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Abstract: This article provides information about the impatthe development of simulation possibilitiegitization
and technologies on workers. This article aims resent possible problems for workers with the adapof new
technologies. They must increase their knowledgleshills about information technologies to underdtthe functioning
of the software and their modules because by the they must control and set them. This articleataa give readers
answers to how solution phases of simulation ptsjean be changed and how computer simulation efm dolve
problems with unstable situations of many workerghe workplace. We also present recommended plasthe
simulation project that will help create scenariwbich will help reduce the impact in a risk siioat

1 Introduction - Computer simulation When simulating workers' work, it is possible teus
Computer simulation is one of the most effectiveigo Several objects and settings so that workers in the

to support training, education and decision-makingll Simulation move or perform activities as in reality

company levels. An essential task of computer sitin Therefore, it is important to ensure that the newkyplace

and digitization of processes and documents, ieigénis Will prevent unnecessary resource waste and ceestde

not only to improve clarify selected production andvorking environment for employees [1-6].

|ogistics processes, but also to improve Workinml)ns Advantages of using simulation to simulate the wafrk

of employees or readiness of workers to perforrin therk ~ Workers, e.g.:

in the operation, so that they do it correctly,ebafand * Creating a complex and real environmentina 2D/ 3

without high physical load. Workers are the mogiamant environment.

part of any industrial society. » Possibility to simulate the real way and directajra
Modern technologies and the development of software worker walking around the workplace.

solutions enable a combination of software solutmis <« The creation of a computer simulation does not

and technologies to simulate the movement of werker interrupt the worker's work in a real environmesatjt

the plant. In combination with wearable sensorghsu is safe and does not burden the minds of workers.

solutions allow the system to first simulate andleate « The dynamics of the computer simulation

how workers in a given production, logistics, the environment will show the possibilities of work

warehouse can work and then determine the optimal performance walking directions and choose the most

location of production equipment and machinery to advantageous routes or ways of performing work, e.g

maintain optimal employee working conditions. maintenance activities.

For example, the Tecnomatix Plant Simulatiorn Simulations and experiments focused on workplace
software solution, which is used at the Departmeant innovations - development of new trends and change
Industrial Engineering, allows us to simulate therkvof of workplaces, verification of new procedures, etc.
workers performing various tasks in production and
logistics, such as moving material, performing pictbn Disadvantages of using computer simulation:

operations, repairing machines, setting up machetes « Financial demands - high costs of purchasing
computers, hardware and software.
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« Time-consuming - creating a complex 3D simulatiomanufacturing,  cloud  manufacturing, intelligent
model or 3D scans may take several months if 3Manufacturing, and more. However, the too rapid
models are not available. advancement of selected technologies causes coasgani

+ Data collection - is necessary to obtain additiatath face many problems in practice in promoting ingfit
necessary for the proper operation simulatiodeho technologies into production, but also among waker
e.g. width aisle length, aisle directions, walksmped specifically by developing their technical skillsnca
employee, priorities at work, etc. emotional intelligence.

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

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

llusionment, alarm messages, etc.

In order to further develop the technical skills of

employees, it is necessary to find out the rea¢ sifitheir
perience, and it may not be at the level thegeme The
ills that employees will need to acquire in thgufe

include, for example [7-9]:

Various types of production and robotic systems afisi
already characterized by the ability and propertes
process any type of components parts with pred@iedn
production procedures and customer requiremen
However, a necessary feature of modern producti
systems is flexibility and thus the ability to atlap X )
unexpected changes in plans or production opegatide Creation of protocols for new versions of
new generation of production systems is therefore SOftware/hardware. _
primarily about intelligent and flexible productisgstems *  Creation of new digital content usable in the facto
affecting the work of workers. Concerns and poténti  (for example, 3D models of manufacturing, tools for

problems that already affect the work of workerslide, using augmented reality and so on).

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

«  Lack of understanding of the behaviour of theséalig interrupt the work of the worker in a real envircemh
technologies. so, it is safe and does not burden the minds dkever

- Insufficient dissemination of accurate and quality ~Developing digital security, cyber forensic tocs¢h
information between company levels. as Network Miner, Encrypted Disk Detector,

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

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

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

« Lack of tools for application development and Integration o_f various digital tools to improve
software solutions, costly purchase of licensesl an customer choice of proc_iucts over the Internet. (a.g
software. the form of Face-Scanning).

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

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

form of predictive algorithms) etc.

As mentioned in the introduction to this articlejs o
necessary to start preparing workers for the gladua Based on the statistical report from the 2020 year,
emergence of new digital opportunities that areref to issued in the year 2021, by the MHI Annual Industry
businesses. Intelligent manufacturing and smadynts, Report, we can say how technologies probably imgust
their development already includes a wide rang@mabus Wil change over the years [7]. These reports aveled
other options, including, for example, sensor iraéign, Nt four timeline parts, and the first one is seuoday;
integration of a new generation of artificial inigénce the second part is dated from 1 to 2 years, thd part is
technologies, advanced manufacturing technologies ( dated from 3 to 5 years, and the last part is dated 6
hybrid production systems), lean manufacturing jtaig Years and more.
manufacturing, agile production, networked

~32 ~

Copyright © Acta Simulatio, www.actasimulatio.eu



Acta Simulatio - International Scientific Journal about Simulation
Volume: 7 2021 Issue: 4 Pages: 31-35 ISSN 1339-9640

SIMULATION, DIGITAL TECHNOLOGIES AND THEIR IMPACT ON WORKERS
Monika Buckova; Miroslav Fusko; Luboslav Dulina; Vladimir Vavrik

PREDICTED ADOPTION OF TECHNOLOGIES

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

10 10

PERCENTAGE OF PREDICTED ADOPTION OF TECHNOLOGIES [%)]

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

computing network automatic ~ automation  prescriptive Internet of mobile vehicles and intelligence and
and Storage optimization identification analysis Things technology drones technologies  distributed
tools ledger
technologies

TYPES OF TECHNOLOGIES

Figure 1 Graph of investment in products and sewic

In Figure 1, it is possible to see a result grapthe Even in today's advanced period, peoples remains an
responses of 1000 supply chain and manufacturamels essential element in every production or non-prtdoc
to find out which technologies they want to focusafter process. People are irreplaceable in their flakjbénd
the pandemic. Also we can assume how they want ébility to handle a wide range of diverse taskcljyi
transform and improve their processes by adoptinggey ~ With the growing demands on the quality of producti
digital technologies. Based on the results of avesur and constantly increasing production, the demamis o
conducted by the MHI organization over the nexe¢hr employees' physical and mental strain also incre&f&
years, the companies will focus on automatiothe advent of Industry 4.0, the requirements foe th
technologies, robotics, warehouse equipment andlenobknowledge of employees and their work preconditiares
devices, development of ergonomics and softwagradually changing. Some types of work activitiel e
solutions, sensors and information technologiesy &r transformed or eliminated soon. This change tow#rds
wearable technologies. digitization of the factory and the high share ofcenated
activities (Figure 2) is also changing the natufethe
2.1 Operator 4.0 in the context of digital procedures used. Operator 4.0 concept is gendoallged
technologies on building relationships based on trust and human-
The central theme of today is the implementation dhachine interactior_ls. This interaction will allownart
innovative and disruptive technologies supportiigjtal ~ System-based businesses to leverage the power and
humanism. It is essential to realize that peopkt tweir Ccapabilities of smart machines and strengthen their
potential are at the heart of progress in an aggmfing Operators with new skills and technological suppwtake
d|g|ta| businesses and d|g|ta| Workp|ace5_ The m(yts full advantage of the prOdUC“On CapabllltIeS af thdustl‘y
overall development is aimed at further simplifisatand 4.0 concept.
streamlining of human activities, relieving peopdé
manual work, their collaboration with machines, atsh
etc. With the introduction of the Industry 4.0 cept; some
types of work activities are transformed or elintath As
work activities change, so do the skills and knalgk
requirements of employees. The work environmentadind
factory processes will operate based on a Smaibriac
using a Digital Twin factory (digital, virtual anceal
enterprise), collaborative robotics, management and
decision-making systems based on real-time mongori _
and gathering information throughout the factorsten. ‘ ’ N

] - .
Figure 2 Innovative technologies in the factory [3]

~ 33 ~

Copyright © Acta Simulatio, www.actasimulatio.eu



Acta Simulatio

- International Scientific Journal about Simulation

<)
'5? Volume: 7 2021 Issue: 4 Pages: 31-35 ISSN 1339-9640
g
"; SIMULATION, DIGITAL TECHNOLOGIES AND THEIR IMPACT ON WORKERS
»

%

Monika Buckova; Miroslav Fusko; Luboslav Dulina; Vladimir Vavrik

Operator 4.0 concept is also defined by expandmg i
skills with the help of innovative technologies in
production systems. These technologies already bged
several factories today include augmented realityal
reality, collaborative robotics, wearable sensdablets
and cloud solutions, and exoskeletons.

Practical training and coaching of employees wliig t

support of new technologies offered by the Indugty

concept will serve not only to increase the quadifions of
workers, which is a necessary condition for keepiage
with the development of world production. They will
primarily serve to effectively prevent the develamhof

occupational diseases and accidents. An example of

technology that is already used successfully irfigle of
staff training is virtual reality.

3 Simulation project
As described above, it can be seen that the daweliop
of knowledge will be a key point for the furtheiogth of

workers' knowledge development. Methods of computer

simulation allow estimating the expected throughguud
usability of the system and all elements includedhe
system [2]. Such a development can also affeavthethe
simulation project is created and its phases.

Figure 3 shows the phases of the simulation project

which already incorporates the possibility of prapg a

solution team and ways to evaluate the resultsraflation

of workers' work.

§ . Completion and
Pg’g}iﬁi;&%ﬁ“g: Proposal of the preparation of data
will the cgmput o [ composition of the |—>| for the purpose of
simulation be%oue” research team creating a computer
: simulation
. |
Creation of Verification and Design of
arametric validation of the experiments an
p tr > lidat f th —> P ts and
simulation model simulation model experimentation
. I
Evaluation of the Creation of plans
l?égiflts%fnsﬁ::l\l&gﬁl —>| Economic evaluation —> and other
of workers documentation

Figure 3 Propose@hase®f the simulation project
(Author: Monika Bukova)

Description of the above phases:
» Phase 1: Defining the problem, setting the goalln
this phase, it is necessary to determine the pmotiat

needs to be solved with the help of simulations. Fo
example, the use of the worker is not sufficient,
shortening the paths when picking goods, improving
the method of picking goods, improving maintenance
processes, improving assembly processes, and then
also warehousing and logistics processes, etc. *
Phase 2: Proposal of the composition of the solutio
team and its preparation— During the solution of
such a simulation project, it is appropriate if
employees from different company levels are invdlve

in its solution, not only the manager and the aeat

the simulation. The presence of these workers is
important if the problem is to be addressed infuept
as they bring knowledge, experience, ideas, and
suggestions for improvement or just have infornmatio
on how workers behave in the workplace. In thip,ste
you can also use training using virtual reality.

Phase 3: Data collection- This phase can be
performed even before creating the parametric
simulation model because it is necessary to obtain
information about employees and the workplace,
which can then be time-consuming to collect and
evaluate. Between the data can be include, e.g.
proposal of the number of workers at the workplace,
work shifts, break times, working hours, routes of
movement of workers, waiting for the operator to
order, speed of their movement, performance, etc. F
the needs of simulation of the selected process, it
necessary to add detailed information about the
selected process (e.g. workplace location, dimessio
taking into account ergonomics, production process,
assembly plans, etc.), handling equipment (e.g. a
number of handling equipment, speed, charging
method, method of storing semi-finished products,
etc.), or method of planning (e.g. use of ERP oPSA
software), etc.

Phase 4: Creation of a parametric simulation
model - By parameterizing a simulation model, it is
possible, e.g. change data values from a cleavglial
box or enter data into a table created by simuiatio
software or users.

X SHEr

\,., =

w

#

y
i MI m

a) b) <)

Nocianis excel

Figure 4 Connection of Ms Excel and Tecnomatix Plan
Simulation software (Author: Monika Bkova)

The example of a model shown in Figure 4 a) is
parametrically set to retrieve data from tablesiee

in MS Excel. In Figure 4 b) it is possible to s¢soa
macro called "N&tavanie excel (Loading excel)" by
pressing the macro will start the data loading
command from the table from MS Excel, after which
the data from the table will be overwritten, in the
setting table of machines — Figure 4 c).

Phase 5: Simulation model verification and
validation - During the verification process, it is
possible to verify that the computer model is meli
with the objectives for which it was created analtth
its results are sufficient to make decisions about
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assessing the impact of risk on business proceBses. of how to respond to these situations with the tafip
validation step helps to compare the actual data wistatistical results. All types of processes andlpets will
the model's outputs if the company has such data [Sbe modified and developed in the future, and these
« Phase 6: Proposal of experiments and activities should be aided by new information testhgies
experimentation - If the risks from the previous to achieve a competitive advantage [8]. Of courss,
phases of the methodology are known, and whatery worker will work, e.g., computer simulatitiecause
consequences they can have on the processes| it itilis financially demanding. But it is appropriafer
speed up and streamline the process of creating agmtiployees to increase their knowledge in basiovsoé
modifying the simulation model. It is thus possitile solutions and information technologies.
design experiments of the type, e.g. how the differ
number of workers in the workplace will affect theAcknowledgement
performance of the production system, how manyhis paper was supported by research project KEGA
workers are needed to service the warehouse, htbw v9327U-4/2021, with the title: Raster stereographytie
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order with high priority, etc.
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