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Abstract: The highly specialized Testbed 4.0 laboratorpésted on the premises of the Technical UnivemsitgoSice
at the Faculty of Mechanical Engineering, spedifican the building of the Department of Industriahd Digital
Engineering. The idea of creating the Testbed quirex®se as a response to the needs arising feoutkently ongoing
digital transformation of companies and at the séime as a support tool for companies in the coitigetstruggle,
whether on the market of Slovak companies or onEean scale. The article will describe its indiaal focuses as
well as its other forms abroad. It is necessappotat out that the Testbed located in KoSice iditiseand only specialized
laboratory of its kind in Slovakia.

1 Introduction success of business nowadays is built on the guadit
In today's modern era, the development of techiyplogManagement and the person in this position reattfees
the IT sector and process engineering is driving tHimit of his abilities. Paradoxically, by the tefmuman we
industry into a new industrial revolution with thember Mean a creature that is imperfect, has the natuneake
four. This aforementioned fourth industrial reveduthas Mistakes, forget and often solve the given problems
built foundations from the previous three. In thstfphase emotionally. Therefore, the vision of Industry 4<0to
of the evolution of industry, the main mission was €liminate these negative impacts.
replace the manual work of a person with a machine,
dominantly represented by a steam or mechanigatipte 1.1 Theimportance of Industry 4.0 for industry
of operation. This phase is followed by the secphase, An important factor that is the key to the develeptn
which is primarily devoted to the organization andf companies and the streamlining or optimizatibtheir
streamlining of work, where Ford's work lines argltb processes is information and data [2]. Even a pecan,
conveyors implemented in production are a good @kam Wwith a sufficient amount of information, decidetortake
This shift in production inspired the third phattegs main  an opinion based on experience and intuition, tiatp to
purpose of which was to liberate people from stomisu Yyou to consider whether the opinion he issuedasntiost
physical work [1]. The essential innovative fuel tbfs optimal and the best, thus it is possible to clémat by
evolutionary phase was automation and robotizatioif)creasing the amount of data and collecting correc
which continues to the present day and, with th@formation, it is possible to refine the judgmeamd
continuation of industrial development and the apgiof  subsequently choose a better solution. After cifigca
the world market, brings the industry into a newsufficient amount of data about the processes pibssible
evolutionary phase of industry, namely Industry 4r0 to automate the process and thus completely exctheale
Industry 4.0. It is this fourth phase that measitsefocus human, or it is possible to provide the manageh tabls
on human replacement in management and is built & making effective and high-quality decisions. \&&n
digitization. A good question is certainly why tiaegeting State that the breakthrough mindset of Industryigially
of these innovation processes is aimed at the neamagt  connects all machines, processes, workers, supjalied,
and management of the company in which the goa is last but not least, customers, collects data frioemt and
replace the human factor? After a not very longrocesses them into control processes that prazipets
consideration, we can come to the conclusion that t
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in real time that make processes more efficientraadify
optimality.

Industry 4.0 technologies

Thus, a person at any position in the company's Another support point on which the industrial evign
hierarchy is freed from solving micro-managemendf Industry 4.0 will be based will clearly be new
problems and other minor problems caused by blontiss technology. The generally held opinion and model

created by an insufficient data image of the preces

calculates and redistributes Industry 4.0 into ¢hrpélars

So we can say that data must contain these 3 bagtigure 1) and here they are:

properties in order to become full-fledged and wisefnd
these are:

» Meaningfully usable,

* Quickly accessible,

* Protected against damage and loss.

Data processing and evaluation
As already said, the priority of companies sho@dHe

collection of information or process data. The next

question is: What data should we collect? In thagany,

* Big data and data analytics — Efficient procegsin
data in large volumes of received data.

e Simulations — Verification and testing of the
functionality and properties of digital processesd a
products and subsequent optimization, the beriefihach
is a reduction in costs and an increase in theitguaid
efficiency of the process. It can be carried o@rebefore
the investment itself.

» Horizontal and vertical integration — Creation af
flexible environment that can react in real timemneerging

a lot of processes take place in real time, whighigsents stimuli

a quantum of data, but so far it is possible ttecbl very

small fraction of this information, and other unntored
processes and their information remain forgottesr time

* Industrial Internet of Things - Connecting sysseand
physical devices using the Internet for the purpisdata
collection, data exchange and data processing.

and potentially unused. Of course, every piece of e Advanced robotics — The use of collaborative tsbo
information can be used in some way, but prioritpy a robot that can work together in one workphatb a
processes must be determined, and thus we canhsty wperson without endangering a person.

information leads us to a better understanding@tgsses

and thus shows inefficient places, spaces or titmswe
should focus on.

* Cloud computing and cyber security — Leasing or
renting servers as data and software storage, bihere
increasing computing power, reducing costs and ikgep

The final stage after data collection and procegsirdata protected and backed up.

should be data evaluation. The approach to datzepsing

can be divided into two approaches:
1. The first approach to data is use for directrbof
processes, machines and products

» Augmented reality — Display of real space witk th
addition of digital information.

* Additive technology - Wide application in protpgs
and designs of complex shapes.

2. The second approach uses data to support decisio
making and process management with the help of data

analytics
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Figure 1 Pillars of industry 4.0
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Testbed which is clearly the most among other EU countrigse
We can consider Testbed as an experimental workplaonstruction of testbeds can also be noted in theciC
that is designed as a trial test line or as a cermpét of Republic, and the first two were built strategigéti Brno
equipment that is equipped with the most moderand Prague.
technology. Thanks to these conditions, it is pguesio
design, verify and evaluate digitalization productsRICAIP ZeMA Testbed Saarbriicken
processes and technologies. Testbed's applicatidirad Testbed Saarbriicken is located in the German €ity o
to development, research and innovation in industngl  Saarbriicken, where its test area of 4,000 squatersne
due to its location within universities or educatib includes two industrial halls and various areas for
institutions, it is also used as an educational, tbs experimental demonstrations and prototypes for the
helping the creation of new fields of study focusedthe production of the future. The main intention is tiee of
digitization of industrial requirements. digitization for the needs of Industry 4.0 as veallthe use
Industry 4.0 opens up unique solutions for the mosif artificial intelligence for application purposés the
diverse requirements and demands of companiegdhaad production area as well as the use of robots. Dbaesf of
it is absolutely important that Testbedy can resporthis tesbed is manifested mainly in the followimges:
flexibly to newly emerging problems associated vitib e Sensors and actuators — deploying intelligent
introduction of new industry requirements. It foell®that materials for the development and innovation of new
Testbed cannot be taken as a tool, but also askplaoe, products and their application possibilities
or rather a platform, for the support of the abowentioned » Automotive — Development of production and tegtin
areas such as research and innovation. Thus, we taohnologies for upcoming generations of cars
consider Testbed as a support for Industry 4.0 @mnc < Robotization — Development of robot-human
solutions. cooperation and production applications associatill
Since in medium and smaller companies there is ribe use of artificial intelligence in production
space and often no financial capital for testingvne < Handling technique — Digitization in the field of
technologies, Testbed offers a platform for testamgl logistics with the help of digitization and Al.
searching for optimal ways and proposals without
companies having sufficient know-how to implemenRICAIP Testbed Prague CIIRC CTU
projects. In testbeds, companies can test Induéty The testbed is located at the Czech Institute of
applications without competitive pressure, with lagk, Informatics, Robotics and Cybernetics at the Czech
acceptable costs and high value in the form ofriy#édge Technical University in Prague. This Testbed iseafr
technology and expert assistance. over two floors with a total area of 1640 squaraers It
A very important strategic advantage is the use & used for research, development, education and
Testbed even before the actual investment in tdobpo collaborations with partners. It enables the testof
This approach is called testing before investmanino solutions for advanced and integrated industriadipction
English "test before invest" when the company stbité and processes for smart factories. It also enables
requirements and proposals and Testbed offers thenpptimization of the energy efficiency of the proton
comprehensive strategic and technological view hef t system, diagnoses and proposes predictive maintersn
process. can manage data within the area of the productyite.
The extent of the scope of Testbeds is very widd, a The focus of this Testbed is dedicated in the failhg parts
with the addition of new ones, they can specify thef the industry:
requirements of the industry more precisely. Thadfi » System for production planning — production plagn
ranges from cyber security, robotics, automatioatad at different levels of the hierarchy, such as #wel of one
processing, offers solutions for serial and masdytion, device up to the level of the entire productiore liand
and extends to artificial intelligence or virtuahda logistics systems
augmented reality [3]. The Testbed and its pantsfaty « Digital twin and digital shadow — Processing and
communicate with other Testbeds and thus multistigu analyzing production data such as production psE®s
connection is becoming a trend, so it is common i scenarios, metrology solutions and statistical @ssec
engineering industry is possible in development ancbntrol

research with other industries such as the mediaall,or » Enterprise ecosystem — links between production

military sectors. lines, logistics and customer services with supgort
autonomous decision-making and production planning

Testbed abroad » Development of technologies — development ofrlase

Slovakia and its industry is able to draw inforraati additive and robotic technology
about the Testbed issue, for example, from the &vest
countries of the European Union, and Germany iarisle RICAIP Testbed Brno CEITEC BUT
the leader in this regard. According to the findinigp the Brno Testbed is located in the industrial hall be t
current period of 2021, Germany has 89 test wodgda campus of BUT in Brno, it is managed by the Central
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European Institute of Technology (CEITEC). Thantroductions and logistical operations to produgetitself.
workplace infrastructure is focused on researclt is these potential sources providing data thhabarage
development, education and experimental productiothorough collection and building of own data infation
During the start-up phase, it was used in inteonali flows. Testbed 4.0 provides the opportunity, the
large-scale projects in the field of Industry 4fd its use background and the advice of experts with which
in automotive technology plays a major role. Brredsbed companies can better capture these overlooked splace

is connected to the regional innovation ecosystaemted

towards machine and production technologies. Tétbael
hall is equipped with a precise optical localizatgystem
and provides enterprise software solutions fordbsign,
modeling, simulation and operation of productiowes§, as
well as a state-of-the-art automation network. ddition

to these production technologies, there are alsquan

production in terms of data, and quantify themisightly
in the next steps. The design and conception aBeeisA.0
was intended to be subject to equipment agingttées dis
possible. Hardware that could be considered olesoighe
course of months and years was represented byedabiat
are created in virtual space [4,5].

The main mission of TestBed 4.0 for each specific

facilities for the development and testing of high€company is, in the broadest sense, a solutiorréailm the
performance rotary drives up to 250 kW for indastand given company. The solution includes the methodglog
automotive applications and linear motor drivesag00 concept and procedures for Industry 4.0 application
kW. The orientation of the testbed is thereforedd to which represents a partial or complex integratidn o
the following areas: business processes and a broad focus on the amilect

» Flexible production systems — a combination oéxchange, gathering of data and, after their etialua
additive and machining technology as well as thgansformation into relevant information. The cotre
development of transport technologies such as mob#épplication of the digital twin concept is an int@lgpart of
manipulators. the implementation of the design, optimization and

« Human — machine — robot cooperation — 3Derification. The support and presence of a digiah
localization of robots and devices as well as theelps in creating and controlling the digital ecsisyn of
introduction of virtual and augmented reality. an industrial enterprise. The entire ecosystemruzuade:

» Machine diagnostics — predictions and estimaitéisd * EPR - solutions covering the needs of SMEs.
field of maintenance and machine conditions. * PLM - a system for managing the development aad p

* Acoustic and vibration diagnostics — vibrodiagiess  production phases.
analyzes of acoustic emissions and developmetinsiss ¢ CAD/CAM systems.
for diagnostics. e RTLS - tracking the flow of material, workers and

» Development of stepper motors — development of logistics:
high-performance rotary and sliding motors and jgte * Production machines — devices, machines and
maintenance. robots connected in an ecosystem.

» Monitoring of energy costs during operation.

Engine Testbeds Graz, Austria

The Testbed group, located in Graz, Austria, presid According to the predetermined principles of
testbed services for the world's most prestigious Industry 4.0 and the options offered by TestBeddr.0
automotive brands. During the year, the laborasoci&n companies in industry, the solutions could be divid
test over 150 different engines according to TUMI Sii  into the following services in practice:
accreditation standards. The targeting of testlwadsbe
divided into: 1. Verification of investments — The inclusion dastbed

» 24 engine testbeds — testing engines from 1kW to in the preparation and design phase enables thgare
1900kW. of a virtual module of a work line or otherwise qaex

* Alternative fuels. workplace that serves as an ideal model of this

» Assembly and testing equipment. workplace. When solving and optimizing this model,
is possible to make changes without investment, and
with the use of virtual reality, it also offers &w of
the workplace. With this verification, it is positio
prevent errors that could arise during
implementation of investments.

TestBed 4.0
If the contribution of TestBed 4.0 could be geneeal,
it can be said that it provides services for thausiry,
which enables companies to design, test, and sdarch
optimal and effective solutions for processes iagisrom
the introduction of Industry 4.0 principles. Thisables 2. Creating a parametric model — Many complicatemise
companies to have a detailed overview of the peesthat in the process of reorganizing or modifying the
their investment will bring and provides severahaut workplace with the aim of increasing performancéd an
options that should help in choosing a suitablatsmi. saving space. The parametric model can simulate
Testbed's workplace highlights and emphasizes work process variants under different conditions/paramset
with data from product development to method and thus offers more solutions for process

the
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optimizations with the aim of making the processeno
efficient.

3. Virtual commissioning — TestBed 4.0 enables the
execution of simulations and tests before startivg
production line or production process. This stapteat
the entire software equipment and therefore prevent
the possibility of problems arising in the evenipobr
connection to operation, which could result in dgema
to a part of the line or human injuries [3].

6.

4. Design of data collection from production - Elealthe
design of device interconnection structures unfer t
loT principle. These connections of machines and
processes enable the collection of data that enéiat

for dependent operation and autonomous problem

solving.

5. Monitoring of CNC machines - Automatic collectiof
data from the PLC control units of the CNC machine.

With the help of accurate monitoring, i.e. data
collection, it is possible to increase the utiliaatof the
machine thereby reducing the time that the madisine
not working, which is reflected in the profit frothe
given machine. Also, the collection of data on the
operation of the machine informs about the needs of
service and predictive maintenance, which resuits i
improved production quality and the financial burde
of possible machine repairs.

RTLS system for order flow and logistics - TextiB!.0
helps in solving the localization of products ireth
production hall as well as suggests obtaining
information about the supply of workplaces. With
RTLS technology, it is possible to monitor the s$at
and location of the order in real time, which giees
overview of the actions that have already been
performed, which are being performed and which will
be performed, and at which workplace or workstaition
is performed.

Figure2 Tesbed 4.0

2 Conclusions

product or workplace. Nowadays, many companies draw

The specialized scientific-research workplace Tebtb On his ideas and he inspires other companies tpecate
4.0 is nowadays a leader in its field and, sotfae,only With students and the academic community as well.

such laboratory in Slovakia (Figure 2). lts biggest

advantage is helping manufacturing companies gmav aAcknowledgement
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