 1.2 Simulation in Industry 4.0
investment is needed. The main purpose of simulation tools is to enable
« Technical difficulties. With more technology andde enterprise management to use the results of céitmsa
human oversight, there is a risk of technical peots  When making decisions. Such tools help to chedkfico
that can be costly. and ensure the declared properties of the progumtluce
« Layoff. With any technology upgrade, there is & risthe most complex and high-quality goods accordinthé

of job loss, and Industry 4.0 is no exception, heave highest  standards, achieve economic efficiency of
there are also forecasts that industrializationl wiProduction, and minimize the design time and theper

create more jobs than it will eliminate. of full-scale tests. The importance of simulatiool$ in the

- Cybersecurity issues. When the entire enterprise infrastructure of modern production management is
connected to the Internet, cyber security issugs mdrowing from year to year as the requirements fodpct

arise. quality and the complexity of technical objectsrease.
However, there also exists a number of considerable Simulationis also a basic element of some Indusly
benefits such as the following: technologies and concepts, for example, its apgican

« New opportunities. With the help of analytics ancybrid modelling, data analytics, simulation-based

data, companies can find ways to expand thetr.aining_/product dgsign, designing cqqnectivity. ush
business and enter new markets. simulation has an important role in fulfilling ttedustry

4.0 vision [11].

The prerequisite for the implementation of the
simulation is the creation of a model in the sirtiola
program. Together modelling and simulation represen
a problem-solving tool for various spheres such as
engineering design, education, prototyping and ephc
evaluation, forecasting, education and trainingk/gafety
assessment, performance evaluation, sensitivitlysina
evaluation of decisions or action alternatives [i2] One
of the most prominent application domains for satioh
is manufacturing: there its full potential can hfilled
and, moreover, some issues in industry can ongobed
with the help of simulation product development
€variations. Apart from obvious advantages, simofati

» Efficiency. Using robotization and automation,
products can be produced faster and more effigientl
especially when smart technologies are involved.

» Saving money. By adopting Industry 4.0 principle:
and technologies the risk of costly mistakes can t
reduced.

* Improvement of the customer experience. Th
analysis of customer needs and customization tead
fast reactions on customer demands and increas
competitiveness.

» Increased income. Despite the high initial investine
Industry 4.0 can generate much more revenue f
companies. This can be attributed to high
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offers manufacturing a great number of benefithsa® « systems based on network paradigms (are used in

providing efficient trainings for new operators tor structuring causal relationships and modelling

refreshing skills of experienced ones, reducinkstistart- systems with parallel processes, serving for

up times, commissioning time and cost [13]. stratification and algorithmisation dynamics of
discrete and discrete-continuous systems);

1.3 Simulation modelling tools « systems based on process models and organizational

Today there is a great number of analytical sofwar structures;
products focused on simulation on the information. systems focused on continuous modelling;
technology market. The range and variety of suétwsoe « dynamic systems;
continues to grow. As the dominant basic concepts i « other.
modern simulation modelling are used [14]:

« discrete-event simulation systems (descriptiondbase Table 1 shows environments oriented towards difere
systems for process description); approaches in simulation modelling, which shows the
market is very uneven [14].

Table 1 Environments oriented towards differentrapphes in simulation modelling

Inputs Outputs

producing shipping

Systems focused
continuous modelling

Vensim, iThink, Powersin
AnyLogic

production
capacity

Throughput per machine

Machines

AnyLogic, Arena,
Discreteevent  simulatio SIMULS, FlexSim,
systems Tecnomatix Plant
Simulation, WITNESS

Dynamic systems MATLAB

Systems based on netw

: ARIS
paradigms
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In this paper the emphasis is going to be on therelie- decision making and allow to estimate the efficient
event simulation — the most commonly used simulatiovehicle schedules [27]. AnyLogic simulation softeas
system. The majority of companies prefer commercialso used for pedestrian flow simulation in crowdeeas
simulation software products to general-purposg8], for analysing and realizing the security syst

programming language [13]. including information security and perimeter [29r
comparison of different approaches to highway
2 Methodology management [30] and for the integration of entegori

The fulfilment of the tasks set in the work is dearout ~ inventory resource [31]. The system also allowsse the
on the basis of the application of general scilentifsearch  bulilt-in genetic algorithm to optimize the modedismary
methods within the framework of comparative analyas Parameters [32]. _ _
well as through the graphic interpretation of infation. ~ Arena is a discrete-event simulation software
The study consists of the descriptive researcthefsix originally developed by Systems Modelling Corpaati
selected discrete-event simulation software packagat and later acquired by Rockwell Automation. Mosthe t
can be implemented in Industry 4.0 — AnyLogic, Axen discrete event methods are used but there aretGit®
SIMULS8, FlexSim, Tecnomatix Plant Simulation, ancavailable to cover areas in agent-based and flodeffing.
WITNESS (Table 2). Those software simulation madgll This simulation tool uses flowchart modelling
tools are chosen for further comparative analybitheir ~methodology and models can be enhanced with 3D
main features and application areas. The literayiew animation [33]. Arena simulation software provided-
of those software’s applications and case studes iS" model for adoption of Hold Baggage Security
conducted using 35 articles taken from academimala  Screening (HBSS) system model at Kuwait Internation

published from 2015 to 2021 and one article publisin  Airport in order to improve a system performancé]|3
2010. This simulation tool was also used to evaluate the

performance measures of the queueing system [35],
L : ) determine the reason of queueing occurring at berth
2.1 Application of the selected smulation software  4jgcation [36] and to design security-check systeor
packages based on literature review screening aviation passengers [37]. Arena is corynon
Tecnomatix Plant Simulationwas used to analyse theused for Conducting experiments based on abstradem
bottleneck process and scheme comparison of tistic]) to estimate the chances of the implementation and
solutions for an automatic plant [15] and for desig and  applicability of the proposed systems [38] and for
simulation of the mining rail transport to get asjeztive  jmprovement of the service level by exploring tteffg
view of their systems, though the program is mairdgd schemes [39].
for the manufacturing processes [16]. This softwaee SIMULS is a software package used for discrete event
considered the most appropriate tool for the coEputsimulation but is commonly used for a process siti,
simulation of automated guided vehicles systempdh@ not a production one. Even though it may not bentist
one of the best solved software in the area ofymtioh  syjtable software for the manufacturing processetyais
solutions [18]. It was also noted that by usingsthipyt it is easy to use and the results of the sitionla
simulation software, enterprises cannot only sagscbut  performed in SIMUL8 environment can be simply
with the help of monitoring system they have undése interpreted [40]. It is a great tool to explore ibte “what-
effects and failures reported [19] and have comalle jf* scenarios, create a visual model of distribatiand
improvements in the production process efficier®).[  manufacturing purposes [41]. SIMULS is also usedd
USing FlexSim simulation software it is pOSSible to System design, train formation operationa| prowm
determine the most cost-efficient way of productiometro timetable evaluation, and railway utilizataralysis
process reorganization and analyse individual tesild  since it provides a proper flexibility to perforimsilation
subsequent optimization [21]. Moreover, the cybefijals of various scenarios [42], [43]. The givesftware
learning factory for operations management-oriestedrt \vas compared with the four other simulation sofavar
factory education and training was created in Fl@xS packages — OpenTrack, Xpress MP, Arena, RailSys — t
simulation environment and can be used to traighoose the most suitable one for railway simulation
information systems architects of IT companies anghodelling to prove the feasibility of the proposeygage
operations managers of manufacturing companies [22ansfer service. As a result, SIMUL8 was suggeatethe
FlexSim can also be a helping simulation tool inisien  pest computer-based simulation software due to its
making systems [23] and optimization of manufadliri easiness of use and user-friendly interface [44].
industry [24]. It allows to experiment with other \W|TNESS simulation software uses simplified models
manufacturing processes without interrupting thenimig  that can recreate basic business processes arsystésn
process [25] and is easy to use providing a deslicatis capable of reproducing various situations. I ca
environment for manufacturing simulation [26]. determine crucial processes and validate real ouiging
Models developed in AnyLogic simulation production data [45]. WITNESS was also used toyaeal
environment are used as a helping tool for analiysts jssues connected with assembly line and resulted in
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operator's productivity

increase and assembly

simulation tool when it came to optimal utilizatiaf
resources, solution for material handling in waredes application industries, WITNESS served as a basisaf

and smooth customer-oriented material
industrial

Together

with

simulation software package can be used for sigifi
balance improvements of the production line [48].

simulation [49]. Considering

liNng/ITNESS is a general purpose simulation softwans th
efficiency improvement [46]. It represented a halpi was suitable for traffic and single-lane roundabout
its advantages and

flow [47]simulation method of teaching of logistics, givistgdents
engineering methods thishe opportunities and simulation environment toapeir

theoretical knowledge and create production md&els

Table 2 Environments oriented towards differentrapphes in simulation modelling

Software Develope | Package modul Areas of us Deploymen
AnyL ogic AnyLogic System dynamic$ Supply chains, manufacturingMac, Windows,
Company | analysis, risk analysis,transportation, warehouseLinux
optimization, planning| operations, rail logistics, mining,
decision support. oil and gas, ports and terminals,
road traffic, passenger terminals,
healthcare, business/social
processes, asset management,
marketing, defen.
Arena Systems Model verification,| Manufacturing, logistics Windows
Modelling | analysis of inputs andoperations, business processes,
Corporation| outputs data, modelling, supply chain, medicine, military-
model verification. industrial complex, banks and
ATMs, vehicle planning and
scheduling
FlexSm FlexSim Model building, 30 Manufacturing, material handling,Cloud, SaaS
simulation, model healthcare, warehousing. Web-Based,
analysis, optimizatic Windows
SIMUL8 SIMULS 2D process visualisation,Healthcare, manufacturing,Cloud, SaaS
workflows  animation,| automotive, call centres, Web-Based,
business procegspharmaceutical chain arl[dwindows
modelling, the possibility logistics, business process
to share simulation andmanagement, government anpd
connect to live data justice.
source
Tecnomatix Siemens Manufacturing, Discrete manufacturing Cloud, SaaS
Plant transportation, loading (automotive, electronicg, Web-Based,
Simulation and unloading operationg,shipbuilding, machine  tools, Windows
business procegsassembly lines, etc.), logistics,
simulation, logistics,| sales, consulting, healthcare,
sales, scheduling, banking.
production rhythm,
process verification
supply chaii
WITNESS Lanner Manufacturing, Aerospace, automotive industryCloud, SaaS
Group optimization, planning| aviation, criminal justice angWeb-Based,
scheduling, businesspolicing, defense, food sectgrWindows
process modelling. healthcare, logistics,
manufacturing, nuclear,
pharmaceutics.

2.2 Comparative analysis of selected simulation
softwar e packages

FlexSim, SIMULS8, Technomatix Plant Simulation and *

WITNESS offer the most various deployment posgibsi
in comparison with AnyLogic and Arena.

The studied simulation tools are mainly used by the

companies in the following industries:

» hospitals and clinics;
* automotive;

industrial machinery, supplies and equipment;
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» electronics;

* freight and logistics; NUMBERS OF COMPANIES
* management, USING SIMULATION SOFTWARE
» aerospace and defense; SOLUTIONS

» food, beverages and tobacco.

All of the given simulation modelling tools are als
used at universities and colleges for educationggses.

Figure 1 represents the total amount of compani
which used and are currently using each of the ebo
mentioned simulation software. The information it
provided by the HG Insights Inc. by using their tge-
market intelligence platform [51].

As it can be observed, most companies are curren
using Arena simulation software solution and amtrg

®m Total number of companies that used/are using the software

Companies that are currently using the software

studied solutions this software is also the mostroonly < - & & " o
used one. WITNESS is the least commonly use & & & & & &
simulation tool and relatively small number of canfes v ¥ B =
are using it. &

Table 3 represents main features of the simulatic .. A
software packages. Figure 1 Technology and life

Table 3 Environments oriented towards differentrapphes in simulation modelling
Software AnyLogic Arena FlexSm SIMUL8 Tecnomatix Plant | WITNESS
Simulation

v v

3D Imaging v v

<\

Agent-Based
Modelling
Continuous
Modelling
Design
Analysis
Direct
Manipulatior
Dynamic
Modelling
Graphical Data
Presentatio
Industry
Specific
Databas
Motion
Modelling
Presentation
Tool
Stochastic
Modelling

<\

<\

AR EN RN ENIEN
AR EN RN ENIEN

S RN RN RN RN RN

v v v

RN N N AN AN RN RN NN
S ENIENIRN
RN N N AN AN RN RN NN

v v v

As it can be observed, FlexSim and Tecnomatix Platlius while selecting between FlexSim and Tecnomatix
Simulation retain all the main features. Grabowile€al. Plant Simulation other factors such as price, neaiatce
[52] made a comparative analysis of simulationltegiot  or interface should be taken into account.
with these two software simulation packages in iotde Arena and SIMULS offer the least simulation options
check how the choice of a software can influenae thn comparison with other studied software packagesig
quality of simulation results. Specific productiomexes SIMUL8 software one cannot manipulate 2D data into
were taken into consideration and it was proved tha three dimensional format and, since it doesn'tratfesign
difference between the simulation results waselithd analysis option, there is a need of physical pypioy and
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testing. Also, while using SIMUL8, Arena and WITNES less simulation opportunities than other studietlgtion
it is not possible to predict and understand thetional  software packages.

behavior of mechanisms and assemblies, which alsses
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