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Abstract: The article presents the results of comparingwleeprincipal display modes in the software Tecntixalant
Simulation. Currently, there is an increase indpplication of modelling and simulation in induatrpractice. Behind
this are the new features of the simulation sofwend the growing number of users who control thailations.
The complexity of the simulation for the simulai®derived from the complexity of the system areldquired degree
of accuracy. The accuracy itself depends on théradton and reduction of the elements of the sitmd system.
Tecnomatix Plant Simulation software is a widelgdisool that allows for multiple display modes, leadth its specific
purpose. The article aimed to determine the deraietween the individual display modes experiminsad outline
their specific use based on abstraction and remtutgivel.

1 Introduction experiments through a simulation model and reallsed

Currently, modelling and simulation as part of théimulation runs. Therefore, the simulation is uged
digital factory are experiencing a boom in usesTas to Support decision-making processes and verify the
do with the increasing Computing power of Compum !mpllCﬁthﬂS .Of individual decisions prior to thmtual .
increasing simulation software functions, and thémplementation. As the most common scenario aredyfsi
increasing number of trained staff. The use of &itn is the results from the Simulation, the run is considethe
in the frame of digital factory strategy where twepany What-if analysis. Operational managers can simetjopm
works with digital 3D models of real production, kg~ What-if analysis as a part of a decision-makingcpss
changes and optimising them. Modelling and simaitati [5.6]. In general, the difficulty of modelling, wdh results
are important areas of the digital factory thatowll in @ model, depends on various indicators. Speijic
businesses to answer questions about modelledgsexe determining the model and the required degree of
Modelling is the process of creating a simulationdkel ~abstraction is one of them. If, for example, weetahto
based on available information about the real systeaccount only a line for simulation, where only meaf
Based on the layout of the real system and itsattan, Production and conveyors are installed, then a Isimp
we are Creating a model on which experiments vall bSimUlation is sufficient that negIeCtS the dimensiof
carried out later [1,2]. The model is created baseca these devices. However, let's take into accounkever
layout where the static and dynamic objects thatengp ~Who perform free movement and must avoid objectsseh
this model are inserted. The model is a simplifiedsion ~ Position changes over time. It is necessary toterea
of the real system containing all its essentianpeeters. Model that also takes this state into account i th
On this model, we conduct experiments in ordertimio ~ Simulation. Tecnomatix Plant Simulation is a dynami
information about the real system. Simulation is &Mmulation software that allows you to model afedént
representation of the real system and its dynanoicgsses €vels of abstraction and reduction. In generabllows
in the model. As has already been said at the putse display in both 2D-only and 3D-only, the usage tiich
simulation aims to obtain information for the regstem, s currently dependent on the required model praserAt
with its subsequent optimisation [3,4]. Basicalllys about  its core, the article describes 2D only or 3D anlydes 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 ltigs Model saving history: None -

systems and their processes. Through Tecnomatix Pla
Simulation (TPS), it is possible to optimise matkfiow,

Visualization Connector settings

resource utilisation and logistics at all levelplainning in o P“chgtb’i:;"" .
the company. Tx Plant simulation as a discrete teven D oriy

controlled program takes points in time (eventdp in Ask each time

consideration that are of importance to the furttmirse

of the simulation. Such events may, for exampleg part Additons lbraries

Libraries directories: D:'FactoryLibraries;D: \InternationalLibraries

entering a station or leaving it or moving on tmter
machine [7]. Hierarchical modelling allows us tdiopse
processes, flows and resources for selected phtiseo @)
system (individual devices) or the system as a &hol

(enterprise). The digital models make it possiblednduct @
experiments and incorporate the various requireshgbs C
according to the question "What would happen iTHis @
tool allows increasing productivity, optimising thember Open
of workers and their activities, verification ofetmew 20430
layout, removal of bottlenecks areas, optimisation
of logistics, reducing the work in progress of protibn. (b)
By carrying out testing in the digital model withou Figure 1 Switch between modes
interference with the real system, the pressureltieg () using Preferences; (b) using Open 2D/3D
from the possible threat to the running of the priidn
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 simulaticdeh
« Enhance the productivity of existing production’ he display is designed for models with a higheyrele of
facilities. abstraction and reduction, especially where theatlsj
« Reduce investment in planning new productioize for the entity may be neglected. When workmngD,
facilities. you can navigate to 3D with those objects afteeriisg
. Cutinventory and throughput time. objects, but after changing the view, we find thiae

dimensions are the same for each object in thatscla

* Optimise system dimensions, including buffe i ol >
i 4 g Precisely because of the recurrent activities afkens, it

sizes. ' to creat lled footpath irr dedee
* Reduce investment risks by early proo1’S necessary 1o create a so'-ca ed footpath irr ep
of concept. the distance of the worker's walking in the perfance

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

» Improve line design and schedule.

The simulation outputs will provide information on
making quick and reliable decisions during the patithin
and early stages of process planning. The progeabe
imported from other programs, such as MS Officenfatis
(Layout in .pdf format or databases in xIsx format)

2.3 3D environment

The view in 3D introduces the possibility to vidaal
the material flow and see differences between sitian
objects, animable objects, graphic groups, statels,
state graphics, and graphics of the selected objéds
type of display is suitable if we need to modekats with
medium abstraction and reduction of elements. filgians
that the object behaves as one in the basic franes if it
fas a multi-part graphical structure, but the odbera
dimensions of the object are preserved. Based §n [8
e dialogue Show 3D Graphic Structure shows
the graphics in a tree structure that visualises 3D
simulation object but not the content of this siatian
object. In this mode, when defining the free moveme
of workers, the worker bypasses the obstacles ehdves
like when moving in a physical layout. In this mogeu

2.1 Description of display modes

Platform Tecnomatix Plant Simulation enables thr
types of display 2D-only, 3D-only, and combinati@b
and 3D) views. Each of the views has its domina
application, which is defined by the degree of edusion
required. However, the post will only deal with tBB-
only or 3D-only display. The select and switch betw
views window are on (Figure 1).
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can also create an animation of objects using Geaph  Ribbon > No Yes
groups. Graphic groups define a possible visual Frame >
representation of an animate object and have auenid General
name for this object. This is similar to the 2D riso Ribbon > No Yes
of the simulation objects. A graphic group can be Frame > Icons
permanently shown or hidden to enable switching/beh Ribbon > No Yes
alternative graphic groups. Each simulation object | Frame > Vector
animate object contains at least one external grapbup Graphics
named default and optionally any number of altéveatr Ribbon > Yes Yes
additional graphic groups, which you can show atehi | Method > Edit
independent of each other. The visibility of themic Ribbon > Yes Yes
groups is a 3D object property that can be inhedared the | Method > Tools
entire graphic structure. This type of display ematlelling Ribbon > Yes Yes
is especially suitable for visually satisfactory aeb DataTable >
display, especially when presenting to investorsestior List
management, where we want to subdue our simulatidn-context Menu 3D-related no 3D-related
obtained results. If necessary, the model with mahi of 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
Simullation, e_agh view has its spepific .features andof the Objects >| commands commands
functions. _Indmdual functions, es_pemally.m _3Dode, Menus only general and 2D-
allow modifying the size of an object, which in 2y general and related
example, is only possible directly in the object's 3D-related commands
parameters. The comparison of functions and males i command
(Table 1). Ribbon > Icon No Yes
) ) ) ) Editor > Edit
Table 1 Comparison of Tecnomatix Plant Simulatiorcfion Ribbon > lcon No Yes
and modes [8] Editor >
Function 3D Only 2D Only 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 Yes
size be inserted 9
s 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 yerif
Information the accuracy of previous claims, consisting of smve
Flow Objects objects of different sizes in real conditions. Tingt model
Ribbon Yes Yes is created in 2D graphics and neglects the dimassio
File Menu Yes Yes of objects, while the worker can move freely. Teeand
Ribbon > Start Yec Yec model is created in 3D graphics and takes intowtcine
Ribbon > Yes Yes dimensions of objects. (Figure 2) depicts 2D-onIglx
Debugger only models.
Ribbon > 3D > Yes No
Edit
Ribbon > 3D > Yes No
View
Ribbon > 3D > Yes No
Video
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(b)
Figure 2 Display in (a) 2D-only; (b) 3D-only

The results of simulation runs are contained
(Table 2), where 100 simulation runs were condufbed
each model for a period of one shift, i.e. 7.5 sour

Table 2 Comparison of the 2D-only and 3D-only satiah

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

The results show that 3D displays also considerais
size more suitable for the worker's free movemespace
without a defined footpath. The results obtaineithis 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 imot
if the processes are characterised by uncertabuyitahe
final result. By applying simulation, we can geteally
accurate picture of the outcome of these uncertain
processes, and we can simulate the behaviour. e
simulation application also solves the problems of
estimating the results of large investment projestsch
equally positively affects the costs that wouldsarin the
future due to bad decisions. The costs and time
requirements for implementing the simulation prbjec
themselves depend on the degree of abstraction and
reduction of the model elements. The article dbssri
an experiment conducted in Tecnomatix Plant Sirarat
software that was tasked with detecting resultsdha 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 coresodtticle
was to describe the views in software and compaset
two views, assessing the accuracy that we canvahiith
individual views on a model example. In this paréc
case was, the difference between example moded&0.6
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