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Digital Twin, manufacturing, digital factory, simulation

Ivan ANTONIUK!, Ladislav PAPAVNEK% Vsevolod
BASTIUCHENKO?, Martin KRAJCOVIC*

DIGITAL TWIN PRODUCTION SCHEDULING BASED ON
SIMULATION

Abstract

Custom production has growing potential today, and soon, custom manufacturing will be
a critical opportunity to meet the onslaught of competition and meet demand for most
industries. Such a trend requires major changes, whether in the material or information
structure of companies. Also, conventional planning methods lose their effectiveness as they
focus on a larger time horizon or mass production.

1. INTRODUCTION

With the development of intelligent manufacturing, companies are using more and more new
information technologies, such as the Internet of Things (IoT), cloud computing, Big Data, and
artificial intelligence, to improve production efficiency and flexibility. New manufacturing
models, such as cloud manufacturing, green manufacturing, and service-oriented
manufacturing, are evolving to meet the new manufacturing requirements of socialization,
personalization, service, and intelligence. Today, scheduling plays an important role in custom
manufacturing. In intelligent manufacturing, the new meanings of production planning are
listed below [1]:
1. Real-time manufacturing and flexibility are two goals of intelligent manufacturing. Due to
the large number of operations, the complex relationship of cooperation, the strong
continuity of production, the rapid change of circumstances in modern industrial
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enterprises and the failure of certain parts often affect the operation of the entire
production system. Early response to dynamic events in production planning is therefore
becoming an important issue that needs to be addressed urgently.

2. Uncertain events usually occur in the production process, which could cause
an information asymmetry between the actual production process and the proposed
schedule and thus affect the achievement of the goal. Static workshop planning results
in a large deviation between the designed schedule and the actual production process,
serious waste of production resources and low production efficiency. Dynamic planning
strategies should therefore be considered in production.

Based on the above facts, the idea of creating a system of short-term planning through
a digital twin based on dynamic simulations and with real-time data collection arises.

2. CONCEPT OF DIGITAL TWIN PRODUCTION SCHEDULING
SYSTEM BASED ON SIMULATION

The DT-based custom manufacturing planning architecture consists of two parts: physical
space and virtual space, as shown in the figure. These two parts communicate with each other
through communication channels. In virtual space, scheduling data can be obtained from
a monitored resources in physical space, such as equipment, staff, MES, ERP, and so on.
Planning strategies can be obtained and simulated using planning models and algorithms with
the collected source data. The final verified schedule is sent back to the physical space for
execution. In the physical space, the plan is divided into individual jobs, machine distribution,
operator distribution and material transport, etc...

| | Resources l Realization of a schedule

Static | [ Dynamic

Availability

Objeets ] [ Economic data |

hatches

Communication
interface
b B { e

lation aitd
ification, «”

Fig. 1 Digital twin scheduling system architecture

With this new planning mechanism, it is possible, on the one hand, to perform statistics and
data modelling with the relevant parameters (processing time, level of staff knowledge, costs,

9
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energy consumption, etc.).[3] Accurate distribution of planning parameters can be achieved by
continuous interactive communication between the virtual and real environment. On the other
hand, by exchanging data between the two premises, it is possible to analyse various
information on production failures and adjust the corresponding restrictions. Therefore, it is
possible to update the schedule and send it back to production to ensure a timely response
to change and keep production flowing.[4]

3. CASE STUDY

Verification of the designed system was realized in the company, which manufactures roof
windows. It is a custom production where each product that enters production is assigned
to a specific customer and can be configured in any way when ordering.

Production consists of 17 workplaces and each product passes through process as one piece,
which is mounted on the underrun AGV. After each operation, based on current conditions,
it is decided which workplace will be the next for job processing.

To monitoring and collecting data from production, it was necessary to cover 2 production
halls with an area of 2,304 m2. This monitoring system uses 12 direct UWB anchors, 40
personal RTLS tags, 17 tags for tracking AGV trucks and 2 tags for forklift pallet trucks.
The proposed production system does not contain common machines, the measurement of real
cycle times of workplaces was realised by identifying the time of remaining of the job
at a specific workplace using the RTLS system. In this way, accurate real-time localization and
data collection has been achieved and all data is integrated with production, Track and Trace
(TaT) and Tecnomatix Plant Simulation software [2]. In addition to the data from
the monitoring system, a connection to the SAP corporate ERP information system is also set
up. The whole data system works with the support of the Digital Twin software platform.

Real production system Virtual production system

" L __"4

Fig. 2 Implemented digital twin of the proposed system

3.1. Results

When creating experiments, it was a matter of creating a schedule without its initial variant,
this means that the schedule was created gradually during the simulation run. Therefore, it is

10
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not possible to evaluate whether any improvements have occurred, but each variant
of the schedule was evaluated based on the calculation of the sanction function. Within
the performed experiments, all variants of the schedule (Tab. 1) were feasible and acceptable,
but the schedule with the best evaluation of the sanction function is applied to the production.

Tab. 1 Results of the experiments

Exp.1 Exp.2 Exp.3 Exp.4
S CR, CR, up to FIFO, up to FIFO, bottom to
bottom to up bottom bottom up
Start [hh:mm:ss] 5:45:00 5:45:00 5:45:00 5:45:00
End [hh:mm:ss] 14:08:00 14:09:00 14:03:00 14:04:00
Time remaining 1:37:00 1:36:00 1:42:00 1:41:00
[Lr?;dmt:;] 8:23:00 8:24:00 8:18:00 8:19:00
Produced [Pcs] 223 223 223 223
?f;:gi?:;e Yes Yes Yes Yes
Evaluation [€] 26464 26450 26533 26519

4. CONCLUSION

The article focused on the Digital Twin-based scheduling through dynamic simulation.
The conceptual design of the scheduling system was described in Chapter 2. The whole design
was successfully verified on a real example in a production system.
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Quick Response Manufacturing, megatrends, process mining, customer

Vsevolod BASTIUCHENKO', Martin KRAJCOVICZ,
Vladimira BINASOVA?, Marta KASAJOVA*

QUICK RESPONSE MANUFACTURING

Abstract

Today's highly competitive business environment forces companies to work closely with their
trading partners and deliver the right products and services in their supply chain at the right time,
with the right quality and at an affordable cost. One of the key success factors in this highly volatile
business environment is production planning. Production planning is the process of ensuring that
production runs smoothly and on time.

1. INTRODUCTION

Quick Response Manufacturing (QRM) provides a proven set of principles and tools to reduce
production lead times as well as technical lead times. QRM helps selected companies reduce lead
times by more than 80%, reduce costs by 20-40% and significantly increase market share [1]. Fast-
growing trends are no longer anything special nowadays. The trend is formed by consumer
requirements, constant technical development, the effort of small, medium and large companies
to be successful and competitive. Customers are increasingly demanding highly customized
products and short delivery times. Companies that are responding to this challenge have seen
growth in profitability and market share. [2]. The key to successful implementation in a challenging
competitive environment is to reduce lead times to eliminate waste such as shipping, excess
inventory and high costs. [3]. QRM is an enterprise-wide strategy that reduces lead times and
monitors the reduction of lead times in all operational aspects. Both internally and externally. From
the customer's point of view, QRM is specific and means a quick response to customer requirements
through rapid design and rapid production of a product designed based on these requirements. This
is an external aspect of QRM. Furthermore, in connection with the company's operational economy,
QRM focuses on reducing the lead times of all tasks. This is an internal aspect of QRM.
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2. LITERATURE REVIEW

If we talk about global trends, the first is the growth of small and medium-sized companies.
For these companies, the agility strategy is the most suitable because they not only use mass
production for products of the same type, but also produce smaller volumes of different types
of products. Of course, they focus on the needs of different customers to keep them. Unlike large
companies, small and medium-sized enterprises are more agile and better able to improve. [4]
Another trend is the emphasis on local production. This trend was evident during COVID-19
measures. [5]. For example, the automotive and electrical industries imported processors across
the ocean and are now forced to build local capacity. [6]. American industry is trying to build and
supply mainly its own production. In other words, local production, where subcontractors are
in the local state or region, is also cheaper in the long run, although relatively initially they can be
more expensive. [7]. As the risks of long-distance transport increase, so do problems with quality or
reverse logistics (sending back for repairs or sending failures back is more difficult) [8].

3. METHODOLOGY

QRM is a company-wide strategy in which the main goal is to reduce production preparation time
and production itself. This approach uses four basic concepts (pillars):

1. The power of time: Complete replacement of traditional cost-oriented efficiency goals and use
of QRM time goals, which means focusing on overall time reduction. Traditional manufacturing
companies focus on cost reduction strategies, resulting in a high degree of work specialization and
a hierarchical departmental structure. QRM shows why this traditional setting has a negative impact
on delivery times while generating a lot of hidden costs.

2. Organizational Structure: QRM shows the principles and tools for creating production cells,
for companies that produce a wide range of products in small batches. They are designed according
to Focused Target Marketing Segment (FTMS), where shorter lead times provide critical
advantages to the business. They are applied in sales, production and administration.

3. System dynamics: The cellular structure of QRM is complemented by an understanding
of system dynamics specifically tailored for high-mix environments. Application of common
principles of system dynamics leads to better capacity planning and optimized batch sizes just to
achieve short lead times.

4. Enterprise wide application: QRM applies the principles of time-based management to all parts
of the organization including office operations, purchasing, production management, supply chain
and new product introduction.

4. RESULTS USING DATA TO UNDERSTAND PROCESSES

One of the main ideas of a QRM strategy is to reduce the throughput time of manufacturing,
administrative or enterprise-wide global processes. An important factor is the proper understanding
and identification of the value stream in the enterprise. The classical method of data collection is
based on tracking and recording all times, examining production documentation and analysis. Tools
such as VSM (Value Stream Mapping) and MCT (Manufacturing Critical-path Time) help us
to represent the flow of business operations and their duration. [3] Nowadays, there are modern
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tools and methods that simplify the work of industrial engineers. They offer very fast and high-
quality results, specifically in the way of Process Mining. Process Mining focuses on visualizing
and analyzing processes based on event logs. In general, event logs and process logs are based
on enterprise information technology (IT). During the production process, data about the production
process (wizard) is recorded on workstations. If the individual process steps from the start point
to the end point are correctly traced and logged, their positions in the layout are obtained and
confirmed with an accurate time stamp. Subsequently, in the database, it is possible to filter specific
sections of the material and production flows, analyse them and understand them individually.
Process data mining techniques are often used when there is no official process description that can
be obtained by other means, or when the quality of existing documentation is questionable.
An example of areas of application of data mining techniques:

e Auditing the production management system and material flows,

e  Analysis of transaction records from an ERP system (Enterprise Resource Planning

system),
e Analysis of electronic records for materials, semi-finished and finished goods.
They can also be used to extract models describing processes. Also for comparison with

a previous model or observed reality fitted to some prospective or descriptive model.

4.1. Sequence of steps when starting to work with the software

There is a specific sequence of steps to follow when you start working with the Disco software:

1. Pull the information in the Excel document view from the database systems. This document
would have in it a registered value stream with identification number, time stamp, start and finish
of each of the streams, appointment of technical or human resources, of course related to the other
named items. (Fig.1)

Fig.1. Input data example

2. Load input data (Excel) into Disco software. Then mark the columns according to certain
groups offered by the software tool (Case ID, Start/complete timestamps, Actvities, Resourses,
Roles).

3. Press the "Start Import" button and wait for the software to prepare and load the data. As
aresult, we get a clearly generated process map of the actual status, resource and process
utilization and detailed defined run times.

After exporting the data to the software environment, we have the possibility to use many
useful tools. The value flow sequence we see on the first tab represents a process map.
In simple words, the software can create a given map based on the output data of the database
systems described above.

14
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S. CONCLUSION

One of the main ideas of QRM is to reduce throughput times, which means fast execution
of specific processes. True Process Mining mainly focuses on defining these processes and their
time requirements. Therefore, the given method is useful for an industrial engineer because he
doesn't have to wait with a watch and take snapshots somewhere in the purchasing department or
in production. He just needs to pull the necessary information from the system database sources and
use process mining tools like Disco to process even a very large dataset. In addition to that, proof
mine all the through times and name the wastage. In some ideal example, this should result
in a constant state of resources and values. The volatility or variability of the processes
in the enterprise is normalized, because when there are many orders, for example even between
departments, it means that someone is waiting a long time for his order to be processed, and this
puts a strain on and disrupts the smooth process. In the case where production is seasonal, it means
for the enterprise that they need to adapt to the capacities that the market demands from them.
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Industrial symbiosis, resource, waste management system, efficiency

Vladimira BINASOVA!, Branislav MICIETAZ2, Vsevolod
BASTIUCHENKO?, Marta KASAJOVA*

THE POTENTIAL OF INDUSTRIAL SYMBIOSIS

Abstract

Industrial Symbiosis is currently a well-discussed concept in developing ecoindustries, which aims
at maximizing the resources conservation and emission reductions through exchange of by-products
between industries and also is a form of brokering to bring companies together in innovative
collaborations, finding ways to use the waste from one as raw materials for another.

1. INTRODUCTION

The term "industrial symbiosis" was coined in the small town of Kalundborg in Denmark. This
region has a dense and well-developed network of interactive companies. In Kalundborg,
a partnership has been established between actors such as oil refinery, power plant, pharmaceutical
company, gypsum board producer. It was necessary to ensure an efficient system of mutual sharing
of groundwater, surface water and wastewater. In addition to the mentioned water sources, among
which we can also include steam, it was also necessary to implement the mutual sharing of different
types of fuels and a diverse portfolio of by-products, which will be used in the partner company
as input raw materials in production processes.

2. LITERATURE REVIEW

Industrial symbiosis also deals with the study of technical and regulatory aspects that may
occur in different places and cause the facilitation or reduction of industrial symbiosis. Finally,
it should be mentioned that industrial symbiosis is considering it future direction based
on current and historical experience. Conservation of resources in Western countries is
important, but even more important is the conservation of resources in developing countries.
Resources in these countries are already very scarce [1]. Key Industrial Programs symbiosis
in Chinese industrial parks, are currently beginning to benefit from cooperation with the State
Environmental Protection Administration and the National Development Research Council
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[2] [3]. The Resource Optimization Initiative, based in India, has invented a systems approach
to industrial ecology that promotes an understanding of the potential between business sharing.
[4]. Industrial symbiosis is helping to mitigate some of the effects of global warming. This
knowledge is based on the water, energy and materials cycle, reducing the consumption
of fossil fuels and facilitating the transport of materials over long distances [5]. As a result
of these activities, the private sector has taken on an industrial symbiosis as a means
of increasing security and resource availability. Logically, this supports the idea of resource
productivity, promoted by the World Trade Council for Sustainable Development and its
affiliates. Hybrid public-private organizations such as NISP (National Industrial Symbiosis
Program), can facilitate the growth of green industrial networks by bridging the information
and cost barriers that many projects face [6]. On the one hand, the public is already concerned
about development engineering, which is involved in material exchanges that bring
the remnants of one industry to different industries. On the other hand, the specification
of the region in terms of water scarcity and the rarity of some materials accelerate the trend
towards cyclicality and reuse [7].

3. METHODOLOGY

Selected company providing complete services in the production and development of complex
electro-mechanical systems for OEM customers operating in the market segment of low-
volume and high-quality products. The company offers its clients an optimal system solution
from development through material management, production and logistics to after-sales
services. Elements of industrial symbiosis include:

e incoming energy and material,

o life cycle perspective,

e chaining,

e closing the loop,
material flow monitoring

e industrial supplies,
e input and output adjustment,
e stakeholder processes,
e material budgets.
4. RESULTS

This chapter deals with the design of the use of industrial symbiosis in a selected company,
which is focused on saving resources in the production process.

Problem area 1:

The company does not implement the theoretical basis of industrial symbiosis
in the management of produced waste, does not have established principles and does not use
the current possibilities of industrial symbiosis.

Proposed solution 1:

Based on the study of theoretical knowledge and consultation in industrial practice, principles
for the effective implementation of industrial symbiosis in companies were proposed.
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Fig. 1. Principles for the use of industrial symbiosis in companies

As shown in Fig. 1, a company that wants to be active in the direction of industrial symbiosis,
as a modern tool of industrial ecology, must focus its activities on effective implementation
of the proposed principles of industrial symbiosis:

use of energy-saving technologies, compared to conventional technologies, energy-
saving technologies use the braking energy of the engine, which is uselessly converted
into heat in conventional technology.

the use of environmental technologies, which have the task of reducing costs and
at the same time supporting the increase of competitiveness by reducing
the consumption of energy and raw materials, as a result of which the production
of unwanted emissions and waste decreases.

water treatment, purification and monitoring, industrial wastewater treatment is
a necessity today. Wastewater coming from industrial plants has a significant effect
on the quality of groundwater and water in watercourses. convert polluted water into
water that can be further used in industrial production.

efficient treatment of materials and waste, which should be a priority for advanced
enterprises. Minerals occur in nature in limited quantities and therefore need to be
handled efficiently.

product life cycle management by the manufacturer, through a new concept that aims
at zero-waste production. This concept opens up an opportunity for a new kind
of business: traders will not only sell products, but will also provide the services that
belong to them.

demonstrating environmental benefits and promoting eco-innovation that reduces
material, energy requirements, uses alternative energy sources and promotes
sustainable consumption

Problem area 2:

None of the generated waste is further processed as an input to a different production
process carried out by the company. The company also does not have an established
business relationship that would be contractually secured with an external company that
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buys the generated waste. In terms of industrial symbiosis, it is possible to reuse
the waste as a raw material after purchasing the waste and its subsequent recycling.
Such a contractual relationship between the business relationship can bring economic
benefits to the selected business.
Proposed solution 2:
The basic scheme of the sequence of waste management steps implemented in the company
can be extended. Through this scheme, it is possible to implement waste management
in accordance with the principles of industrial symbiosis. The original scheme has a direct
structure and its orientation is aimed at disposing of waste in the simplest legal way possible.

S. CONCLUSION

One of the main ideas of QRM is to reduce throughput times, which means fast execution
of specific processes. True Process Mining mainly focuses on defining these processes and their
time requirements. Therefore, the given method is useful for an industrial engineer because he
doesn't have to wait with a watch and take snapshots somewhere in the purchasing department or
in production. He just needs to pull the necessary information from the system database sources and
use process mining tools like Disco to process even a very large dataset. In addition to that, proof
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3D printing, technical service, spare parts
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Abstract

This article deals with the possibilities of using Bbnting in the company in the technical
service. 3D printing is one of the fadéveloping, most accessible technologies connected with
software solutions and is possible to use in industrial practice. 3D printing brings a huge number
of benefits, and ibpens the way for the improvement of production and maintenance processes.
Thanks to the rapid replacement of spare parts with 3D printing, production will be interrupted
for a shorter time during the breakdown, as well as unnecessary stocks in warehouses

1. INTRODUCTION

Factory of the Future is described in many kinds of literature as a-futierged manufacturing
company that primarily uses the most advanced innovative, digital, disruptive, exponential
technologies. These technologies are then tesedvelop and implement intelligent, green and
sustainable processes. To ensure this process, available materials, information, energy and
company managers put their trust in innovative business models that aim to strengthen their
company's position in thmarket. As a result, customers expect the mtsdiney buy to have

high addedvalue, and companiasustrespond flexibly to their increasingly specific needs.
Theintensively increasing numbers of individual customers demanding to modify the details
of their products continuously until the final point of the assembly want to be present at the birth
of their personalized produdi$]. The Factories of the Future provideoftware tools that can

help develop and adapt to the demanding requirements of the mmaokletrs customers and
theposition of companies in the global market. In this article, we will deal with a specific area
of the company, which is technical seric
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2.3D PRINT

3D printing is currently one of the dynamically developing technologies within the Industry 4.0
concept and the Japanese Company 5.0 conbefining Society 1.0 as the huntgatherer

stage of human developmemte have now passed through the agrariashiadustrial stages,
Society2.0 and 3.0, and are moving beyond the information age, Socie$]4.0he Japanese
government introduced this concept, Company 5.0, in 2016 and used technologies from
thelndustry 4.0 concept to improve people's wakvironment[6]. Additive production
technologies have made significant progress in recent years and a shift towards its common use
in some selected areas (prototypes, pressamd environmenfriendly final products, etc.).
Additive manufacturing is a pcess in which objects are produced from a digitalZ3iD model

by bonding metal powdéayerby-layer[4]. In this way, even products with complex structures,
shapes, and different sizes can be "printed". Therefore, more and more factories, mostly abroad,
are testing the use of additive production to print final products for customers. From the point
of view of the use of 3D printing in the technical service, these are spare parts.

2.1.3D printing and spare parts management

The most widespread use of 3binting today is still only in the preparation and production

of prototypes of spare parts, components and products. Therefore, spare parts management is
emerging or constantly improving in companies. The management of spare parts in factories has
comeup with a long list of challenges in recent years; such as high costs for storage, material,
logistics, overproduction caused by the minimum volume of purchases and last but not least,
these are also the -salled standard and predominant long waiting sim@ther problems are
obscured machines, insufficient maintenance, improper handling of tools, etc. From the point
of view of spare parts, suppliers often no longer offer and do not have the required spare part
available, such as parts neededtfains, buses, large specialized machines in factories, or other
machines and handling equipment used in factories in the production or logistics process. Some
of these facilities have been in operation for several decades, so if no spare parts are needed,
theoperation of these facilities is usually interrupted or cancelled, leading to their
decommissioning.

In the traditional setting of production systems, if the device or its part breaks down, employees
must reach stock or order a new spare part, whichtake several days to weeks. With 3D
printing technology, it is possible to produce the necessary part in-tadlsd inrhouse within

from minutes to hours (depending on the size and complexity of the spare part). In addition
to time savings in the €&ory's production and their technical service departments, they also save
on warehouse space.

Spare parts made of plastic or metal can be produced on request using a 3D printer without
theuse of tools and in the exact required quantity without a minirpurohase volume, with
reduced delivery time. The factory thus avoids unnecessary overproduction. The advantage is
also the paperless production because the model for printing is uploaded to the 3D printer directly
from a computer or, e.g. via an SD card.
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2.2 Description of selected problems with spare parts in the technical service

As part of the solution of a grant projebtW W KH 8 QLY Hdahéd 8D\ piinvting biGhageD
parts in the technical service, several problems were solved in the ayeanThe selected
problem solved at the Department of Industrial Engineering was the creation of a methodology
or sequence of steps for the implementation of 3D printing of spare parts in the technical service,
later with its verification in a selectedctary. At present, 3D printing is still a unique technology

in factories and technical service departments. It can be found in other areas of factories, such as
marketing, promotional items, etc. Many factories often have only critical spare parts
in thewarehouse, and other spare parts are primarily delivered within a few hours or on most
days. However, sometimes it is necessary to deliver a spare part that is not in the factory
in a very short time (usually 248 hours). Damaged or worn parts aredelal into the 3D model
andthenthey can b@roduce in the required quantities from the selected material. The materials
can be replaced with plastics, aluminum, or even some types ofSgiass. parts can be produced

very efficiently in 3D printing, as itsia highly flexible technology with the lowest input costs

in piece production of all available technologies.

Fig.1. Creality CR10 Max the 3D printe(a) [7], Process of 3D printin) (main author)

At the Department of Industrid@ngineering, a Creality GRO Max the 3D printer is used for
research in laboratory conditioffsig.1. a)). For reasons of sustainability and environment, PLA
printing material was chosen for the printing of spare g&rtgl. b)). Material PLA(Polylactic

Acid) is the easiest to manufacture with high strength. However, it is brittle and has low heat
resistance.

3. COMPONENT REPLACEMENT USING 3D PRINTING

A description of the basic steps of how it is possible to replace a damaged spare phet avith t
of 3D printing and which includes the 3D printing process itself is shown in Fig.2.
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Fig.2. Methodicalstepsof damaged part replacement steps using 3D printiregn(author)

A detailed description of the methodology:

X Step 1:The need arose teplace the replacement spare part.

X Step2: In this step, it is necessary to address the verification of the manufacturability
of the spare part, the choice of printing technology and define the mechanical, chemical
and thermal requirements for tepare part. Based on the feasibility stuiycan be
assumed that the required spare part can be manufactured using 3D printing.

X Step3: Itis necessary to determine if a drawing of the damaged part is available in 2D
or 3D view. If a drawing is not avaible, the required part must be scanned. It is faster
than measuring it manually and creating a new model on the computer. The result
of the second step is a 3D model of the part.

x Stepd W LV QHFHVVDU\ WR FUHDW-+stdpedIL\W K RZLVDIS RN R H $H WAHHUQ V L
creating such a file, it is possible to import it into the environment of specialized
software, secalled slicer. An important element is to define the print quality and
thickness of the applied layer.

X Step5: The 3D printing of the pragt itself takes place. The duration of 3D printing is
adjustable, individual. It all depends on the print quality and the thickness of the applied
layer. The time can range from a few tens of minutes to tens of hours. The fourth step
also includes the scalled postprocessing (cleaning, repair/correction, curing, surface
treatment, painting/varnishing).

X Step 6: The assembly of the extruded spare part itself takes place according to
thedefined assembly processes.

X Step7: A pilot start of the machine is iprogress. In this step, it is necessary to pay
attention to the safety of workers during the test start of the machine.

X Step8: The machine is monitored and tested, which means empty and gradually loading
the machine. Selected parameters are monitoret, asivibration, temperature, noise,
unusual machine behavior, etc.

x Step 9: If necessary, the necessary corrective measures and deviations will be
developed.

X Stepl0: After approval by the manager, the maintenance of the machine is completed,
and the maclnie is fully functional.
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X Step 1: It is necessary to store the spare parts models and their corrections
in thedatabase for their use in the future.

Additive production will play an important role in the production of spare parts in the coming
yearsand also in the production of classic components. During 3D printing, the material is added,
and only the amount needed for the product is consumed. Itis a layering of material dim& the
form of a computer model of a spatial body. Changing how mtatkvelopment is incorporated

by adding additive production is a good way to gain a competitive advantage.

4 CONCLUSION

By comparing the time required to program C{&bmputer Numeric Controfachines, labor
costs, and design constraints, the usébopfnting can halve the time required to produpas.
Advantage®f using 3D prinfrom the factory's point of view include the following:

1. morefaster production of spare parésd possibility to print only ongieceof part

2. flexible and fasproduction (in some cases also within 24 hours),

3. high input costs are not required (as in the case of other production technologies),

4. possible modification of the original shape of damaged parts

5. awide range of available filament colors andterials

6. improving the MTTR(Mean time to repajr

7. reduction of repair costs,

8. improvingthe OEE(Overall equipment effectivenedgyicator,

9. integration of 3D printing technology into maintenance strategies,

10. reduction ofunusedtems in the warehouse, etc

The described methodological sequence of steps will help, for example, companies to get an idea
of the implementation of 3D printing in their processes in technical service. After testing 3D
printing spare parts, the factory can even start producing quarts of the final products.
Implementing 3D printing in factories is not just about the implementation itself. Moreover, it is
mainly about the gradual implementation of exponential technologies with the aim
of transforming the factory into a smart faxy and later into a fully intelligent factory.
Thefundamental changes will affect not only the equipment used in logistics itself, but also
thewhole logistics concept will have to transform, to find its place in the ever changing
environment of the Faories of the Futurg2]. Companies want to gather more and more
information about processes, and they want to be able to evaluate them in a quality way and
make béer decision$3]. Exponential technologies are innovative technologies that are
advancing at a very fast pace (greater than Moore's Law states) and usually have a positive
impact on millions to billions of lives in various areas of life. It is also necessary to realize that
the power of exponential technologies is not that they significantly increase something's
performance but make the same performance significantly cheaper.
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Adaptativemanufacturing systermproduction rules
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Abstract

The concept of adaptive production is not yet clearly defined and conceptualized. However,
thegeneral attributes of adaptability can be defined in terms of fast response, flexibility,
integration, customized products, speethe article describes the creation process

of theadaptive manufacturing system usadgorithmwith conditors.

1. INTRODUCTION

In industrial production, customer requirements differ and lead to new products, different
product variations and stages that reqaideparture from production and control. This requires
the adaptation of the production system dadrionitoring and quiy control system, together

with process diagnostics, which is becoming more common in every industdearahding.
Therefore, there is a need for flexible manufacturing that can successfully cope with
unpredictable and constant chasge the operatingenvironment to remain competitive.
Theadaptive production system is evolving as a new production paradigm beyond conventional
production systems. Adaptability in manufacturing can be successfully acligvetégrating
various practices that allow companies to respond quickly to ciahdéne adaptive plant aims

to enable the production system at plant level to be flexible and adaptable. Adaptive
manufacturing aims to improve efficiency and reduce costs in responding to changing market
conditions. A characteristic feature of adaptive producis its ability to adapt, think and
succeed where another production philosophy would fail.

Properly implemented adaptive manufacturing will allow manufacturers to speed up
theindustrial market so that companies are ahead of their compefiioey. arethe first

on themarket brings certain benefits. These benefits include creating a time gap with your
competitor in he market and customer loyalty [1]

The production systencan simply be considered asallection of production rulesi.e.,
aconditionaction pair, C => A, where the left side of each pair is a set of conditions relevant
to the content of a pactilar database or working memay the right is a list of stocks.

The production process starts only after all conditions are met. An adpptihection system

is defined as a system that can modify its own production rules by its actions. There are three
main ways to do this: by adding new rules, removing old rules, and changing existing rules.

1 1DWIiOLD % Xuy.JDepdrtiviént of Industrial Engineering, Faculty of Mechanical Engineering,
8QLYHUVLW\ RI 4LOLQD 8QLYHU]LW Q inatalia.burgaadv@fst@unitaGRYDN 5HSXEOLF
2 3DWULN IngJ,]BhDJ, Department of Industrial Engineering, Fgcaf Mechanical Engineering,

8QLYHUVLW\ RI 4LOLQD 8QLYHU]JLWQI aLOLQD 6ORYDN 5HSXEOLF

26

rm



InvEnt 2022

We use the knowledge system (KBS) to integrata dad tools, the systems solve knowledge
based problems. In fact, KBS is an intelligent computer program that is able to solve complex
problems in specific areas by mimicking human expert thinking.

2. EXAMPLE OF USING PRODUCTION CONDITION

The human mind is very complex and cannot be represented by any algorithms. Nevertheless,
most professionals can express their knowledge in the rules of production. All production rules
consist of two parts: the IF part, which specifies the conditions rhegt be submitted
for theapplication of the production rule, is called the condition, and the THEN part, which
represents the appropriate action that results from the condition. Compared to other approaches,
such production rules are relatively easgteate and understand.
The basic syntax of conditions is:

+(0%10&+6+10

6*'0 O#%6+ 10

In general, a rule can have multiple conditions, which are usually associated with the keywords
AND (conjunction), OR (disjunction), or a combiraat of both.
For example:
+(0O%10&+64lP
#0&0%10&+641P
433d333aaaaadaa
#0&0%10&+6410P
6*'0 O#%6+ 10

+(0%10&+6 4P

14 0O%10&+641P
4844448444844
#0&0%10&+®4L P

6*'0 O#%6+ 10

The rule can have several actions:

+(0O%10&+6+10
6*'0 O# %6 + 40P
6*'0 O#%6 + #OP
dddadaaaadaaaa
6*'0 O#% 6+ 40P

Tab. 1.Truth table

A B A and B AorB
0 0 0 0
0 1 0 1
1 0 0 1
1 1 1 1
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Applying decision rules is a relatively simple way of representing the expertise of a decision
support system. Decisiemaking rules are best suited for regular, repeated decisions. Decision
making rules can be implementsithply and straightforwarglin the form of binary commands.
Simple binary planning rules are fast and powerful enough to store parts of relevant knowledge.
Planning rules are easy to evaluate and understand for planners and others. Feedback for rule
changes can be implemented relativgliickly. The simulation model can serve as a measure
when changing or evaluating planning rules.

Computer simulation provides a mechanism by which the essence of maeafacturing
system, such as AB| can be captured in the form of a detailed modeldhatbe run, tested,

and analyzed in many different ways. In particular, a computer model eeeth¢o help design

and plan AMB, and ultimately can also be used to model control logic and complex decision
tasks[2].

One other technique that has proverfukin analyzing manufacturing systems is artificial
intelligence (Al). Simulation and Al are complementary methods and can therefore be used
together to produce cohesive systems in which many aspects of modern manufatamtig

can be designed, plarsher tested. The main driver in today'sdsed manufacturing research

is the use of Expert Systems (ES) or KBS. These systems consist of basic Al functions and are
used to assist or provide expert advice on a wide range of issues such as adaptiviemproduct
planning.

Combined simulation with an Al system is a way to identify problems with reactive AVS
scheduling and provide advice or recommendations regarding AVS performance. Simulation and
Al are in decision making, it seems natural that such an inezbsgtstem based on these methods

is the basis of the environment for analyzing and developing the problem of reactive AVS
planning. Upto-date in line simulation and pggroduction Al systems, you support an integrated
intelligent environment that helpsvioe users build, test and analyze production system models
are at the forefront of the search for the next generation of production simulation tools.
Multi-Agent systemsMAS) are typical KBS systems and agents can be seen as an extension
of KBS. In the B80s, researchers applied agent technology to tasks and considered it a promising
paradigm fo the production of the future [3]

In general, traditional system modeling and simulation create system models using a deductive
reasoning method. This approastaitypical simulation method of modeling, or thus adopn
method, as well as the idearefluctionism.

Multi-agent systemimplements full order fulfillment and includes agents for order control,
inventory management, production planning, capaciéynmihg, material planning, production
management (shop floor), supply chain network management and for prodittibragent

system is a solution that integrates different technologies and techniques of artificial intelligence
from different subfields ftinking, knowledge representation, machine learning, planning,
coordination, communication, etc.) and that offer an efficient and more natural alternative
to building intelligent systems, thus achieving a solution. the current state of complex problems
in the real world that need to be solved (Oprea, M., 2004).

The agent's rules of conduct may differ in their sophistication, how much information is taken
into account in the agent's decisions (this is called cognitive burden), the agent's internal models,
including possible reactions or behavior of other agents, and the extent of his memory for past
events. retains and uses in its decisions. Often, agents in a model lack adaptation because it is
not a matter of creating the intended purpose model. Forggafar an inventory chain model,
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it may not be necessary to model agent adaptation if the model aims to evaluate a set of specific
inventory management rul@4).

3. CONCLUSION

From the analysis of existing knowledge and literature, it is possible to assess that the emphasis
is on a rapid response to customer requirements. And it is no longer enough for customers
to choose from the offered products, they want to configure tlelupt themselves.
Therequirement is therefore for personalized products and therefore there is also a change
in production systems adapted to these requirements.

An adaptive company is therefore in a much better position to take advantage of short
opportunities and rapid changes in customer requirements. The current problem is that
thefactories are still quite static. The company implements a production line and optimizes it for
one type of product. The three main goals of all production systems age gmacluct quality

and the ability to respond to markets. For personalized products, it is very difficult to achieve
theprice of the product as for mass production due to the high cost of product variations. In order
to speak of production as adaptivesesal conditions must be met, and that is adaptability, which
means the ability to act according to-tlifenelse” rules, thinking that involves preparing new
possible scenarios, and alternative "what if ..." strategies, and finally the expression etdgeowl

and the processing of that knowledge, which means focusing, identifying functions and
organizing interconnected structures.
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Abstract

Industry 4.0 is anunstoppable trend affecting the functioning of industrial companies

in particular, the readiness ofll companies for its implementation is important. Most

of theincentives are aimed at simplifying technical implementation. An equally important area

is the impact on the social environment, primarily the employees of industrial companies. Not
only readiness in terms of the necessary competences, but also the willingness of employees
will be crucial for the implementation of new technologies.

1.INTRODUCTION AND LITERATURE REVIEW

Industry 4.0 is a program initiated by the German government as a new way to automate
manufacturing technologies, which entered the scene in AlJ1The most important reason

for this initiative is the expected increase inqurction efficiency, consequently also increasing
productivity, the use of smart infrastructure, digitalization and other related bef®ifits
Thebenefits of implementing Industry 4.0 can be seen in many areas. The upcoming changes
affect either moderaltg and gradually or more strongly the performance of most job positions.
However, the development and implementation of technologies must be implemented with
acareful and accurate assessment of the impact on the people working with the technology.
Many peple may approach new technologies with lack of trust. Different attitudes towards
theintroduction of new technologies can be influenced by a number of factors, whether it is
afear of losing a job, a fear of working with new equipment, or a lack of trustew
technologies. The age of the employee can also play a significantYmleger employees
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(members of Generation Z) are generally more open to embracing new technologies than older
ones, who may be suspicious of using tablets instead of-papedworkflows, for example,

for fear of information loss and lack of clarity. The complete foundation of the field melies
smart devices being able to communicate with their environment. This means that employees
assisting in production will be replaced Hdgvices that can perform the required operations
based on specific instructions. Therefore, the demand for manual workers will be reduced and
replaced by robot coordinators. However, we can say with certainty that employees in various
fields of industry wil have to acquire entirely new skills. This may help to increase the need
for new professions, but it will also force employees to move into other professions.
In particular, professions characterised by simple operations, repetitive and routine work wil
be challenged to keep up with technological progress in industry. More development options
will have to be established, but this will not solve the problem of the older generation
of theworkforce [3]. Which implies that employees will have to be skilledough for
organizations to adapt this technological con¢éptAcquiring or developing a qualification is

both a barrier and at the same time major challenge. When developing employees, it is
important not to overlook workplace safety issues when eyegdointeract with machines.

This is highlighted by the impact of trust on theoption of online technologies [3hdustry

4.0 provides an opportunity for the creation of new joBat automation and digitalization are

often associated with job cuts, igh can lead to resistance to the introduction of technologies.

2. METHODOLOGY

Several studies have focused on the impact of Industry 4.0 on the future of work. As
an example, study of the World Economic Forum, which is based on data mapping
opportunites for job change presents scenarios for the future of work and the possible
consequences. They emphasize the importance of anticipating for changes in work and
the need to be prepared for reskiling and requalification. It represents an emphasis
on providing employees with thepportunity to develop the skills and capabilities needed
for the future workplacg6]. We see enhancing employability as an important initiative that is
consistent with sustainable human resource management. In the reseseategiere, we

have therefore focused on theestion of how employees themselves perceive the vulnerability
of their jobs to the impact of the introduction of Industry 4.0 initiatives. In order to collect data,
a questionnaire for qualitative researcés\wreded. As most of the questions were omsed

and the closed questions required explanations of e.g. terms related to Industry 4.0.
The qualitative research could only be carried out by trained interviewers who collected
the responses. A total d87 respamdents took part in the research, from the position

of employees of industrial companies.

3.RESULTS AND DISCUSSION

The respondents were employees, with a fairly balanced ratio of men and women, 136 men
participated in the research, reprasen 47.4% of respondents. Women participated 151
women participated in the research, representing 52H%. research sample was also
diversified in terms of age. In Table 1, the age representation of each generation can be seen.
In the representation amployeeson the basis of age, we are tending to divide on the basis

31



InvEnt 2022

of belonging to generational groups. We understand the term 'generation’ as a group of people
who share years of birth as well as experiences, as they have grown up and lived argare liv
throughdifferent periods of their lives under similar circumstances.

Tab. 1: Representation of each generation

Geneation Absolute abundance Relatve abundanc@s]
GeneationBB (19461960) 7 2.45
GeneationX (1961-1980) 55 19.16
GeneationY (1981-1995) 150 52.26
GeneationZ (19962010) 75 26.13

Total 287 10000

The oldest generation in the labour market is Baby Boomers (BB), which is represented by
people born between 194060. The participation of this generation in the labour market is
dowly decining. Generation X workers, born between 1961 and 1980, is one of the two most
represented generations in the workforce. The other strongly represented generational group is
Generation Y, born between 198995. The youngest generation, représeiy students,
working students and people entering the workforce, is Generation Z, born- 1996
2010.Respondents from a variety of industries participated in the survey. Employees from
theautomotive (22.65%) and engineering (12.19%) sectors were thesigosicant. There

were followed by employees from manufacturing, logistics, electrical engineering, information
technology, food processing, construction development and testing, metal fabrication and
metallurgy etc. Table 2 shows the representation gil@mes orthe basis of job type.

Tah 2: Structure of respondents in terms of job positions

Type of job position Absolute abundance Relaive abundanc§s]

Production 28 9.8
Administraive 91 317
Specialist 47 164
Manager 39 13.6
Intern 62 216
Other 20 6.9

Total 287 10000

Many companies have not yet adopted Industry 4.0 initiatives, while in othdrgrtidiction
of new technologies is already making a noticeable impact on the daily work of employees.
Table 3 shows how employees see themi@kimpad of Industry 4.0 on jobs.

Tah. 3. Perceived negative impact of Industry 4.0 on jobs

Type of job position Absolute abundance Relative abundandés]
Productionemployees 200 69.5
Administrativeemployees 37 12.7
Specialist 19 6.4
Manageial positions 18 6.2
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No position 13 5.2
Total 287 10000

In the qualitative research, respondents also commented on the possible reasons why they perceived
particular jobs to be under threat. The most frequently mentioned reasons were robotization and
aubmation, redundancy due to overstaffing or the need for retrainingptter possibilities were

that respondents do not know.

5.CONCLUSION

The adaptation of new technologies is accompanied by expectations, but also fears on the part
of employees. Itsithe empoyees, as users of the technologies in question, who decide whether their
implementation will be successful or not. An important challenge for employers is therefore not
only to prepare employees for new technologies in terms of necessargrskiltsportance, but

also to process perceived resistance to new approaches being introduced. Without constant progress,
society could not exist. However, it is important to be prepared for the coming changes,
to communicate their benefits and to redueesfef possible negative consequences.
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Abstract

The use of an integrated extraction system is one of the basic technical measures to prevent
the workplace air contamination by dust during sanding wood with a saitleraim of this

paper is to investigateffects of the sandpaper grade and wood speciesffectiveness

of integral dust extraction system during sanding wood with treetd belt sandefThe results

show that, regardless of th@ood specigsthe efficiency of the extraction system is higher

for the inhalable fraction of wood dust compatedhe respirable fraction.

1. INTRODUCTION

In the context of mechanical wood processing technologies, the process of sanding with
ahandheld portable electric belt sander is one of the major sources of wood dust emissions.
The haneheld electric belt sander must meet the basic safety requirements associated with
thehealth risks caused by sanding dust emissions in accordance with the applicable legislative
requirementsThe use of an integrated extraction system is one of the basicdaicim@asures

to preventthe workplace aircontamination by dustluring sanding wood with a sander.
Theintegratedextractionsystem consists of a fan, a system of dust transport channels and
adust collector.The individual design solutions differ from daother in different ways

of transmitting the driving force from the motor to the fan, the arrangement and shape
of thesystem of transport channels and the used ahikctionsystem.The collection of dust

from the sanderoutlet is usually carried outy a collection bag or by cassette system.
Thecollection bags differ from each other in the method of attachment to the grinder,
thematerial used, the size, shape, handling options dusagling and the method

of emptying. Cassette systems are maafetransparent plastic with a perforated. lithey
usually include a folded cellulose filter, which can bpeaatedly cleaned by tappingtbrough
blowing [1].

However, practical experiend@,3] as well as the results of the pilot stu@y indicatethat,
especially when sanding wood with a finer abrasive grain, the efficiency dhtingrated
extraction systemis often insufficient. The aim of this papeis to investigate effects

of thesandpaper grade and wood species on effectivenessegfal dust extraction system
during sanding wood with hartteld belt sander.
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2. MATERIALS AND METHODS

The evaluation of the efficiency of dust extraction system was based on a comparison
of the of the wood dust mass concentration values in the tpé&rdreathing zonwith and
without theuse of a dust collection casse®applementary efficiencgvaluation wadased on

ratio determinatiorbetween the amount afood dust collected in the cassette system and
the total quantity of the wood dust generated durisgnding.The experiment was designed as
two-factor full factorial experiment involving two levels of wood species and three levels
of sanding belt grain siz&ith five repetitions in each combinatiorhe setup of the laboratory
experiment is shown in Fid..

Fig.1.Layout of experimental setup: derosol monitor, 20M sampler, 3dust collection
cassetted-belt sander, foressure force sens@plank, #datalogger, &rgoPak software

The input material for the production of the test specimens were cubeeauh (Fagus
sylvatica) andspruce(Picea abis) Test specimens were cut to the required dimension of 500
PP 1 PP 1 PP OHIQAWIK i W.Kbisth€ddntent of the planks was 12%.
Sanding was performed in longitudinal direction using a commercially available belt sander
(Bosch, PBS 75 A)Abrasive belts with corundum grains bonded to a fabric backing using
asynthetic resirbinder (Klingspor, model LS 309 XH) with P40, P120 and P240gigis

were used fosarding. The sanding belt was replaced with a new one after sanding each test
specimen.To ensure consistent sanding operation, monitoring the pressure force was
performal by the load cell capacity sensor (Hoggan Scientific, ErgoPAK FSR). The pressure
IRUFH 1 “ 1 ZDV DSSOLHG RIghalathetany @EpiEabl€® JoddXdust nRds
concentrations were measured using a desktop aerosol moh&orir(c, DustTrak DR

8355. Each sampling event last8dninutes.The weight of the test specimens was determined
using an analytical balance (Sartorius AG, model BP 3100 P).dUikecollection cassette
weight was determined using a laboratory balance (f. Axis, model AG 2RO
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3. RESULTS

The results of the evaluation of the efficiency of the wood dust extraction system based on
thepersonal exposure reduction index are shown in Eigrhe results of the evaluation
confirm the assumption that personal exposure to wootladusbe significantly reduced by
using adust collection cassette. The results of the evaluation also show that, regardless
of thetype of wood, the efficiency of the extraction system is higher for the inhalable fraction
of wood dust compared to tihespirable fraction.

90 spruce dust 90 85,75 beech dust

81,65

77,54
75,62

74,86

68,92
65,81

= P40 u P40

mP120 ®P120

exposure reduction index (%)
~
a

mP240 mP240

exposure reduction index (%)
~
a

7849 7941 I

inhalable fraction respirable fraction inhalable fraction

respirable fraction

Fig.2. Efficiency of integratedextraction system based personal exposure reduction index

The results of the evaluation of the efficiency of the wood dust extraction system baatd on
determinatiorbetween the amount efood dust collected in the cassette system anddta
quantity of the wood dust generated dursandingare shownin Fig. 3. The largest amount

of wood dust wadrappedin the cassette system when sanding spruce wood usiagdang

belt with a P40 grisize On the contrary, the smallest amount of wood dust was captured
in the cassette systethiring sanding beech woadith P240grit sizesanding belt.

80 74,33
70
60 oy %0 55,77
£50 1 4371
g 40
S 5 27,46 " spruce
§ m beech
20
10
0 , : .
P40 P120 P240

gritsize
Fig.3. Efficiency of theintegratedextraction system based orass of trapped dust

4. DISCUSSION AND CONCLUSIONS

There are several approaches to verify the effectivenedselofsandés integrateddust
extraction systemslin this experimental study, two approaches were usefficiency
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evaluation based on comparison of wood dust mass concentration values in the operator's
breathingzone and efficiency evaluation based on determining the ratio between the amount
of dust trapped irthe cassette system and mass removal. Based on a reciprocal comparison
of the mentioned evaluation approaches in relation to the achieved results, it is possible
to declare their quaslivergent character. Despite this, tihievedresults are consistemith
resultsreported byThorp and Browr[5]. In their study, electric belt sander with cotton cloth

filter bag was used to sand beech wood and they reported reduction in airborne dust
concentrations ranging from 66 to 72% contrast, Douwes et a[6] found that using

a cassette system with a microfiltration system even increased dust emissions by 73%. In any
case, it should be noted that in the abmentioned laboratory experiment, an orbiahder

with a P180 abrasive giizewas used teard the MDF boardsBased on the results obtained

and our own empirical experience during the experiment, it should be emphasized that despite
the significant reduction of personal exposure to wood dust, the use of an integrated extraction
system does not compddy eliminate exposure to wood dust and the use of personal protective
equipment thus remains a necesdityingsanding wood with a hardeld electric belt sander.
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Abstract

Thestudy presents the design of a lmgakerdedicated to a waste processing plant. The device

is designed to break bags filled with waste in order to facilitate the process of waste segregation
before they are recycled. The preserdpgroach provides canprehensive solution that can

be approved for use because it meets the necessary safety requirements and those set by
thecustomer factory. An additional advantage of the designed ripper is the possibility

of mounting on the existing conveyor that tramgpavaste to the sorter. This solution makes

the device extremely economical in terms ofsiheece occupied in the factory.

1. INTRODUCTION

Recycling is an extremely important strategy to mitigate the impact of human society
on theenvironment [1]. R@onal waste management allows to save natural resources, reduce
theemission of harmful factors such as carbon dioxide, reduce the burden on the environment
with solid and longdecomposing waste, as well as save energy and production costs [2].
Recyclinghas become very popular in recent years, there are more and more investors, factories
that process waste are being built, and thus jobs are also created [3]. Unfortunately, despite its
benefits, it is a complicated process, because so far no simple reasteent system has been
developed [4]. In addition, the situation is complicated by the fact that usually individual regions
have different recycling rules [5].

Waste processing factories are specialized plants that receive, sort and treat wastetin order
obtain reusable raw materials [6]. These types of bets can be divided into two gtdaas"

and "dirty". "Clean" factories are equipped with conveyors which transport waste to sorting
devices. At the conveyors, there are usually workers who cuéwasfs and select unsuitable

for processing and oversized items (Fig. 1). Dirty plants separate recyclable waste from non
reusable waste which is then landfilled. Recycled materials do not differ in quality from new
goods. They are a safe product that barreintroduced to the market. In recycling processes,
particular attention is paid to quality. Waste cannot be processed endlessly, as it loses its use
value over time [7].

The first, very important step in waste processing is sorting it. Mivxaste is usually sent to
thefactory as people are much more likely to participate in recycling programs when waste is
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not sorted §]. An additional advantage of this situation is that trucks transporting waste are able
to take more wste than if they aresorted So most of the time, sorting takes place
in theprocessing center.

Fig. 1 Sorting of municipal wastf9]

Waste sorting plants can be more or less technically advanced. The sorting process is usually
carried out with the use of a serieglef’ices designed in such a way that it is possible to separate
individual materials from the mixed heafeparators are equipped with a magnet, screens, air
and a number of sensors that identify various materials on the basis of their color, density or eve
conductivity [LO]. Before sorting becomes possible, however, it is necessary to cut open all
thebags with waste and remove elements that are too large and unsuitable for processing from
the conveyor that transports them to the sorter. Most often tbHasdealt with by people who

stand next to the conveyor belt and perform these activities manually. Such a solution means that
several people cannot perform other activities in the factory, but have to deal with the preparation
of waste delivered to theorter.

2.DESIGN OF A DEVICE FOR BREAKING BAGS AND GRINDING
LARGE WASTE

The design of the device for tearing bags and shredding-¢sgewaste (Fig. 2) was
commissioned by one of the companies dealing with collection, segregatiore@ming

of municipal waste. Before starting the model execution, it was necessary to define the limiting
conditions as a consequence of:

X limited space in the sorting hall

X the necessity to implement a safety device that disables the machine, in the event
of apossible fall of an employee on the conveyor belt,

x the need to obtain high strength of the shredder, with the lowest possible weight and
dimensions, and thughe lowest possible cost of the device while maintaining high
quality of operation,

x possilility of quick and easy assembly and disassembly of the device
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Fig. 2 Project of a bag ripper and largize waste shredding (main view)

The most important problem was the limited amount of space that could be used for
theinstallation of the designed device. The solution proposed in the developed project meant
that no additional space was needed. The-ddamachine was integrated with the existing
conveyor (bringing mixed waste to the sorter), and the only change thatneemed

in theconveyor was cutting out the attachments (preventing the waste from spilling from
theconveyor belt) and setting the teaf in this place, slightly above the conveyor belt itself.

This solution made the ripper very versatile, as sliganhges in the design (width changes) are
enough to be able to build a device that will work on any other conveyor. This idea, however,
had some shortcomings. It should also be noted that there is a possibility that an element, e.g.
an elongated rod, aftgrassing through the working space of the tearing machine, becomes
jammed on its teeth and rotates with the drum of the device, causing damage to the conveyor
belt. To prevent this, a cover plate is placed under the ripper drum (highlighted in blue)n fig.

and asmaller drum is introduced, which throws the waste into the working space of the device.
The second very important issue was securing the machine in the event that an employee ran into
the conveyor belt. For this purpose, the designers usedam viamera aimed at the working
space of the conveyor, which has a temperature sensor and the ability to turn off the conveyor's
operation when a person is detected on the belt.

In addition to the teeth on the drum, the machine also has a series of teethtlad drum.
Theteeth of the drum are responsible for introducing waste into the working space of the tear
off machine, and the upper teeth enable the process of tearing the bags with waste and destroying
large elements. The upper blades have a sliglatppmovement to prevent excessive damage.
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Both drums are provided with discharge channels (Fig. 4), which allow them to be removed from
the device without the need to disassemble the main sheets. The drums are connected to each
other by means of a chaimahsmission (simplified view in Fig. 3 the presented wheels
correspond to the actual dimensions of the wheels used).

Fig. 3 A bag tear and larggze waste shredding machine (bottom view with a hidden gear
cover)

Fig. 4 A bag opener arldrgesize waste shredding (bottom view with a hidden gear cover)

Fig. 4 shows the construction of the drum. It is made of a shaft, three identical sheets determining
its dimensions and peripheral sheets used to assemble the units with blades. Nutsldezte w

to the sheets on the perimeter, so that it was possible to easily and quickly replace one damaged
blade unit, without the need to replace the entire drum in the event of any damage.
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Fig. 5 View of the drum structure

3. COST OF EXECUTION OF THE DESIGNED DEVICE

As part of the construction works, in addition to the model, the cost estimate of the designed
device was also prepared (Tab. 1).

Tab. 1. General cosestimaion for the execution of the designed ripper
Service Cost

1 3D design with documentation 1200 PLN
2 Total cost of steel and sections 19 000 PLN
3 Bearing housings from SKF company 3000 PLN
4 Gear motoNORD SK9042 5900 PLN
5 Vision camera 850 PLN

Total costs 29 950 PLN

The prepared cost estimate includes all the costs of making the ripper. Position no. 2 in the table
(price of steel and sections) also includes the cost of their cutting and welding by the assembly
company. The table does not include the costs of tranapdrassembly of the device on site,

and all the rates given apply to the period fidovember2021 toJanuary2022.

4. SUMMARY AND FINAL CONCLUSIONS

Recycling is a rapidly growing strategy to reduce the negative impact of waste
on theenvironment. Theébenefits it brings have resulted in the creation of many recycling
factories in recent years, and thube search for newer and newer solutions to facilitate work

in waste processing. One of the main problems faced in this work was that a lot of waste wa
sent to thdactories in sacks. Such a common regularity was a stimulus for the creation of devices
that could help people to cut open the bags, which is undoubtedly a very monotonous activity.
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The tearing machine for bags with waste and laige elemets, which is the subject of this
article, differs significantly from the existing devices of this type. Most of the known solutions
that perform the same function are much larger, bulky:cseifained devices that require
continual handling in deliverinthe waste onto the conveyor and picking it up after it has passed
through the working space of the ripper. The authors of the project presented in this paper
proposed an innovative approach and achieved a very satisfactory economic result. The device
they designed is much smaller than the existing-tdtumachines, and integrating it with
theconveyor means that it requires practically no free space. At the same time, it does not differ
from other devices in terms of work efficiency and does not requim@ah operation.

An additional advantage of this innovative solution is the low cost of execution, which currently
fluctuates around 3000 PLN.

Installing the ripper presented in this study will reduce the number of people operating
theconveyor thatelivers waste to the sorter from 4 to 2 (possibly even 1). The only job that
ahuman being will have to do is remove unrecoverable parts from the conveyor belt.

A number of advantages of the device discussed in this article make it competitive with other
openers and willingly used by owners of recycling plants.
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USE OF AHP METHOD IN INTEGRATION OF SELECTED
LEAN MANUFACTURING METHODS WITH
INDUSTRY 4.0 - BIG DATA

Abstract

The integration of lean manufacturing and Industry 4.0 can help organizations identify ways
to link traditional lean management tools with Industry 4.0 digital technologies. By integrating
these twophilosophies, it is possible to achieve strategic goals, reduce costs and increase
competitiveness. The main objective of this paper is to identify the optimal lean manufacturing
method to integrate with Industry 4.0 technole@ig Data.

1. INTRODUCTION

With today's constantly advancing digitalization of industry in the context of Industry 4.0 and
the associated change in production processes, it is important to explore ways to produce more
efficiently than the competition. The Industry 4.0 revolution &ffeew opportunities, but

it also brings potential threats to current methodological practices. Lean manufacturing
methods are a widely accepted methodology with a focus on-adhled activitiestwhen

applied correctly, they can increase productivitgxibility and reduce production costs. By
effectively linking Industry 4.0 and lean manufacturing methods, it is possible to take
the current paradigm to the next level.

2. THEORETICAL REVIEW
2.1 Exact methods in decision making

Decision making is associated with people's mindsets and their expected outcomes [1].
Decision making can be defined as asmandom choice (selection) of one of a set of possible
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solutions (options) based on a wilbughtout reason in terms of meetingset goal. In terms
of the degree to which scientific methods are used in the formulation of a decision, decision
making methods can be divided into three grd@ps
x Empirical decisiormaking +based on the decisianaker's knowledge of reality and
his a her own experience.
X Exact decisiormaking +is based only on logical judgment and practical experience,
the essence is the algorithmization of the decismaking process, the possibility
of its model representation and mathematical solution.
X Heuristic tthe intersection of empirical and exact approach to decision making.

Among the most effective methods of decision making we can include exact m3hods
Exact methods, i.e. methods designed to solve decision problems that are recurrent and where
the relationships between elements are expressed quantitatively, indRidemethods

of mathematical statistics, mathematical analysis and linear algebra, methods of operational
analysis and methods of muttiiteria decision making. Solving just a mudtiteria decision
problem is a procedure that leads to the determination of the "optimal” state of the system with
respect to more than one criterion under considergdihnThere are a number of different
methods that basically work on the same principle only differences between the different
methods are in how the weighting of the individual criteria is determined and how the degree to
which the different solution options meet the chosen criteria is numerically asggssed

2.2 Industry 4.0 and Lean Production Principles

In recent years, a new paradigm of Industry 4.0 (the fourth industrial revolution) has been
defined with the potential to take manufacturing processes to the nex{BgvBlusinesses

tend to make more use of intelligent systeta reap the benefits that the Fourth Industrial
Revolution bringg7]. Industry 4.0 can be defined as an industrial vision that enables the real
time interconnection of people, things and machines, thus ensuring the exchange of necessary
information betveen them, which poses new challenges for organizations in finding ways
to apply Industry 4.0 and lean manufacturing concepts at the samg8}ifiée question then
arises whether the principles of lean manufacturing management can also be applied
in the context of Industry 4.09]. To realise the full potential of Industry 4.0, companies need

to understand the new technologies and their opportunitiesdo this, it is essential that
different systems are fully integrated with each otf8Designing tle integration of lean
manufacturing and Industry 4.0 can help organizations identify ways to link classic lean
management tools such as Just in Time, Kanban, Jidoka, Kaizen, and TPM with the digital
technologies of théourth industrial revolution. Such antegration design would align the lean
manufacturing system with the new technological trends of Industry m#king it

to effectively meet thetated goals of the organizations. By integrating these two philosophies
in manufacturing companies in pattlar, it will be possible to achieve strategic objectives,
reduce costs and increase competitivef@ss
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3. DATA AND METHODOLOGY

The AHP method is specifically designed to deal with complex situations where the most optimal
decision needs to lseached. The basis of this method is the division of a-entkria problem into
smaller parts and the subsequent creation of a hierarchical modelcfitiedia decision making is
concerned with the analysis of decision problems in which there aralsmlation alternatives and
several optimization (decision) criteria need to be considered. After the model is constructed,
theassessor derives a square matrix of pairwise comparisons for each parent element at each level.
The values given in the matrixill represent the preferences of that assessor for that pairwise
comparison. The whole process of applying the AHP is completed by performing a final synthesis
to derive the resulting preferences of the variants tgahf10]. The AHP hierarchy gendiyhas
three levels: goal, criteria and varigh®].
Based on the relationships identified by reviewing the available litef@uf&1] [12] [13] [14]
[15] were identified potential synergies between selected lean manufacturing methbdiiatng
4.0 technologies, specifically Big Data. This is as follows:
X Big Data tthe concept of Big Data provides analytics to enable insight into the customer's
in-process experience, their requirements and the quality of the products themselves. Big
Datais undoubtedly becoming an important trend in process optimiZa6pL7].
X Just in Time relies on the elimination of all neralueadded activities and wastage
within the supply chain. The ideal state of JIT is production without invefit8fy
X Kanban +the aim is to maintain a smooth material flow with predefined stock levels
to ensure an uninterrupted supply of materials. Industry 4.0 technologies have the potential
to streamline this procefk2].
X Kaizen = refers to activities that continuously improve all processes across
theorganization by involving all employef9].
X TPM #is an innovative approach to maintenance that optimizes equipment efficiency,
eliminates breakdowns and supports autonomous mainteizéhce
x Jidoka zxis a principle helping to improve the quality of the production process, based
on realtime quality ontrol of the production process, and immediate stopping when poor
quality is found21].
Based on the results of the authors' resg@idqii2] [15] a matrix (Tab1) was created that defines
selected lean manufacturing methods that have the greategigbdte integration with Industry
4.0- Big Data. This matrix is the basis for determining the variants for the AHP method

Tab. 1: Combination of lean manufacturing methods and Industry 4.0 technelBgy Data
(own processing, 2022)

BIG DATA

JIT
KANBAN
KAIZEN

TPM
JIDOKA

XX | XX [X
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4. RESULTS AND DISCUSSION

The main objective of the paper is to identify the optimal lean manufacturing method to integrate
with Industry 4.0 technologyBig Data. Theselection of the optimal method will be evaluated from
a general perspective, by penetrating the application possibilities of medium and large industrial
enterprises on the basis of established criteria. Based on the literature studied, objective reality,
intuition and experience of the authors, the following are the decision criteria for selecting
theoptimal method:
1. Synergy benefitstthe intersection of the benefits that industrial enterprises will gain by
integrating lean manufacturing methods with Bigfa technology.
2. Technical complexity of implementatiort the difficulty of ensuring a smooth synergy
of thetwo paradigms, lower technical complexity of implementation reduces the risk
of unwanted errors.
3. Financial complexity of implementatiofireflecting the amount of investment required, while
the lower capital required does not expose the organisatiomtacasliquidity risk.
4. People skillstsoft and hard skills required to ensure the functionality of the selected synergy.
Lower skill intensity does not put pressure on the company to retrain or select new employees.
5. The implementation time is expressed the time required for the overall integration
of theselected synergy. Lower time intensity does not tie up the capital of the organization.

Based on Table 1, the variants are the selected lean manufacturing methods:
x JIT

X KANBAN

X KAIZEN

X TPM

x JIDOKA

The objective, criteria and individual options were entered into Expert Choice for evaluation.

Pairwise comparisons of the individual criteria with respect to the stated objective were then

continued. Pairwise comparisons were based on personal expeignitien and information

obtained from the literature reviewed. Expert Choice software was then used and values were

entered numerically. The order of importance of each criterion from most to least important

in selecting the optimal leamanufacturing method to integrate with Industry 4.Big Data

technology is as follows:

Benefits of synergy.

Financial complexity of implementation.

Technical difficulty of implementation.

Time complexity of implementation.

Qualification demand on people.

agrwbdpE
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Fig. 1: Expert Choice user interface with Performance sensitivity diagram (Source: own processing
of AHP Method in Exper€hoice Software, 2022)

Fig. 1 shows the evolution and resulting order of the decision process. Based on the results
of theAHP method, "Kaizen" can be considered as an optimal lean manufacturing method that can
be integrated with Industry 4.0 technolofgymost of the pairwise comparisons, the Kaizen method
was the most suitable method compared to any other lean manufacturing method. Examples that
appear to be weaker for integration in terms of the criteria are Skill intensity on people and Benefits

of synergy.
5. CONCLUSION

Companies around the world are constantly facing new challenges as a result of economic crises,
which are driving them to seek new business opportunities and strategies to profit and consolidate
their market position. Moreover, the émnment in which organisations are embedded is highly
dynamic, forcing them to constantly adapt to new practices and market needs to ensure
thecontinued sustainability of the busin¢ss

By using the AHP method through Expert Choice software, we waeeta meet the stated
objective of the paper. Based on the outputs of the software, we identified the optimal lean
manufacturing method to integrate with Industry 4Big Data. The lean manufacturing method
Kaizen is able to synergize with Industry 4#Big Data technology to reduce costs, increase
competitiveness and ensure increased business sustainability.
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Abstract

Thecurrent trend in production management and planning is the use of computer simulations.
Under the term computer simulation, we can also imagine a digital enterprise as a tool
of Industry 4.0. Thaurticle points to the possibility of using computer simwatiThe main goal

of thisarticle was to streamline the bottleneck of the production lihevas also important

to create an analysis of the staff in front of the bottleneck. Based on the analysis of the production
line, it was later possible to create simulation model in FlexSim software. The functional
simulation model and the overall results of the model were subsequently verified with the real
results of the production line. Later, it was possible to implement proposals for a production line
solution to streamline the bottleneck.

1. INTRODUCTION

The digital enterprise is one of the modern tools, thanks to which it is possible to obtain a digital
model of various elements of the enterprise, such as technology, people, production, production
lines am the like. Subsequently, it is possible to implement various changes in the digital model
and see their impact before they are implemented. Which can ultimately save high costs, which
is the goal of any businesst is possible to use a large number of simulation software to digitize
production processes, detect bottlenecks that arise in them and their subsequent optimization.
In this case, the FlexSim software module was used.

2. PRODUCT AND ITS PRODUCTION
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The main product discussed in the article is the compréBgnrl), its components and their
production and assemblManufactured compressors are used not only in refrigerators but also
in freezers, industrial machines, refrigerated counters, beverers, refrigerated display
cases and the like. Currently, the greatest demand is for EM compressors for domestic
refrigeration. The compressor is the heart of the refrigeration system. It deals with the suction
and compression of the coolant, which akoit to circulate throughout the unie.g.

in therefrigerator).

One of the main parts of such a compressor is the gfitpr2), which we will analyze and
optimize its production.

Compressor Stator

Fig. 1 Compressor and its stator
2.1. Stator production line layout

The production line consists of manual positions, samdmatic and automatic machines.
Thematerial flow on the Statory EM production line is linked by conveyors. Belt conveyors are
used. Tleir speed is approximately 0.2 m / $g.FR2 shows the layout of the production line,
where the beginning of the production process is on the left, the figure also shows the layout
of the production line workers. The production line also includes indirect workers such as
anadjuster, tool technicig maintenance worker or quality manager. These workers may be
responsible for several production lines.

Fig. 2 Stator production line layout

The production process of the stator assembly to its final form consists of tbeirigll
operationsTab. 1.
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Tab. 1 The production process of the stator

Operation name

Procedure timén sec.

Production line input

Loading slats on the turntabl®geu¢ 1,99
Preparation of stator bundles 3,97
Statorbale height check 5,00
Stator harness isolation 15.32
Handling robot 7,36
Winding of working winding 16,13
Modification of working winding terminals 5,63
Pressing of working winding 8,16
Insertion of Hinsulation 6,55
Startup winding winding 15,11
Startup winding pressing 7,28
Wire modification 2,59
Crimping 13,58
Insulation installation 5,05
Insulation shrinkage in a resistance furna 4,3

Correct establishment of contacts 7,58
Winding opening using press 7,18
Stator forming before sewing 18,8
Sewing of windings 24,00
Final press forming 7,49
Manipulator 6,56
Visual control 5,93
Stater tester 12,3

2.2. Analysis of operators' activities in front of a bottleneck

Based on the analysis of tlemtire production process of stator bundles, it was found that
thebottleneck on this line is the position: Pressing of the working winding. In the following
sections, we will discuss a proposal to improve this prodasfont of the bottleneck are
operdors 501773, 501774 and 501775. In the case of operator 501774, the activities do not
change and still perform a monotonous activity, so the analysis of its activities was not necessary.

2.2.1. Analysis of operator's activities- 501775

Operation / task description:

1.

2.
3.
4,
5.
E

52

Gently open the upper part of the winding with your hands,
Adjust the lead wires,

Visually inspect the windings and insulation,
Press the button to send stators to another workplace,
The cycle time of the operator is 5.63médce.
xpected results:
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Properly wound, inserted and stripped stator main winding, without damaging the winding,
insulators or stator plates.
Operations related to the operation of VA704, VA705 devices:

x In addition to the activities already mentionede tperator has the task of adding
material to the equipment and in case of model change, replacing the wire, pulling
thewire that was intended for the previous model in the winding device, loading
the new model into the winding equipment and printer

X Based on the measurement of the activities of the given operator, it was found that
the average duration of the wire exchange operation, the measurement of the winding
resistance and thmibsequent stattp of the winding device lasts on average 4:58 min.

X The operator also has the task of changing the tape on the VA705 and \WA@éeege
duration of tape change operation and subsequent tape measurement = 2:39 min.

2.2.2.Analysis of operator 's activities- 501773

Operation / tasklescription:

1. Select slats from the pallet, load and fill the turntable with them,

2. Remove all damaged slats and align the stator harness,

3. ltis also necessary to separate about half the volume of the slats, then turn the rotary table
180 O, return them,

4. Using the adjusting tool, it is then necessary to separate the total prescribed number
of blades of the stator bundle, retraction devices

5. The cycle time of the operator is 1,993 s / piece.

Expected results:

Stripped bundle of stator blades in the total pibed number, but no damage to the stator blades

can occur. The insulators must not be damaged and must be in the correct position. The stator
lamellas must have a continuous surface layer and cannot be oxidized.

Operations related to the operation of VA7@02 equipment:

X addition to the activities in point 1, the operator has the task of adding insulating tapes
to the VA701 and 702. After replacing the tapes, the operator must then use a caliper
to check the correctness of the size of the cut piecapef fThere are 3 tapes on each
production facility.

X The average duration of the insulation tape replacement operation and subsequent tape
measurement = 8:22 min.

Based on the available information resulting from the analyzes of the prodpicizess,
asimulation model was created (Fig. 3).

Fig. 3 Complete simulation model of the stator production line
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3. PROPOSAL TO IMPROVE THE PRODUCTION PROCESS USING
SIMULATION *ASSIGNING A NEW OPERATOR

Due to the high weighbad of operators 1 and 2, operator 18 will rotate operators 1 and 2 and
will also perform bottleneckmiting activities. At the time when operators 1 and 2 add material

to the isolation devices, operator 4 will load the slats on the turntable andsta¢atdales, thus
reducing the weight load of operators 1 and 2. It is also necessary for operators 1, 2 and 18 to be
qualified for all the activities it will carry out.

Based on the resulting repdifig. 4), it is possible to see that the utilization of individual
operators is more even. Despite the fact that operator 3 is occupied at 81.55%, it should be noted
that the given operator has almost no weight load. The bottleneck utilization increased from
81.724 to 98.41%.

Pracoviska _ Stroje
Sevp lde  Eloced

63 54% J—
65.70% P

Fig. 4 Comparison of reports from the standard model and after the implementation of the
design

4. CONCLUSION

Based on the model reports, which show the percentage expression of the utilization of individual
operdors, equipment, as well as the total output of the production line, it was subsequently
possible to verify the results, with the results of the real production line. Given the results
of themodel, we can say that they are almost identical togbelts of a real production line.
When designing new production line solutions, it is possible to consider the weight load when
handling the loads of individual operator§he proposed solutions for streamlining
thebottleneck were a form of reorganizittte responsibilities of individual employees in front

of the bottleneckFollowing the implementation of the proposals, the target was achieved as
the use of bottlenecks increased from 81.72% to 98.41%.
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Digitization, SolidWorks, AutoCAD, NavisWorks, Twinmotion
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Abstract

This article deals with the processing of reaimponents, their process of creatiamd their
introduction into the digital sphere. Digital design is an integral part of today's industry.
Thearticle describes the program that was uséd,benefits and the work in the program
associated with the eation of digital components. The creation of a digital model was solved
in 3 programs.The Twinmotion program was used for the dual presentation of laboratory
spaces.

1. DIGITAL MODELING

Digital modeling and model creation itself is understood as a pdlcascombines 3D modeling

and computingpided design (CAD) with additive manufacturing. The most-ketiwn additive
production elements include 3D printing.

The purpose of the digital modeling and creation process is to enable the creation of digital
models, which can then be used to test the final design.

Digital modeling is associated with 3 concepts (Digitization, Digitalization, and Digital
Transformation).

Digitization is associated with creating the digital form of physical objectsptigsible to use
scanning technology to create a digital model, or it is possible to use 3D modeling to create
anaccurate model in digital form. Digitization is thus the conversion of an object that is not
in digital form into a digital representation. @puters then use 3D models to modify properties.
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Digitization is associated with enabling or improving processasgdigital technologies and
digital information.
The digital transformation is a real transformation that is the next step after theatitiz
process.
The benefits of digitization include:
¥ SURYLGLQJ DQ RYHUYLHZ DtinédécgibRmakmy\wbadess, IRU WKH UHDO
T LQFUHDVH HIILFLHQF\ DQG SURGXFWLYLW\
¥ LPSURYLQJ WKH FXVWRPHU H[SHULHQFH
¥ EXVLQHVV PRGHO LQQRYDWLRQ
Advantages of digitization:
¥ VWUHQIWKHQLQJ WKH FXVWRPHU H[SHULHQFH
¥ PRELOLW\
T VXVWDLQDELOLW\

Digitization

Fig.1.Digital Transformation Pyramid

1.1 Programs used to create the digital design of the laboratory

Four programs were used to create the digital imagamely SolidWorks, AutoCAD
Architecture, Navisworksand Twinmotion.

SolidWorks was used to create 3D models. SolidWorks is one of the most widely used software
used by engineers and developers. 3D models transform ideas into reality with the possibility
of simulating designed parts and assemblies. If necessary, the model can be modified.
Theprogram allows you to instantly simulate design aspects in 3D and make the necessary
adjustments immediately.

AutoCAD Architecture provides the tools you needctamplete and scale faster. AutoCAD
Architecture provides a library of more than 8,500 components, automatic generation of floor
plans, views, sections, and ceiling partitions, and easy placement of shadows, doors, and
windows with the ability to resize the desired value.
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In Navisworks, it is possible to visualize and unify design and construction data within a single
model, and to identify and resolve collision and interference issues while still being built, saving
time when remodeling.

The last programsed in the digitization process is the Twinmotion program. The program offers
reattime rendering to enhance presentations. The transition from interactive presentations
to virtual reality presentations allows immersion in design.

2. CREATION OF DIGITAL L ABORATORY COMPONENTS

We chose a laboratory for logistics processes to create the visualization. The laboratory itself is
in the creation stage. At this time, the laboratory is already equipped with RTLS antennas, which
are used to monitor the movemennaditerial using tags.

The first step to successful digitization, which most represents the real form of the laboratory,
which is part of our department, was the creation of 3D models of furniture and laboratory
equipment. All models were created in Solid\k&rThanks to the technical documentation

of all parts, we were able to accurately draw the necessary parts. In SolidWorks, you can also
combine parts into functional units. This is a huge advantage when the whole model cannot be
drawn as one part but dains several components. Such an example is the stands shown
in Figure 2. We also received a technical drawing of the entire assembly from the supplier.
In thefuture, these stands will contain additional components for monitoring logistics processes
ard training students in virtual reality but also in the real presence of students.

Fig.2. Digital models of laboratory stands

The next step was to create 3D models of furniture that is in the laboratory. Without this,
themodel would not be complete and the visualization would not have much informative value.
SolidWorks was used again when creating. The program offers many benefits and was therefore
chosen as the best option. Its simple environment is clear to the uséngandation of three

simple components does not require several hours of experience with the program. Objects such
as the teacher's desk and the student's desk contained several components, so it was necessary
to draw them as individual parts and thembine them into a set.
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Fig.3. Laboratory furniture

3. CREATION OF THE DIGITAL FORM LABORATORY

If the process of creating 3D models is completed, it is possible to proceed to the next step,
namely the creation of laboratory premises. We used AutoCAD Architecture for the creation.
In the program, it is easy to pull out walls, enter parametadgjetermine the position of doors

and windows. It was necessary to measure the whole room to work with real data. Figure 4 shows
the appearance of the laboratory exactly according to its dimensions. The program, as part
of the AutoCAD suite of files, providea link to another program that we used. This is a huge
advantage as it is possible to return to Architecmdmake changes and these will be reflected

in Navisworks.

Fig.4. The appearance of the laboratory in the AutoCAD Architecture program

Navisworks reflects the 3D model of the lab, and you only need to insert 3D models of the parts
we created in SolidWorks. However, it is necessary to export the models in the correct format,
in the STEP format. When you insert a model into Navisworkscgawse the toolbar to rotate

the rotatedmodel along the axes and then place it exactly at the specified position in space.
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However, when converting to STEP, the models lose their color. However, this is not a problem,
as Navisworks offers a library of koo combinations to achieve a realistic look. For comparison,
Figure 5 shows the actual appearance of the laboratory and its appearance in the Navisworks
program.

et '-” i

Fig.5. The appearance of the laboratory in the Navisworks program in comparison witlalthe
form

The last step is to convert the model from Navisworks to Twinmotion. The supported file is. fbx.
the problem is again the color of the model. After exporting the model from Navisworks
to Twinmotion, it is necessary to reassign a color to thres pa Twinmotion.By assigning

the color of walls, doorgndcomponents, the final form is then ready for presentation in a virtual
environment.

4. CONCLUSION

In conclusion, it is possible to note that the created model of the 3D laboratory is a good
springboard for the presentation of the laboratory spacar department. However, this digital
model is only the beginning and can only be used to presentdigiti. In the future, however,

this laboratory will be equipped with additional parts that will help students and teachers
to monitor logistics processes and training more. The digital image itself will be further
improved. In the future, it will be poge to work in a virtual environment. The vision is to
create, for example, car transmissigrand then students will be able to disassemble it, connect

it and analyze its properties. The process of monitoring logistics processes in virtual reality will
also be possible, as we still do not know how the situation with the pandemic will develop.
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Creating a model is not a demanding activity, as work in the mentioned programs is taught
in our department and program packages are available free of chargevefiodering

the creatiopwe also came across imperfectiamghe programs. In Navisworks, when you insert
models, you can change position or rotate the model, but a number scale is not available
to achieve the exact position of the model in space.
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Abstract

In order to achieve the potential benefits of digitalization, enterprises must be able to ensure that
all their data is integrated and used in line with the implementatidmdafstry 4.0 technologies.

The main aim of the paper is to compare the current stage of implementation of Industry 4.0
technologies in Slovakia and Italy in order to identify weaknesses in the digital transformation
process of Slovakia.

1. INTRODUCTION

A fundamental assumption of Industry 4.0 is the integration of the Internet of Things (IoT) into
the creation of added value in the industry. Industry 4.0 is defined by improving
theinterconnectivity of intelligent machines, physical objects, people, prqodamtsprocesses
acrossorganization This includes digital technologies such as Big Data (BDA), Virtual and
Augmented Reality (AR and VR), Atrtificial Intelligence (Al), Collaborative Robotics, and
Additive Manufacturing (AM), whose applications cover aevidnge of possibilities and could
enable industrial enterprises to perform more autonomous and efficient processes and tasks [1].
With the digital factory, people have access to accurate information #imealThey can use

this data in more intelligentvays to make business decisions, identify challenges before they
happen, respond more flexibly, and be more resistant in an unpredictable, competitive world [4].
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Industry 4.0 has escalated global competition between developed and developing countries.
Therefore, one strategy for governments is to develop programs that can radically change
theglobal structures of major industries. Industrialization is essential for competitiveness.
However, rich or developed countries look at industrialization from ardifit perspective. They
implement it intelligently through public policies that encourage innovaiitiere is no set
formula or single scheme for implementing Industry 4.0 technologies, enterprises generally
adopt Industry 4.0 technologies which suit theguirements of their business. Global
competitiveness is reaching unprecedented proportions and the industrial structure is changing
rapidly due to investments by emerging economies in Europe, the US and China. The current
competitive dilemma is not justbout being a winner, but also about maintaining a leading
position through a clear focus and coordinated effort to invest in Industry 4.0 technologies [2]

2. METHODOLOGY

More than 75% of the value of EU sold production was generated in 6 M&tates: Germany

(29% of the EU total), Italy (18%), France (12%), Spain (9%), Poland (5%) and the Netherlands
(3%) [3].

The authors justify the choice of Italy for the comparison with statistics [3] according to which
Italy is the secondargest manufacturing country in Europe and is mab@ged on lowand
mediumtechnology enterprisetn the survey that was used, thetaurs of the article focused

on industrial enterprises in Italy [4]The survey, which involved00 managers representing
industrial enterprises in Italy, found that Italy ranks high in many aspects of the Industry 4.0
digital revolution. The survey is bad on a global survey of 19 leading Asian, European, and
American countries. In February 2017 was launched The Industry 4.0 National plan, to increase
investment in new technologies, research, and development in all enterprises and thus increase
the compativeness of Italian enterprises [5]

The research data concerning the Slovak Republic was collected through a questionnaire
distributed toSlovak enterprises. The questionnaire was distributed online. A total of 138
respondents representing industrial eeptises participated in the questionnaire.
Thequestionnaire focused on the stage of implementation of the 4th Industrial Revolution.

3. RESULS AND DISCUSSION

The following section is about the resulés survey in Italy [5] showed that 49% of industrial
managers in ltaly strongly agreed that the emergence of increasingly intelligent and autonomous
technologies is the trend that will most affect their business in the coming years. Only 31%
of respondents globally hold this view. This global survey shomadtaly is in a relatively advanced
position when it comes to Industry 4.0 technologies as part of the transformation toward the Digital
Factory.
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Fig. 1 Comparison of 2017 and 2020 levels of technology use in Italy
(Own processing based on [1])

Fig. 1 shows the level of use and adoption of Industry 4.0 technologies in Italian manufacturing
enterprises in 2017 and 2020. The situation in 2020 compar2@ilf7 indicates a move in the
awareness of Italian enterprises of the different Industry 4.0 technologies.

In general, if enterprises want to become a competitive in the markehtistgdapt and respond

to the new era that is Industry 4.0. Raising @mass is therefore the first step towards success.
The decline in the option No knowledge in the figure is a positive result for Italian enterprises.
It can be concluded that this decline occurred for all types of Industry 4.0 technologies surveyed.
A significant decrease of enterprises having No knowledge about Industry 4.0 technologies is
recorded in the BDA (Big Data) areaip to 23% in 3 years. The negative finding remains that
3-20% of enterprises (depending on the specific technology) have avahieslustry 4.0
technologies, but have performed No Action about their planning or implementation in 2020.
Progress has also been made in the case of conducting preliminary analyses of Industry 4.0
technologies. Also, more and more enterprises are addptthnology implementation solutions

(e.g. for BDA, an increase of 17% compared to 2017). In addition, there has been an increase
in the implementation or use of Industry 4.0 technologies compared to 2017. 28% of enterprises
have implemented/used 1028§), and in 2020 it was 53% (53). This represents an increase
of 25%. It can be concluded that the evolution of the adoption of the 4.0 paradigm is still
ongoing, although some technologies are showing more significant trends tha dthers
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61%
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Fig. 2 The state of implementation of Industry 4.0 in Slovak enterprises (Own processing,
2022)

Fig. 2 shows the level of technology adoption brought by the Industry 4.0 revolution
in Slovakia. 61% of enterprises (85) have already been implementing for a long time and plan
to continue in this direction. 32% (45) of enterprises have currently made plans, but are not yet
in the implementation process. 3% (4) of enterprises have rawl&dge regarding
theimplementation of Industry 4.0 technologies. An equally interesting finding is the fact that
in the current state 4% (5) of enterprises have no plans to implement new technologies
in thefuture.Next,we will be looking at technologies that are already implemented in industrial
enterprises in the following, we will consider only the cleaned research saBplenterprises

(61% of the original sample).

cveer-pHysicaL sysTems [ 3.53%

cveersecury ([ 27.05%
interneT oF THinGs [ NG 35+
VIRTUAL REALITY 9,41%
aArTiFiciAL INTELUGENCE [ 1176%

0,00% 10,00% 20,00% 30,00% 40,00% 50,00% 60,00%

Fig. 3 Implementation level of selected Indys4.0 technologies in Slovak enterprises
(Own processing, 2022)
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Fig. 3 shows specific technologies that have already been implemented in enterprises
in Slovakia. Cloud Computing has a leading position in the implementation of Industry 4.0
technologiesri Slovakia- 49.41% (42) of enterprises. Big Data is the second most commonly
implemented technology, representing 38.82% of enterprises (33) compared to Italy, which has
implemented Big Data in 50% of enterprises (50). 43% of Italian enterprises (43) have
implemented the Internet of Things, while in Slovakia it is 22.35% (19). The authors conclude
that Italy's policy contributes to improving the conditions for the implementation of Industry 4.0
technologies.
As part of the Industry 4.0 National plahg kalian government has presented a plan to invest
Ya ELOOLRQO020QThis initiative aimed to contribute to the strengthening and
development of digital innovation centers, but also of skills by encouraging Industry 4.0 training
programs, and strertggning qualification training, and competence centers. The aim was to train
an additional 200,000 university students, 20,000 technical institute students, managers, and
1,400 Ph.D. candidates, all with a specific focus on Industry 4.0 areas [6]
Within the framework of Industry 4.0 in Slovakia, tbecalled Digital Transformation Strategy
of Slovakia has been developed, which states that the movement towards industry oriented
towards innovation and technology has a huge potential to become a real éregoaanmic
growth in Slovakia. It is necessary for the Slovak economy to shift from classical industrial
production to a digital level of the economy. Efforts will be made to leverage the technological
potential and increase private and public investmergrogressive Industry 4.0 technologies
such as Al, 10T, 5G, Big Data, etc. To achieve this priority, Slovakia needs to do the following
steps [7]:

X create opportunities for the implementation of Industry 4.0 technologies and promote

the benefits of theiuse;
X engage in Europwide tests and pilot projects and promote their scalability,

X prepare for the deployment of 5G amstonomous transport technology.

4. CONCLUSION

Within the overall share of countries with industry 4.0 initiatives, @ssmated that only 25%

are moving forward. European countries are making relatively rapid progress

in theimplementation of Industry 4.0. This may be due to strong international cooperation
(European Union) with targeted Industry 4.0 policies. This ifiooed by the fact that Europe

has more economically and technologically advanced countries than other regions. The European
region leads the world, as half of its countries have already implemented Industry 4.0 strategies.
However, the Middle East and #da are still at an early stage of implementation and only a few
countries have developed Industry 4.0 initiatives [2].

Individual countries are moving at their own pace of implementation. This is due to the fact that
launching Industry 4.0 initiatives dntechnological development requires huge funding and
resources. For this reason, there is a very visible inequality between countries and regions,
as developed countries are not constrained by finances, unlike developing coj#jtries

The Italian govamment presented a specific plan and invested 18 billion between 2017 and 2020,
which was reflected in the results. Although the Slovak government has drawn up a Digital
Transformation Strategy, it is mainly focused on the public sector and industryirglaedind.

Based on @omparison of the state of implementation of Industry 4.0 technologies in the Slovak
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Republic and Italy, the authors conclude that it is necessary for the Slovak Republic to make
greater efforts to support the development of indusiwards digitalization. By promoting

a paradigm othinking towards digital factory. At the same time, enterprises need to realize
the importance of raising employee awareness and providing training so theaticentribute

to digital transformatioracross all the value chain. As the COVID pandemic has shown,
stability is never guaranteed. However, the digital factory makes enterprises more agile and able
to react to everything that is happening in the economy and the world.
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BUSINESS INTELLIGENCE - AN ANALYTICAL TOOL FOR
INDUSTRIAL ENTERPRISE AND APPLICATIONS

Abstract

Business intelligence tools are increasingly used in companies and institutions around
theworld. They are specifically designed to support the needs of executives. It is the part that
works with selected or modified data and which through these modifisatbecomes
thecarrier of complex information, characterizing the relevant processes in the company.
It primarily serves to identify and locate certain phenomena in the company, in the next step
then for their detailed analysis. The operation of businetgdligence tools as an integration
factor is also considered very important. The paper discusses the basic princippesatfon

of these applications

1. INTRODUCTION

One of the shifts that have taken place in enterprise informatics over thevageérs has

been the shift of priorities to strategic management. It is essential for such an approach to have
enough correct information. This offers us a system of tools, project solutions and
organizational measures known as business intelligence €BBbling knowledgéased
management of organizations. The extensive area of business intelligence consists of a number
of separate components has its own architecturensttiodology ands linked to operating
systems by a number of links. In addition to traditional applications, the MIS concept also
develops EIS (Executive Information Systems) and data mining tools. The infrastructure
of thewhole area is usually based on the conceptddita warehougé].

The existence of a data warehouse is a prerequisite for the functioning of Bl tools. It is
acomprehensive database optimized for querying and analyzing data, along with tools that
allow questions, analysis, and quality presentatiboutputs. In the data warehouse, data is
integrated and stored, whether it is data from internal or external sources. The ultimate goal is
to provide readable, organized, analyzable, and-tie&l information from a maximum
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of corporate databases andtesral sources, which are widely used in the management
of acompany or institutiofi2].

2. EXECUTIVE INFORMATION SYSTEM

The transfer of integrated information systems (ERR)., BAANor SAP R/3) to all processes

in the organization together withe advent of communication technologies leads to a dramatic
increase in the volume of data in these systems. Therefore, the need for effective management
requires the monitoring of aggregate information, the volume of which is not so large, but it is
data with a considerable degree of aggregation. The Executive Information System (EIS)
fulfills this purpose. It is an effective connection of the data potential of the operational
transaction system with the management mechanisms of the organization andlyticah

needs of individual management components. They are designed to allow access to external
data and also to be connected to the organization's information §@$tem

EIS can transport significant volumes of primary data generated by the [rasiesses

of agiven company into logical structures that represent management and detaioig
processes in a particular company. They are characterized by simple operation (often intuitive)
and contain effective means for clear presentation of[dhta

2.1 Characteristics of EIS

EIS use the scalled OLAP (OnrLine Analytical Processing) tools, providing a highly efficient
multi-criteria analysis mechanism. About 18 rules were defined for their evaluation, of which
the first 12 were defined by E.F.Ga.
Principal featurefb]:
X Intuitive data manipulation from the user's point of viewgraphical interface,
zooming;
X Support for multuser operation parallel approaches, ensuring the integrity and
security of operation
X Multidimensional concept and ta manipulation - realizes data storage
in acombination of defined dimensions, allows different data views according
to dimensions and can change them dynamigally
X Ability to retrieve data from heterogeneous data sour€sAP tools must map data
storgye states, access them, and ensure appropriate conversions to their own;database
x Offer custom databases for OLAP and direct access to external data
X Support of modern analytical approaches
X Transparency and opennessthe ability to integrate with otherosls without
compromising the user, the user can use the data from the database with the tools
to which he is accustomed. Transparency of internal data organijzation
x Client/server architecture.
Special featurefb]:
X Nonstandardized datgprocessing - integration of OLAP machine and non
standardized source data
x Efficient matrix processing missing values must be ignored by OLAP parsers
regardless of their source
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x Distinguishing missing values from zero values.
Reporting featurefs]:
x Consistent output performanegyerformance should not be affected by the number
of dimensions defined
x Flexible output delivery easy output adjustments, display and combination of outputs
according to the user's immediate needs.
Dimension managemeft]:
X Unlimited number of dimensions and aggregation levélee number of dimensions
for the model should not be limited
X Unrestricted operations across dimensienglata operations between individual
dimensions cannot be limited by the number of dimensions
X Generic dimensionality additionally supplied functions must be provided for any
dimension.
Adherence to OLAP standards, together with an assessment of the ease of deployment and
control of the system and the supplier's ability to prototype a futurécapph over a sample
of your actual data in a short time, are clear criteria for selecting a specific EIS.

2.2 Multidimensionality of EIS

A typical feature of EIS is multidimensionality, which allows you to quickly and easily create
new views of data, yf them into new contexts, search for patterns (trend characteristics),
indicate deviations of key indicators from planned values, and work with history and anticipate
future developments. EIS applications are based primarily on the use -cdllesb
multidimensional data storage. The basis is a multidimensional table that allows you to quickly
and flexibly change the individual dimensiong. change the user's views on the modelled
economic reality5].

The view of the economy of argrganization is multidimensional. For economic applications
that can be developed over time, the number of three dimensions used in spreadsheets is
insufficient. For small organizations, the manager does not lose global insight and can track
details. For &rger organizations, the information for the manager must be carefully prepared.
The multidimensional form of information is then very practical, perhaps even necessary.
Tasks of this nature are typical tasks in companies, state administration, bankitrgl co
authorities, etc. The advantage of EIS in solving these tasks lies in the ability to work very
operatively in a superspace matrix with a significantly larger number of ®digeral
dimensional data storage is mostly implemented on the basis ofadataesuperstructure over
relational tables. Metadata assigns rows and columns of relational databases to individual
dimensions and cells in andimensional table. The metadata also contains rules for aggregating
data at each level defined by the dimensiThis is the principle of OLAP data storage technology

or online analytical data processii6g.

The response to the change in view definition is then almost immediate in tools using OLAP
technology. The problem of expansion of multidimensional datafests itself only in certain
situations, such as excessive hierarchical complexity of dimensions, increasing number
of dimensions and the related rarity of data, etc. The issue of multidimensional data
administration is also closely related to the typstofage and further processing of this data.
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3. DATA STORAGE

Data storage (DS) is lorgrm storage, where data collected by classical information systems
are added in individual batchds. the datastorage query responses may not be immediate,
some data redundancy is allowed, and data is never discarded from tedeja(aggregate
aggregations of some data and backups to external media can be performed).

Human
resources data

SQL (OLTP) SQL (OLTP) SQL (OLTP)

transaction processing transaction processing transaction processing

— =

Data storage Multidimensional
(SQL) (OLAP) External data

=

General ledger data

Order data

Processing of standard Application of business
outputs intelligence

Storage status
Supplier history
Customer list

Financial statements and planning
Sales and marketing analysis
Business profitability analysis

Fig.1 OLAP technology schemea comprehensive solution to support decisinaking
processes, also called business intelliggite

A characteristic feature of data storage is the diversity of sources. Resources for data
warehouses are stored in completely different structures, andtérnaae a different record
philosophy, are stored on different media, &ata storage operate on the principle of three
steps (ETL)7]:

1. Extraction - the ability to take data from the widest possible range of data sources
of various kinds. (One way taccess this is through a standardized ODBC interface)

2. Transformation - a successive series of operations that prepare the extracted data for their
own loading into the data warehouse. (Data is checked, supplemented, changed, converted
to the same formatand inconsistencies are removed)

3. Load - Data is loaded into the data warehouse's own physical space. (They are ready to
extract or ask questions).

71



InvEnt 2022

Two concepts have prevailed in the architecture of data warehouwmbependent data marty
(virtual datawarehouses) and integrated data warehouisdependent data marts are separate
data repositories for individual applications or departments. Their disadvantage is possible
inconsistencies between individual repositories and complicated loading processes.
An integrated data warehouse is a central data warehouse where the requirement of consistency
is absolutely essential (DS must provide a "single version of the truth"). This approach is
currently prevalenf7].

The data storage is then used by businesdliggnce tools through a service called data
mining. Data mining based on a certain assumption makes it possible to search for contexts and
interrelationships in a large volume of data that were not known in advance. By being able to
search for context da that was not known in advance, data mining differs from other methods

of computergenerated data analysis. Data mining should always aim to solve a specific
business problem or find a way to improve the process. The goal must be defined in advance
and dhta should be prepared on its bafiata mining is the search for hidden connections,
theprocess of selecting, searching, and modeling large volumes of data. Used to reveal
previously unknown relationships between data. Of course, data must bdresraand
complete, and formats from different systems must be unified. This ensures that they are stored
in the data warehouse. The nature of data mining requires that data be kept up to date.
Therange of methods used to build a data mining model is vepnsixe. No model can be

said to be universal and the best results are achieved by a combination of different approaches.

3.1 Integration Profile of Businesd ntelligenceTools

We consider the operation of business intelligence tools as an integration factor
of thecompany's information system (IS) to be very important. They contribute to the integration of
X management processedata is available for all levels of manageniardimost thesame
time period
X data integration datastoragecreation and data mining implementation,
X information technology integratiorat least through data they connect various information
technologies and technology platforms used in the comphay become the engine
of the connection of th& R P S DIQ kffd/a unified functioning unit
x overall integration of the systenthe Bl application belongs to the strategic applications
within the company. They transfer data between all leveisaplagement in the company
and thus represent an important factor for the integration of the entire IS of the company.
During their development and implementation, the individual parts of the company's IS
become aware of them and thus their final integraitito asynergistically functioning
unit- the company's integrated 18akes placés].

4. CONCLUSION

Our century can be characterized without exaggeration by an unprecedented information explosion.
Managers and company executives are exposed to the greatest information pressure. The larger
the company or is distributed in more places, the greater tesupgeon the quality, relevance,
reliability, and quantity of information provided. A capable and educated manager needs
an adequate tool for a quality management superstructure of an information system for his important
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activity. It can be said that busiss intelligence tools integrate information and business strategy
and help the company survive in the current turbulent environment.

ACKNOWLEDGEMENTS

This research is supported BEGA 1/0340/21The impact of a pandemic and the subsequent
economiccrVLY RQ WKH GHYHORSPHQW RI GLILWL]DWLRQ RI HQWHUSULV
KEGA 009TUKE4/2020A7UDQVIHU Rl 'LJLWL]DWLRQ LQWR (GXFDWLRQ LQ WKH
Management and Economics". AGHEGA 001TUKE4/2020AORGHUQL]LQJ ,Q@kyWULDO (QJLQH
HGXFDWLRQ WR 'HYHORS ([LVWLQJ 7UDLQLQJ 3UsMdEXP 6 NLOOV LQ D ¢
was also supported by the Agency for the Support of Research and Development on the basis
of Contract noAPVV-19-0418"Intelligent solutions for increasgthe innovative capacity
of enterprises in the process of their transformation into intelligent enterprise\RWd-17-0258
"Application of elements of digital engineering in innovation and optimization of production flows".

References

[1] HUANG Z., SAVITA K.S., DAN-YI L., OMAR A. H. 2022. The impact of business
intelligence on the marketing with emphasis on cooperativmifea Casestudy on the
insurance companies, Information Processing & Management, Vol. 59 (2), 102824, ISSN
03064573 DOI: https://doi.org/10.1016/j.ipm.2021.102824

[2] MORENO V., CAVAZOTTE F., SOUZA CARVALHO W. 2020. Business intelligence
and analytis as a driver of dynamic and operational capabilities in times of intense
macroeconomic turbulence, The Journal of High Technology Management Research, Vol.
31(2), 100389, ISSN 1048310. DOI: https://doi.org/10.1016/j.hitech.2020.100389

[3] RAGHUNATHAN B., RAGHUNATHAN T.S., TU Q 1998. An empirical analysis of the
organizational commitment of information systems executives, Omega, Vol. 26(5), pp.
569580, ISSN 0309483. DOI: https://doi.org/10.1016/S030883(98)000046L

[4] AVERWEG U.R, ROLE1 - [R006. Executive Information System implementation
in organisations in South Africa and Spain: A comparative analysis, Computer Standards
& Interfaces, Vol. 28(6), pp. 62634, ISSN  092¢5489. DOI:
https://doi.org/10.1016/j.csi.2005.06.001

[5] E.F. CODD 1962. Multiprogramming, Editor(s): Franz L. Alt, Morris Rubinoff, Advances
in Computers, Elsevier, Vol. 3, pp.-2B3, ISSN 00682458, ISBN 9780120121038. DOI:
https://doi.org/10.1016/S006%458(08)606 18

[6] KAMARIOTOU M., KITSIOS F. 2022 6 WUDWHJ\ LPSOLFDWLRQV RI ,6 SODQQLC
perceptions on firm performance, Information & Management, Vol. 59(3), 103625, ISSN
03787206. DOI: https://doi.org/10.1016/j.im.2022.103625

[7] DEHNE F., KONG Q., RAUCHAPLIN A., ZABOLI H., ZHOU R. 205%. Scalable real
time OLAP on cloud architectures, Journal of Parallel and Distributed Computing, Vol.
7980, pp. 3141, ISSN 07437315. DOI: https://doi.org/10.1016/j.jpdc.2014.08.006

[8] SHAO C., YANG Y., JUNEJA S., GSEETHARAM T. 2022. IoT data viszaion for
business intelligence in corporate finance, Information Processing & Management, Vol.
59(1), 102736, ISSN 0304573. DOI: https://doi.org/10.1016/j.ipm.2021.102736

73



InvEnt 2022

Material flow, software solution, optimalisation
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Abstract

This article presents and briefly describe$ew of the currently available software solutson

for material flow optimization. Every solution has its strong and weak points that must be
considered before the decision, either for companies or as a teptdohin school. In total,

four different solutions are presented.

1. INTRODUCTION

Every year, the technologies are more advanced and at a higher level than thegt\wereng
aga As time goes orgompaniesieed to be able to keep up witlese newtechnologiesf they

do not wantto fal behind their competition. The calculations, methods, and procedures
for optimization, which once all were solved on paper, have longdiesnete In modern times,
everything has a digital form and people aredgedly replaed bymachinedo some extertl].

The useof developed software solutiofisr material flowoptimization can be used save time

and also reduce the probability of calculation errors.

2. THE SOFTWARE SOLUTIONS FOR MATERIAL FLOW
OPTIMIZATION

In this paper we will introduce software solutions that we can use to optimize material flows
in various companieand also schools as teaching.a&tdr this we have chosen a few options
that can bring new potential to a material flow optimization, these options are:

X VisTABLE.

X Tecnomatix FactoryCAD and FactoryFLOW.
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X Tecnomatix Plant Simulator.
X Autodesk Product Design & Manufacturing Collection

2.1. VisTABLE

This software solutiocomedrom the German company Plavis GmbH. It provides a wide range
of functions for designers and industrial engineers to ceedé¢ailedlayout The visble tool is

a program that helps in the static design of production systems. It is especially renfarkgble
relatively specific functionality. It contains applications that facilitate the work of designers and
decisionmaking in planningthe organization of the workplacand the entire production
organization.With the visTABLE software tool, we camtuitively plan production. With

the grab and drop feature, you can create complex layouts in mifibesituitive operation
works smoothiyand allowsworkflow withoutsignificantknowledge of CAD tools. The software
immediately acknowledges any changasmaterial flow, area usage, or safety distance.
The unique combination of processes and projects helps streamline procedures and reduce
logistics costsFig. 1. Shows the user interface of VisTABLE software.

im fe fm jo

| in
‘M

Fig. 1 VisTABLE user interfacg?)
2.2. Tecnomatix FactoryCAD and FactoryFLOW

FactoryCAD is a software aeah designed for the design of production and logistics systems.
It adds new features to AutoCAD software that make it easier to organize production. It allows
users to organize objects in 2D format and at the samecteaée 3D geometry in one software
thanks to standard and custom parameters of "smart" ofgkcts

FactoryFLOW is a software aeth that allows industrial engineers to optimize produgpians

based on material flow, shipping frequency and cost analyikis FactoryCAD, it is used as

an extension to AutoCAD software, but unlike FactoryCAD, FactoryCAD adds new features and
tools to the toolbar. It works in a separate window, but it cannot be run without AutoCAD. It is
also used for worflow analysis andptimization of AutoCAD and FactoryCAD desigfd.

Both Factor CADandFLOW are shown in fig. 2.

75



InvEnt 2022

Fig. 2 FactoryCAD (right) and FactoryFLOW (left3]

2.3.Plant Simulation

Plant Simulation(Fig. 3.) is softwarefrom Siemens PLM Software that is used to model,
simulate, analyzedisplay, and optimize production systems, processes, material flow and
logistics operations. With this program, it is possible to compare complex production options,
including internal pocessing logic, thanks to compusémulationg 3]. Plant Simulation is used

by small and large companies mainly for strategic planning of production distribution,
management and control of process logic and the amount of capital investment in production.
The softwarecan import additional information from alternative systems such as Access and
Oracle database, Excel or SAP.

[ [roe—— %
D wewnne B% i

e S
S WAL vy S

S B A BU0nOMER 0L A em/ Bt

Fig. 3 Plant Simulation user interfacg][

2.3.Autodesk Product Design & Manufacturing Collection.

The Autodesk Product Design & Manufacturing Collection is a new collection of industry
specific solutions that have replaced the Factory Design Suite. An examihlis sbftware
package is Autodesk PD & MC 2021, which aims to efficientlygtesiachinesools products

or entire production lines (factory design). It provides all the tools for 2D and 3D design and
presentation, from sketching and visualization to special functions of anaiysigation,and
design information management. When you buy a product, you get optimal,iceaniary,
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comprehensive tools that cover all phases (or at least an important part) of the designer's
workflow.

Factory Design UtilitieFDU) is one of the additional softwatbat includes the PD & MC
package. Factory Design Utilities are 2D and 3D manufacturing and optimization solutions that
canwork with other Autodesk systems. This tool allows you to analyze existing 2D technical
drawings (Fig4) to achieve an efficient nerial flow and transform project commitments into
profit-generating assets. The time required for manual measurement can be reduced by
incorporating scanned points to capture the factory condiion

Fig. 4 2D analysis in FDU4]

3. CONCLUSION

The article presents one of the few possible solutiotiseahodern approach for material flow
optimization either for practice or education. However, the important part of the process is
choosing the paraments that are vital for tser andhe chosen software shouldest them.
Therefore, this article should provide an overviewtioé solution currently available on

the market.
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Vzdelavanie Diagnostika
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SRXALWHJ@XNOQD DM U BeHén s QiN OB B8 R\ORHk&NGen dej
A'LILWDO UHDOLWL UM BEDRMIHURGLH GR NWRUpKR VD ]JDPHVWQDQ
SRPRFRX 95 KHDGVHWX 7RWR SURVWUHGLH SRVN\WXMH U{]JQH IXQ

X YLUWWiIOpQH Q J\

X YLUWXiOQHNROMERUVIBLD [DPHVWQDQFRY

X LQIRUBINFAWREQRP WHR WUROUKBAEN p
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6\WVWpP GRNidH ]DANROL" QRM&FKi UDPHMIWXDQBRSWLLHVWRU SUH \
asledovanieU{]Q\$URFHVRY 8NiaND YLUWXiOQHKR.3URVWUHGLD MH ]JRE!

VOLKSWAGEN

Obr. 2 Digital reality HUB [1]

3.=/(3429%$1,( 352&(629 3202&28 52=4E5(1(- 5($/,7<

3UtNODGRP Y\X4LWLD JPLH&DQHM UHDOLW)\ SUL JOHS&RYDQt SURF
SSRGSRURX UR]&ODHIDH GIQU HB@UYRDVDQLH PRQWIiAHDWRYYNRPSOH[Q& I
QiURPQE SURFHV SUL NWR BRMR @R RIHPN &AKF KINWRE&MRKY DVUHED JYiaL"
IDNWRU 1D JHIHNWtYQHQLH WRKWR SURFHVX P{8H VO~aL" SUiYH
SRVN\WRYDOD Y\VRNR LQWXLWtYQH SURVWUKGSEBIMNRWRUp XPRA& XI
PRQWidQH |BRWDYWRpPQEPL PRIRWIRIERD PAdMWWIRIEIY VNRUpKR
AWiGLD QiYUKX 5R]&4tUHQi UHDOLWD ]JOHS&XMH YQtPDQLH LQIRU
NRPELQRYDQLD UHiYQUKXREMRNWR YO NOUDPRRXQREAXPDQLSXORYD"
SYLUWXiOQ\PL SUGRVQRWLVERRYD" QHGRVWDWN\ JRVWDY\ SULpRP M

V]PLHADQRP .$PYRVWUHGH
3UL VDPRWQFPR @WHEHKR SURFHVX P{&H SUDFRMQLNHQRWVXEPLNRY

VA\VWpPRIPDDRYD" QUF & MMODN G{MV" NX NRODERUiFLt D QiYUKX MHGQ
ZRSWLPID@HMM XGVNHM VWUIQN\ 2EU JREUD]XMH QiYUK PRQW

UR]JA4tUHQHM UHDOLW\
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PreGORA&HQ & VWU BRBHLYVXMH NRQFHSW LPSOHPHQWIFLH JPLHADQHM UH!
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QiVWURMH SUH JOHSEHQLH SURFHVRY WaU@E88pWEpDNVQMpP KL VOR QDS
a]OHSARYIURAHVRY 9LUWXiOQH SURVWUHGLH XPR& XMH SUDFRYQt
KLQIRUPIFIXAIDKPHQLH Y&NRQX QLHNWRUG&FK SURFHVRY 9adHWNR V
WHFKQRORJLANHM EWR Y.©8CH P H Q WDRLIHN B FDLNHREMVH FKQROYJLD VD QHXYV
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RTLS network localization
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Abstract

This article deals with the definition of the term RTa&ation system and further discusses its
main parts of which this system is composed. The article also describes in more detalil
theperformance and parameters of individual parts and their function in cooperation with other
parts of this technology. Themrclusion of the article is devoted to the correct placement of this
technology on various elements such as maals, or forklifts. In conjunction with these
members of localization technologies, wan create a localization network for efficient
collecion of production data and subsequent possible optimization.

1. INTRODUCTION

Today, most large companies already use various monitoring or, in other words, localization
technologies to streamline and innovate production. Many businesses are just reladizing t
digitization is an integral part of any "smart factory". Thanks to advances in today's technologies,
managers and employees can rely on "silent workers" in the form of various localization
technologies. These technologies, in conjunction with the coygpaoftware support, save
money, reduce production times, ensure worker safety, and generally increase the general view
of the manufacturing company's operations.

2. RTLS SYSTEM

UWB RTLS hardware from Sewicompanyconsists of two types of hardware. The first type
are signal transmitters, we know them as tags that are used to track objects. The second type
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of hardware is signal receivers, anchors used to receive signals from tags. We specify both
species in the fatwing subchapters.

2.1UWB RTLS tags

Tags are small electronic devices that are attached to any object or person we need to track.
Thetags serve as signal transmitters, which then receive the anchors and forward the signal
to alocation server, wheréé position of the tags is calculated.

Sewio tags are characterized by high localization accuracy, up to 30 cm, and long battery life
of up to 5 years. Battery life and life depend on how often the tag is updated during use. The tag
can be equipped with group of sensors, namely: accelerometer, gyroscope, magnetometer,
barometer, thermometeatpsimeteror others. The tags can work reliably at temperatures ranging
from- WR f & lodatibh teBhnology uses three types of tags: Tag Leonardo Personal,
Tag Leonardo Asset and Tag Leonardo Vehicle.

Tag Leonardo Tag Leonardo Tag Leonardo
Personal Asset Vehicle
|
= -
@ @
@ ]
o= o =

Fig. 1 Tags and their dimensions

The Leonardo personal tag is intended for the identificationl@zation of employees, resp.

other persons. In addition to industry, it is often used in healthcare, sports, retail and museums.
Its task is to increase the safety of employees, navigate people within the monitored area, analyze
the movement of employeesidh also replaces the classic methods of recording employee
attendance.

It is equipped with UWB radio, NFC and Bluetooth technologies, LED indicators, allows
wireless recharging, fast reconfigurability via RTLS Studio and is equipped with
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anaccelerometer ral barometer to determine theaXis coordinate. It weighs 30 g and is
equipped with a l-Pol battery with a capacity of 300 mAh. The monitored persons most often
wear it on their wrists in the manner of a wristwatch, it is also possible to fasten dtbascl

or a safety helmefhe Leonardo Asset tag is designed to track and identify any asset. It is used
for monitoring and analysis of material flows and in tHeamban system. It provides companies
with a quick return on investmeniust as the persdntag is equipped with UWB radio,
Bluetooth and NFC technology as well as an accelerometer, the barometer is missing. It is
powered by a coin cell battery with a capacity of 1000 mAh without the possibility of recharging.
It can be extended with a magnet €asy attachment to monitored objects. Its weight is 70 g.

The Leonardo Vehicle tag does not contain a battery and is therefore intended for monitoring
devices that can power it. These are mainly forklifts and AGV trucks or milk runs in the field
of intralogistics and storage. It is equipped with accelerometer, barometer, UWB radio, NFC and
Bluetooth. It weighs 104 g. It is suitable for placement on the roof of the carts for easy signal
transmission to the anchors.

Fig. 2 Example of placin@ tag on a forklift roof

In order to obtain accurate and complete information about the location of monitored objects,

it is also necessary to pay attention to the correct placement of tags on these objects. In the case
of persons, attachment to the strishoulder or safety helmet is recommended. The location
around the torso is not suitable because the human body weakens the intensity of the UWB signal
and it is then more difficult for the anchors to detect this signal. The principle of placing tags

in their upper parts applies to forklifts and boxes. We try to prevent the signal from weakening
by themonitored object itself.

/

O\

) 4

Fig. 3 Appropriate / inappropriate placement of tags on objects
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2.2UWB RTLS anchors

Anchors are referenedectronic devices with a known location, equipped with &WiEthernet
interface, which detect UWB pulses transmitted by tags. Their primary function is to collect
theradio signal from the tags to calculate their position through RTLS Studio. Incedditey

also receive data from sensors on acceleration, orientation, temperature or CO2 concentrations,
etc. This data is further shared by users via the APIl. Anchors are usually installed above
theheight level of the tags, and thus in the ceiling spadlis ensures maximum coverage

of the monitored area and minimizes obstacles blocking data transfer from tags to anchors. Easy
installation of anchors is possible due to their compatibility with different types of holders.

If the area system requireswerage of the area, it is necessary to install a group of anchors to
create aetwork infrastructure.

The Sewio RTLS system is fully scalable, and therefore the anchors allow the addition (removal)
of an infinite number of tags within the monitored arBae to the position calculation by

the TDoOA method, the anchors are characterized by robust time synchronization and resistance
to signals from other devices. Thanks to UWB technology, the anchors can work even
in environments with a high number of mathjects. For other radio technologies, the presence

of metallic objects reduces the signal quality and thus the quality of the information obtained.
However, UWB technology is ideal for industries where metal equipment forms the basis
of production. The athor housing ensures their resistance to dust, and thus their suitability
for use in industrial environments. The anchors are equipped with an LED to check their
condition and their restart can be performed remotely if necessary. This is a great adamtage

to their location in hard to reach places.

. ¢ -
[ (]

Vista Omni Vista DirectFive

Wide Range: Uniform omnidirectional pattern Focused Long Range: Strong coverage for longer distances
resulting in an equal true 360° range. and narrow aisles compensating non ideal tag placement

Fig. 4 RTLS anchors and their dimensions

The following figure describes how the Vista DirectFive anchor tilt angles are calculated.
For the calculation, it is necessary to know the height ofatiehors and the distance from
theadjacent anchor. The monitored area of each of the anchors should not be greater than 25x25
m (625 m2), and thus the maximum distance between the anchors should not exceed 35 m. Using
the properties of right triangles atrjonometric functions, the required tilt angle of the anchors

can then be determined by simple calculations.
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Fig. 5 Example of calculating the anchor tilt angle

In order to correctly determine the position of the monitored objects, it issaggelsat the signal

from each tag is received by at least three anchors. It is also true that the anchors can detect
thesignal only from tags whose direct distance to them does not exceed 200 m. The result
of acombination of these factors is tineed to create an anchor network. When designing
theanchor infrastructure, it is necessary to take into account the environment of the monitored
area, and thus the obstacles that could hinder the signal transmission (walls, racks, etc.). When
creating a mtwork, it is also appropriate to identify the places where there is the largest flow

of materials and the movement of employees and forklifts. In these places, it is recommended

to create a denser infrastructure to ensure maximum location accuracy.
I
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Fig. 6 Example of warehouse anchor infrastructure
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3. CONCLUSION

The participating manufacturing companies and plants are subject to constant modernization,
which is essential for success. The digitization of production data using elements of industrial
localization such as RTLS systems is becoming more and more recognized. This is due
to theresults of these systems in protecting the health of workers, but mainly by saving
production times, protecting assets and products and, last but not least, saviragefimances.

Within these applications, it is necessary to point out the importance of digital twins, which
means thémirroring" of physical classifications and processes, on the basis of which it is
possible to visualize, evaluate and subsequentlymigei the use of assets but also improve
production. With this fact, industrial practice gains more control over everything that happens
in production and thus increases the efficiency and productivity of business.
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Advanced industrial engineeringransport costsoptimization Tecnomatix Plant Simulation
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Abstract

Cost optimization in production is a newending cycle of finding a bottleneck with its
subsequent solutiorThe taslof industrial engineering it look fortools that will make finding
optimal solutionseasier and fastey for example, by means of silaion. In its content,
thearticle discusses the description of a case study aimedptinizing the production
disposition with regard to the minimum transport costs. The solution is implemented using
the LayoutOptimizetool of the Tecnomatix Plar8inulation software

1. INTRODUCTION

The layout of production always has an impact on the costs incurred by material handling.
Therefore, the optimization of the disposition always has its place in the design of the production
system. Many methods can lsed to optimize the positiofl]. In some cases, the path

of physical testing is not a consideration, so the mathematical solution remains. Analytical
mathematical solutions are inefficient and lengthy, for the calculation of which grows
exponentially wih the number of optimized workplaces. Simulations therefore play such
animportant role, as they allow reliable information to be obtained even with more workplaces
[2]. Even in simulations, a higher number of workplaces increases the number of necessary
experiments to get the best soluti¢d]. Therefore, optimisation methods are often used

for which a certain criterion is selected, whether a special purpose function chosen or a value
of one of the numerical characteristjd$. The content of the artielis a descriptioof the Case

study of optimizingthe layout of 11 workplaces using the LayoutOptimizer function

of the Tecnomatix Plant Simulation software
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2. DATA AND METHODOLOGY

Today, many simulation tools allow for some form of modabtimization However,
optimization and such is significantly limited by the numbgpptimisedfactors, anchs they

grow, the number of experiments is high. Therefore, many manufacturers implement the tools
to deal with this problem.Tecnomatix Plant i&ulation software includea builtin tool that

allows you tasuccessfully optimizéayoutsthroughlayout optimizer The task that is designed

for thesolution is to detect such a sgi of productiordevices placeso that the transport costs

are as lowas possiblegiven the planned production process and product niilg. 1 shows
thecurrent layout of the production disposition designed for optimization.

EY
Navigate Objects Help M Obsadene=true E_’ OL\(;@
t

Increment SankeyDiagram LayoutOptimizer

Optimization | Sankey | Configuration
Iy = | &
€ Start Control Station1

Costs of transport: 1193357.05 € VyrobnyProgram

Performance graph: Show VyrobnyPost E

Comparison of the layouts:
o

Restore Initial Layout
&0 o
‘Show Optimized Layout

ion.
Station10) Station7| Stations|

Fig. 1.Simulation model of production disposition before optimization

In the figure, possible workplace positions are highlighted in blue. There are 4 products
on theline, the workflow of which is defined ifiab. 1.

Tab. 1. Workflow for manufactured products
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The frequency of product entry into the systisrdefined as iab. 2.

Tab. 2. Frequency of entry of manufactured products into the system

"H#S%&(] )" +%*, & (#.(/"#$%&'(0,/%
P #%&
E HR
(" )i
HYoH

3. RESULTS AND DISCUSSION

If we experiment without considering reducing experiments, then the number of combinations is
given as 11! which is 39,916,800 experiments. Since finding the optimal variant would be time
consuming, a tool operating on the basis of genetic algorithmeds Tike calculation function
uses a Sankey diagram to help it determine the transport dist&acd®y's initial diagram is

onFig. 2
M o obsadeneste | .& : .(ziog S
Increment ~ T SankeyDiagramLayoutOpti}nizér C
'. " Control
VyrobnyProgram 4

Fig. 2. Sankey diagram of simulation model before optimization
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In order to determine the suiptimal solution, it is necessary to define the workplaces that are
subject to experimentation, the monitored entities, i.e. products, and to carry out an initialization
run on the basis of which the calculations will takecplaThen, when launched, the program
performs the calculation through genetic algorithms and determines the fougbtsual
solution that sets and quantifys into its own financial statemdrte result after starting
afunction with defined parameters $shown in Fig. 3

| it Layout Optimization ‘Mode X o e e
| Navigate Objects Hep | -~~~ M “““ Obsadene=true =~~~ " a ' ?Oﬁ """"
[ Optimization ISankeyI Conﬁgurah'onl """"" Increment ~ T T T T SankeyDiagram LayoutOptlhizér """
Optimization: Start E E
B [ = | Control Staton] Station L
Costs of transport: 97731495 € | I

nm .............
Performance graph: Close J
B VyrobnyPost
Comparison of the layouts: N . . .yn? n){ os. P Station10; Stations) ﬂflon
Restore InitialLayout |1 - - g v e e e e e R
Show Optmzedlayout || =~ l ' """""""""""""""
! . e P Statmn9 L
| oK Cancel Aply L E B B E R E A
I optimization of the ransport costs - 0 x Stations® . . . . . . . . Station7ledl . . . . Station6

Fitiess

Fig. 3.Simulation model of production disposition after optimization with fithess progress
graph for individual generations

As can be observed from the graph with 4 generations, we were no longer ableat®éiber
solution, so a higher number of generatiovauld have no meaningnd the tool would end
thecalculation with 5 generationsSankey's new diagram of the saptimal solution founds
depiced onFig. 4.
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M .Obs_ade.ne—.true. Lo

Increment =~ 7 san DiagramlayoutOptihiZér

Fig. 4. Sankey diagram of simulation model after optimization

From the results themselves, it can be concluded that using the tool we were able to reduce
transport costs and find such a safiimal solution that is satisfactory. The new solution itself
represers a decrease of transport costs by 18.10% compared torig@al location

of workplaces.

4. CONCLUSION

Today, developments in the world can be obseivéde world, especially in the field of digital
technologies and computing performanc&Vith this development come new possibilities
in thefield of solving the computational performance of demanding tagksious software
companies, especially simulation tools, already offer various additional featurealltivat

to involve variousevoluionary optimization algorithms in the optimization. One of these
softwares is also Tecnomatix Plant Simulation t@fows you to solve tasks related
to the deployed resources in the layout dimdl optimal positions with a view of different
limitations aml required dependencie$he case study mentioned in the article modelled proved
that whenthenew deployment is in the way of the new deploymeve, canget savings

of 18.10%especiallyin termsof transport costsdueto thecurrentsetting of the product mix.
Such a tookanalso be effective with regard to reconfigurable manufacturing systems, which
thanks to modularity allow for a change of location in productiod where it is necessary
to constantly reassess the length of tpansrelationships to find the optimal configuration.
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AHP, exact methodsgender equalityemployee selectigfob position
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USE OF THE AHP METHOD IN EMPLOYEE SELECTION
IN ACCORDANCE WITH THE CONCEPT OF GENDER
EQUALITY AS A PART OF INNOVATIVE CHANGES IN

SUSTAINABLE DEVELOPMENT

Abstract

The paper focuses on gender equality between men and women in society. An effort to balance
gender equality bring better research results, support innovathanges,and increase their
relevance. The main goal tiepaper is to apply the method of muitieria decisiormaking

(AHP - Analytic Hierarchy Procegdo identifybased orselected criteria a suitable candidate for

the position of Human Resources specialist with a focus on gender equality.

1. INTRODUCTION

Although the Covidl9 pandemic haslowed progress in gender equality, more and more
countries and communities are aware of the need to revitalize efforts to achieve sustainable
development goals, including gender equality. Despite the progress made in the field of gender
equality, many syemic barriers persist that prevent the achievement of optimal gender
equality in all areas.

2. THEORETICAL REVIEW
2.1 Managerial decision making and exact methods

The essence of decisignaking is problem solving, while the main function is to chqosea:

random selection) the most appropriate solution variant. Deeisaking is an important part

of managerial work at any management level. Every managerial decision is the result
of adynamic process of analysis and reasoning, which can be used toowdHe result,
thedecision [1]. Exact methods can be included among the most used decaiomn
methods. Exact methods are among the most developed quantitative methods and their task is
to find among the possible variants of the solution the vatiattitest suits the set goal [2].
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2.2 Gender equality

Gender equality, or equality between men and women in society, is currently one
of thefundamental valuesf democratic countries and international institutions [3]. Ensuring gender
equality, as one of the goals of sustainable development, contributes fundamentally
to the prosperity of countries' economies [H]. Although the issue ofapder equality is one

of the main priorities of the European Research Area Committee, this issue needs to be better
recognized and accepted by most organizations. The European Commission has improved gender
equality policies over the years and pursues tmmal of embedding gender equality

in research and innovation based on a gender equality stf@éleld}. Gender equality includes
sections such as fair division of labor, recruitment, enforcement opportunities, wages, working
conditions, workife balarce, access to education and the prevention of discriminadijon [

To ensure all of the above sections, a person (employee) who is able to include gender equality
throughout the organization is needed. The work of a gender equality specialist includes
theidentification of shortcomings in the principle of gender equality and the subsequent
implementation of corrective measures to improve the state of gender equality, gender
mainstreaming, gender equality management, implementation of gender equalitylegrincip

in personnel strategy, gender awareness , creation of projects focused on gender equality,
knowledge and application of methodologies and best practices suitable for the implementation
of gender equality.

3. DATA AND METHODOLOGY

The main goal of the par is to select the most suitable candidate for the selected job position
in accordance with the concept of gender equality on the basis of established criteria. We mainly
used the analysis of current scientific research publications and multicrigaismvith pairwise
comparison. We used the method of meitieria decisiormaking of exact methods for decision
making - the method of the Analytical Hierarchical Process, which is used in degisiking
processes in which several criteria and vasiagmter. This method is based on a pairwise
comparison of criteria and varian®.[Various software programs can be used to apply the AHP
method. As part of the work was used ExpertChoice software. This software makes it possible
to evaluate individuabariants on the basis of criteria as well as to determine the order of variants
[2]. At the beginning, we defined the main goal of the article. Defining the individual criteria
according to which the selected adepts will be evaluated is after deterrhmimaih goal, another
task in selecting the most suitable adept:
1. experience in the field ofHuman Resourcestit is very important for workin eachposition

to haveat least 2 years of experience in the field of human resources management,
2. experience in the field ofGender Equality it is very important for worln eachposition to

have at least 2 years of experience in the field of gepledity,
3. education in the field ofHuman Resources sociology psychology, andragoghiR,
4. trainingsand certificates +in the field of gendeequality,
5. leadership #the ability to lead subordinagemployeesowards an understandingtbEessence
and importance of gender equality between memeamaden
world language tEnglish at C1 level due to potentigrtnerships at internatiorialvel,
practice in project managementin the field of gendeequality

No

95



InvEnt 2022

8. job rotation rate duration of employment less than one yegsb-hopping.

Based on the structure of the criteria, an adept model withietidired criteria was created.
According to this model, a virtual personnel selection of potentially suitable adepts was performed.
Adepts were selected on the basis of the above criteria for the position of HR specialist with a focus
on gender equality dm the businesgriented LinkedIn platform.

The variants represent four potentially suitable candidates for the chosen job position:

Adept A - 50yearold Spanish man with more than 20 years of human resources experience,
including 9 years as Director ofurhan Resources. He has implemented international projects
aimed at equal opportunities and opportunities for men and women. He completed courses focused
on gender equality. He speaks several foreign languages. Adept A did not graduate from college. He
hasalways worked in individual job positions for several years.

Adept B *31-yearold man, Slovak, with 4 years of experience in the field of gender equality. He
graduated from college with a degree in Human Rights. He graduated from college in English (level
C1). He coordinated international projects focused on gender equalityodpér- changed jobs

every year.

Adept C *46-yearold woman, Czech Republic, with many years of experience in the field

of gender equality in the ministry, but also in the orgation. Gender equality auditor

for companies and public institutions. She graduated from a university in the field of Social Policy.
She has been actively working for 6 years on a project to combat gender inequality. He speaks
English atthe required lesl. She has always worked in individual job positions for several years.
Adept D +57-yearold woman, Italian. She has 20 years of experience in the field of gender
equality and 10 years of experience in the field of human resources. Own certificater "Mast
at Gender Policies in the labor market and private and public companies.” She graduated from
the University of Economics. She coordinated gender equality projects in the workplace. He speaks
English at theequired level. She has been actively workingndividual positions for a very long

time.

4. RESULTS AND DISCUSSION

We entered the goal, individual criteria and variants into the ExpertChoice software in order
to select the most suitable adept for the given job position. The next stepdiectsienmaking
process was a pairwise comparison of the individual criteria. All combinations of the selected
criteria had to be paired. Numerical valde8 were used for pairwise comparison of individual
criteria. The valuesf the criteria were detmined by expert estimation. Based on the inputs,
thesoftware calculated that the most important criterion in selecting the most suitable candidate
for the position of Human Resources Specialist with a focus on gender equality is gender equality
practie@ and the least important criterion was the degree of job rotation.

destD 0,3
st 0,27

adeota 0,255

adepts 0,085 Overal Inconsistency = ,07

Figurel: The outcome of the decisiamaking proceséSource: own processing of AHP Method in
Expert Choice Software)
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Subsequently, it was necessary to perform a pairwise comparisetedied alternativggadepts)
against individual criteriaFrom theFig. 1 it is clear thatAdept D was determined as the most
suitable for the position

5. CONCLUSION

Increasing gender equality is currently making a major contribution to ptiesperity

of theEuropean economy and to increasing its competitiveness, because only through diversity can
people reach their full potential. Choosing the right adept to ensure gender equality is a key decision
for organizations that contribute to rechgcgender inequality.

The use of the AHP method in the selection of suitable employees is very beneficial in the-decision
making of human resources. Using ExpertChoice software, we have come to the conclusion that
awoman with many years of work experiericahe field of gender equality as well as in the field

of human resources is a suitable candidate for the chosen job position.
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human resource managemehtdustry 4.0, COVIEL9, industrial enterprise

$XIXVONBG(Yy(L, =GHQND *<85E. % $21(DAYEO LD
95% $.29E

THE PERCEIVED IMPACT OF PANDEMIC
RESTRICTIONS ON HUMAN RESOURCE MANAGEMENT
IN INDUSTRIAL ENTERPRISES

Abstract

The aim of the research was to identify the impact of the pandemic restrictions
on theperformance of industrial enterprises in the perception of managers and employees.
Theresults of presented research are based on data collected in two questionmaigs.su

The first survey was focused on the top management (n = 70) and the second survey was
focused on employees of industrial enterprises (n = 287). The results showed that
theimplementation of Industry 4.0 have had a positive impact on the human aesour
management during the COVAI® pandemic.

1. INTRODUCTION AND LITERATURE REVIEW

Human resource management is the process of managing people in an organization, which
consists of human resource management functimegramsand practiceslts aim is tomeet
corporate goals, but also the personal goals of employees. Human resource management
functions are comprehensive specialized parts of the human resource management process.
These functions have their goals and use specific methodsur@ shem[1 and 2]. Over time,

human resource management has to cope with changes brought aboutteyrtotrgnds, but

also by sudden turbulence, such as the COWDpandemid3]. Technological or social
changes have long shaped economies and thetidnimy of orgaizations. Longterm
developments and changes in the functioning and management of organizations also have
animpact on the demand for employees for specific professiamg-term trends overlap and
complement each other with shéerm radca changes.n addition to gradual developments,
corporate management must be able to cope with sudden changes or impacts, such
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ODWHULDO 6FLHQFH DQG 7HFKQRORJ\ 60RYDN 8QLYHUVLW\ RI 7THFKQROR
2781/25 917 24 Trnay&lovakia,augustin.starecgRstuba.sk

2]QJ =GHQND *<85E. %$%( Ia&ifute 8fKlhdustrial Enginery and Management,

Faculty of Material Science and Technology Slovak University of Technology in BratislivaDU -i Q D

%WRWWX p 7 U @dBnk&baltela@¥tDus. kKD

3Ing. 1IDWIOLD 95$% $.29Hnsti®ite'of Industrial Engineering arddanagement, Faculty of

Material Science and Technology Sddv8QLYHUVLW\ RI 7THFKQRORJ\ LQ %UDWLVODYD 80
2781/25 917 24 Trnava, Slovakimtlia.vranakova@stuba.sk

98



InvEnt 2022

as thdinancial crisis in 2008 or the pandemic situation in COMI® in 2020 and 2021.

The closure or reduction of operat®as a resultof antipandemic measures has caused

a shock for the economies of countries, companies, but also organif&tiand4]. Due to
uncertainty and the crisis, individual areas of human resource management are also affected.
Among theareas ofhuman resourcemanagement, we can includ&]: recruitment and
selection of employees, hiring of employees, presence at the workplace (home office),
assignment of work tasks, training of employees, remuneration of employees, control
of fulfilment of work tasks evaluatbn of employees, dismissal of employees and
communication and information employees.

In a study focusing on human resource management practices due to uncertainty and crisis,
theareas of economic crisis, natural disasters and politineériainty were identified as
themain impact of crisis and uncertainty. In examining the impact of the economic crisis
on human resource management, it emerged as an area that requires further attention, which is
therole of socially responsible humansoarce managemet practices as part of strategies

to address the impact of the economic crisis on human resource manafim&he area

of strategic human resource planning during economic turbulence also requires more research
attention. Increased ation needs tobe paid to general strategic planning techniques.
Thestudy also demonstrated the importance of resilience and agility during the global
economic crisis. There is a need to examine information on the specifics of how human
resource managetsave been ableto develop agility in organizations in times of economic
turbulencd7].

2.DATA AND METHODOLOGY

Research data were collected in two surveys. The first survey was addressed to employees
of industrial enterprises and focused on the peroepodf the immct of the COVID19
pandemic on their work. 287 respondents took part in the survey. The questionnaire was
distributed in paper form in person through instructed interviewers. Data collection took place
from May to October 2020. Of the totalmber d 287 respondents, 28 worked in a production
position, 91 in an administrative position, 47 in a specialist position, 39 in a managerial
position, 62 in garttime job and 20 respondents in an unspecified position. The second
survey was addressdd senio mangers working in top positions in industriahterprises
Individual managers were personally approached with a request to complete an online
guestionnaire. 70 respondents participated in the survey addressed to experts in the field
of industial mangemen. Data collection took place in autumn 2020. In both surveys,
the anonymity of theespondents was maintained. The collected data were processed and
evaluated in MS Excel.

3.RESULTS AND DISCUSSION

In a survey for professionals, seniodistrial managrs, in addition to the impact of Industry
4.0, we focused on how the COUD® pandemic affected individual areas of human resource
management. The results are shown in.Tab
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Tah 1.Areas of human resource management influencedyiiB-19 (own ebboration)

Areas of human resource positively | negatively | insignificantly | missng | Total

recruitment and selection 24 2% 19 1 0
employees

hiring of employees 15 31 22 2 70
presence at the workpla

(alternative working modeg 35 28 6 1 70
home office)

assignment of work tasks 11 27 29 3 70
training of employees 3 47 16 4 70
remuneration of employees 6 26 34 4 70
control of fulfllment of work 16 2% 25 3 70
tasks evaluation of employee

dismissal of employees 5 28 32 5 70
Qommuplcatlormd 27 21 20 2 0
information of employees

The most negatively affected areas of human resource management were training
of employees, hiring of employees, presence at the workplace and assignment of work tasks.
A predominantly negative impact was itléed in recruitment and selection of employees, but also

in the control of fulfilment of work tasks. Remuneration of employees was affected mainly
insignificantly or negatively. Remuneration is one of the areas that employees perceive sensitively.
In a survey of anployees, we found out how employees perceive the impact of the GTID
pandemic on their working conditions in addition to the introduction of IndustryB&€ed on

the respondents' answers, according to their experience, the pandemiatedntoba éster
implementation of Industry 4.0 elemeniespondents also stated that the introductidndafstry

4.0 in the company significantly affected the positive management of the pandemic situ#tien.
survey, the authors also focused onithpact of @ndemic restrictions on treea of remuneration

and which areas of remuneration they affected, the results of which are showrlin Fig

Wage increase
Remuneration transparency

Benefits
m Positive

Negati
Variable pay egative

Remuneration components

Base pay
0 50 100 150 200 250 300 350
Absolute frequency

Fig.1.Impact of the pandemic on remunerat{omn elaboratioh

The results shown in Figure 1 showatthhe wageincrease was largely negatively affected.
On the contrary, the base pay component was affected mainly positively. Overall, we can state that
all components of wages were negatively affected by the situation of GC/ID
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4. CONCLUSION

Human esource mangenent in industrial enterprises is focused on recruiting, developing,
maintaining and retaining a workforce. The employees represent an important safficeeof

work as a prerequisite for the company's performaé®ased on the presentesults, wecanstate

that the pandemic situation of COAUI® has a positive effect on timeplantation of Industry 4.0
elements. At the same time, we can state that the pandemic situation had a predominantly negative
impact on employee remuneration. Théselings ae important in strategitiR management
planningin organizationsThe authorsof the paper plan to focus on the impact of the COWD
pandemic ondismissal of employeeas well as the management oftmacement programs

in further esearch.
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3D modelling marketing, production
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Abstract

Marketing is an essential part of the strategic planning and management of every company and
allows themto find a market fortheir productsand improve overall competitiveness. Our
research focuses on the use of digitization andn3@lellingtechnology inMicroStation V8
software for marketing purposes. The resulting 3D models, examples of which are presented
in this paper, can be used not only for design, optimization and planning but also as a graphic
basis for marketing purposes concerning customergedisas potential investors of companies.

1. INTRODUCTION

The main initiators of developing new production approaches are becoming current trends
in production, which are based on customization and gradual custom production. Each
company's productiodepends on the demand for the products it offers. Every company must
adapt to market conditions, global conditions, and constraints and constantly improve its
competitiveness. Industry 4.0 technologies (such as digital factory, smart factory, 3D laser
scaming, intelligent logistics, intelligent maintenance, etc.) in planning, management,
maintenance, and logistics is nothing new. However, there are opportunities that we can use these
technologies for marketing purposes. From the point of view of builddligital factory, these
technologies are an effective and fast solution for achieving the company's goals
in the Industry 4.0 concept. Of course, many companies already use software and hardware
support, but they lack the extensive use of technology aeithads. An example of such
technology is 3Dmodelling 3D models offer a wide range of uses in product promotion,
especially in online shopping and online communication with customers and investors.

2. 3D MODELLING IN MICROSTATION V8 SOFTWARE
ENVIROMENT

The MicroStation V8 software environment allows the user to create 3D models in eight different
views. Four views are primarily used: TOP, FRONT, RIGHT, and ISOMETRIC. The user can
select additional views according to needs and preferences. The dynaatianrof the view
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and the adjustment of the primary views according to the location and rotation of the object
in all three axes is a matter of course.

MicroStation V8 includes several hundred tools, some of which can be used at any time, and
some can onl be used for 3D drawing or 2D drawing. The tools are arranged and grouped
according to specific logical rules into toolbars. The logical rule can be, for example, what types
of elements the tools create or how to manipulate the elements. Each toolistitieswhich

can be considered what each tool can do. This title appears only in unexpressed (loosely spaced)
toolbars (Fj.1 - redframé. Once the toolbar is docked at one of the edges of the program, its
title visually disappears. Each tool on tloelbar has a display icon, a simple image that best
describes how to use the tool

e B et g o e s et

2o Fe-E - BN E-0-6-0-000|0suoint 050 Et

raxXxzeo\BUN
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Fig.1 Environmentof MicroStationV8 software

MicroStation V8 uses three unique panels. After clicking on the icon in these panels, the main
thing isthat there is no launcher, but they are used to working with the entire drawing. The first
is the secalled standard panel which contains tools for creating, opening, saving, and printing
adrawing, tools for the Windows clipboard, tools for undoing alyeerformed operations,
anicon for connecting to Bentley, and an icon for launching the wizard (Fighllue border).

The second is the Attributes panel which contains items for setting active elements. Each object
and group of objects has its charadieiattributes, such as the level (layer) to which the color,
thickness, and line type belong. There is also a visual display in this panel of the individual
attributes of the graphic display (Fig.tgreen frame). The basic toolbar's last panel contains
items that open essential and frequently used dialog boxes (Ejgllow frame). Of these three
unigue panels, it would be worth mentioning the image control panel, which is for the user
in complex drawings and can crop, indicate the active viewhierdginactive) views, and render

the object in its entirety, not only according to the outline of the render (Figuiple frame).
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These tools make it possible to model 3D objects with different requirements and details. A good
example is thenanual workplace model in an industrial enterprise. The manual workplace can
be modeled with minor details @=2) and capture only the spatial volume of the workplace.
The highdetail model can be used for broader applications but is more challengirgate.

Fig. 2 3D models of the manual workspace

The model of the manual workplace shown in FigRian the rightis a work table and above
thetable is a broken lamp that draws a 3D tool that defines the shape of the body profile and
thebody axis (plae and line). The boxes under the table have carved bodies in each other,
grooves cut in a line. The drawing shows the profile of the lamp with the inserted visualization
of the bulb.

Another advantage ahodellingis the creation of pallets and boxes that do not have freely
available digital models for the factory's needs or havestamdard dimensions (Fig)3

g

Fig. 3 3D model of thepallet

Models created primarily for visual purposes are mostly processeahitiastiized colors, such

as metal structures drawn in turquoise, lamps in yellow, platforms in red, etc. In this way, we are
able to model the entire production hafig.4.) as a building with all equipment (pipes,
ventilation systems, electrical wiringasous steel structures, conveyors, various transport
systems, etc.), machines, manual workplaces, automatic lines, but also offices and common
areas. The visualization can be displayed in the actual state, with all the inaccuracies and details
exactly acording to the actual state or in the ideal state according to the standardized dimensions.
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Ideal models are used for advertising visualization when it is not necessary to take into account
the external influence on the digitized object.

Fig.4 3D model ba production hall

3.USE OF 3D MODELS FOR MARKETNG PURPOSE

The entire digitization path begins with a collection of current status and creating the current
state model. 3D models are currently a trend in planning, managing, and optimizergitae
manufacturing process but are also applicable to marketing purposes. The basic goal
of marketing is to focus on the customer and satisfy his needs. The extent to which a company
approaches its customers will largely determine its market positiorfuanie rise or fall.
Thesecond no less important goal in the conditions of a market economy is, of course,
thecreation of a reasonable profit, from which the further development of a company
or organization is financed. Marketing is applied in the eplod business as well as in nron

profit organizations, but there are mainly cultural and educational facilities, charities, and
the like. Visual advertising is currently a very common way of promoting sales. 3D models can
be used as a visualization of geducts that companies offer. Type of 3D product models can
improve the customer's image of the product, for example, for companies that offer products
such as furniture (Fig.5.) personal accessories, such as jewelry, glasses (sunglasses and
eyeglassesind clothing.

L] ] e—

Fig.5 Demonstration of a 3D model ofcauchin real space using augmented reality
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The customer can try such products by using augmented reality. Today's technology offers
theuse of augmented reality directly in smart devices, susimastphones or tablets. With this
device, the customer can compare the 3D model to himself and better decide whether to buy
theproduct. This ad is widely used for online shopping. An example is shotig.B, which

shows 3D models of machines and anustdal rack in an augmented reality environment

on a tablet.

Fig.6 Display of augmented reality machines on a tadlet

This advertising system is focused on individual customer needs, customer values, and critical
competencies. For regular customers, 3D models represent the possibility of comparing a product
that the customer already owns from a specific company and pnoelwct that he is interested

in. Visual perception is significant when deciding to buy a new product that would be able
to replace the product that the customer has already fully. The 3D models of machines,
workplaces, and other production elements carused as background images for lasgele
advertisements for the company or promo videos.

In addition to the communication policy, 3D models can also be used in marketing production
policy. For example, using 3D models, we can visualize the range aigtsodith all variants

while saving costs and time by comparing other methods for the range daEtasse and
demonstration of new technologies arouse interest among new investors and partners. Using 3D
models, a point cloud obtained from 3D laser sdag), creating a virtual tour of the entire
company is possible. In this way, it is possible to present the company visually to anyone
anywhere. The virtual tour can be processed as a video, i.e-pagpared visualization, which

can no longer be entet@nd changed. The second way is a virtual tour intheal, where it is
possible to walk through the individual points and watch the individual elements from a specific
place at a specific distance. The most effective way is to create a 3D model ofitheénall

or the whole complex of the company in a virtual reality environment

4. CONCLUSION

The longterm sustainability of the enterprise requires constant attention to the continuous
improvement of business processes and systems so that therismtespstill competitive

in adynamic and turbulent market environment. The optimization should dynamically occur
according to the situation occurring in the production and the world.
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The main findings of this study can be summarised as follows:
x digitization is a necessary response to a pandemic situation,
x digitization needs to be done quickly and efficiently,
X the most suitable tools for digitization are from the concept of Industry 4.0,
x the results of digitization are suitable input datanfi@rketing,
x the use of 3D models in marketing has a wide range of applications concerning
customers and potential investors.
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Kanban, storage, suppbystem

JozefTROJAN, 3IHWHU 7 5% MaBekKLIMENT 3, Michal DIC

STORAGE SYSTEMS AND THEIR INFLUENCE ON THE
PRODUCTION SYSTEM

Abstract

This paper deals with the optimization of the warehouse systeamtory policy and production
system supply systefirhe study will also answer the question of how these optimization steps will
affect the production systeifhe aim is to find out what effect a suitably designed storage system
and supply system have thie production system

1. INTRODUCTION

An important task of logistics is to ensure the supply of production and the related suitable
storage system. This contribution is dedicated to a railway car repair company that was until
recently owned byanother company. After the acquisition by the current company,
thecompany's management decided to completely restructure. As part of this restructuring,
thestate of stocks, warehouses and the method of supplying the production system were
optimized, among other things. The main problems of the company were:
X high level of stocks a large number of types of items that have not been used are
stored
x large decentralized warehouses ten different storage spaces throughout
thecompany's premiseand in most cases unused in terms of capacity
X productionsupply system the supply took place from a large number of storage
places over long distances, thanks to which the supply was slow and inflexible.
The study was divided into the following sectio
X inventory quantity optimizationinventory turnover analysis
X storage system optimization:
! dimensional and weight analysis of stored items
! analysis of the current method of storage
! creation of a storage system
X creation of a supply system.

The main goals of the study were a drastic reduction of warehouses and streamlining
of production supply, while maintaining the performance of the production system.

1Ing. Jozef Trojan, PhDjozef.trojan@tuke.sk SURI ,QJ 3 HW H U péterktebdndmtug&sking.
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2. INVENTORY QUANTITY OPTIMIZATION

The company is engaged in repair, so the inputs to the production process are mostly spare
parts. A large number of these spare parts have been used in recent years. The main problem
of the company at the time of the analysis was the high level of stockswhich the need
for large warehouse space used to follow. However, they were not fully utilized at the time
of theanalysis in most cases. Therefore, the first step was to analyze the current state
of inventory, using information obtained from thetenprise information system. During
theanalysis, the turnover of individual items and the time when they were last used were
determined. Thanks to custom production and many years of experience with repairs of railway
cars, it was possible to determine tftequired amount of stored items so that the production
process was smooth. The items were then divided into the following categories:
x long- term unused items
! part of the items is to be disposed of or sold
! the part with the potential for close consumoptis kept outside the usual
storage premises,
X items commonly used this category will be worked on in the future and will be
updated once a month
X items for maintenance by an external company
! small items (small electrical components, screws, nufs,- .items are
provided by the kanban system (more about kanban in the next coursg level)
! paints, varnishes and thinners.

3. STORAGE SYSTEM OPTIMIZATION

Another problem was the large warehouses located in various places throughout the company.
The task was to centralize these warehouses and their storage areas in one place as much as
possible. The first step was a physical analysis of the current state of stored items.
Thedimensions and weights of individual items were determined, the current dnetho
of storage was monitored and an approximate method of their future storage was proposed.
Theanalysis revealed the following shortcomings in the storage of individual items:
X insufficient utilization of warehouse capagity
X insufficient use of shelf loadipareas
X insufficient use of rack field height
x for small parts, unsuitable way of storage on a shelf (in temporary packagings,
cups, etc.).
Furthermore, the extent to which proprietary storage technologies can be used was ascertained.
After dimensional and weight analysis, together with an analysis of the type of storage,
a design of storage technologies was made:
X use the existing shelving system supplemented by boxes for storing smalltparts
theboxes can be stacked in the shelf #ng make better use of the entire shelf space
of the shelf(Fig. 1),
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X or buy a paternoster rack for small partse technique for rotating the racks increases
the space requirements of the rack, but it is possible to use a larger potential height
of thewarehous€Fig. 2).

Fig.1.Storage boxes

Fig.2. Paternoster rack
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As a result, the storage areabafth technologies is comparable, while the paternoster system
enables faster identification of the itempgsition and, consequently, its removal. What other
advantage can be mentioned higher safety at work, when the operator stays on the ground,
without the need to use handling means to remove the item from the classic rack. The higher
price of this technolog proved to be a disadvantage.For the rest of the items use current
storage technology: cantilever racks, metal stands, glass, etc.

After applying the proposed storage technology and reducing the number of stored items,
thefollowing warehouses werreated:

X central warehouselocated in the main hall, where production takes place (production
was also optimized during the restructuring and some workplaces were canceled
or reduced. This created free space in this hall)

X warehouse of large parts (whegegears, ...} located due to the considerable space
requirements outside the main hailh close proximity

X external company's warehouse for supplying small itemdocated directly
in theproduction area

X external company's warehouse for the supply of paints, varnishes and
thinners- located in one of the buildings on the company’s premises

Thanks to this reduction in the level of stocks and modification of the storage technology, there
was up to a 50%eawing in storage space compared to the original state of the storage system.

4. CREATION OF A SUPPLY SYSTEM

The last task was to create a supply system. The supply took place from several warehouses.
From there, the items were transported to the two itarsfer points in the production hall by
means of handling means. These places are located at the entrance gate to the hall. From there,
the items were picked up by individual work crews that move in the production system.
As aresult, supply was slownd inflexible.

The first step in streamlining supply was the reduction of the number of warehouses (see
optimization of the storage system) and the transfer of responsibility for the supply of small
items, as well as coating materials, to external sugplier

The second step was to create transfer points directly in the production area. The storage
of theusual amount needed to repair one railway car was also proposed at these transfer points.
The position of the places was determined on the basis of apsisnaf the movement

of platoon in production (platoon has a certain space where they move together with
theproduct- railway car), so that the distance between the place of work and the place where
the material is prepared is minimal. Thus,ti@nhsfer points were determined for 30 working
crews, where some places are used for more erews

5. CONCLUSION

The whole project was designed so that the individual stages followed each other and create
acommon effect, .e. the downsizing of warehousesid the optimization of the production
system supply system. The first part was focused on the size of storage space, which achieved
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areduction in the area of necessary storage space by 50% compared to the original state. This
effect was achieved by redog stored items and optimizing storage technology. In the second
part, a supply system was designed, which increased supply flexibility and reduced
theunproductive time of work crews (crews have the necessary inputs to production near
workplaces ready)The effects obtained were savings in warehouse operation costs, reduction
of funds tied up in stocks and reduction of sienhnological times in production
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Reconfigurability algorithm, reconfigurablemanufacturinglines
90DGRBOBE, AWHWOADL , 3DWULN *5=1E5

THE UTILIZATION OF THE LONGEST COMMON
SUBSEQUENCE ALGORITHM FOR CREATION PRODUCT
FAMIL IES

Abstract

The article describes the créam process of the product family using the LCS algorithm. This
concept is presented via the short example of joining two products together. The conclusion
of this article contains recommendations for futuesearch in this field.

1. INTRODUCTION

We rank thisalgorithm among the typical representatives of dynamic programming. Its most
important use is especially in DNA structure analysis, bioinformatics and moledollagyb

The LCS (Longest Common Subseqo@nalgorithm works on the principle of finding
thelongest common substring (the longest sequence of characters from right to left, which
must be consecutive), which is located in both striSggpose, therefore, that we have given
two strings Tand Uwith lengths ofJand | characters, the task is to select the longest possible
sequence of characters from the first string such that the whole is in the second string.
For example, suppose the strifg: $% &'()*+ J=8)andU: $%&'*+ (|1 =6)
andthus their common longest string is "ABCDGH".

Thus, this algorithm can be a potential benefit for merging products into product families.
Theapproach of product families is typical for reconfigurable productionesyst while
thefollowing example was just part of the methodology of designing a configurable production
system. This procedure is therefore a specific part of the methodology described in more detail
in the article "The design of production lines using phinciple of reconfigutaility"

In the developed methodologys used mainly to identify the longest joint sequence

of operations of two or more mutually similar products in creating a product family. Another
area ofits implementation in the methodology is to determine thelaiity of product pairs,

in order to de#rmine the overall similarity between produdts2]. We will describe

the function of the mentioned LCS algorithm for the proposed methodology on a sample
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solution. The above symbolism of the designation is identical to the prdposgthodology
(in the aticle abov@ for a better understanding of the oaksolution.

2. THE EXAMPLE OF USING LCS ALGORITHM FOR PRODUCT
FAMILY CRE ATION

Let usimagine that we need to place titfwee or more similar products on the production line,
but these products contain seridentical or similar operations. How can we aveiasting
production system resources and easily verify product simifarity

This algorithm can be the answer to thisestion becausthe algorithm makes it possible
to identify identical operations (chatac strings) on products and thus consider common
workplaces by simple recalculati@mdto optimize product logisti&croutes.

The input parameter for the algorithm is a set of matrices of operation g5’ G X, GI

and matrix 0#/' U!"depending on the need to use the algorithm. We will illustrate this
example on a pair of products defined by the following mati(i€es 1):

NAMEkl = NAMEkZ =

SENSEE
CEEEREES

Fig. 1 The matrixs of products K1 and Kidth theyoperations stages

From the displayed matrices we can determine the tabke {J, on which it is easier to explain
theprinciple of operation of the LCS algorithm. One of the matrices will be a row and the other
acolumn of the table, it doe®t matter to determine this ptisn when clarifying the principle,
because the results differ only to a negligible extent.

Tab. 1The initial table for LCS algorithm matrix

--m . . . . . m

NAME,,

e

name;;

names

“rame, | B
Coone, |

o © © ©O © © o© o
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The first rows of a table constructed in this way must have a value ofxdel® their function is
explained by two conditions. however, we must try to define a ma®b #or the pale area

of thecreated table

We are starting to fill in the empty fields of the table from left to right in columns. When filling
in the Ble, we asess the valuesf the elements of the matri@#/'G Jand 0#/'G | based on
thefollowing conditions (A) and (B). If for the element of the matrik Ethere exists
acorresponding row and a column with the same type of operatignittis possible to apply
thefirst condition (A). The contingency condition defines that the diagonally adjacent element
of the T EcBnsidered is increased by 1. If there is no agreement between the matching row and
column operations, we apply thecend condition (B). The conditions A and B cabe seen

on the pttureabove(Fig. 2)

if (name;;)i, = (name;;j)m, then

(A)
x,;j = xi—lj—l +1
if (name;j)i, # (name;;)im, then
then choose a higher value x;;
(B)
Xij = Xj-1j
Xij = Xij-1

Fig. 2 The basic conditions for computation LCS algorithm

If there is no agreement between the operations, it is necessary to get the same value
for theelement TEEfrom the pair of elements. We therefore consider the element adjacent
to the left and the element above the parent element. If the elementperatians in the row

have been verified, we continue one row below and the same approach applies.

After filling in the whole tableve will have a numerical path defining the longest common
subaccessibility of the erified matrices. When evaluating, it is possible to determine two
directions of the journey, always starting in the lower right corner fromhigiteest number

of the table. The first road has a defined direction on the left, while the second road has
a ddined direction up. We always choose one of the approaches and continue in that direction
if the neighboring value of the current position @ver, and thus exceeds the marked areas

in thetable. If we come across a lower value, and thus an adjacent \aeegump

to the diagonal element of the current one. Then we continue in the preselected direction of the
path up to theero row or columnfothe marix . % 5 #

The table with the marked path (green color) is givembg[Tab. 2). The table also shows
theareas of the jump to the diagonal element (red color). These elemdmiatrices . % 5 #
actually define the longest common underflow of typespafrations in the reverse order.
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Tab.2 Thefinal table for LCS algorlthm matrix

[ 1 K2 | NAME | _name;; | mnamey | namey | nameg; | nameg; |
———-z--_-_—
1 2 2

1

0
Nl
[ name, | A N [ 4 |
| name, | B[N [ 4|
The resulting subaccessibilityrcéherefore be written as the reverse order, where the resulting
matrix of these elements is denoted in the methodology&sFig. 3).

Fig. 3 The final matrix for two productsonly matches operations stages.
3. CONCLUSIONS

In the modern industry, we must search for new ways for optimizing and effective manufacturing
products. This article represented just thisigtanérd way for optimization using the LCS
algorithm. This algorithm was used for the determination of similar operations for two products
of the family. This is only oneexample but we mustlook new opportunitiesto increase
theefficiency of manufactunig in differert areas and use this new solution for actual problems
in the factory.

ACKNOWLEDGEMENTS

This work was supported by the Slovak Research and Development Agency under the contract
no. APVV18-0522.

References

[1] APOSTOLICO, A. 1987. Remark on the HBu: New Algorithm for the Longest Common
Subsequence Problem, In: Proc. Lett., Vol. 25, June 1987,-23835

[2] KOREN,Y. 2010. The Global Manufacturing Revolutialohn Willey & Sons, New Jersey,
2010, 399 s. ISBN 978-470-58377-7.

[3] 9%$95E V., GREGORM.;GR=1E5P.; MOZOL & CHICKERLE 0 URICA, L;
MARSCHALL, M.; BIELIK, T. Design of Manufacturing Lines Usittige Reconfigurability
Principle. Mathematics 2020, 8, 1227. https://dgi10.3390/math8081227

[4] REKIEK, B. +DELCHAMBRE, A. 2006.Asmbly Line Design: The balancing of Mixed
Model hybrid, Assembly Lines with Genetic Algorithms. Vyd. LondBpringer_ondon Ltd,
2006. 160 s. ISBN 978-84628112-9

117



InvEnt 2022

Smart Factoryproductionmonitoring, productlife cycle

7RPid . (//11{BHWU 6<5QREKDO .§ Martin
KYNCLY, -L t .<1'&//LERU % (5E1(.

MODERN APPROACHES TO MONITORING AND
REGULATION OF THE PRODUCTION OF CERAMIC
MATERIALS

Abstract

This article describeghe issue of monitoring and regulation of production in the production

of ceramic materials, specifically the approaches and methods of introducing life cycle
monitoring of ceramic products. In order to be able to monitor the product life eyale
assign a separate birth certificate for each product, it is necessary that the production system
has elements of monitoring and production control, which are based on the principles of Smart
Factory and Industry 4.0.

1.INTRODUCTION

For every companyral production system, the priority should be to stabilize production and
increase its productivity. One of the leading concepts within Industry 4.0 is Smart Factory.
This concept summarizes the approach to the automatic production system, which is able to
monitor itself and, based on external and internal parameters, regulate production processes.
For large industries such as automotive, there are established procedures and approaches
to production management and monitoring, and very often these methedslready
implemented in production. One of the tools used is product life cycle monitoring, which is
only possible thanks to the introduction of advanced production monitoring systems.
In traditional industries, such as the ceramics industry, which iadodes the production

of refractory materials, these processes are less well known and often inapplicable
in automotive applicationsWhen implementing Smart Factory principles in the ceramics
industry, it is necessary to address a number of factorvarables that are specific to this
industry. In the content of this article, these factors will be named andrahgework

of activities leading to the introduction of the possibility of monitoring the life cycle of ceramic
products will be determined,oth in production and in their use in applications. This is
possible by assigning a product birth certificate to a specific product, in the form
of an ID[1] [2].
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2.MEANS OF MONITORING AND REGULATING THE
PRODUCTION SYSTEM

The goal of modern manufacturingcompmanes is to achieve the principle

of the Smart Factory simply put, it is a production system that monitors and manages itself
based on information from the production process and input information about orders and
production plans. As part of the piementtion of the Smart Factory and Industry 4.0 concept

in the ceramics industry, several areas of production need to be addressed from the point
of view of monitoring and regulation. These areas are unique to the ceramic industry.

Areas for implemeting tools of Smart Factory in ceramic industry

x Development of a methodology for monitoring and optimizing the storage of clay and
other binders in order to identify and regulate its moisture.

x Development of systems and sensors for effective evaluatidhedhput mixture
moisture.

x Development and implementation of a system for automatic shape creation (pressing)
and its control in the raw state

x Development of a system for monitoring kiln wagons and their flow through
theproduction plant.

x Firing control and monitoring system and optimized operation of kilns, including
identification of wagons passing through kilns.

x Development of automatic final inspection, sorting, marking and packdding.

To achieve the Smart Factory principle in the ceramics inglustis necessary to solve all
these partial development and implementation tasks. From the point of view of the introduction
of the birth certificate (ID), monitoring systems of these technologies are necessary, thanks
to which the movement of each prad in production is completely monitored throughout
theproduction period. It is also necessary to realize that production technologies, including
handling, must be automated in order to continuously monitor the entire process.
In theceramics industry,autamation brings additional benefits in the form of reduced
scrap- raw ceramic products amonrigid or brittle and product shape errors occur during
manual handlingi4]

From the point of view of implementation and use of sensors, there are a lanper nu

of devices on the market that can fulfill this function. However, there are fewer such devices
for applications in the ceramic industry, thanks to the properties of the raw materials.
For example, when checking the humidity of a mixture, there lisgadifference between
whether themixture will be measured in the laboratory (currently the most common solution)
or whether an ifline inspection will take place on the conveyor. For the operation of the Smart
Factory principle, it is not possible to meally enterthe results of laboratory tests, but it is
necessary to measure the parameters of the mixture and products directly on automated
production linesThe introduction of the principles of automation and production monitoring
brings, in addition toquditative and economic benefits, also the opportunity to introduce
theprinciple of product life cycle monitoringthe creation of a product birth certificafg]
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3.,03/(0(17$7,21 2) 352'8&716&CASE STUDY

Thanks to the introduction of the produitth certificate- Product ID, it is possible to monitor
production parameters essentially online within the production system, but also to collect data
on the relationships between the resulting product quality and production parameters. Another
very adwantajeous ue of this data is the traceability of production parameters and input
materials of production even after application in a given unit or function. Therefore,

if a product fails or is destroyed several years after the sale and applicatiompogsise

to retrospectively monitor the parameters under which it was manufactured and determine
whether the cause of the product failure was not faulty produdtign.l. shows the basic
scheme of production of ceramic chimney pipe (CCP), which ipresetative d refractory
ceramic products. The rough production process is described in square fields, oval zones
represent data collection within individual technological sections and colored arrows represent
the direction in which data from the giveactions are ued in other sections. This is a basic
scheme of the method of monitoring and regulation of produdt@pn.

Data about humidity
and batch

Exact
ratios of
materials

Link
between
conveyors
and
system

Regulation
within
pressing/
molding
line

Data
about
firing of
the
batches

Dimension
and
quality
data (each data and
product) packaging

Q) Preparation .\l Transport to Pressing Quality o
Stmatsrais . Sndlnoloins . control i
‘ —'

Fig. 1. Scheme of desired production data and information flow

Link
between
product

In the case of ceramic chimney pipe production, it is possible $oribke a casestudy
of theintroduction of a product birth certificate. From the diagrankig 1. there is a need for
unambiguous identification of each ceramic chimpige with a unique charactea)soreferred to
as "CCP ID" (in the form of a numesicor QR code)which will be engravedr printedon liner
within the marking station ithe line. Furthermore, customizati@anbe performed ahe marking

station (marking of the insert with the customer's company logo and name + marking with the order
numbey.

Each CCP ID or product birth certificate contains information about
Input raw materials, moisture and batch of material
CPP extrusion process parameters
Drying parameter data
Data on firing parameters
Data on inspected dimensions + approximatehancal daracteristics predicted by
the inspection line
X Information on how to handle the product during its life cycle
x  Serial number and date of manufacture
The data in the CPP birth certificate are divided into internal and external, to maintain
the interral sececy of production determining the company's competitive advantage
in the market and are also linked to the pallet number on which the CPPs are logoleckaged.
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A unique web form will be created for customer complaints or comments
on the delivery, wheee it will be possible to load the QEbde orenter a numeric ID and fill

in the complaint form. This ensures feedback between the customer and the company and
simplifies the complaint process. At the same time, the company has an effeefive w

of obtaining feedback from customers and the possibility of subsequent stabilization
of production.

4.CONCLUSION

This article describes approaches to monitoring and regulating the production of ceramic products,
which are based on the principles of &@mFactory and Industry 4.0. Thémplementation

of Industry 4.0 elements for monitoring production in the ceramics industry presents many
limitations and differences compared to the automotive industry. Therefore, best practices
for implementing new prices and technalgies cannot be used. However, the introduction

of these elements the ceramics industry offers, in addition to challenges, new possibilities, such as
the introduction ofa product birth certificate (ID) and thus detailed monitodhthe product life

cycle. It is thus possible to trace back plaeameters of production after years of product production

or, for example, to react flexibly to changes in output quality by changing production parameters
andthenguarantee greater qualdynd $ability of production.
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