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Abstract: This paper aims to demonstrate the use of simulations in the process of improving production processes. With
the help of simulations, it is possible to test the efficiency of production in the virtual world, various variants of
simulations. The advantage of simulations is the fact that it is possible to make simple and especially cost-effective
changes to the production process and thus make it more efficient to the required level. 3D modeling of production halls
is already an integral part of improvement. At the same time, this article points out that PLM positively affects the
improvement process itself. The final simulation is aimed at improving the production process.

1 Introduction - PLM software PLM and its implementation in processes are so important.
At this time, in a time of pandemics, businesses muBfoducts are what indicate the quality of the company, it
increasingly strive to remain competitive in the markegreates a positive advertisement for the company and the
The constant process of developing new technologig¥oduct is what the customer buys.
modernizing processes, eliminating the heavy manual PLM software serves as a tool when, of course, set to
work that advanced robots do instead of people, are HIE maximum level, it will certainly mean increasing
commonplace in modern businesses. Manufacturifoduct revenue, reducing product costs, maximizing the
Companies are Constantly improving the qua“ty O‘-falue Of the prOdUCt pOﬂfOllO, and, last but not |eaSt,
products, improving their properties to provide customefgcreasing the value of the product for the customer and
with even greater benefits than before. Such a compa®iareholders. _
must emphasize PLM, which must have a higher level of Product lifecycle management consists of 5 phases. At
software resources. PLM software deals with the entire liRch stage, the product is in a different form. During the
course of a product, from its intangible state, ie the ide@agination phase, the product is only on a theoretical level
through user use, to its wear and tear. PLM software givag an idea of the people. The product is assigned properties
companies a clear overview of products, their features, afidch as color, shape, materials used, functionality, etc. At
customer value. For a company to improve the productiéhe end of the implementation phase, the product is no
process, it must constantly improve the processes. Ti@ger intangible but is already a real result of the
digitization process is used for this. Thanks to digitdProduction process. At this stage, the product is ready for
simulations, it is possible to make changes witholtse by customers. Whe_:n the owner uses, the product enters
Stopping production, which brings a huge advantage_ the next phase, when |t. |OS.eS value anq usefulness. In the
PLM software serves as a tool using which manages @t phase, the product is disposed of (Fig. 1). _
company's product portfolio, from the initial idea to wear Of course, companies are different, so the product life
and tear and disposal. With PLM, we manage the prodifgicle is different in each industry.
portfolio of one product and all the company's products . ? T -
the most efficient way possible. The entire range [ &~ @a :
managed, from individual parts to complex products. PLI

) . 3 A Imagine Define Realise Support/ Retire / Dispose
is primarily product-oriented. Products form the so-calle Use
heart of society, they are a source of profit, and that is why Figure 1 5 product life cycle phases
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As Kirk Carlson states in his article Today's Future
over time, PLM has also evolved. Today we encounter t
term PLM 4.0. It is the software with which the compan
can monitor the Digital Thread, which connects th
Internet of Things (loT), the digital twin of the product a:
with the product itself, the factory, and the customers. Wi &
the advent of the digital age, information began t | ierce Mosgement |
accumulate and the cloud must be interconnected w
business processes.

Figure 2 shows the structure of PLM 4.0. The core ¢
the structure is PLM 4.0. There is another layer attached
this core, in which questions are asked about how to des
a product, how to plan up to the question of how to se
With the last layer of the PLM 4.0 cell, which contain: | ponsochrng proces msogement | .. — e g
elements such as AR/ VR, linked Internet of Things, and  rigure 3 Features that are included in PDM and PLM
monitoring products, the rest of the cell of the just
mentioned digital thread connects.

FOM

Change management ]' g
Updating when needed

1.2 Tecnomatix Plant Simulation

Plant simulation is a program in which it is possible to
create a digital form (digital twin) and then create a
simulation of the work process and thus optimize
production and logistics systems and processes (Fig.4). It
is an important link in optimizing material flow, resource
utilization, and logistics across all businesses, from the
smallest to the world's giants. SOVA DIGITAL states that
the correct creation of digital processes in the Tecnomatix
Plant Simulation environment brings an increase in
productivity by up to 34%, better alignment of workers,
simulation of new layouts, increased production line
throughput by 12%, optimized logistics, and last but not
least by 27%. However, these statistics are only illustrative
and it is necessary to realize that the results differ according
to the degree of incorporation of the simulation. The
Tecnomatix Plant Simulation program offers 2D
simulation as well as 3D production simulation.

AS
SERVICED

CONNECTED p,go%
C
Iy
pIGITAL TH“‘O

7
QMH:)VW ? 1Y

Figure 2 PLM 4.0 cell structure

1.1 Product Data Management e

The production of products is associated with a lot ¢ .
data needed to realize production. Therefore, a syst 2
called Product Data Management (PDM) is introduced i
companies, which has a basic role, namely product di--
management. It is one of the most important elements 0™
PLM environment. Using PDM software, a company ca
manage product data created during a product lifecycle.
provides the necessary information at the right time in tl_ . :
right place. Information is an integral part of the life cycle.Figure 4 Tecnomatix Plant Simulation simulation environment
The introduction of PDM is a source of strategic control,
thanks to which information is fully available and for . . .
everyone who needs it. 2 Produ_ctlon process S|n_1ulat|ons and

As Merja Peltokoski states in her studies, PDM is a ~material flow optimization
necessary complement to PLM. PDM helps designers The basis for the whole simulation was to get

easily identify a part, making it easier to create a datash@eguainted with the problem of the company. In this case,
design and assignment to PDM (Fig.3). it was inefficient transport between workplaces. Transport

in the company was provided by transporters and the

~ 14 ~
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production machines themselves. Transporters represemegth of working time, the definition of entities that are
certain degree of automation, but in this case, thisased on workplaces. With a given type of production,
involvement of transporters is disadvantageous, becaugaste is also generated and it is also an entity that must
the transporter comes to the workplace, fulfills its capacithave a defined location. At the end of the production
and then to the destination. However, it runs halfwagrocess is the output, which is the finished product, waiting
empty, which negatively affects production statisticso be transported to the customer.
(Fig.5). Figure 7 shows a 2D view of the manufacturing
process. The program clearly defines processes, outputs,
13 l and inputs, paths for operators and transporters.

a =~ {w08) r \SEEEOHSEENE6-0H0E

. H ] II B
- B8 F—4-#-3% 54
: o 00000 .

S NNNA
Figure 5 Transport of entities using transporters Figure 7 2D digital model

Another problem of the company was the When creating a 3D model (Fig. 8), the look is more
unsatisfactory rate of production processes. This waaportant so that it is clear to the customer what process he
caused by inefficient transport of material or semi-finisheid currently following. The Tecnomatix Plant Simulation
products. The manufacturing process was made up liffrary contains some digital machine models. But in this
different operations and machines, each with different tinease, it was not enough. Therefore, there is a need to create
requirements to operate. The downtime was modigital machine twins in 3D modeling programs. Autodesk
significantly recorded at 3 workplaces: laser cuttindgnventor Professional was chosen to create the models.
polishing, and grinding (Fig 6). Once the models were in their final form, it was easy to

) insert them into the Plant Simulation environment.
N\ N

Figure 6 Accumulation of entities in the grinding workplace

Figure 8 3D model of a digital company

When creating a digital model, it is necessary to
initially define entities, which represent inputs to , )
production. The basic entity for this production process, |Nne advantage of connecting the 3D modeling program

from subcontractors and subsequently prepared them fdtStomer can define exactly what the models should look
1x1 meter dimensions. like. When the dimensions are configured correctly, it is

The next important step is to define the productioROSsible to monitor the extent to which the production hall

machines, their capacity, time requirements to perform tMdll be filled and how much space is unused, which

a rolling and polishing machine.

~ 15 ~
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3 Solving deficiencies in production using
simulation

Just as the original 3D and 2D model of the production
process was created in the Tecnomatix Plant Simulation
program, so the modernized production process was
processed in this program. In the modernized digital model,
| focused on the shortcomings defined in the production
hall's original model to minimize them, respectively.
completely removed. Fig. 10 is a 2D model of a
modernized production line.

(=t

ﬂ&iﬂ FL ﬂ "*—*m

E I'm_rh_r%.m.rﬁmzu.zumr D‘l'e_r-ﬂz_t‘l
:: #f 0 Pt

- l.

ul 5 B

L~

Figure 10 2D model

The problem with the transfer of individual
components, the transfer of which was provided k.
workers or transporters, resulted in a significant decree®
in the production of complete discs. Therefore, in th
production process, we removed conveyors and transfi
with the help of workers and replaced them with convey
belts (Fig.11). The advantage of conveyor belts ow
conveyors is that the conveyor belts do not have to tra
empty because they work continuously and have no el
Also, the advantage of conveyor belts is that the speed ¢
be regulated and thus the production process can be m
even more efficient. Conveyor belts connect the enti
production line and contribute to improvements in th, . <X _
number of resulting components. Figure 11 Conveyor belts in the production process

\
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Another problem was the low efficiency of certainrdg  Conclusions

production processes, which was also reflected in the final The work process simulation yielded sufficient results
statistics of the production process. We have alreagynd indicates that the process has significantly improved
partially eliminated this problem by introducing conveyothanks to the simulations in the Tecnomatix Plant
belts into the prOdUCtion process. But that did not prOVicgmulation program. The number of Outputs per shift has
a complete improvement. Therefore, I solved this problefAcreased and this opens up the possibility for the company
by adding machines that have experienced low productigh accept orders in larger quantities. Of course, the
efficiency (Fig. 12). The addition of machines increasegompany has spent considerable funds on the purchase of
efﬁCiency, which was reflected in the reSUlting StatistiCSneW machinesi but the return on money is expected in the
Although itis a costly solution in terms of procurement angoming years. The simulation model is clear to the
increasing the price of energy, the result is expected to figstomer, so he can find out about the availability of any
a return on resources to optimize production. changes in the simulation model. Ultimately, the
simulation can be applied throughout the product life cycle.
The simulation also prevented production interruptions, as
the modernization process took place in a simulation
environment, so there was no need to stop production,
which did not prevent the company from producing
products.
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Abstract: This paper deals with the collection of production data using elements of a specific localization technology in
real time for later use and subsequent possible verification via the TX Plant simulation software platform. The paper
defines terms such as RTLS system and its main parts, topology, coverage and hardware part of localization technology.

1 Introduction help companies make informed decisions based on the
In today's modern world, engineers are increasinglgcation data collected [1-3].
focused on full-fledged data collection. In many ways, itis Furthermore, it can be said that the RTLS system serves
not just about production data based on material flo@ot only to identify the tag, but also to locate it and track
values and the like. Values such as movements &fe movement in real time. The system determines the
machines, equipment but also workers are also taken if@gation using small devices placed on the objects we track,
account. These data are increasingly able to refine Gitive RFID tags. RTLS technology is designed mainly for
simulations due to more accurate and especially ré@onitoring and determining the position of objects in the
collected production data. The form of data collection fgpterior or exterior (production area, etc.). RTLS is used in
evaluation and processing of simulations is usualpany industries with specific applications such as
performed by combining software and hardware part§mployee tracking and asset tracking. These applications
which ultimately form a unique way for data collection angan be found in the manufacturing and mining industries,

possibly statistical evaluation, which the simulatioPut are mostimportant in healthcare. The accuracy of this
program can Verify or build on. System ranges from meters to tens of centimeters

depending on the technology used.

2 RTLS technology

Real-time positioning system (RTLS) refers to any
system that accurately determines the location of an iter
or person. RTLS is not a specific type of system ol (9 ®
technology, but rather a goal that can be achieved b () 6
different asset localization and management systems. A
important aspect of RTLS is the time at which assets ai
monitored, and this data can be used in different way

n

depending on the application. For example, som -
applications only need timestamps as the asset traverses -
area, while other RTLS applications require much more - -

detailed visibility and require constant updating of time ? f

data. The ideal real-time location system can accuratel @ G

locate, track and manage assets, inventory or people a -
Figure 1 RTLS tags
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We can use several methods to determine the position Depending on the type of technology and the purpose
of the tag in the RTLS system. Most positioning methodsf the application, transponders can be:
are based on the dependence of the distance traveled on the Radio Frequency ldentification Tags (RFID)
time required to cover that distance. * Bluetooth beacons
A method that only works on this principle is called <Smart devices
ToA (Time of Arrival). For accurate and continuous < Wi-Fitags
measurement, it is necessary to synchronize the time on thee Global Navigation Satellite System (GNSS) / Global
receiver and transmitter, which is the biggest disadvantaBesitioning System (GPS) markings
of this method. The TDoA (Time Difference of Arrival) < Ultrasonic markers
method eliminated this disadvantage in that, similarly to e Infrared markers
GPS location, the time differences between neighboring ¢ Smart devices (depending on mode)
transmitters are based not only on absolute time values. All
these methods work with time and are suitable mainly f@ Receivers
the exterior, where there is direct visibility from the A receiver is hardware with a power source connected
transmitter to the receiver and a minimum of reflections.to a network that transmits and receives signals from
The RSSI (Received Signal Strength Indicationfransponders. The receiver then forwards the collected data
method is based on the signal strength at radio-visiblg end hosts or databases. In some systems, the receiver
access points. It is based on the dependence of sigpaly be an existing infrastructure, but in others the
Strength and distance from the transmitter. The methOdr&eiverS need to be purchased and integrated into the
easy to apply to spaces inside buildings and to accuratglyplication environment.

determine the position of the tag, we must know the signal pepending on the type of technology and the goal of

strength of at least three receivers. the application, the hardware can be:
* Readers
3 Parts of the RTLS system « Position sensors

All RTLS applications will consist of several basic <« Access points
components: a transponder, a receiver, and software for « Receivers
interpreting the data from each. The complexity of the < Beacons (depending on mode)
system, the technology chosen, and the scope of the s Smart devices (depending on mode)
application will determine the amount of hardware and
software needed to create the ideal RTLS. 7 Software
Each technology used for RTLS uses its own The software in these systems can vary in complexity,
terminology. Here are some general concepts to help yém simple software integrated into the receiver's
understand the items and their roles in the System Hﬁrdware to mu]tip|e software instances’ such as

general. localization software, middleware, and application
_ software on the host computer. The software can be
4 RTLS coverage options combined to create the desired system functionality. Three

RTLS options and reading ranges vary from onmain types are used in RTLS applications:
technology and setting to another. For example, the systeme« Firmware - software that resides on the hardware
with the longest reading range, GNSS (GPS), can provide ¢ Software or application software - Software that
the location of an item in real time anywhere in the worldesides on a back-end computer or server
because the receivers are satellites orbiting the Earth. Othere Middleware - used to connect firmware and
technologies with shorter reading ranges, such as Utpplication software
passive RFID, can provide placement in a building or zone.
The following are the different levels of coverage
achievable with RTLS. It is noted that increase PN
granularity can be achieved with each of these covera b EPWI O
options depending on the technology selected, the num!
of receivers, the labels, or the type of positioning methc ~agv

chosen. ) i
Figure 2 Logo of Sewio company

S TranSponderS In the case of data collection, in our case the software

/A transponder is connected to an item Or person Q. itoim from Sewio is used, which contains all the
uniquely identify that item or person. A transpondefecessary collection modules [4,5]. Models such as

typically receives a signal from a receiver and res.p(.),n%%nsemap, RTLS monitor or SAGE analytics are mainly
back with its unique ID, but can also transmit an initigf,a

signal if it contains an internal power source.
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Vehicle activity log can optimize overall fleet
Four examples of real-time data collection: utilization efficiency. Elements such as inactive recovery
and repair periods are used. Data can be compared with
= 3 . x | each other.
[ one map "
= Data
- = T 1T 1 Heatmap x
I | | .
] E | f f Main o
5t Corridor .
ey
= § — £
{ P 5
1
B g - | ‘U ‘%I[J e
b [ETTT] A sy B
s =N | e |
n CIOID | SEEs = &
N A 4 o [
= fa_
Compare Operational
Time of Vehicle Find Where Your
Fleet is Losing Swift
Main
Corridor
; Prevent Delays by
Check Time Planning the Optimal
Spentin Zone Routing
Figure 3 Vehicle time spent in the area Figure 5 Heatmap

By setting

up virtual zones (they can be unlimited) Heatmaps in general can provide a relatively high level

above the devices, it is possible to measure the time speftprocess clarity in the sense that it is able to detect the

by vehicles or other assets in those zones. This collecigidtribution and density of in-house operations as well as
information can be classified into days or individual workulnerabilities that ultimately cause delays.

shifts.

Activity L 4 Spaghetti Map x

@ Tag £3in Entire Flo:
@ Tag #1 in Entire Floe
® Tag 72 in Entire Flou
@ Piccoling Teg in Ent

Discover Total

Inactive Periods

Compare the Daily
Workflow to Discover
Efficiency Drops

Check the Picking

Task Fulfillment
Identify Activity Profile

of Individual Vehicles
Figure 6 Spaghetti diagram
Figure 4 Vehicle activity log
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In this case, the purpose of the spaghetti diagram isd@peration and life of the company. The creation and
determine the continuity of the material flow for theconnection of this model is provided by localization
possibility of further process optimization and to identifitechnology in conjunction with the TX Plant Simulation
inefficiencies in work arrangements, also by wastingoftware platform.
transport and unjustified reductions in activity.

The collection of working data for the purpose ofAcknowledgement
creating a simulation model begins in the initial part witfrhis article was supported by projects VEGA 1/0438/20
the layout, installation and configuration of the hardwarkteraction of digital technologies to support software and
and software part of the localization RTLS system. It isardware communication of an advanced production
necessary to insert a CAD model or layout of the givesystem platform, KEGA 001TUKE-4/2020 Modernization
monitored area from which the data will be collected. If thef industrial engineering teaching to develop the skills of
dxf file is not available. (CAD), the Planner softwarethe existing training program in a specialized laboratory,
module allows you to use other file formats such as pdf. BWPVV- 17-0258 Digital engineering elements application
any case, the advantage of CAD files is the possibility ofia innovation and optimization of production flows,
more sophisticated 3D model if required. In the RTL&PVV-19-0418 Intelligent solutions to enhance business
studio software, this layout is inserted and its dimensiomsnovation capability in the process of transforming them
are also determined, based on which the data will leto smart businesses.
collected in real parameters. Data is collected based on
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