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PREDICTIVE ANALYTICS FOR INDUSTRY 4.0
Assoc.Prof. Bezobrazov S. PhD.1,2, M.Sc. Anfilets S.1,2, Mr. Dolny R.2, Mr. Yakimovich D.2
Faculty of Electronic-Informational Systems – Brest State Technical University, Belarus1
Qnitel Ltd., Russian Federation2
bescase@gmail.com, info@qnitel.com
Abstract: The Industrial Predictive Analytics for Industry 4.0 is a system that predict and prevent machine failures and breakdown by
analyzing time-series data (temperature, pressure, vibration etc.) received from sensors embedded in machines and equipment. The system
can analyze machine parameters to identify patterns and predict breakdowns before they happen. The core of the proposed system is based
on Artificial Neural Network approach (both Deep and Shallow Neural Networks). Artificial Intelligence and Artificial Neural Networks
allow analyses the huge amounts of data collected from the manufacturing process and predict what will go wrong, and when. The proposed
system works in the paradigm of Industry 4.0 and provides the abilities in the area of predictive maintenance. The Industrial Predictive
Analytics for Industry 4.0 also contains a decision-making system and support system that significantly increases the level of maintenance.
Keywords: INDUSTRY 4.0, SMART FACTORY, PREDICTIVE MAINTENANCE, ARTIFICIAL INTELLIGENCE

implementations in the Industry 4.0 paradigm. Section 3 provides
the experiment description and results. The final section concludes
this paper.

1. Introduction
The progress within the framework of the fourth industrial
revolution “Industry 4.0” combined such elements as automation,
exchange and analysis of industrial data, cyber physical systems,
the industrial Internet of things, cloud computing etc. and lead
production processes to a new level.

2. Artificial Intelligence for Industry 4.0
2.1. Theory of Artificial Intelligence
An Artificial Neural Network is a model built on the principle
of the organization and functioning of biological neural networks
(brain) and consists of several layers of computational elements neurons. The main feature of artificial neural networks is their
learning ability. ANNs are not programmed in the classical
programming paradigm, but are learned. Learning ability is one of
the main advantages of neural networks over traditional algorithms.
Technically, training consists in finding the coefficients (called
weights) of connections between neurons in different layers. In the
learning process, a neural network is able to identify complex
hidden relationships between input and output data. After the
training phase, neural networks are capable of working with data,
even if they are incomplete or noisy data.

The evolution of information technologies offers great
opportunities in the area of industrial data analysis - collection,
processing, analysis and visualization of large amount of
heterogeneous data that to improve existing industrial information
processing systems. Thus, embedded devices, such as different
sensors, allows receive a valuable information about the usage of
industrial equipment during the whole production cycle. This
information play important role in the building of new business
models and provide additional income from the new services such
as for example, a life cycle contract for industrial equipment,
contract manufacturing as a service, transportation as a service,
safety as a service, and others.
For the analysis of constantly increasing industrial data flows,
new powerful data processing methods are needed. The evolution of
Artificial Intelligence in general, and in particular, Artificial Neural
Networks, makes it possible to design, develop and implement such
systems that can successfully analyze huge data flows, provides
extreme automation and, as a result, allows develop high quality
industrial support approaches.

Today, there are many architectures of artificial neural
networks. The wide variety of neural networks can be divided into
two large groups – Shallow and Deep Neural Networks.
Shallow neural network is a term used to describe artificial
neural networks that usually have only one hidden (computational)
layer as opposed to deep neural networks that have several hidden
layers, often of various types. The classical example of shallow
neural network is a Multilayer Perceptron (MLP) [1]. A MLP is a
feedforward artificial neural network that consists of three layers
(Fig.1) – input layer, hidden layer and output layer - and can solve
accurately complex tasks.

The present-day industry involves the interconnection of a large
number of various equipment, which require constant monitoring,
maintenance and repairing. The concept of Industry 4.0 allows
analyze data received from sensors installed in industrial equipment
in order to detect a hardware and functional failure even before
something serious has happened. Now there is an urgent need to
switch from reactive maintenance (breakdown service while a
machine can no longer function normally) or scheduled
maintenance (that ignore an actual load specific machines and
assemblies) to proactive and predictive maintenances.
Artificial intelligence methods allow detect potential equipment
problems at an early stage of a breakdown and eliminate them
before minor defects lead to big problems - expensive equipment
breakdown and stop the production process. In this way, the
predictive analytics can provide answers not only to the questions
such as “What happened?” or “Why did this happen?”, but also
“What is likely to happen?” and “What can we do, to prevent this?”.

Fig. 1 Structure of a Shallow Neural Network

Within the framework of the discussed problems, we developed
the system “Predictive analytics for Industry 4.0” which based on
the Artificial Neural Networks and monitors equipment condition
and production processes in real time.
the

Input layer send data to all the neurons in the Hidden
(processing) layer. The number of neurons in the Input layer
depends on the size of the input vector x1-xR. Hidden layer is a
second layer of a neural network. It is the main layer that process
the inputted data. The optimal number of neurons in the Hidden
layer is usually determined experimentally. Output layer is a final

The rest of the paper is structured as follows. Section 2 gives
theoretical aspects of Artificial Neural Networks
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layer of neural network. It reflects the calculation results y1-yS. The
weights iwN,R between input and hidden layers and hwS,N between
hidden and output layers are configured at the training stage.

Acquisition - is a control system architecture that uses computers,
networked data communications and graphical user interfaces for
high-level process supervisory management). However, SCADA
only can show the current machine conditions. Fig.4 demonstrate
the example of data from the turbine of JSC ”Lakokraska” [2].

The described architecture of ANN can be successfully used for
solving such problem as pattern recognition, time-series forecasting,
approximation, classification and many others.
However, to solve modern technical problems the
implementation of classical architecture of neural networks is no
longer enough. They were replaced by Deep Neural Networks - are
a class of neural networks that consists of large and complex hidden
component between the input and output layers, giving them a
greater ability to recognize patterns and process complex
information than Shallow Neural Networks. Fig.2 demonstrates a
classical structure of deep neural networks.

Fig. 2 Structure of a Deep Neural Network

To be considered a deep neural network, the structure must
contain at least two hidden layers. The area of application of Deep
Neural Networks includes (but not limited) image and video
recognition, time-series analysis, forecasting and prediction, control
etc.

Fig. 4 Example of industrial data: temperature, pressure and vibration

Neural network creation. Data structure defines the architecture
of an artificial neural network that will be used to predict of
machine parameters because received data can be incomplete,
noisy, non-regular and multidimensional.

2.2. Predictive Analytics

Neural network training and testing. For the training of an ANN
with the chosen architecture, we use historical data of the
equipment that will be controlled. Of course, the quality, as well as
the completeness of the data determines the quality of the training
of neural network and the further forecasting of equipment
parameters.

In our research, we used both Shallow and Deep Artificial
Neural Networks for the forecasting of the industrial equipment
parameters, such as temperature, vibration, pressure etc. Fig.3
demonstrates the neural network training process.

Data collection

Historical
industrial data

ANN
architecture
development

Train data

ANN training

Validation data

ANN testing

Test data

ANN processing

Stream
industrial data

For the training of an artificial neural network all available
historical data is divided into three subsets. The first subset is the
training set, which is used for training and updating the network
weights. To avoid the problem of overfitting the neural network and
to early stop the learning process, a validation sample (the second
subset) is used. The error on the validation set is monitored during
the training process. When the network begins to overfit the data,
the error on the validation set typically begins to rise. When the
validation error increases for a specified number of iterations, the
training is stopped, and the weights of an ANN at the minimum of
the validation error are returned. The test set (the third subset) is not
used during training, but it is used to better estimation the correct
functioning of a trained neural network and to compare different
models. In the classical scheme for division data into training,
validation, and test sets, the relation 70%-10%-20% of the whole
data amount is used correspondingly. Figure 5 shows the changing
of neural network’s error value during the training process.
Preprocessing data is another important step in the working of
artificial neural networks. The goal of this stage is prepare raw
industrial data in a format that the network can accept and analyze.
For example, you can preprocess data to enhance desired features or
reduce artifacts that can bias the network, as well as you can
normalize or remove noise from input data.

Predicted
parameter

Fig. 3 Stages of a neural network creation

Data collection. Machine data (such parameters of equipment as
vibration, temperature, pressure etc.) is streamed from the sensors to
a central repository using communication protocols and gateways this is the typical task for SCADA (Supervisory Control and Data

ANN working. After the training an artificial neural network
can be used for the analyzing of the industrial data. In our study we
learn neural network to predict the values of parameters to the given
time horizon – (1 minutes, 5 minutes, 1 hour, etc.). The predicted
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condition of the equipment will allow the technical staff to receive
forecasted objective and precise data about the current and near
future state of the production process and machine condition, which
will allow quickly react to probably breakdown and schedule
maintenance and servicing procedures.

MAPE 

100 %
n

n


t 1

At  Ft
,
At

(1)

where At is the actual value and Ft is the forecasted value.

Fig. 6 Prediction results. The red line is real data, blue line – predicted
values

Fig. 5 Example of industrial data: temperature, pressure and vibration

Table 1: Prediction error values for all time horizons.
MAPE for each
Average MAPE, %
horizon, %
1H:
0.48
5H:
1.29
Temperature (TZT103)
1.41
10H:
1.80
24H:
2.06
1H:
0.35
5H:
0.69
Pressure
0.72
(PZT103)
10H:
0.88
24H:
0.95
1H:
5.50
5H:
5.16
Vibration
5.82
(VT103)
10H:
6.55
24H:
6.08

3. Experimental results
The developed Predicted Analytics system for Industry 4.0 was
tested on several real industrial environments and real data. The
first implementation and was JSC “Lakokraska” [2]. The pilot
project for the forecasting of parameters for turbine was developed
and tested. The proposed system of Predictive Analytics received
such data in real time as pressure, vibration and temperature,
analyzed them and gave a forecast of the values of the observed
parameters for 1, 5, 10 and 24 hours.
Figure 6 shows historical data that was used for the training of
feedforward shallow neural network [3].

We can see that proposed feedforward shallow neural network
predict the controlled parameters for each time horizon very well,
that confirmed by the values of MAPE. But, the prediction values of
vibration are not so good compared to temperature and vibration. In
our opinion, it occurs due to a sufficiently large time interval for the
arrival of new portion of data (new value for one hour). All this
leads to a “sawtooth” shape behavior of the vibration parameter,
which is rather poorly predicted. Increasing the frequency of
measurements will increase the quality of the forecast of the
proposed feedforward shallow neural network. If this is not
possible, it will achieved by selection a more complex architecture
of neural network.
The next example demonstrates the increasing of the quality
prediction by the implementation of deep artificial neural networks.
Both shallow neural network (in our case it is MLP) and deep
neural network (Deep LSTM) was used to predict the bearing quota
parameter for STS Machines (data was provided by Opera MES
company [5]). Figure 7 demonstrates the prediction results from
MLP and Figure 8 demonstrates the predictions form Deep LSTM
[6, 7].

Fig. 5 Industrial data JSC “Lakokraska”

We used the feedforward neural network (Fig.1) with the
following structure: 25 neurons in an input layer (it means that each
time we input to an ANN the current value of the controlled
parameter + 24 historical values); 50 neurons in a hidden layer; and
4 neurons in an output layer (where the first neuron reflects the
forecast results for 1 hour, the second neuron reflects the forecast
for 5 hours, the third and fourth neurons reflect forecasts for 10 and
14 hors correspondingly).
After the training, we implemented this neural network for data
analyzing and forecasting in real time. Figure 6 demonstrates some
results of the quality for 1-hour forecast and Table 1 presents the
results for all forecasting horizons.
As can be seen, the Mean Absolute Percentage Error (MAPE)
for 1-hour prediction is 0.27% for pressure, 0.25% for temperature,
and 5.4% for vibration. MAPE - is a measure of prediction accuracy
of a forecasting method and usually expresses accuracy as a
percentage [4]. It defined by the formula (1):

Fig. 7 Bearing parameter prediction results by MLP neural network
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Long Short-Term Memory Neural Network (LSTM) is a unique
type of Recurrent Neural Network capable of learning long-term
dependencies. With comparison of feedforward neural networks,
where signals go only in one direction – forward, LSTM has
feedback connections. This ability allows LSTM networks show
outstanding results in classification and prediction time series data.

Acknowledgments
We would like to thank Mr. Maxim Khakhalov, a founder of
Qnitel Ltd., who kindly support this research.

References
1. Haykin, Simon & Lippmann, R. Neural Networks. A
Comprehensive Foundation. International Journal of Neural
Systems. Vol. 5, 1994, 363-364.
2. http://lidalkm.by/en/ - JSC “Lakokraska”.
3. Terrence L. Fine. Feedforward Neural Network
Methodology (1st ed.). S. L. Lauritzen, M. Jordan, J.
Lawless, and V. Nair (Eds.). Springer-Verlag, Berlin,
Heidelberg, 1999.
4. Makridakis, Spyros. Accuracy measures: theoretical and
practical concerns. International Journal of Forecasting,
9(4), 1993, 527-529.

Fig. 8 Bearing parameter prediction results by Deep LSTM neural network

5. http://www.operames.it/en/ - Software MES for Industry 4.0

As can be seen from presented results, the implementation of
more difficult structure of ANN like a Deep LSTM allow to
increase the quality and accuracy of predictions by 50%.

6. S. Hochreiter, J. Schmidhuber. "Long short-term memory".
Neural Computation, 9(8), 1997, 1735–1780.
7. M.Pankaj, V.Lovekesh, Sh.Gautam, A.Puneet. Long Short
Term Memory Networks for Anomaly Detection in Time
Series. European Symposium on Artificial Neural Networks,
Computational Intelligence and Machine Learning - ESANN
2015.

4. Conclusions
Industry 4.0 is the phase of the industrial revolution, involving
advanced manufacturing techniques and the Internet of Things
coming together to create a “smart factory.” The smart factory is
where cyber-physical systems collaborate with each other and
monitor physical processes of a factory to make decentralized
decisions. It has led to significant reduction of downtime and
wastage bringing in quality and efficiency in factory production.
The Predictive Analytics is a big important part of Industry 4.0
concept.
In this paper we presented artificial neural network approach for
forecasting the equipment parameters and control the conditions of
industrial machines in the Industry 4.0 paradigm. The proposed
Predictive Analytics system performs a real-time analysis of large
data streams, built in the Industrial Internet of Things (IIoT)
standard, allows industrial to be more proactive, make preemptive
actions in the maintenance of industrial equipment and the optimize
industrial processes. Implementation of this system will allow
enterprises from different sectors of the economy and industry to
obtain significant advantages, namely:
- automate the process of monitoring and managing the
equipment life cycle;
- modeling of technological processes;
- increase the efficiency of the use of production assets by
reducing the number of unplanned downtime;
- reduce maintenance costs by improving forecasting and
preventing catastrophic equipment failures and identifying
inefficient operations;
- increase productivity;
- increase energy efficiency and reduce operating costs.
We demonstrated that the changing the architecture of artificial
neural network from MLP to LSTM significantly increase the
prediction accuracy.
We implemented and tested our systems in real factories JSC
“Lakokraska” and Opera MES. The developed system makes
predictions on several time horizons, up to 24 hours, of important
parameters of industrial equipment with great accuracy.
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DETERMINATION OF INDUSTRY 4.0 COMPLIANCE CRITERIA FOR BAND SAW
MACHINES
Mahmut Berkan Alisinoglua), Serif Ahmet Soguta), Ulvi Sekerb)
Beka-Mak Machinery Industry and Trade Inc. R & D Center, Bursa, Turkey
b)
Gazi University, Technology Faculty, Manufacturing Engineering Department, Ankara, Turkey
a)

ABSTRACT: Production starts with supply of raw materials and cutting of this input to the desired dimensions in order to be taken to the
production line. Sawing machines used to bring the raw material to the desired dimensions in the industrial manufacturing companies are of
great importance and maintain the identity of being the indispensable machine tool of almost all the enterprises' machine parks. Considering
the transition to Industry 4.0 in next 10-15 years, Turkey, which has a significant market share in the production of sawing machines, still
needs to be sustainable export to countries like EU Countries and the United States which have the highest level of preparation for Industry
4.0 is directly related to meeting the expectations of these countries. In this study, for both of to raise the level of preparedness and to
increase the export potential of Turkey, it is aimed to determine which criteria should be taken as basis in the development of saw machines
capable of meeting industry 4.0 requirements. As a result of the evaluation, to meet Industry 4.0 requirements it have been come fore to meet
the needs such as adaptation of processing and cutting conditions with barcode data, optimization of cutting conditions by data analysis,
remote monitoring and control by communication with desktop and mobile devices, real-time tracking for predictive maintenance and apply
maintenance plan in concept of dark factories.
KEY WORDS: MANUFACTURING, SAWING MACHINES, INDUSTRY 4.0, CRITERIA OF INDUSTRY 4.0
whereas CIM considered workerless production [4]. The Industry
4.0 paradigm promotes the connection of physical items such as
sensors, devices and enterprise assets, both to each other and to the
Internet [5]. Designing and drafting methods in all disciplines
should be reviewed and their suitability be checked for a modern,
interdisciplinary approach model for product development and
transferred to a common, integrated and interdisciplinary methods,
process and IT solution [6]. The production process is divided into
small value oriented units which shares information of the
consecutive process steps only which helps in increasing flexibility
and probably results in reduction of complexity of coordination [7].
In Industry 4.0, production meshes with ultra-modern information
and communication technology. The driving force of this
development is the rapidly increasing digitalization of the economy
and society. Digitalization is permanently changing the way future
production and processing are carried out : After steam machines,
production lines, electronics and IT, now intelligent factories (the
"smart factories") shape the fourth Industrial Revolution (Fig 1) [8].

1. INTRODUCTION
Since the first Industrial Revolution, subsequent revolutions have
resulted in manufacturing, from water and steam powered machines
to electrical and digital automated production which makes
manufacturing process more complicated, automatic and sustainable
so that people can operate machines simply, efficiently and
persistently [1]. “The term Industry 4.0 stands for the fourth
industrial revolution which is defines as a new level of organization
and control over the entire value chain of the life cycle of products,
it is geared towards increasingly individualized customer
requirements [2]. The central objective of Industry 4.0 is fulfilling
individual customer needs which affects areas like order
management,
research
and
development,
manufacturing
commissioning, delivery up to the utilization and recycling of
products [3]. The main difference between industry 4.0 and
Computer Integrated Manufacturing (CIM) is the concern of the
human role in production environment. Industry 4.0 has an
important role of human worker in performing the production

Figure 1. The four stages of industrial development [8].
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The manufacturing industries are currently changing from mass
production to customized production. The rapid advancements in
manufacturing technologies and applications in the industries help
in increasing productivity. Industry 4.0 concerns the strict
integration of human in the manufacturing process so as to have
continuous improvement and focus on value adding activities and
avoiding wastes. Sawing machines are used in almost all plants. A
failure of these machines directly affects the entire factory line. For
this reason, sawing machines have great importance in the
manufacturing. In this study, it is aimed to determine which criteria
should be taken as basis in the development of saw machines
capable of meeting industry 4.0.



2. INDUSTRY 4.0


2.1. Components
Although “Industry 4.0” is the common term referring to the fourth
industrial revolution, academics still struggle to properly define the
approach. This makes it even harder to distinguish the main
components of such an approach. Cyber-Physical Systems, Internet
of Things, Smart Factory, and Internet of Services are the most
common four terms cited in academic research publications related
to the industry [9]:

Cyber-Physical Systems: A cyber-physical system aims at
the integration of computation and physical processes.
This means that computers and networks are able to
monitor the physical process of manufacturing at a certain
process. The development of such a system consists of
three phases which are “Identification, The Integration of
Sensors and Actuator, The Development of Sensors and
Actuators”.

The Internet of Things (IoT): The IoT is what enables
objects and machines such as mobile phones and sensors
to “communicate” with each other as well as human
beings to work out solutions. The integration of such
technology allows objects to work and solve problems
independently.

The Internet of Services (IoS): The IoS aims at creating a
wrapper that simplifies all connected devices to make the
most out of them by simplifying the process. It is the
customer’s gateway to the manufacturer.

Smart Factory: Smart Factories are a key feature of
Industry 4.0. A smart factory adopts a so called Calmsystem. A calm system is a system that is able to deal
with both the physical world as well as the virtual. Such
systems are called “background systems” and in a way
operate behind the scene. A calm system is aware of the
surrounding environment and the objects around it. The
Smart Factory can be defined as a factory where CPS
communicate over the IoT and assist people and machines
in the execution of their tasks.



2.3. Advantages
The advantages of Industry 4.0 are given below:

Optimization: Optimizing production is a key advantage
to Industry 4.0. A Smart Factory containing hundreds or
even thousands of Smart Devices that are able to selfoptimize production will lead to an almost zero down
time in production.

Customization: Creating a flexible market that is
customer-oriented will help meet the population’s needs
fast and smoothly. It will also destroy the gap between the
manufacturer and the customer. Communication will take
place between both directly.

Pushing Research: The adoption of Industry 4.0
technologies will push research in various fields such as
IT security and will have its effect on the education in
particular. A new industry will require a new set of skills.

3. BASIC REQUIREMENTS AND ACTIONS FOR
ADAPTING BAND SAW MACHINES TO
INDUSTRY 4.0
3.1. Band Saw Machines

2.1. Design Principles



Band saw machines (Fig 2) are saws that consist of a
continuous metal band (called the band saw blade) that
rides on two wheels rotating in the same plane. A band
saw machine contains a round and serrated blade, and can
be used to process wood, metal and various other
materials. Depending upon the lateral flexibility and the
width of the band, a band saw machine can be used for
straight, irregular or curved shape cuts.



In a band saw, work pieces are fed into the cutting edge of
the machine. The band saw machine cuts by drawing a
continuous metal band across the work piece. The band
saw blade is supported and driven by a drive wheel and an
idler wheel.

The design principles allow manufacturers to investigate a potential
transformation to Industry 4.0 technologies. Based on the
components above, the following are the design principles [9]:






and problem solving. This also creates a more flexible
environment for production. In cases of failure or having
conflicting goals, the issue is delegated to a higher level.
However, even with such technologies implemented, the
need for quality assurance remains a necessity on the
entire process.
Real-Time Capability: A smart factory needs to be able to
collect real time data, store or analyze it, and make
decisions according to new findings. This is not only
limited to market research but also to internal processes
such as the failure of a machine in production line. Smart
objects must be able to identify the defect and re-delegate
tasks to other operating machines. This also contributes
greatly to the flexibility and the optimization of
production.
Service-Orientation: Production must be customeroriented. People and smart objects/devices must be able to
connect efficiently through the Internet of Services to
create products based on the customer’s specifications.
This is where the Internet of Services becomes essential.
Modularity: In a dynamic market, a Smart Factory’s
ability to adapt to a new market is essential. In a typical
case, it would probably take a week for an average
company to study the market and change its production
accordingly. On the other hand, smart factories must be
able to adapt fast and smoothly to seasonal changes and
market trends.

Interoperability: Objects, machines and people need to be
able to communicate through the Internet of Things and
the Internet of People. This is the most essential principle
that truly makes a factory a smart one.
Virtualization: CPSs must be able to simulate and create a
virtual copy of the real world. CPSs must also be able to
monitor objects existing in the surrounding environment.
Simply put, there must be a virtual copy of everything.
Decentralization: The ability of CPSs to work
independently. This gives room for customized products
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Figure 2. Band Saw Machine [10]

3.2. Basic Requirements








Sawing machines are used in almost all plants. A failure
of these machines directly affects the entire factory line.
For this reason, sawing machines have great importance.
Within the scope of the project, a new generation sawing
machine design and prototype production which will meet
the requirements of Industry 4.0. For this purpose;
Read the barcode on the material and adapt to system the
cutting parameters without additional data entry,
Communicate with desktop and mobile devices,
monitoring and control can be done remotely,
Developed by data analysis to ensure the optimization of
cutting tool life and cutting conditions,
With intelligent sensors for predictive maintenance and
real-time monitoring.
High efficiency sawing machine will be planned with the
above features.

3.3. Actions for Adapting Saw Machines to Industry
4.0


Considering the Industry 4.0 criteria, the following
features will be integrated into the system:



Barcode System: A barcode is an optical machinereadable representation of data which is capable of
presenting certain data of the products while a barcode
system is a network of hardware and software, mostly
consisting of mobile computers, printers, handheld
scanners, infrastructure, and supporting software. Barcode
systems are used to automate the process of data
collection where traditional hand recording is neither time
consuming or cost effective.



Data Analysis: Database will be created for different
material types and sizes of cutting speeds. When creating
the database, the optimum speed of the sawing blade
manufacturer will be based. According to the data that
will be received from the barcode device, searching and
matching will be made in data base. At the end of these
operations, the speeds will be calculated automatically
and sent to the system.



Remote Control: Intelligent control and automation
systems to integrated machines, remote access provides
many advantages, such as resolving faults in a short time,
reducing service costs, tracking of machine data. Access
to the machine from mobile and desktop devices will be
possible. Wireless Local Area Network protocol will be
used for communication. HMI remote viewer program
will be used for communication between machine and
devices. It is an application developed by Omron for iOS
and Android smartphones. This application can be used
on iPhone and iPad devices, phones and tablets with
Android version 4.2 or higher (provided that it is 7 ve or
higher). The app is available for download from iTunes or
the Google Play Store.
IP and VNC settings must be configure via Sysmac
Studio. Sysmac Studio is part of the Omron automation
platform, which is an integrated development environment
that provides complete machine control (Fig 3 and Fig 4).
Predictive Maintenance: The goal of predictive
maintenance is the ability to first predict when equipment
failure could occur (based on certain factors), followed by
preventing the failure through regularly scheduled and
corrective maintenance. In this way, machine and
production line efficiency will be at maximum level (Fig
5).
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Figure 3. IP Settings

Figure 4. VNC Settings
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Figure 5. Predictive Maintenance Diagram
[7] M. Brettel, N. Friederichsen, M. Keller, How Virtualization,
Decentralization and Network Building Change the Manufacturing
Landscape: An Industry 4.0 Perspective, International Journal of
Mechanical, Aerospace, Industrial, Mechatronic and Manufacturing
Engineering Vol:8, No:1, 2014, 37-36.
[8] Wieland, Industry 4.0 - Ready For Modular, Flexible And
Networked Production, Wieland Electric GmbH, 2017, 2.
[9] Industry 4.0: Definition, Design Principles, Challenges, and the
Future of Employment, https://www.cleverism.com/industry-4-0,
15th Nov. 2019
[10] Industry 4.0 Compatible, High Efficiency Horizontal Sawing
Machine Design and Prototype Production, TEYDEB, 2019

4. RESULT
Industry 4.0 is definitely a revolutionary approach to manufacturing
techniques. The concept will push global manufacturers to a new
level of optimization and productivity. Not only that, but customers
will also enjoy a new level of personally customized products that
may have never been available before. However, there are still
many challenges that need to be tackled systematically to ensure a
smooth transition. In this study, it is aimed to determine which
criteria should be taken as basis in the development of saw
machines capable of meeting industry 4.0 requirements. As a result
of the study, to meet Industry 4.0 requirements it have been come
fore to meet the needs such as adaptation of processing and cutting
conditions with;
Barcode data,
Optimization of cutting conditions by data analysis,
Remote monitoring and control by communication with
desktop and mobile devices,
Real-time tracking for predictive maintenance and apply
maintenance plan in concept of dark factories.
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Abstract: The article deals with current situation of design of production lines in modern factories and describes possibilities of
realization new type of industry lines. The main research deals with proposal of modular production system established from intelligent
manufacturing cells. Main positive features of suggested structure are possibility of rapid reconfigurability of the production line, easy
maintenance and possibility of simple and fast design of new production lines, thanks to modularity. To achieve these features in the Industry
4.0 ecosystem is necessary to use of modern communication methods and technologies, such as wireless industrial communication and IoT
together with cooperative robots. Moreover, the entire system has to be designed as hierarchical, demand synchronized, flexible and is using
standardized construct components.
Keywords: MODULAR SYSTEM, ROBOTIC SYSTEM, PRODUCTION LINE, INDUSTRY 4.0, STRUCTURE

Internet Reference Architecture (13), alternatively (5). Another less
standards-oriented but nevertheless related approach is the Asset
Integration Architecture (14).

1. Introduction
Over time, the process of manufacturing automation goes
through different development stages. Basics of contemporary
automated production were due to inclusion of NC – Numerically
Controlled machines into the production process. Next level of
evolution was realization of production lines using CNC, later
development proceeded then linking them into more complex
systems – CIM.

Authors Gorecky at al. (10) are describing design of modular
production system and his architecture exactly in accordance with
Industry 4.0 concept. In publication are defined individual layers of
the modular system and is described the mechanism of automatic
product identification in production system using RFID. A way how
is possible to join modular automatized production line with CAD
system is described in work of authors Michniewicz, Reinhart and
Boschert (8). The core of publication is proposal of automated
assembly planning system for modular production systems based on
solution independent functional primitives. Conjunction between
mentioned works (10) and (8) is contribution of authors Műller,
Esser, Janβen a Corves (1). They described an approach to simplify
the programming of cooperating robots, especially for frequently
changing tasks with various processes in small series. Their
proposal divides robots at production line to two groups – masters
and slaves. As a disadvantage of this concept one can say that all
robots are dependant of the master robot and that the number of
robots is limited from four (e.g. ABB) to eight (e.g. Motoman) due
to controller capacity. Similarly cooperation of automated robotic
modular systems and human operator is solved authors in
publication (4). Their work is dedicated to a proposal of cooperative
work of human with modular industry line, describing new way of
usage of human-machine interface (HMI) and sugesting model, that
focuses on the human in the production, making him/her the most
important and flexible asset with a connection to the machines.

The latest development stage is the Industry 4.0 concept. A
specific feature of modern production a wide range of products and
frequent changes in the production process. These tasks are difficult
to solve using classical automation. Even large manufacturing
companies tend to pursue short-run production that is maximally
adapted to a rapidly changing market and customer requirements.
The solution is to use Industry 4.0 standards, also known as Smart
Factory (SF). The basis of Smart Factory is the realization of the
maximum variable production line - a flexible manufacturing
system. We assume that a modern manufacturing process in
accordance with Industry 4.0 concept must be able to change
production quickly. This can be achieved by high modularity of the
production lines and suggested production system must therefore be
maximally modular. In addition, modules must be able to carry out
production operations autonomously (application of intelligent
production cells) and production becomes decentralized. The
current method of production control using the central control
system (CIM) needs to be replaced by another form of control.
Because production consist from independent intelligent cells,
synchronization and communication is very important. For
synchronization in modern production are used modern methods of
data transfer such as OPC / UA (6), low power wireless
communication or standards used in the IoT devices, alternatively
cloud systems.

Problems by realization of modular structure for wide variety
small volume production are described in work (3). In this work the
team of authors proposes to divide the functional modules into three
levels of the hierarchy to assure the quality and achieve the wide
variety of products. Sestak and Rudy in their work (2) describes the
implementation of a flexible modular system for the production of
prototypes using CA software support.

2. Theoretical foundation and related work
Modular and reconfigurable systems are considered a good
solution to some of the current automation problems. The advantage
in the implementation of these systems is the versatility of the use
of robotic cells. You can find a lot of scientific papers, as well as
practical examples from practice and research on the application of
modular systems to industrial production. One of the oldest works is
the publication by Starr (11). He described a modular production
like a practical concept. His proposal making use of standardized
and interchangeable parts and organizing manufacturing process to
satisfy the variety request by producing so called combinatorial
outputs. The problems confronting the current industrial production
with the application of the concept of Industry 4.0 describes many
authors. Prominent recommendations on how to organize the layers
of connected manufacturing systems are documented in the
Reference Architecture Model of Industry 4.0 (12) or the Industrial

Software is generally an important prerequisite for flexible long
living automated production systems and is closely connected to
automation hardware and the mechanics of the production system.
Heuser et al. in (7) provide an overview of the state of the art in
software engineering of automated production systems focusing on
modularity and architecture and to identify the weaknesses as a
basis for further research. Theoretical principles for designing
manufacturing and assembly process structures are formulated in
(9). The advantage of this approach to process structure modeling
can be realized especially during the early concept stage of the
design process.
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3.

Design of
architecture

modular

production

There are several ways to divide an area into equal parts. In this
proposal is used division by squares, but it is also possible to divide
the surface using other geometric figures or n-angles (triangle,
hexagon, ..)

system

The modularity of production systems is highly complex matter
and is dealt with in different areas of production. This work deals
with proposal of production line structure where the modular
production is realized by combining subjects – modular production
cells into larger and complex production line - modular production
system (MPS). The basic idea is to divide production space into
related layers according to primary function of specific components
and the rasterization of the workspace of layers.

Raster 1 - is localized to basic surface of production system.
Due to the location of production lines within buildings is most
effective division to rectangular cells, according to building
footprint. Raster1 (RAS1) is grid for lowest layer – Layer 1.

Fig. 3 RAS1 – division of area into grid cells
Fig. 1 Decomposition of production space into Layers.

All devices anchored to the base layer must dimensionally
correspond to the grid, which assumes the use of 4-square working
modules. Because of the precise location of other enabling
technologies in the work area these must correspond to the division
of the basic grid too.

Firstly, we decompose the entire structure of the production line
into four layers. The lowest layer is the base layer – Layer 1. The
construction of the base layer (Layer 1) includes grids, which serve
to secure the supply of energy and the media necessary for
production process (cooling water, electricity, air distribution, other
gases and liquids). The main function of Layer 1 is to deliver these
to modular production cells via defined interfaces. Connection
interface should be simply, robust and standardized.

Fig. 4 RAS1 – example of production space organization

Fig. 2 Connection interface for stations (15)

From picture (Fig. 4) is clear not only the location of devices
and support systems, but also the reserved space for the movement
of people, space for automatic guided vehicles (AGV) and other.

Second layer in hierarchy of suggested system is represented by
working surfaces of production modules. All work surfaces of
individual production cells will be organized similarly to the base
layer, in principle.

As part of the grid is defined safety zone (s) for the safe
movement of people. Movement of people in this area (and outside
area) should be monitored due to avoid conflicts between man and
machine. This means in case if a person leaves a defined zone,
should come to slow or stop the machine in a particular area.

Third layer in proposal is made up by transport system of
product and tools between workstations. The transfer unit is unified
container. The surface of every container has to be rasterized
according to other layers. This means that surface of every
container is divided to chosen raster.

AGV movement within the manufacturing process will be
primarily deployed in selected sectors. Working space of AGV can
be divided into three groups:

As mentioned, the basic requirement of realization such a
system is creating of grid over the surfaces, whether virtual or real.
The grid must be designed to cover the entire usable area surface,
has to be symmetrical and should be possible directly access to
every each cell from the grid.
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movement in areas where a collision with a human is
not expected (AGV will move in a safe zone) - in the
picture it is a green zone,
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movement in areas where there is excluded collision
with man and other objects unrelated to traffic (AGV
will be in its own traffic area e.g. traffic tunnel,
protected zone - in the picture it is a red zone),



movement in areas where under certain circumstances
threaten collision with man e.g. service intervention
with human presence - in the picture it is a yellow
zone.



allow simple and rapid modification of production by
raster identification of products and tools used in
manufacturing change.

Raster 4 (RAS4) – rastering of clamping and working surfaces
of tools. The basic idea of raster identification of key elements is
applicable even with tools. Rastering of tools using RAS4 offers the
possibility of their universal use throughout the MPS.

Raster 2 (RAS2) – as mentioned, in a similar way as the base
area is divided into individual sectors by means of a grid, is also
divided the work area of each module. This solution allows the use
of unified process tools. Technologies or devices will be connected
to the module desktop according to the expected type of performed
operation in a particular workplace - robot, drilling equipment,
screwing equipment, etc.

3. Conclusion
This article introduced an approach for flexible production line
made of reconfigurable production modules that can be easily
composed into production lines. Reconfigurability is achieved
through standardized process components. The main advantage is
implementation of layers to production system and application of
rastering to working space division. Thanks to this division is
possible to simply adapt production process for different products,
the entire production process is highly variable and thanks to
obvious defining space for human operators and machines is
minimized the possibility of collision between operators and
machines.
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Abstract: The goal of this paper is to study algorithm for detection and classification of moving objects based on parameter estimates
from their GPS signal shadow. The suggested algorithm uses satellite GPS signals to create radio barriers and to detect moving terrestrial
targets. It can be examined as an algorithm for secondary application of the wireless technologies (SAWT). This technology is extremely
modern and up-to-date and can find application in Industry 4.0 with regard to the reduction of the electromagnetic radiations. The GPS
signals included shadow from several moving vehicles, processed in MATLAB environment in order to obtain the estimations of their
parameters. In IBM SPSS Statistics, Scheffe test is used for classifying the moving objects. The results reveal that proposed signal processing
of the GPS signal shadow combined with this statistical approach can be successfully applied in practice for object classification.
Keywords: SIGNAL PROCESSING, ESTIMATION, CLASSIFICATION

The paper includes the following sections: Introduction, Signal
and data processing, Experimental results, Conclusions, and
References.

1. Introduction
Intelligent Transportation Systems aim to reduce traffic jam
occurrences and travel times [1]. They are providing vehicle-related
statistical data, which are among the key components for future
smart cities. In order to achieve such information about the current
traffic flow, the sensor measurement is needed. At the moment,
there is no existing solution for traffic flow detection and vehicle
classification that is able to guarantee high classification accuracy,
low deployment and maintenance costs, low power consumption
and a weather-independent operation. The paper proposes a solution
to the task of road traffic data collection with GPS Forward Scatter
(FS) system and vehicle classification.

2. Signal and Data Processing
The block-scheme of a proposed algorithm for vehicle
classification based on their GPS signal shadow is shown in Fig 1.

The advantage of this type of data collection system is that it
does not pollute the radio distribution with additional radio signals
as well as the presence of GPS signals anywhere around us allows
to be used worldwide [2-3].
GPS FS system, where the GPS satellites are used as
transmitters, are increasingly becoming popular as an alternative to
traditional radar systems [4-9]. The GPS Forward Scatter Radar
(GPS FSR) is a specific case of FSR, where the GPS satellites are
exploited as “transmitters of opportunity”. In [6-9], the authors
consider the possibility to detect different targets in bistatic and
forward scatter radar, which exploit GPS satellites as transmitters.
A possible algorithm for target detection using the GPS FSR system
is described in [8], and the detection probability characteristics are
analytically calculated in [9]. The next few articles [10-12] are
devoted to experimental measurements made by using GPS L1based FSR system and the Software-Defined GPS receiver,
developed by the Aerospace Department at the University of
Colorado [13], allowing to observe the geometric shadows (signal
blocking) of ground objects of different sizes, mobile and
stationary. In [7] is offered a data mining classification of cars
based on GPS shadows in FSR system. In [14] is proposed
algorithm for signal processing of GPS signal shadows combined
with Machine Learning, which can be successfully applied in
practice for clustering moving objects in general, and in particular –
for clustering vehicles in the context of road traffic.

Fig. 1 Signal and data processing

According to Fig. 1, in the software-defined GPS receiver, the
phase quadrature component of the signal at the output of the Code
& Carrier block (Ip) is obtained as a result of execution of a set of
program files for acquisition and tracking, presented in [10-12]. The
signal Ip is further transformed as follows:

y  [( x  max( x)] 2 , where x  abs( I P )

The current paper uses algorithms for signal processing of real
GPS signals and parameter estimation of moving objects.
Algorithms for signal processing are implemented in MATLAB
environment [18, 20]. In IBM SPSS Statistics, Scheffe test is
applied for classifying the moving vehicles [17, 19]. It can be
assumed that possibility to apply signal processing methods and
statistical analyses will approve object classification.

(1)

The SNR of the signal y is further improved by filtering using
the Moving Average Filter [15, 16]. According to the CFAR
detection approach based on the criterion of Neyman – Pearson, the
following algorithm can be used for testing a simple hypothesis H1
(target is present) against a simple alternative H0 (target is absent):
L

H 1 : if max{ y f (n)}  T fa   y 'f (l )
l 1

H0 :
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otherwise

(2)
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Target detection is indicated if the integrated signal exceeds a
predetermined threshold [10].

3. Experimental Results
The experimental scenario includes three cars, which are small,
middle and large ones (Kia Rio, VW Touran, and Opel Vivaro). The
cars are simultaneously moving in one direction at a velocity of 20
km per hour. They are moving at 5 ÷ 10 m from each other. During
the experiment the stationary-based GPS receiver (a GPS recording
system developed by the Colorado University) records the GPS
signal, which include shadows from moving cars (Figure 3). The
distance from the GPS receiver up to the cars is between 2 ÷ 4 m. In
order to record shadows from vehicles should be selected only such
satellites that are low located over the horizon. In the experimental
scenario, this condition for the occurrence of the forward scatter
GPS effect was fulfilled. The purpose of these experiments is to
make records of GPS signal shadows from moving objects, at one
and the same distances from the receiver, which move at the same
speed for shadow parameter estimation in the time domain. These
parameter estimates will be used for car classification by Scheffe
test.

The registered GPS signal shadows are characterized by the
following parameters (Figure 2):

Fig. 2 GPS shadow parameters

Length of Target Shadow (dT) obtained by the FS GPS system,
can be approximately related to the physical size and velocity of the
object. The length of the target shadow in seconds is estimated as:
(3)
where T1 and T2 are the beginning and the end of the target
shadow.
Peak Signal-to-Noise Ratio (SNR), estimated as the difference
between the average noise power in dB and minimal value of the
radio shadow in dB, found in the interval [T1, T2]:

Fig. 3 Experiment topology

In this experimental study, the software GPS L1-based recording
system (GNSS_SDR) is used to record and store GPS signals from
different vehicles. The number of signal records for Kia Rio is 105,
for VW Touran is 96, and for Opel Vivaro is 73. To detect radio
shadows of moving targets the averaging algorithm is used with an
interval of integration 200 ms. After estimation of the parameters of
the GPS signal shadows from three types of cars, statistical data
processing is performed to classify the moving objects. The
mathematical expectation and the standard deviation of all
measured parameters have been calculated for each experimental
car (Table 1).

(4)
where Pn is the noise power, Ps is the power of the target
shadow.
Mean Power of the Target Shadow (Paver) in dB is estimated as:
(5)
Mean Energy of the Target Shadow (Eaver) is calculated as a
result of the average power and the length of the shadow in the time
samples:

Table 1: Mathematical expectation and standard deviation of shadow
parameters for three types of cars

(6)
Descriptive Statistics

The classification procedure starts with descriptive statistics
consideration such as number of cases, mean, standard deviation,
standard error of the mean, minimum, maximum, and 95%
confidence interval for the mean, summarized the distinguished
characteristics of the sample. Then One-Way ANOVA technique is
applied for a quantitative dependent variable by a single factor
(independent) variable in order to test the hypothesis that several
means are equal. When One-Way ANOVA and F-tests outline that
there are statistically significant differences between categories,
post hoc tests are conducted to identify exactly which means differ.

Targets

Length/
Height
(mm)
4045/
1455

Mean

1.21

8.84

2.77

14.85

Kia Rio

STD

0.34

5.17

2.51

16.14

4406/
1685

Mean

1.34

10.26

3.80

16.90

STD

0.28

4.62

2.02

9.12

4998/
1971

Mean

1.54

12.68

5.40

29.23

STD

0.41

4.00

2.42

17.24

VW Touran

Opel Vivaro

Scheffe test for post hoc multiple comparisons is the most
flexible test that reveals significantly different group means as well
as homogeneous subsets of means that are not different from each
other at an alpha level of 0.05 that is why it is preferred in statistical
analysis [17, 19].

Estim.

The application of One-Way ANOVA makes it possible to
assess how variations of the independent variable “car type” affect
the variations in the means of the dependent variables dT, SNR,
Paver, and Eaver (see Table 2).
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Table 2: One-Way ANOVA
ANOVA
Sum of
df
Squares
Between
Groups
Within
Groups
Total
Between
Groups
Within
Groups
Total
Between
Groups
Within
Groups
Total

4.81

Mean
Square

2

F

271

35.75

273

638.19

2

319.09

5955.61

271

21.98

6593.79

273

298.34

2

149.17

1468.17

271

5.42

1766.51

273

9822.91

2

Between
Groups
Within
Groups

56403.56

271

Total

66226.47

273

0.11

Opel Vivaro
21.08

14.52

0.000

27.53

0.000

Kia Rio

0.14*

0.05

0.017

Opel Vivaro

-0.20*

0.05

0.001

VW Touran

-0.14*

0.05

0.017

Opel Vivaro

-0.33*

0.05

0.000

VW Touran

0.20*

0.05

0.001

2.20

0.000

VW Touran

12.33

*

2.24

0.000

Kia Rio

14.37*

2.20

0.000

N
1

0.33*

0.05

0.000

Kia Rio

1.43

0.66

0.099

Opel Vivaro

-2.42*

0.73

0.005

VW Touran

-1.43

0.66

0.099

Opel Vivaro

-3.85

*

0.71

0.000

VW Touran

2.42*

0.73

0.005

Kia Rio

3.85*

0.71

0.000

Kia Rio

1.04*

0.33

0.007

Opel Vivaro

-1.59*

0.36

0.000

VW Touran

-1.04*

0.33

0.007

Opel Vivaro

-2.63*

0.35

0.000

VW Touran

1.59*

0.36

0.000

Kia Rio

2.63

*

0.35

0.000

Kia Rio

2.04

2.04

0.605

Opel Vivaro

Kia Rio

105

VW Touran

96

Opel Vivaro

73

2

3

1.21
1.34
1.54

Table 5: Homogeneous Subsets for Paver
Scheffe: Paver
Subset for alpha = 0.05
Car type

N
1

Kia Rio

105

VW Touran

96

Opel Vivaro

73

2

3

2.77
3.80
5.40

Table 6: Homogeneous Subsets for SNR

Kia Rio

Kia Rio

VW Touran

-14.37

208.13

Sig.

Kia Rio

Opel Vivaro

Subset for alpha = 0.05
Car type

0.000

Std.
Error

VW Touran

0.605

Scheffe: dT

Mean
Difference
(I-J)

Opel Vivaro

2.04
*

4911.46

(J) Car
Type

VW Touran

-2.04

Table 4: Homogeneous Subsets for dT

Scheffe Tests

Opel Vivaro

VW Touran

According to the Scheffe tests, there is a significant mean
difference at p<0.05 between each couple of compared means,
except for Kia Rio and VW Touran, with regard to SNR and 𝐸𝑎𝑣𝑒𝑟
(Table 3). These findings suggest that there are significant
differences among analyzed moving targets. Means for groups in
homogeneous subsets are displayed in Table 4-7. The harmonic
mean of the group sizes is used, because the group sizes are
unequal. Harmonic mean sample size is 89.18.

Table 3: Post Hoc Multiple Comparisons

Kia Rio

0.000

*The mean difference is significant at the 0.05 level.

23.60

VW Touran

2.24

0.000

The results show that “car type” as a “factor variable” causes
significant mean differences in all dependent variables at p<0.001
and df=2,271: F=21.08 at p=0.000 for dT; F=14.52 at p=0.000 for
SNR; F=27.53 at p=0.000 for Paver, and F=23.60 at p=0.000 for
Eaver. F-value reveals that the strongest factor impact is found at
Paver, Eaver and dT, and less at SNR. Post Hoc Multiple Comparison
Tests outline statistically significant mean differences, as exhibited
in Table 3.

(I) Car
Type

-12.33*

Kia Rio

p

2.41

30.93

Opel Vivaro

Scheffe: SNR
Subset for alpha = 0.05
Car type

N
1

Kia Rio

105

8.84

VW Touran

96

10.26

Opel Vivaro

73

2

12.68

Table 7: Homogeneous Subsets for Eaver
Scheffe: Eaver
Subset for alpha = 0.05
Car type

N
1

Kia Rio

105

14.85

VW Touran

96

16.80

Opel Vivaro

73

2

29.23

Based on homogeneous subsets statistics it can be concluded
that the classification algorithm differs: the three cars into three
clusters with regard to dT and Paver, but grouped them into two
clusters in terms of SNR and Eaver due to similar characteristics of
the small- and the middle-sized cars in our experiment.
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5. Conclusions
In this paper, measuring and classification of moving objects
based on their GPS signal shadow are obtained. The parameter
estimations of GPS signal shadow from moving cars are processed
in MATLAB environment. In IBM SPSS Statistics, Scheffe test is
used for classifying the moving objects. The results reveal that
signal processing of GPS signal shadow and statistical technique
can be successfully applied in practice for classification purposes.
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Abstract: All production processes in the world are implementing Industry 4.0 by using the basic technologies such as robotics &
automation, intelligent sensors, 3D printers, radio frequency identification – RFID, cloud computing, Internet of Things and Internet of
Services. Implementation of Industry 4.0 in all production processes is not possible without the use of both industrial and service robots,
their development and implementation. In addition, there are other technologies on which the fourth industrial revolution is based that will
provide us with intelligent devices, intelligent production processes, intelligent logistics in production processes, i.e. intelligent factories.
The Cyber-Physical Systems (CPS) in the global environment provide machine networking in production processes and logistics systems.
This paper provides an example of the use of service robots and their role in solving smart transport in production processes.
Keywords: ROBOTICS, SERVICE ROBOTS, AUTOMATION, INDUSTRY 4.0, PRODUCTION PROCESSES, SMART
TRANSPORT

process. It is necessary to enable interaction and collaboration with
all researchers in the world dealing with the basic technologies and
their implementation, to create a positive shift in the
implementation of the Industry 4.0 in all segments of society, in
order for society to benefit from the ongoing transformations

1. Introduction
It is well known that the WEF - World Economic Forum (held
in Davos in 2016) named the changes on the world industrial and
digital scene the Fourth industrial revolution. The name ‘’Industry
4.0’’ first appeared in 2011 at the Hanover Fair in Germany. In
2016 World Economic Forum (Geneva, Switzerland) published a
book by professor Klaus Schwab titled‘’The Fourth Industrial
Revolution’’. Within the Fourth industrial revolution a new value
chain is being formed that relies primarily on Cyber-Physical
Systems (CPS), which is also the second name for the Internet of
Things, and its associated service most commonly implemented in
the cloud (Cloud Computing), as shown in Figure 1.[1,2,3,4,5,6]

2. The role of industrial robots in the Industry 4.0
Industry 4.0, unlike previous revolutions, brings about changes
in exponential function. There has been a major shift in innovation
in biotechnology, robotics involving sensory and artificial
intelligence, microbotics and nanomedicine, genetic engineering,
new findings in quantum physics, and a series of other innovations
that are radically changing mode and quality of life. All this is
happening thanks to innovations in the Industry 4.0 [7,8,9]. Their
trend in the automotive industry, companies,production processes
and logistics is shown in Figure 2.

Fig. 1 The basic technologies of Industry 4.0
will lead to the future

Through discussion and analysis of the Industry 4.0, it is
imperative to increase awareness of the inclusiveness and speed of
the technological revolution and its multiple impact. It is necessary
to create a framework for thinking about "Industry 4.0" that outlines
key questions and highlights possible answers; in other words, a
platform for achieving public-private cooperation and partnerships
on emerging issues related to the technological revolution needs to
be provided.

Fig. 2 Patents and innovations in the Industry 4.0 in the automotive
industry, companies,production processes and logistics for
the period 2000-2016

Based on the trend of application of innovations in the
mentioned areas of the Industry 4.0 for the period 2000-2016, we
can see that the first place in the implementation and application of
innovations in the above technologies is held by the automotive
industry, followed by companies, and production processes. Their
goal is to achieve flexible automation that would lead them to smart
production process, which would enable companies to become more
competitive in the global market in the world. The fourth place is
held by the logistics, whose trend of applying innovative solutions
will be more increasing in the future. It is visible that, for all four of
these examples, the trend of implementing innovative solutions
from Industry 4.0 in the period 2000 to 2016 is constantly growing,
and it is expected that the upward trend will continue in the

There are over 90% of the first-generation industrial robots in
the world, installed in all production processes, that need to
beseparated by fences so as not to injure workers in the process [1].
The use and implementation of the Industry4.0 basic technologies
has led us to the development of collaborative industrial robots and
service robots (AGVs), which presents one of the most significant
qualitative developments in the automation of transport operations,
manufacturing, assembly lines, warehouses and other operations
which require the transport of certain positions in the production
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future.Implementation of patents and innovations in robotics
enables evolution and advancement of robots into secondgeneration robots or collaborative robots (COBOs) that interact with
the environment, understand the environment through models,
automatically generate a program based on planned tasks,
understand human actions and follow human social norms. The
second-generation of robots has created new demands for
productivity gains and outperformed first-generation industrial
robots. There are many reasons for this: facilitating the
programming and use of robots, improving the ability to manipulate
(various tasks), reducing the size and cost of robots, robots work in
a wide range of dynamic environments with humans. The
challenges for the development of robotic technology, starting from
the first-generation industrial robots to services robotics, or the most
important technology for shaping the future ability of robots, lie in
the direction of the three technical areas, as shown in Figure 3.
[10,11].

a)

service robots for professional use

b)
Fig. 3 Significant advantages in shaping the capabilities of collaborative
robots in comparison to the first-generation industrial robots

service robots for logistics

Fig. 4 Annual implementation of service robots service robots for
professional use and logistics in the world for the period 2008-2018 and the
expected implementation by 2022

The advantages of collaborative robots over first-generation robots
are enormous, and given in the References [x]. When applying
industrial second-generation robots (collaborative robots),
companies have the following motives: reduced operating costs,
reduced capital costs, improved product quality and consistency,
improved quality work for workers, respecting health and safety
rules, increased production rates, increased flexibility in product
production, saving space, etc.

. The trend of application of service robots for logistics is a
result of the aforementioned technologies on which Industry 4.0 is
based and its implementation in production processes. The upward
trend in the implementation of logistics service robots is expected in
the coming years, and it is expected that in 2022 around 520.490
units of logistics service robots will be implemented in the
production processes.
As we have already stated, the advantages of implementation of
service robots into production processes are enormous [8,9,17,18].
Some of them are:

3.Research Methodology


The statistical data on the implementation of service robots
were downloaded from the International Federation of Robotics
(IFR), the UN Economic Commission for Europe (UNECE) and the
Organization for Economic Co-operation and Development
(OECD) [12-16].Standard statistical analysis methods and software
system MS-Excel were used for the calculation of statistical
descriptions parameter and graphical presentation of data.









4.Results
The second-generation robots have created new demands for
productivity gains and outperformed first-generation industrial
robots. There are many reasons for this: facilitating the
programming and use of robots, improving the ability to manipulate
(various tasks), reducing the size and cost of robots, robots work in
a wide range of dynamic environments with humans.
All mentioned technologies are responsible for the development
of robot technology, thus initiating an enormous upward trend in the
development of service robots for professional use, as shown in
Figure 4. The analysis of the trend of implementation of service
robots for logistics shows that until 2014 the implementation of
these robots was negligible in the world, and in 2014 only about
3.404 units of service robots for logistics were implemented. The
growth trend has enormously increased, and in 2018 about 114.000
units of logistics service robots have been implemented.
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The ability to automate certain operations in the
production process, so that tasks can be partially
automated in cases where full automation is too complex
or not cost-effective;
Reduction of capital costs,
Continuous improvement of product quality,
Improving the quality of work for employees, while
respecting health and safety rules,
Increased production rate and profitability,
Increased flexibility during the production,
Reduction of material waste and increase of productivity,
Transformation of rigid automation into flexible
automation,
Saving space in production areas,
Robots, both industrial and service, play the most
important role in Industry 4.0 that connects the real-life
factory with virtual reality, which opens up greater
prospects for deployment in the global production,
Non-ergonomic workstations can be significantly
improved with the help of robots, where we must keep in
mind that worker safety is an absolute prerequisite,
Increased product diversity and reduced product lifecycle
require flexible automation, which will result in increased
use of collaborative robots, etc.
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The goal of every company present in the global market today is
to realize and obtain benefits that are gained by implementing nextgeneration industrial and service robots.
Lately, we are witnessing a trend toward increased data sharing,
and automation of production processes by introducing industrial
and service robots, smart sensors, the Internet of Things, etc. It may
seem that Industry 4.0 only serves large companies with many
facilities and departments stationed in different locations and
perform large and complex operations in production processes.
However, this is not the case, since small and medium-sized
companies can also benefit from Industry 4.0. By using the
technologies mentioned in this chapter, they can process and store
data, and improve the design, production and delivering of their
products more efficiently. Currently, small companies can compete
with large companies in ways they never could before. Here are
some of the many benefits that Industry 4.0 gives to companies:
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Abstract: An important requirement of digital electronic devices is the comprehensive provision of electromagnetic compatibility. In
particular, it is necessary for electrical, electronic and radio equipment to ensure a sufficient level of noise immunity when exposed to
microsecond pulse interference. The international standard IEC 61000-4-5 regulates the testing of equipment for microsecond impulse
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However, such physical tests are quite complex and require
expensive equipment [3]. Therefore, the article proposes computer
simulation of testing electronic devices in accordance with the
requirements of IEC 61000-4-5.

1. Introduction
Electronic equipment operating in an industrial environment is
subject to rather stringent requirements, including the field of
electromagnetic compatibility. To meet these requirements, the
international standard IEC 61000-4-5 is used, which sets up noise
immunity criteria and test procedures related to voltage and current
emissions [1].
The standard describes two methods of applying a discharge
[2]:
– contact discharge. As the name implies, in this case, the
discharge tip of the generator directly contacts the device;
– air discharge. In this discharge, there is no direct contact
between the tip of the discharge probe and the device. Instead, the
dipstick is gently lifted to the unit until an air discharge occurs. This
approach applies when the contact discharge method cannot be used
for any reason.

2. The reasons
interference

occurrence

electromagnetic

In real conditions, a large number of different types of
electromagnetic interference operate at the location of the electrical
equipment (Fig. 1) [4]:
– short circuits;
– lightning discharges;
– transients during switching of power equipment;
– power network failures and distortions;
– electromagnetic fields caused by other equipment.

Fig. 1. Sources of electromagnetic interference at power stations and substations:
1 – short circuits; 2 – lightning discharges; 3 – transient modes of operation of high-voltage equipment; 4 – switching of electromechanical
devices of various purpose; 5 – full-time operation of power electrical equipment (up to and above 1 kV); 6 – radio means; 7 – electrostatic
discharge
In this case, industrial devices must function with specified
quality criteria in the conditions of interference [5, 6].

caused by overvoltages, switching transients and lightning
discharges [7, 8].
Switching transients can be divided into groups related to:
– switching in powerful power systems, such as switching of
capacitor batteries;
– switching in low-power power supply systems in the
immediate vicinity of the vehicle or with changes in load in the
electrical distribution systems;

3. The international standard IEC 61000-4-5
The international standard IEC 61000-4-5 applies to electrical,
electronic and radio electronic devices and equipment and sets
requirements and test methods for technical equipment (TE) data
for resistance to high-voltage microsecond pulse interference (MPI)
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– resonant voltage fluctuations in electrical networks caused by
the operation of such switching devices as thyristors;
– damage to systems such as short circuits to ground and arc
discharges in electrical installations.
The processes of formation of MPI at lightning discharges are
basically reduced to the following [9]:
– upon direct lightning strike into the outer (outside the
building) circle, the MPI voltage is formed due to the flow of a
large discharge current through the outer and ground circuits;
– by indirect lightning strike (inside a cloud, between clouds or
near objects), electromagnetic fields are formed that induce voltages
or currents in the conductors of external or internal circuits;
– when lightning strikes the ground, the discharge current
flowing through the earth can create a potential difference in the
grounding system of TE.
Rapid changes in voltage or current when the protective
devices are triggered can also lead to the formation of MPIs in
internal circuits [10].

Fig. 4. The circuit diagram of a generator MPO
On Fig. 4 introduces the following designations: U is a high
voltage source; Rc is a charge resistor; Сc is a charging capacitor
(20 μF); Rt is a resistor that determines the pulse duration
(50 Ohms); Rr1, Rr2 are resistors that determine the output
impedance of the generator (Rr1 = 15 Ohms, Rr2 = 25 Ohms); Сt is a
capacitor that determines the duration of the impulse front (0.2 μF);
K is a switch that is locked when using an external matching
resistor.
Connection diagram of a generator MPO to the test device and
the network is shown in Fig. 5 [13].

4. Pulse overvoltages from lightning
Lightning is one of the most powerful sources of
electromagnetic interference (Fig. 2). This paper deals with the
modeling of the effects of overvoltages resulting from indirect blow
lightning.

Fig. 5. Connection diagram of a generator MPO

6. The results of the physical experiment
Test results shall be classified on the basis of the following
performance criteria, unless otherwise specified in the standards for
the specific type of TE or in the technical documentation for the TE:
– criterion A. Normal functioning according to established
requirements;
– criterion B. Temporary deterioration of the quality of
functioning or termination of the performed function with the
subsequent restoration of normal functioning, carried out without
the intervention of the operator;
– criterion C. Temporary deterioration of the quality of
functioning or termination of the installed function, requiring
operator intervention or system restart;
– criterion D. Deterioration of the quality of operation or
termination of the installed function, which are not subject to
restoration by the operator due to damage to the equipment
(components), software breach or data loss.
The test equipment must not become dangerous or unreliable
as a result of interference with species regulated by IEC 61000-4-5
[14].
The results of a physical experiment, namely, waveforms of
voltages at a resistive load of 1 kOhm when exposed to
microsecond pulse noise from a generator of type IIP-4000 when
applying different pulse amplitudes are shown in Fig. 6.

Fig. 2. Phenomenon occurrence lightning
The duration of the lightning current pulse is mainly
determined by the time of propagation of the reverse discharge from
the earth to the cloud and ranges from 20 to 100 μs. The average
pulse duration of a lightning current is close to 50 μs, which
determined the choice of a standard voltage signal used for testing
electrical equipment - a microsecond interference (Fig. 3) [11].

Fig. 3. Lightning impulse parameters

5. Equivalent microsecond
according to IEC 61000-4-5

pulse

generator

International standard IEC 61000-4-5 describes the circuit
diagram of a generator microsecond pulse obstacles (MPO) is
shown in Fig. 4 [12].
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The dimensions of the model components were set in
accordance with the recommendations of IEC 61000-4-5. The
results of modeling the influence of microsecond pulse interference
on the resistance of 1 kOhm are shown in Fig. 8.

a

a

b

c

b

Fig. 6. Waveforms of microsecond pulses at a resistive load of
1 kOhm:
а – 500 V; b – 1 kV; c – 2 kV

7. Simulation model of the microsecond pulse
generator in Multisim program
To simulate the impact of microsecond pulse interference on
electronic devices, the NI Multisim program has assembled an
interference generator model, is shown in Fig. 7.

c
Fig. 8. Form of microsecond pulse interference generated by a
virtual generator on a support of 1 kOhm:
а – 500 V; b – 1 kV; c – 2 kV
Fig. 7. Model of microsecond pulse generator interference
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To protect electronic equipment against the effects of
microsecond pulse interference some recommended schemes are
provided (Fig. 9).

physical tests are simple enough and do not require expensive
equipment.
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Fig. 9. Possible schemes to protect electronic equipment from
microsecond pulse interference:
а – fifth-order filter with a bi-directional TVS diode and varistors;
b – fifth-order filter with a common-mode choke; c – fifth-order
filter with a bi-directional TVS diode, common-mode choke,
varistors and fuses
To evaluate the impact of the effectiveness of the application
of a filter rational use of modeling.

8. Results and discussion
The article presents the results of the study of the international
standard IEC 61000-4-5, which regulates the requirements for test
equipment, which simulates the impact of pulse overvoltage in
electrical networks to electronic devices. The description of the
causes of electromagnetic interference, an equivalent circuit of the
interference generator and the required pulse shape are presented.
The developed models generate a test pulse shape that meets
the requirements of the standard. The presented schemes allow to
protect industrial devices from pulse overvoltages.

9. Conclusion
The developed simulation model allows for virtual testing of
various electronic circuits for microsecond pulse interference,
which will reveal the disadvantages of circuitry solutions of
industrial devices at the stage of development. Accordingly, this
will reduce the timeframe and additional costs of developing
industrial appliances.
Computer simulation of testing electronic devices is carried out
in accordance with the requirements of IEC 61000-4-5. Such

296

"INDUSTRY 4.0" ISSUE 6/2019

DESIGN CENTRIFUGAL FAN VOLUTE WITH CFD NUMERICAL SIMULATION
USING OPENFOAM-MATLAB COUPLING
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Abstract: The main scope of this paper is to fully integrate simulation from open source CFD software with the Matlab App Designer
program. The OpenFOAM-Matlab CFD interface allows one to conveniently setup fully turbulent incompressible Reynolds Averaged
Navier-Stokes (RANS) CFD case all within an easy to use graphical user interface (GUI). Highlighting built-in CAD tools to create
geometry (STL) for automatic mesh generation to OpenFOAM case file as well as a solution with post-processing and visualization with
ParaView. Also, the cross-platform OpenFOAM CFD interface for MATLAB should allow the user to rapidly design the spiral casing in an
engineering manner as an illustrative platform and coordinator between the inputs chosen by the user and the results which are displayed
after calculations. Furthermore, the GUI should be a very flexible and user-friendly platform for spiral casing design according to the
efficiency and static pressure recovery coefficient as well.
Keywords: CFD, MATLAB GUI, OpenFOAM, SPIRAL CASING.
ensuring consistent data handling across all environments. The
overall structure of OpenFOAM is shown in Figure 1 [1].

1. Introduction
A Graphical User Interface (GUI) generally presents a graphical
display that uses a combination of devices and graphical controls as
icons and visual indicators to provide a platform that the user can
interact with, imposed on gathering and obtaining information.
Designing the visual composition and temporal behavior of a GUI is
an important part of software application programming in the area
of user-computer interaction. Its goal is to enhance efficiency and
presenting simplicity in use. This makes it easier for people with
few computer skills to perform with and use this computer software.
The components of GUI should be ordered depending on an
engineering point of view. While designing the display window the
graphical components are represented by the name, the size, the
position and function in this window waiting for a user to
manipulate control and to respond for each action performed by
him. Moreover, all these elements should be adjusted on relevant
parts of the GUI as presenting simplicity for the user to handle and
easily find them. Properties and their values are set automatically by
Matlab, and the user can edit values in-places.

Fig. 1 Overview of OpenFOAM structure [1]

3. Volute Shape Design Method
Constant circulation method [2] is a method applied by drawing
a spiral case based on the fact that velocity circulation is a
constant 𝑟𝑐𝑢 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡. In practice, this rule is valid with the
restriction that one spiral must be so far displaced from the impeller
that deflections conditioned by the consideration of a finite number
of blades can be ignored. This rule constitutes the basis for the
dimensioning of a volute in the cases where friction has been
ignored. The velocity c at an arbitrary place can be calculated from
its components 𝑐𝑚 and 𝑐𝑢 , 𝑟𝑐𝑢 = 𝑟2 𝑐𝑢2 . From the condition that the
same volume-flow must flow (the continuity equation) through all
the streamline in volute it gives the correlation:

The most important properties of a component are string and tag.
A string is the name of the component on the Matlab code referred
to as the actions that represent the icon in the interface. It is
essential to have names that are identifiable for the component.
Moreover it is possible to set the label in a GUI component by its
String property. This is a rather procedural approach. It is usually
more convenient to use tag in which the action is passed to a
function that automatically connects to icon with their string name
specified.

𝑄 = 2𝜋𝑟2 𝑏2 𝑐𝑚 2 = 2𝜋𝑟𝐵𝑐𝑚

(1)
From which follows 𝑟2 𝑏2 𝑐𝑚 2 = 𝑟𝐵𝑐𝑚 , by arranging terms in the
equation, we obtain the following inclination 𝛼 of the streamlines:
𝑐𝑚 𝑐𝑚 2 𝑏2
𝑡𝑔 𝛼 =
=
(2)
𝑐𝑢
𝑐𝑢2 𝐵
Because we obtain the boundary of the volute from
𝑑𝑟
the streamline, again it yields, 𝑡𝑔 𝛼 =
;
𝑟𝑑𝜑
(3)
𝑑𝑟
𝑏2
= 𝑑𝜑 𝑡𝑔 𝛼 = 𝑑𝜑 𝑡𝑔 𝛼2
𝑟
𝐵
Finally, the solution states,
𝑟
𝑏2
𝑐𝑚 2 𝑏2
𝑙𝑛 = 𝜑 𝑡𝑔 𝛼2
=𝜑
(4)
𝑟2
𝐵
𝑐𝑢2 𝐵
Accordingly, the trajectory of fluid particles in the spiral casing is
as follows (Carolus 2013) [3],

After designing the first page of the graphical user interface and
estimating the properties for each object component two files are
saved automatically. The first as a figure (.fig) and the second as a
Matlab file (.m). The code offers empty callbacks functions that are
associated with the components. It’s necessary to adapt callbacks in
order to make the components active. Callbacks are essentially in
M-file code as they are executed each time a prescribed action
performed near or over an object. So callbacks provide a convenient
mean of initially writing and then modifying in M-file code in order
to run as user wants to.

2. OpenFOAM structure
OpenFOAM is first and foremost a C++ library, used primarily
to create executables, known as applications. The applications fall
into two categories: solvers, that are each designed to solve a
specific problem in continuum mechanics; and utilities, that are
designed to perform tasks that involve data manipulation. New
solvers and utilities can be created by its users with some prerequisite knowledge of the underlying method, physics and
programming techniques involved. OpenFOAM is supplied with
pre- and post-processing environments. The interface to the pre- and
post-processing are themselves OpenFOAM utilities, thereby

𝑟(𝜑) = 𝑟2 𝑒 𝜑𝑡𝑔

𝛼

= 𝑟2 𝑒 𝜑𝑡𝑔

𝛼2

𝑏2
𝐵

(5)
𝑟(𝜑 ) , is the radius of the volute at an angle 𝜑,
𝑟2 , is the outer radius of the impeller that is equal to 150mm in our
case
𝛼 is the angle that the absolute velocity vector makes with the
peripheral direction 𝑡𝑔 𝛼 = 𝑐𝑚 /𝑐𝑢 .
𝑏2 , the width of outlet impeller; 𝐵, the width of volute
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4. Matlab – OpenFOAM implementation scheme

r2 ,  ,

r
B
,  z , z , y Max ,
b2
D2

  cr 2 , cu 2 , cz 2
startTime; endTime;

MATLAB®

t , C p , K p
Fig.2 Matlab – OpenFOAM implementation scheme

The Matlab-OpenFOAM implementation scheme is built
according to the structure of OpenFOAM. In the first stage,
preliminary data, which are related to geometry data as well as the
necessary numerical simulation data, such as initial and boundary
conditions, are defined. The inflow boundary conditions were based
on known flow rates and the flow direction. Non-uniform velocity
profiles were prescribed at the volute inlet (fan impeller outlet) by
implementing radial and tangential velocity components, also axial
velocity is included. The front and backside of the impeller as the
rotating wall, the other parts wall with no-slip condition and for the
outlet ambient pressure is used. Turbulent kinetic energy is 𝑘 =
3 𝑚2 𝑠 −2 , and the specific turbulence dissipation rate is 𝜔 =
4 000𝑠 −1 . Since we have a set of geometric parameters with a wide
range of values it is necessary that the process of generating the
geometry and then mesh creating to be carried out automatically.
The geometry of volutes is generated from MATLAB code as a
stereo-lithography (.stl file), than cfMesh v1.1.2 software is used to
create mesh. The grid resolution is made according to 𝑦 + value
30 < 𝑦 + < 200.
Fig. 3 Schematic view of complete fan geometry

Table 1: Boundary conditions used in CFD simulations in the
OpenFOAM software

Name

The Matlab code provides file creation in the C++ language
format needed to use by the OpenFOAM CFD toolbox. Each file is
defined separately in separate folders. This is the advantage of using
Matlab, of changing the numerical simulation parameters in a very
short time. To simulate a turbulent flow, in the "0" folder, at least
the following 5 files are needed: “U” – Velocity file; “p” –
Information on pressure value; “nut” – kinematic viscosity value;
“k” – Turbulent kinetic energy and, “omega” – specific turbulent
dissipation ratio.
A “system” directory for setting parameters associated with the
solution procedure itself. It contains at least the following 3
files:“controlDict”, where run control parameters are set including
start/end time, time step and parameters for data output;
“fvSchemes”, where discretization schemes used in the solution may
be selected at run-time; and, “fvSolution”, where the equation
solvers, tolerances and other algorithm controls are set for the run.

Boundary and Initial Condition

1. Inlet

Constant mass
flow rate

Radial, tangential
and axial velocity

2. Spiral Casing

No slip condition

fixedValue 0;

3.FrontAndBackInlet

Rotating wall

omega;

4.FrontAndBackVolute

No slip condition

fixedValue 0;

5. Outlet

Ambient
Pressure

zeroGradient;
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A “constant” directory that contains a full description of the case
mesh in a subdirectory “polyMesh” and files specifying physical
properties
for
the
application
concerned,
e.g.
“turbulenceProperties” – includes turbulence modeling: e.g.
komegaSST, “transportProperties” – includes kinematic viscosity
value of air.
The second stage is mesh generation, which should be checked
for any errors, and if there is any problem with the mesh or the
values of y+ than changing the size of cells. Only after these two
conditions have been met, we can proceed with solving. Steadystate solver for incompressible flows with the turbulence model is
“simpleFoam”, which is using the SIMPLE algorithm [7], [8].
While the solving process continues it is possible monitoring
residual values. If the number of step iterations is not necessary to
reach the residual value of 10−5 then changing the “startTime” and
“endTime” values. Replace “startTime” with the “endTime” value,
and double the new value of “endTime”. This change should be
reflected in “controlDict” file. Only after the residuals value has
been reached then the solving process is automatically stopped.

The outlet dynamic pressure is determined by the square of each
velocity component in each outlet cells. Since we define these
parameters it is easy to determine the performance of the spiral
casing. The overall performance of the volute can be analyzed by
using:
Total Efficiency of volute:

𝑝𝑡3
(6)
𝑝𝑡2
Static pressure recovery coefficient of volute:
𝑝3 − 𝑝2
𝑝3 − 𝑝2
𝐶𝑝 =
= 𝜌
(7)
𝑝𝑡2 − 𝑝2
𝑐2
2 2
𝐶𝑝 , is defined as the ratio between the static pressure recovered
in the volute to the dynamic pressure at the impeller exit.
𝜂𝑇 =

Total pressure loss coefficient of volute:
𝑝𝑡2 − 𝑝𝑡3 𝑝𝑡2 − 𝑝𝑡3
𝐾𝑝 =
= 𝜌
(8)
𝑝𝑡2 − 𝑝2
𝑐2
2 2
𝐾𝑝 , is defined as the ratio between the total pressure losses in
the volute to the dynamic pressure at the impeller exit.

The next step is post-processing which is implemented through
Matlab. OpenFOAM provides a set of sampling function objects to
sample field data, either through a 1D line for plotting on graphs or
a 2D plane and 3D surfaces for displaying as images. We have used
a 3D sampling function for “Inlet”, “Spiral Casing” and for the
“Outlet”. The sampling parameter for the “Inlet” is the static
pressure since the velocity is known and for the “Outlet”, is the
velocity
since
we
have
the
pressure
data.

After defining the 3 parameters for evaluating the performance
of the spiral casing, all results are stored in the form of a Matlab file
(.m), with the date and time of the numeric solution and almost any
parameter needed. The file with results is easily readable by Matlab
code and then processed graphically, saving it to Matlab figure form
(.fig). Refer to figures 4-9 for more details.

5. Matlab GUI for spiral casing design

Fig. 4 Matlab graphical user interface for spiral casing design

Through this feature, the user can view the position of the rotor
and the spiral casing, as well as check for any possible geometry
errors before performing the geometry meshing. This can be done
directly using the Matlab interface. To check in more detail, Matlab
code gives us the ability to create triangulate geometry in a separate
file (.stl), and can then be viewed through paraView software.
ParaView software must be pre-installed, and can be opened
directly from Matlab GUI while clicking the button “paraView
postProcessing”.

Each of the spiral casing design parameters can be changed
according to the desired value imposed by the user. Except for the
rotor radius, which for this set of simulations, is assumed
unchanged.
1. “Spiral Casing Design Shape” button gives the shape of the
spiral casing for specific values of parameters, see fig. 5. In addition
to the parameters that the user set at the beginning from GUI, in the
Matlab results file can be found more information, e.g. on the
clearance gap space, which in this particular case is 𝑠𝑧 /𝐷2 =5.5%, as
well as the maximum aperture of spiral casing 𝐻=0.177m.

Additional information can be obtained about the outlet surface
area of the spiral casing as well as the relative position of the rotor
(impeller) within the spiral casing, which we have defined as the
asymmetry parameter.

2. "3D Spiral Casing Geometry" button gives us an overview of
3D complete fan geometry.
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from fig.6 can be observed that the last parameter that converges is
axial velocity "Uz" and the pressure. Additional information can be
obtained on the number of iteration as well as the PC computational
time required for the numerical solution. It is observed that the
solution of numerical simulations for this case is achieved for 604
iterations, and the computational time of the solution is about 42
minutes.

Fig. 5 Spiral casing shape design parameters

Fig. 6 Residual control value

6. CFD simulation results
One of the ways to determine the appropriate using of the spiral
casing is the efficiency value. Normally in most cases, the highest
value is required, but the performance of spiral casing depends on
the operating conditions of the centrifugal fan. In certain working
conditions, the spiral casing is required to provide a high increase in
static pressure recovery, as a result, the main focus is not only the
efficiency value.

Fig. 6 Complete fan geometry

3. "RUN CFD OpenFOAM" button will start CFD simulation
with the parameters that the user has defined.
Detailed information according to the performance of the spiral
casing, boundary and initial conditions you can refer to the papers
[4-6].
4. "Spiral Casing Parameters" button opening a picture with
information on the parameters of the spiral casing and the
recommended range values [9-10].

Fig. 7 The total efficiency of the volute function of flow coefficient

5. "Matlab-OpenFOAM Scheme" button opens the figure no.1,
which is provided if the user wants to know the implementation
method of CFD simulation. The same information can be viewed
also in the second tab of the Matlab GUI.

In this specific case study, the overall efficiency of the spiral
casing is 𝜂 𝑇 = 62.46%, corresponding to a flow coefficient
of 𝜙 = 0.11, which correspond flow rare, 𝑄 = 0.36641 𝑚3 /𝑠 since
the diameter of the impeller is 𝐷 = 0.3𝑚 and the rotational speed
is 𝑛 = 3000 𝑟𝑝𝑚.

6. "paraView Post-Processing" button open paraView software,
is an open-source, multi-platform data analysis and visualization
application.
7. "Close all" button closes the windows with the results as well
as creating the conditions for the next simulation.
After the numerical simulation is completed, the first parameter
to be checked is the residual control value. Since the numerical
simulation is finished, the residual value is equal to 10−5 . In this
case, it can be seen which of the parameters converges slowly, e.g.
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characteristics of the spiral casing. Hence, the appropriate design of
the fan volute has significant meaning to centrifugal fan
performance. For that, this study of volutes is carried out by
leading to advanced best practice recommendations for the volute
design shape parameter. A qualitative understanding of the effects
of parameters will enable the performance of a real product to be
improved. Evaluation is carried out by analyzing the performance of
the volute, based on the efficiency, static pressure recovery
coefficient as well as the total pressure loss coefficient through the
use of OpenFOAM-Matlab coupling. Finally, the geometric results
performed by the CFD simulation, are a key element to build CAD
design format.

Nomenclature
Indices
2
impeller outlet (volute inlet)
3
volute outlet
Greek Symbols
Fig. 8 Static pressure recovery coefficient of the volute function of flow
coefficient

From all we have explained above, from the graph in fig.8, it
obtains information on the value of static pressure recovery
coefficient. The exact value of Cp=0.33. We must pay attention to
the negative values of this coefficient, as the use of spiral casing in
those cases is completely unnecessary, due to the wrong spiral
casing design.

𝜙

flow coefficient

𝛼

alpha spiral angle

𝜂

efficiency

𝜌

air density

Abbreviations
CFD

Computational Fluid Dynamics

RANS

Reynolds Averaged Navier-Stokes

SST

Shear stress transport

FOAM

Field Operation And Manipulation
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Graphical User Interface

CAD

Computer-Aided Design
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Fig. 9 Total pressure loss coefficient of the volute function of flow
coefficient

Another parameter that can be obtained is the total pressure loss
coefficient. Unlike the static pressure recovery coefficient, we must
make sure that this value is as low as possible. In this particular case
the value of the total pressure loss coefficient is 0.25.

7. Conclusion
A Graphical User Interface has been created to facilitate the
design of the spiral casing using CFD. This program functionality
now allows the user to quickly design the spiral casing geometries
while providing convenience. The convenience of the GUI is that
the user can set any possible parameters of the spiral casing. The
program can be modified and adapted to any type of rotor size as
well as to any operating point.
Many studies concerning centrifugal fans have investigated the
impeller but only to a smaller extends to the spiral casing (volute).
The volute may take up a substantial part of the fan's hydraulic loss.
Currently, minimization of energy loss is dependent on the
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Abstract: In the last few years, application of selenium has increased significantly due to its unique possibilities to acts as an antioxidant
and as an anticancer reagent in human body. Due to this, selenium is one of the most important chemical elements for human health.
Recently, selenium usage in microelectronics was significantly increased as semiconductors with characteristic electronic properties. The
selenium is the least abundant element in earth crust, but as the application fields of selenium are widely opened, the needs of this element
are larger. This opens new views in the field of improving existing and developing new technologies for extraction of selenium.
In this work, a new technology for extraction of selenium from natural resources was developed, by combining the advantages and
removing the disadvantages and weaknesses of the existing technologies. The sediments near mineral water springs and used water filters
with content from 0.0656 to 0.9291 % wt. of Se were used as mineral selenium resources. Also, the plants such as Astralagus bisulcatus and
Stanleya pinnata with content of Se around 100 mg·kg–1 biomass were used as a plant resources. The technology presented in this work is a
combination of pyrometallurgical and chemical methods in order to obtain intermediates reach with selenium, and further chemical and
electrochemical extraction of selenium from these intermediates was done. The analyzes were performed using Inductively Coupled Plasma
 Atomic Emission Spectrometry (ICP-AES). The results have shown that from mineral resources can be extracted pure red technical
selenium with analytical grade up to 48.3 % of Se. From the plant resources can be obtained enriched selenium intermediates with analytical
grade from 1.367 to 1.604 % wt. of Se which are potential material for medicine applications.
Key words: SELENIUM, Se  INTERMEDIATES, MINERAL RESOURCES, PLANT RESOURCES, ICP-AES.

health. The main goal of this work is optimization and
simplification of the existing methods for selenium and/or
selenium intermediates production from natural resources. A new
methods for production of selenium from mineral and plant
resources were developed by combining the pyrometallurgical,
chemical and electrochemical methods.

1. Introduction
Selenium is a nonmetallic element was firstly discovered by
Jöns Jakob Berzelius in 1817 [1]. Its name comes from the Greek
word for the moon (Selene). The reserves of selenium in earth
crust is with quantity of around 500 mg·t–1. Its presence in the
soil depends on variety of factors such as the presence in parent
minerals of the soil and the possibility of removing or adding the
selenium by the process of leaching during soil formation [2].
The chemistry of this unique material is most similar to the sulfur
but unlike sulfur, selenium is much stronger oxidant and proved
to be better antioxidant. Selenium was recognized as very active
in cancer protection and may have multimodal mechanism in
cells transformations prevention [3]. The two molecules are
qualitatively the same but Se provides systematically a better
coupling link than S, whatever the tunneling conditions are, and
due to this better electronic properties [4]. Selenium is widely
used as an additive to glass. Also, it is used as a pigment for
ceramics, paint and plastics. Selenium has a photovoltaic and a
photoconductive action and therefore it is useful in photocells,
solar cells and photocopiers. It can convert AC electricity to DC
electricity, so it is extensively used in rectifiers. In ferrous
metallurgy, it is used as an alloying element in stainless steels.
Very important applications of selenium are in medicine,
nutrition, livestock feeds and cosmetics [5].

2. Experimental
2.1 Materials and analysis
As a natural resources of selenium were used such as
sediments found near mineral water springs and waste water
filters with content from 0.0656 to 0.9291 % wt. of Se, and plants
reach with selenium such as Astralagus bisulcatus and Stanleya
pinnata with content of Se around 100 mg·kg–1 in the biomass.
Hydrogen peroxide (H2O2), selenium dioxide (SeO2), nitric acid
(HNO3), hydrochloric acid (HCl), sulfuric dioxide (SO2), sulfuric
acid (H2SO4), sodium hydroxide (NaOH), sodium carbonate
(Na2CO3) and zinc (Zn) were used as received from Merck
KGaA, Darmstadt, Germany. For the electrolysis, metal
electrodes based on aluminum, copper and zinc were used. The
analysis of Selenium content was done using Inductively
Coupled Plasma  Atomic Emission Spectrometry (ICP-AES).

According to the existing technologies, selenium is the most
widely produced from anode sludge obtained during electrorefination of copper. Anode sludge has complex chemical
composition and consequently, the existing technologies are very
complex and expensive. Also the produced selenium contains a
lot of impurities that needs to be removed in order to be used in
fields of electronics, medicine, pharmacology, nutrition and
cosmetics. To achieve the needed purity, additional
electrorefining is necessary, making the finalproduct more
expensive. In order to produce less expensive selenium or
selenium intermediates, there is a need of optimization, and
simplification of the existing technologies, finding new sources
of selenium or develop a new technologies which are less
complex than existing ones.

2.2 Processing
For production of selenium from natural resources, the
materials should contains of minimum 0.05 % Se. Firstly,
production of selenium from mineral resources will be presented,
and further the production of selenium from plant resources.

The sediments obtained near mineral water springs and waste
water filters are with content up than 0.0656 % of Se, and they
represents a good materials for extracting this element.
Developed new technology is presented in Figure 1-a. Processing
of selenium containing resources starts with crushing the material
under 25 mm and then grinding under 0.25 mm. In order to
obtain sodium selenite, grinded material was treated with sodium

The selenium produced by the existing technologies contains
hazardous heavy metals, limiting its application for human
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carbonate and further, roasted at temperatures around 500 °C.
The process is given with chemical reaction 1 presented in Table
1. Depending on the Se-resource chemistry, the material can be
also treated with NaOH, but these results will not be commented
in this work. After roasting, the obtained product was treated
with H2O, SO2 and the produced sodium selenite was converted
to selenium dioxide, where sodium bisulfite was obtained as a
byproduct. This process is given with chemical reaction 2 in
Table 1. The obtained product was grinded and immersed in acid
solution to be converted to selenium acid and by products such as
NaNO3, H2SO4, NaCl, Na2SO4, NOx, SO2 and H2O. This is
presented with chemical reactions 3-a, b, c and d shown in Table
1. Gases are accepted trough special filters and were purified and
neutralized. The by-products under the heating in the presence of
SO2, Zn and H2O precipitated and were removed from the
dispersion. This is presented with chemical reactions 4-a, b and c
in Table 1. The liquid phase reach with selenium was heated and
selenium with technical purity was obtained. Further and the last
process was refining of the technical selenium to produce ultrapure selenium.
Technology for production of selenium from plants, the is
presented in Figure 1-b. Selenium reach plant resources should
contain as much as possible selenium. Used materials in this
work contain around 100 mg selenium per kilogram biomass.
The biomass was treated with H2O2 and H2O. In reaction with
H2O2 elemental selenium from plants was transformed to SeO2.
During the electrolysis process in presence of H2O, SeO2 was
transformed to selenium acid (H2SeO3). This is shown with
chemical reactions in Table 2. After 24 h, the dispersion was
filtered, and the liquid phase reach with selenium was treated
again electrolytically. In order to maintain low pH value of the
electrolyte, HCl and H2O2 were additionally added. As result of
the electrolysis process, red and grey selenium were precipitated
at the bottom of the electrolytic cell. After 24 h, the dispersion
was filtered. The obtained selenium was further refined in order
to produce ultra-pure selenium product. These results are not
presented in this work, but only the results for production of the
intermediates reach with selenium.

a)

b)
Figure 1: Scheme of the technology for production of
selenium from mineral resources a), and from bio-resources b)
Table 1: Chemical reactions of the processes presented in Figure 1-a.
No.
1
2
3

4

Chemical reaction
Process
SeO2 + Na2CO3 = Na2SeO3 + CO2
Roasting
Nа2SеO3 + 2SO2 + H2O = SеO2 + 2NаHSO3
Chemical treatment
a) 2SeO2 + 2HNO3 + H2O = 2H2SeO3 + 2NOx
a) Selenous acid obtaining
b) NaHSO3 + 3HNO3 = NaNO3 + H2SO4 + 2NO2 + H2O
b, c, and d) Sodium nitrate, sulfuric acid, Sodium
c) NaHSO3 + HCl = SO2 + H2O + NaCl
chloride and Sodium sulfate is obtained from Sodium
d) NaHSO3 + H2SO4 = Na2SO4 + SO2 + H2O
bisulfate
a) 4HCl + 2Zn + H2SeO3 = 3H2O + Se + 2ZnCl2
a and b) Precipitation and obtaining of technical
b) H2SeO3 + SO2 + H2O = Se + H2SO4
selenium

+
c) Protonation of the solution
c) H2SeO3 + H2O = HSeO3 + H3O
Table 2: Chemical reactions of the processes presented in Figure 1-b.
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No.
1
2

Chemical reaction
a) H2SeO3 + H2O = HSeO3 + H3O+
b) Se +2H2O2 = SeO2 + 2H2O
c) SеO2 +H2O = H2SеO3

Process
a) Protonation of the solution
b) Extraction of selenium from plants
c) Production of selenous acid from plants

aluminum and zinc is result of the used electrodes in the process
of electrolysis. In order to use these materials for production of
ultra pure selenium for electronic applications there are not
significant restrictions. The presence of toxic elements in these
intermediates is at the lower limits but still there are some
disadvantages that should be eliminated in the production
process. The obtained selenium intermediates are presented in
Figure 2-b.

3. Results and discussion
3.1 Selenium obtained from mineral resources
In Table 3 are presented results from ICP-AES analysis for
the used material form mineral resources. These results show that
mineral resources near mineral water springs are with variable
chemistry. For the technology presented in this work, these
variations do not affect on the final results. In table 4 are
presented results obtained from the technology presented at
Figure 1-a. In the Figure 2-a is presented the produced red
selenium with technical purity.

In order to use these selenium intermediates for
medicine applications, elements such as aluminum, copper and
zinc should be eliminated from the material. This can be achieved
by using another type of electrodes in the process of electrolysis.
Analyzing the chemical compound of the obtained intermediates,
these materials can be potential materials for producing selenium
reach drinking water can be used as a supplements in a food and
other medical products, but with some modifications that need to
be done before their use.

The results in Table 4 shows that for the presented
technology at the scheme in Figure 1-a, technical red selenium
with content of up to 53.573 % Se can be obtained. Analyzing the
rest impurities in the produced technical red selenium and the
chemical reactions presented in Table 1, one can be noted that
hydronium ion is produced through the processes and protonation
of the solution occurs. This changes the conditions in the
electrolysis process and could not be achieved further increase of
Se content. For this reason, further sequential electrolysis was
performed in order to produce ultra-pure selenium [6-8]. These
results are confidential and they are not presented in this work.

3.2 Selenium obtained from plant resources
a)

In table 5 are presented result from ICP-AES analysis from
the obtained material from plant resources. The biomass obtained
from plant resources using technology presented in Figure 1-b,
shows that selenium content varies. For the proposed technology,
these variations did not affect on the selenium yield in the
process of electrolysis. Great amount of present copper,

b)

Figure 2: Obtained red technical selenium from mineral resources a),
and selenium intermediates from plant resources b)

Table 3: ICP-AES for used materials from mineral resources.

Table 4: ICP-AES for the obtained technical red selenium from mineral resources.

Table 5: ICP-AES of the biomass obtained from plant resources
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[8] Geert Cornelisa, Sofie Poppe, Tom Van Gerven, Eric Van den
Broeck, Michiel Ceulemans, Carlo Vandecasteele, Geochemical
modelling of arsenic and selenium leaching in alkaline water
treatment sludge from the production of non-ferrous metals,
Journal of Hazardous Materials 159 (2008) pp. 271-279.

4. Conclusion
From the presented results in this work, several conclusions
could be drawn:
- Here are presented new combined technologies for production
of technical red selenium from mineral resources and selenium
intermediates from natural plant resources.
- These technologies were combined process of chemical,
hydrometallurgical, pyrometallurgical and electrometallurgical
procedures.
- Due to the process of formation of hydronium ion and
protonation of the electrolyte, the process of electrolysis was
facilitated, and the yield of selenium increased.
-The obtained results showed that produced material from
mineral resources was red technical selenium with content of Se
from 48.293 to 53.573 % wt which is attributed to the developed
technology and the concentration in the selenium source. From
the selenium bio-sources, such as plants, intermediates reach with
selenium were obtained, with content of Se from 0.139 to 1.604
% wt. with potential applications in food or medical products.
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CHANGES IN THE APPLICATION OF METHODS AND TECHNIQUES IN THE
IMPLEMENTATION OF MANAGERIAL FUNCTIONS IN THE CONTEXT OF THE
IMPACT THE FOURTH INDUSTRIAL REVOLUTION
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Abstract: Tools, which are used while carrying out of the individual managerial functions are constantly evolving and responding
to the changes of outer environment. In current conditions the most significant factor, which effects business environment, is Industry 4.0. It
is a phenomenon associated mainly with automatization, digitalization and the Internet of Things. The main aim is to identify changes in the
application of methods and techniques in carrying out of the individual managerial functions in the context of the impact of the Fourth
industrial revolution on the theoretical level, based on a research of available scientific literature. The results of the theoretical research
point to the fact that the topic of industry 4.0 is new in the context of management, and the research does not have any influence on the
individual managerial functions, which are planning, organizing, controlling, human resources management and leadership. Most of the
scientific work focuses on the field planning, organizing and controlling. On the other hand, not mentioned are the functions like human
resources management and leadership, within the effects of the Fourth Industrial Revolution on the tools and methods, which are used for
the implementation.
Keywords: FOURTH INDUSTRAIL REVOLUTION, TECHNOLOGICAL EVOLUTION, INNOVATION, AUTOMATIZATION,
BIG DATA, MANAGEMENT, PLANNING, ORGANIZING, CONTROLLING, HUMAN RESOURCES, LEADERSHIP

exception compare with other industrial revolutions, but it is
expected, that it will bring huge advantages and many challenges.
Industry 4.0 points to a new phase of industrial revolution, that
is mainly focused on connection, automatization, machine learning
and Big data in real time. Industry 4.0, sometimes referred to as
intelligent production, deals with production and operations with
intelligent digital technology, machine learning, so that complex
and better interconnected ecosystem for societies could be formed.
Even though every company or organization is different, they all
face a similar challenge – a need to connect processes, partners,
products and people in real time thanks to physical and digital
technology.
Growth of new digital industrial technology represents
transformation, that enables to collect and analyze information
among machines, which causes faster, more flexible and more
effective processes for the production of more quality products with
low costs. This production revolution increases productivity,
strengthens economics, supports industrial growth and changes the
profile of manpower. The end result is that it changes
competitiveness of companies and regions. It leads to higher
effectivity and it changes the traditional production relationships
among suppliers, producers and customers, as well as relationships
among people and machines.
The following table 1 shows nine technological trends, which
are “building blocks” of Industry 4.0 according to the Boston
Consulting Group.

1. Introduction
Technological progress at the end of the 18th century
caused the introduction of steam or water-powered production
machines. It was the period we call the first industrial revolution.
The Second Industrial Revolution at the beginning of the 20th
century introduced electricity and mass production, which was used
to power the machines. The beginnings of the 1970s were
groundbreaking in electronics and information technology, which
formed the basis for production automation. However, we are now
in the midst of the Fourth Industrial Revolution, which is
characterized by its exponential pace compared to the linear pace of
previous revolutions. The depth and range of the changes indicate
the transformation of management and production systems. This is
enforced by emerging technological developments, particularly in
areas such as autonomous vehicles, the Internet of Things, artificial
intelligence, nano-technology, robotics, biotechnology, energy
storage, material science, and quantum computing.
Nowadays, technological development and innovation
play an important role in every business. This is mainly reflected in
increasing of the competitiveness of any kind of a business. It is the
fourth industrial revolution, that will lead to possible changes in a
number of areas, which will even go beyond the industrial sector.
This can be summarized by professor Klaus Schwab, who is the
founder of the World Economic Forum. He stated, that there is a
need to form a comprehensive and global view of how technology
affects human lifes, how it transforms economic, social, cultural and
human environments. There has never been time for greater hope or
greater danger in the past.

Table 1: Nine technological trends

Technological trend
Big Data and analytics

2. Industry 4.0
Each one of industrial revolutions has brought advantages and
challenges for social-economic status of countries, which got
involved in such a transformation. For example, Great Britain led
the first industrial revolution, when the first steam engine was
invented. The second industrial revolution was mainly caused by
the United States with revolution in communication. In the third
industrial revolution, the main key factor was the internet. The
internet has changed the world economics and we expect, that this
transformation will continue with Internet of Things. Industrial
revolutions led into economic growth, increased productivity and
better life standard. However, the distribution of wealth in the
developed countries was not done fairly. Inequality became on of
the main challenges as well as climate changes and with other
questions of sustainability. The fourth industrial revolution is not a

Autonomous robots

Simulation
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Description
The
collection
and
comprehensive evaluation of
data from many different
sources - production facilities
and systems, as well as
enterprise
and
customer
management systems - will
become the standard for realtime decision support.
Autonomous robots integrate
among people and learn from
them. These robots are a
cheaper version and have more
options than those, who are
used in production today.
Computer simulations are used
to determine the best possible
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Horizontal and vertical system
integration

The industrial Internet of
Things

Cybersecurity

The cloud

Additive manufacturing

Augmented reality

companies and complexity of human behavior. The main purpose is
to assign a workplace to each of the employees. Leaderships is
understood as the art. Managers must possess leadership skills,
provide people with an attractive vision, be enthusiastic about it,
and then acquire them as followers. The purpose is to influence
individual attitudes with the aim of achieving the desired behavior
to meet the set objectives.
For theoretical purposes, it is advantageous to separate the
individual managerial functions, with a purpose of better defining
each of them. However, from a practical point of view the
managerial functions overlap and interact with each other.

design of production and
distribution systems.
Thanks to Industry 4.0 will be
companies,
departments,
functions
more
cohesive,
because
universal
data
integration networks are being
developed.
The way of connecting
machines and people at work. It
is a network of a large number
of communication technology
interconnected devices that
leads to systems that enable
monitoring,
collection,
exchange, analysis and valuable
new knowledge.
With increased connectivity
and the use of industry-standard
communication
protocols,
which are connected with
Industry 4.0, the need to protect
systems and production lines
from
threats
increases
dramatically. The result is to
ensure safe and reliable
communication.
Method
of
storing
and
accessing data and programs
via the internet.
Also known as 3D printing,
which is used to produce
prototypes
and
individual
components.
These systems are currently
being developed, but their
importance is expected to
increase
in
the
future.
Augmented reality aims to
provide real-time information
to improve decision-making
and workflows.

4. Results and discussion
Success of Industry 4.0 is encouraged by innovative ability of
the company. In order to be able to call a company “smart”, it is
needed to obtain sufficient quantity of intelligent human capital, to
ensure environment for education and innovation, which requires
appropriate managerial approaches. Not enough attention is being
dedicated to management. It is needed to realize, that is inevitable
to develop abilities for successful managing business models and
product portfolio for easier acquirement of potential trades and
acquiring of new customers, as well as improving of processes and
systems of value string, managing risk and culture. It is clear that
the companies will be facing numerous economic, social,
technological challenges in the next period, which requires dynamic
abilities and innovation of manpower. This is the reason that it is so
important to discuss about the ability of the companies to improve
their own knowledge, which leads towards innovations, in order to
still agree with demands of Industry 4.0. Because of that in the next
part of theoretical research we will offer an answer to scientific
question, where we will deal the impact of the fourth industrial
revolution within each of the managerial functions:
How does the fourth industrial revolution affect each of the
managerial functions?
Planning
Industry 4.0 uses “Cyber Physical Systems” (CPS) and “Internet
of Things” (IoT) for introducing of technological and human
improvements, which in the end result leads to higher productivity,
product quality with shorter production time and product price. That
is the reason why the demand for the improving of planning
becomes primary. Industry 4.0 requires a new way of planning the
processes and production, where automatization gets more attention
in workplace and data are usually stored on cloud servers. It is
expected that, communication among machines will rise more then
ever before. The changes raise questions and concerns especially
regarding the planning processes: Can planning be fully automated?
Is it possible to transform human knowledge into future products?
The role of the software in planning in Industry 4.0 is to
effectively deal with concerns and to ensure, that through
automatization processes the demands of production with demands
of individual suppliers would be overlapped. Software, that
automatize different roles within product life cycle, is very much
needed in order to increase of effectivity of Industry 4.0. We can
say, that the correct demands for the software will represent one of
the building pillars of Industry 4.0.

3. The managerial functions
Under the term management according to Drucker we
understand the process of coordinating the activities of workers to
achieve results, that cannot be achieved by individual work.
Management is therefore a process through which we strive to
achieve our goals in an effective and efficient way with the help of
basic management functions, which are planning, organizing,
controlling, human resources and leadership.
Planning is an essential management function. It deals with the
development of the future procedure and decides in advance on the
most appropriate steps to achieve the set objectives. It decides in
advance what to do, when and how. It overcomes the gap where we
are and where we want to be. Organizing is a process based on
combining physical, financial and human resources and developing
a relationship among resources to achieve organizational goals. The
right organizing requires a needed amount of raw materials, tools,
capital and people. The main function of controlling is measuring of
results according to standards and correction of deviations, in order
to ensure achievement of the goals of the organization. The purpose
of controlling is to ensure, that all of the activities have been
conducted in accordance with standards. Controlling represents
preliminary verification, if the steps are being carried out correctly
in a such a way to reach a final goal. The human resources are one
of the managerial functions, within which the organizational
structure is filled. In the last years employment is gaining higher
meaning, due to technological progress, increased the size of

Organizing
In environment of many changes, the organizational structures
represent a major role in development of education and innovation.
In broad spectrum, companies could have either mechanical or
organic design. Mechanical design of company characterized by
centralized structure, specific tasks, formality, vertical
communication and strict hierarchy. This design is mainly suitable
in a stable environment, which is not the case of Industry 4.0.
Industry 4.0 is characterized by unstable environment known for
decentralization, horizontal communication and team work.
Therefore, we consider it an organic design. This design is more
suitable for innovative strategies and changing environment. It is
suggested, that managers prefer organic design when creating
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organizational structure. But there is never clear rule for choosing
the design, as each company is different.
In industry 4.0 it is suggested that matrix structure, project
teams, flat structure and decentralization are usually used.

innovation. It is recommended, that the employees get feedback
about their performance. Ever more popular now is the approach –
managing by objectives (MBO). MBO is characterized by specific
goals, which represent brief statements of expected results.
Managers and employees set their goals and ways on how to reach
them, through mutual discussion and consensus. Undeniable part of
MBO is also feedback, which enables managers and employees to
monitor the tasks and based on it agree on corrective measures.
MBO is suitable approach to evaluate performance in such a way,
so that compatibility of the company with Industry 4.0 could be
reached.

Controlling
Within the controlling we could talk about CPS systems. CPS
systems represent integration of computing, networking and
physical processes, whose main purpose is to control the physical
process and via feedback accommodate to changing conditions in
real time. In the future CPS systems will become present in all
industrial fields and integral part of Industry 4.0. CPS systems will
open new production methods, which will become standard of
tomorrow´s industry. Environment of products will be configured
by its own, adjusting and optimizing, which will lead to higher
movement, flexibility and cost – effectiveness.

5. Conclusion
Through the literature and scientific articles, we have clarified
the position of individual managerial functions within the company.
We have also mentioned, how Industry 4.0 manifests itself in the
field of management, which we have fulfilled the main goal of
theoretical research. We also provided an answer to research
question, in which we introduced changes in application of methods
and techniques in the implementation of managerial functions in the
context of the impact of the Fourth Industrial Revolution.
The theory has pointed out, that if companies want to remain
competitive in the future, they will have to invest in industry 4.0.
Today, companies are able to operate without elements of industry
4.0, but only for a limited time. They have to look for a way of
further development, which is digitalization in all areas of business.

Leadership
Leadership means the ability to impact others and to inspire,
motivate and to steer the activities to achieve organizational goals.
Leaders could achieve desired goals by choosing the correct way of
leadership style. Specialized leadership style should be applied in
Industry 4.0, in order to speed up the process of innovation and
learning. Most disgusted leadership style in field of innovation and
education is transformational leadership style. We could also
mention other leadership styles, like authentic style and
transactional style. However, the most used is the transformational
leadership style. Industry 4.0 needs something more than
transformational leadership style, which should be more specific for
education and learning. The problem is that, transformational
leadership style is based on idealization of impact, inspirational
motivation, intellectual stimulation, and vision. Industry 4.0 should
mainly focus on knowledge, education and innovation. Therefore, a
knowledge-oriented leadership style is required, which we obtain
thanks to combination of transformational and transactional
leadership style. Because this leadership style is based on
knowledge it could make it easier for companies to accelerate the
pace of innovation and learning, as well as achieving the
compatibility with Industry 4.0.
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Human resources
Thanks to human resources could organization formed skills,
abilities, behavior and attitude of employees to achieve the goals of
companies. The human resources are considered a significant factor
to win a competitive advantage in the knowledge economy. In
Industry 4.0 managers should mainly focused on supporting
innovation and learning in companies, within human resources. In
the next part of theoretical research, we will deal with selected field
of functions of human resources, in which the impact of Industry
4.0 would be seen the most. We will mention: job design, staffing,
training, performance appraisal. In job design.
The job design should be characterized by a variety of work
activities, flexible tasks in several areas, extensive delegation of
tasks and responsibilities for staff.
If we want to hire innovative personal, recruiters should focus
on identifying the characteristics needed for innovative behavior,
for example: openness to new experiences, which is evaluated
through psychometric examination in recruiting process. During
staffing should be also target orientation of the candidate evaluated.
The target orientation divides into two types: either knowledge
oriented or performance oriented. In the case of Industry 4.0 should
recruiters should prefer the candidates who are knowledge oriented.
Knowledge oriented employees tend to join more difficult tasks,
they like to get better, they want to develop the filed of their skills
and have the tendency to achieve great results.
Companies should offer all types of trainings to their
employees. It is suggested that, the trainings also reach beyond the
field of skills of employees in order for them to broaden their
spectrum.
The performance appraisal system, which suits Industry 4.0,
should focus on developing of the employees. It is mainly about the
approach, which is based on a result and the approach, which is
based on a behavior, as these approaches support education and
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We will discuss in brief few of the skills and competences
required from accountants working in “the factory of the future”.

1. Introduction
Industry 4.0 is changing the structure and scope of accountants’
qualification profile by imposing new challenging requirements
regarding their skills and competences. To feel comfortable in the
organisation environment of “the digital enterprise” and perform
successfully their job tasks, accounting experts should transform
into hybrids with interdisciplinary knowledge and plenty of
diversified skills and abilities. This interdisciplinary expertise
should be reflected in their professional education and training.
Many professional accounting bodies as the Association of
Chartered Certified Accountants (ACCA), the Institute of Chartered
Accountants in England and Wales (ICAEW) and the Chartered
Global Management Accountants (CGMA) have already started to
change their qualification modules content by introducing
information technologies and data analytics into the syllabi.
Accounting educators are also experiencing high pressure to
enhance the technological content of accounting courses.
Programmes’ curricula and modules’ syllabi should be adapted and
continuously linked to the changing labour market requirements and
employers’ expectations from graduates.
The paper is inspired by the increasing digitalisation of
businesses and the impact of technology innovations and their
augmented application on the accounting higher education. The aim
of the research is to outline and discuss the challenges for
accounting educators due to the required knowledge and skills from
graduates in the Industry 4.0 context. A special attention is given to
the need for building strong and effective communication and
information links with the business partners and professional
bodies. The benefits for universities of becoming part of clusters are
also discussed in more details.

Fig. 1 Knowledge and skills profile of Accountant 4.0 [2]

Development of digital skills in the technology-rich
environment of “the factory of the future” [3] is crucial for
accounting professionals, who should become experts in mobile
technologies, modern tools for social collaboration, cloud
computing, digital service delivery, blockchains, augmented and
virtual reality, etc. Mobile technologies are revealing new ways for
communication and collaboration within and outside the company.
Combined with cloud services, they could provide a permanent
access to company’s financial data for the benefit of the
management. New customers could be also attracted despite the
geographical boundaries thus increasing clients’ satisfaction from
services performed. Social media is now heavily exploited by
businesses for enhancing collaboration with customers. Social
platforms as Facebook and Twitter are used as effective tools for
fast distribution of company’s data among its stakeholders.
According to a survey, performed by ACCA [4], there are few
benefits for accountants as improvement of the decision-making and
productivity, new investment opportunities, the time-saving for the
month-end processing. Accountants should adapt their work
performance patterns to this new environment and pay special
attention to the risk of sensitive data leakage, different financial
implications and the more strategic role of the finance function
within organisation.

2. The knowledge and skills profile of Accountant
4.0
Due to the increasing impact of Industry 4.0 drivers, one of the
most important issue when discussing the interdisciplinary skills
and competences required from accountants in “the factory of the
future” context, is the identification of the missing knowledge and
abilities that should be acquired or developed from the profession.
To manage with the missing expertise, accounting education and
professional training should be adapted and continuously linked to
the changing labour market requirements and employers’ demands
for qualified human resources.
The knowledge and skills of the future accountants performing
the finance function in “a digital enterprise” are depicted on figure
1. The so presented profile is also relevant for the accounting
practitioners, who should adapt their business models and
accounting services to the challenges of Industry 4.0 [1].

Another driver for transforming accounting services in practice
is the cloud-based accounting software as it is changing the
traditional way of “keeping the books”. The document flow and
processing and the time for recording of business transactions and
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data storage could be optimised. Cloud accounting is providing
many opportunities for expanding services offered, realising
efficiency gains and extra profits [5]. In fact, it is a powerful tool
for strengthening the relationship with clients, gaining a real-time
access to company’s financial information. Accounting practitioners
could transform into virtual financial directors and take the leading
role in the strategic planning of their clients’ businesses because of
their greater business insights and awareness. Through the delivery
of digital services, they can improve their own practice - customers
will be provided with an easy access to company’s statutory and
management reports, daily operations will be facilitated, and
efficiency and client satisfaction significantly improved. But the
successful digitalisation of the business models requires relevant
digital culture and skills. Accountants could benefit from
innovations and technological breakthroughs only if they would be
able to choose and implement the right ones with the most potential
for accounting service improvements and business expansion.

3. Industry
educators

4.0

challenges

for

accounting

Accounting academics are now more than concerned about the
future of the accounting higher education as its patterns are
changing as a result of the increasing influence of “the forth
industrial revolution”. The knowledge and skills profile of the
future accountant is a real challenge for the accounting educators as
they have to prepare graduates for the new requirements of the
labour market. Accounting programmes should become
interdisciplinary with teaching content delivered from different
departments [15]. Accounting academics have to develop plenty of
diversified skills and abilities in students and to take the lead in this
academic cooperation. For instance, the insight from faculty shows
that there are few very successful practices of implementing Big
data competence into the accounting curriculum. One of the
pioneers among universities, the School of Accountancy at the
Rawls College of Business, Texas Tech University, has already
included several core and elective modules on data analytics in the
accounting curriculum [16]. St. Mary’s University’s Greehey
School of Business opened a new Bachelor of Business
Administration degree program in Accounting and Data analytics.
To meet the employers’ demand and following the best
international practices, the Faculty of Economics and Business
Administration at Sofia University “St. Kliment Ohridski” opened a
new master program in Accounting and Big Data Analytics. The
interest in the programme is increasing as shows the growing
number of applicants as well as the support from the business
partners of the Faculty. The latter started to provide real case studies
to be implemented into the curriculum and to look for business
solutions working in collaboration with students from the master
programme. The cooperation with the business world is expanding
which we consider as an inevitable process in the era of “the fourth
industrial revolution”.

The skills associated with the blockchain technologies are also
related to the required digital literacy from the future accountants.
The new payment systems and the usage of virtual currencies are
irrevocably changing the traditional concept of money, methods of
exchange and the existing business models. Cryptocurrencies offer
a potential for development as the accounting firms could expand
their business advisory services and the profession could develop
new specialisations. The first mover advantage could be exploited
by offering services that meet the tax and other legal regulations as
anti-money laundering and counter-terrorism financial rules. On the
other hand, accounting regulators and standard setting bodies have
to consider the impact of cryptocurrencies and blockchain
technology on companies’ accounting and financial reporting and
develop an adequate regulatory framework to ensure reliable and
transparent information for users [6].
Data analytical skills are one of the keys for the successful
career of accountants in the data-driven organization. Accounting
experts could contribute to the improvement of the decisionmaking, risk management and strategic business solutions of the
companies as the big data sets could provide new insights on
businesses [7]. The profession should be well equipped with new
job skills for managing the data to be analysed and audited. Data
quality and security is an issue requiring special knowledge and
competences. The professional bodies and accounting educators are
challenged to build such skills through proper education and
training of their graduates [8], [9]. ACCA, ICAEW and CGMA
have already introduced information technologies into their syllabi
[10]. ACCA exams in Business Reporting and Strategic Business
Leader introduced Big Data, disruptive technology and cyberattacks
through various business scenarios. CGMA has also added some
material on Big Data analytics in their 2015 syllabus [11]. On the
other hand, accounting educators are also experiencing high
pressure to enhance the technological content of accounting
courses.

Professional accounting bodies will play an important role in
the process of adaptation of universities to the challenges of
Industry 4.0. They have already started to change the content of
their professional qualification modules by introducing information
technologies and data analytics into the syllabi. Universities with
bachelor and master programmes in accounting, accredited by
professional organisations, have to revise their curricula and
enhance the technological content of accounting courses in order to
retain the exam exemptions of the corresponding professional
qualification. The support from the accrediting organizations is vital
for universities to meet the challenges of the increasing
digitalization and technologisation of the business world and to
adapt their programmes to the continuously changing requirements
of the labour market.

4. Universities participating in cluster partnerships

Accountants also need some new skills associated with robotics
and artificial intelligence technologies to benefit from their
deployment and create more value to the company. One of the most
required skills is the technical expertise in machine learning and the
depth of knowledge depends on the organisation’s size, investment
policy and innovation strategy [12]. It is important for accountants
to understand the significance of quality of the data used. Internal
control procedures should be implemented to mitigate the risk
associated with the inherent biases and other limitations of artificial
intelligence applications.

According to one of the recent definitions, a cluster is described
as “the regional conglomeration of companies that are active along
a common value chain, including the manufacturers, service
providers, suppliers, primary customers, research institutes,
universities and other institutions….” [17, p. 15]. The benefits from
the cluster partnerships are associated with the networking, access
to the skills and abilities of qualified workers, easy interaction of
scientific with industrial community, access to specific and
expensive infrastructure, know-how, etc. Cluster structures improve
business environment and cost efficiency, increase investments in
the region and shorten the distance between producers and their
customers. Moreover, they stimulate technical innovations and have
a positive impact on technology development [17]. Hence, clusters
could be considered an integral part of the Industry 4.0 landscape
and a driving force for the manufacturing industry.

By using capabilities of the intelligent systems, accounting
experts will be able to support decision-making by providing better
and cheaper data, provide more profound analysis of data and give
new insights on business. They could focus on more valuable tasks
after freeing up working time due to artificial intelligence
applications [13], [14].

“The fourth industrial revolution” is reshaping the existing
economic structures thus giving universities an opportunity to play
a new and important role in the local and regional economic
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development. The author is convinced that not only technical
universities but also universities, offering programmes in
Accounting, could become members of technology clusters and
benefit from such membership. There are many emerging issues in
the field of accounting, financial reporting and taxation stemming
from the Industry 4.0 implications on businesses. Such issues may
not be covered by the generally accepted accounting principles and
may divert from the common accounting practices. Their solutions
require theoretical background, scientific thinking and an
interdisciplinary approach, a combination of knowledge and skills
that could be successfully provided only by academics.

the new requirements of the labour market, accounting educators
could seize the opportunities of “the fourth industrial revolution”.
Bachelor and master programmes in accounting should become
interdisciplinary, with an enhanced technological content.
Professional accountancy organisations have to support
universities in the turbulent era of “the digital enterprises”
providing them with surveys, guidelines, teaching materials, train
the academics workshops, etc. Academics are required to prepare
students for a successful career of the future accountant – a hybrid
with interdisciplinary knowledge and plenty of diversified skills and
abilities

There are few benefits for the accounting higher educators to
participate in clusters. They are summarised in table 1.

The academia and industry could both benefit from cluster
partnerships. Emerging accounting, financial reporting and tax
issues, associated with the Industry 4.0 implications on businesses,
could find their proper solutions within the cluster members
collaboration.

Table 1 Benefits for universities, participating in technology
clusters
• Access to real case studies that could be implemented into the
accounting modules to increase their technical content
• Increase and improvement of practically oriented research through
publications on “hot” topics from the accounting practice
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Abstract: Resource planning in manufacturing companies is crucial in the context of Industry 4.0. Enterprise Resource Planning (ERP)
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metalworking companies and on the compliance of ERP systems with Industry 4.0 and to investigate the opinions of ERP system users on the
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The main objective of our paper is twofold: to present the features of modern ERP systems in the Industry 4.0 framework and to present
the results of our research.
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then ERP systems were developed. The latest trend in development
is intelligent ERP systems. The steps of the ERP system evolution
are shown in Figure 1.

1. Introduction
New innovative information-communication technologies and
advanced production technologies such as Cloud Computing, Big
Data Analytics, Internet of Things, Internet of Services, Internet of
People, Additive Manufacturing, Cyber-Physical Systems, Wireless
Sensor Networks, mobile Internet, Artificial Intelligence,
Simulation and Modeling, Automation and Industrial Robotics,
Augmented Reality, Cybersecurity, Blockchain, etc. are the basis of
the fourth industrial revolution called Industry 4.0 [1].
In the context of Industry 4.0, all manufacturing resources are
connected and exchanged data and information with each other. The
innovative technologies that Industry 4.0 is based on enabling the
connection of smart products, machines, processes, and humans
within the manufacturing system and through the value chain. This
connectivity facilitates real-time information sharing and adaptation
to changes in the manufacturing system. The planning of resources
in manufacturing is critical for the quality of process performance
and monitoring, and quality decision making based on real-time
information. There must be information flow, from the shop floor to
the level of management of the enterprise and vice versa, with the
purpose to make better manufacturing performance. Business
partners through the value chain also need to exchange information
to achieve common goals with greater effectiveness [2]. ERP
systems are used to collect, analyze and interpret business process
data, and it is extremely important in the context of Industry 4.0 that
this takes place in real-time. ERP systems facilitate the full
integration of the enterprise and also the value chain, therefore ERP
systems are the information backbone of Industry 4.0 [3].

Fig. 1 Share of enterprises with implemented ERP system

2.2 ERP systems in the context of Industry 4.0
The new generation of ERP systems are intelligent ERP
systems. The basic features are: the use of in-memory technology,
which can be used to simulate the impact of change on production
in real-time; a service-oriented architecture that enables direct
communication of ERP systems with smart resources; take
advantage of cloud computing; integration with MES and PLC
(vertical integration), enabling cost-effective production of product
variants; horizontal integration; role-based personalized intuitive
interfaces; application of innovative mobile applications; in addition
to a central database, decentralized data storage (e.g. on a smart
product) is also possible; access data at any time and from
anywhere using mobile devices (such as tablets and smartphones).

2. Literature review
Our literature review covered ERP publications on ERP systems
in general and in the context of Industry 4.0 and content analysis of
the literature.

Integration is significant for Industry 4.0: vertical, horizontal
and end-to-end integration. Modern ERP systems are key
integrating factors in the context of Industry 4.0. Modern Enterprise
Resource Planning (ERP) systems have to facilitate vertical
integration between different operational and management levels,
horizontal integration with business partners (suppliers and
customers) within value chain through real-time information flow,
and end-to-end integration, for monitoring products through their
lifecycle.

2.1 Enterprise Resource Planning
Enterprise resource planning (ERP) is a concept of integrated
management of enterprise resources and all business processes in
real-time, with the support of software and technology, so we can
say that ERP is both a concept and software. The term "enterprise
resource planning" (ERP) first appeared in 1992 and was coined by
Gartner. The first paper that mentions ERP indexed in the database
Web of Science Core Collections (WoSCC) was published in 1994.

The authors of [4] researched the readiness of ERP systems for
Industry 4.0, and the result of the study showed that modern ERP
systems are ready. An example of a modern ERP system for
Industry 4.0 is SAP S/4 HANA, which has high computational

ERP systems were first applied in manufacturing and later in
other areas. The beginnings of development were in the 1960s with
the first software control packages, through MRP and MRP II, and
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power due to the use of in-memory technology, which significantly
enhances improvements in data analysis and enables vertical,
horizontal and end-to-end integration [5]. There are also other
examples of intelligent ERP systems such as Infor M3, Dynamics
365 for Finance and Operations and Epicor 10.

The target population includes all sizes of enterprises registered
in the Register of Business Entities of the Croatian Chamber of
Economy, according to the following criteria:
- activity code C25: Manufacture of fabricated metal products,
except machinery and equipment (according to the National
Classification of Activities 2007 version),
- regional affiliation (covered only Eastern Croatia),
- active business entities only,
- 2017 Annual Financial Report submitted.

Modern intelligent ERP systems provide transparent, real-time
information [6]. Intelligent ERP facilitates a fast reaction to
dynamic changes in the manufacturing environment [7].
The authors of the article [8] present a comparison of the bestknown manufacturers of ERP and MES systems, concerning their
readiness for Industry 4.0. The results of their research showed that
the ERP systems of manufacturers SAP, Oracle, Syspro, Microsoft
Dynamics are best in compliance with the requirements of Industry
4.0.

Due to selected criteria, a narrower population of metalworking
enterprises in Croatia obtained, so the results can not be
generalized. A representative simple probabilistic sample (134
enterprises) was determined from the target population using a
random sampling method. The sample size was determined with a
statistical significance level of 0.95, an error size of 0.05 and with
an expected proportion of 50%.

2.3 Bibliometric literature review
Our methodology of research is the content analysis of
literature, based on the search citation databases of Web of Science
Core Collection (WoSCC). We have used keywords in the topic
fields: "Enterprise Resource Planning" and "ERP" for timespan
from 1991 to 2018. This search yields 2.239 results (cover all types
of publications). We used software Atlas.ti8 to extract keyword
frequencies and form a word cloud with keywords used by the
researchers about the topic "Enterprise Resource Planning" as
shown in Figure 2 (words are visually emphasized by their
frequency).

The link to the on-line survey, requesting the completion of the
questionnaire, was sent by e-mail to the sample enterprises.

3.2 Results analysis and discussion
In this section, we summarize the analyzed results from the
survey.
The total number of completed questionnaires is 27, so the
response to the survey is 20.15 %. That is a low response rate, but
not unusual for this type of research (on information systems),
according to an analysis of journals represented in the platform Web
of Science [9].
Figure 3 shows that the survey involved mostly small and
medium-sized enterprises (60%), which make up a large share of
the economy of Croatia and the EU.

Fig. 2 Word Cloud with the most frequent words for topic
„Enterprise Resource Planning“ and „ERP“
As the most frequent words (except keywords enterprise,
resource, planning, and ERP, which are words contained in the
search keywords) software yield keywords: systems, management,
implementation, information, business, process, data, technology,
identification, production, data. Among the most frequent words are
also the keywords: manufacturing, analysis, integration, quality, and
industry, which is significant in terms of Industry 4.0 and Enterprise
Resource Planning.

3.

Fig. 3 Surveyed enterprises concerning enterprise size
The analysis of the results shows that the ERP system using 37
% of the surveyed enterprises (Figure 4). The other 63 % of the
enterprises did not implement the ERP system. The most common
reasons are the high cost of implementation (47.1%) and the long
duration of the ERP system implementation process (41.2%). Other
reasons given are that there is, for example, no need for an ERP
system or the inability to find adequate software.

ERP systems in Croatian enterprises

The Digital Agenda for Europe (Europe 2020 Initiative) sets the
EU's growth targets by 2020 and highlights more than 100
indicators. One of the key indicators is the implementation of ERP
systems. It is necessary to analyse the state of implementation of the
ERP system in Croatia.
According to statistical data compiled by Eurostat in 2017 (the
latest available data), only 26% of Croatian enterprises used the
ERP system, which is below the average of the ERP system used
within the EU 28 (34%). There is a significant difference between
SMEs (10-49 employees) and large enterprises (at least 250
employees). ERP systems used 76% of large enterprises and only
28% of SMEs in 2017 in the EU-28.

3.1 Research methodology
The questionnaire used closed-ended questions with
dichotomous answers, with offered intensity responses (five-point
Likert scale), filter questions, and multiple-choice questions.

Fig. 4 Share of enterprises with implemented ERP system
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The surveyed enterprises have implemented systems of global
and local suppliers such as SAP, Oracle, Microsoft Dynamics,
Infor, Epicor, Insight, ININ, etc.
Survey results show that 90% of surveyed enterprises use an onpremise ERP system (Figure 5). Only 10% of enterprises use cloud
ERP. That is in line with the research [10] that has revealed Cloud
ERP systems not significantly represented in Croatian enterprises,
and traditional on-premise solutions are still prevalent.

Fig. 7 The level of agreement with the statement “Our ERP system
hinders or even prevents the growth of business and market
expansion”

Fig. 5 Share of enterprises with implemented ERP system by
deployment
With ERP, 30% of surveyed enterprises use Business
Intelligence Systems and 10% of enterprises use Customer /
Supplier Relationship Management Systems.
According to survey results software (ERP systems), that
enterprises use, technologically outdated considered 20 % of
respondents.

Fig. 8 The level of agreement with the statement that the ERP
system they are currently using is incomplete and inadequate

It is evident from the survey results that enterprises with ERP
systems often have installed modules that do not use, or a lot of
modules do not have installed at all (Figure 6).

To which extent the surveyed companies agree with the claim
that the ERP system they are currently using is incomplete and
inadequate illustrates Figure 9.

Fig. 9 The level of agreement with the statement that the ERP
system they are currently using is technologically outdated software
Fig. 6 Modules of ERP systems in the surveyed enterprises

A spreadsheet is used by 90% of the enterprises surveyed, in
parallel with the ERP system. Some of the stated purposes of using
a spreadsheet with an ERP system are: assistance in daily work, in
design and sales, for various complex documents: offers,
calculations, records, for control of ERP systems, for all analyzes,
for additional work tasks not contained in the modules of the their
ERP system, ad-hoc data analysis, in addition to most of the
processes we follow and through ERP (delivery orders, production
planning, ...), which is in line with the research findings in [11], that
spreadsheets "is still dominating over the use of ERP" for planning.

For example, Purchase and Inventory, Sales, Production Order
modules are installed in almost all surveyed enterprises, however,
not all enterprises use them. Only about half of the surveyed
enterprises possessed and use those modules. The module Planning,
scheduling, and monitoring of production is installed in 50% of
surveyed enterprises, but it is used only by 30% of surveyed
enterprises (some enterprises have that module but do not use it).
The level of agreement of respondents with the statement that
their ERP system hinders or even prevents the growth of business
and market expansion is shown in Figure 7.

The timeframe in which surveyed enterprises use the ERP
system shows Figure 10.
Figure 11 shows the ownership license of ERP systems used by
surveyed enterprises. Commercial proprietary licensing systems
predominate over open source ERP systems, with 20% of
enterprises using a combination of both.

Figure 8 illustrates to which extent the surveyed companies
agree with the claim that the ERP system they are currently using is
incomplete and inadequate.

315

"INDUSTRY 4.0" ISSUE 6/2019

Croatian surveyed enterprises for Industry 4.0, it can be concluded
that the ERP systems are to a large extent incompatible with the
requirements of Industry 4.0.
Given that surveyed enterprises point out the high costs of
implementing an ERP system as a reason for not implementing an
ERP system, it is possible to use alternative open source ERP
systems. There is also a need to increase awareness of the
importance and benefits of Industry 4.0.
The limitation of the research is the low response rate to the
survey so results cannot be generalized.
Fig. 10 Timeframe in which surveyed enterprises use the ERP
system

5. Literature
[1] Ghobakhloo, M. (2018). The future of manufacturing
industry: a strategic roadmap toward Industry 4.0. Journal of
Manufacturing Technology Management, 29(6), 910–936.
[2] Sandengen O Ch, Estensen L A, Rodseth H, Schjolberg P:
High Performance Manufacturing: An Innovative Contribution
towards Industry 4.0. Proceedings of the 6th International
Workshop of Advanced Manufacturing and Automation. November
10-11, 2016, Manchester, England
[3] Barth, C., & Koch, S. (2019). Critical success factors in ERP
upgrade projects. Industrial Management & Data Systems.
doi:10.1108/imds-01-2018-0016
[4] Haddara, M., & Elragal, A. (2015). The Readiness of ERP
Systems for the Factory of the Future. Procedia Computer Science,
64, 721–728.

Fig. 11 Ownership license of ERP systems used by surveyed
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ERP systems in 40% of enterprises do not allow the transition to
cloud business. Automatic object identification methods not
integrated with ERP systems in 30% of enterprises, in 50% of
enterprises only bar code used, in 10% of enterprises the
combination of bar code and RFID methods of automatic
identification and tracking of objects applied, and the biometric
method (fingerprint) is used in 10% of enterprises.
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Industry 4.0 enables businesses to become flexible and
competitive, using ERP systems as the backbone of horizontal,
vertical and end-to-end integration. Modern ERP systems based on
innovative emerging technologies meet the requirements of Industry
4.0.
But there is a noticeable problem in surveyed Croatian
enterprises. Even 40 % of businesses are not familiar with the
Industry 4.0 concept. This is a particularly important issue because
Industry 4.0 is the key to increasing the competitiveness of Croatian
enterprises, given that Croatia's competitiveness is very low. Croatia
ranks 68th out of 140 countries according to the World Economic
Forum 2018 data. Regarding the readiness of ERP systems in
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Particularly important for achieving the pro-activeness that must
underpin crime counteraction and security for citizens is a dramatic
change in the management culture of senior and middle-level
leaders in security systems. We have repeatedly talked about the
adaptability and lack of organizational barriers to organized crime
structures that change and work flexibly to maximize profits from
their criminal activity. Flexibility and adaptability are the opposite
of slow administrative procedures and gradual, step-by-step
decision-making in the hierarchical structures of state power.
Certainly criminal organizations have an advantage in this regard.
The training of modern leaders must be such that they are ready for
conceptual change, overcome quickly and successfully bureaucratic
obstacles to anticipate changes that are operationally appropriate, be
forward-thinking, so that the preparation and practical work of the
staff is in tune with new technologies, their potential for both
criminal use and counteraction to criminal activity.

1. Introduction
Additive production and multidimensional printing
The growth trend of 3D printing1 shows that it is able to reverse
the entire production system, including manufacturing, armaments,
transportation, logistics, infrastructure, construction, aerospace,
shipbuilding, etc., companies and have a huge impact on
governments , economies, the labor market of both developing and
developed countries. It follows that the impact on security in a
general and narrow sense will also be enormous. In practice, this
means mass custom production – from fashion items to weapons
and human organs printed.
Live tissue printing or bioprinting is developing very quickly. It
is likely that whole organs will be able to print in the near future.
Ethical and social problems are inevitable, as in the beginning this
technology will be accessible only to the rich minority, which will
increase inequalities in health and life expectancy. In addition, it is
likely that the human genome may be hacked and exploited by users
or abusers, which requires a comprehensive study and regulatory
framework. This has a direct impact on security insofar as life
expectancy, security of normal life, living with a healthy body are
all elements of security, albeit in a broad aspect. If there is a
monopoly and restrictions on the use of a product, it may be subject
to criminal production, acquisition and distribution.

Using existing computer-aided design systems to create
complex parts often results in huge files, so software and hardware
can block or run slowly. Even when the workpiece creation is
successful, the volume of the files causes a communication
problem, and therefore a security problem.
3D printing technology and additive manufacturing make it
possible to create parts and products that are impossible with
traditional manufacturing technologies. The development of
technology over the last 25 years allows the creation of objects from
different starting materials with integrated circuits, as well as
organic tissues. This approach eliminates the producer-logistical
(seller) chain, turning the user into a producer. This allows the
production to be as discreet as possible, which complicates the
process of detecting, preventing and interrupting criminal activity.
Investigative bodies concentrate on one of the units in the chain –
either monitoring manufacturers or knowing logistics and
merchants. The lack of these units makes it difficult the work
against crime.

3D printing will transform production and consumption
systems, as well as global value chains

2. Analysis
One of the serious problems that requires the joint work of all
concerned, as well as regulatory changes, is the safety problem. The
ability to 3D-print a weapon will facilitate its distribution and make
control difficult. Individuals and non-state actors – criminal,
terrorist organizations – will be able to easily circulate digital
templates with the help of which to print rather than distribute the
weapon itself. The logistics of arming criminal structures will be
facilitated, ie. the weak contact and delivery point will be
optimized. This will make it very difficult for the special services
and the police to counter successfully.[1] Individual enthusiasts are
still trying to print weapons. As technology develops, they will be
able to import complex materials, including biological tissues, cells,
and chemical compounds, into the construction of "printed"
weapons.

3D printing has an impact on most industries, from the food to
the aerospace, offering unique products and services. Additive
Manufacturing (AP) technology makes it feasible and cost effective
to produce small series products, rapid prototyping, decentralization
and capacity allocation. The growth curve of these technologies is
expected to jump sharply in the near decade. This will in all
likelihood lead to an adequate increase in the crime curve. The
development of technical security aids, given their delicate nature
and the current lack of economic impact, will be overcome in 3D
printing. It will allow special services to use the latest technological
developments in a highly confidential environment, the relevant
technical units of the services will simply become a manufacturer of
devices and spare parts for them. This will be especially appropriate
in the production of technical intelligence and special intelligence
tools. [3].

One of the most important problems in the development of the
additive manufacturing industries is the problem of qualification
and education. If not resolved, then solving other problems cannot
be successful. In order to be successful, it is necessary to
immediately upgrade the skills of existing staff. [2] Of course,
senior management awareness programs need to be developed first,
as they need to develop a new strategy for the respective security
structures.

One of the important economic outcomes of the widespread
adoption of AP technology may be the return of production to
developed countries, as technology will replace cheap labor. Of
course, this can lead to unemployment problems in these countries.
This result will be a global security challenge because it can
generate large-scale migration processes from poor to rich
countries, from developing to developed, accompanied by all the

1

In 2012, about 40% of 3D printing systems were located in North
America, 30% in Europe, 26% in Asia and Oceania and only 4% elsewhere.
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security and safety issues that characterize migration, human
trafficking and smuggling, penetration, the gray economy, the threat
to social systems in developed countries, the powerful impetus and
reserve for the development of organized crime.

submarines is underestimated, they will become an indispensable
means of transport for drug traffickers with excellent funding [10].
The list of possible 3D-printed objects to commit a crime is
endless. This includes weapons, credit cards, keys, burglary tools,
counterfeit art, scanners capable of duplicating any patented item,
and more.

Use of additive technology by criminals
3D printing and drugs

Counterfeiting of art objects

Undoubtedly one of the most worrying possibilities is the
facilitation of the production of synthetic drugs. But printing of
natural products is not excluded. For example, experts in the
cannabis industry for pharmacological needs have created „Potent
Rope“ [4] – fully usable 3D cannabis thread. In practice, this means
that 3D printer owners will be able to determine the characteristics
of the marijuana they need, i. e., to create their own variety without
the use of slow and complex selection.

There are already 3D- printers OSE and Canon, who can create
exact copies of famous paintings. [11] These systems can digitize
high resolution pictures and store data of even the smallest details
of the pictures, including texture, paints, embossing and paint
method. Owning this information may result in a model
indistinguishable from the original. Undoubtedly, such technology
will be of interest to criminals, given the prices of works of art.
Illegal distribution of files

3D printers and skimmers

There are sites created on the Internet for sharing 3D printing
files, which are now over 85,000. These sites allow you to search
and add new content. In essence, in many cases, the contents of the
files violate local and international legislation related to the
distribution of weapons and dual-use products.

Banking operations at external terminals also offer opportunities
for criminal offenses. 3D printers can reproduce indistinguishable
inputs of ATMs so that they are replaced with a carefully printed
pin-copying device of any ATM card used.
Most likely, such crimes will result in an obligation for printer
manufacturers to enter a hidden code affixed to each product in
order to identify the manufacturer.

Sex toys
Without going deeper into this topic, 3D-printing creates an
opportunity for serious criminal business. [12]

3D printing of weapons
Weapons have already been printed – Defense Distributed [5]
has been licensed and has demonstrated a 3D Ghost Gunner printer
with parts production software for the AR-15 rifle. The Ghost
Gunner 2 modification can produce parts compatible with the Glock
19 and M1911 semi-automatic weapons. The value of the device
with the schemes for printing weapons is about $ 1700.

Burglary of security systems
Using 3D printers, a wide range of hacking tools can be created
– from physically unlocking devices – copies of originals, to printed
copies of biological components, such as fingerprints.

3. Conclusion

There are fully plastic weapons that can be produced through
3D printing. Such models – WashBear [6], Songbird are available
on the web.

It is clear that criminals will find every way to use 3D printing
for their own purposes. Therefore, from a safety point of view,
every project should be considered before its practical launch so
that its criminal use can be made as difficult as possible.

3D printed silencer [5]

AP technologies require additional attention to issues of
ownership and responsibility for print production, given the
redistributive nature of its digital development and physical
production, as well as the revision and completion of the regulatory
framework for special production – military, dual-use objects and
digital templates. Licensing policy for the production of hazardous
devices and those with dual use should be optimized, detailed and
secured by guarantees of compliance.

DD Wave manufactures metal silencers for rifles. Unlike classic
silencers, the print will be monolithic. Selective laser powder
baking technology for metallic powder is used. Approximate price
is $ 1100.
Explosives
The Armed Forces have developed and tested 3D printers that
are indispensable for continuous fighting in difficult logistics areas.
Explosives are prepared in less than 24 hours, complete with printed
shells for grenades. The opportunities for supplying criminal
organizations with military weapons should not be underestimated.
And this possibility of 3D printing is invaluable for terrorist
organizations because it facilitates providing them with explosives
and eliminates the risk of early detection of special services.

Combining 3D printing with other Industry 4.0 technologies –
new materials, Internet of Things, distributed registry technologies
(blockchain), opens up new prospects for innovation, but also
multiplies security threats, so it requires multilateral discussions on
issues of strategy and security among stakeholders.
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3D printing of grenade launcher [8] with 40 mm caliber
“Rambo” is about to be successfully produced. Tests have been
carried out and the product quality results are positive. There is
hardly any difference between the original and the printed weapon.
So far, it takes several hours for the overall production of a grenade
launcher.
3D printing of a submarine
At the request of the military, a project has been completed [9]
that allows a submarine to be printed for four weeks. Big Area
Additive Manufacturing was used for printing. The prototype is
made of six carbon fiber parts. Трябва да се отбележи че
стандартното производство трае от 3 до 5 месеца. The printed
boat costs about $ 80,000 and standard production costs $ 600800,000. Undoubtedly, if the security of the production of such
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The origin of the discussion about Industry 4.0 took place in
Germany in 2011; it was based on the country’s goal to strengthen
the competitiveness of its industry to ensure its future in the
advanced manufacturing segment, becoming a reference and
providing technologies that allow the integration and interaction
between the physical and the virtual world. This initiative was
supported by the German government, which announced initial and
priority recommendations to accelerate the development and
deployment of Industry 4.0. It is worth mentioning that this concept
was officially pre-sented in 20133. This theme has gained
worldwide recognition and is pres-ent in the industrial development
plan of countries such as Germany, the United States, China, Japan,
South Korea, France, the United Kingdom, Singapore and Brazil4.
In general, Industry 4.0 provides different ways of managing and
controlling the process, contributing to the increase of the flexibility
level of the industry and its competitiveness by products mass
customization.

1. Introduction
The digitization and automation of production and logistics
technology as part of Industry 4.0 bring many positive aspects.
They create the conditions for expanding production capacities,
enforcing in a competitive environment by increasing productivity
and quality of produced products, new opportunities and new
customers, replacing people in dangerous operations and events5.
Manufacturing and subsequently distribution technologies must
adapt to meet these trends. They integrate the principles of new
process tracking systems from acquiring relevant information about
the properties of the subjects, through their mobility, processing to
providing command signals for the implementation of appropriate
measures. Fulfilling Strategy Industry 4.0 in real terms, however, is
associated with applications of complex management systems.
Their significant part also includes the effective management of the
risks in the Safety and Security complex as part of the integrated
security system. Methods and procedures for analyzing and
assessing these risks must take into account the existence of a
human factor as the most important part of management activities.
Under intelligent industry conditions, with intensive use of digital
techniques and technology, it is crucial for effective risk
management to take action already at the preventive stage.

2. Industry 4.0
According to1, a certain accumulation of innovative
technologies quantity for applications in manufacturing systems
contributes to the occurrence of one industrial revolution
movement. In general, the First Industrial Revolution occurred due
to the mechanization of production, affecting product volume
dimension. The Second Revolution changed the industry through
the advent of electricity and mass production. Third Revolution is
characterized by use of Information Technology (IT) and
electronics to pro-cess automation2. Recent discussions are
emphasizing the emergence of a Fourth Industrial Revolution,
known mainly by the following labels: “Industry 4.0” or “Smart
Factory”, Fig. 1.

Fig. 2 Industry 4.07

Industry 4.0 pillars are6, Fig. 2:

Fig. 1 Historical development of Industry 4.09
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1.

Big Data and Analytics - Big Data is a concept that is
based on the huge amount of unstructured data that is
produced daily and is difficult to process with traditional
data processing methods.

2.

Cloud Computing - The term Cloud generally refers to
space on the Internet where you can store all kinds of
information. About Cloud computing talking as a service,
or market application programs stored on servers on the
Web, with the users of them can be easily accessed for
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example using a web browser or client of the application
and use virtually anywhere.
3.

Cybersecurity - Cyber security is dedicated to the security
of only a certain part of information assets, namely those
that are processed in a virtual space called cyberspace.

4.

Horizontal and Vertical Integration - Vertical
integration digitizes and integrates processes vertically
from product development through purchasing to
manufacturing, logistics and related services. Horizontal
integration goes from suppliers to customers and all key
partners in the value chain.

5.

6.

8.

Simulation - These simulations leverage real-time data to
mirror the physical world in a virtual model, which can
include machines, products and human.

Origin of threats

Internal staff, external forces, malware

Can be localised and managed

Threats

Diffuse, changing, with specialist
knowledge, potentially criminal intent

Injury or death,
e.g. due to cutting or shearing

Impact

Production failure, loss of expertise, data
loss ...

Plant, machine, machine elements...

Isolate the hazard: (enclosure)
Protected zone, safety fence and
continuous monitoring

Immunisation: “Hardening” of
communication, segmentation etc.

Remedies

IEC 61508 and a wide range of
A, B and C standards
Machinery Directive

Norms

No standardisation

Fig. 4 Safety and Safety differences

Augmented Reality - Augmented reality (AR) is a
combination of the real world with a virtual. Thus, AR
complements the real world with elements of the virtual
world. AR technology allows a person moving in the real
world to perceive objects made in the digital world.
Additive Manufacturing - In the additive manufacturing
process, the product is formed by applying layers to one
another.

Security

Safety

Robotics - Robots make it possible to increase
productivity, especially in mass production. Nowadays,
cobots are coming to the fore. They are robots in
cooperation with humans. Today's “conventional” robots
do not understand with humans and must therefore be
locked in cages or enclosed by safety barriers. Cobots in
collision avoid obstacles and do not hurt a person because
the arm moves slower and is controlled by many sensors.

7.

9.

protection against the influence of the machine and Security
includes the protection of the object (property) against external
human intervention. The following scheme describes the differences
between Safety and Security, Fig.4.

Industry 4.0 requires a more proactive approach to safety than
before, notably through an integrated approach to Safety and
Security in the design and planning of machines and complex
technologies. It is expedient for evidence of the safety of objects,
machines and their components to be secured by identifying and
quantifying risks as part of their design process, where they can be
identified and compensated, and then during operation by user
information to define the resulting risk of a complex system.

4. Results of discussion
It cannot be assumed that there are fewer risks in a company
with a lower level of digitization, but the nature of risks is changing,
as well as the manner of their management. If Industry 4.0 strategy
is implemented, there will be fundamental changes to the conditions
for employees, Fig. 5, in the conditions of the process of goods and
services production. By implementing individual stages of Industry
4.0, work at production lines will be refined and humanized. Simple
manual activities will disappear. Employees will be coordinators
who will ensure smooth production and intervene only when the
machine prompts them.

Internet of Things - The internet of things (IoT) is a
computing concept that describes the idea of physical
objects being connected to the internet and being able to
identify themselves to other devices. The term is closely
identified with RFID as the method of communication,
although it also may include other sensor technologies,
wireless technologies or QR codes.

3. Aspects of Safety& Security
Industry 4.0 in its implementation in the company is emerging
new safety requirements. On the one hand, such systems may not
endanger people and the environment - "corporate (internal) safety"
and, on the other hand, such devices must be protected for misuse
and unauthorized interference - particularly in the area of data
misuse, protection against unauthorized interference – Security,
Fig.3.

Technology complexity

Mechanical
system

Hence, the risk management methodologies in both production
and logistics processes, and therefore also individual machines and
machine systems, must meet the requirements of interconnection on
the basis of Integrated Safety & Security at all levels of
organization management5.
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Fig. 5 Changes in requirements for human knowledge with the development
and application of new technology for production facilities

It can be stated that areas with a smaller range of Industry 4.0
elements will be more Safety-oriented, while areas using Industry
4.0 more actively will be more Security-oriented.

Fig. 3 Safety vs. Securit8

Safety and Security modeling serves for a general description of the
system within Industry 4.0. Safety defines the conditions of human
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of Industry 4.0 / - 2018. In: Industry 4.0 : an International
Scientific Journal. Roč. 3, č. 6 (2018), s. 340-342 [print]. ISSN 2534-8582.

5. Conclusion
Industry 4.0 strategy includes the integration of Safety and
Security. Safety and Security supposed to be interconnected
(influencing). Application of Safety and Security control systems
changes the static principle to dynamic, assumes identification of all
production and distribution processes, data mobility as part of BIG
DATA technology and human factor activity to ensure the
functionality of relevant applications. Industry Strategy 4.0 requires
a proactive approach to risk analysis, the essence of which is to
implement the Safety and Security principles into the development
and construction of machines and complex technologies in the
context of using the Cyber Physical Systems principles.
This contribution was created by the implementation of APVV-150351 project of " Development and Application of a Risk
Management Model in the Setting of Technological Systems in
Compliance with Industry 4.0 Strategy" and VEGA project no.
1/0121/18 of Development of methods of implementation and
verification of complex security solution in Smart Factory as part of
Industry Strategy 4.0.
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Abstract: Social innovations are associated with the introduction of new ideas, technologies, services in the social sphere in order to
improve the quality of life of the population. The development of digital technologies provides new opportunities for social protection of
various categories of the population. Digital technologies can be used both to improve the process of providing social protection, and to
compensate for various medical and social restrictions. The development of special digital social services for the population enhances the
effectiveness of social policy.
Keywords: SOCIAL INNOVATIONS, DIGITAL SOCIAL SERVICES, ORGANIZATIONS OF THE SOCIAL SPHERE
narrowed. For the purposes of the study, it is proposed to use the
concept of “social services” - these are services provided by state
and non-governmental organizations of the social sphere, aimed at
meeting the needs of the population in improving living conditions
associated with activities on social insurance, social services, social
protection and the implementation of other mechanisms of social
policy.

1. Introduction
One of the key tasks in the development of modern socioeconomic systems is to improve the quality of life of all segments of
the population. The growing need for social services leads to an
increase in the cost of their satisfaction.
Due to the fact that the needs for social services are constantly
expanding, their spectrum is changing, there is a need to look for
new tools, mechanisms that can optimize the costs of material,
financial, human resources while ensuring the quality of services,
there is also a need for social innovation. The relevance of social
innovation in the social sphere is also increasing due to global
trends in the aging of the population. Thus, according to the UN, the
share of older people in the total population is increasing in all
countries, and this trend will only intensify in the future. The UN
“Population Division’s 2019 report: 2019 revised edition” shows
the following numbers: “in a six years, every sixth person in the
world will be over 65 years old (16% of the population), compared
with every 11th in 2019 (9 % of the population). By 2050, one in
four people in Europe and North America will be 65 or older. ” [1].
Of course, this is a challenge, first of all, to health care systems and
social protection, as well as pension provision.

In this case, the social sphere is considered in the broad sense of
the word as a set of organizations of various organizational and
legal forms that determine the quality of life of the population and
cover all its aspects (living conditions, conditions for obtaining
education, protecting and maintaining health, social protection,
opportunities for personal development, etc.).
Social services in the social sphere can be interpreted as tools
based on the use of digital (information and communication)
technologies and uniting consumers and producers of social services
as well as other interested parties in a common social space.
Social innovations, as a rule, are understood as new ideas,
organizational decisions, technologies that allow to solve the
problems of the development of the social sphere more effectively.

3. Solution of the examined problem

Innovative approaches to solving social problems are needed
that will help improve the quality of life of the population, reduce
the cost of providing services, and involve broad segments of the
population in the processes of mutual assistance.

In the work of Vlasova A., devoted to network forms of
organization of social work, it is noted that network technologies
actively influence the social sphere. She points out that in the face
of a multitude of social problems, the increasing complexity of
people's needs for ensuring social well-being, the traditionally
hierarchically organized social sphere is unable to respond to
requests, and some of the problems are simply not even identified
by state bodies of power. At the same time, society is following the
path of self-organization, including through the use of social
services, social interactions between citizens are intensifying [3].
The author gives a number of examples of using social services to
provide social services: “Virtual Rynda: Atlas of assistance in
emergency situations”, the activities of the Lisa Alert organization,
the essence of which is to organize interactions of those who need
help and who want to provide help [3]. The extending volunteer
movement also receives informational support, in particular, there is
a unified information system “Volunteers of Russia”, which
accumulates a large amount of various data. It can be noted the
online platform “Know.PRO” created by the “Center for Strategic
Analysis”, which makes it possible to take online courses on
organization of volunteer activities [4].

Currently, dramatic changes are taking place in socio-economic
systems due to digitalization processes. Opportunities arising in
connection with this in society can be used to improve the
management of the social sphere.
The implementation of
innovative approaches in the provision of social services using
digital technologies will help to increase public satisfaction, save on
costs associated with bureaucratic procedures for processing
documents, and will help to overcome the incompleteness of
information.
The purpose of the study is to generalize the types and
characteristics of digital services used in the social sphere, as well
as to identify restrictions in their development.

2. Prerequisites and means for solving the problem
In the Russian legislation (on the basics of social services),
there is the term “social services”: “social service - action or actions
in the field of social services to provide permanent, periodic, onetime assistance, including urgent assistance, to a citizen in order to
improve his living conditions and (or) expanding his ability to
independently provide for his basic necessities of life ” [2]. The
legislator identifies social, social, medical, socio-psychological,
socio-pedagogical, socio-labor, socio-legal, services in order to
increase communication potential, urgent social services [2].

The Charity Foundation “Old Age in Joy” has developed a
mobile application that allows for the interaction of potential
volunteers and those in need of help. The fund’s website noted the
application’s features. “The application of the Old Age in Joy fund
allows you to:
receive information about volunteer trips and join them;

From the point of view of considering the problems of
managing the social sphere, this interpretation seems somewhat
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register as a volunteer and gain access to your personal
account;

formation of an interactive digital information service in the
provision of social benefits, as well as a digital social lawyer service
[10].

make donations by credit card, via SMS or using bank details;

As noted by [Muzaev], “at the federal level, there are many
state information systems that require integration, among them the
automated information system“ Recipients of Services ”, the
automated information system of the Pension Fund of Russia, the
federal register of persons with disabilities, the unified integrated
information system“ Social Insurance ", The state information
system of compulsory medical insurance, etc. Partially, the role of
integration of departmental systems is assigned to unified state
information system of social security, but it does not allow to
integrate the work of various organizations and citizens, ie. e. can
not be a digital platform".

get access to the Knowledge Base, which contains information
about volunteering, nursing homes and the foundation;
to be in touch with the fund: all contact information is always
at hand" [5].
An interesting solution to this Internet site, taking into account
the psychological characteristics of older people, is a virtual chat
bot Vera Vasilievna (virtual grandmother). She can be asked
questions about various types of social support, as well as can be
received a variety of useful wise tips.
In the regions also there is a need for the development of digital
services to coordinate the activities of volunteers. A. Yaroshevsky
notes that “Currently, social volunteering is gaining momentum.
Not only specialists are involved in providing the necessary social
assistance, but also people who are ready to do this free of charge.
Accordingly, in the field of social volunteering, digital technologies
should be actively developed. However, experts admit that so far
this process is uneven. ” The head of the analytical department of
the Agency for the Development of Social Policy of Novosibirsk D.
Lapin believes that it is necessary to create a common digital
platform in the city. Volunteers actively use various technologies,
services, gadgets in their work, but this does not happen
systematically. For solving this problem, experts propose using the
model of the all-Russian unified information system “Volunteers of
Russia” taking into account regional specifics [6].

Currently, the Pension Fund and its branches are actively
implementing federal projects: the Federal Register of Disabled
Persons and the Unified State Social Security Information System.
The unified state information system for state social insurance and
social security has been put into operation and has been successfully
operating since the beginning of 2018. The database contains
information on 52.2 million people and 100.6 million of the
measures of social support and social protection assigned to them.
The total liabilities of budgets of all levels and social funds for
payments, information about which is reflected in the information
system of social insurance and social security, is 783 billion rubles.
[11].
“The Federal Register of Disabled People and the unified state
information system of social insurance and social security allow
taking into account the whole range of social benefits for citizens
who receive state support from budgets of all levels. Both
information systems have already begun to give results to increase
the efficiency of social spending as well as the level of awareness of
people about the rights to social measures. In the future, the
Russian Pension Fund plans to develop these services to provide
more comprehensive and proactive support ” [12].

At a joint conference of the Internet Initiatives Development
Fund and the Social Insurance Fund of the Russian Federation, it
was stated that the digitalization of the social sphere is a
development trend for both the public and private segments. In
addition, the social sphere is attractive for new ideas. The
Development Director of the Internet Initiatives Development Fund
noted that the fund now has accumulated 22.5 thousand digital
startups, and most of them are socially oriented [7]. As examples,
he cited such projects as the “Button of Life” project for emergency
communication with the elderly and children, and the “Sign
language Online” - sign language translation project for the deaf.
The sign language project is a sign language terminal, terminal for
the deaf persons, which provides access to facilities of
communications for the deaf and hard of hearing persons. The
project also provides information on social services by using the
Russian sign language. It works on the platform of Windows,
Android and IOS.
The platform implements video remote
translation into sign language. This is a native language to deaf
people who live in the Russian Federation (there are more than
300,000 deaf people). The project works in 3 countries: Russia,
Kazakhstan, Uzbekistan. This allows to maximize the social effect
of the implementation of the project. The project is implemented
with the support of the Agency for Strategic Initiatives [8].

Other digital services are actively developing in the Pension
Fund of the Russian Federation, we note some of them (according
to the reports of the fund):
- in a number of regions there is a virtual customer service, it
makes it possible to remotely contact the client, to identify him, to
solve problems, including in automatically regim;
the state information systems have been created to serve the
activities of the Fund;
- the educational site for the school students “About pension for the school students” was opened (school.pfrf.ru);
- the possibility of pensions recieving through electronic
services of the Pension Fund is provided;
- the curriculum of computer literacy for retirees "ABC of the
Internet" was updated and expanded;

Dubna (Moscow Region) became the first city in Russia to
launch the “Surdo-online” service of direct and reverse translation
from Russian sign language in the field of providing state and
municipal services since October 4, 2017 [9].

- there are personal accounts on the website of the Pension
Fund and on the Portal of the State Services (the portal makes it
possible to obtain a large number of state and municipal services in
electronic form);

Network social services are actively developing in the process
of interaction between authorities and consumers of social services.
Here, as one of the leaders, the Social Insurance Fund stands out,
which forms a social information circuit for individuals and legal
entities. For individuals, it is envisaged to obtain electronic birth
certificates, electronic disability certificates, the ability to receive
information from the insured's personal account, use the services of
an electronic lawyer, and the Social Navigator resource (social
communication platform) has been created. Using the platform
makes it possible to involve volunteers in the process of providing
social services. In the future, it is planned to transfer into electronic
form a significant part of the documentation related to the receipt of
social services. Particularly noteworthy are the prospects for the

- the applications of the Pension Fund and the State Services
portal for smartphones were developed (the application for
smartphones provides access to a number of personal account
services; in 2018, 405 thousand people installed the application,
which is 55% more than in the previous year);
- databases are being created containing information on the
pension and social rights of all Russians, as well as foreign citizens
registered in the mandatory pension insurance system.
In the Fund’s report for 2017, it was noted that “in 2017, the
number of Russians who applied for a pension through their
personal account increased by 76% compared to 2016. In total,
323

"INDUSTRY 4.0" ISSUE 6/2019

about 1.7 million electronic applications for various types of
pensions were submitted to the Fund, which amounted to 58.7% of
the total number of accepted applications for assignments for the
year. At the same time, in 80% of cases the pension was issued
remotely, without a personal appeal to the territorial authority of the
Pension Fund ". According to the 2018 report, a total of 70% of all
clients receive services in electronic form [13, 14].

There one could see the project of the Unified Contact Center of
social institutions, as well as chat with a chat bot that works on the
basis of artificial intelligence. An interactive video table allowed to
get acquainted with the capabilities of the portal of the Unified State
Social Security Information System [22].
The educational system and the labor market are also changing
in the new conditions. At the beginning of December 2018, a new
profession appeared in Russia - a digital curator. His duties are to
educate everyone on the basics of using digital technology. By
2024, almost a thousand digital literacy centers should be opened in
the regions, where will be training courses to study a new specialty.
Over 6 years, it is planned to prepare at least 10 thousand curators,
who, in turn, will train 2 million people in Internet literacy. In
December 2018, the preparation of the first group of specialists
began. So far only in Moscow - on the basis of the research
institute of the Ministry of Labor. Training will take place
according to the established professional standard. To confirm the
qualifications, students will need to pass a qualification exam [23].

In Moscow, the information system "New Quality of Life",
focused on social support for people with disabilities, is
functioning, where all services for people with disabilities are
aggregated, benefits are systematized, there are sections related to
obtaining the status of a person with disabilities. There are sets of
information about technical means of rehabilitation, escort services,
transportation services. Also the map of organizations, providing
social services by type for free and for a fee, are represented. The
map can be seen both state and non-state organizations [15]
In the regions innovative ideas in the social sphere are also
being introduced, for example, Studenikin N.V.
notes the
experience of the Khanty-Mansiysk Autonomous Okrug, where a
project is being implemented to create a portal of social services,
which can provide social interactions between recipients and
providers of social services (social taxi, nurse services, foster care
for the elderly, childcare, sign language interpreter) and the
possibility of feedback - for quality control of the provision of
services [16].

4. Results and discussion
An analysis of existing practice has shown that currently the
processes of digitalization of the social sphere are underway in the
Russian socio-economic system. The initiators of the processes are
government bodies, public organizations, social entrepreneurs.
Both federal digital portals and platforms, and regional digital
services are being formed.

In Rostov, the “Talking City” service on the smartphones has
been introduced for blind people, for orientation in a transport
traffic and in social service organizations [17] .

However, the mutual exchange of experience and the
dissemination of the most effective practical models are not
intensive enough. Each region, apparently, takes its own way,
forming a regional model of digitalization. At the same time, the
analysis and dissemination of experience, the formation of standard
models for the use of digital services in the social sphere would
allow avoiding excessive spending of funds. Despite the large
number of discussion platforms, there is a certain duplication of
information, which is manifested even in the names of events. It
would be advisable to create an aggregated information base of the
regional experience of digitalization of the social sphere, where
regional models of relations between the authorities and the
population using digital technologies as well as successful practices
of public organizations and entrepreneurs in social innovations
should be presented.

Prospects for the development of digital services in the social
sphere are actively discussed at conferences, forums, meetings. So,
in June 2019, in the Zhiguli Valley technopark (Togliatti), a
regional forum of social innovations “Digitalization; National
projects; Social protection" was held [18]. It was discussed issues
of interaction between government and business in the processes of
digitalization of the provision of social services in the Samara
region, social aspects of the introduction of digital technologies.
In particular, the experience of social innovations of Ufa was
presented. In Ufa, with the funds of the Presidential Grants Fund,
the project “Interactive Consultant: Help finding social support
measures” was realised. The project provides an opportunity to
receive online consultation on the rights to social support measures
provided by the Republican Center for Social Support of the
Population [19]. A person can received information on possible
measures of social support depending on the specific life situation,
as well as on the territorial location, hours of work of organizations
that need to be contacted for this kind of social help. In addition,
one can calculate the amount of benefits, subsidies, tax deductions.

Entrepreneurs involved in the development and implementation
of digital services in the social sphere, implementing social
innovations, face a lack of support. This is due to the fact that the
criterion for obtaining support is commercial success, quick
payback, so it is difficult to compete with ordinary enterprises.
However, the market for goods and services for the population in
need of social protection is not so wide [24]. Moreover, in some
cases, the state itself is the consumer. Therefore, a special approach
is needed to support enterprises of this type.

On the forum developments related to the use of digital
technologies to improve the quality of life of people with limited
mobility were also presented , in particular, a unique development
for orienting in the room space using a conventional sensor on a
mobile device [20]

The state currently stimulates entrepreneurs in the field of social
innovation. For example, the Innovation Promotion Fund has been
created. This Fund has identified the following key areas of social
innovations for the aim of competitive selection of enterprises for
their financing:

In the Samara region there is a social portal (under the Ministry
of Social, Demographic and Family Policy of the Samara Region).
Such services are presented there: the “find out your benefits”
service, which informs users about the possibility of receiving
social assistance; the service for booking trips to children's camps.

“• Means of ensuring the availability of social infrastructure and
services for senior citizens, people with disabilities, people with
limited mobility and other socially vulnerable groups;

At the federal level, attempts are also being made to generalize
the experience available in the regions. At the III Forum of Social
Innovations of the Regions, which was held on June 19-21, 2019,
there was the session "Information Technologies and the Digital
Transition in the Social Sphere". The Forum brought together more
than 3,000 participants from all subjects of the Russian Federation
[21]. Within the program of the Forum, an exhibition was held at
which a joint information stand of the Pension Fund of Russia, the
Ministry of Digital Development, Communications and Mass
Communications, Sberbank and Russian Railways was presented.

• Hardware and software systems and technical means to
improve the quality of life and ensure the life safety of elderly
citizens, people with disabilities, people with limited mobility and
other socially unprotected groups of the population;
• Systems and equipment to improve the accessibility and
quality of education, training and access to information for senior
citizens, people with disabilities, people with limited mobility and
other socially vulnerable groups;
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• Medical products for rehabilitation for senior citizens, disabled
people, people with limited mobility and other socially unprotected
groups of the population, including technical means of
rehabilitation» [мик ].

Protection of the Social Insurance Fund of the Russian Federation.
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At the same time, digital services as social innovations are not
yet considered separately for giving the state financial support,
which indicates a possible underestimation of this aspect by
government bodies.

5. Conclusion
Thus, innovative approaches to the development of social
sphere are associated with the development of social services,
information systems, digital platforms.
The state pays great attention to the digitalization of the social
sphere, gives great funds of financial resources for these proposes.
At the same time, various public organizations are developing
digital services, which allows involving volunteers in the process of
providing social services, taking into account the needs of the
population more fully, and organizing quality control of services.
Social entrepreneurs, in turn, offer innovative solutions in the field
of goods and services for the elderly, for the disabled, on the base of
the capabilities of digital technologies using. These processes are
developing with high dynamics, in parallel to each other.
At the same time, the combination of efforts of the state,
business, civil society, could contribute to obtaining a synergistic
effect for the development of the social sphere. This requires a
change in approaches to the competitive selection of enterprises for
grants and subsidies if they are realised social innovations. It also
requires a extending the information support for digital social
projects, dissemination (replication) of successful experience of
enterprises, public organizations in the provision of social services.
In addition, it is necessary to more actively educate older users in
order to engage them in a digital social space.
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Abstract: The article deals with the development of human capital through training specialists in innovatively oriented specialties
and applicants’ selection of specialities by different criteria. There is presented the argumentation of the criterion of education cost, in other
words the cash (financial) flow from the family of the consumer of educational services when choosing the university for studying
innovatively oriented specialties. These specialties include Bachelor’s Degree Programmes in Materials Science and Engineering, a number
of Computer Science degree programmes, namely Computer Science, Computer Engineering, Systems Analysis, Information Systems and
Technology. In order to achieve the goals of the study, the typology of Ukrainian universities, which implement educational programmes in
the studied specialties, is deepened. Comparison of bachelor’s programmes in several selected specialties on the criterion of the cost of
studying in Ukrainian universities is made. The cost of one of the study programmes of Ukrainian as compared with foreign universities of
Austria, Bulgaria, Germany, Poland and Russia, has also been analysed.
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industry, the creation of new metallic alloys in the metallurgy opens
up new opportunities in mechanical engineering. New design
solutions for machines, mechanisms, devices, computers rely
heavily on new materials. The innovative nature of the industry’s
development of new materials structures, the production and use of
metals and non-metallic structural materials is a factor in training
material science professionals. There are specialties of machinebuilding profile that are directly related to parts forming, assembly
of components, assemblies, machines, etc. Production
computerization requires the availability of a complete set of related
hardware and software. However, the training of bachelors in these
groups of engineering and computer specialties requires a strong
material and technical basis and highly qualified scientific and
pedagogical staff of the University. These requirements influence
the choice of entrant to study at the university. However, according
to our research, there are other criteria for choosing a university.

1. Introduction
The human capital category is an important contemporary
characteristic of not only the individual - the bearer of that capital,
but also of the state. Every individual, having acquired certain
knowledge and skills, both general and professional, enriches
himself and acquires additional intellectual capital. However, every
workable, and even more so, working person raises the human
capital level of the enterprise (institution or organization) where he
or she puts in their labor efforts and uses the acquired capital.
Therefore, through its activity in a certain group, people increase
human capital in society and in the state. It is well known, and
numerous publications confirm this [1; 2; 3 and others], that this
concept was introduced and developed in the 1960s by G. Becker
[4], T. Schultz [5], S. Kuznets [6]. It is the application of this
category that makes it possible to comprehensively evaluate and
compare different countries in their development using the Human
Capital Index [7] or the Human Development Index [8].
The educational level of the population is undoubtedly
one of the most important components of the country’s human
capital. Education is not only recognized as a factor that
significantly affects the economy, culture, health of people and
entire nations. The educational level is a factor in the growth of
professional knowledge, skills of employees. In turn, the whole set
of consequences of the growth of professional skills affect the
economic growth of the country. This is noted by researchers from
different countries [9; 10; 11; 12 and others]. At the same time, in
today’s context, it is important not just to educate people, but to
have workable individuals with innovative knowledge and skills.
It is possible to speak about mutual influence of
innovative tendencies of workers and development of the economy.
The level of economic development determines the possibility of
forming an advanced and effective education system. Instead,
advanced education enables the development of research that
underpins a competitive economy.
The current state of the economy is mainly determined by
advances in materials, technologies for their production and
transformation into the required goods. This means that the training
of specialists in materials science, mechanical engineering leads to
many of the necessary professions. Digitization, IT development are
also signs of a high level of human capital in the country. However,
it should not be forgotten that the IT sphere should use state-of-theart facilities that are entirely material - supercomputers produced by
machine-building enterprises with super-modern materials. This is
especially true of processors and storage media.
The modern economy is developing largely due to new
materials. The emergence of synthetic materials in the chemical

2. Proposed methodology of national and interstate
comparative analysis of universities, where the bachelors of
studied groups of mashine building and computer specialties are
trained
To compare universities by any criterion, it is necessary to
deepen the typology of universities by branch, or by type of
economic activity of future specialists. As for the criteria by which
an applicant should choose a university for future study, they are
well known. There are enough publications devoted to researching
and determining the criteria for choosing a higher education
institution. Among them there are the following [1-11].
Researchers [1] have identified the criterion of ―quality of
higher education‖ as the main criterion for choosing a university.
This was stated by 53% of respondents. The study [2] noted a fairly
high level of entrants’ confidence in information from the Internet.
19% of the respondents testify to this. A small number of studies do
not indicate the importance of the criteria, but simply give a list of
sequential steps to make the choice of higher education [3; 6; 7]. At
the same time, such steps are not only an orientation to the
university itself [6], but also to the prospects of a particular
specialty [7]. A number of researchers prefer not so much the
criteria for choosing a university, but rather emphasize the benefits,
salient indicators of education and research that are reflected in the
rankings of certain universities. Such studies have been conducted
in particular for the Taras Shevchenko National University of Kyiv
[5], the Kyiv National University of Culture and Arts [4], National
Technical University ―Kharkiv Polytechnic Institute‖ [10].

326

"INDUSTRY 4.0" ISSUE 6/2019

National Technical University of Ukraine ―Igor Sikorsky
Kyiv Polytechnic Institute‖
National Metallurgical Academy of Ukraine
National University of Transport
Lviv Polytechnic National University
National Technical University ―Dniprovsk Polytechnic‖
Azov State Technical University
Pridneprovsk Academy of Civil Engineering and
Architecture
Sumy State University
Kharkiv National Highway University
Central Ukrainian National Technical University
Cherkasy State Technological University
* According to data of universities in August 2019.

Some studies mention the selection criteria for foreign
universities, in particular [8; 9].
Research on the sectoral profile of universities is of great
interest [11]. It outlines a sectoral typology of universities.
However, the author does not differentiate higher education
institutions in so much detail as to reflect exactly the profile of
engineering and computer science,.
We have chosen to consider the problem of human capital
development as the final and desirable result for the socio-economic
development of the country, depending on the training of specialists
in innovation-oriented specialties. Awareness of the importance of
qualitative training in the field of engineering and computer
specialties leads to the need to take into account the cost of training,
which is determined by the high prices for modern equipment,
equipment, software, supplies (for specialties in materials science,
gas engineering etc.). Thus, we came to the conclusion that it is
important to study the problem posed by the price for studying
factor. Of course, the price for studying alone cannot give an
answer about the quality of the educational process, its material and
technical base. However, it is an objective cost features of the
university’s potential, as the university itself evaluates its ability to
train a specialist in each occupation.
It is also important to realize that the price of an
educational service is influenced by the regulatory framework of
pricing for educational services, as well as by a complex of market
factors. The state determines, through indicative prices, the
indicative need for financial support of the educational and
scientific process in the universities of the country. Such legal
regulation means establishing the minimum or average level of
financial (cash) flow (price) required for the education of one
student of the relevant specialty. Ukraine has been debating for
several years the introduction of such a statutory level of payment
for university education services. In the context of considering
different (by directions and nature of pricing) educational services,
one could call such cash (financial) flow incoming to universities
and outgoing to payers – students’ families or individuals receiving
education.
With regard to a complex of market factors, it includes
not only the cost of elements of the logistics of the educational
process. Each university must take into account the solvency of
potential consumers of educational services and competitive
influences from other universities that are training in similar
specialties. With regard to assessing the solvency of consumers of
educational services in Ukraine, we have determined the level of
average remuneration for it. For comparison with foreign
universities it is important to determine the price in foreign currency
for which we chose euro currency. The exchange rate, which can
change at any time, as evidenced by the dynamics of foreign
exchange rates in Ukraine in August-October 2019, is deliberately
chosen by us on the date that precedes the academic year. In fact,
this is the date of payment of applicants before enrolling in
universities in Ukraine.

The above presented list of universities, which provide
Bachelor degree in engineering and computer science, is not
exhaustive. Instead, these universities are the leading technical
majors in their respective regions.
4. Solution of the examined problem
Considering the uneven income, the cost of education
should be considered one of the main criteria for choosing a
university by Ukrainian citizens. In other words, cash flow is
unstable for the family of the consumer of educational services,
both in volume and timeliness of receipt. This is despite the fact that
75% of respondents consider it possible to study on a fee-for-tuition
basis [1]. Such consent is dictated by the small amount of tuition
fees dated August 2019, which we can see in Table 2. It is possible
to apply such statement to the previous years as well. Considering
the direction of our research, namely the consideration of problems
of human capital development from the point of view of individuals
receiving education, the titles of the tables indicate "tuition fees"
also as source cash (financial) flows for consumers of educational
services
Table 2
Tuition fees (initial cash (financial) flow for consumers of
educational services) for the first year full-time course in Ukrainian
higher education institutions: specialty 131 – Applied Mechanics,
132 – Materials Science, 133 – Industry Mashine Building for
Entrants 2019 *
Higher education
Tuition fees **
institutions
Hryvnia
Euro
Donbass State
13,200.00
476.02
Engineering Academy
Donetsk National
13,850.00
499.46
Technical University
Zaporozhye National
6,950.00
250.63
Technical University
Ivano-Frankivsk National
12,600.00
454.38
University of Oil and Gas
National Technical
15,000.00540.93 –
University of Ukraine
18,800.00
677.97
―Igor Sikorsky Kyiv
Polytechnic Institute‖
National Metallurgical
9,200.00
331.77
Academy of Ukraine
National University of
9,300.00335.38 –
Transport
10,400.00
375.05
Lviv Polytechnic National
10,800.00
389.47
University
National Technical
11,600.00418.32 –
University ―Dniprovsk
12,000.00
432.74
Polytechnic‖
Azov State Technical
13,600.00
490.44
University
Pridneprovsk Academy of
9,300.00335.38 –
Civil Engineering and
9,770.00
352.33
Architecture

3. Prerequisites and means for solving the problem
An important aspect of the study is the deepening of the
topology of the universities of Ukraine by the groups of
engineering and computer specialty. Relying on determining the
profile of universities [11], we have investigated the composition of
the leading universities in Ukraine, which train Bachelors in these
specialties. The list of such universities is shown in Table 1.
Table 1
Ukrainian Higher Education Establishments that Provide Bachelor’s
Degree in mashine building and computer specialties in 2019 *
Higher education institutions of Ukraine
Donbass State Engineering Academy
Donetsk National Technical University
Zaporozhye National Technical University
Ivano-Frankivsk National University of Oil and Gas
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Sumy State University
Kharkiv National
Highway University
Central Ukrainian
National Technical
University
Cherkasy State
Technological University

15,000.00
11,100.00

540.93
400.29

11,440.0012,680.00

412.55 –
457.27

16,200.00

584.20

Civil Engineering and
Architecture
Sumy State University
Kharkiv National
Highway University
Central Ukrainian
National Technical
University
Cherkasy State
Technological University

* According to data of universities in August 2019.
** According the exchange rate 27.73 UAH / EUR on 27.08.2019
[12]

10,980.00

395.96

18,000.00
11,100.00

649.12
400.29

15,880.00

572.66

16,200.00

584.20

* According to data of universities in August 2019.
** According the exchange rate 27.73 UAH / EUR on 27.08.2019
[12]

Analysing the range of prices for the training of bachelors
majoring in Applied Mechanics, Materials Science, Industry
Mashine Building in Ukrainian universities, the following should be
noted. First, if you look at the hryvnia national currency prices, they
are not too huge. According to the official data of the Ministry of
Finance, the average salary in June 2019 amounted to UAH
10,783.00 [13]. Secondly, if you compare the cost of educational
services by region, you can note that the highest price is in the
central Ukraine: 18,800.00 UAH at the National Technical
University of Ukraine ―Igor Sikorsky Kyiv Polytechnic Institute‖.
The second largest payment is in Cherkasy State Technological
University – 16,200.00 UAH. The lowest price is 6,950.00 UAH in
Zaporizhia Polytechnic, which is difficult to explain. After all,
industry in the south of Ukraine is functioning and specialists in
applied mechanics, materials science, industry engineering are
indispensable for the whole complex of machine-building and
metallurgical enterprises. This need is explained not only by the
presence of purely machine-building enterprises, but also by the
need to provide repair, energy, transport, tool shops, units of nonstandard equipment and others for enterprises of different
industries.
As far as the tuition fees for Ukrainian specialties in
computer majors are concerned, the data are presented in Table 3.

The modern economy, as well as the society, is
developing in the era of digitalization (or digitization). It is
recognized that in the nearest future, almost all processes of life,
and especially technological processes in enterprises will be directly
controlled by computer systems. According to some experts, a man
will still have the function of forming the necessary software for
these systems for a certain time period. Understanding this
perspective leads to awareness of the need for training in computer
science. This trend of human capital development is gaining
ground. It is extremely popular with entrants. Of course, our
research cannot bypass the training of specialists in this field.
Comparing the prices for training in the specialties of
Computer Science, Computer Engineering, Systems Analysis,
Information Systems and Technologies with the price for training in
the fields of Applied Mechanics, Materials Science, Industry
Mashine Building, you can see their difference for the greater part.
It should now be acknowledged that higher prices are influenced by
higher demand from entrants, their vision of prospects for further
employment and, as they see it, a decent wage.
However, as in the group of specialties in mechanical
mashine building and materials science, the highest price for the
group of computer specialties is at the National Technical
University of Ukraine ―Igor Sikorsky Kyiv Polytechnic Institute‖,
which ranges from 23,600.00 UAH up to 30,600.00 UAH for some
specialties. The lowest price for this group of specialties is 6,950.00
UAH in Zaporozhye National Technical University.
If compared in European currency, it is certainly worth
looking at the cost of training the bachelors by the studied
specialties at foreign universities. Let’s consider the specialty
―Material Science‖ in higher education institutions for comparison:
in Austria (Vienna University of Natural Resources and Applied
Natural Sciences), Bulgaria (Sofia Technical University, Varna
Technical University), Germany (Dresden Technical University),
Poland (Mining and Metallurgical Academy, St. Warsaw
Polytechnic University), Russia (Russian Technological
University). The data are shown in Table 4.
Table 4
Tuition fees (source cash (financial) flow for consumers of
educational services) on a full-time basis at foreign higher
education institutions in the specialty 132 Materials Science for
Entrants 2019

Table 3
Tuition fees (initial cash (financial) flow for consumers of
educational services) for the first year of full-time studies in
Ukrainian higher education institutions in the specialties 122
Computer Science, 123 Computer Engineering, 124 System
Analysis, 126 Information Systems and Technologies for Entrants
2019 *
Higher education
Tuition fees **
institutions
Hryvnia
Euro
Donbass State
13,200.00
476.02
Engineering Academy
Donetsk National
18,360.00
662.10
Technical University
Zaporozhye National
6,950.00
250.63
Technical University
Ivano-Frankivsk National
15,800.00 569.78 –
University of Oil and Gas
16,200.00
584.20
National Technical
23,600.00851.06 –
University of Ukraine
30,600.00
1103.50
―Igor Sikorsky Kyiv
Polytechnic Institute‖
National Metallurgical
10,500.00
378.65
Academy of Ukraine
National University of
12,600.00
454.38
Transport
Lviv Polytechnic National
16,000.00 –
576.99 –
University
19,000.00
685.18
National Technical
12,700.00457.99 –
University ―Dniprovsk
14,900.00
537.32
Polytechnic‖
Azov State Technical
13,600.00
490.44
University
Pridneprovsk Academy of
10,430.00376.13 –

Higher education institutions

Tuition fees **
Euro

Akademia Górniczo-Hutnicza im.
Stanisława Staszica [17]
Dresden
University
of
Technology (TUD) [18]
Lublin Polytechnic [19]
Russian University of
Technology [20]
Sofia Technical University [21]

328

Hryvnia

2,000.00

55,460.00

532.00

14,752.36

1,200.00

33,276.00

3,038.00

84,243.74

669.50

18,565.24
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Varna Technical University [22]
Vienna University of Natural
Resources and Applied Natural
Sciences [23]
Warsaw Polytechnic University
[24]

164.84

4,571.00

760.00

21,074.80

2,000.00

55,460.00

bachelors in the specialty 132 ―Materials Science‖ and other
specialties shows a significant difference between the individual
universities. The interpretation of this situation has several
explanations and several consequences.
As for the explanations for Ukrainian universities, some
of them do have a much more expensive and more efficient material
and technical base, which requires some more expensive operation
and maintenance. Therefore, the cost of training is higher. If we talk
about foreign universities, there is a higher cost of machinery and
equipment, raw materials and materials, and higher salaries of
teachers and support staff. However, in some foreign universities
the cost of preparing a bachelor’s degree by the studied specialties
is comparable to Ukrainian universities.
When talking about the consequences, we should note the
following. Firstly, there were opposing opinions among Ukrainians.
Some believe they are better educated when the payment is higher.
Others do not regard the price factor as an indicator of the quality of
education. As a result, the choice of university depends on the
applicants’ parents’ opinion.
Secondly, there is a view that foreign education is better
because there is more modern equipment, advanced innovative
technologies. Of course, the value indicator, if it is the chosen
criterion for deciding on the university to study at, does not show it.
Training programmes of foreign universities and staff composition
should be studied in greater detail. This is also true while choosing
domestic universities.
Thirdly, cash outgoing (financial) flow for the educational
consumer’s family is an important criterion when choosing a
university. This will be more noticeable after the transition of the
Ukrainian higher education institution to new funding principles,
when the number of universities receiving budgetary funding will
be reduced and the vast majority of higher education institutions
will be retained at the expense of individuals.

* According to data of universities in August 2019.
As not all universities have prices quoted in euros, we
have carried out corresponding transfers of Bulgarian levs, Russian
rubles into euros according to the indicators of their national central
banks. In particular, such data are: the Bulgarian Lev to Euro
exchange rate in August 2019 is 0.5072 Euro per Lev [14]. The
ruble to euro as of 08/28/2019 according to the Central Bank of
Russia was 72.83 rubles / euro [15].
It should also be noted that different sources indicate
different prices for training. In particular, this concerns the price of
tuition at Sofia University, which, according to the website of this
university, we have received, is 1320.00 levs, which equals 669.50
euros. Instead, information from the National Technical University
of Ukraine ―Igor Sikorsky Kyiv Polytechnic Institute‖, which has
relevant agreements on training specialists of different specialties,
shows an approximate sum (apparently average cost of studying at
Bulgarian universities) of 1,500.00 Euro [16]. The very averaging
of the data explains the significant difference with the data of the
site of Sofia University. Although, in certain circumstances, given
the first payment, the cost of living, meals, insurance, visa and
transportation and other expenses of the student, this sum may well
amount to approximate estimates of the cost of training and related
costs.
There is also a certain assumption about the specialties at
Bulgarian universities, where we take the specialty ―Mechanical
Mashine Building and Engineering‖ at Sofia University and the
branch of "Engineering Sciences" at the University of Varna. This is
due to the fact that the websites of these universities do not
explicitly refer to the specialty ―Materials Science‖, which can be
explained by differences in national classifications of specialties.
At the Russian Technological University, the specialty is
called ―Materials Science and Materials Technology‖.
Differences in the names of specialties or branches of
science have national characteristics. Instead, the content and focus
of the bachelors training is of great importance. It is the content of
the named specialties in different countries that has similarities,
which determine the uniformity of filling their curricula, at least
approximate uniformity of logistics, qualification of scientific and
teaching staff. This allows you to compare the cost of their training,
which should reflect the prices for studying.
For some simplification of perception by Ukrainian
specialists, we have shown prices at European universities not only
in Euros but also in UAH.
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