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Abstract: This article provides information about the impact of the development of simulation possibilities, digitization
and technologies on workers. This article aims to present possible problems for workers with the adoption of new
technologies. They must increase their knowledge and skills about information technologies to understand the functioning
of the software and their modules because by the time they must control and set them. This article can also give readers
answers to how solution phases of simulation projects can be changed and how computer simulation can help solve
problems with unstable situations of many workers in the workplace. We also present recommended phases of the
simulation project that will help create scenarios, which will help reduce the impact in a risk situation.

1

Introduction - Computer simulation

Computer simulation is one of the most effective tools
to support training, education and decision-making at all
company levels. An essential task of computer simulation
and digitization of processes and documents, in general, is
not only to improve clarify selected production and
logistics processes, but also to improve working conditions
of employees or readiness of workers to perform their work
in the operation, so that they do it correctly, safely and
without high physical load. Workers are the most important
part of any industrial society.
Modern technologies and the development of software
solutions enable a combination of software solution tools
and technologies to simulate the movement of workers in
the plant. In combination with wearable sensors, such
solutions allow the system to first simulate and evaluate
how workers in a given production, logistics, the
warehouse can work and then determine the optimal
location of production equipment and machinery to
maintain optimal employee working conditions.
For example, the Tecnomatix Plant Simulation
software solution, which is used at the Department of
Industrial Engineering, allows us to simulate the work of
workers performing various tasks in production and
logistics, such as moving material, performing production
operations, repairing machines, setting up machines, etc.

When simulating workers' work, it is possible to use
several objects and settings so that workers in the
simulation move or perform activities as in reality.
Therefore, it is important to ensure that the new workplace
will prevent unnecessary resource waste and create a safe
working environment for employees [1-6].
Advantages of using simulation to simulate the work of
workers, e.g.:
• Creating a complex and real environment in a 2D / 3D
environment.
• Possibility to simulate the real way and direction of a
worker walking around the workplace.
• The creation of a computer simulation does not
interrupt the worker's work in a real environment, so it
is safe and does not burden the minds of workers.
• The dynamics of the computer simulation
environment will show the possibilities of work
performance walking directions and choose the most
advantageous routes or ways of performing work, e.g.
maintenance activities.
• Simulations and experiments focused on workplace
innovations - development of new trends and change
of workplaces, verification of new procedures, etc.
•

Disadvantages of using computer simulation:
Financial demands - high costs of purchasing
computers, hardware and software.
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Time-consuming - creating a complex 3D simulation
model or 3D scans may take several months if 3D
models are not available.
Data collection - is necessary to obtain additional data
necessary for the proper operation simulation model,
e.g. width aisle length, aisle directions, walking speed
employee, priorities at work, etc.
Staff training - the evaluation of the results of
simulation runs can be affected workers work, and
wrong decisions can ultimately cause workers' health
or psychological problems.

Workers and digitization in the future

Various types of production and robotic systems are
already characterized by the ability and properties to
process any type of components parts with predetermined
production procedures and customer requirements.
However, a necessary feature of modern production
systems is flexibility and thus the ability to adapt to
unexpected changes in plans or production operations. The
new generation of production systems is therefore
primarily about intelligent and flexible production systems
affecting the work of workers. Concerns and potential
problems that already affect the work of workers include,
for example:
• Lack of understanding of the behaviour of these digital
technologies.
• Insufficient dissemination of accurate and quality
information between company levels.
• Insufficient knowledge of staff in statistics,
mathematics and incomplete evaluation of business
models.
• Rapid development of technologies and their effort to
adapt causes companies low return on investment.
• Not enough awareness of the current state of
machinery, equipment, technological equipment, etc.
• Lack of tools for application development and
software solutions, costly purchase of licenses and
software.
• Attitudes of employees - Careful holding employees
for several years common practices that refuse to
change, etc.
As mentioned in the introduction to this article, it is
necessary to start preparing workers for the gradual
emergence of new digital opportunities that are offered to
businesses. Intelligent manufacturing and smart products,
their development already includes a wide range of various
other options, including, for example, sensor integration,
integration of a new generation of artificial intelligence
technologies, advanced manufacturing technologies (e.g.
hybrid production systems), lean manufacturing, digital
manufacturing,
agile
production,
networked

manufacturing,
cloud
manufacturing,
intelligent
manufacturing, and more. However, the too rapid
advancement of selected technologies causes companies to
face many problems in practice in promoting intelligent
technologies into production, but also among workers,
specifically by developing their technical skills and
emotional intelligence.
An example of supporting the development of workers'
technical skills is Amazon [1], which is committed to
helping at least 29 million people around the world
improve their skills through free Cloud Computing training
to keep up with technological and software advances and,
above all, not be afraid of these technologies,
disillusionment, alarm messages, etc.
In order to further develop the technical skills of
employees, it is necessary to find out the real state of their
experience, and it may not be at the level they present. The
skills that employees will need to acquire in the future
include, for example [7-9]:
• Creation of protocols for new versions of
software/hardware.
• Creation of new digital content usable in the factory
(for example, 3D models of manufacturing, tools for
using augmented reality and so on).
• The creation of a computer simulation does not
interrupt the work of the worker in a real environment,
so, it is safe and does not burden the minds of workers.
• Developing digital security, cyber forensic tools (such
as Network Miner, Encrypted
Disk Detector,
Autopsy, etc.) and other techniques.
• Development of digital communication in factories
(for example, by using Mobile Employee
Communication Apps).
• Use advanced problem-solving computational
techniques (for example, software for a risk impact
assessment on operations).
• Integration of various digital tools to improve
customer choice of products over the Internet (e.g. in
the form of Face-Scanning).
•
Integration of digital tools into products and handling
units, e.g. sensors on pallets, etc.
• Developing knowledge of data mining (e.g. in the
form of predictive algorithms) etc.
Based on the statistical report from the 2020 year,
issued in the year 2021, by the MHI Annual Industry
Report, we can say how technologies probably industry
will change over the years [7]. These reports are divided
into four timeline parts, and the first one is in use today;
the second part is dated from 1 to 2 years, the third part is
dated from 3 to 5 years, and the last part is dated from 6
years and more.
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Figure 1 Graph of investment in products and services

In Figure 1, it is possible to see a result graph of the
responses of 1000 supply chain and manufacturing leaders
to find out which technologies they want to focus on after
the pandemic. Also we can assume how they want to
transform and improve their processes by adopting of new
digital technologies. Based on the results of a survey
conducted by the MHI organization over the next three
years, the companies will focus on automation
technologies, robotics, warehouse equipment and mobile
devices, development of ergonomics and software
solutions, sensors and information technologies, also for
wearable technologies.

2.1

Operator 4.0 in the context of digital
technologies

The central theme of today is the implementation of
innovative and disruptive technologies supporting digital
humanism. It is essential to realize that people and their
potential are at the heart of progress in an age of growing
digital businesses and digital workplaces. The industry's
overall development is aimed at further simplification and
streamlining of human activities, relieving people of
manual work, their collaboration with machines, robots,
etc. With the introduction of the Industry 4.0 concept, some
types of work activities are transformed or eliminated. As
work activities change, so do the skills and knowledge
requirements of employees. The work environment and all
factory processes will operate based on a Smart factory
using a Digital Twin factory (digital, virtual and real
enterprise), collaborative robotics, management and
decision-making systems based on real-time monitoring
and gathering information throughout the factory system.

Even in today's advanced period, peoples remains an
essential element in every production or non-production
process. People are irreplaceable in their flexibility and
ability to handle a wide range of diverse tasks quickly.
With the growing demands on the quality of production
and constantly increasing production, the demands on
employees' physical and mental strain also increase. With
the advent of Industry 4.0, the requirements for the
knowledge of employees and their work preconditions are
gradually changing. Some types of work activities will be
transformed or eliminated soon. This change towards the
digitization of the factory and the high share of automated
activities (Figure 2) is also changing the nature of the
procedures used. Operator 4.0 concept is generally focused
on building relationships based on trust and humanmachine interactions. This interaction will allow smart
system-based businesses to leverage the power and
capabilities of smart machines and strengthen their
operators with new skills and technological support to take
full advantage of the production capabilities of the Industry
4.0 concept.

Figure 2 Innovative technologies in the factory [3]
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Operator 4.0 concept is also defined by expanding its
skills with the help of innovative technologies in
production systems. These technologies already used by
several factories today include augmented reality, virtual
reality, collaborative robotics, wearable sensors, tablets
and cloud solutions, and exoskeletons.
Practical training and coaching of employees with the
support of new technologies offered by the Industry 4.0
concept will serve not only to increase the qualifications of
workers, which is a necessary condition for keeping pace
with the development of world production. They will
primarily serve to effectively prevent the development of
occupational diseases and accidents. An example of
technology that is already used successfully in the field of
staff training is virtual reality.

3

•

Simulation project

As described above, it can be seen that the development
of knowledge will be a key point for the further growth of
workers' knowledge development. Methods of computer
simulation allow estimating the expected throughput and
usability of the system and all elements included in the
system [2]. Such a development can also affect the way the
simulation project is created and its phases.
Figure 3 shows the phases of the simulation project,
which already incorporates the possibility of preparing a
solution team and ways to evaluate the results of simulation
of workers' work.

•

Figure 4 Connection of Ms Excel and Tecnomatix Plant
Simulation software (Author: Monika Bučková)

Figure 3 Proposed phases of the simulation project
(Author: Monika Bučková)

•

•

in its solution, not only the manager and the creator of
the simulation. The presence of these workers is
important if the problem is to be addressed in-depth,
as they bring knowledge, experience, ideas, and
suggestions for improvement or just have information
on how workers behave in the workplace. In this step,
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. For
the needs of simulation of the selected process, it is
necessary to add detailed information about the
selected process (e.g. workplace location, dimensions,
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 or SAP
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 clear dialogue
box or enter data into a table created by simulation
software or users.

Description of the above phases:

Phase 1: Defining the problem, setting the goal - In
this phase, it is necessary to determine the problem that
needs to be solved with the help of simulations. For
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 solution
team and its preparation – During the solution of
such a simulation project, it is appropriate if
employees from different company levels are involved

•

The example of a model shown in Figure 4 a) is
parametrically set to retrieve data from tables created
in MS Excel. In Figure 4 b) it is possible to see also a
macro called "Načítavanie 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 in line
with the objectives for which it was created and that
its results are sufficient to make decisions about
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assessing the impact of risk on business processes. The
validation step helps to compare the actual data with
the model's outputs if the company has such data [5].
Phase 6: Proposal of experiments and
experimentation - If the risks from the previous
phases of the methodology are known, and what
consequences they can have on the processes, it will
speed up and streamline the process of creating and
modifying the simulation model. It is thus possible to
design experiments of the type, e.g. how the different
number of workers in the workplace will affect the
performance of the production system, how many
workers are needed to service the warehouse, how will
the assembly process be affected by an unexpected
order with high priority, etc.
Phase 7: Evaluating the impact of simulation
results on employee work - As mentioned, computer
simulation results can influence managers' decisions.
By modifying workplaces or shortening routes for
picking goods, etc., it is possible to improve the
working conditions of employees and reduce their
fatigue and exhaustion. Computer simulations and
experiments can help managers see how the system
behaves when the number of employees is lower, how
many products they are able to produce, how
maintenance is performed, technical service with
different numbers of employees with other priorities,
and so on.
Phase 8: Economic evaluation - The final report from
the simulation must contain a detailed description of
the created simulation model together with all its
elements and settings, evaluation of input data
collection, results of simulation runs, etc.

Conclusions

It is necessary to use software that can analyze several
potential solutions and select them with the best output
parameters. The application of different types of
innovations and Industry 4.0 implementation supports
evolution systems in which interaction and integration
achieve business independence elements [4]. For example,
they help create and accelerate the development of
information technologies (Internet of Things, Cloud
Computing, e-learning systems, etc.).
Companies and organizations such as MHI monitor
events and developments in companies by making reports;
they also monitor what technologies companies will be
interested in and which way they will move into the future.
That is why it is necessary to increase the knowledge level
of employees and improve working conditions at
workplaces.
Using digital factory tools such as computer simulation
helps reveal the risks such as rapidly spreading diseases,
dangerous working conditions, high physical burden on
workers, etc. It is impossible to solve them by computer
simulation. Still, it is possible to experiment with data with
different situations and then choose and consider variants

of how to respond to these situations with the help of
statistical results. All types of processes and products will
be modified and developed in the future, and these
activities should be aided by new information technologies
to achieve a competitive advantage [8]. Of course, not
every worker will work, e.g., computer simulation, because
it is financially demanding. But it is appropriate for
employees to increase their knowledge in basic software
solutions and information technologies.
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