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Abstract: The article presents the results of comparing the two principal display modes in the software Tecnomatix Plant
Simulation. Currently, there is an increase in the application of modelling and simulation in industrial practice. Behind
this are the new features of the simulation software and the growing number of users who control the simulations.
The complexity of the simulation for the simulator is derived from the complexity of the system and the required degree
of accuracy. The accuracy itself depends on the abstraction and reduction of the elements of the simulated system.
Tecnomatix Plant Simulation software is a widely used tool that allows for multiple display modes, each with its specific
purpose. The article aimed to determine the deviation between the individual display modes experimentally and outline
their specific use based on abstraction and reduction level.

1 Introduction experiments through a simulation model and realised by

Currently, modelling and simulation as part of théimulation runs. Therefore, the simulation is used to
digital factory are experiencing a boom in use. This has §lPport ~decision-making processes and verify the
do with the increasing Computing power of ComputerS, t”@pllcatlons .Of individual decisions prior to '.:helr aCtU-al
increasing simulation software functions, and thénplementation. As the most common scenario analysis of
increasing number of trained staff. The use of simulation € results from the simulation, the run is considered the
in the frame of digital factory strategy where the companhat-if analysis. Operational managers can simply perform
works with digital 3D models of real production, makinqi/%hat"f analysis as a part of a decision-making process
changes and optimising them. Modelling and simulatiotp.6]. In general, the difficulty of modelling, which results
are important areas of the digital factory that allodn @ model, depends on various indicators. Specifically,
businesses to answer questions about modelled proceségtermining the model and the required degree of
Modelling is the process of creating a simulation modé@bstraction is one of them. If, for example, we take into
based on available information about the real syste@ccount only a line for simulation, where only means of
Based on the layout of the real system and its abstracti@¥ioduction and conveyors are installed, then a simple
we are creating a model on which experiments will bgmulatlon_ is sufficient that neglectg the dimensions of
carried out later [1,2]. The model is created based onthgse devices. However, let's take into account workers
layout where the static and dynamic objects that make Who perform free movement and must avoid objects whose
this model are inserted. The model is a simplified versid¥0sition changes over time. It is necessary to create a
of the real system containing all its essential parametef@odel that also takes this state into account in the
On this model, we conduct experiments in order to obtafimulation. Tecnomatix Plant Simulation is a dynamic
information about the real system. Simulation is &mulation software that allows you to model at different
representation of the real system and its dynamic procestls of abstraction and reduction. In general, it allows
in the model. As has already been said at the outset, fgplay in both 2D-only and 3D-only, the usage of which
simulation aims to obtain information for the real systenis currently dependent on the required model properties. At
with its subsequent optimisation [3,4]. Basically, it is abodts core, the article describes 2D only or 3D only modes for
preparing, implementing and evaluating individual
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Tecnomatix Plant Simulation, their comparison and
application with obtained achievements.

General | Simulation  Units  UserInterface Editor 20 3D  License 4 b

Mode!

2 Tecnomatix Plant Simulation Modellanguage: Englsh .
It is a simulation tool from Siemens that allows Date and tme format: syyyimidd 24hour -
simulation and optimisation of production and logistics Model saving history: Nere -

systems and their processes. Through Tecnomatix Plal
Simulation (TPS), it is possible to optimise material flow,
resource utilisation and logistics at all levels of planning in
the company. Tx Plant simulation as a discrete event D oriy

controlled program takes points in time (events) into Ask each time

consideration that are of importance to the further cours

of the simulation. Such events may, for example, be a pa| [ ***=r=e _

entering a Station or IeaVing |t or moving on to another Libraries directories: :D:\,FactoryLibraries,'D:\,InternaﬁonaILibraries
machine [7]. Hierarchical modelling allows us to optimise

processes, flows and resources for selected parts of the @)

system (individual devices) or the system as a whole

Visualization Connector settings
20 only | Connect objects automatically
# 2D and 3D Positioning: Fixed Side -

(enterprise). The digital models make it possible to conduct @
experiments and incorporate the various required changes C
according to the question "What would happen if?". This @
tool allows increasing productivity, optimising the number Open
of workers and their activities, verification of the new 20430
layout, removal of bottlenecks areas, optimisation
of logistics, reducing the work in progress of production. (b)
By carrying out testing in the digital model without Figure 1 Switch between modes
interference with the real system, the pressure resulting () using Preferences; (b) using Open 2D/3D
from the possible threat to the running of the production
process is being exerted. 2.2 2D environment
In general, these benefits can be obtained from Modelling in 2D introduces the most important tasks
employing simulation [8]: of the modeller's face when creating a simulation model.
« Enhance the productivity of existing production! he display is designed for models with a higher degree of
facilities. abstraction and reduction, especially where the object's
 Reduce investment in planning new productioize for the entity may be neglected. When working in 2D,
facilities. you can navigate to 3D with those objects after inserting
. Cutinventory and throughput time. objects, but after changing the view, we find that the

dimensions are the same for each object in that class.

* Optimise system dimensions, including buffe i e, )
Precisely because of the recurrent activities of workers, it

sizes. X ;
. Reduce investment risks by early prooi’s necessary to create a so'-called .foot.path in order to keep
of concept. the distance of the worker's walking in the performance

- . of activities.
* Maximise use of manufacturing resources.

* Improve line design aljd sche_dule_:. _ 23 3D environment

The simulation outputs will provide information on The view in 3D introduces the possibility to visualise
making quick and reliable decisions during the productiotn material flow and see differentlzoes betwt)e/zen simulation
and early stages of process planning. The program can &

imported from other programs, such as MS Office formafe SCtS ani_mable objects,_ graphic groups, state groups,
(Layout in .pdf format or databases in xlsx format) Sate graphics, and graphics of the selected object. This
’ ’ type of display is suitable if we need to model objects with

medium abstraction and reduction of elements. This means

2.1PI Et)fescrlr_)lflon of dltsplg?/ rr;oges lati bles th that the object behaves as one in the basic frame, even if it
atform tecnomatix Fiant simulation enables threg,, o o multi-part graphical structure, but the overall

types of display 2D-only, 3D-only, and combination (2 dimensions of the object are preserved. Based on [8],

and_3D) view;. Each .Of the views has its domi”‘%’fhe dialogue Show 3D Graphic Structure shows
app||_cat|on, which is defined by. the degree Of abstracthﬂe graphics in a tree structure that visualises the 3D
required. However, the post will only deal with the 2D,

| 3D-onlv displav. Th lect and switch bet simulation object but not the content of this simulation
only or sb-only display. The Select and Switc eweegbject. In this mode, when defining the free movement
views window are on (Figure 1).

of workers, the worker bypasses the obstacles and behaves
like when moving in a physical layout. In this mode, you
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can also create an animation of objects using Graphic Ribbon > No Yes
groups. Graphic groups define a possible visual Frame >
representation of an animate object and have a unique General
name for this object. This is similar to the 2D icons  Ribbon > No Yes
of the simulation objects. A graphic group can be Frame > Icons
permanently shown or hidden to enable switching between Ribbon > No Yes
alternative graphic groups. Each simulation object @rFrame > Vector
animate object contains at least one external graphic grqup Graphics
named default and optionally any number of alternative or  Ribbon > Yes Yes
additional graphic groups, which you can show or hide Mmethod > Edit
independent of each other. The visibility of the graphic  Ribbon > Yes Yes
groups is a 3D object property that can be inherited and th&ethod > Tools
entire graphic structure. This type of display and modelling  Ribbon > Yes Yes
is especially suitable for visually satisfactory model pataTable >
display, especially when presenting to investors or senior List
management, where we want to subdue our simulatidn-context Menu 3D-related no 3D-related
obtained results. If necessary, the model with minimal ¢ the Class commands commands
abstraction and number (_)f reductlon_s uses different Library only general and 2D-
software, namely Tecnomatix Process Simulate. general and related
) ) 3D-related commands
2.4 Comparison of 2D-only and 3D-only views command
Whether 2D-only or 3D-only in Tecnomatix Plant Dialog Window 3D-related no 3D-related
Simulation, each view has its specific features andgfthe Objects >| commands commands
functions. _Indmdual functions, es_pemally_m 3D mode Menus only general and 2D-
allow modifying the size of an object, which in 2D, for general and related
example, is only possible directly in the object's 3D-related commands
parameters. The comparison of functions and modes ig in command
(Table 1). Ribbon > Icon No Yes
] ) ) ) ) Editor > Edit
Table 1 Comparison of Tecnomatix Plant Simulation function Ribbon > lcon No Yes
and modes [8] Editor >
Function 3D Only 2D Only o
— - Animation
Axes origin of | objects can be upper left corner -
: Ribbon > Icon No Yes
the scene inserted of the Frame Editor >
anywhere, the window General
grid adjusts its| objects can only Dialog of NG Yeos
size be inserted 9
L Length-oriented
within the Obiects > Tab
displayed grid, Jects > 1a
starting at the - Curve
position 0. Display Panel No Yes
Standard small icon nex{ large icon next tg
Graphic of to label label 3 Results
certain A simple simulation model has been created to verify
Information the accuracy of previous claims, consisting of several
Flow Objects objects of different sizes in real conditions. The first model
Ribbon Yes Yes is created in 2D graphics and neglects the dimensions
File Menu Yes Yes of objects, while the worker can move freely. The second
Ribbon > Start Yec Yec model is created in 3D graphics and takes into account the
Ribbon > Yes Yes dimensions of objects. (Figure 2) depicts 2D-only a 3D-
Debugger only models.
Ribbon > 3D > Yes No
Edit
Ribbon > 3D > Yes No
View
Ribbon > 3D > Yes No
Video
~27 ~
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Table 2 Comparison of the 2D-only and 3D-only simulation

model
View Distance travelled (m)
2D-only 73225.3.
3D-only 73708.6.

The results show that 3D displays also consider objects'
size more suitable for the worker's free movement in space
without a defined footpath. The results obtained in this way
are more accurate and reflect the actual situation.
The difference in views is 0.66%.

4  Conclusion

Speed in verifying different solutions is most important
if the processes are characterised by uncertainty about the
final result. By applying simulation, we can get a really
accurate picture of the outcome of these uncertain
processes, and we can simulate the behaviour itself. The
simulation application also solves the problems of
estimating the results of large investment projects, which
equally positively affects the costs that would arise in the
future due to bad decisions. The costs and time
requirements for implementing the simulation project
themselves depend on the degree of abstraction and
reduction of the model elements. The article describes
an experiment conducted in Tecnomatix Plant Simulation
software that was tasked with detecting results that can be
achieved when using individual mods of the display,
namely 2D-only and 3D-only, and the impact of the
abstraction of elements on accuracy. The core of the article
was to describe the views in software and compare these
two views, assessing the accuracy that we can achieve with
individual views on a model example. In this particular
case was, the difference between example models 0.66%.
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Abstract: This article provides information about the impact of the development of simulation possibilities, digitization
and technologies on workers. This article aims to present possible problems for workers with the adoption of new
technologies. They must increase their knowledge and skills about information technologies to understand the functioning
of the software and their modules because by the time they must control and set them. This article can also give readers
answers to how solution phases of simulation projects can be changed and how computer simulation can help solve
problems with unstable situations of many workers in the workplace. We also present recommended phases of the
simulation project that will help create scenarios, which will help reduce the impact in a risk situation.

1 Introduction - Computer simulation When simulating workers' work, it is possible to use
Computer simulation is one of the most effective toolgeveral objects and settings so that workers in the
to support training, education and decision-making at gimulation move or perform activities as in reality.
company levels. An essential task of computer simulatiomherefore, it is important to ensure that the new workplace
and digitization of processes and documents, in general W8l prevent unnecessary resource waste and create a safe
not only to improve clarify selected production andvorking environment for employees [1-6].
logistics processes, but also to improve working conditions Advantages of using simulation to simulate the work of
of employees or readiness of workers to perform their wolKOTkers, e.g.:

in the operation, so that they do it correctly, safely armd
without high physical load. Workers are the most important
part of any industrial society. .

Modern technologies and the development of software
solutions enable a combination of software solution toots
and technologies to simulate the movement of workers in
the plant. In combination with wearable sensors, such
solutions allow the system to first simulate and evaluate
how workers in a given production, logistics, the
warehouse can work and then determine the optimal
location of production equipment and machinery to
maintain optimal employee working conditions.

For example, the Tecnomatix Plant Simulation
software solution, which is used at the Department of
Industrial Engineering, allows us to simulate the work of
workers performing various tasks in production and
logistics, such as moving material, performing production
operations, repairing machines, setting up machines, eta.

Creating a complex and real environmentin a 2D/ 3D
environment.

Possibility to simulate the real way and direction of a
worker walking around the workplace.

The creation of a computer simulation does not
interrupt the worker's work in a real environment, so it
is safe and does not burden the minds of workers.
The dynamics of the computer simulation
environment will show the possibilities of work
performance walking directions and choose the most
advantageous routes or ways of performing work, e.g.
maintenance activities.

Simulations and experiments focused on workplace
innovations - development of new trends and change
of workplaces, verification of new procedures, etc.

Disadvantages of using computer simulation:
Financial demands - high costs of purchasing
computers, hardware and software.
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« Time-consuming - creating a complex 3D simulatiomanufacturing,  cloud  manufacturing, intelligent
model or 3D scans may take several months if 3Manufacturing, and more. However, the too rapid
models are not available. advancement of selected technologies causes companies to

+ Data collection - is necessary to obtain additional daface many problems in practice in promoting intelligent
necessary for the proper operation simulation modégchnologies into production, but also among workers,
e.g. width aisle length, aisle directions, walking speegpecifically by developing their technical skills and
employee, priorities at work, etc. emotional intelligence.

« Staff training - the evaluation of the results of An example of supporting the development of workers'
simulation runs can be affected workers work, antgchnical skills is Amazon [1], which is committed to
wrong decisions can ultimately cause workers' healftelping at least 29 million people around the world

or psychological problems. improve their skills through free Cloud Computing training
to keep up with technological and software advances and,
2 Workers and digitization in the future above all, not be afraid of these technologies,

Various types of production and robotic systems af@Sillusionment, alarm messages, etc. . _
already characterized by the ability and properties to N order to further develop the technical skills of
process any type of components parts with predetermin%@‘plo,yeeS* it is necessary to find out the real state of their
production procedures and customer requiremenfgiPenence, and it may not be at the Ievel_they present. The
However, a necessary feature of modern producti ills that employees will need to acquire in the future
systems is flexibility and thus the ability to adapt tdhclude, for example [7-9]: _
unexpected changes in plans or production operations. The Création ~of ~protocols for new versions of
new generation of production systems is therefore Software/hardware. _
primarily about intelligent and flexible production systemg ~ Creation of new digital content usable in the factory
affecting the work of workers. Concerns and potential (for example, 3D models of manufacturing, tools for
problems that already affect the work of workers include, USinNg augmented reality and so on).

for example: * The creation of a computer simulation does not

»  Lack of understanding of the behaviour of these digital Interrupt the work of the worker in a real environment,
technologies. S0, it is safe and does not burden the minds of workers.

. Insufficient dissemination of accurate and quality Developing digital security, cyber forensic tools (such
information between company levels. as Network Miner, Encrypted Disk Detector,

. Insufficient knowledge of staff in statistics, ~AUtopsy, etc.) and other techniques. _
mathematics and incomplete evaluation of busineds Development of digital communication in factories
models. (for example, by using Mobile Employee

«  Rapid development of technologies and their effort to  COmmunication Apps). . _
adapt causes companies low return on investment, * Use advanced problem-solving  computational

« Not enough awareness of the current state of techniques (for example, software for a risk impact
machinery, equipment, technological equipment, etc. 2SSessSment on operations). .

« Lack of tools for application development and Intégration of various digital tools to improve
software solutions, costly purchase of licenses and customer choice of proc_iucts over the Internet (e.g. in
software. the form of Face-Scanning).

. Attitudes of employees - Careful holding employee$ Integration of digital tools into products and handling

for several years common practices that refuse to UNIS, €.9. sensors on pallets, etc. _
change, etc. » Developing knowledge of data mining (e.g. in the

form of predictive algorithms) etc.

As mentioned in the introduction to this article, it is o
necessary to start preparing workers for the gradual Based on the statistical report from the 2020 year,
emergence of new digital opportunities that are offered tgsued in the year 2021, by the MHI Annual Industry
businesses. Intelligent manufacturing and smart produclePort, we can say how technologies probably industry
their development already includes a wide range of varioWdll change over the years [7]. These reports are divided
other options, including, for example, sensor integratiof)to four timeline parts, and the first one is in use today;
integration of a new generation of artificial intelligencdn€ second part is dated from 1 to 2 years, the third part is
technologies, advanced manufacturing technologies (e4fited from 3 to 5 years, and the last part is dated from 6
hybrid production systems), lean manufacturing, digitaf€ars and more.
manufacturing, agile production, networked
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3

PREDICTED ADOPTION OF TECHNOLOGIES

BIn-use today [%] ®1-2 years [%] ®3-5 years [%6] =6+ years [%]

PERCENTAGE OF PREDICTED ADOPTION OF TECHNOLOGIES [%)]

Cloud Inventory and Sensorsand Robotics and Predictive and Industrial Wearable and 3D printing Autonomous  Artifical  Blockchain

computing network automatic  automation prescriptive Internet of mobile lesand intellig and
and Storage optimization identification analysis Things technology drones technologies  distributed
tools ledger
technologies
TYPES OF TECHNOLOGIES

Figure 1 Graph of investment in products and services

In Figure 1, it is possible to see a result graph of the Even in today's advanced period, peoples remains an
responses of 1000 supply chain and manufacturing leadessential element in every production or non-production
to find out which technologies they want to focus on aftgrocess. People are irreplaceable in their flexibility and
the pandemic. Also we can assume how they want &bility to handle a wide range of diverse tasks quickly.
transform and improve their processes by adopting of néWith the growing demands on the quality of production
digital technologies. Based on the results of a survend constantly increasing production, the demands on
conducted by the MHI organization over the next threemployees' physical and mental strain also increase. With
years, the companies will focus on automatiothe advent of Industry 4.0, the requirements for the
technologies, robotics, warehouse equipment and mobKeowledge of employees and their work preconditions are
devices, development of ergonomics and softwagradually changing. Some types of work activities will be
solutions, sensors and information technologies, also fsansformed or eliminated soon. This change towards the
wearable technologies. digitization of the factory and the high share of automated

activities (Figure 2) is also changing the nature of the
2.1 Operator 4.0 in the context of digital procedures used. Operator 4.0 concept is generally focused
technologies on building relationships based on trust and human-

The central theme of today is the implementation dhachine interactior_ls. This interaction will allow smart
innovative and disruptive technologies supporting digitflystem-based businesses to leverage the power and
humanism. It is essential to realize that people and thémpabilities of smart machines and strengthen their
potential are at the heart of progress in an age of growiﬁqerators with new skills and technological support to take
digital businesses and digital workplaces. The industrydll advantage of the production capabilities of the Industry
overall development is aimed at further simplification and-0 concept.
streamlining of human activities, relieving people of
manual work, their collaboration with machines, robots,
etc. With the introduction of the Industry 4.0 concept, some
types of work activities are transformed or eliminated. As
work activities change, so do the skills and knowledge
requirements of employees. The work environment and all
factory processes will operate based on a Smart factory
using a Digital Twin factory (digital, virtual and real
enterprise), collaborative robotics, management and
decision-making systems based on real-time monitoring :
and gathering information throughout the factory system. - -

g g g y sy ] b *

Figur 2 Innvative technologies in the factry [3]
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Operator 4.0 concept is also defined by expanding its in its solution, not only the manager and the creator of
skills with the help of innovative technologies in  the simulation. The presence of these workers is
production systems. These technologies already used by important if the problem is to be addressed in-depth,
several factories today include augmented reality, virtual as they bring knowledge, experience, ideas, and
reality, collaborative robotics, wearable sensors, tablets suggestions for improvement or just have information
and cloud solutions, and exoskeletons. on how workers behave in the workplace. In this step,

Practical training and coaching of employees with the you can also use training using virtual reality.
support of new technologies offered by the Industry 40 Phase 3: Data collection- This phase can be
concept will serve not only to increase the qualifications of performed even before creating the parametric
workers, which is a necessary condition for keeping pace simulation model because it is necessary to obtain
with the development of world production. They will  information about employees and the workplace,
primarily serve to effectively prevent the development of which can then be time-consuming to collect and
occupational diseases and accidents. An example of evaluate. Between the data can be include, e.g.
technology that is already used successfully in the field of proposal of the number of workers at the workplace,

staff training is virtual reality. work shifts, break times, working hours, routes of
movement of workers, waiting for the operator to
3 Simulation project order, speed of their movement, performance, etc. For

As described above, it can be seen that the development the needs of simulation of the selected process, it is
of knowledge will be a key point for the further growth of ~ necessary to add detailed information about the
workers' knowledge development. Methods of computer selected process (e.g. workplace location, dimensions,
simulation allow estimating the expected throughput and taking into account ergonomics, production process,
usability of the system and all elements included in the assembly plans, etc.), handling equipment (e.g. a
system [2]. Such a development can also affect the way the number of handling equipment, speed, charging
simulation project is created and its phases. method, method of storing semi-finished products,

Figure 3 shows the phases of the simulation project, €tc.), or method of planning (e.g. use of ERP or SAP
which already incorporates the possibility of preparing a  software), etc.
solution team and ways to evaluate the results of simulation Phase 4: Creation of a parametric simulation

of workers' work. model - By parameterizing a simulation model, it is
possible, e.g. change data values from a clear dialogue
T—— Completion and box or enter data into a table created by simulation
rF‘Jorf\l']ﬁa:epllj}:I)l[}c:]e_ i Proposal of the | preparation of data software or users.
will the computer [—>| composition ‘oflhe > _fm- the purpose 01.
B e i ol . research team “catri’ﬁn?] :ﬁg:}mm
| il [
-.¢_J et ned

Creation of Verification and Design of e s

parametric —=| validation of the > experiments and a
simulation model simulation model experimentation a

r

o

Ewvaluation of the
impact of simulation
results on the work
of workers

Creation of plans
t—=>| Economic evaluation —> and other =
documentation a) 5

Figure 4 Connection of Ms Excel and Tecnomatix Plant

Figure 3 Propose@hase®f the simulation project Simulation software (Author: Monika Bkava)

(Author: Monika Bukova)

The example of a model shown in Figure 4 a) is
parametrically set to retrieve data from tables created
in MS Excel. In Figure 4 b) it is possible to see also a
macro called "N&tavanie excel (Loading excel)" by
pressing the macro will start the data loading
command from the table from MS Excel, after which

Description of the above phases:

» Phase 1: Defining the problem, setting the goalln
this phase, it is necessary to determine the problem that
needs to be solved with the help of simulations. For
example, the use of the worker is not sufficient,
shortening the paths when picking goods, improvin . ! .
the methogd of p?cking goodsl? impr%\?ing maintgnancg the_data from the tgble W|II_ be overwritten, in the
processes, improving assembly processes, and then setting tat?'e O.f machmes — Figure 4 C) .
also warehousing and logistics processes, etc.  Phase 5: Simulation model verification and

» Phase 2: Proposal of the composition of the solution valldfatlon - During the verification process, it Is
team and its preparation — During the solution of possible to verify that the computer model is in line

such @ simulaion prject, & 15 sppropiate if " e iecles or i L was createo and
employees from different company levels are involved
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assessing the impact of risk on business processes. Bliichow to respond to these situations with the help of
validation step helps to compare the actual data wittatistical results. All types of processes and products will
the model's outputs if the company has such data [She modified and developed in the future, and these
« Phase 6: Proposal of experiments and activities should be aided by new information technologies
experimentation - If the risks from the previous to achieve a competitive advantage [8]. Of course, not
phases of the methodology are known, and whawery worker will work, e.g., computer simulation, because
consequences they can have on the processes, it Wilis financially demanding. But it is appropriate for
speed up and streamline the process of creating agiployees to increase their knowledge in basic software
modifying the simulation model. It is thus possible tsolutions and information technologies.
design experiments of the type, e.g. how the different
number of workers in the workplace will affect theAcknowledgement
performance of the production system, how manyhis paper was supported by research project KEGA
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