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COGNITIVE STYLES AFFECTING THE PERFORMANCE OF RESEARCH AND
DEVELOPMENT (R&D) EMPLOYEES IN THE ERA OF INDUSTRY 4.0
Prof. Dr. Afşin Güngör1 , PhD. Student Gözde Toprakcı Alp2
Faculty of Mechanical Engineering - Akdeniz University, Turkey1
Faculty of Social Policy and Labor Relations- Akdeniz University, Turkey2
afsingungor@hotmail.com, toprakcigoz@gmail.com
Abstract: Cognitive style is how people think, based on certain attitudes, perceptions and personality orientations. Cognitive styles
are considered as basic elements for successful performance. Cognitive style is thought to predict performance in two ways: by
allowing employees to quickly learn job-related knowledge and by processing information resulting in better decision making. But
cognitive styles have received much less attention than they deserve, given their importance to employee’s functioning. The
relationship between cognitive style and performance is not completely understood in scientific research. In this context, the thinking
styles and performances of people working in Research and Development (R & D) departments such as other work places are
determined by these cognitive styles, and it is important to research this in the era of Industry 4.0.
Keywords: COGNITIVE STYLES, JOB PERFORMANCE, R & D EMPLOYEES, INDUSTRY 4.0.

Cognitive style is defined as “consistent individual
differences in preferred ways of organizing and processing
information and experience” [3]. In other words, cognitive style
refers to “the information processing style of individuals and is
usually seen as a dimension ranging from the analytic pole where
individuals process information step-by-step to the intuitive pole
where individuals process information in more holistic ways
based on their feelings and wider perspectives” [2]. Cognitive
style refers to the differences in perception, problem solving,
learning and contact better relationships and communication.

1. Introduction
The trend of automation and data exchange in manufacturing
technologies, called Industry 4.0, impacts the organizational
processes as well as the role of the R & D employee. R & D
companies need to identify their competence gaps and fill them
efficiently. Employees can have their own aspirations regarding
their lifelong professional development and plan them
accordingly thanks to cognitive styles.
A proper analysis and interpretation of the big data in the R
& D area can improve our understanding of learning processes as
well as effectiveness, efficiency and attractiveness of learning
and training at the workplace, making them more authentic and
thus also more motivating, which is crucial. “Another important
aspect is a better understanding of the user needs and objectives
that should enable a higher quality in personalization and
adaptation of learning and training experiences, as well as
cultivation of metacognitive skills” [1].

Cognitive styles are related to the way that individuals
interpret and approach the problems as well as how they learn
and how they form their relationships with others. Messick, states
that, “cognitive styles are usually conceptualized as characteristic
modes of perceiving, remembering, thinking, problem solving,
and decision making, reflective of information-processing
regularities that develop in congenial ways around underlying
personality trends” [4].
Individuals's cognitive style is his/her preferred way of
gathering, processing, and evaluating information both in
individual and organizational terms. It influences how
individual's brain scans different environments for information,
how he/she organize and interpret that information, and it
ultimately guides his/her behavior.

Today’s conditions are now being transformed into the new
circumstances of the transition towards Industry 4.0, which is a
big challenge. The organizational and technical changes imply
regularly updated and dynamic competence profiles of
employees, requiring requalification through cognitive styles
directly at the workplace. This development calls for increased
communication skills and performance of employees, as well as
new abstraction and problem solving competences. Therefore a
cognitive style might have implications for ways of learning,
emotional expression, problem-solving, management and
leadership styles, conflict management and stress management,
or coping styles. Both successes and failures that have been
attributed to abilities are often due to cognitive styles. Cognitive
styles are considered as basic elements for successful
performance. Memory, attention, reasoning ability, speed of
information processing and knowledge are broad examples of
these basic elements of performance. Cognitive style is thought
to predict performance in two ways: by allowing employees to
quickly learn job-related knowledge and by processing
information resulting in better decision making. But cognitive
styles have received much less attention than they deserve, given
their importance to employee’s functioning.

There are several different cognitive styles; however, in this
study, we’re going to focus on two general categories:
“Analytical (Thinking) and Intuitive”.
Analytical Thinkers; Analyticals prefer logic and an ordered,
linear focus on detail. The key word here is analysis. Analyticals
can be split into two styles:
Knowing Style; This person prefers logical, impersonal
information processing. They value accuracy and making
informed decisions based upon a thorough analysis of facts and
rational arguments.
Planning Style; This person is attracted to structure, searches
for certainty, seeks feedback from others in more powerful
positions, and prefers a well-organized environment. They like to
make decisions in a structured way and are mostly concerned
with process efficiency (being able to measure the degree of
success of a process).

2. The Concept of Cognitive Style
Cognitive style is “widely recognized as an important
determinant of individual and organizational behavior in the
psychology literature, playing vital roles in individual and
organizational workplace actions, processes and routines” [2].

Intuitive Thinkers; Intuitives take a holistic approach,
viewing an environment or situation as a whole. Their word is
synthesis. Intuitives or Creatives tend to make decisions based
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primarily on intuition, relying on objective data as a secondary
approach. They often seek feedback from a broad range of
sources [10].

opportunities to be principal investigator in service projects than
type individuals [9].
Thus the direct and indirect effects on the job performance of
cognitive style include; “Leadership skills, interpersonal skills,
how you learn, solve problems, and make decisions, ability to
work within a team and with different groups of people, ability to
transition from one task to the next, ability to adapt to change,
especially in a fast-paced work environment, fulfillment level at
work” [10]. A cognitive style is neither right nor wrong;
however, there may be aspects of individual's cognitive style that
help or hinder he/she at work.

“Humans are complex beings, and most of them are capable
of both the analytical and intuitive forms of reasoning. So while
most people aren’t 100% one or the other, they are likely
predisposed to or prefer a particular cognitive style. And even
then, the degree can vary from person to person, like on a
continuum. Those who fall in the middle are called adaptive
thinkers” [10].

3. The Effects Of Cognitive Styles On Employee
Performance (R&D Employees)

Understanding individual's own cognitive style can help
he/she improve his/her leadership and interpersonal skills, help
he/she adapt to the challenges he/she face at work, and make
he/she happier with his/her job. For employers, an awareness of
the different cognitive styles can help he/she understand his/her
employees better, as well as determine whether an employee (or
prospective employee) is the right person for the job, or if
individuals are a good fit for his/her company culture. This is
also true for the culture of the R & D companies [10].

Given that the core task of R & D workers is to initiate
technological innovation and develop new products, their
cognitive style or basic orientation to problem solving may play
an important role in shaping their job perceptions, performance
and turnover. Cognitive style is a “personal disposition that
orients individuals towards a particular way of thinking and
problem solving [5] which has critical implications for their
organizational adjustment” [6]. In this regard, “one of the most
widely used frameworks is Kirton’s adaptation–innovation (KAI)
theory”. Kirton (1976) proposed that “individuals can be located
on a continuum of cognitive style ranging from adaptive to
innovative” [7]. This cognitive style is considered to be stable
over time. Adaptors prefer to operate within consensually agreedupon paradigms and are skilled at improving current ways of
doing things. In contrast, innovators are more likely to
reconstruct a problem and tend to perceive the existing paradigm
as part of the problem [8].

4. Discussion
In this study, the effects of the cognitive styles of the
professionals in R & D centers on their individual and
organizational performance and productivity are discussed.
Research has shown, and it stands to reason, that the more
closely related a person’s cognitive style is to the task demands at
work, the better their job performance will be. Understanding
employees' cognitive styles can help their convey information
more effectively in both individual and organizational terms.
This can be very helpful for people in employee and leadership
positions at the R & D centers. Cognitive style of the employees
help with the demands of their position and help them be more
productive – and happier – which of course benefits the
organization as a whole in the workplace.

With rapid technological developments and increasing global
competition, recruitment, retention of talented, performance and
productivity of R & D personnel is important agenda in many
organizations, particularly in technology and research based
companies.
Whereas successful R & D activities often rely on “a small
number of highly capable and successful members, existing
studies of R & D workers have for the most part been based on
technicians or entry-level engineers who may not typically make
a critical impact on the direction and outcomes of corporate R &
D activities” [8].

It’s important to develop the skill of cognitive styles and
technical styles. People who lack these abilities are more rigid in
their approach and therefore unable to adapt to certain
environments. This can affect individual's work life and personal
life. The opportunities that cognitive styles offer to employees
include: flexibility in terms of cognitive, more easily adapt to
change, step outside his/her preference to see another’s
perspective, transition from one important task to another,
problem-solve in an efficient, flexible manner, think before
he/she act, adapt to a changing innovation and technological
environment. Someone with cognitive styles has the ability to
reason and process information using both the intuitive and
analytical types and will be able to draw upon the skills necessary
for a given task at the R & D centers.

Result of the Wang, Wu and Horng's (1999) study indicated
that “creative thinking ability and cognitive type were related to
their subjects' R & D performance”. Accordingly their (1999)
study “specifically speaking, fluency and originality of an R & D
worker's creative thinking ability were related to his/her
productivity on the first-autored technical report and the firstauthored paper publication; whereas thinking type of cognition
was related to the productivity of the first-authored service
project and performance rating” [9]. These researchs may shed
some light on the nature of R & D activities in this R & D institue
in particular and the relation among creavity, cognitive type and
R & D performance.

Both cognitive style and ability affect performance, but
researchers emphasize the importance of distinguishing the two
concepts. Ability-related factors led themselves better to
measurement. On one hand, “performance usually improves as
the ability needed for that particular task improves or increases”.
Cognitive style, on the other hand “can facilitate or inhibit
optimal performance of a task [13]. The relationship between
cognitive style and performance need not be exclusive”. If
analytic information processing is strengthened as a result of
exposure to situations where analytic information processing is
facilitated or is experienced in effective ways, then the impact on
performing a particular task requiring similar information
processing may be positive. Previous exposure to situations that
disclose analytic thinking may facilitate an individual's
adjustment to new situations [13].

This research (1999) “separates the cognitive types of R & D
workers in two; as feeling and thinking individuals”. According
to their research “feeling individuals are more sensitive to other's
needs and tend to be sympathetic, relating well to most people.
This link is a quality important to success in teamwork”. On the
other hand, thinking individuals prefer logical structures and are
analytical and insensitive to personal feeling. The result of this
study suggests that, “the nature of R & D works of the companies
may fit better with the thinking type”. The link between cognitive
type and R & D performance is that thinking type individuals
tend to receive higher performance ratings and have more
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INDUSTRY 4.0: EMERGING CHALLENGES FOR DEPENDABILITY ANALYSIS
Andrey Morozov1, Silvia Vock2, Kai Ding1, Stefan Voss2, Klaus Janschek1
Institute of Automation, Faculty of Electrical and Computer Engineering, Technische Universität Dresden, Germany 1
Federal Institute for Occupational Safety and Health (BAuA), Dresden, Germany 2
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Abstract: Industry 4.0 brings new challenges for the quantitative methods for the evaluation of system dependability properties such as
reliability and safety. In this paper, we recall relevant Industry 4.0 and dependability concepts and provide an overview of available
reliability and safety metrics and evaluation methods including event trees, fault trees, reliability block diagrams, and more sophisticated
dynamic methods based on Markov chain models. The special focus is on the model-based application of these methods. The paper discusses
several common MBSE paradigms, such as UML/SysML, AADL, and Simulink, that can be employed in the context of Industry 4.0 and allow
automated generation of the dependability evaluation models. Finally, we discuss how the Industry 4.0 increases system complexity, justify
what kind of dependability evaluation methods are required, and what limitations we still need to overcome.
Keywords: DEPENDABILITY, RELIABILITY, SAFETY, MODEL-BASED ANALYSIS, INDUSTRY 4.0, CYBER-PHYSICAL
SYSTEMS
The ultimate objective for a design for dependability can be
stated simply as ―appropriate robustness of system operation against
threats‖. As a consequence, the fundamental questions to be
answered are: ―What kind of dependability models to use?‖,
―Where to get data to feed these models?‖, and ―How to integrate
dependability analysis into the system development process?‖. We
address these questions in the next two sections.

1. Industry 4.0 Concepts
Industry 4.0 is the modern trend of automation and
manufacturing technologies that fosters "smart factories", groups of
interconnected intelligent Mechatronic and Cyber-Physical Systems
(CPS) that communicate in real-time, cooperate with each other and
human operators [42].
A mechatronic system is classically characterized by two
inherent key properties: (i) synergistic spatial and functional
integration of heterogeneous subsystems (mechanical, electronic,
information processing) and (ii) closed action chain (physical
feedback) requiring well-working interaction at functional and
technological levels.

3. Dependability evaluation methods and metrics
Components and systems: Dependability properties of atomic
system components can be described using multiple metrics
including, the probability of failure, failure rates, Mean Time To
Failure (MTTF), Mean Time Between Failures (MTBF), Failures in
Time (FIT), etc. This information is either provided by the
component producers or can be found in commonly used
component reliability prediction guidelines like FIDES [2], NRPD
[3], or MIL-HDBK-217F [4]. MTBFs and FITs are the most
common metrics. The challenge is that this data strongly depends
on multiple factors and it‘s hard to find reliability metrics that are
suitable for particular system operation profile and can be trusted.
Also, these metrics are usually generic, in terms that it is almost not
possible to find separate metrics for different failure modes of a
component. Based on the component reliability metrics, system
reliability can be evaluated using the methods discussed below.

A CPS is an advanced mechatronic system or a system of
distributed and networked mechatronic systems with a strong
software part and complex communication protocols. Physical and
software (cyber) components are deeply intertwined, each operating
on different spatial and temporal scales, exhibiting multiple and
distinct behavioral modalities, and interacting with each other in a
myriad of ways that change with context.
Finally, human-in-the-loop is an inherited concept that shares
the idea to consider the human as a part of a larger CPS taking into
account the requirements for CPSs, in which people interact with
their local environments, and existing psychological theories.

2. Dependability Concepts
Dependability [1], in modern systems engineering
understanding, is ―the trustworthiness of a (computer) system such
that reliance can justifiably be placed on the service it delivers‖.
The dependability addresses the group of (i) attributes (availability,
reliability, safety, confidentiality, integrity, and maintainability), (ii)
means (fault prevention, fault tolerance, fault removal and fault
forecasting) and (iii) as origin of all possible malfunctions threats
(faults, errors and failures). To be concise we recall the definitions
of the threats: Fault := is a defect in the system that can be activated
and cause an error; Error := is an incorrect internal state of the
system, or a discrepancy between the intended behavior of a system
and its actual behavior; Failure := is an instance in time when the
system displays behavior that is contrary to its specification.
In this paper, we are mostly focused on two particular
dependability attributes: Reliability := continuity of correct service
and Safety := absence of catastrophic consequences on the user(s)
and the environment. Also it is noteworthy to mention Faulttolerance := means to avoid service failures in the presence of
faults, and nowadays popular concept of Resilience, that has a
tendency to be used differently, in each specific community, usually
to indicate a more flexible, more dynamic and/or less prescriptive
approach to achieving dependability, compared to common
practices. Note, that Security concept is left out of the scope of this
paper.
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Qualitative and quantitative methods: Qualitative methods
such as Failure Mode and Effect Analysis (FMEA) [5], its criticality
extension (FMECA) [6], and HAZard and OPerability (HAZOP)
study [7] are usually recommended by modern reliability and safety
standards (ISO 26262, IEC 61508, DO-178B/C, etc). These
guidelines help to address possible system failure modes and
evaluate their effects in a systematic way. These methods provide
no numerical estimations of dependability properties rather a
classification of the failure modes e.g. according to Risk Priority
Number (FMEA) and are strongly based on expert opinion.
Classical quantitative methods such as Event Trees [8], Fault Trees
[9], and Reliability Block Diagrams (RBD) [10] help to numerically
evaluate system reliability using the available reliabilities of system
components. A fault tree describes how failures in components can
combine to cause a system failure. The fault tree analysis is
traditionally focused on the identification of so-called Minimal Cut
Sets (MCS), which are unique combinations of events leading to the
top event or system failure. The quantitative analysis yields
reliability and availability metrics such as the probability of system
failure, the mean number of failures for discrete-time Static Fault
Trees (SFT), and the mean downtime (unavailability), MTTF, as
well as MTTR and MTBF for continuous-time SFTs that can model
failure rates and component repairs. These metrics can be computed
either directly using top-down or bottom-up methods or using
underlaying Binary Decision Diagrams (BDDs) or Bayesian
Networks (BNs). The most common methods are based on the
BDDs because they allow the computation of the system
unreliability and the probabilities of the MCSs at the same time.
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BNs are employed in the presence of statistical dependencies
between the basic events. Reliability Block Diagrams (RBDs) have
a similar underlying concept. However, an RBD models a system
success while a fault tree models a system failure. The underlying
computation methods are similar to the fault tree analysis. Event
Trees (ETs) explore system success and failure scenarios as a tree
starting from an initiation event, through other events, to arrive at
the success or failure completion of system operation. Usually, each
even has two outcomes, success and failure, defined with constant
probabilities. Fault and event trees can be applied complementary to
each other or separately under different situations.

allow for fault injection analysis. These methods require a large
number of simulations in order to obtain statistically confident
results, especially taking into account small real-world fault
activation probabilities, or the application of specialized techniques,
e.g. rare event simulation [23].
Early and late analysis: Commonly, analytical methods are
applied in the early phases of system development. At this time the
system is already modeled with rather high-level and ―analyzable‖
models. The benefits of the early analysis are quite obvious, the
drawbacks uncovered in the early phases are much cheaper to
eliminate. On the other hand, the simulative methods require
executable models, or already (partially) implemented system
components. The analysis of such models with the analytical
methods is questionable because of their high complexity that leads
to SSE issues. However, the simulation with fault injections allows
the detailed evolution of the effects of particular faults and errors.
For instance, it is possible to inject typical errors of computing
hardware such as single and multiple bit-flips, sensors faults such as
offsets, stuck-at faults, and noise, and network errors such as time
delays and package drops, in order to observe system fault-tolerance
characteristics.

Static and dynamic methods: The ETs, FTs, and RBDs allow
fast and efficient quantitative failure analysis. These methods are
commonly called static because they do not consider dynamic
aspects such as repairable components, transient faults, and
complex control flow structures including stochastic branching,
loops, and multi-rate components that are common for distributed
CPS with complex software. Markov chain models are commonly
used for dynamic state-based reliability analysis. The probabilistic
transitions of such models describe the system evolution over time
taking into account reliability aspects, like faults activation, errors
propagation, detection and correction, and system failures. A large
class of dynamic reliability analysis methods exploits Markov
chains either directly or as underlying models, like in the case of
Stochastic Petri Nets (SPN) that are typically used for the modeling
of parallel processes. This class also contains all kinds of Dynamic
Fault Trees (DFT) [11, 12] and their extensions including fault trees
with dependent events [13], repairable fault trees [14], state-event
fault trees [15], component fault trees [43] and boolean logic driven
Markov processes [16]. Our approach to reliability evaluation with
underlying Dual-graph Error Propagation Models (DEPM) [17] is
also based on Discrete-time Markov Chain (DTMC) models.

Model errors and data errors: It is important to note that the
detailed dependability analysis requires not only more powerful and
complex models but also more probabilistic parameters such as
component level reliability properties, probabilities for separate
failure modes, data error propagation probabilities, information
about system operational profile, timings, synchronization protocols
and so on. Usually, it is very hard to obtain such numerical data.
Therefore, it could happen that all benefits of the sophisticated
reliability models will be neglected by the lack of the required
numerical inputs.

4. Model-based System Engineering and Modelbased Dependability Analysis

Model checking and state space explosion: The Markov chain
based methods provide access to the powerful techniques from
Probabilistic Model Checking (PMC) [18] that allow the evaluation
of advanced, highly customizable, time-related reliability
properties. An instance of such properties is, e.g., ―the probability
of a system failure during defined time units after the occurrence of
a certain combination of errors in certain system components‖. In
many cases, the number of states of a Markov chain model that is
required for accurate description of the system behavior grows
exponentially with the system size (e.g. the number of components
and parallel processes) and model accuracy (e.g. the number of
variables and their values that are used for the description of the
system). This State Space Explosion (SSE) is the most serious
limitation of model checking, as those techniques often rely on an
exhaustive exploration of the state space. This well-known problem
has been addressed in several research domains including the
reliability analysis in the context of the DFTs and their underlying
Markov chain models. Among several solutions, the modularization
method that divides a DFT into independent modules has been
proposed. Static modules are computed with the static methods
based on the BDDs or BNs, while dynamic modules are computed
using the dynamic methods based on the Markov chain models [19,
20, 21, 22].

Model-based system engineering (MBSE) is a key enabler of
building complex systems of systems that satisfies the Industry 4.0
design principles. After the specification of general requirements,
the development of any system continues with the design phase.
This phase addresses the creation of various system abstractions
that we call ―models‖. Models are always restricted to describing a
specific system behavior with respect to a certain view on the
system under consideration. In our case, when dealing with
advanced mechatronic and cyber-physical systems, we need the
following three fundamental views: (i) functional view (interlinked
functional dependencies), (ii) procedural view (logical and dynamic
relations), and (iii) hardware/software architecture view (real
physical entities realizing the functional and procedural system
properties). Therefore, any valuable modeling paradigm must
inherently support these three fundamental system views.
Although systems design, in general, is inherently closely
linked to working with models, the meaning of the term ‗modelbased design‘ goes far beyond this. Assuming the readiness of
appropriate system models (i.e. containing the relevant views) in
terms of formalized models and computerized models, the modelbased design paradigm tends to derive new and ‗hidden‘
information out of these baseline models using appropriate methods
for processing and manipulation of these models. Preferably this
processing is done in an automated way using computerized tools.
The industry tends to automated model-based or model-driven
development processes. Starting with the early system design phase
the models are filled up with details up to the development of a
complete functional system. We observe this especially in safetycritical domains such as automotive, aerospace, and industrial
automation. Structural and behavioral system models extended with
reliability properties of system components is a common starting
point of the quantitative reliability analysis. Several well-known
and widely used modeling paradigms that are suitable for the
heterogeneous CPS are discussed in this section.

Formal analysis and simulative fault injection: The analytical
methods discussed above rely on rigorous mathematical techniques
that explore the entire state space of the underlying system model
and enable not only to reveal faults and failures but also to prove
the absence of the faults and failure scenarios covered by
underlying formal system models (e.g. Markov chains). The weak
points are (i) the mentioned SSE issues and (ii) the strong
requirements to the underlying models. In other words, the
analytical methods can evaluate only those reliability related aspects
that are covered by the underlying system model. Therefore, they
are either used manually to evaluate high-level and abstract system
models or various methods for automatic generation of formal
system models out of their available design models are applied.
Alternatively, with a detailed and executable system model on hand,
simulative approaches based on various Monte Carlo simulations
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on Markov chains will be able to cover the behavioral complexity
of the systems. Manual generation of the dynamic models is not
possible because of the increasing system complexity. So, the
discussed automated transformation methods from the baseline
MBSE models to analytical models will be used.

UML with its extension SysML (Unified and Systems
Modeling Languages) [24, 25] is a popular and universal design
approach. UML models are very general and can cover all phases of
the system development life cycle, while SysML is a large profile
that specifies the UML for system engineering applications.
UML/SysML is well structured and standardized. UML/SysML
Profiles such as MARTE and DAM extends the models with design
capabilities including the reliability evaluation.

Increasing behavioral complexity will result in untrivial failure
scenarios. So, classical dependability metrics (failure rates, MTTFs,
etc) shall be extended with highly-customizable resilience metrics
such as ―the probability of system recovery after a specified system
failure during the defined time interval‖. This will require the
application of the state of the are probabilistic model checking. The
state space explosion issues shall be addressed with the automated
application of the optimization methods including, model slicing
and nesting, compositional aggregation, weak bisimulation,
confluence reduction, symmetry reduction, and partial order
reduction. The mentioned optimization methods are discussed well
in [44] in the context of dynamic fault trees.

AADL (Architecture Analysis & Design Language) [26] is a
framework for the model-based engineering of embedded real-time
systems. AADL has certain similarities with SysML. However,
ADDL is strongly oriented to software and hardware co-design of
real-time systems and has inherited analytical capabilities. AADL
and its dialect SLIM have interfaces with analytical tools including
COMPASS for reach reliability and performance analysis, PRISM
for stochastic model checking, and OpenFTA for fault tree analysis.
The AADL Error Annex extends AADL for reliability analysis.
Simulink and Stateflow [27, 28] is the dominating modeling
paradigm for dynamic systems, control systems, and digital signal
processing. Simulink provides a ―native‖ interface for control
engineers in the form of combined block diagrams (Simulink) and
state charts (Stateflow). This Mathworks tool set includes built-in
code generation and deployment mechanisms. Following the
concept ―development through design‖ this paradigm gives less
design freedom than UML/SysML and AADL, but for the particular
system, domains allow a designer to solve the tasks with less
overhead.

Model-based system engineering models for Industry 4.0 shall
be unified and ―by default‖ extended with the dependability
properties and the capabilities of automated dependability analysis.

The mentioned models extended with component reliability
properties are common starting points for the quantitative reliability
analysis. Transformation methods for the discussed baseline system
model exist: from AADL to SFT [29, 30, 31] and to Markov models
[32, 33]; from Simulink to SFT [34], DFT [35], and to Markov
chains models (CTMC) [36]; from UML to DFT [37]; from SysML
to SFT [38, 39], DFT [40], and Markov chains (Prism models) [41].

The transition of Industry 4.0 will also require to revisit the
classical human reliability models. The available models need to be
seamlessly integrated into the dependability models that describe
the software hardware and physical parts.

System adaptability and changeability have to be taken into
account. So either the MBSE models shall describe possible system
reconfigurations in the future and the dependability models has to
be able to evaluate all possible scenarios or the dependability
models has to be dynamic and shall be incrementally updated and
applied online before each system reconfiguration.

Last but not least, we see the coming of the Artificial
Intelligence (AI) storm on the horizon in many high-tech areas
including system dependability. Currently, AI enters the safetycritical industrial domains including industrial automation. Modern
reliability and resilience assessment methods were developed for
classical systems and cannot cover the emerging safety-critical
Deep Learning (DL) based components. So it is important to make
DL-based components more reliable and resilient using sensitivity
analysis and efficient selective protection. The effects of common
hardware faults such as sensor faults (noise, offset, freeze, drift),
network faults (delay, package drop), and computing hardware
faults (bitflip, stuck-at 0/1) on the accuracy of the DL-based
components need to be evaluated in order to identify effective faulttolerance mechanisms for the DL-based components.

Also, more specific modeling paradigms relevant to Industry
4.0 are available. For example, AutomationML is a neutral data
format based on XML for the storage and exchange of plant
engineering information, which is provided as an open standard.
The goal of AutomationML is to interconnect the heterogeneous
tool landscape of modern engineering tools in their different
disciplines, e.g. mechanical plant engineering, electrical design,
HMI development, PLC and robot control.

4. Expected Challenges for Dependability Analysis
Industry 4.0 implies that the systems will become more:
1)

complex from structural (more components and interfaces)
and, especially, from behavioral (more operational modes,
profiles) points of view;

2)

heterogeneous in terms of sophisticated software,
computing, and network hardware, smart sensors and
sensor arrays, actuators, physical parts, new revolutionary
HMIs, and human operators themselves;

3)

distributed that in one hand will lead to more complex and
also heterogeneous communication protocols, imperfect
synchronization issue (delays, drops, jitter), transmission
errors, and, in another hand, to spatially distributed
control loops;

4)

adaptable and autonomous, again sophisticated software
components, system self-adaptation, untrivial resilience
and fault tolerance mechanisms, and artificial intelligent
components.
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Abstract: Technological developments are fast and at industry level we have fourth industrial revolution going on. More and more new
technologies are being applied to production to make it more efficient and more competitive. In order for new technologies to be better
implemented and for the end user to be able to apply them to their industry, it is necessary for educational institutions to accompany the
rapid development of technology and apply these new technologies in curricula.
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1. Introduction
The system is divided into five major modules:
-

As the deployment of robots is a reality today and at an
increasing pace, there is a growing need for people who can handle
robots and other new technologies. The use of robots in industry is
largely influenced by the lack of qualified labor. There is a need for
people who can install, set up, maintain, program robots, set up data
networks and more. At the same time, business leaders must
educate themselves about robots so they can better understand how
robots affect the "big picture" of production [2,3].

Production;
Assembly:
Storage;
Release of the goods;
Internal logistics.

Each module contains one or more devices. Top of the modules is
MES (Manufacturing execution systems), which coordinates the
work of all modules and their communication. Each module is a
stand-alone unit that works independently of other modules. The
connection between the modules is only through the movement of
the produced product it self.

Buying a robot is not a way to go with fashion. When buying a
robot, the whole chain where the robot is installed must be
analyzed. Robot's work and behavior differs from how human is
working and therefore cannot be equated with a person in terms of
workplace. Often a robot is viewed as a human substitute in the
workplace where there is no person to take. When installing a robot,
its inputs, outputs and operating environment must be reviewed and
how they affect previous and subsequent processes [1,4].

Customer

ERP

In order for robots to be better implemented, people need to be
educated and there is a big part to do for the education system.
Robotics includes knowledge in a wide variety of fields - physics,
electricity, automation, mechanics, IT. You also need to know the
specifics of the robot's field of application. All this has to be taught
in a standard volume curriculum [2].

MES

Production

The goal is to create a learning lab where you can demonstrate a
comprehensive automated process from order in the ERP system to
the completion and storage of the final product. The purpose of
building a system is to deploy as much as possible the topics
discussed in the Industry 4.0 concept, such as robots, 3D printing,
Radio frequency identification (RFID), Enterprise resource
planning (ERP), Manufacturing execution systems (MES) etc.

Asembly

Storage

Release of the
goods

Internal logistics

Fig. 1 System schematic diagram

2. Solution of the examined problem
When creating the concept, the author put himself in the
position of the entrepreneur where he have to chose the equipment
from the market that is compatible and capable to communicate
with existing devices at shop floor. When building the system, the
equipment was chosen from among the most used in the industry
and among those that are able to communicate with third-party
software solutions.
The design of the system's logic was based on the fact that the
failure of one device or the occurrence of an error would not affect
the operation of other devices, as long as other devices have tasks to
do. The factory works 24/7 and is 100% automated, but that does
not mean that a person is excluded from the system. In this solution,
a person can perform many of the same tasks that robots do.
Starting and completing a task must be confirmed on the MESrelated user interface.
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When one module has completed its task, for example the 3D
printer has finished printing, the signal is given to the MES system
which analyzes the road map of the product and gives a start
command to the next module that takes over the finished product
from the 3D printer and performs internal operations of the module
according to the product road map.
Resource management is done by ERP. Its function is to make
production plane based on customer orders and consequently the
need for materials and supplies. Production is not directly controlled
by the ERP system, due to the fact that it is not possible to precisely
define all the processes in time. System management remains at the
level of the MES program, from which the start and end times of
certain processes are given as feedback to ERP system. ERP will
use this information for product cost calculation. Each time the
information about time is different, therefore the average time of all
times is calculated. For example a mobile robot moves along a
freely chosen trajectory that takes a different time each time.
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One of the important modules of the system is a Internal
logistics where are used devices like mobile robot and robot hand.
Robot arm is installed top of mobile robot. The purpose of this
module is to serve all other modules by providing the necessary
components and transporting the finished product between different
modules. The mobile robot is freely orientated in the room based on
a previously scanned map. The robot can stay in the room with the
person, because the robot uses Lidars to avoid collision with
obstacles. When the mobile robot moves, the robot arm is in driving
position. It works only if mobile robot have stop.

4. Conclusion
The completed system works and has been implemented in the
study. The construction of the laboratory was funded by the
Archimedes Foundation from program ASTRA. The system left a
number of options for further development, which will be done in
the future. The system should be equipped with machine visioning
to improve the robot arm capturing an objects, as well as AR
(Augmented reality) technology to visualize factory planning and
picking the goods from storage processes.
In author further research, the analyzes of possibilities of
implementing a mobile robot and robot arm tandem in industry will
be carried out.
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Fig. 2 mobile robot with robot arm
The design of the MES system was based on the need for the
system to be modified later and for the system to be able to add new
modules and devices such as a quality control module or CNC
bench to the production module.

3. Results
The study lab was prepared at TTK University of Applied
Sciences. With the completed laboratory, the university can
demonstrate to students and use the full functionality and essential
parts of a 100% automated production system. Students will get
hands-on experience and are more aware of the possibilities of
implementation new technologies and interconnecting them.
Students will have much better practical knowledge’s when
entering the labor market. Industry 4.0 study labs get knowledge
about robots, mobile robots, 3D printers, RFID technology, MES
and ERP programs, and their collaboration with each other.
The learning laboratory can also be used successfully to conduct
in-service training. Individual topics can be taught separately, such
as robot programming or explaining the functioning of the whole
system. It is also possible to play through different scenarios that a
customer may have in their production process.

Fig. 3 Industry 4.0 laboratory at TTK University of Applied
Sciences (Tallinn)

211

"INDUSTRY 4.0" ISSUE 5/2019

REFERENCE FRAMEWORK AND ARCHITECTURE FOR DEVELOPMENT OF
CYBER-PHYSICAL SYSTEMS
Prof. Dr. Batchkova I. A., Eng. Tzakova D. L., Eng. Belev Y.A.
Dept. of Industrial Automation, University of Chemical Technology and Metallurgy
Bul. Kl. Ohridski 8, Sofia, Bulgaria
idilia@uctm.edu, dtzakova@gmail.com, yordanbelev@gmail.com
Abstract: The strategic initiative Industry 4.0 implies integration of Cyber-Physical Systems (CPS), Internet of Things (IoT) and cloud
computing, leading to what is called "smart factory". The lack of theoretical foundation and methodologies creates barriers that may hamper
the adoption, commercialization, and market success of the new CPS applications. The reference frameworks and architectures support the
analysis and specification of domains, and facilitates the unification of methods used by various disciplines such as industrial engineering,
control theory, communication and information technology, thus making possible their combined use. The paper presents an analysis of the
benefits and use of reference frameworks and architectures in the development of CPS. Standardized meta-models of reference frameworks
and architectures are presented. Particular attention is paid to the NIST reference framework and architecture of CPS, with a view to
establishing a methodology for development of Cyber-Physical Production Systems.
Keywords: CYBER-PHYSICAL SYSTEM, REFERENCE FRAMEWORK, REFERENCE ARCHITECTURE, META-MODELS,
INDUSTRY 4.0

1. Introduction
The European Commission's strategy for European
Reindustrialization aims of increasing the industrial sector's share of
gross value added in the European Union to 20% in 2020, based on
European strengths in the fields of engineering, automotive,
aeronautics, etc. [1]. The only way in which the manufacturing
sector's share of the economy can ultimately be increased is if it
achieves faster sustainable growth than the other sectors (especially
services) [2]. The Industry 4.0 platform is an initiative of the
German Federal Government to support German industry in the
transition to digital production with intelligent, digital networks and
systems that enable largely self-control and self-management of
manufacturing processes [3, 4]. Especially strong is the focus of
Industry 4.0 on the functions of future intelligent, adaptive and
predictive technical systems that need to be self-optimizing, selfconfigurable and self-diagnosable, enabling cognitive information
processing and intelligent networking in continuous interactions
with environment. That is why the strategic initiative Industry 4.0
implies integration of Cyber-Physical Systems (CPS), the Internet
of Things (IoT) and cloud computing, leading to what is called
"smart factory".
CPS are physical and engineered systems whose operations are
monitored, coordinated, controlled and integrated by a computing
and communication core [6]. They are unique in that the
components can be distributed both spatially and temporally, and
include complex networks of feedback controllers and real time
communication. The effective control, associated with achievement
of a high degree of adaptability, autonomy, functionality, reliability,
security and usability is the core of cyber-physical systems. The
synergy between cyber and physical systems can be both at the
nano-level and also at the level of "system of systems". The
Strategic Research Co-operation Plan [7] points out that European
industry should take advantage of the opportunities resulting from
the wider application of the CPS concept as one of the key
technological options (capabilities). Still, however the science is
owed to CPS the lack of theoretical foundation and methodologies
creates barriers that may hamper the adoption, commercialization,
and market success of new CPS applications [8]. The development
of CPS is much more than the union of computation and physical
systems and in order to apply the principles of CPS to new
applications, new approaches, methods, algorithms, techniques and
tools are needed, which will support the process of analysis and
design of CPS, on the basis of a widely accepted reference
framework or architecture. Establishing an excellent science
foundation and close cooperation between researchers in the field of
CPS is a prerequisite for increased competitiveness and a means to
address the major challenges.

While the hardware industry is relatively well prepared for the
transition to CPSs, there are serious challenges to software and
architectures. An important step in the right direction is the use of
reference frameworks and architectures which aim to achieve
interoperability, simplify development, and facilitate performance.
Some of the most popular reference architectures, used in the
domain of CPSs are: RAMI4.0 [9], IIRA [10], IoT-A [11]. None of
these frameworks and architectures, however, takes into account the
specificities of cyber-physical systems. While IoT-A focuses on the
functional and informational aspects of architecture, RAMI4.0 of
the Working Group ”Industry 4.0” and IIRA of the Industrial
Internet Consortium are all focused on the industry. There are some
similarities and cross cutting points between the last two reference
architectures, and there is an agreement between the participating
organizations to accurately identify the interoperability
characteristics between the two architectural paradigms and try to
align them and define the standardization requirements by using
common testbeds. Subject of consideration and analysis in this
paper are the reference framework and architecture of CPS
proposed by the National Institute of Standards and Technologies
(NIST) of USA, which offers concrete solutions especially to the
CPS, taking into account their specific characteristics [12, 13].
The paper is organized in 4 parts. After the introduction, in part
2 some research activities and peculiarities by the development of
CPS are summarized. Part 3 represent an analysis of the basic
definitions and meta-models of reference frameworks and
architectures are presented and discussed. The standards connected
to these meta-models do not comply with the characteristics of CPS.
Part 3 proposes an analysis of the suggested from the NIST PWG
Framework and Reference Architecture of CPS. Finally some
conclusions are made.

2. Short analysis of the research on development
of CPS
Research and development in the domain of CPS is of great
importance for 5 key areas in Europe - transport, energy, wellbeing, industry, and infrastructures. One of the most promising and
challenging applications of CPS are the cyber-physical production
systems (CPPS). Research in the field began in 2006 in the US
when the Council of Science and Technology Advisors (PCAST)
identified research in the field of CPS as a national priority and
since then hundreds of millions of dollars have been invested in
research [14]. The European Industrial Association ARTEMIS-IA
[15] also focuses its interest on embedded systems and their
evolution towards the CPS, with research amounting to around € 2.7
billion, mainly in more than 50 projects under the European
Framework Programs (7 Framework Program and Horizon 2020). It
is widely believed that the development and deployment of CPS
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should be based on a new scientific basis that will bridge the
successive semantics and the parallel physical world. In this
connection, the research is also focused on 3 European Horizon
2020 projects under the Co-ordination and Assistance Action
Scheme - Road2CPS, TAMS4CPS and sCorPiuS. The main
objective of the Road2CPS project is to create a road map for
technologies and applications that identifies and describes the main
technological areas and related research priorities that support the
development of reliable CPSs as well as specific technologies,
needs and barriers for their successful implementation in different
application areas [16]. The TAMS4CPS (Transatlantic Modeling
and Simulation of CPS) project (2014-2017) promotes strategic EUUS cooperation on modeling and simulation for CPS [17]. The
consortium is developing in 2017 a "Strategic Research and
Cooperation Program", which is expected to provide the basis for
joint activities in the coming years. The aim of the ScorPiuS project
is to present a definitive road map for research that identifies and
describes the research priorities and formulates strategic and
technological recommendations for adopting the CPS in industry,
optimizes the impact on large, small and medium-sized enterprises
[18].

3.2. Definition and meta-model of Reference architecture
The Reference architecture, in turn, represents a fundamental
organization of a system consisting of components, the relationships
between them and the environment surrounding them, and the
principles governing their design and development. It is based on
the notion of view, defined as a description of a system from the
perspective of multiple related concepts. As such, the view consists
of one or more patterns. The Reference Architecture is a
standardized, common architecture describing all systems in a
particular area, based on limitations in the reference requirements,
specifying the syntax and semantics of high-level components. It is
reusable, expandable, and configurable, is the basis for creating
partial (reusable) and specific architectures and models. Elements of
the reference architecture are: model (topology), configuration,
architecture diagram, dependency diagram, description of the
interfaces between components, constraints. Reference architectures
are intellectual paradigms that support the analysis, correct
discussion and specification of an area, and facilitates the
unification of methods used by various disciplines such as industrial
engineering, control theory, communication and information
technology, thus making possible their combined use. The reference
architecture meta-model is shown in Fig.2.

The design of CPS requires knowledge on the dynamics of
computers, software, networks, and physical processes. The main
challenges in the development of cyber-physical systems have
different nature and may be grouped in different categories, such as
technical, organizational and social. To organizational challenges
belong the standardization and issues connected with regulations
and legislation. Till now, there is not a universally accepted and/or
standardized reference framework or architecture for development
of CPS. Different reference models and Standards for
interoperability of different systems are needed. The most important
social challenges are connected to the Computer – human
interactions and interface design. The technical challenges in the
design and analysis of CPS stem from the need to build a bridge
between sequential semantics and parallel physical world and are
connected with the following engineering domains:
 Modelling, development and realization of CPS components
and systems;
 Validation, verification and testing of the models at different
levels of abstraction;
 Maintenance and evolution of the introduced CPS
components and systems.

The IEEE 1471 (2000) [20] standard, adopted and extended from
ISO as ISO/IEC 42010 (2011) [21] referring to the recommended
practice for architectural description of software-intensive systems,
defines architecture as a fundamental organization of a system
consisting of components, relationships between them and the
environment that surrounds them and the principles guiding its
design and evolution. The conceptual framework of the reference
architecture according to ISO/IEC 42010 (2011) is presented in
Fig.2. An architectural description is directed to the system’s
stakeholders in order to answer their architectural concerns about
the system and is organized into one or more views of the system.
The view is defined as a description of a system from the
perspective of a related set of concerns. As such, the view consists
of one or more architecture models. Each view addresses one or
more concerns of the stakeholders. The architectural views are the
actual description of the system. Each view corresponds to exactly
one viewpoint. Viewpoints define the resources and rules for
constructing views. Each viewpoint used in an architectural
description is “declared” before use. Viewpoints are not system
specific, unlike the stakeholders and views. Concerns drive the
selection of the viewpoints to be used and each concern is addressed
by some architectural view.

3. Basic Definitions and meta-models
3.1. Definition and meta-model of Reference Framework
The framework is considered as a logical structure for
classifying and organizing complex information. It is a set of predefined views, interests, key stakeholders, and viewpoint
compliance rules that are set to capture the common practice of
describing architecture in particular areas or user communities [19].
The framework meta-model is shown in Fig.1. Some of the bestknown frameworks in the domain of Enterprise systems are:
CIMOSA, GRAI-GIM, PERA, ZACHMAN, ARIS, TOGAF,
C4ISR/DODAF and their GERAM summary (ISO-19439, ISO15704).

Fig.2: Reference architecture meta-model [21]
3.3. Definitions of Reference model and meta-models
Many of the current information systems are built using the socalled reference models. The reference model is a generally valid
conceptual model used at the same semantic level. The main task of

Fig.1: Framework meta-model [19]
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reference models is to speed up (rationalize) the design of different
types of models through a common solution. The use of reference
models is motivated by the design paradigm through reuse.
Reference models speed up the modeling process by creating
repositories from models for important processes and structures.
The benefits of using reference models increase significantly, when
they are generalized in relevant reference frameworks and
architectures.

shown in Fig.4. The realization facet comprises the activities in the
following phases of the development life cycle of CPS - detailed
engineering design, production, implementation, and operation. Its
output is the CPS. The assurance facet includes activities for
analysis and confidence that the CPS built in the realization facet
satisfies the model developed in the conceptualization facet. This
facet generates as output the CPS assurance. “Concerns” are
interests in a system relevant to one or more stakeholders and
“aspects” are high-level groupings of cross-cutting concerns. The
aspects defined in the framework are: Functional, Business, Human,
Trustworthiness, Timing, Data, Boundaries, Composability and
Lifecycle. “Properties” are assertions directed to the concerns
including different requirements, design elements, tests, and
assessments. The main concerns of the aspect “trustworthiness” are
shown in Fig.5. For example “reliability”, according to the
definitions in framework, brings together concerns related to the
“ability of CPS to deliver stable and predictable performance in
expected conditions”, while “resilience” unites concerns related to
the “ability of CPS to withstand instability, unexpected conditions,
and gracefully return to predictable, but possibly degraded,
performance”.

The design and development of CPS is significantly different
from the systems and applications that are considered in this
frameworks and architectures. Some of the significant differences
are related to the following features of CPS such as the existing
strong connections between cyber and physical parts; the open
nature of CPS and the higher risk of unexpected behaviour; the need
a specific interoperability methodology; the importance of
trustworthiness due to the significant impact of CPS on the physical
world; and include time-sensitive components and timing is a
central architectural concern. CPSs are heterogeneous and complex,
mostly systems of systems, able to change their goals, used in
various applications, which must be freely composable, adaptable to
different computational models, supporting variety of
communication modes and interacting with their operating
environment.
The next part of the paper presents and analyses the NIST
reference framework and architecture of the CPS, which are built on
the above-mentioned standardized frameworks and architectures
taking into account the specificities of the CPS.

4. Reference framework, architectures and metamodels of CPS
3.1. Reference framework of CPS
The reference framework, suggested by NIST [12] and
illustrated in Fig.3, has the goal to support the understanding and
development of new and existing CPS and of comprehensive
standards and metrics base for CPS. The role of the reference
framework for achieving interoperability is also important. The
framework will help to create a reference language for describing
CPS and to help create tools, standards, and applications. Basic
elements of NIST Framework of CPS are domains, concerns
grouped in aspects for representing facets, properties. They are
formulated based on different perspectives, represented by the
following subgroups from experts: Vocabulary and Reference
Architecture, Cybersecurity and Privacy, Timing and
Synchronization, Data Interoperability, and Use Cases.

Fig.4: Activities and Artifacts of Conceptualization facet
The development process includes 4 steps: i) Identification of
domains; ii) Identification of cross-cutting concerns (societal,
business, technical, etc.); iii) Analysis of cross-cutting concerns to
produce aspects; iv) Addressing concerns (aspects) through
activities and artifacts according the fundamental facets of
conceptualization, realization, and assurance.

Fig.3: Reference Framework of CPS [12]
The framework is supposed for concrete domains, as shown in
Fig.3. “Domains” represent the different application areas of CPS as
shown in Fig.3. “Facets” are views on CPS in the system
engineering process and contain well-defined activities and artifacts
(outputs) for addressing concerns. Three types of facets are defined:
conceptualization, realization and assurance. The conceptualization
facet contains activities describing the high-level goals, functional
requirements, and organization of CPS and has as output the
conceptual model of the CPS. As an example, the main activities
and their corresponding artifacts for conceptualization facet are

Fig.5: Concerns of the aspect “Trustworthiness”
3.2. Reference architecture of CPS
NIST and in particular the created CPS Public Working Group
offer a reference architecture of CPS, shown in Fig.6, consisting of
6 layers and even more transversals capabilities, each of which is
included in each layer [13]. The first layer “physical systems”
includes all the engineered devices. The sensors on the second layer
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acquire data from the physical systems, and transmit that
information to the next layer and actuators receive data from the
control components and act on the physical systems in an adequate
way. Monitor and control systems at the third layer consist of
hardware and software components, which acquire data from
sensors, perform local processing and control the actuators in order
to reach the wanted state in the physical systems. The forth layer
“Data analytics” includes software for processing, filtering and
storing the information from different control components. It is also
possible to include software for pattern recognition, decisionmaking, predictive analysis and machine-learning. The fifth layer
(Modeling, Optimization and Simulation) develops and maintains
dynamic computing models. The sixth layer (business and
consumer goals) refers to the measurable objectives defined by the
users to be achieved. In this paper the focus is on the third layer, as
in the next section the current state of the art in the field of CPS
monitoring and control will be analyzed.
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Abstract: This paper presents the comparison of the capabilities of two algorithms for Sentiment Analysis developed in Python. Both
Python programs are used on the same Yelp dataset with customer reviews of the quality of the services in USA restaurants. The programs
are based on open-source software frameworks and libraries as Python, NTLK, Scikit-Learn, Panda, etc. which are oriented to Machine and
Learning and Natural Language Processing. The evaluation of the programs is based on precision of the predicted results and the
compactness of the programming code. For model training and prediction, the Multinomial Naïve Bayes and Support Vectors Machines
classifiers are applied in both algorithms.
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1. Introduction
6.

Sentiment Analysis /SA/, also known as opinion mining, is
defined as the task of finding the opinions of authors about specific
entities [5]. Sentimental analysis is used in various places: to
analyze the reviews of a product whether they are positive or
negative, to check if a political party campaign was successful or
not, to analyze the reviews of a movie and to analyze the content of
tweets or information on other social media [6]. Social media
monitoring applications and companies depend on sentiment
analysis and machine learning to assist them in gaining insights
about mentions, brands, and products [7].
Sentiment Analysis refers to the use of Natural Language
Processing /NLP/, text analysis and computational linguistics to
identify and an extract subjective information from source materials
[7]. SA is a process of exploring product reviews on the internet to
determine the complete opinion. SA can be considered as a
classification task as it sorts the location of a text into either positive
or negative.
Sentiment Analysis can be considered a classification task as it
classifies a text as positive or negative. Machine Learning /ML/ is
one of the widely used approaches to analyzing opinion, and the
most widely used for this purpose classification algorithms are
based on Multinomial Naïve Bayes /MNB/ and Supported Vector
Machines /SVM/ [1].
The work is a continuation of previous research [9,14] and
presents a comparison of the precision of prediction of two
mentioned above algorithms (MNB and SVM) developed in the
Python. The algorithms are applied on Yelp dataset, available on
kaggle.com.

7.
8.

2. Sentiment Analysis Algorithm
The SA algorithm is related to pre-processing of the original set
of texts containing user opinions regarding a product or service,
application of NLP [2] techniques to convert texts into numerical
vectors to be processed by ML algorithms. Below are the main steps
of this algorithm:
1. Retrieving the necessary recordings of opinions and associated
attributes and characteristics as well as the label with the user's
assessment and recording them in a database or table for the
purpose of pre-processing and including meaningful or
exclusion of certain unnecessary attributes in the relevant
recordings.
2. Pre-processing of the text (word processing, tokenisation
(words), punctuation, unions, identifying and non-limiting
members, etc., reduction of words with the same root to the
root, etc.)
3. Converting words into a numeric vector based on a dictionary
of spoken words and the frequency of their occurrence in the
text (Bag of Words /BoW/).
4. Application of Term Frequency-Inverse Document Frequency.
5. Forming a Sparse Matrix with rows equal to the number of
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words in the dictionary and with columns equal to the number
of reviews.
Applying the classification algorithms based on the
Multinomial Naïve Bayes and Support Vector Machines using
70% subset of data for training a model and 30% subset of data
for testing the trained model.
Testing the model and assessing its precision.
Predicting the basis of the trained model.

2.1. Preprocessing text data
Some techniques and concepts of Natural Language Processing
have been used to solve the above mentioned steps. (NLP) These
are related to the following terms:
- Features: A feature represents an attribute or a property of
an observation. It is also called a variable. A feature represents an
independent variable. In a tabular dataset, a row represents an
observation and column represents a feature. For example, consider
a tabular dataset containing user profiles, which includes fields such
as age, gender, profession, city, and so on. Each field in this dataset
is a feature in the context of machine learning. Each row containing
a user profile is an observation.
- Feature Extractors: Term frequency-inverse document
frequency /TF-IDF/ is a feature vectorization method widely used in
text mining to reflect the importance of words to a document in the
amount.
Bag-of-Words /BoW/ is a representation of text that describes
the occurrence of words within a document. In this method, each
word count can be considering as a feature. Because ML algorithms
cannot work with raw text data directly, the text must be converted
into numbers. Exactly, vectors of numbers [3].
Feature Transformers
Tokenization is a transformer that converts an input string
(text) to lowercase and splits it into words using whitespaces as a
separator. A simple Tokenizer provides this functionality and splits
sentences into sequences of words.
Stop Words Remover - stop words are words which should be
excluded from the input because the words appear frequently and
don’t carry as much meaning. Stop Words Remover takes as input a
sequence of strings (output of a Tokenizer) and drops all the stop
words from the input sequences [13].
2.2. Naïve Bayes Classification Algorithm
The Bayesian Classification represents a supervised learning
method as well as statistical methods for classification. It can solve
diagnostic and predictive problems. Naïve Bayes is a simple
multiclass classification algorithm based on the application of
Bayes’ theorem “The Bayes theorem is based on the concept of
learning from experience that is, using a sequence of steps to come
to a prediction. It is the calculation of probability based on prior
knowledge of occurrences that might have led to the event” [6].
Naïve Bayes is a probabilistic model that makes predictions by
computing the probability of a data point that goes to a given class
[12]. Initially, the conditional probability distribution of each
feature given class is computed, and then Bayes’ theorem is applied
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review_id (ID)
stars (1-5 rating for the company)
text (text to review)
type (type of text)
user_id (user ID)
cool/useful/funny-comments
users.

to predict the class label of an instance. Naive Bayes is used in a lot
of practical real-life applications such as it is used in the sentimental
analysis of text to classify the emotion of a particular piece of text,
whether it is a positive sentiment or a negative one. This algorithm
is fast to train and test; hence it is used in real-time prediction
scenarios to make fast predictions on events based data that is
generated in real time. It is used in many recommendation systems
to give useful suggestions of content to the users.
2.3. Support Vector Machine (SVM) Algorithm
Support Vector Machine is another popular algorithm of the
supervised machine learning algorithms that are used in many real
life applications like text categorization, image classification,
sentiment analysis and handwritten digit recognition. SVM is a
powerful and popular technique for regression and classification.
Unlike Naïve Bayes, it is not a probabilistic model but predicts
classes based on whether the model evaluation is positive or
negative [12]. SVM is used to classify the texts as positives or
negatives. It works well for text classification due to its advantages
such as its potential to handle large features [5].

3. Used Machine Learning Libraries
Programming language Python requires the NLTK platform
(Figure 1) to build NLP code. The NLTK (Natural Language
Toolkit) is a leading platform for building Python programs for
working with data / texts in natural, human language. NLTK [8, 10]
provides easy-to-use interfaces with over 50 corpus and lexical
resources, such as WordNet, along with a set of word processing
libraries for classification, tokenization, retrieval, tagging, analysis
and semantic reasoning, NLP wrappers and other libraries.

made

by

other

Fig. 2. Examples with the structure of the records of Yelp dataset

Each record of Yelp dataset is labeled with customer estimation
ranked between one end five stars where Star1 or Star2 means
negative reviews, Star4 and Star5 are positive, and Star3 is neutral.
Next are examples with positive and negative reviews:
Positive review:
"Drop what you're doing and drive here. After I ate here I had to
go back the next day for more. The food is that good.” – Stars 5.
Negative review:
"I have always been a fan of Burlington's deals; however I will
not be shopping at this one again. I went to customer service I think
you should have some.”– Stars 1.

5. Developed SA Algorithms in Python
5.1. Algorithms with Star1 and Star 5 subset of Yelp
With first two algorithms, based on MNB and Linear SVM, the
data is initially processed by retrieving only the Star1 and Star5
scores that give meaning to positive (5) or negative (1) estimations.
Thus, the dataset is reduced from 10000 to 4086 records.
yelp_class=yelp[(yelp['stars']==1)|(yelp['stars']
==5)]
yelp_class.shape
Output: (4086, 10)

Fig. 1. NLTK structure [4]

Scikit-learn in one of the most popular libraries for opensource Machine Learning for Python. It offers Machine Learning
algorithms, including classification, regression, size reduction, and
grouping. The library provides modules for data mining, data
processing, and modeling. Scikit-learn is popular in academic
research because it has a well-documented, easy-to-use and
multifunctional user interface. Developers can use it to experiment
with different algorithms by changing only a few lines of code.
Scikit-learn has shells for some popular machine learning
algorithms such as LIBSVM and LIBLINEAR. Other Python
libraries, including NLTK, include scikit-learn wrappers. The
library is packed with the most popular data sets, allowing
developers to focus on algorithms rather than pre-processing and
preparing data.

4. Yelp Dataset
Datasets are data pre-loaded with labels and prepared for use by
supervised machine learning algorithms to analyze opinion.
Numbers of data with labelled sentimental sentences (sentences
containing sentiment, emotion, opinion) are available at
www.kaggle.com.
Yelp dataset used in Python analysis programs include 10000
free-text reviews which are evaluating in five-stars the service in
USA restaurants. Each entry (record) in the dataset contains the
following columns (Figure 2):
business_id (business identifier)
date (day of review / review)

On next figure (Fig. 3) the distribution of the records as the
amount and length of their text is provided. As can be seen for most
reviews the typical length is up to 1000 words and negative ones are
shorter than positive ones.

Fig. 3. Text length distribution of positive and negative reviews

On the reduced data (4086 entries), the text transformation
operations described in step 2 using the NLTK library are applied.
In the end, a vocabulary is formed - a vector of the unique words
(BoW) in these records. The vector has 26435 words, with each
word matching a number. This is done with the following code.
from sklearn.feature_extraction.text import
CountVectorizer
bow_transformer =
CountVectorizer(analyzer=text_process).fit(X)
len(bow_transformer.vocabulary_)
Output:26435

Based on this vector and all 4086 reviews, the Sparse matrix is
formed with rows equal to the number of words and columns of the
individual reviews (26436x4086), in which the word/review cell
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records the number of encounters of a particular word in a given
review (Fig. 3.).
Reviews
Counters

Review 1

Review 2

Review 3

Review ...

The precision results of both algorithms are similar 91%-92 %
but the multinomial NB sometimes produce wrong prediction on
some negative labelled reviews because of the overfitting (example
3). It can be seen in the examples below.
Example 1. Right prediction on positive review

Review N

Word 1

0

0

2

1

2

Word 2

1

2

0

2

0

Word 3

0

0

3

0

1

Word ...

1

4

0

0

0

Word M

3

0

2

3

0

positive_review_transformed =
bow_transformer.transform([positive_review])
print(“MNB prediction
Stars:”,naïve_b.predict(positive_review_transformed
)[0])
print((“SVM prediction
Stars:”,svclassifier.predict(positive_review_transf
ormed)[0])
Results:
MNB prediction Stars: 5
SVM prediction Stars: 5

Fig. 3. Sparse Matrix

Based on this matrix and Multinomial Naïve Bayes classifier,
the model is trained to predict the class of a review. For model
training, multiple reviews are divided into 80% training reviews and
20% for testing. It can be seen in the following code:
Preparation of training and testing sets:

Example 2. Right prediction on negative review
negative_review_transformed =
bow_transformer.transform([negative_review])
print(“MNB prediction
Stars:”,naïve_b.predict(negative_review_transformed
)[0])
print(“SVM prediction
Stars:”,svclassifier.predict(negative_review_transf
ormed)[0])
Results:
MNB prediction Stars: 1
SVM prediction Stars: 1

X_train, X_test, y_train, y_test =
train_test_split(X, y, test_size=0.2,
random_state=101)

Model training:

from sklearn.naive_bayes import MultinomialNB
naive_b = MultinomialNB()
naive_b.fit(X_train, y_train)

Accuracy or Precision is a simple model evaluation metric. It is
used as the evaluation metric of the different algorithms, it is
defined as the percentage of the labels correctly predicted by a
model. For example, if a test dataset has 100 observations and a
model correctly predicts the labels for 85 observations, its accuracy
is 85 %.
As can be seen from the table 1 below, the weighted average
Precision, F1-Score and Recall MNB model are 92%.

Examle 3. Wrong prediction on negative review of MNB due to
overfitting and correct result of SVM
next_negative_review_transformed
=
bow_transformer.transform([next_negative_review])
print((“MNB prediction
Stars:”,naïve_b.predict(next_negative_review_transf
ormed)[0])
print (“MNB prediction
Stars:”,svclassifier.predict(next_negative_review_t
ransformed)[0])
Results:
MNB prediction Stars: 5
- Overfitting
SVM prediction Stars: 1
- Correct

Table 1. Multinominal Naïve Bayes prediction precision (Stars1 and 5)

5.1. Algorithms with Star1, 2, 4 5 subset of Yelp
With second two algorithms, based on MNB and SVM, the data
was extended by retrieving the Stars 1, 2 and Stars 4, 5 scores that
give meaning to a positive (4 and 5) or negative (1 and 2)
estimations. Thus, the dataset is extended to 8539 records.
yelp_class=yelp[(yelp['stars']==1)|(yelp['stars']
==2)| [(yelp['stars']==4)|(yelp['stars'] ==5)]
yelp_class.shape
Output: (8539, 10)

On the new subset the same steps as in the previous algorithms
are applied. The only difference is that because of more reviews the
BoW dictionary extends to 40526 words, so the Sparse Matrix
grows to 40526x8539. That increases the time for its processing.
The Precision results of both Multinomial NB and Linear SVM
are provided in tables 3 and 4.

The same steps are implemented for Support Vector Machines
classification using Linear classificator.
Model training:

from sklearn.svm import SVC
svclassifier = SVC(kernel='linear')
svclassifier.fit(X_train, y_train)

Table 3. Multinominal Naïve Bayes prediction precision (Stars1,2,4,5)

The results of Linear SVM precision (91%) are provided in table 2.
Table 1. Linear SVM prediction precision(Stars1 and 5)
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Here because the negative sentiment is related to categories
Stars 1 and 2 and positive sentiment to Stars 4 and 5 the Precision
results vary between 42% and 53% but prediction is still 92%-92%.
Again the same results related to the overfitting with MNB
algorithm are observed, and again the Linear SVM produces correct
prediction results in this case (see example 6).
Now because negative sentiment is related to Stars 1 and 2 in
the example 5 the review with Star 2 is correctly classified as
negative. The same is valid for positive review in example 4
(positive predicted with Star 5).
Because of the fixed volume of the paper the ytexts of the
reviews are omitted.
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Abstract: Airspace is now one of the most frequently mentioned environments when discussing technologies of autonomous or unmanned
vehicles or machines. There is a number of technologies developed to support unmanned flying vehicles (UFV) and so called air drones. The
actual influence of such kind of machines on transport industry is crucial. It is also obvious, that many modern military operations involve
UFV with built-in AI or remote control. Nevertheless, one of important problems for any flying vehicle (aircraft or drone either) is to plan
the most suitable route satisfying all necessary primary and collateral requirements: reach destination, consume minimum fuel or energy,
follow the safest areas, avoid adverse circumstances etc. Among the tasks to build the effective route for the flight we find an important
problem to cut a relevant area in airspace to perform route search. This research is dedicated to discuss and ground the basics of a reliable
approach to solve this problem.
Keywords: PATH PLANNING, AUTOMATED ROUTING, LATERAL BOUNDARIES, UNMANNED FLYING VEHICLES,
INDUSTRY 4.0

1. Introduction
We live now the epoch of arise of big data, cloud computing,
smart machines, smart production and smart factories, autonomous
vehicles and artificial intelligence. These processes require a full or
a partial change of a paradigm for many recently known as reliable
techniques and approaches. In Europe all kinds of industrial and
society changes were named “Industry 4.0”, according to German
government high-tech strategy [1–3], which was later adopted by
many other countries of European Union. Worldwide these
concepts are known also as “Fourth Industrial Revolution” [4,5].
This term was offered by the founder and the executive chairman of
the World Economic Forum in Davos, professor Klaus Schwab [6].
Due to definition one of the most notable features of a deep
integration of digital technologies can be found in a burst of data
transmission volumes. This can be also called as the significant
effect of Big Data era. According to a significant growth of data
volumes to be processed in modern digital technologies there is a
great impact of Big Data problems that can be observed. These
problems caused many algorithms being popular previously to fail
in new circumstances.
One of particular areas suffering Big Data problems is the
airspace. Aircraft flights for a long time were performed along an
airways network. This looked something similar to ground roads
network. It worked well until the number of airspace flying vehicles
was comparably small. Moreover, most flying vehicles were driven
by pilots onboard. But the present time of aviation revealed not only
the growth of private aircraft fleet, but also the growing number of
UFV (unmanned flying vehicles). Unlike to the old model of
airspace, following the idea to lower airspace congestion, the new
model of airspace relies on free routing airspace (FRA) concept [7].
This concept allows to connect each other all waypoints in airspace.
According to huge number of combinations of possible airways and
with respect to ability of flight level change during the flight, the
combinatorial burst in data makes impossible or inefficient the use
of previously used routing techniques.
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Fig. 1 Grid model – simplified graph (illustration made according to [9])
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Fig. 2 Hexagon airspace area cut (illustration made according to [8])

2. Prerequisites and means for solving the problem
There are some recent researches [8,9] discussing lateral
navigation problem with option of limiting the search space. These
space limits were defined as the lateral dimension boundaries [8]
and as the trajectory grid [9]. Both approaches imply connection of
start and finish points with a straight line, which represents the
geodesic route or the shortest horizontal distance. Both cases [8,9]
of cutting airspace network area uses the TOC (top of climb) and
TOD (top of descend) as a start and finish points (see Fig. 1 and
Fig. 2). The approach of the grid presented as a simplified directed
graph (Fig. 1) and the lateral dimension boundaries is a hexagon
area cut (Fig. 2).
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In a visual comparison both approaches look similar and exploit
the idea to cut the network or the airspace according to maximum
route length, that the aircraft possibly would be able to fly. While
the real airspace network and location of waypoints aren’t exactly a
grid with airways directed from departure to destination, the
approach with hexagon area cut appear more consistent. However,
both approaches [8,9] are connecting TOC and TOC waypoints,
which could be far from departure and destination. This means
some special procedures are required to be designed to reach
1) TOC waypoint from departure waypoint (airport), and
2) destination waypoint (airport) from TOD waypoint. Evidently,
following the separate vertical profile construction procedure this
approach is acceptable. But we’d like to have a uniform approach to
build path from departure to destination. Hence, the problem
statement would be as follows: to build a simple procedure of
cutting an area in airspace with respect of giving an easy
calculation rule to identify waypoints (and airways) belonging to a
path search area.
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where 𝜀 = 𝑐/𝑎 and 𝑐 = 𝐹1 𝐹2 /2 are eccentricity and linear
eccentricity respectively.

3. Solution of the examined problem
The following solution was designed as a part of improvement
for routing algorithm named as Artificial Locust Swarm Routing
(ALSR) [10]. The most obvious solution for the problem of cutting
the area looks to be an ellipse. To examine the simplicity of this
approach let’s assume the departure (ADEP) and destination
(ADES) airports to be located in foci of the ellipse, F1 and F2
respectively (see Fig. 3).

According to domain specificity, the most important basic
feature of the flight route configuration is the direct distance
between departure and destination airports. Any route should be
compared to that direct distance to have an estimate of the
overhead. The actual direct distance is known as a great circle
distance. However, one may take the projection of a great circle on
a plain surface, if considering route on a plane map. So, let’s
assume now the direct distance could be considered as a straight
line on a plain surface with distance metric in Cartesian coordinates.
This approach is also viable due to ability of use (i.e. on Google
maps) of plane coordinates pair (x, y) as a projection instead of
latitude and longitude. So, the distance |F1F2| should be the main
parameter in a model of airspace area cut. Following this
assumption and the fact that ellipse semi-axes have compression
ratio k, it is possible to establish dependency on |F1F2| and k for any
point M within area bordered by ellipse:

M

F1
ADEP

F2
TOC

TOD

ADES

𝑎=

Here we also may assume, that 𝑘 ≠ 1 and 0 < 𝑘 < 1 due to
condition that 𝑏 < 𝑎, which should be always satisfied while
departure and destination airports are located in different geodesic
coordinates. This also means, that the ellipse would not be a circle.

Fig. 3 Ellipse airspace area cut (solution designed for ALSR [10])

Unlike to previously mentioned approaches ellipse is a curve
and one may give a reasonable objection, that the equation for the
ellipse in Cartesian coordinates seems difficult to calculate:

In general, it can be assumed, that distance between departure
and destination airports should be big enough to apply area cut.
However, the phenomena of relevant airspace area cut should
involve the variation of k with respect to distance |F1F2|. This
means, that value of k is expected to match two conditions:

𝑥 2 𝑦2
+
= 1,
𝑎2 𝑏2



where x and y are coordinates of the point on a curve, and a and b
are major and minor semi-axis respectively. However, there is a
much better feature of the ellipse, that comes from definition of
ellipse as locus of points:
𝐹1 𝑀 + 𝐹2 𝑀 = 2𝑎,



𝐹1 𝑀 + 𝐹2 𝑀 ≤ 2𝑎.
This rule is really simple and does not require difficult
calculations actually (except two distances from foci to a point,
evidently). The distance calculation in Cartesian coordinates can be
defined as a generalized Minkowski distance:
1

𝐷 𝑋, 𝑌 =

𝑥𝑖 − 𝑦𝑖

𝑝

𝑝

𝑘 → 𝑘𝑚𝑎𝑥 < 1.
Both these two rules together with dependency k = f(|F1F2|) mean
that actually

where p is typically used equal 1 for Manhattan distance and 2 for
Euclidean distance, and in case of p   the Chebyshev distance is
obtained:
1

𝐷 𝑋, 𝑌 = lim

𝑝→∞

𝑥𝑖 − 𝑦𝑖

0 < 𝑘𝑚𝑖𝑛 ≤ 𝑘 = 𝑓 𝐹1 𝐹2

𝑝

= max 𝑥𝑖 − 𝑦𝑖 .
𝑖=1…𝑛

Using the Chebyshev distance can be an example of a simple
enough procedure of distance calculation. However, any other
distance metric could be used instead, according to specificity of
distance measurement on geoid.

1)

maximum distance on Earth can be limited with half
distance
of
equator,
which
is
about
40 075, 7 km ~ 21 639 nm, and half equator distance is
20 037, 85 km ~ 10 819, 5 nm; lateral boundaries for a
maximum distance flight can be assumed to go not more
than 200 km ~ 108 nm far from straight line; hence the
kmin  0,01 and the ellipse major axis will be greater than
the distance for not more than 2 km ~ 1 nm.

2)

minimum distance between two airports that could be
requested for the flight can be assumed a
20 km ~ 10,8 nm; while the airports are located closely,

Next, there is a question of how wide would be the area
enclosed by ellipse. This can be described by ellipse compression
ratio, defined as
𝑘=

𝑏
=
𝑎

≤ 𝑘𝑚𝑎𝑥 < 1.

This condition gives the criteria to construction of yet unknown
function k = f(|F1F2|), which relates k and |F1F2| inversely, and has
lower and upper limits kmin and kmax respectively. The definition of
the limits can be made according to following thoughts:

𝑝

𝑖=1

short distance flight requires area cut wider around departure
and destination and once the closer these points are, then more
similar to a circle the ellipse will be (due to concern of finding
some non-straight or curved path for the case, when there is no
straight or direct connection and path search should possibly
go first in opposite direction or make some fly around
departure or destination airports); this rule can be described
with a condition b  a and this means k  1, but for the real
life a better approach is

,

𝑖=1

𝑛

long distance flight requires area cut closer to straight line
(due to concern of fuel consumption a long distant flight
should have less curved path), which can be described with a
condition b << a and this means k  0; but in real life a better
approach is
𝑘 → 𝑘𝑚𝑖𝑛 > 0.

where M stands for any point on a curve of ellipse. This rule allows
to identify any point within and on a border of area enclosed by
ellipse as

𝑛

𝐹1 𝐹2
𝐹1 𝐹2
𝑐
=
⇒ 𝐹1 𝑀 + 𝐹2 𝑀 ≤
.
𝜀 2 ∙ 1 − 𝑘2
1 − 𝑘2

1 − 𝜀2 ,
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let’s assume the operation radius (major semi-axis) to be
100 km ~ 54 nm; hence the kmax  0,995.
For definiteness, let’s assume the dependency between k and
|F1F2| to be exponential, like the following
𝑘 = 𝛼 ∙ 𝑒 −𝛽 ∙ 𝐹1 𝐹2 ,
where  and  are yet unknown coefficients, which are required to
fit the criteria:

0.063 3006.055
95.347
3.027
6.048
0.025 4001.269
50.389
0.635
1.269
0.010 5000.250
25.001
0.125
0.250
As one can see from the table, the results are really relevant to
the necessity of area cut and with respect to maximum flight
distance. The ellipses are less compressed due to ability of an
aircraft to cover a bigger distance, than the direct distance between
airports.
3 000
4 000
 = 5 000

Another approach to build the ellipse can exploit idea to have
within the ellipse (see Fig. 3) the hexagon area described in [8].
Though, this approach requires performing procedures to identify
TOC and TOD points, which look like separate problems.

0 < 𝑘𝑚𝑖𝑛 ≤ 𝛼 ∙ 𝑒 −𝛽 ∙ 𝐹1 𝐹2 ≤ 𝑘𝑚𝑎𝑥 < 1.
If the distance is equal to maximum possible distance
|F1F2| =  = 20 037, 85 km ~ 10 819, 5 nm, then
𝑘𝑚𝑖𝑛 = 𝛼 ∙ 𝑒 −𝛽 ∙Λ ⇒ 𝛼 = 𝑘𝑚𝑖𝑛 ∙ 𝑒 𝛽 ∙Λ .

5. Conclusion

If the distance |F1F2| is equal to minimum possible distance
 = 20 km ~ 10,8 nm, then we have the second equation:

The reliable method to cut relevant airspace area for flights
planning was offered. The model of ellipse area was deeply
discussed and can used further in many other routing approaches,
which require identification of excessive part of known topology.
This approach can be considered very useful for automated routing
for UFV according to its ability to consider maximum reachable
distance. The approach was successfully tested with ALSR
algorithm.

𝑘𝑚𝑎𝑥 = 𝛼 ∙ 𝑒 −𝛽 ∙𝜆 = 𝑘𝑚𝑖𝑛 ∙ 𝑒 𝛽 ∙(Λ−𝜆) ,
which gives the value
𝛽=

1
𝑘𝑚𝑎𝑥
∙ ln
,
𝑘𝑚𝑖𝑛
Λ−𝜆

and
𝛼 = 𝑘𝑚𝑖𝑛 ∙

𝑘
Λ
∙ln 𝑚𝑎𝑥
𝑒 Λ−𝜆 𝑘 𝑚𝑖𝑛

= 𝑘𝑚𝑖𝑛 ∙

Λ
Λ−𝜆

𝑘𝑚𝑎𝑥
𝑘𝑚𝑖𝑛
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,

and next
𝑘 = 𝑘𝑚𝑖𝑛

𝑘𝑚𝑎𝑥
∙
𝑘𝑚𝑖𝑛

Λ− 𝐹1 𝐹2
Λ−𝜆

= 𝑘𝑚𝑎𝑥

𝑘𝑚𝑎𝑥
∙
𝑘𝑚𝑖𝑛

−

𝐹1 𝐹2 −𝜆
Λ−𝜆

.

Following these calculations with the assumptions above, a
numerical approximation for ellipse compression ratio is
𝑘 ≈ 0.995 ∙ 99.5

7. Literature
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where the distance |F1F2| here should be defined in kilometers.

4. Results and discussion
Finally, the model for relevant airspace area cut has been built
as a set of waypoints enclosed by the ellipse and matching the rule
𝐹1 𝐹2

𝐹1 𝑀 + 𝐹2 𝑀 ≤

1 − 𝑘2

,

where k is the ellipse compression ratio
𝑘 = 𝑘𝑚𝑖𝑛

𝑘𝑚𝑎𝑥
∙
𝑘𝑚𝑖𝑛

Λ− 𝐹1 𝐹2
Λ−𝜆

= 𝑘𝑚𝑎𝑥

𝑘𝑚𝑎𝑥
∙
𝑘𝑚𝑖𝑛

−

𝐹1 𝐹2 −𝜆
Λ−𝜆

,

which was reduced numerically according to assumptions above to
the last equation in previous section. For a practical path planning
maximum and minimum distances  and  should be the minimum
and maximum distances that the aircraft can fly. Though, the
minimum distance can remain  = 20 km ~ 10,8 nm and the
maximum distance  should be substituted with particular aircraft
distance technical limit. The simulation results and the ellipse
parameters for  = 5 000 km are presented in a Table below.
Table: Simulations results.
Distance

 = 20
100
500
1 000
2 000

k

2a

b

a–c

0.995
0.924
0.639
0.402
0.160

200.250
261.714
649.774
1092.352
2026.027

99.625
120.928
207.488
219.791
161.854

90.125
80.857
74.887
46.176
13.014

Semi-latus
rectum
b2/a

99.126
111.752
132.512
88.448
25.860

222

Industry 4.0: With the Internet of Things on the way to the 4th industrial
revolution // Vdi-nachrichten.com – Apr. 1, 2011. [in German:
“Industrie 4.0: Mit dem Internet der Dinge auf dem Weg zur 4.
industriellen Revolution”] – https://www.vdi-nachrichten.com/TechnikGesellschaft/Industrie-40-Mit-Internet-Dinge-Weg-4-industriellenRevolution
2. Platform Industry 4.0 / Federal Ministry of Economic Affairs and
Energe, Federal Ministru of Education and Research //
https://www.plattform-i40.de – Last retrieved on May 9, 2019. – [in
German: “Plattform Industrie 4.0 - Startseite”, Bundesministerium für
Wirtschaft und Energie, Bundesministerium für Bildung und
Forschung”]
3. Implementation of an Industry 4.0 Strategy – The German Plattform
Industrie 4.0 / Henning Banthien // European Commission, Digital
Single Market – Jan. 25, 2017. – https://ec.europa.eu/digital-singlemarket/en/blog/implementation-industry-40-strategy-german-plattformindustrie-40
4. The Fourth Industrial Revolution / K. Schwab // Foreign Affairs,
Dec. 12, 2015 –. https://www.foreignaffairs.com/articles/2015-1212/fourth-industrial-revolution
5. K. Schwab. The Fourth Industrial Revolution. – NY: Crown Publishing
Group, 2016 (2017). – 192 p.
6. Klaus Schwab / World Economic Forum // World Economic Forum
official website, https://www.weforum.org/about/klaus-schwab – Last
retrieved on May 15, 2019.
7. Free
route
airspace
(FRA) //
Eurocontrol,
https://www.eurocontrol.int/articles/free-route-airspace – Last retrieved
on May 15, 2019.
8. Four-Dimensional Aircraft En Route Optimization Algorithm Using the
Artificial Bee Colony / Murrieta-Mendoza, Alejandro; Botez, Ruxandra
Mihaela; Bunel, Audric // Journal of Aerospace Information Systems –
Vol. 15 Issue 6, Jun. 2018 – P. 307-334.
9. Lateral Navigation Optimization Considering Winds and Temperatures
for Fixed Altitude Cruise using the Dijsktra’s Algorithm / MurrietaMendoza, Alejandro; Botez, Ruxandra // Proceedings of the ASME
International Mechanical Engineering Congress and Exposition,
Nov. 2014 – Vol. 1, 2015. – 9 p.
10. Air space routing and flights planning: a problem statement and
discussion of approaches to solution / Alieksieiev, Vladyslav //
Mathematical Modeling – Vol. 2 Iss.4, Dec. 2018 – P. 139–142.

"INDUSTRY 4.0" ISSUE 5/2019

USE OF DRONE BASED IT SYSTEM FOR ROAD POTHOLE DETECTION AND
VOLUME CALCULATION
Mg.Sc.Ing. Zaimis U.1,2,a, Assist.Prof.Dr.Biol. Jurmalietis R. 1,2,b, Prof.Dr.Sc.Comp. Jansone A.1,2,c, undergraduate student Kuduma K.
Institute of Science and Innovative Technologies, Liepaja University, Latvia1
Faculty of Science and Engineering, Liepaja University, Latvia2
E-mails: uldis.zaimis@liepu.lva, roberts.jurmalietis@liepu.lvb, anita.jansone@liepu.lvc
Abstract: This paper will examine whether information technology solutions can contribute to the work of a road repairer. The aim of the
research is to develop an algorithm for identification and volume calculation of the road pits.
The paper presents an overview of three existing methods to identify holes as objects. Recent study uses an ultrasonic sensor to determine the
size of a 3D hole; special attention is paid to its noise classification and possibilities for its reduction. The authors have found a way to organize
road surface scanning, convert the resulting data into binary code and calculate the volume of the object. Calculations can be made on both a
mobile microcontroller-controlled device and a computer after receiving data. A worker, a self-propelled robot or a drone can be used as a
sensor carrier.
Study results can be used for further development in the field of transport systems engineering, as well as for mechatronics specialists to
develop algorithm realization equipment in a real environment.
KEYWORDS: MECHATRONIC DEVICES, 3D OBJECT, POTHOLE, ULTRASONIC SENSOR

Introduction
Motor-road maintenance is associated with a lot of economical,
planning, technical, etc. challenges and problems to be solved.
Recent research focuses specifically on information technologies
(IT) sector capacities to diagnose road damages, mainly in relation
to pothole detections.
Potholes are repaired using different techniques (choice depends
on seasonal and other environmental factors) – one of them: refit
with hot asphalt concrete technology [10]. This technology is much
more expensive than the most common chip and paving asphalt
(bitumen) method – accordingly, it is particularly important to use
relevant resources efficiently. It means, first of all, that repairing
materials supply must reflect quantity of damages on particular road
sector [10]. For that reason we have the following research question
for the recent study: could IT be helpful to ease reparation works.
Therefore, aim of the research is to develop IT solutions for motorroad asphalt covering damage detection and road potholes volume
calculation for hot asphalt concrete technology implementation.

Fig. 1. Motor-road cross-sectional layers (R.Korczak,
M.Bruder, S.Spisani, 2016)

1. Pothole detection methods
1.1. Georadiolocation method
This method is based on electromagnetic impulses radiation in
tested media, and georadar is device which performs digital
treatment of emitted and reflected signals. Reason why response
signal has been detected (i.e. why electromagnetic impulses have
been reflected) is the following: non-homogeneity within the tested
object like split or density change [1].
The main advantage of georadiolocation method is its
multifunctional applicability in different fields. This method has
been most frequently used for
1) geological survey; 2) horizontal drilling; 3) motorway and
railway inspection (detecting) road technical condition and its
damaging reasons, b) thickness of old covering and its regeneration
possibilities); 4) archeological survey; 5) reinforced concrete
constructions monitoring; 6) communication systems inspection; 7)
hidden objects search; 8) ecological assessment [9].
Detailed data treatment has been performed through using
specialized georadar data analysis software. This software includes
so many complicated functions that data obtained can be adequately
applied only by experts who are skillful in data interpretation and
experienced in motor-road maintenance.
Device`s visualization software has been adjusted in order to
improve data perception for fixed layers. For example, road`s crosssectional layers in a real life could look like in Fig. 1; their modified
view has been demonstrated in Fig. 2.

Fig. 2. Inspected fragment of motor-road: cross-sectional layers
(Roadscanners 2016) [5-7]
A GPR module is necessary to implement detailed analysis of
layer measurements. This GPR module has been built into device`s
software and can provide big data processing – this capacity could
be demonstrated e.g. by mobile laboratory car`s abilities to perform
simultaneous driving and measuring activities, and to process
unlimited amount of data during one measurement act [11].
1.2. Image processing method
This method is based on road pitholes automatic identifications /
diagnosis through using asphalt covering pictures obtained by
mobile or stationary video cameras. [2].
1.2.1. Image segmentation
Machine learning is an inevitable part of contemporary IT field /
science; moreover, deep machine learning becomes an urgent
necessity for IT application developments. Deep machine learning
utilizes image processing methods among others, and image
segmentation in particular (i.e. partitioning a digital image into
multiple segments – based on computer vision algorithm).
Image segmentation process in the case of road potholes
identification is related to potholes localization detection in the
picture – it must be carried out through using image processing
function image classification with localization [8].
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analyzed. It would help to avoid time-consuming, inefficient, risky
(regarding to probability of errors) identification of objects. Since
every image actually represents itself an aggregate of pixels the
main task of segmentation is related to recognition of similar pixels
[8].
1.2.2. Shape modeling
Fig. 3. Function Image classification with localization:
implementation for pothole`s identification

Image segmentation process must be resulted in identification of
district to be studied – pothole. Next step in image processing is
getting precise shape of the object (shape modeling). In order to
fulfill this task several algorithms must be followed – Fig. 8
demonstrates results of these methods implementation.

Fig. 4. Function Object detection: implementation for pothole`s
identification
Despite image processing is basically rooted in implementation
of this function it is often necessary to identify also different
specific features in the image, e.g. shape of the pothole; see Fig. 3-5.

Fig. 8. Pothole segmentation: way to obtain shape of the
identified object (C.Koch, I.Brilakis, 2011)

Fig. 5. Representation of Image segmentations
Image segmentations have been implemented in 2 basic ways as
follows:
a) semantic segmentation where each pixel belongs to A or B class
(A – background, B – pothole); one specific color is used to mark all
the objects of one particular class (A– white, B– yellow), see Fig. 6;

Fig. 6. Representation of Semantic segmentation
b) instance segmentation where also each pixel belongs to A or B
class (A – background, B – pothole) however unlike semantic
segmentation one particular class objects have been marked
specifically (X pothole – gray, Y pothole – orange, Z pothole – blue)
(see Fig. 7) [8].

It is crucial not only to separate object from the surrounding
district: in case of pothole identification an important issue is also
defining adhesion for other, dissimilar objects (like stones, cracks) –
one can see relevant representation in Fig. 8. This figure also
demonstrates intermediate picture obtained through using
appropriate algorithms – so called skeleton [2] which represents
itself contour of the object (Fig. 8 b). Further, Fig. 8 shows how
ramification points on the contour have been fixed (see transition
from (b) to (c)) and then how these branching points have been
joined together designing thus continuous line (see transition from
(c) to (d)). This process is necessary in order to define borders of the
pothole shape without including identified cracks of the surrounding
district [2]. As a result, partial shape of the pothole has been
obtained. In order to get complete shape elliptic regression function
must be applied – Fig. 8 (d) to (e) transition shows how elliptic
shape of the pothole has been approximated and designed [2]; Fig. 8
(f) compares result of image shape modeling process with actual
photo of the pothole.
1.2.3. Texture: obtaining and comparing
Next step after getting pothole`s shape is data acquisition on
hole`s texture as well as comparing it with the structure of the
surrounding district. It is necessary to avoid already repaired
potholes and cracks to be identified as road damages [2].

Fig. 9. Texture of the identified pothole in Liepaja, Ausekla
Street (left – pothole`s structure, right – surrounding district`s
structure)

Fig. 7. Representation of Instance segmentation
Image segmentation carried out at the final stage of image
processing have to include object detection function as well [8] –
see Fig. 6. Image segmentation means that image has been divided
in segments or districts, accordingly, it is necessary to detect
object`s (i.e. potholes) localization in advance – in order to
guarantee / ensure that only potholes instead of whole image will be

Main image processing techniques for district texture`s
diagnosis are statistic, structural and spectral ones [2]. All these
methods are related to identification of main properties of the
surface – is it smooth, grainy, (see Fig. 9) etc. The procedure
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includes detection of image`s gray tone intensity and afterwards,
using mathematical calculations standard deviation has been found
out – it is the way how texture differences between pothole and
surrounding district could be revealed [2].
Texture has been compared using filters from Schmid and
Leung & Malik sets, i.e. Schmid No 4.and Leung & Malik 40, 42,
44 filters [2]. Recent paper avoids deepened arguments to
substantiate choice of these filters.
Implementation of Georadiological method discussed above
depends upon expert qualification (both in the field of data analysis
and motor-road infrastructure) at great extent – in contrast,
advantage of image processing method is automatic data treatment
supported by machine learning approach. Still, debatable are
machine learning related results in non-standard situations like
a) road sections with repaired potholes (see Fig. 10a), b) pothole
with accumulated rainwater (see Fig. 10b), c) fake pothole, i.e.
presence of rainwater drainage and other elements of underground
infrastructure in road covering (see Fig. 10c).

b

a

2. Development of Object identification and
volume calculation algorithm
Device which has been developed to implement empirical part
of the current study is equipped with mechatronics elements
necessary only for data gathering. Equipment comprises ultrasonic
sensor HC-SR05, microcontroller Raspberry Pi 3 Model B+
(supplied with data inventory and transmission technology), power
supply and shell. Sound-impulse frequency is 40 kHz, provided
electric current – 10-40 mA. Characteristics to be particularly taken
into account when performing measurements are resolution (0.3 cm
for this sensor) and angle (15 degrees). Sensor HC-SR05 allows to
perform measurements at various distances – from 2 till 450 cm.
This device could be carried by different agents – like workman,
self-propelled robot or drone. The latter agent`s biggest challenges
are action difficulties in strong wind, rain, snow (nevertheless, drone
does not face road driving related risks like e.g. robot).
Fig. 11 demonstrates electric chain connection between chosen
microcontroller and ultrasonic sensor.

c

Fig. 10. Motor-road damages
1.3. Ultrasound sensor application method

Fig. 11. Electric chain connection MC - sensor

This method is focused on fixing presence of potholes and
artificial elevations or speed ramps. Method is implemented through
using device which is equipped with PLC microcontroller,
ultrasound sensor, GPS navigator and Global System for Mobile
Communications (henceforward
–
GSM)
module [8].
Microcontroller represents itself a key element of this device.
Ultrasound sensor`s function is to detect distance of pothole as well
as speed ramp. GPS navigator has been added to the device in order
to detect localization of the fixed pothole. In turn, GSM module
implements data processing results transmitting to user`s smart
device [3].

Data obtaining is simulated with experimental measurements,
imitating real-world environment. It has been assumed that device
which would move in real-world environment will drive strictly
horizontally implementing 35 measurements (interval – 0.5 seconds)
during a single passage; 20 passages will be performed altogether
(see Fig. 12).

1.3.1. Data processing
Data processing consists of two parts, namely, data storing in
data base and data processing results representation in user`s smart
device. The following data have been stored:
1) type of the fixed object (pothole or speed ramp); 2) distance
in cm (height or depth); 3) width coordinate; 4) length coordinate
[8].
This method is advantageous since two types of objects have
been fixed – in particular, information about speed ramp could be
valuable because it indicates which ultrasound sensor`s detections
are useless when fixing potholes.

Fig. 12. Moving direction in a Real-world environment
(Google Maps, 2019)
Measurement data obtained after the code has been executed
have been saved in .npy file – it is programming language Python
NumPy library.

1.3.2. Real-world application of Mechatronics elements

3.3. Data processing for object identification

Ultrasound sensor has been applied also for real-world
measurements – device has been attached to moving vehicle. Initial
position has been detected prior to start measurements [3].
Single ultrasound sensor will be used in the framework of the
current study – nevertheless, test measurements performed by
several sensors would be profitable for further development of this
research. Several sensors utilization would accelerate data gathering
process through simultaneous fixing a number of closely located
potholes. Still, it should be emphasized that increasing number of
ultrasound sensors does not mean increase in resolution and
accuracy.

Data have been obtained at the very moment of ultrasonic
sensor impulse registering. All the data processing has been carried
out in programming language Python; its Drawing Library
Matplotlib has been used for visual identification of the fixed object.
Matplotlib capacities are similar that of MATLAB program however
advantage of Matplotlib is its free access for every user.
3.4. Data processing for volume calculation
Current study focuses on research question how to integrate IT
solutions in motor-road maintenance to facilitate the repairing
works. Different road potholes identification methods have been
discussed in this paper – however, there is still an unsolved problem
with unknown amount of hot asphalt necessary to repair identified
potholes. In order to find out this particular amount volume of the
object must be identified. An idea for volume calculations algorithm
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has been taken from research paper [4] where high resolution
camera Microsoft Kinect was used for measurement identification.
Measurement results matrix with binary representation has
been used for volume identification. Matrix dimensions for current
study simulation measurements are 35 x 20, where 35 –
measurement number per one passage, 20 – total number of
passages. Ultrasonic sensor minimum and maximum distance values
have been detected when processing measurement results. For
example, Fig. 18 graph (see Experimental Results chapter) has its
minimum value of 7.12 cm, and maximum – 20.72 cm. Minimum
and maximum values detection is necessary to ensure binary
image`s dividing in measurement height intervals.

3.2. Results objectivity in rainfall and ice-cover situations
Current study also imitated situation when real-world
measurements have been performed during heightened humidity on
roads, e.g. during rainfalls or ice-cover.

3. Experimental results
In order to judge ultrasonic sensor`s credibility and usefulness
for motor-road potholes identification measurements in simulated
environment were carried out. The following environments were
used for measurements:
a) bright light (sunlit) environment; b) heightened humidity
environment; c) variable height environment.
3.1. Results objectivity in sunlit environment
Flash-guns have been periodically used while implementing
measurements – this was imitation of real-world situation when
sunlit illuminates pothole and reflects in sensor.
Results of this experiment have been mirrored in Fig. 13 – graph
doubtlessly demonstrates that data obtained in such conditions are
not useful. Graph shows that distance from ultrasonic sensor till
object is more than 100 cm in some places; besides, despite of
possibilities for visual detection of imitated road pothole`s location
anomalies which are fixed in the district will not allow to obtain
precise data about pothole`s depth. Distance measured does not
represent the real depth of the imitated pothole – malformed
measurement results have been created by flash-light effect.

Fig. 15. Pothole under rainfall: data representation
Measuring results prove that ultrasonic sensor of chosen type
(see above) cannot provide credible data on simulated pothole`s
depth. The problem is that sensor fixes distance till object`s surface
and if the pothole is partially filled with rainwater this surface is
represented by water: manual measuring demonstrated that
particular pothole was deeper than it was found out according to
data provided by sensor.
In order to fully ascertain that climatic conditions influence
measurement results the same pothole was repeatedly tested – now
during dry (low humidity) weather conditions.

Fig. 16. Pothole in dry environment: data representation
Despite the same motor-road pothole was studied depth
measurement results in dry and humid weather differed by 8 cm –
namely, sensor indicated 4 cm depth after rainfall and 12 cm depth
for the same pothole during dry weather.
3.3. Results objectivity for measurement at various heights

Fig. 13. Data obtained in sunlit simulation environment
In Fig. 14 for visuality purposes, graph`s coordinate system`s
angle should be changed to represents the depth of the road pothole
more clearly.

Ultrasonic sensor`s technical specification points out minimum
and maximum values for measurement distance – current study was
testing them through various height measurement imitations for one
particular pothole. Fig. 17 demonstrates measuring where sensor`s
distance from imitated asphalt surface is 39 cm (mean value) and
distance from pothole`s bottom – 51 cm; it means pothole`s depth is
12 cm.

Fig. 14. Changed angle for sunlit simulation data representation
(a) useless data obtained under sunlit influence; (b) motor-road
pothole which represents only part of the imitated pothole
Experiment results clearly demonstrate that in a real-world
situation pothole`s exposure to bright sunlight will influence
ultrasonic sensor`s functioning and, accordingly, will create
malformed data. Possibly the only available solution would be
sensor`s narrow-angled placing on robot or drone – such a decision
has been supported also by our experiment: ultrasonic sensor creates
distorted data only when being under certain angle in relation to
flash-gun.

Fig. 17. Pothole`s depth measurement representation (height –
Z-axis) by high height
Fig. 18 reveals measurement for the same pothole, now at
another height – this time ultrasonic sensor`s distance from asphalt
surface is only 8 cm, and distance from imitated pothole`s bottom is
20 cm – accordingly, pothole`s depth appeared to be 12 cm, just like
in the previous case.
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the drone with a GPS sensor for the location of the device in real
time. The main findings of this development phase are as follows:
•
•

Fig. 18. Pothole`s Z measurement representation by low height
•

Results obtained confirm that ultrasonic sensor can be surely
used for motor-road pothole measurements at different distances.
Still, comparison of both graphs (Fig. 17 and 18) reveal more
pronounced surface roughness when measurement has been
performed at bigger distance (Fig. 17) – it confirms that higher
location of sensor is related with more ambient environment noise
influence.

•

3.4. Results objectivity for simultaneous fixing of several objects
•

Since real-world motor-roads usually suffer from numerous
damages (e.g. potholes) simultaneously current study included also
simulation of situation with several potholes in the test zone.
Measurement results have been reflected in Fig. 19.

The objective of the study has been achieved by finding an
IT solution for identification and volume calculation of
road or motorway.
The HC-SR05 ultrasonic sensor used for the
implementation of the practical section in realistic
environmental simulations with heavy rains, although
capable of identifying the pothole position, is still incapable
of determining the true depth of the road pothole.
The impartiality of the results with the fixation of the same
motor-road pothole at different heights makes it possible to
make the assumption that in the real-life unmanned aerial
vehicle – the drone will provide objective results at
different heights.
At different heights, suggests that the amount of ultrasonic
sensor noise depends on the distance between the ultrasonic
sensor and the zoned environment, i.e. with increasing
distance, the volume of noise increases.
Necessary to use an algorithm which removes ambient
noise from the environmental impact.
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Abstract: The study deal with the functioning of energy objects in the Baikal natural territory and they impact on the ecosystem of Lake
Baikal. It is shown that pollutants have a major impact on the atmosphere from where can spread over long distances and leached from the
air to the water and soil surfaces. The role of energy sector of the Baikal natural territory in the impact on the lake ecosystem has been
determined.
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1. Introduction
This study examines the functioning of energy objects and their
influence on the elements of the environment: the atmosphere,
water bodies, and soils. At the same time, the impact assessment of
energy objects located in the Baikal natural territory is investigated.
The concept of the Baikal Natural Territory (BNT) is defined
by federal law of Russia No. 94 of May 1, 1999 ―On the Protection
of the Lake Baikal‖ (as amended on July 14, 2008) and is worded as
follows: ―The Baikal Natural Territory is the territory that includes
Lake Baikal, the water protection zone adjacent to Lake Baikal, its
catchment area within the territory of the Russian Federation,
specially protected natural areas adjacent to Lake Baikal, and the
territory adjacent to Lake Baikal till 200 kilometers to the west and
north-west from it‖[1].
The borders of the Baikal natural territory partially cover three
subjects of Russia: the Republic of Buryatia, the Irkutsk Oblast and
the Zabaykalsky Krai. In general, the area of the Baikal natural
territory is 386.2 thousand km2, of which 57% is the territory of the
Republic of Buryatia (97% of the republic’s population lives in this
area), 29% is in the Irkutsk oblast (where the population is 54%)
and 14% - Zabaykalsky Krai (the population of this part of the
region is 15.5%). Within the framework of the Law and in
accordance with the Order of the Government of the Russian
Federation No. 1641-p dated November 27, 2006 ―On the Borders
of the Baikal Natural Territory‖, ecological zoning is regulated [12] and three ecological zones are distinguished (Figure 1) [3]:
- the ecological zone of atmospheric influence is an area till
200 km wide to the West and North-West of lake Baikal, on which
economic objects are located, which have a negative impact on the
unique ecological system of the lake;
- central ecological zone - an area that includes Lake Baikal
with islands, a water protection zone, and specially protected
natural areas adjacent to the lake;
- buffer zone - the territory outside the central ecological
zone, which includes the catchment square of Lake Baikal within
the territory of the Russian Federation.
Zoning of the territory provides, above all, the regulation of
anthropogenic impact on the lake Baikal ecosystem.
The character and scale of the impact of energy sector is
connected with the flow of pollutants into the elements of the
environment, their quantity and quality. In this study, enterprises
generating electric and thermal energy are considered as energy
objects. In general terms, pollutants from the burning of organic
fuels enter the atmosphere from energy objects, and as rule heated
clean water is discharged into water bodies. Impact on soils is
connected with destruction of landscapes and the formation of a
significant amount of waste (ash and slag), including the excretion
of significant areas for their storage.
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Fig. 1. Ecological zones of the Baikal natural territory
So, the greatest impact of energy sector to the natural
environment arrive from the atmosphere, which gets a significant
amount of harmful substances that can spread over long distances
and areas, washed out of the air and deposited on the water surface
and soil.
The impact assessment of the energy objects on the
environment is carried out by using: statistical data, state reports on
the ecological situation in the regions of the Russian Federation,
annual reports on the activities of enterprises, and methods for
determining emissions from boilers of different capacities approved
by the Government of the Russian Federation.

2. Results and discussion
2.1. The ecological zone of atmospheric influence
The ecological zone of atmospheric influence is almost completely
located on the territory of the Irkutsk Oblast (99% of the area), only
in the northern part a small territory of the Severobaikalsky District
of the Republic of Buryatia falls within the zone (or 1%) [4].
In this zone, enterprises of the Irkutsk-Cheremkhovo
industrial region predominantly are predominantly located and in
fact - in the five largest cities of the Irkutsk region - Irkutsk,
Angarsk, Usolye-Sibirskoe, Cheremkhovo and Shelekhov. In these
cities, 7 large-scale thermal power plants of PJSC Irkutskenergo
operate year-round, from which about 200-250 thousand tons of
pollutants enter the atmosphere in different years [5].
The contribution of all power plants of the atmospheric
influence zone to the total emission of the five cities under
consideration is estimated at 65-70%.
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From the standpoint of energy sector, the negative impact on
the Baikal natural territory, as well as the water area of the lake
Baikal is associated not only with significant amounts of heat power
plant emissions, but also with conditions of entry of impurities into
the atmosphere. It does mean that an emission height from heat
power plants is of more than 150 m, when pollutants enter outside
the surface layer, and are involved in long-distance transport.
For the Baikal natural territory and the water area of Lake
Baikal, three heat power plants of the cities of Angarsk and Irkutsk,
which are located closest to the lake, can have the greatest negative
impact to Baikal. The character of the impact of these three heat
power plants is determined by the facts that:
- they are enough large, working on coal, that contributes to
the formation of a significant amount of emissions - more than 50
thousand tons per year from each station;
- sulfur oxides prevail in emissions - up to 70% of the total
volume of emissions;
- the height of the emission exceeds 150 m, respectively,
pollutants come outside the surface layer of the atmosphere,
entering into long-range transport processes.
The features of long-distance transport of pollution are
determined by fact that winds of the west and north-west directions
can bring to the southern part of the central ecological zone of the
BPT and water area of the lake of harmful impurities from these
three stations which located on the distance of 80 to 100 km from
the lake Baikal. At the same time, the maximum load of heat power
plants occurs in the winter period, and climatic and geographical
features BPT are determined by the high frequency of anticyclones
in the cold period of the year with low precipitation and stagnation
situations, which significantly reduces the ability of the atmosphere
to self-purification (2-3 times lower than the average Russia).
According to the long-term monitoring of the atmosphere and
atmospheric precipitation, which is conducted year-round by the
staff of the Limnological Institute of the SB RAS in the settlement
of Listvyanka, gaseous emissions of large heat power plants enter
into a long-distance transport and manifested as plumes in the
coastal areas of the southern part of the lake Baikal. In recent years,
concentrations of oxides of sulfur and nitrogen, which reach dozens
and hundreds of µg/ m3 recorded at a permanent monitoring station
of the atmosphere (in Listvyanka) and can cover large areas of
southern Baikal, including the eastern shore [6, 7].
In the ecological zone of atmospheric influence, the
assessment of wastewater discharges by energy enterprises was not
carried out because the wastewater into the lake Baikal cannot
receive. The situation is similar with production and consumption
wastes, whose impact on the lake’s ecosystem Baikal and adjacent
territories in the context of assessing the contribution of energy
sector from the ecological zone of atmospheric influence is not
appropriate.

2.2. The central ecological zone
The central ecological zone adjoins directly to the Lake Baikal and
has a special environment protection and socio-economic status.
One third of the territory of the central ecological zone is occupied
by specially protected areas: reserves (11.9 thousand km2), national
parks (12.9 thousand km2) and wildlife preserves (0.8 thousand
km2).
The special status of the use of this territory is regulated by
the federal law ―On the Protection of Lake Baikal‖ and, in
accordance with the Decree of the Government of the Russian
Federation No. 643 of August 30, 2001 ―On Approving the List of
Activities Prohibited in the Central Ecological Zone of the Baikal
Natural Territory‖ with changes of Government Resolution No. 186
of March 2, 2015. These resolutions prohibit certain types of
economic activity, including the construction of coal-fired boiler
houses, except for their major overhaul and reconstruction.
The power objects in this area include the Baikalsk heat power
plant and numerous boiler houses of various capacities, of which 66
are coal, 15 are electric boiler houses, 9 are use wood, 3 are gas and
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1 oil. In the structure of installed capacity of heat sources, coal-fired
boilers occupy more than 90% [8].
It should be noted that electric boiler houses, as the most
environmentally friendly, function only in the coastal areas of the
Irkutsk oblast, which is explained by the acceptable level of
electricity tariffs in the region. Among the energy technologies
used, layer combustion of solid fuels has the greatest weight. The
majority of boilers houses use boiler units with a capacity of up to 1
Gcal/h, in which flue gas cleaning is usually not performed or is not
performed satisfactorily.
Due to the lack of statistical information, officially approved
methods for calculating emissions of pollutants into the atmosphere
by heat power plants and boiler houses of different capacities were
used to assess the impact of energy objects on the atmosphere of the
central ecological zone [9-11].
The total estimated emission from the boiler houses of the
central ecological zone amounted to 24.5 thousand tons per year,
and the share of small capacity boiler houses where flue gas
cleaning is not performed accounts for 60% of the total emissions at
a fuel consumption of 26% from the total burning fuel. More than
74% of the fuel is burned in 9 large boiler houses, but only 40% of
total emissions into the atmosphere enter from them.
As a consequence of the predominant use of coal, in the
composition of emissions (up to 80%) particulate matters are
prevail, or so-called ―black carbon‖. The distribution of emissions
from boiler houses in the central ecological zone has two clearly
expressed manifestations in the southern and northern parts of Lake
Baikal: 12.4 thousand tons in the south, 1.75 thousand tons in the
middle part of Baikal and 10.3 thousand tons - in the north.
It should be noted that at present there are no data, both
official statistics and initial information for calculating emissions
from heat sources of year-round tourist bases, as well as a number
of small boiler houses that heat one building. In addition, for the
central ecological zone, it is important to take into account
emissions not only of energy objects, but also of private houses of
settlements heated by coal and firewood.
According to official statistics, wastewater discharges into
surface water bodies (rivers, streams) and directly into the waters of
Lake Baikal in the central ecological zone is carried out only on the
form of sewage discharges on special treatment facilities in large
settlements: Slyudyanka, Baikalsk, Severobaikalsk. It is rather
difficult to identify the contribution of wastewater discharges from
large boiler houses operating in these cities. As for small capacity
boiler houses, they have no direct wastewater discharge, only loss
of coolant during the transfer of thermal energy to the consumer.
And in terms of impact assessing the on the waters of Lake Baikal
influences of small boilers can be neglected.
The impact assessment of industrial waste from the energy
sector is not only related to the lands that have been excretion for
storage and that have been removed from economic circulation
(forest, steppe, agricultural), but also due to pollutants entering the
environment elements from storage sites. The impact of waste
occurs through the soil and the air: dusting, burning dumps, filtering
of ash dumps. Ash and slag waste obtained by thermal
transformation from the combustion of coal may have an increased
concentration of various radioactive elements (uranium, radium,
thorium, etc.). This is due to the fact that coal, as a natural sorbent,
is capable of accumulating natural radioactive elements, and when
burned, their content in ash and slag can increase 3-10 or more
times [12]. The problem of radioecological safety of coal, fly ash
(not captured in treatment equipment), as well as ash and slag waste
and products from them are requires take special solution at the
state level. It is necessary to conduct continuous monitoring of the
content of radioactive elements of burn coal at all energy objects. In
the new conditions of digitalization of the Russian economy,
including the energy sector, the organization of such monitoring is
just beginning. Comprehensive monitoring of the impact of energy
sector will allow analyzing the situation not only in quantitative
terms, but also in qualitative terms. In this study, the impact
assessment of ash and slag waste from energy sector is still
considered from the standpoint of their quantitative formation.
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The calculation of the amount of ash and slag wastes was
based on the recommendations [13, 14]. Ash and slag waste
includes residues of unburned fuel in the furnace devices of boiler
houses. For large boiler houses, the volume of captured solid (ash)
particles in special catching devices, which are moved to the ash
dumps or waste storage, is also taken into account.
The total amount of ash and slag waste from energy objects in
the central ecological zone is estimated at 79-80 thousand tons
annually. Territorially, the largest amount of ash and slag waste
falls on the Slyudyansky district: city Baikalsk - 25.1 thousand
tons/year and the city of Slyudyanka - 19.2 thousand tons/year,
which are located in the southern part of Lake Baikal. In the
northern part - the largest amount of energy sector waste is
generated in the city of Severobaikalsk (22 thousand tons/year).
From the calculations it is clear that it is in these settlements that
large energy enterprises are located.
One of the problems of the heat generation of large cities and
settlements of the central ecological zone that needs to be solved in
the coming years is the filled of ash dumps. Thus, in the city of
Severobaikalsk, expansion or construction of a new ash dump is
required, since the existing one is almost full.

2.3. The buffer ecological zone
The buffer ecological zone covers 75% of the area of the Republic
of Buryatia and 25% of the Zabaykalsky krai.
In total, from all stationary sources of the zone in 2017, 85.2
thousand tons of pollutants entered the atmosphere, of which 75.2
thousand tons - in the Republic of Buryatia and 10 thousand tons from stationary sources in the Zabaykalsky krai [5]. Assessing the
contribution of energy enterprises to this emission and the
possibility, under certain meteorological conditions, to influence the
lake's ecosystem, it should be noted that only large energy objects
of the Republic of Buryatia have a ―high‖ emission sourses. In the
Zabaykalsky krai, these are mainly small capacity boiler houses in
rural areas.
The Ulan-Ude thermal power station -1, the Timlyuy thermal
power plant and the Gusinoozyerskaya state district power station
are referred to such energy sources in the Republic of Buryatia.
Emission from these energy objects is estimated at 60-63 thousand
tons/year (or 60% of the total emissions from stationary sources of
the buffer ecological zone). Sulfur oxides are also predominant in
the emissions of these stations [5].
In general, the buffer ecological zone is dedicated from the
standpoint of the protection of water bodies, since the main inflow
of water and the catchment area of the lake Baikal is located and
formed in this area.
Sewage of large energy enterprises, as a rule, is characterized
as regulatory clean warmed waters, however, when entering them
into water bodies, they are capable of disrupting the
hydrobiological and chemical composition of natural waters.
Directly to Lake Baikal, wastewater from large energy enterprises
of the buffer ecological zone does not flow. Accordingly, from the
impact assessments of the on the lake's water area these wastewater
are excluded. And also ash and slag waste and their storage due to
remoteness from Baikal are excluded too.

3. Conclusion
As a result of a study for impact assess the of the energy sector of
the Baikal natural territory on the lake’s ecosystem Baikal was
revealed that the main impact is related to the emission of
pollutants into the atmosphere during the production of electrical
and thermal energy. The total emissions coming from the energy
objects of the Baikal natural territory is estimated at 280-300
thousand tons per year. That is comparable, and often higher than
the annual emissions of some European countries. In general, the
contribution of energy objects to the total emissions of the Baikal
Natural Territory is estimated at 67.5%, (Table 1).
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Table 1. Emissions to the atmosphere of the Baikal natural
territory in 2017 by ecological zones and the assessment
contribution of energy sector
Ecological zone
atmospheric
central
influence

Index
Emission, total,
thousand tons/year
among them:
energy objects
Contribution, %

buffer

total

301,8

24,5

85,2

441,5

210,3

24,5

64,1

298,9

69,9

100

75,2

67,7

A specific feature of the energy sector of the Baikal natural
territory is the use of coal as a fuel. At the same time, its
combustion at large heat power plants located into ecological zones
of atmospheric influence and buffer one is associated with the
formation of a significant amount of gaseous emissions — sulfur
and nitrogen oxides. Under certain meteorological conditions, such
emissions can enter the southern and middle parts of Lake Baikal
and later fall out in the form of acid precipitation. In turn,
acidification in the elements of the environment leads to a change
in the initial quality, as a rule, to deterioration.
In the central ecological zone, the sources of emissions are
large and small boilers houses with a predominant emission of
particulate matters. In quantitative terms, this emission is estimated
at 24.5 thousand tons per year, but due to natural and geographical
features, all these pollutants remain in the lake’s ecosystem Baikal:
will fall to the surface of the earth and the lake or be washed out
with precipitation. Pollutants can have a synergistic effect (enhance
the effect of various impurities), contribute to the formation of
fogs, and in conditions of stagnation of the atmosphere forms smog
situations, especially in winter time.
Along with the emission of pollutants into the atmosphere
when coal is burned, ash and slag waste is generated, which must
be stored and disposed of. At present time, it is important to
organize the accounting of produce such wastes and their storage.
In addition to, should be to establish a system of automatic
continuous monitoring of emissions from existing enterprises
around Baikal, including energy sector.
Recently, much attention has been paid to the creation of a
unified integrated digital monitoring system of the Lake Baikal
ecosystem. Such system will allow state monitoring of data of both
a climatic and anthropogenic terms. In fact, this is a new level of
organization of interaction with various services in the field of the
protection of Lake Baikal, as well as the transition to the "Industry
4.0" platform.
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Abstract: Extrusion is one of the most important processes in polymer processing technology, just next to injection molding. The first
extruder was invented and patented in 1879 by Matthew Gray, which used Archimedes screw in its design [1]. Since that time, constantly
work on improving the work of extruders was carried out, which are implemented in two different ways, technological or constructional [2,
3, 4]. The constructional method involves both the modification of the screw design and the entire barrels of the plasticizing system.
Evidence of the relevance of this issue may be the number of patents describing the classic and unconventional constructions of extruders
[4]. The aim of the following work is to conduct a review of the contemporary construction solutions of the plasticizing systems barrels,
whose applications were intended to improve the efficiency and effectiveness of the extrusion process. One of the most interesting solutions is
the kinematic activation of the barrel wall in the metering zone by introducing a rotary sleeve in a plasticizing system whose rotational speed
and direction can be freely modified.
Keywords: POLYMER PROCESSING, MACHINE CONSTRUCTION, SINGLE-SCREW EXTRUDER, PLASTICIZING SYSTEM

1. Introduction
Polymer materials in order to use them for production of
functional elements must undergo a process of changing the
physical state and transitioning into a plastic state allowing free
molding. Plasticization is a process in which processed material is
changing its physical state from solid into a plastic or liquid state
and reaches certain parameters, such as temperature, pressure,
degree of homogenization, speed of movement and flow rate. The
mechanism of the plasticizing process depends on the processing
method used. For example, a completely different dynamics of
extrusion and injection molding causes clear differences in the
plasticization of the material. Extrusion is a continuous process, and
plasticizing takes place under conditions of dynamic equilibrium in the conditions of a rotating screw. During injection, melting takes
place in a dynamic as well as static way (static screw) [5, 6, 7].

Fig. 2 presents a diagram describing the phenomena occurring
during plasticization of plastics. All the phenomena described on it
are closely related and the change of technological and
constructional factors will possibly have different effects on every
other factor. For example, increasing the rotational speed of the
screw causes an increase in the mass flow rate of the material, i.e.
improves the extrusion efficiency, but the material will remain
shorter in the plasticizing system, which will adversely affect its
homogenization and degree of plasticity, as well as increased shear
rate may lead to overheating of the material near barrel surface.
Therefore, when choosing technological parameters, one should
always strive for a compromise between performance and quality of
the extrudate. or seek for design solutions that will provide both [5,
6].

The issue of plasticizing plastic has its origins in the XIX
century. when in 1879 Gray patented the first extruder using the
Archimedes screw as a working element in the plasticizing system.
During this period, two similar devices were created in Germany
and in the USA, but Gray's Patent was the first clear and
unambiguous statement. Since then, the general appearance of
plasticizing systems in extruders has not practically changed.
Besides heating, cooling and driving elements responsible for the
technological parameters of extrusion, only two structural elements,
and specifically their geometry, have a direct impact on the
characteristic of the extrusion process, those elements are screw and
barrel. The design of the single-screw plasticizing system is being
successively improved, but the general assumption remains
unchanged, i.e. it assumes placing a rotating screw in a fixed barrel
of the plasticizing system (Fig. 1) [1, 8].
Fig. 2 Phenomena occurring during the plasticizing process and their
influence on the material properties and characteristic of the extrusion

The control of the extrusion process characteristics can be based
on two trends. The first one involves the control of technological
parameters of the process, such as temperature, pressure of the
processed material and rotational speed of the screw. Corrections of
technological parameters can be made at any time, even during the
extrusion. However, the influence of temperature and rotational
speed of the screw on the degree of material homogenization is
rather limited. To significantly improve the degree of
homogenization of the composition and properties of the processed
polymer material, it is necessary to apply the constructional
modification by changing the screw geometry or by using passive
mixing elements on the barrel surface. According to the diagram
shown in figure 3, increasing the efficiency of extrusion by
constructional method can be divided into two branches -

Fig. 1 A scheme of classic single-screw plasticizing system: 1 – screw, 2 –
barrel, 3 – heaters, 4 – hopper, 5 – direction of the polymer flow, 6 –
rotational movement of the screw
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modifications of the screw design (classic, special, unconventional,
barrier, mixing), and modifications of the barrel design [9].

Fig. 6 The active grooved feeding zone of the extruder with a set of four
plates mounted on the joints symmetrically to the barrel axis:  - groove
angle, 1 – hinge,2 – barrel, 3 – swinging plates, 4 – longitudinal grooves, 5
– surface of the plate creating bottom of the groove, 6 – screw, 7,8 – flanges,
9 – inner surface of the barrel, 10 – bracket [13]
Fig. 3 Methods for improving the efficiency of the extrusion process

In the case of innovative barrel design solutions developed in
recent years, two main directions of development can be
distinguished. One of them is related to the upgrading of the
metering zone of the plasticizing system by introducing intense
mixing elements that are placed on the inner surface of the barrel.
Upgrading of the barrel design in the metering zone usually consists
in placing on the inner surface of the barrel appropriate projections,
pins, grooves or notches, which cooperate with geometrically
corresponding elements located on the surface of the screw (fig. 4
and fig. 5). The elements of intense mixing in the metering zone are
usually passive, and the change in extrusion characteristics must
take place by stopping the extruder and retooling it [10, 11, 12].

Fig. 7 Active grooved feeding zone of the extruder with a set of four slats
and wedges arranged symmetrically with respect to the barrel axis: 1 barrel, 2 - sleeve, 3 - sliding wedge, 4 - slat, 5 - longitudinal groove with
variable depth, h - groove depth ,  - groove angle [14]

Fig. 4 Barrel with a broken screw channel on the inner surface, forming
together with cooperating pins on the surface of the screw, an element of
intensive mixing [10]
Fig. 8 Active grooved feeding zone of the extruder with twisting sleeve:  groove angle, 1 - barrel, 2 - sleeve, 3 - grooves, 4 - worm wheel, 5 - worm, 6
- plastic container, 7 - fixing pin [13]

There is also a small group of original unconventional structural
solutions, in which you can distinguish several interesting solutions
involving the kinematic activation of the barrel fragment in the
metering zone.

2. Results and discussion
The aim of the work was to carry out research on the current
state of the art of unconventional single-screw plasticizing systems
of extruders, with particular emphasis on unconventional
constructional solutions involving the kinematic activation of the
barrel segment. The rest of the article describes all known
constructional solutions included in the patent databases.

Fig. 5 An element of intensive mixing formed by a sleeve with pins on its
inner surface and associated pins on the surface of the screw [11]

The second direction of barrel improvement concerns the
feeding zone and consists in placing grooves on the inner surface of
the barrel that intensify the collection and transport of the material
(fig. 6, fig. 7 and fig 8). The improvement of the barrel in the area
of the feeding zone usually consists of grooves on the inner surface
of the barrel, which increase the friction of the polymeric pellets
and surface of the barrel and force their movement along the
grooves, and as a consequence, the uptake and transport of the
material is intensified. Barrels with a active grooved feeding zone
are of great importance in the autothermal extrusion process, which
is why they were the subject of many research works and patent
studies regarding the activation of this zone [12, 13, 14].

The first structural solution introducing the possibility of
rotation of a barrel fragment (PL 185728) was developed in 1998 by
R. Sikora and J. W. Sikora (fig. 9). In this solution, the plasticizing
system consists of two fixed parts and a movable part between
them, adjacent to the fixed parts and placed in an outer casing
attached to both fixed parts. The movable part has the ability to
perform rotary motion in accordance or opposite to the movement
of the screw, it is driven by an external motor and performs a rotary
motion independent of the movement of the screw. The rotating
element is preferably located in the central part of the plasticizing
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system, and its inner surface can be smooth, uniformly geometric or
it can have straight or torsional grooves on its surface [15].
In another Polish patent No. 217558 a plasticizing system
equipped with a rotating sleeve located in the melting zone is
described (fig. 10). The sleeve is placed in a two-part housing, by
means of which it is attached to the stationary parts of the
plasticizing system with the use of sealing sleeves, preferably
conical or spherical. The sleeve is mounted thanks to the rolling
bearings attached to the housing, it is driven independently by an
external motor and can rotate either in a clockwise or counterclockwise manner [16].

Fig. 11 Scheme of the plasticization system equipped with rotational sleeve
of the barrel: 1- rotational sleeve, 2- housing, 3,4 – stationary barrel
segments, 5,6- cover parts, 7- connecting screws, 9- gouge, 10,11- bearings,
12,13- peripheral surfaces of the sleeve, 14,15- sealing rings, 16,17- front
surfaces of the sleeve, 18,19- front sealing rings, 20,21 – driving gears, 26electric heater [17]

Another solution regarding a rotating barrel segment of the
plasticizing system known from patent specification No. PL 221688
(fig. 12 and fig. 13) focuses on the geometry of the inner surface of
the sleeve. It describes the geometry of the grooves, here called
processing furrows, and more precisely their shape in the crosssection and longitudinal section, as well as the dimensional
characteristics. The processing furrow may have a variable
geometry of the cross-section, where, according to the patent
description, shapes occurring in the cross-section are referred to as
semiprostagonal or quasi-triangular [18].

Fig. 9 First known plasticizing system equipped with rotational sleeve of the
barrel: 1,2- fixed segments of the barrel, 3- rotational sleeve, 4- rotational
movement of the sleeve, 5- axis of the screw, 6- inner surface of the barrel,
7- grooves, 8,9- bearings, 10- gear, 11- outer cover [15]

Fig. 12 Cross-section through a plasticizing system with a rotational sleeve:
1- rotational sleeve, 2- inlet part of the active barrel, 3- outlet part of the
active barrel; H1-H4 - diameters of the rotating sleeve at the indicated
points, L - total length of the rotational sleeve L1-L6 - lengths of individual
parts of the plasticizing system; A, B, C, D, E - cross-sections [18]

Fig. 10 Scheme of the plasticizing system equipped with active rotational
segment: 1,2- housing, 3- special nut, 4- gear, 5,6- saling sleeves, 7rotational sleeve, 8,9- bearings, 10,11- fixed barrel segments; a, b, c –
contact surfaces of the housing and sealing sleeves to the fixed part of the
barrel [16]

Another design solution presented in the description of the
utility model No. PL 67459 (Fig. 11) consists of a rotating sleeve
placed between stationary parts of the plasticizing system. The
sleeve is placed in a housing that is rigidly connected to fixed parts
of the plasticizing system. The cover of the sleeve consists of
detachably connected components. In the front and rear part of the
rotary sleeve cover, cylindrical shaped recesses are made, which
connect with geometrically corresponding projections on the
stationary parts of the plasticizing system. The sleeve is supported
by means of roller or sliding bearings mounted in the cover and
driven independently by an external motor. The places where the
sleeves are connected to the fixed parts of the plasticizing system
are sealed with special rings [17].

Fig. 13 Cross-sections with reference to fig.12 [18]

The next four design solutions describing plasticizing systems
equipped with rotary sleeves with polygonal cross-sections are
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presented in patent documents with numbers PL 224842, PL
225775, PL 225805, PL 225804.
The essence of this patent No. PL 224842 (fig. 14) is the use of
a rotary sleeve with a regular hexagon cross-section in the metering
zone with rounded tops and a screw with a segment with a regular
hexagon cross-section with rounded tops located in the rotary sleeve
zone. The rotating sleeve can perform a rotary movement that is
consistent or opposite to the direction of rotation of the screw and
has an independent drive [19].

Fig. 16 Plasticizing system equipped with rotational sleeve with a polygonal
cross-section: 1-rotational sleeve, 2- screw geometric element, 3-screw, 4.5stationary parts of the barrel, 6- housing, 7- drive gear, 8-rolling bearings
[21]

Fig. 14 Plasticizing system equipped with rotational sleeve with a polygonal
cross-section: 1-rotational sleeve, 2- screw geometric element, 3-screw, 4.5stationary parts of the barrel, 6- housing, 7- drive gear, 8-rolling bearings
[19]

Patent No. PL 225775 (fig. 15) describes a constructional
solution, the essence of which is the use of a rotary sleeve with a
regular hexagon shaped cross-section in the metering zone with
rounded tops whose bases are twisted in relation to each other, and
a screw with a segment with a regular hexagonal cross-section with
rounded vertices whose bases are twisted in relation to each other,
located in the region of the rotary sleeve. The rotating sleeve can
perform a rotary movement that is consistent or opposite to the
direction of rotation of the worm and has an independent drive [20].

The fourth solution describing the design of a plasticizing
system with a rotating sleeve is shown in patent No. PL 225804
(fig. 17). The solution outlined therein describes the use of a rotary
sleeve with a regular hexagonal cross-section with rounded tops in
the metering zone whose bases are twisted in relation to each other
against the direction of rotation of the screw , and a screw with a
segment located in the zone of the rotary sleeve with a regular
hexagonal cross-section with rounded tops, the bases of which are
twisted in relation to each other in the direction of rotation of the
screw. The rotating sleeve can perform a rotary movement that is
consistent or opposite to the direction of rotation of the screw and
has an independent drive [22].

Fig. 17 Plasticizing system equipped with rotational sleeve with a polygonal
cross-section: 1-rotational sleeve, 2- screw geometric element, 3-screw, 4.5stationary parts of the barrel, 6- housing, 7- drive gear, 8-rolling bearings
[22]

Fig. 15 Plasticizing system equipped with rotational sleeve with a polygonal
cross-section: 1-rotational sleeve, 2- screw geometric element, 3-screw, 4.5stationary parts of the barrel, 6- housing, 7- drive gear, 8-rolling bearings
[20]

In the third patent specification No. PL 225805 (fig. 16) a
description of the plasticizing system is provided using a rotary
sleeve with a regular hexagon cross-section with rounded tops in the
metering zone and a screw with a segment with a regular hexagonal
cross-section with rounded tops located in the rotary sleeve zone.
The cross-sectional area of both the rotating sleeve and the screw
geometric segment is increased towards the extrusion head. The
rotating sleeve can perform a rotary movement that is consistent or
opposite to the direction of rotation of the screw and has an
independent drive [21].
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Patent description PL 222453 (B1) (fig. 18) discloses a
constructional solution for a screw extruder for polymeric materials,
equipped with a processing screw with a special construction and a
rotating sleeve of the barrel cooperating with it. The rotating sleeve
is located between coaxial stationery segments of the barrel. The
processing screw in the part that cooperate with the rotational sleeve
in the linear position has a left-turn flight and a pitch equal to the
nominal diameter. Behind the left-handed flight there is a
thickening of the screw core, which forms a small gap with the
inner surface of the barrel. There are three rows of pins with a
rectangular cross-section behind the thickening. The rotary sleeve is
circumferentially provided with longitudinal grooves and a variable
diameter [23].
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4. References

Fig. 18 Scheme of the plasticization system equipped with rotational sleeve
of the barrel: 1 – barrel, 2 – screw, 3 – housing, 4 – rotational sleeve, 5 –
drive gear, 6 – screw flight, 7 – right-handed flight, 8 - cylindrical element, 9
– row of pins, 10 – longitudinal grooves on the rotational sleeve [23]

The result of the research of the state of the art regarding the
construction of plasticizing systems equipped with a rotational
barrel segment was the development of six new innovative designs
of plasticizing systems with rotational sleeves. The most promising
solution is the plasticizing system described in the patent
application with the number of P.429567 (fig. 19), the essence of
the solution consists in manufacturing rotational sleeve of the barrel
with flight on its inner surface. The invention may function in
various configurations of the flight winding direction, its depth,
pitch value and with different arrangements of geometrical features
of the flight on the screw [26].

Fig. 19 Scheme of the plasticization system equipped with rotational sleeve
of the barrel: 1a,1b – stationary segments of the barrel, 2 – housing, 3 –
screw, 3a – screw flight, 3b – part of the screw cooperating with rotational
sleeve, 4 – rotational sleeve, 4a – sleeve’s flight, 4b – gear, 5 – driving gear,
6 – bearings [26]

The other five constructions described in detail in following
patent applications P.429561, P.429568, P.429566, P.429569,
P.429570 are based on the use of multiple rotary sleeves at the same
time, each of which can rotate independently, both in terms of
direction and speed of rotation. This combination of active elements
suits the creation of unique processing conditions impossible to
achieve on classic single and twin screw extruders [24, 25, 27-29].

3. Conclusions
The use of the presented solutions of plasticizing systems
allows for a precise and quick corrections of the processing
conditions or a complete change of the extrusion process
characteristic without the need to stop the processing and retooling
of the extruder. Therefore, the designs described in this paper are
suitable for laboratory or industrial applications that are associated
with frequent changes in the material being processed or the type
and amount of additives in the form of fillers and pigments.
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NEW CONCEPTS FOR THE ACTIVE GROOVED-FEED SECTION EXTRUDER
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Abstract: The article discusses the current state of knowledge about the active grooved feed section of an extruder and presents its new
constructional solutions. The grooved feed has been known for thirty-five years; there are not so many constructional solutions, and most of
them come from the United States and Poland. Unlike the passive grooved feed section, the active grooved feed section has not, as yet, been
used in industrial processing machines.
Keywords: ACTIVE GROOVED FEED SECTION, EXTRUDER, CONSTRUCTIONAL SOLUTIONS

In another US Patent No. 4678339, two sleeves (feed bushes),
an inner and an outer one, are seated in the barrel of the plasticizing
system of an extruder. The sleeves extend along the feed opening
and part of the feed sections of the machine. The inner sleeve is
rotationally fixed and the outer sleeve is rotatable (Fig. 2). The
inner sleeve comprises numerous countersunk holes with adapters
disposed in them. The adapters are mounted to a roller-spring
mechanism, which allows to lower or lift them. When the adapters
are retracted, the wholes cut in the sleeve form longitudinal
grooves. The adapters are lowered and lifted by rotating the outer
sleeve by a piston drive system. The roller of the adapter's rollerspring mechanism, slides along a specially shaped surface of the
outer sleeve (cam ring), retracting or advancing the adapter and
providing the desired angle of inclination of the grooves and thus
their desired depth.

1. Introduction
Only a few original designs of the active grooved feed section
are known, used in laboratory prototype extruders, which were used
to test their characteristics. The active grooved feed section, as
opposed to the passive one, is characterized by the possibility of
changing the constructional features during the extrusion process,
without the need to stop the process. These features are: the number
of grooves, the angle of inclination of the grooves, the depth of the
grooves, the direction of the grooves' rotation, the angle of rotation,
the shape of the grooves' cross-section. The paper describes the
latest design solution of the active grooved feed section of a singlescrew extruder developed within the international research project
NEWEX, implemented in the EU Framework Programmer Horizon
2020.
This paper reviews the state of the art in the design of the active
grooved feed section of a single screw extruder, including patented
embodiments as well as results of many hours of brainstorming and
discussions on the desired structure of this extruder part. All the
CAD models of the described in the paper are fully functional,
kinematically tested, and tested for structural integrity.

2. Prerequisites and means for solving the problem
The active grooved feed section differs from the non-adjustable
section in that its design parameters can be changed during
extrusion without the need to interrupt the process. The parameters
in question include the number of grooves, their inclination angle,
handedness, depth, and cross-sectional shape. The adjustable
grooved feed section was invented by Meyer, who first described
his invention in 1983 in US Patent No. 4462692 (Fig. 1). Meyer’s
rubber extruder had a sleeve (cylindrical insert) mounted in its
internal surface, extending from the feed opening section into part
of the feed (compression) section of the plasticizing system, in
which a spiral undercut had been made with a wrapping angle of
about 480°. The width of the undercut at the feed opening was the
same as the diameter of this opening. The width and depth of the
spiral slot reduced continuously in the direction of the extruder head
to end in a point. A worm gear mounted to the sleeve having the
spiral undercut allowed the sleeve to be rotated in order to change
the cross-sectional shape of the slot.

Fig. 2 Schematic of the cross section of a plasticizing system with an
active grooved feed section: 1 - adapters, 2 - rotationally fixed sleeve, 3 rotatable sleeve, 4 - feed opening, 5 - spring, 6 - roller, 7 - lifting spindle
gear, 8 – bolt [2]

In yet another US patent, No. 5783225, the extruder barrel in
the area under the feed opening and slightly beyond it has three
pockets confined by the surfaces of the flight and the screw root and
by the surfaces of the barrel and the slats (ribs) provided in the
barrel (Fig. 3). The screws mounted at the ends of the slats allow for
a change in their position and thus a change in their displacement
(outward/inward) and angle of inclination, resulting in a change in
the volume of the pockets.
To give another example, in US Pat. No. 5909958, the extruder
has a grooved sleeve which allows one to change the number of
grooves, their depth and inclination angle during extrusion by
lowering or raising one end of the slats (keys) placed in sloping
groove channels machined in the inner wall of the extruder barrel
(Fig.4).

Fig. 1 Longitudinal section diagram of an adjustable grooved feed section of
an extruder: 1 – feed opening, 2 – sleeve with a spiral undercut, 3 – cooling
channels, 4 – screw, 5 – barrel, 6 – worm gear [1]
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Fig. 5 Longitudinal section diagram of the active grooved feed section
with four longitudinal grooves, description in the text [4]

In turn, Figure 6 shows a longitudinal section diagram of a
grooved zone, in which the inclination angle, the handedness and
the cross-sectional shape of the grooves can be changed
continuously by a twisting mechanism comprising a worm gear. In
this case, the grooved sleeve is fixed to the barrel permanently at
the end closer to the extruder head. Depending on the direction of
twisting, the longitudinal grooves become right or left-handed. The
disadvantage of this solution is that the shape of the feed opening
can be deformed when twisting the sleeve, which limits the
obtainable range of twisting angles.

Fig. 3 Schematic of the longitudinal section of the feed opening and
feed sections of an extruder plasticizing system: 1 - sharp working edges, 2 rotating tool, 3 - barrel, 4 - screw, 5 - adjusting screw bolts, 6 - slat (rib),
ν1- rotational speed of the screw, ν2- rotational speed of the rotating tool
[3]

Fig. 6 Longitudinal section diagram of the active grooved feed section with
the twisting sleeve: 1 – barrel, 2 – grooved sleeve, 3 – grooves, 4 – worm
wheel, 5 – worm, 6 – hopper [6]

The design shown below (Fig. 7) eliminates the issue of
deformation of the feed opening due to the twisting of the sleeve. In
this solution, the part of the grooved sleeve comprising the feed
opening is rotated, while the remaining part of the grooved sleeve is
twisted. This is done by means of a twisting mechanism placed
downstream of the feed opening.

Fig. 4 Longitudinal section diagram of the adjustable grooved feed
section of an extruder:
1 – barrel, 2 – screw, 3 – slat (key), 4 – feed
opening, 5 – actuator [4]

Figure 5 shows a design in which the feed section can be
adjusted by changing the number of grooves and by continuously
and independently changing their depth and inclination angle.
Adapters (2) are mounted in the barrel (1) of the plasticizing
system. The bolt (3) can be screwed in to rotate the adapter (2) on
the articulated joint (4) and thus to increase the inclination angle
and the depth of the grooves thus formed (5).

Fig. 7 Longitudinal section diagram of the active grooved feed section
of the extruder which eliminates shifting and deformations of the feed
opening: 1 – barrel segment, 2 – worm wheel, 3 – feed opening, 4 grooved
sleeve, 5 – grooves [7]

It follows from the Polish Patent No. 212185 that this design
can be modified by introducing a rotary ring that allows continuous
change of the depth of all grooves at the same time. Rotation of the
ring (5) sets into longitudinal motion a system of wedges (4), which
in turn set into rotational movement the slats (3), thereby changing
the inclination angle β and depth of all the grooves (Fig. 8).
In the embodiment disclosed in the Polish Patent No. 199018,
the swivel grooved sleeve has at least two types of segments joined
longitudinally at their sides (Fig. 9). Both types of segment have the
shape of a longitudinal section of a sleeve with one type (4) having
an outer cylindrical surface (5) parallel to the inner cylindrical
surface (6) and the other type (7) having non-parallel outer (8) and
inner (9) cylindrical surfaces. Together they form slender wedges.
The segments comprising the swivel grooved sleeve which have the
same shape, are arranged alternately with segments of a different
geometry to form grooves (10) of varying depth. This design
enables twisting of the split sleeve, left- or right-wise, with
significantly less torque compared to single-piece sleeves, also
allowing the formation of left or right-handed grooves in the sleeve.
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Fig. 8 Longitudinal section diagram of the active grooved feed section
of an extruder equipped with a set of slats and wedges set into motion by a
rotary ring: 1 – grooved sleeve, 2 – barrel, 3 – slat, 4 – wedge, 5 – rotary
ring, 6 – groove with adjustable depth [8]

A)

Fig. 10 Longitudinal section diagram of the active grooved feed section
of an extruder with a twistable sleeve formed by rotary ring segments: a)
before twisting, b) after twisting; 1 - barrel, 2 - right-handed grooves, 3 longitudinal grooves, 4 - rotary ring segments, 5 - worm wheel, β - groove
twisting angle [10]

3. Solution of the examined problem
The preliminary assumptions of the presented visualizations are
the following: models are made in Catia v5 system as 3D models,
they are fully functional. They were tested for their regularity and
collision occurrence. Also, virtual prototypes were created to
determine the risk of any irregularities during movement.

The constructional assumptions of an active grooved feed
section are the following:

B)

•

the grooved section is 5D long, therefore it is 100 mm,

•

the width of the grooves is 6 mm,

•

the maximum height of the grooves is 6 mm,

•

the inner diameter of the barrel is 25 mm.

Two different constructional solutions of an active grooved feed
section were presented in the form of CAD models. They are the
development of existing solutions but also totally new ones. Them
have innovative advantages and they will be submitted for legal
protection in the form of appropriate industrial property rights.

4. Results and discussion

Fig. 9 Schematic of a swivel sleeve; a) longitudinal section with twelve
segments forming six grooves, b) cross-section: 1 - barrel, 2 - worm wheel,
3 - longitudinal side surfaces, 4 - first type of segment, 5 - outer cylindrical
surface of segments of the first type, 6 - inner cylindrical surface of
segments of the first type, 7 - second type of segments, 8 - outer cylindrical
surface of segments of the second type, 9 - inner cylindrical surface of the
second type of segments, 10 - grooves [9]

The functioning rule of an active grooved feed section in this
concept is the possibility of closing the grooves (section without
grooves) and their partial opening (section with grooves) by means
of rotating the segments. In Figure 11 an axonometric view of the
concept model is presented. The particular elements are also
visualised in the exploded view - Figure 12. In this concept, the
taper angle of grooves can be changed and therefore also the
grooves depth can be changed along the grooved section, either
in an individual way, independently adjusting each groove, or in a
collective way, adjusting all grooves simultaneously.
The closing (lack of screws) and the opening of the grooved
section is achieved by rotating the moving segments 3 around the
hinge axis 4. The rotation is forced by an adjusting bolt 10. In the
moment of achieving an appropriate depth of the groove, the
rotational movement of the segment is blocked by means of an
adjusting screw 8.

Polish Patent No. 219984 describes a solution in which the grooved
section is comprised of annular segments (Fig. 10). The segments have
grooves with a trapezoidal cross-section cut in them. Each of the annular
segments can be rotated independently by means of a worm wheel. Right
handed grooves are formed by rotating the successive segments more and
more to the right and left-handed grooves are formed by rotating the
successive segments more and more to the left.
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Fig. 14 Concept model No 2. Exploded view: 1 – main sleeve, 2 – barrel, 3 –
moving segment, 4 – fixing element, 5 – separating cooling disc, 6 – hopper,
7 – fixing pivot, 8 – adjusting screw, 9 – nut

Fig. 11 Concept model No 1. Assembly view

The closing (smooth inner surface) and opening (grooves) of the
grooved section is achieved by rotating segments 3 around the axis
of pivots 7. This rotation is forced by an adjusting screw 8.

5. Conclusion
The single screw extruder (SSE) is one of the most important
pieces of equipment in the polymer processing industry. Therefore,
it is not surprising that there is a lot of interest in improving this
technology. The innovative extruder can provide ensure higher
polymer flow rate, better quality of extrudate mainly due to higher
homogenization of mechanical and thermal properties, as well as
improved structure of the material, smaller unit consumption of
energy, and higher energy efficiency compared to currently used
extruders. This innovative solution is expected to outperform in all
aspects the current ones by at least 10%.
Fig. 12 Concept model No 1. Exploded view: 1 – main sleeve, 2 – fixing
plate, 3 – moving segment, 4 – hinge, 5 – hopper, 6 – fixing screw, 7 – front
pivot, 8 – adjusting screw, 9 – back pivot, 10 – adjusting metal bolt

Concept No 2 is a modification and significant improvement of
concept No 1. The functioning rule of this active grooved feed
section is the possibility of changing the depth of the grooves along
the section without the necessity to stop the extrusion process and
make a troublesome exchange of the grooved sleeve. In the
assembly Figure 13 the axonometric view of concept model No 2 is
presented, the particular elements are shown also in the exploded
view (Fig. 14).
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Abstract: Injection moulding is a widespread method of polymer processing. The annual, global energy consumption for injection
moulding is comparable to the annual energy production of different European countries. The most energy-consuming stage of the injection
moulding is the plasticization process, which needs the energy mainly for the rotational and reciprocating screw motion as well as the
heating of the barrel. Both issues were examined by changing various parameters of the injection moulding process, measuring the process
characteristics and calculating the corresponding values of SEC (specific energy consumption). Various thermoplastic polymers were
examined. It was found that the optimal conditions from the energy consumption point of view is low value of rotational velocity of the screw.
Changes of back pressure do not affect the energy consumption of the plasticizing system of the injection moulding machine. Furthermore,
an increase of the SEC value with increasing barrel temperature was shown. It was ca. 15% for the average barrel temperature rise of 20°C.
Keywords: INJECTION MOLDING, PLASTICIZATION, POWER DEMAND, ENERGY CONSUMPTION, SEC
Because the injection molding process is one of the most
energy-efficient manufacturing processes (per unit volume of
material), it might seem that it should not require greater attention
from the energetic point of view. However, this is the misleading
approach, mainly due to the extremely frequent use of injection
molding process in the world, and hence the massive amount of
polymeric materials processed with this technique. In order to
illustrate how large is the consumption of energy in the area of
injection processing on a global scale, it is worth to present some
literature data [5,9-12]. A life cycle inventory (LCI) of injection
molding process indicates that the largest energy expenditure is
characterized by the first stage of the cycle - the production of the
polymeric material. Figure 2 shows the average values of the LCI
for injection molding process of a typical large-scale
thermoplastics. The value of the LCI for the polymer production
stage is also averaged (PE-LD -73 MJ/kg, PE-HD - 89 MJ/kg, PP 83 MJ/kg, PS - 87 MJ/kg) [9].

1. Introduction
Energy consumption is one of the most important parameters
associated with the analysis of technological processes. Energy
efficiency of technological processes is one of the critical issues for
the manufacturing industry, mainly due to increasing cost of energy
and the impact on the environment. Reducing energy consumption
is therefore relevant not only for the economic benefits to
producers, but also because of the improving of environmental
performance of the products manufacture [1-7]. This can be done
only with precise knowledge of the production process and its
energy characteristics, as well as knowledge of effect of processing
parameters on energy consumption per mass unit (called SEC specific energy consumption).
Injection molding of plastic is now one of the most widely used
manufacturing processes. With this technique, millions of parts of
various types and sizes, ranging from electronic and electrical
components, toys, packaging, through elements of automobile and
pharmaceutical industry, until precise microdetails for technology
or medicine are produced. Injection molding process is often
preferred by designers because of the possibility of applying
different polymeric materials and very short process time, as well as
the repeatability and accuracy of obtained products. Although
polymer materials are characterized by substantial value of SEC at
their production stage [8] (Fig. 1), the energy consumption of
manufacturing processes of polymeric materials per unit volume of
product are extremely low in comparison with other processes [9].
This issue indicates that polymers are one of the most energysaving materials, taking into account the full life cycle of the
products.

Fig. 2 Energy consumption in the LCI for injection molding [12]

Tab. 1 shows the amount of energy consumed annually in the
world by injection molding industry (for LCI, without the polymer
production stage – see Fig. 2). In accordance with the
recommendations [12] it was assumed that 70% of injection
molding machines used in the world industrial production are
hydraulic, 15% are hybrid and 15% are full-electric machines. Tab.
2 shows the annual energy production in 2011 in selected countries
of the world. In the last few years, energy production in those
countries remained substantially constant.
Comparing the data in Tab. 1 and Tab. 2 we can see that the
annual energy consumption in injection molding industry around
the world is comparable to the order of magnitude with the annual
production of energy in different countries. The amount of energy
of approximately 10^8 GJ per year is significant on a national scale.
Therefore, the problem of energy consumption in injection molding
process of polymeric materials seems to be very important.
Appropriate control of injection process can result in considerable
energy savings while maintaining the suitable properties of the
product.

Fig. 1 Approximate amount of energy needed for production of different
materials [8]
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where 𝑃 is the average power demanded by plasticizing system
[kW] and 𝑄 is the mass yield of the injection process [kg/h].

Table 1: Total energy used in injection molding, without material
production [12]
Specification

Measurement of power demanded by the plasticizing system
was made on a research position, consisting of suitably
instrumented injection molding machine linked to a collecting and
processing data module and a computer for imaging and saving
data. An injection molding machine Battenfeld Plus 350/70 was
used. The research position was described in more detail in [15].
Five different thermoplastic polymers used in this study are
described in Table 3. The product obtained in this study is shown in
Fig. 3.

Global [GJ/yr]

4 thermoplastics (PE,PP,PS,PVC)

4.0E+8

all plastics

6.7E+8

Table 2: Annual electricity production in 2011 [13]
country

total electricity net generation [GJ/yr]

U.S.
Germany
Italy
Spain
Australia
Turkey
Ukraine
Poland
Sweden
Norway
Argentina
Netherlands
Czech Republic
Finland
Austria
Romania
Portugal

1,5E+10
3,0E+09
1,0E+09
1,0E+09
8,6E+08
7,9E+08
6,6E+08
5,5E+08
5,3E+08
4,5E+08
4,4E+08
3,8E+08
2,9E+08
2,5E+08
2,2E+08
2,1E+08
1,8E+08

Fig. 3 The element obtained in the study

Table 3: Polymers used in the experiment
polymer
PE-LD
PE-HD
PP
PS
POM

The aim of this work is the analysis of the specific energy
consumption (SEC) in injection molding process for five commonly
used thermoplastic polymers (PE-LD, PE-HD, PP, PS and POM) at
various operating parameters of the injection molding process. The
study involved only the plasticizing system of an injection molding
machine. It is known that the power demand during the injection
molding process is dominated mainly by the plasticizing system, i.e.
by a hydraulic motor of the injection molding machine (working
during a reciprocating motion of the screw, around 50% of the total
power demanded during working of the injection machine) and the
heating elements of the barrel (approx. 30% of the total power)
[10,11]. More precise analysis of power demand during various
stages of injection cycle are presented in [10-12,14]. It follows that
a phase of plasticization (rotation and reverse movement of the
screw) is the most critical stage of the entire injection cycle from
the energy consumption point of view. The effect of the screw
rotation stage of injection molding process on the entire average
energy consumption is even greater for full-electric injection
molding machines than for hydraulic ones [12].

𝑃=

𝑘𝑊ℎ
𝑘𝑔

𝑡𝑐

=

𝑃ℎ ∗𝑡𝑐 +𝑃𝑠 ∗𝑡𝑟
𝑡𝑐

[𝑘𝑊]

(2)

The average power 𝑃𝑠 demanded by the screw during the screw
rotation time was determined indirectly by measuring the torque
(using the device for measurement of torque, mounted directly on a
drive system of screw), which was then converted to power by
using the known formula:

In order to estimate the Specific Energy Consumption (SEC)
during plasticization phase of the injection molding process, first we
have to calculate a power demand by the plasticizing zone of
injection machine. Then we can calculate the SEC value as a ratio
of the power and the mass rate of plasticization from the formula:
𝑃

𝐸𝑐

The power 𝑃ℎ demanded by the heating elements was
determined by the precise measurement of switch-on time of each
heater (all three heaters are powered in discreet way) during the
whole time of the experiment. Data of power demand for each
heater were collected in 16s-cycles, as it was presented in Fig. 4.
Then instantaneous values of power demand Ph for heaters 1-3 were
averaged and added together to give the average power demand 𝑃ℎ .

2. Experimental Procedure

𝑄

MFR [g/10 min]
2,2 (190/2,16)
8,0 (190/2,16)
23 (230/2,16)
10 (200/5)
10 (190/2,16)

The average power 𝑃 demanded by the plasticizing system has
been related to the time of one whole injection cycle. It was
assumed that the total, average power 𝑃 is equal to the ratio of an
average energy 𝐸𝑐 consumed by the plasticizing system during one
injection cycle, to an average cycle time 𝑡𝑐. The energy 𝐸𝑐
consumed by the plasticizing system during one injection cycle is
the sum of an average energy 𝐸ℎ consumed by heating elements
placed on the barrel at the average cycle time 𝑡𝑐 (𝐸ℎ = 𝑃ℎ ∗ 𝑡𝑐 ) and
an average energy 𝐸𝑠 consumed by the injection screw during its
rotational movement (𝐸𝑠 = 𝑃𝑠 ∗ 𝑡𝑟), where 𝑡𝑟 is an average time of
rotation of the screw. So, we can therefore assume:

This work concerns study of the impact of most important
factors affecting the power demand by the injection molding
process. These are power demand by a hydraulic motor (back
pressure and rotational speed of the screw) and the heating elements
(temperature of the barrel). In the analysis, some less quantifiable
factors, such as the energy dissipated in the gear system, have been
neglected.

𝑆𝐸𝐶 =

type
Malen E FABS 23D022
Hostalen GC 7260
Moplen HP548R
Krasten 154
Schulaform 9A

𝑃𝑠 =

𝑀 ∗𝑣
9550

[𝑘𝑊]

(3)

where 𝑀 – an average value of torque on the screw during
screw rotational movement [N*m], v – a rotational speed of the
screw [rpm].

(1)
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shown in Fig. 5-8. The SEC values for the injection process of
different polymers, defined accordingly to the formula (1), are
shown in Fig. 9.

Fig. 4 Sample graph plotting changes of power demand by the barrel
heaters during injection molding of PP
Fig. 5 Power demand by heaters at variable back pressure

The average value of torque 𝑀 was calculated as arithmetic
averaging of instantaneous values of measured torque M during the
screw rotation movement. Measurements of the torque were
performed with a frequency of 50 Hz. The above approach to
determining of power demand on the hydraulic motor was made,
because other methods (e.g. power demand measurement by
assessing the hydraulic pump capacity and its rotational speed or
measurement of the power demand by the electric motor, which
drives the hydraulic motor) introduce additional errors. In this
experiment these errors could be avoided.
The studies of the injection molding process were carried out by
varying of selected controllable parameters of the plasticization
process in a relative wide range, as shown in Table 4. If one
parameter was varied, the other parameters were kept constant, with
value equal to the middle (third) of five ones listed in Table 4. For
example, for changing the back pressure parameter during the
injection process of PP polymer, the other parameters had constant
values equal vr=240rpm, td=20s and Tb=230°C. Others, invariable
parameters of the injection process are presented in [15]. No tests
for POM at variable barrel temperature were carried out because of
a narrow processing window for this polymer [16]. Moreover, tests
for PS at variable screw velocity were also not carried out for
technical reasons. The viscosity of melted PS was high and
overload of the screw drive system had occurred at higher values of
screw velocity.
Table 4: Values of controllable operating parameters of plasticization
process
back pressure [MPa]
PE-LD,PE-HD,PP, POM, PS 4
7
10
16
24
screw rotation velocity [rpm]
PE-LD,PE-HD,PP,POM
154
200
240
286
333
dwell time [s]
PE-HD,PE-LD,PP,POM,PS
8
12
20
30
50
barrel temperature [°C]
PE-LD
140
160
180
200
220
PE-HD
150
170
190
210
230
PP
200
215
230
245
260
PS
180
200
220
240

Fig. 6 Power demand by the screw at variable back pressure

Fig. 7 Total power demand by plasticizing system at variable back pressure

3. Experimental results and discussion
Four series of experiments were performed: the first group of
experiments took into account variable back pressure, the second
one was for variable screw speed, the third one was for variable
dwell time and the last one was for variable barrel temperature. Due
to space constraints, the results for the variable rotational speed of
the screw and for the variable dwell time only are shown below.
In the first series, the average power demanded by the heaters
placed on the barrel and the average power demanded by the
rotating screw for variable back pressure during plasticization of
different thermoplastic polymers were determined. Obtained results,
along with the throughput of the injection molding process, are
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Fig. 8 Throughput of the injection process at variable back pressure
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Fig. 11 Power demand by the screw at variable screw rotation velocity
Fig. 9 SEC for the injection process at variable back pressure

Figs. 5-8 show very similar behavior for all tested
thermoplastics. By changing back pressure values in the range of
3.5-24 MPa, slight maximum of the power demand by the heaters
and slight increase of the average power demand by the screw can
be observed. Only for amorphous PS, the power demand by the
screw increases quite rapidly with increasing back pressure.
Assuming that there are two most important power components
mentioned above, i.e. the average power demanded by the screw
and the average power demanded by the heaters, the approximate
total power demanded by the plasticizing system of injection
molding machine does not practically change with increasing back
pressure. On the other hand, due to the constant throughput of the
injection molding process for the whole range of back pressure
values it can be seen in Fig. 9, that the SEC remains constant with
the exception of PP, where the SEC grows about 20% for back
pressure changes in the range of 3.5-24 MPa as a result of
throughput decreasing. However, the different behavior of PP may
be associated with the different melting mechanism. It could be
related to high degree of crystallinity of solid PP and/or with
crystals rearrangement during fusion [17,18]. The different behavior
of PP during the melting process could be also observed in work
concerned with starve feeding in extrusion process [19].

Fig. 12 Total power demand by plasticizing system at variable screw
rotation velocity

The results show that the injection molding process on the
research position should be performed at the higher back pressure
values, because on the one hand, it promotes improvement of
material and thermal homogenization of molten polymer in the
barrel. On the other hand, the increase in back pressure does not
practically affect throughput and power demand by the plasticizing
system, that is crucial in the entire LCI for the injection molding
process.
The next experiment involved measurements of characteristics
of the injection molding process at variable screw rotation velocity.
Measurement results of power characteristics and process yield are
shown in Figs. 10-13. The SEC for the injection molding process
for various thermoplastic polymers at different values of screw
rotation speed is shown in Fig. 14.

Fig. 13 Throughput of the injection process at variable screw rotation
velocity

Fig. 14 SEC for the injection process at variable screw rotation velocity
Fig. 10 Power demand by heaters at variable screw rotation velocity
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There is practically no impact of variable rotational velocity of
the screw on the power demand by heating elements (Fig. 10) for all
investigated polymers. At the same time, a significant increase of
the average power demand by the screw can be seen (Fig. 11). This
leads to a mild growth of the total power demand by the plasticizing
system with increasing rotational velocity of the screw, regardless
of the type of polymer. Because of the constant yield characteristics
(the rotation time of the screw is a part of the cooling time and has
no impact on the yield of the injection molding process) with rising
screw velocity, it can be seen in Fig. 14 that the SEC increases
slightly. It follows that the injection molding process should be
carried out at the low to medium values of the rotational screw
velocity. High values of the screw speed result in the increased SEC
till approx. 10% for the highest screw speed. Of course, the
increasing power demand values by the screw for increasing
rotational speed are compensated by the decreasing rotation time of
the screw. It is result of the (Ps * tr) term in formula (2). Hence, the
effect of the power demanded by the screw on the SEC is very
small.
In conclusion, lower screw velocity values give less power
demand by plasticizing process and, due to the constant throughput
values, lower SEC values. These differences in the SEC values,
however, are small. At the same time it is worth noting that it is not
recommended to perform the injection molding process with high
values of the rotational velocity of the screw. In this case, the
circumferential speed is rather more important than the rotational
one. With the large circumferential speed, a probability of a thermal
decomposition of some polymer materials grows especially for the
processing of more thermally sensitive materials such as PVC,
polymer blends, thermosets and elastomers [20].

4. Conclusions
The injection molding process is a very widespread method of
polymer processing, for which the annual, global energy
consumption is comparable to the annual energy production of
different European countries. The most energy-consuming stage is
the plasticization process which needs the energy for reciprocating
screw motion and heating of the barrel. In this work both the issues
were examined by changing various working parameters of the
injection molding process, measuring the corresponding process
characteristics and calculating relevant values of the SEC (specific
energy consumption). Five thermoplastic polymers (PE-LD, PEHD, PP, PS and POM) were examined. It was found that the
optimal conditions to perform the plasticization of thermoplastic
polymers on the research position [15] were obtained when the low
rotational screw velocity was applied. An increase of the SEC value
with increasing barrel temperature was shown. It was ca. 15% for
the barrel temperature rise by 20°C. It was also found that back
pressure changes do not affect the power demand by the plasticizing
system of the injection molding machine.
The strength measurements were not performed in this study.
We focused only on power demand. The range of variable process
parameters was assumed to obtain the correct quality of the
moldings without shrinkage and other visible defects. It is worth to
compile the proposed directions of changes in the values of
technological parameters of the injection molding process with the
mechanical properties of the received products. Then we can make
a full analysis of the profitability of changes of technological
parameters mentioned above.
Summarizing, it has been shown that the process of injection
molding for thermoplastics should be performed at relatively low
values of screw rotational velocity and large values of back
pressure, as well as short values of dwell time for minimizing the
energy consumption under the above experimental conditions. It is
worth to perform similar research for larger injection molding
machines and geometrically various moldings to generalize or detail
the results presented in this work.
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OPPORTUNITIES AND OBSTACLES FOR HUNGARIAN ECONOMIC PLAYERS
ALONG THE ROADS BEING PAVED BY 4TH INDUSTRIAL REVOLUTION
M.Sc. Megyeri E. PhD.1, M.Sc. Somosi S. PhD.1,
Faculty of Economics and Business Administration – University of Szeged, Hungary1
emegyeri@eco.u-szeged.hu, somosi@eco.u-szeged.hu
Abstract: The objective of the study is firstly to show the start of the spreading of the new technologies and solutions related to the 4th
industrial revolution in Hungary. Although Hungary was considered among the more traditionally driven economies (Dujin et al, 2014),
there are positive signs in the adapting knowledge-intensive technologies, advanced manufacturing and production solutions, improvements
in the interconnectedness of the activities and in the other fields of digitalization, and finally the developed upgrading potential of local
actors within a Global Value Chain. The study also introduces recent economic policy developments, policies and plans which were/are
targeted to have a multi-level impact on Hungarian industrial/economic performance and of course should comply with present EU-level
strategic thinking considering industry. These positive achievements in connection with latest technological revolution can be observed in
each segment from primary to tertiary sectors, at companies from all size categories (start-ups, SMEs, large enterprises) and from both local
and foreign ownership types. Despite the several positive signs on micro level, we still cannot project the whole economy with all its players
in Hungary to dynamically move and develop along the IR 4.0 path in an integrated manner. There is about an average 20 years fallback in
the level of technology and human capital readiness. Furthermore, we cannot project the observed success stories or the positive macro level
short term impacts to be sustainable in stabilized way. However, the cohesion process of Hungary is undoubtedly on its track, appropriate
policy-level answers still will be required.
Keywords: 4th industrial revolution, technology development characteristics, SMEs, MNEs,

innovations and technologies affecting economy to a great extent
evolve at a incresing pace (Megyeri, Tabajdi 2019).

1. Introduction – objectives
In times of profound transitions based on knowledge,
technology and thus transforming business models, adaptability and
responsiveness are both integral elements of future success of micro
players, private or public actors and even of countries. On a
supranational (i.e. European Union) level the relevant indicators –
like the DESI, The RB 4.0 Readiness Index (Dujin et al. 2014), or
the „Industry 4.0 Readiness indicator‟ (Kuruczleki et al. 2016) –
show an acceptable average performance, but when the
performances are measured on Member States level the differences
become visible and remarkable. Beside the unfavorable macro data
of Hungary, the case studies and interview from the field, from all
segments of the Hungarian economy show a remarkably different
situation. There are evidences for the beginning of the improved
adaptation of knowledge-intensive technologies, advanced
manufacturing and production solutions, improvements in the
interconnectedness and in digitalization, and finally the developed
upgrading potential of local actors within a Global Value Chain
(GVC).
Despite these positive micro level signs there should be an
overall, macro level improvement induced in Hungarian
performance in adapting and moreover developing Industry
Revolution 4.0 (IR 4.0) related activities. In the following the most
significant and relevant legs, fields of IR 4.0 will be highlighted.
Later on, the relevant Hungarian performance will be presented,
which shows approximately 20 years lag compared to the better
performing Western-European states. As a necessary response to
the macroeconomic facts we summarize the policy actions so far
driving the development in the domestic IR 4.0-related
performance. They vary from public actions to targeting/supporting
private strategies of business players from all – multinational
(MNE) and small and medium sized enterprises (SME) – levels.

There are numerous discussions regarding the 4th Industrial
Revolution both among academics and practitioners. The
occurrence of this revolution can be partly devoted to the expansion
of globalization and to the technology changes that affect all the
spheres of life (Sniderman 2016). We do not know how long this
will last; what milestones have we already passed and what others
are in front of us. But it is sure that due to this new industrial
revolution the global economy and society is going to change
intensively. This is why it is inevitable to organize these changes
and processes and to identify them in the different aspects of
practical economic life.
BCG (Rüßmann et al. 2015) defined IR 4.0 along the following
pillars or characteristics autonomous robots, Big data, Augmented
reality, Industrial Internet of Things, Additive Manufacturing,
Cloud computing and storing, Simulation, System integration and
Cyber security. These parameters were identified as unique
selection of technology related items which together create a special
competitive edge for leading and progressive companies at time of
the study (Rüßmann et al. 2015).

3. Industry 4.0 – current status in Hungary
Before analyzing the preparedness of Hungary in advanced
technologies and IR 4.0-related activities it is worth examining the
overall economic performance. Though Hungarian real GDP per
capita fluctuated in recent years, it tended to increase lately and
thus maintaining an average level (EUR 12500) within the CEE
region. The GDP growth rate peaked above 4% in the second half
of 2018 and the projections accepted by the European Commission
for 2019 are again over 3.5%. Hungary is an export-oriented market
economy with a high emphasis on foreign trade producing high
trade surplus. Machinery and equipment, transportation related
products, chemical products, plastics and rubbers are the main
exported goods. Major industries include motor vehicles,
information technology, chemicals, metallurgy, machinery,
electrical goods, pharmaceuticals and food processing. Both
domestic and foreign companies are interested in these sectors. The
FDI inflow to the country shows an increasing tendency in the postcrisis period (Hungarian National Bank Statistics). However, since
Hungary appears both as an FDI receiver and an FDI donor country,
so the „FDI flows intensity‟ (the average of yearly inward and

2. Industry 4.0
In general, we can speak about an industrial revolution when
due to new technology solutions the effectiveness of production
systems increases considerably. Prior to IR 4.0 there were 3 other
industrial revolutions; however, the length of time elapsed between
two revolutions decreased (Nagy 2017). While between the 1st and
2nd ones there was about one century elapsed; but between the 3rd
and 4th ones just about one decade passed. It is clear that
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outward FDI flows divided by GDP) reflects a better picture about
the country‟s international embeddedness (Eurostat). In the latest
years it was between -24,2% (2015) and 37% (2016) in relation to
Hungary‟s GDP. When a country‟s preparedness for the new age is
under investigation, the potential to put value into all activities are
of highest importance. Based on the “RB 4.0 Readiness Index” the
industry/manufacturing value added will be shown to get a better
picture about Hungary‟s “industrial excellence” and “value
network” (Dujin et al. 2014). In the first few years of the post-crisis
period there has been a slight decrease in the gross industry value
added in Hungary, but it was in line with the EU-average
performance. This shows the high level of reliance of Hungarian
industry appearing as a “factory economy” on the overall German
economy, which on an international level take the role of a so-called
“headquarter economy” (Baldwin 2012, Szalavetz 2017,
Vladimirov 2017, Stöllinger et al. 2018). Recently the Hungarian
data in the % change of gross industry value added overperforms
the EU‟s average but remains under the other countries‟
performance of the region. This weaker result can be explained by
the followings.

a better position, the tendency is not promising regarding the
changes in labour productivity.

On a European Union level Hungary belongs to those that are
lagging behind with its 23rd position in the overall Digital Economy
and Society Index1. In partial indicators like the “Integration of
Digital Technology by Businesses” (showing the general digital
preparedness of Hungarian economic actors) Hungary obtained only
the 25th position. Furthermore, if we see the “Business digitization
Index” Hungary‟s position was even worse, only the 27th among the
MSs in 2018. The RB 4.0 Readiness Index also put Hungary into the
fourth group, which consists of the countries of the CEE region
called “traditionalists”, having a sound industrial base, with a few of
them launching certain initiatives for IR 4.0 (Éltető, 2019). These
are totally in line with the findings of Kuruczleki (et al. 2016)
which also put Hungary into the lowest performing cluster of the
EU with Bulgaria, Estonia, Croatia, Italy, Malta, Romania,
Slovakia. This performance was evaluated based on indicators like
GERD, Community trade mark applications, total R+D personnel
and researchers, tertiary education, ICT specialists, etc. So,
Hungary is not performing good in an average in those fields where
value could/should be added within the industrial activities.
These numbers also reflect the – rather missing or sled aside –
recent transform of workforce mix ranging from Creative (CRE),
controlled problem solving (CPS) and Taylorian (TAYL).
Meanwhile the EU average, Estonia (which is usually called best
performer from digital perspective), Lithuania and Slovenia
improved their occupation structure in favor of creative workforce,
the Hungarian (with Latvia and Poland overtaking it) transform in
occupation structure showed lately an increase in the Taylorian-type
occupations (Makó et al, 2016). These macro data should however
be further detailed by numbers from other sources, like the
Hungarian Chamber of Commerce and Industry, because they
registered a 16% increase in those, who are active in scientific and
engineering sector from 2010 to 2017.
The lag in technological advancements, the missing investments
into digitalization, and the above-mentioned transform in the
workforce mix altogether explains the recent changes in real labour
productivity of Hungary, especially its fallback compared to other
MSs from the region. Hungary (5.5%) has not even performed the
EU-average increase (6.5%) in real labour productivity per person
compared to the performance of 2010. With this level of increase
the absolute lag in the nominal labour productivity per person is
still only 67.3% of the EU28‟s performance and it is recently
declining from a peak of 74% in 2011. In the meantime, some
countries from the CEE region are trying to close their gap in the
nominal labour productivity compared to the EU with a real labour
productivity increase higher than 20%. So, even if Hungary has still

1

All these above-mentioned factors contribute to the local and
national conditions of entrepreneurial conditions. The index of the
GEDI (The Global Entrepreneurship and Development Institute)
called GEINDEX (or recently GEI) gives a more complex, but in
the same time detailed picture by adding a mix of further factors:
attitudes, resources, and infrastructure summarized as
entrepreneurial “ecosystem”2. In their yearly report it is possible to
see the transform of state capabilities, which in case of Hungary is
not promising. Compared to 2014, the recent (Ács et al. 2018)
health of Hungarian entrepreneurial ecosystem shows a worse
picture. Only „opportuntiy perception‟, „human capital‟ show a
slight improve and the partial indicator called „opportunity startup‟
kept its earlier position. All the other fields of entrepreneurship, like
„risk acceptance‟, „networking‟, „technology absorption‟, „product
and process innovation‟ worsened in the recent 4 years. So, in our
view not only the market but the state should also be involved in
developing the attitudes, abilities and the absorption capacities of
economic actors to improve their future productivity and thus
competitiveness.

4. Policies driving 4th Industrial Revolution in
Hungary
During 2014-2020 the European Structural and Investment
Funds (ESIF) made 100 billion EUR available to Member States to
finance investment in innovation, in line with industrial policy
priorities guided by the concept of “Smart Specialisation”
(originally from Foray et al. 2009) to concentrate investment on
their comparative advantages across European value chains (EC
2014). The recent years have brought not only the renaissance of
industry, but also the broader interpretation of innovation, research
and development driven economy. At the same time, the European
Union made efforts to move forward from the era of
“recommendations” to a real integration on a strengthened common
industrial policy (Voszka 2019). Hungary, even with its
Traditionalist position fits into this integration picture. Traditionalist
country means that the share of manufacturing in GDP is high but
the countries readiness for the 4th Industrial Revolution is low
(Dujin et al. 2014, Pelle – Somosi 2018). It is inevitable that
Hungary‟s position regarding Industry 4.0 should be improved:
there are several kinds of actions and plans that aim at the
development. Triggers are partially coming from policy makers; but
also from the business actors. Large multi- and transnational
companies have their own internal special programs which are
incented by external funds to participate in IR 4.0 development
programs. These programs aim at the integration of SMEs and startups to the supply chains and value chains of MNEs by improving
their readiness for technological changes and increasing their
adaption ability so that they will be able to conform the new
technologies and enhancing their competitiveness. SMEs and startups must have strong external, institutional triggers and funds to be
able to take part and implement technological and digitalization
related developments (Megyeri – Tabajdi 2019). It is challenging to
overcome, therefore several strategies were implemented to boost
developments in this field. In February 2016 a strategy for industrial
developments initiated by the Ministry for National Economy was
introduced which is called the Irinyi Plan, including the most
important directions for economic development 2016-2020.This
plan acts also as a framework for the development of an Industry
4.0 strategy in all key sectors concerned (Nick 2017).
The Irinyi Plan specifies the Hungarian economic development
strategy to increase the share of industrial value-added in GDP from
23.5 % in 2016 to 30% in 2020. The automotive industry is called
2

https://ec.europa.eu/digital-single-market/en/desi
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out as a leading part of the growth; beside the healthcare, tourism,
food industry, the IT sector, the green economy and the sector of
shared service centers (SSCs) are named as focus development
sectors (Nick 2017). There is a goal of improving the processing
industry as well which target should be achieved by the use of new
technologies, the improvement of energy and material efficiency
and the higher use of Hungarian resources (Megyeri – Tabajdi
2019).
The main aim of the Irinyi Plan brings the re-industrialization to
the local environment which is in line with the EU directions. Funds
to deliver the Plan gains funds to fuel the support and incentives in
the Hungarian environment. Although, the Hungarian policies
prefers traditional manufacturing activities and industry support
methods, it can predict a vulnerable and lagging economy, which is
different from European declarations, but paradoxically required to
be maintained or strengthened by both the EU's developed areas and
multinational companies (Voszka 2019).

newest technologies resonate to all respondents as less important
factor during their operations. Robotization, 3D printing or additive
production were among their least preferred area of IR 4
development. SMEs were also less sensitive toward improving
energy efficiency through intelligent energy utilization methods due
to its limits on investment returns. Concerning SMEs, we also found
that all standard deviation above 1.1, which indicates that there is
no alignment and agreement across the respondents. Companies in
this size face a variety of challenges which have a diverse link to
the fourth industrial revolution. SMEs consider 3D printing and
additive production among the least important but with high
standard deviation, which indicates, that there are some companies,
who are impacted and involved in the use of technologies.

5. Opportunities in policy development in light of
IR 4.0

To reach the set strategical targets several organizations were
set-up. One of them is the Excellence in Production Informatics and
Control (EPIC) (Fülep et al. 2017). The goals of EPIC are to
improve innovation culture in Hungary, to speed up the innovation
process and to introduce and promote new technologies and
methodologies addressing many fallbacks identified in the DESI
index. EPIC specifically supports the improvement of SME
competitiveness and the strengthening of industry relations and
knowledge transfer from a practical point of view. Among its
objectives are: improving high-quality trainings and constructing
and promoting sample solutions for the 4th Industrial Revolution
(Nick 2017). All economic actor changes their development system
from extensive to intensive developments. This is particularly true
for SMEs that in many cases are using traditional methods. SMEs
are affected negatively by both their lack of knowledge and lack of
capital which are critical in the realization of high value-added
production methods.
The IR 4.0 development plans in Hungary have a special focus
on SMEs and the help and support given to them. Several programs
give the opportunity to SMEs to implement their own development
ideas, while others help them in conversion (Ritter et al. 2016). One
such program, called the Program of Modern Entrepreneurs, is
organized by the Hungarian Chamber of Commerce and Industry
(HCCI). This program supports the IR 4.0 developments of SMEs
with professionals and consulting. Moreover, the Industry 4.0
Model Smart Factory program was established also, the aim of
which is help Hungarian suppliers of multinational companies to
meet the growing needs of MNEs regarding the quality of products
and services. Five sample factories were set up to familiarize and
prepare SMEs for the use of IR 4.0 technologies. The
representatives of SMEs can see these technologies in their real-life
operation in functioning factories. As a part of this program, the
participating SMEs can test their readiness for Industry 4.0 but also
can find firm specific ideas to foster and motivate their aspiration to
improve. On these events, SMEs can meet new technologies and the
overall IR 4.0 concept presented for them in a relevant customized
way. This helps achieve an important national goal of increasing
SMEs readiness for IR 4.0 so that they would have better chances to
become suppliers of multinational companies (Megyeri – Tabajdi
2019).
In our empirical study we wanted to find out how SMEs
respond to IR 4.0 challenges. We used a quantitative method as we
used questionnaires distributed among Hungarian SMEs. 21
selected SMEs were asked to evaluate the importance of the
attributes of the 4th Industrial Revolution on a 1-5 Likert scale. We
used 14 IR 4.0 characteristics as evaluation aspects: During an
empirical study of Hungarian SMEs, we observed that SMEs
capture the basic, traditionally developed elements of IR 4.0 such as
collecting large amount of data; being prepared for small scale
customization; and work closely with partners in the supply chain to
improve responsiveness while reducing cost. It also means that the

In case of Hungary, a traditionally FDI-relying country, the shift
from earlier policy should start with the re-thinking of FDIattracting policy. Based on earlier experiences in the digital age
Hungary may still consider FDI to be an important engine/factor of
development. Thus, beside other FDI-hosting countries, Hungary
also tries to diversify its position as a destination country for
outsourced activities of production. These locational decisions can
be based on capabilities of local actors; complete supplier
ecosystems may evolve around the local affiliates of global
companies; increased knowledge-intensive activities of local
affiliates are seen after global innovation-oriented companies enter
the market (Szalavetz – Somosi 2019). Nevertheless, if FDI is still
considered to be the main engine of development, the policy should
react and change the traditional way of “FDI-related development”.
If countries like Hungary – with the intention of catching-up – lose
their earlier wage advantages and attract investments only by
reaching a certain level of development, the economic policy should
act like a developmental state (Csáki, 2009; Ricz, 2016) to further
strengthen those factors – education, ICT infrastructure, readiness to
adapt to advanced technologies, etc. – that are necessary in
attracting FDI. These support the earlier findings of Ács and Szerb
(2009), about the role of state: “institutions need to be strengthened
before entrepreneurial resource can be deployed to drive
innovation” (pp. 6.). But innovation and digital development is not
solely about (or for) the industry. The economic policy which is
traditionally placing manufacturing in the center should be
somehow transformed. The potentials of upgrading from the digitalbased servitization of manufacturing should be emphasized more
(Szalavetz – Somosi 2019). This would also fit the aforementioned
“smart specialization” concept of the EU, which brings in the scope
and thus the tools of cohesion policy as well.
At this point, the usual question appears. What should the state
focus on: domestic industry or rather the potential to attract FDI?
Strengthening locational advantages of Hungary requires more
efforts since advantages that determine the hosting of outsourced
manufacturing activities presumes higher development level than
ever. If this is accepted, then it is unambiguous that supporting the
digital maturity of companies – be them SMEs or local affiliates of
MNEs sometimes through their workforce basis – that are capable
to join a global value chain is necessary. In case of an upcoming
location decision from the part of a multinational company, the
existence of a strong and digitalized supply background appears as a
strong advantage. So, improving the digital preparedness of local
firms, subsidies appearing as later suppliers and the overall society
can attract more FDI.

6. Conclusions
As we presented the latest performance of Hungary in relation
to certain indicators of economy, adaptability and entrepreneurial
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health, we saw that despite some best practices and pieces of
evidences from the field, the recent situation is not promising in
general. If FDI-related development targeting further investments
made by MNEs is still considered important in Hungary, the
governance should focus on improving the overall environment and
the overall digital preparedness of the country and the society as
well. We consider this as the only solution in future upgrading:
building upon digital-based servitization in manufacturing.
Reaching a certain level of overall development thus requires
strengthened institutions.
Such improvements and changes on the policy and institutional
level concerning servitization of manufacturing focus and
digitalization impacts large and small players as well. However,
SMEs are facing scarce resources and capital to focus on, and drive
IR demanded changes. To encourage their development, custom
specific programs need to be able to assure their competitiveness on
the long run. While multinational enterprises have their internal
drive for continuous improvement, they appear to have different
specificities in thus strategies based on the decisions of their
headquarters. In the meantime, SMEs rely on a greater extent on
their partnerships and any additional external support and programs
to stay competitive which is a must considering the overall
economic development of the country. At this point the whoever
government has the responsibility to decide whether to appear as a
developmental state, but of course always within the relevant but
constantly changing international framework.
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To achieve those targets, specific activities, mainly related to
Innovation and Technology (66.7%), are carried out and applied on
three objects: human (61.1%), product (55.6%), and infrastructure
(44.4%).

1. Introduction
Industry 4.0 is the new Industrial Revolution focusing on
digitalization and integration of the value chain. This, fourth,
industrial revolution changes the production processes and the
logistical activities along the supply chain. The main goal of the
implementation of Industry 4.0 in a company is to reach higher
productivity and flexibility. This cannot be achieved only through
improvements in the production process through incremental and
disruptive process innovation, but rather through thorough
technological and organizational transformation, as well as updating
the business model of the company.

Competitiveness and Industry 4.0 in EU
The concern with the challenge of shrinking portion of
manufacturing in European Union’s GDP, contributed the Industry
4.0 to be addressed very seriously. One of the main documents is a
communication from the European Commission to the Parliament
for “European Industrial Renaissance” in 2014 (COM, 2014 /14). It
highlights cloud computing, big data and data value chain
developments, new industrial applications of internet, smart
factories, robotics, 3-D printing and design as the new technological
opportunities for industrial modernization. The conclusions of this
document are aiming at increasing the industrial competitiveness
through inter-areas policies, increased local-, national-government
and EU investments, setting the specific objective of raising the
contribution of industry to GDP to 20% by 2020.

Enabling different types of innovations, the implementation of
Industry 4.0 fosters an evolution to systems in which the interaction,
and even integration, of different previously rather independent
business elements is achieved. Many large corporations, which have
the resources and strategies for development, recognized the
importance of adoption of these new practices. In the beginning of
this decade, the early adopters seized the opportunity to develop an
additional competitive advantage, chaining “the game” and setting
it as a requirement for catching up and keeping market share. This
second wave is increasingly engaging small and medium-sized
enterprises (SMEs), many of whom are still in the phase of
screening and cost-benefit analysis. In order to support them in this
process, this paper offers analysis of the main benefits and obstacles
for SMEs in the implementation of Industry 4.0. Nonetheless, it is
expected that like in the previous revolutions, when the changes are
influencing many segments of the companies’ operation and the
ecosystem itself, those that will fail to adapt, will fail to survive.

In order to achieve this objective, the European Commission
has earmarked € 80 billion in the period 2014 – 2020 for research
and innovation including support for development of key enabling
technologies, the Horizon 2020 program. Unfortunately, we will
have to wait for few more years for ex-post evaluation of the
program and for the measurement of the real impacts on industry
transformation. What is clear now is that the focus of the European
Commission and the Horizon 2020 program has encouraged local,
regional and national governments across Europe to develop
different financial and non-financial support for reindustrialization
and increasing of the competitiveness of the European Union. The
focus in most of these enablers is fostering innovation though
further development of the ecosystem and supporting SMEs for
restructuring, modernization and knowledge acquisition.

Competitiveness
Porter (1990) emphasizes the importance of the competitiveness
on micro level (the firm) to the competitiveness on macro level (the
nation). He also stresses the importance of a well lead innovation
for development of competitive advantage. At national level, the
competitiveness has been defined in different ways by different
authors. Silvia, (2006) analyzing different literature definitions,
presents three key approaches in defining macroeconomic level
competitiveness: Competitiveness as productivity; Competitiveness
as capacity to create welfare; Competitiveness as ability to sell on
external markets. Luckily, the impact of the implementation of
Industry 4.0 on the company’s competitiveness, has become clear to
the policy makers. Liao et al. (2017) has studied 18 public policies,
all of them based on the German Industry 4.0 related national
initiatives concluding that their main goals for more than half of
them (55,6%) is to increase, maintain or regain competitiveness,
and even more (61,1%) are expecting to support economic growth.

Overall, the European landscape on one hand is pressuring
SMEs to set implementation of Industry 4.0 higher at their agenda,
and on the other is offering significant support in the process, which
makes it the right time to start. This paper offers insight in the
benefits from implementation of Industry 4.0, but also presents the
current obstacles in the process. As it was stated earlier the
literature offers different sometimes even contradicting definitions
and understandings of the key terms of the new industrial
revolution, which may be confusing or even misleading for
newcomers in the topic. To ease their inclusion, but also to set
precise frame on what and how is discussed in the paper, it is
initiated with definition of digitization and digitalization and the
Industry 4.0 itself.
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In the narrow sense of digitalization in the industrial context it
can be defined as the transformation of business models using
digital technologies and their internet based Internet of Things (IoT)
networking to create value (Wallmüller, 2017; BMWI, 2015). This
implies the increasing transformation of (all) analogical information
into data that can be processed with information technology
(digitization). Digitalization can take place on three levels: (1)
products and services, (2) processes and decisions, and (3) business
models (Matzler et al., 2016).

2. Defining Industry 4.0
About 80% of all European exports are industrial goods. The
European industry accounts for 16% of EU GDP and employs about
32 million people in more than 2 million businesses. These figures
show that the industry is an engine for prosperity and growth in
Europe (Plattform Industrie 4.0, 2019). For many decades an
ongoing process of industrial automation and digitalization has been
one of the sources for European companies to succeed in global
competition. In almost every European country, industry is now
forced to increased and systematic digitalization in order to become
more efficient (cost reduction), more flexible (individualized
products without increasing costs apiece) and – above all – to
innovate new, digitalized business models. Thus, digitalization has
become an indispensable success factor for European companies
(Tschandl/Kogleck, 2018).

In general digitalization implies the integration of digital
technologies into everyday life by the digitization of everything that
can be digitized. Consequently, digitization can be defined, as the
conversion of analogue information in any form (text, photographs,
voice, etc.) to digital form (Schallmo and Williams, 2018) with
suitable electronic devices (such as a scanner or specialized
computer chips) so that the information can be processed, stored,
and transmitted through digital circuits, equipment, and networks.
In this context three terms are used partly overlapping in literature:
digitalization, Internet of Things (IoT) and Industry 4.0 (I4.0).
Bischof, Tschandl and Brunner (2017) define the partial
overlapping of the terms differentiate it analytically (Fig. 2).
Digitalization covers the entire consumer IoT field (consumer IoT,
e.g., smartphones, TV sets) and a large part of Industry 4.0, with the
latter being a part overlaps with IoT (Industrial IoT), but also has
components that can function without internet technology (e.g.,
automation, Manufacturing Execution Systems [MES]). A smaller,
but all the more important part of Industry 4.0 does not include
digital technologies, which are lean production - management and
people (e.g., acceptance issues). Finally, there are also digital
technologies outside the terms of IoT and Industry 4.0 (e.g., digital
radio transmission).

Fig. 1: Overview of European Initiatives on Digitizing Industry
(European Commission - state Nov 2018)
Additionally, the emergence and finally the omnipresence of
IoT solutions in our daily lives force industries to adapt their
organization to a high level of connectivity. The upheaval of our
practices brought by internet and digital technologies now reached
manufacturing process in industries. This need of connection starts
a deep change and give a new paradigm – Industry 4.0. It refers to a
phenomenon related to new consumer uses and new objects that
directly impact the current business models and organizations. It is
increasingly associated with the definition of digitization and this
term is increasingly used in the context of the digital transformation
of companies (Mario, Hihigoyen, 2019). Facing digital disruption,
digital transformation has become a major and strategic issue for all
organizations of all sizes: business, marketing, human resources,
production process, information system, data, etc. (Vivier, Ducrey,
2019).

Fig. 2: Definition of terms in digitalization

Industry 4.0
The fourth industrial revolution marks a new stage in the
transformation of companies’ organization. All along the
implementation of Industry 4.0 phenomenon, many definitions were
given depending the context of applications. However, the term
Industry 4.0 as well as digitization is not yet universally defined.
Essential components of Industry 4.0 are the technical integration of
cyber-physical systems into production and logistics, their
interconnection via the Internet of Things and Services (IoTS), as
well as the implications for value creation, business models, work
organization and downstream services.

Digitization and Digitalization
Fraysee (2013) based his definition of digitalization on three
different approaches: First, from the business point of view,
digitalization is like partially or totally changing a product, a
service, a brand or a business activity in the digital world,
considering information technology and communication, and
connected uses of consumption. Second, from an organizational
point of view, it corresponds to the conduct of the change inherent
in the integration of ICT (Information and Communications
Technology) in the processes and organization of work. Third, it
can be defined as the explosion of life that is daily associated with
multiple screens. Brennen and Kreiss, however, base their definition
on the third view of Fraysee, the social life and how people interact
with each other in the 10s of the 21st century (Brennen, Kreiss,
2014; Bloomberg, 2018).

More specific and widespread is the definition of “Platform 4.0”
(Obermaier, 2016), for which the term is synonymous with the
fourth industrial revolution, a new level of organization and control
of the entire value chain across the lifecycle of products. The basis
is the availability of all relevant information in real time through
networking of all entities involved in the creation of value. The
combination of people, objects and systems creates dynamic, realtime optimized and self-organizing, cross-company value creation
networks that can be optimized according to different criteria such
as cost, availability and resource consumption.

251

"INDUSTRY 4.0" ISSUE 5/2019
Kagermann et al. (2013) describe Industry 4.0 as a collection of
seven concepts. Smart factories, cyber-physical systems, selforganization, new systems in distribution and procurement, new
systems in the development of products and services, adaptation to
human needs and corporate social responsibility.

Industry 4.0 compared to their US colleagues as almost half (47%)
of the German companies have developed their first full Industry
4.0 concepts, and only 18% of German respondents said that their
company is not yet prepared to introduce Industry 4.0 technologies.
In comparison, only 29% of US companies have developed their
first concepts, and 41% stated that their company is not yet
prepared. The slight differences in the advancement stage of
Industry 4.0 in German and US companies are not reflected in the
opinions of respondents about the important benefits of its adoption.
For example, three-quarters of German respondents and two-thirds
of US respondents associate Industry 4.0 with increased
productivity and cost reduction. Almost equal amount of
respondents in both countries (48% in Germany and 43% in the US)
also connect it with revenue growth. But it is worth mentioning
that the benefits from Industry 4.0 depend on how successfully,
companies develop and manage newly skilled personnel.

Hermann et al. (2014) suggest definition of Industry 4.0 around
its ability to design and provide new products to the variety and
complexity intensification with low cost and low environmental
impact. That means that Industry 4.0 presents a set of technologies
and concepts linked to value chain reorganization (Hermann et al.,
2015).
Zezulka et al. (2016) states that Industry 4.0 is used for three,
mutually interconnected factors; digitization and integration of any
simple and complex technical, digitization of products and services
offer, new markets models. All the human activities are
interconnected thanks to Internet solutions (IoT-Internet of things,
IoS-Internet of Services, see Lasi et al., 2014; Ning and Liu, 2015;
and IoP-Internet of People). These technologies help companies to
spread information during all life cycle systems.

Schröder (2016) has observed a strong connection between
company size and implementation of Industry 4.0, as large
companies are substantially more advanced in the integration of
their production plants in higher-level IT systems. He also argues
that there is no universal model for applying Industry 4.0 in SMEs
and the perception of the challenges and opportunities posed by
Industry 4.0 depends on the different characteristics of companies.

In his research activities based on risks identification,
opportunities and critical factors of success for the Industry 4.0 in
SMEs, (Moeuf et al., 2018) give a definition of Industry 4.0 that
focus particularly on specific steering of SME. “the Industry 4.0 is
an approach of industrial steering aim at real-time flow
synchronization and unitary and customized Build to Order (BTO)
from customers”.

The overall impact and potential arising from the adoption of
Industry 4.0 in companies can be outlined in several aspects:


The economic potential of Industry 4.0 – The evaluation of
economic effects is rather difficult. One thing that could be
considered as a major opportunity is the cost reduction as
mentioned above leading to economy of financial resources.
Since nowadays, many of the business tools and software are
available through cloud computing, SMEs do not need to pay
high costs for digitisation of their businesses (King, 2018).
Even if a SME partially applies Industry 4.0 inexpensive
technologies, it would still benefit economically through
automation of some tasks, for example through a simple smart
application. This rather non-complicated automation software
will also have a positive impact on the productivity rates in
the enterprise. Other researchers argue that since Industry 4.0
combines different and many technologies, only when applied
together their full potential in SMEs will be realized. Since
these technologies are in different states of advancement
when being implemented in SMEs, it would be unclear when
and to what extent positive effects will be utilized.



The smarter the production process, the better the product
quality – Smart technologies are now used in every industry,
especially in the manufacturing processes in SMEs which
lead to the creation of smart products. By incorporating
smart technologies in the production process, SMEs are able
to monitor, follow and control it and do so autonomously
(Maresova et al, 2018). The smart products also carry
important information about their production process, as well
as regarding their purpose and application. Such smart
products are equipped with sensors, components and
processors that are aimed to collect information and guidance
to customers and to send this data to the manufacturing
system (Abramovici and Stark, 2013). In this way, the
quality of the products is significantly improved as well as
the efficiency of the production process in terms of time and
costs. These benefits can transform SMEs model of work
into a smart model and help them grow. A forecast of the
potential savings for different areas of production is shown
in Table 1.

The evolution due to new technologies and new market models
highlight the necessity to identify new challenges in terms of
management, skills, jobs and organization. It’s mentioned in the
White
Paper
published
by
European
Commission
(COM(2017)2025), “Making the most of the new opportunities
whilst mitigations any negative impact will require a massive
investment in skills and a major rethink of education and lifelong
learning systems.”

3. Industry 4.0 in SMEs
The interest of implementing Industry 4.0 concepts within the
business operations of SMEs is significantly increasing in the last
years. It is equally important on macro level as it is on firm level
leading to endless discussions on the benefits from and the obstacles
for implementation.
Benefits from implementation of Industry 4.0
The influence of Industry 4.0 on companies and industry is
expected to enable the emergence of new business models affecting
and reshaping the entire lifecycle of products from their preparation
to their marketing leading to improvement of business processes
and ultimately, increasing the companies’ competitiveness (Pereira
and Romero, 2017). According to Müller et al. (2018) the process of
implementing new technologies is being conducted in all industries
so as to lead to reducing costs, increasing productivity and
providing customers with solutions tailored to their specifics. Since
the term “Industry 4.0” originates from a high-tech strategy
introduced by the German government, the impact on SMEs will be
analysed considering several studies and reports based on data
gathered by German companies.
Following a study conducted by Boston Consulting Group
(Lorenz et al., 2016) with more than 600 German and US
companies, about 19% of German companies have fully applied
Industry 4.0 meaning that they implemented smart factory measures
or first measures toward a concept (such as the introduction of
autonomous robots), compared with 16% of US companies. Other
data provided shows that German manufacturers can be regarded as
very ambitious since 60% of them are planning to apply or have
applied advanced technologies (within the next one or two years)
such as digital factory logistics or predictive maintenance,
compared with approximately 40% of US manufacturers. German
companies seem to also be further ahead in terms of preparing for

Table 1: Evaluation of potential benefits
Type of cost
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Total value

Inventory costs

- 30 % to – 40 %

Manufacturing costs

- 10 % to – 20 %
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Type of cost

implementation of new technologies. A significant conclusion is
drawn that small companies as well as large ones in US and
Germany need careful planning in order to address their major
concern to cover the necessary investment costs (Lorenz et al.,
2016).

Total value

Logistical costs

- 10 % to – 20 %

Complexity costs

- 60 % to – 70 %

Quality costs

- 10 % to – 20 %

Maintenance costs

- 20 % to – 30 %

More in-depth analysis of the obstacles for the technological
implementation of Industry 4.0 is provided below:

Source: Condensed presentation by Schröder (2016) after
Bauernhansl (2014: 31)


New way of communication - New business models and
value creation networks are one of the direct outcomes of the
transformation in manufacturing companies as a result of
Industry 4.0 implementation. The impact of these changes
will allow for a new way of communication along supply
chains. It is envisaged that the chain of suppliers, companies,
factories, the logistics’ agents along with customers will be
connected in a whole new communication network to be
operated in real time. Through that type of networking, all
actors will manage to reach maximum profit using limited
sharing resources. The new way of communication has a
significant effect on SMEs’ business models as more
customer-driven rather than product-oriented innovations are
predicted to be developed. The supply as well as the technical
support chains, the process of conducting operations,
manufacturing, distribution of products and services can also
be digitalized in light of the new ways of communication.

An important opportunity introduced by Industry 4.0 and with
great impact on SMEs is the “digital twin” concept. It is defined as
virtual illustration and model of a given asset (tangible and
intangible). The digital twin is described through the structure and
behaviour of connected elements or “things” generating data in real
time. The data is analysed, combined with other data connected
with the working environment and presented to the SMEs or the
user in the form of “digital twin” with the idea to understand its
history, needs, background and interact with it in order to complete
certain tasks. The digital twin presents companies and users with
possibilities to explore and find the best solutions to given problems
in a fast and pragmatic way. A good example of using such solution
in practice is The Laboratory for cooperation within Industry 4.0 of
the Institute for Information Management in Engineering and the
Karlsruhe Institute of Technology. There a digital twin of a machine
for grinding is used for optimization of the process and for working
in a virtual reality network. Along with these activities, the resource
flow is also taken into consideration in order to showcase the
practical advantages of the suggested solution allowing for increase
of the productivity with over 20%. According to the German
association of information technologies, telecommunications and
new media (BITKOM), digital twins in manufacturing industries
will have combined economic potential of over than 78 billion EUR
by 2025 (based on Popova, M. et. al., 2018).



Lack of digital strategy – A digital strategy that is adapted to
the digital and business realities and challenges is described as
one of the opportunities for development that Industry 4.0
presents but the lack of it is considered a limit to the growth
of SMEs. The senior management of manufacturing SMEs is
presented as more cautious regarding Industry 4.0 and more
concretely, the networking of production compared to the
production managers (Pierre Audoin Consultans, 2015). This
caution could be problematic as the application and
integration of Industry 4.0 in SMEs have to be carefully
planned and a development of comprehensive digital strategy
should be initiated at a very early stage of implementation.
Within the strategy, restructuring of all company processes,
employees’ roles and qualifications should be taken into
consideration, especially regarding the development of new
business models and opening of new markets.



Lack of uniform standards & legislation – The absence of
uniform standards and norms in terms of the integration of IT
systems and other data and machinery within the company is
another obstacle. An international standard has not yet been
implemented and no up-to-date information has been found as
such. This allows for the occurrence of mistakes and
mismatches in the integration process along with rising unrest
about unauthorised access to certain data. In addition to
standards, proper working measures and legislation regarding
Industry 4.0, such as the development of cyber security,
artificial intelligence, etc., are not in place in developing
countries. This allows for significant lagging in the progress
of Industry 4.0 in some countries and creating a multi-speed
Europe and world as a whole.



Lack of data security – This obstacle is intertwined with the
lack of uniform standards and legislation. If a SME wishes to
create a functioning digital network, it is required that all
actors have mutual trust over the data they share. The data in
question ranges from information on the production merits of
SMEs to new ideas about innovative products’ creation.
Leakage of important documents can affect the reputation of
companies negatively and lead to loss of profits and clients.
SMEs perceive that using Industry 4.0 technology, such as
cloud services, is not protecting confidential data of the
company and it is allowing for a third party to access it. The
security issues are heightened by the fact that SMEs are not
sure about the geographical location of the data stored and
what jurisdiction it is applied.

Obstacles for SMEs for Industry 4.0 implementation
SMEs are more challenged when it comes to adopting Industry
4.0 compared to large companies since most of them do not have a
fully automated production, so the proportion of manual and hybrid
activities is higher. They are thus advised to turn to networked
production in order not to lose their competitive edge on the
international markets. One of the biggest challenges that SMEs face
or will face is the elaboration of a relevant strategy, a costbenefit analysis of Industry 4.0 technologies that will be useful to
them and the lack of data security and uniform standards.
Lorenz et al., 2016 cited above observes also that lack of data
security is one of the main challenges of companies. The same
source points out the lack of qualified employees as the top
challenge followed by investment requirements. According to
Türkes, M. et al. (2019), lack of expertise also represents a
boundary to Industry 4.0 development meaning that there is a lack
of culture in the company, no internal training is conducted on
acquiring digital skills and no specialists to drive the
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Smith et al. (2016) identified the main difficulties and therefore,
obstacles encountered by SMEs with regard to participating in the
Industry 4.0 supply chain are:


Lack of awareness about high-tech solutions and the potential
advantages of implementing them in production processes;



Lack of financial resources to buy the necessary technology
and/or invest in R&D activities to create the needed
technology when it is not readily available. Each of this
requires easy access to funding which is an obstacle for many
SMEs.



Insufficient or lack of capacity to test Industry 4.0-based
solutions including limited access to facilities to test the
solutions and advanced technologies;



Insufficient amount of highly qualified experts in the field
of ICT to implement and use advanced Industry 4.0 solutions.
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SMEs often face competition from big companies and fail to
attract such experts;


to try new things and achieve their goals working together. In this
way, the acquired digital knowledge transforms into skills used in
their everyday job tasks. In the “sandbox”, the financial risks that
SMEs take are limited because a real investment is conducted only
when there are clear, measurable advantages. That concept has been
implemented in ELABO in Crailsheim as part of the introduction of
their "Shopoor Execution System”. The digital “sandbox” can be
used as a good practice example that can have a positive impact on
other SMEs as they can adopt and test it when faced with various
problems.

High entry barriers for acquiring and using advanced
technologies. Due to the eased access to funding that large
companies have, they are considered to be the ones that test
and patent advanced technological solutions which makes it
harder and more expensive for SMEs to make use of them. In
addition, the development of Industry 4.0 regulating
legislation, if developed following US and Asian examples,
itself may favour “industrial champions” bringing benefit to
large corporations raising the entry barriers for SMEs and
newcomers. That is why, extending the entry barriers could
overcome this obstacle.

The new technologies and approaches introduced by Industry
4.0 are rapidly changing the business landscape for SMEs. Willing
or not, they would need to address the upcoming trends in order to
maintain their competitive edge and thrive. Thus, becoming aware
and educated on the complexity and prerequisites for the
implementation of Industry 4.0 is of utmost importance for both the
management and the employees of SMEs. Requalification, life-long
learning, and constant adaptation to the needs of the market and the
industry, driven by the increasing digitalisation of the economy and
work processes, could be the key assets for the success of Industry
4.0. The adequate talent pools are predicted to become one of the
main advantages of SMEs even though automation will take up
some of the tasks of employees. The impact of Industry 4.0 on
machinery, systems, and processes in companies would consist of
them becoming integrated and connected wirelessly, but highly
skilled employees would have to interact with them to procure an
effective work process. Closing the skills gap of employees in
SMEs as soon as possible would mean that SMEs have a high
chance of catching up with the Industry 4.0 development and not
staying far behind large companies.

All these obstacles pose a challenge before SMEs, especially in
EU countries which are considered as “modest innovators” such as
Bulgaria. The country has been at one of the last places in terms of
introduction of digital technologies in economy and society
according to DESI index, 2018. In order to promote the growth in
Bulgarian SMEs, a national strategy “The transformation of
Bulgarian Industry – Industry 4.0” is introduced. Although the good
ICT structure with high speed access; the grounded tradition in the
ICT sector; the access to EU-funded programmes and the wide
usage of Internet are considered as an advantage of the country and
a sufficient basis for the implementation of I.4.0, Bulgaria still has a
long way to go. One of the biggest obstacles before the country are
the non-working ecosystem of innovations (science – education –
innovations) and the lack of impact of R&D on the competitiveness
of SMEs. A great opportunity is recognized in the ICT sector as it is
defined to be the most powerful driver for growth in the industry as
well as creating ICT clusters for industrial application in the country
could accelerate the adoption of Industry 4.0 elements in SMEs.
Another opportunity lies in the expansion of the networks for access
of next generation (NGA) and the adoption of future internet
applications based on e-services of high quality.

4. Conclusion
The aim of this paper is to support the penetration of Industry
4.0 in SMEs through supporting the basic two pillars: Clarification
of the scope of Industry 4.0 and the impact of Industry 4.0 to SMEs.

The effects of Industry 4.0 on Bulgaria and all other countries
are considered to be a higher degree of internationalisation of
production which will be easier to achieve for the large companies
which have implemented Industry 4.0-based solutions and it would
be harder for SMEs who, in turn, may become more dependent on
big corporations as their main customers.

Scope of Industry 4.0
The concept of Industry 4.0 through most of its scope is leaning
on the possibilities deriving from digitalization and internet of
things, but also it has a small section that is based only on nondigital elements, such as people, organization and processes. This is
the best illustration of its the scope. This fourth industrial revolution
is only driven by the contemporary technical and technological
opportunities, representing a new era of new, flexible business
models pivoting around the key competences of the organization.
This is creating completely new ecosystem in which the prerogative
for success will be given solely to those companies which will have
the ability to utilize optimal resources and to respond both
proactively and reactively to the fast changing environment.

Following Smith et al. (2016), these challenges need to be
addressed by adopting multi-pronged approach including the
following measures:


Locating a place in existing supply chains next to Industry 4.0
leaders and benefiting from their knowledge and experience.



Targeting developing niches in a more dispersed production
system and marketing them in more localities internationally.



Implementing advanced solutions which facilitate production
on more decentralised basis such as 3D printing.



SMEs and Industry 4.0
The impact that Industry 4.0 has over the competitiveness of
industry through the productivity, flexibility and efficiency is
changing its position of revolutionary reform into essential concept.
The SMEs that are already analyzing their opportunities for
restructuring according to the new trends, have already overcame
the main entry barrier(s) connected to lack of awareness and
strategy. The inclination of the European Commission, the national
and local authorities towards Industry 4.0 suggest that at least on the
middle run, SMEs across Europe will have alternative options for
affordable financing (loans or co-financed grants) as a support in
the restructuring. This process of implementing public funded
projects is usually much longer, but SMEs need this lag to start with
the non-digital reforms. This revolution in the organization’s
business model, culture, and mindset, needs to be in line with
human capital development, technological and market strategy of
the organization. Clearly, for many SMEs the fulfilling of the
prerequisites for successful Industry 4.0 implementation will be
benefit itself.

Improving data processing with regard to resource planning
and customer relationship management.

It is possible for the transition to Industry 4.0 to be enabled by
the public sector on EU and national level through lowering entry
barriers for SMEs to the Industry 4.0 market and supply chains and
also through increasing public investments in R&D which may
balance the market of high-tech solutions.
An interesting solution to address one of the biggest challenges
for SMEs, namely the lack of qualified employees along with the
lack of financial resources is implemented by The Institute for
Information Management in Engineering and the Karlsruhe Institute
of Technology where a laboratory for cooperation within Industry
4.0 is created and more particularly, a digital “sandbox” in order to
gather SMEs and encourage them to brainstorm, exchange ideas and
come up with solutions through gamification. The “sandbox”
enables participants to use common tools and instruments in order
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The article deals with the concept of digitization of the economy. There is the comparative interpretation of it in different sources by
different authors. The author's approach to the content of the definition of the digitization of the economy is given. The innovative
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threats, and so on. However, increasing productivity and
competitiveness of enterprises, reducing costs, creating new jobs are
its advantages. Some scientists believe that the digital economy has
replaced the innovation. But, in our opinion, digitisation and
innovation are integral components. Therefore, at the current stage
of development of enterprises, the question of the digitization of the
economy on the basis of innovative development is very relevant.

Today's digitization of the economy covers almost the entire
world, it is becoming globalized. If on the global scale the first
digital platforms appeared in 1961, then in Ukraine, in general,
digital transformations began in 1990 and they became very rapid
development.
It is likely that the digital economy has its disadvantages in
comparison with traditional ones, such as rising unemployment,
digital divide in education and access to digital services, cybernetic
In order to accelerate the digitization of the economy, it is
necessary to develop at the macro level the domestic IT sector, to
stimulate the creation of innovative technologies, to deepen the
cooperation in the international market. At the micro level, you
have to realize the need for digital transformation and update
knowledge of the technologies that appear in the modern digital
world.
Definition translated from Latin (definition) means "setting
limits", "determanation". According to the explanatory dictionary of
the Ukrainian language, the definition is a brief logical statement,
which contains the most significant signs of a definite concept [8].
Unlike other terms, digitization of the economy does not
have such distant roots, so in the national scientific and economic
literature this issue is not given enough attention. It also adds
relevance to this issue.
In the context of Digital Agenda - 2020, digitization is a
recognized mechanism of economic growth through the ability of
technology to positively influence the effectiveness, efficiency, cost
and quality of economic, social, public and personal activities [6].
Rudenko M.V. believes that "the specificity of treating the
category of "digitisation" directly depends on the subject of the
definition, which causes ambiguity in the interpretation of the
concept under study and underlines the controversy of individual
definitions and statements." He also emphasizes that the process of
digitization of the economy is based on a synthesis of existing
practical experience, that is, on a set of generally accepted rules,
which serve as the basis for the implementation of this process in
One can agree with Vice-President of " Association Innovative
Development of Ukraine", Fischuk V., who points out that
digitization is no different from modernization, and the state should
stimulate business to introduce digital technologies through access
to capital, tax credits, and so on [7]. However, according to some
practitioners, and to our belief, state intervention will only hinder
the proliferation of digitization due to the emergence of artificial
and not always "healthy" competition among
transforming
enterprises.
The term "digitization" comes from the English "digital", which
is why many domestic scientists and practitioners widely use
synonyms for "digitalization" and "digitization".
Guseva O.Yu. and Lehominova S.V. suggested to understand
the digitization as the transformation, penetration of digital
technologies for optimization and automation of business processes,
increase of productivity and improvement of communication
interaction with consumers [1, pp. 33-39].
The same opinion is shared by most leading managers who
understand digitization as using modern technologies to improve the
company's productivity or value, or in general, as an automation of
internal processes, rather than a business model.
Ligonenko L.O., Hripko A.V. consider digitization as one of
the "business cards" of the new economy (neo-economy) - a new
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the daily life of economic entities". The author also proposes to
consider the category of "digitization" from different points of view:
from the standpoint of scientists it is a process of evolution of
economic, social, industrial, technical and technological relations in
society caused by the development of information and
communication technologies; from the side of practice is a
mechanism for changing business models to improve the efficiency
of functioning; for the state - the saturation of society with digital
devices and the exchange of information among them; from the
perspective of society it is a new paradigm for the development of
life processes, the basis of which is digital technology. [5, p. 61-65]
However, he does not provide a generalized definition of
digitization.
Kraus K.M. indicates that the most important result of
digitization in modern conditions is the automation of services, and
the main "value" is the client (because without him the economic
activity is not meaningful). [3] However, the importance of
digitization for other business activities, in particular supply,
production, management, etc., is effaced.
Dannikov O.V. and Sichkarenko K.O. consider digitization of
the Ukrainian economy "a natural continuation of the international
trend of the proliferation of digital technologies and a dramastic
increase in their impact on all sides of economic life, as well as a
new paradigm of development of the country, economy and society
as a whole. The authors include the digitalization of the economy to
the components of a broader, in their opinion, the concept of
"information
and
network
economy"[2,p.73-79].
type of socio-economic structure, which is gradually formed within
the post-industrial period of economic development by introducing
the achievements of scientific and technological progress and
innovative methods of management, intellectualization of human
capital, the use of advanced cutting-edge technologies , accelerated
development of high-tech branches of the economy, giving priority
to the production of knowledge and services, the development of
the mentality of creative, effective, sustainable business. The new
economy is formed on the basis not only of the intellectualization of
production, but also of the whole economic life, based on the
widespread and massive use of information and communication
technologies (ICTs) [4].
It is quite understandable that a digital economy is an
economy based on the use of digital technologies, and digitization
of the economy, as a category, is the process of transforming the
generally accepted economic system into a digital one.
We consider the false assertion that the digital economy is a
totally new economy, because digital technology makes the
production of goods, works and services more high-tech, and does
not replace it.
No matter how perfect digital technologies are, they do not
replace either natural products or high-quality goods and services.
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They can only contribute to improving quality, cheapening
production and accelerating their advancement to the end consumer.
In our view, the term digitalisation of the economy is more
acceptable than the digital economy. Let's agree with some
scientists and practitioners who believe that the global economy is
one, but in the transition to digital technology in all spheres of life
there is a partial or continuous digitalization of all or some of its
branches. It is important to remember that any automation should
increase the profit of enterprises, the level of GDP, otherwise it
does not make sense.
In view of the above, we propose an author's approach to the
definition of the digitalization of the economy, which will be
considered as automating the interaction of all participants in
economic processes in order to simplify, accelerate and increase the
effectiveness of such interaction through the use of information
technology. In other words, it should be determined which
technology is necessary to produce a product whose consumption is
a society's demand. The synergistic effect here will be achieved by
setting up the direct links at all levels and affecing
the
intermediaries.

To determine the category of "digitization of the
economy", such scientific methods as abstract-logical (in the
determination of the properties of the term and features,
distinguishing it from other similar phenomena), the method of
complex analysis (in the study of existing interpretations of this
concept and their analysis), the method of system analysis (when
studying the conditions of existence of the term).
To implement the process of digitization of the
economy, it is necessary to use such innovative approaches that will
allow forming economic relations at a new "digital" level (Fig. 1).
In general, digitization is a process that can not be stopped
anymore. The number of spheres, industries and specific enterprises
that are penetrated by digital technology is constantly increasing.
Accordingly, the activity of the enterprise at the present stage is
changing directly proportional to the digital transformation. The
growth of digital technologies on the basis of innovative
development requires the improvement of enterprise management,
the active use of modern information technologies (including for
automation of business processes), the introduction of new business
models.

Innovative approaches to the definition of the digitization
of the economy
Network interaction of all participants in
economic processes
Distribution of modern information technologies
in the management of the enterprise and their
constant updating
Development and implementation of state
standards for process equipment, data recording
Search for creative professionals who can develop
and implement digital innovation products,
models,
services
meet stage of enterprise development.
Fig. 1. Innovative approaches to the definition of the digitization
of the economy
at the current
The fulfillment of these conditions will lead to improved quality of goods, works and services, shortened time for all digital transfer
operations and management decisions, reduced operating costs and increased profits, improved and strengthened competitive positions.
References
1. Guseva O.Yu. Digitization as an instrument for improving
business processes, their optimization / O.Yu. Guseva, S.V.
Legominova - Economics. - Management. Business. - 2018 - №1. P. 33-39. - Mode of access: http: // nbuv.gov.ua/UJRN/ecmebi 2018_1_7
2. Dannikov O.V., Sichkarenko K.O. Conceptual Principles of
Digitalization of Economics / O.V. Dannikov, K.O. Sichkarenko //
Economy and management of national economy. - 2018. - Issue 17.
- P. 73-79.
3. Kraus N.M. Digital economy: trends and prospects for the avantgarde developmental character [Electronic resource] / N.M. Kraus,
O.P. Goloborodko, K.M. Kraus // Effective economy. - 2018. - No
7. Fischuk V. - Digitization this is just the beginning [Electronic
resource] / V. Fischuck / Newspaper "Day". - 2018. - Mode of
access: http: // day.kyiv.ua
8. Digital Agenda Ukraine - 2020 (Digital Agenda 2020)
Conceptual framework (version 1.0) Priority areas, initiatives,
projects of digitalization of Ukraine till 2020 [Electronic resource].

257

1. - Access mode: http://www.economy.nayka.com.ua/pdf/ 1_2018 / 8.pdf
4. Ligonenko L.O. Content and mechanism of forming a strategy of
digitization in business organizations / Ligonenko L.O., Hripko
A.V., Domansky A.O. - Economic sciences. - Electronic resource. International Scientology Journal " Іnternаukа ". - 2018. - Mode of
access: http: //www.interna-nаukа.cоm/
5. Rudenko M.V. Digitization of Economy: New Opportunities and
Prospects [Electronic resource] / M.V. Rudenko // Economy and the
state. 2018. - №11. - P. 61-65. DOI: 10.32702 / 23066806.2018.11.61
6. Dictionary of the Ukrainian language in 11 volumes - volume 2,
1971.
p.
259
- K .: High-Tech Office Ukraine, 2016. - 90 p. - Access mode:
https://ucci.org.ua/uploads/files/58e78ee- 3c3922.pdf

"INDUSTRY 4.0" ISSUE 5/2019

MEASURING THE LEVEL OF DIGITAL MATURITY OF BULGARIAN INDUSTRIAL
ENTERPRISES
Assoc. Prof. Valentina Nikolova-Alexieva, PhD1 - Assoc. Prof. Toni Bogdanova Mihova, PhD2 University of Food Technology –Plovdiv Plovdiv, Bulgaria1
Technical University-Branch Plovdiv, 116”Al.Stamboliiski” Blv., Plovdiv, 4000, Bulgaria2,
valentina_nikolova@abv.bg expert2009@abv.bg
Abstract— Bulgaria is considerably lagging behind the general trends in the EU for the introduction of a digital society and it is therefore
necessary to adopt specific measures and to focus efforts on overcoming the lagging behind. Creating the right conditions for the
introduction of Industry 4.0 will support, on the one hand, the competitiveness of production and attracting investment in the economy and,
on the other, will help to increase efficiency in optimal resource use. The aim of the study is to reveal the possibilities for digital
transformation of the Bulgarian business and to give recommendations for process transformation, using adequate strategic tools. The
results of the study show that investment and innovation in IT are a key factor in boosting productivity in the EU and it is expected that three
quarters of the value of the digital economy will come from traditional sectors (industry), so it is crucial to support its digital transformation.
Keywords— industry 4.0, digital transformation, process optimization

Introduction
At global and European level, the impact of digital
technology, in particular in the manufacturing sector, is a strategic
priority. The development of new generations of digital technologies
is a leading factor in building a competitive national economy over
the next decades [1].
Bulgaria is considerably lagging behind the general trends in
the EU for the introduction of a digital society, and it is therefore
necessary to adopt concrete measures and to focus efforts on
overcoming the lagging behind. Establishing appropriate conditions
for the deployment of Industry 4.0 will support, on the one hand, the
competitiveness of production and attracting investment in the
economy and, on the other, will help to improve resource efficiency
[2]. The need to introduce digital infrastructure is driven by the rapid
growth of new technologies leading to unprecedented automation
and digitization of real manufacturing and business processes and
creating added value [3]. In this context, it is advisable to create an
innovative and high-tech platform to support the work and
development of industrial enterprises from the traditional sectors of
the economy, both in Bulgaria and abroad [4]. There is a social
networking business and a single centralized digital information
register for companies operating in different sectors. This platform
should be designed to provide technological tools to deliver more
markets and greater growth in business exports [5].
The aim of the study is to reveal the features and tools of
Industry 4.0 and to provide guidance for creating an adequate digital
infrastructure to support the transformation of Bulgarian industrial
enterprises.
The main task is related to the study of the world trends in the
development of the meat products market and the expected
technological and organizational changes for the period 2015 -2020.
The subject of this study is the Bulgarian enterprises from the
traditional sectors of the economy.
The subject of the study is the possibilities for digital
transformation and process optimization under the conditions of
Industry 4.0.
The research supports the main research hypotheses, namely
by identifying the global trends for the development of technologies
and innovations in conditions of strong competition and determining
the position of the Bulgarian industry in the economy of Europe and
the world, Bulgarian enterprises in the sector could increase their
competitive potential as respond with the adequate strategic tools for
digital transformation.
In the present study, the following methods were used:
analysis and synthesis; cross-analysis, induction and deduction;
analogy and comparisons; quantitative methods, by statistical
processing
of
SPSS
(one-dimensional,
two-dimensional
distributions, χ-square and correlation coefficient).
Data and information from NSI, NSI, SAPI, Agrostatistics
Department at MAF, Marketing and Market Research Agency ICAP,
EUROSTAT and others were collected and analyzed, which were
analyzed and synthesized. Studies, strategies, outcomes and
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guidelines of work from national and regional programs have been
used.

Exposition
1. The essence of digitization
In the global and European context, the impact of the use of
digital technologies, in particular in the manufacturing sector, is a
strategic priority [6]. The development of new generations of digital
technologies is a leading factor in building a competitive national
economy over the next decades [7]. The need for digital
infrastructure is driven by the rapid growth of new technologies
leading to unprecedented automation and digitization of real
manufacturing and business processes, and the creation of added
value [8], [16] [17]. Bulgaria is considerably lagging behind the
general trends in the EU for the introduction of a digital society and
it is therefore necessary to adopt concrete measures and to focus
efforts on overcoming the backlog [9]. Establishing appropriate
conditions for the deployment of Industry 4.0 will support, on the
one hand, the competitiveness of production and attracting
investment in the economy and, on the other hand, will help to
increase efficiency in optimal use of resources [10], [13].
This requires entrepreneurial thought and action to create an
innovative and high - tech platform to support the work and
development of enterprises and business organizations in all sectors
in Bulgaria [11], [12], [14]. It is necessary to create a social network
of businesses and a single centralized digital information register for
the working companies from different sectors [15], [16]. It is
necessary for this platform to provide technological tools to ensure
more markets and greater growth in the export of businesses.
The concept of digitization comes from English (digital). It is
considered as a process of transforming information from analog
media (text, sound) into digital form using electronic devices, ie
converting analog information into digital. This allows information
to be processed, stored and transmitted in a digital environment to
the user regardless of its location through computer networks, the
Internet, social networks, etc.
The main objectives of digitization are to preserve the
analogue information resources and their long-term storage in the
form of digital copies, as well as to provide access to these copies
through digital devices and networks and their collection in digital
libraries [12].
Digitization is seen not only as a process of digitizing traditional
information flows but also as an environment integrating digital
resources, services and specialists with the necessary knowledge and
skills at the level of the technologies of this environment related to
creation, storage, access, use, dissemination , security and
information protection.
Digitization provides access to information on the global
network at the same time to many users without any time and space
constraints, integration of heterogeneous information flows as well
as richer possibilities for their processing, structuring and
categorization, use and transfer. Digitization of production leads to
intelligent automation of the industry, allowing the free movement of
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industrial productions in Europe and the world. Expectations in the
future are digital production to reach 3.2 trillion euros in the G20.
2. Industrial evolution
The "revolutionary" changes in industry and the interplay
between the main factors of production reveal its evolution over the
years. (Figure 1).
• Industry 1.0: The first Industrial Revolution was in the 18th
century. It is related to the mechanization of manual labor and the
introduction of the power of wind, water and steam (steam engine)
into production technologies.
• Industry 2.0: The industrial revolution of the early 20th
century, the associated use of electricity and the use of a "new
organization" of production, the basis of mass production.
• Industry 3.0: Introducing computers to aid production in the
1960s and 1970s. This produces automation of production.
o Industry 3.5: Opening local economies globally. In the 1980s,
a process of relocation of production began according to the
efficiency of production. It is characterized by "exporting"
production from developed countries to underdeveloped economies.
• Industry 4.0: Introducing Internet Technologies in Production.
They allow the use of different cloud technologies, resulting in socalled large data that is the foundation of organizational perfection.
• Industry 5.0: Introducing Bionics and Biotechnology into
Production. Allows biological sensors to be used to control and
organize production. The challenge is to use an appropriate open
source organic language that allows the use of of biological /
synthetic cells in industrial production. At present, industrialization
is at the 4.0 level worldwide.
2. 1. Nature of Industry 4.0
Industry 4.0 is a set of connected digital technology solutions
that support the development of automation, integration and realtime data exchange in manufacturing processes. In its essence, this
reflects an industrial and technological transformation process that
naturally follows the development of scientific and production
practices. The fourth industrial transformation is a natural extension
of digitization and automation of production and includes Internet
connectivity and interaction of cyber-physical systems without
human involvement, processing and analysis of large information
arrays and artificial intelligence, robotics, digital clouds, digital
modeling and simulation of the production processes through virtual
reality, intelligent automation, mass production of individualized
products, appearance of new technologies, creating new business
models. Industry 4.0 is defined as part of the application of new
digital technologies in the manufacturing sector and includes a broad
range of technological solutions and business models that contribute
to qualitatively new forms of economic activity.The term Industry
4.0 is defined for the first time by the German Federal Government
as the main initiative to adopt a high-tech strategy for the
development of German industry in 2011 (part of the strategy HighTech Strategy 2020 for Germany) years the term appears in specific
strategies (for example, the German Trade and Investment Agency).
The term "Industry 4.0" is used in the name of eight out of 13
national policies in the EU to digitize production processes.
The main ideas for the development of Industry 4.0 were first
published by Dr. Henning Kagermann in 2011, becoming the basis
for Manifest for Industry 4.0, presented in 2013 by the German
National Academy of Science and Engineering (Acatech). Industry
4.0 is a new step in organizing and managing the Value Added Value
chain within the full production cycle (Plattform Industrie 4.0, 2014).
In the US, Industry 4.0 concepts are becoming known through
the Industrial Internet Consortium (ICC), which identifies it as "the
integration of sophisticated physical machines and embedded
systems and devices with network sensors and software that are used
to improve the processes of forecasting, control and planning for
better business and public outcomes (Industrial Internet Consortium,
2013).
2.2. Industry 4.0 Features
 Optimization of decision making
Decision-making is becoming a key factor in global competition.
Using real-time analysis and large data processing (Big Data)
capabilities make it possible to make real-time decisions. In the
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manufacturing area, this means more flexible troubleshooting and
optimization reactions across the enterprise.
 Resource efficiency and resource efficiency
Industry 4.0 preserves the existing strategic goals that are put at
the forefront of industrial production: producing as much output as
possible from the available resources (resource productivity) at the
lowest possible resource cost for available production quantities
(resource efficiency). In this way, cyber-physical systems are able to
optimize production processes across the value chain. Moreover, in
order to optimize the cost of resources and energy or to reduce
emissions, certain systems can be optimized and adapted constantly
in the course of production itself.
 Individual approach to the client
Industry 4.0 allows you to take into account individual and
customer-specific criteria for design, configuration, order, planning,
production and operation, including the desire to make changes
within a short timeframe. Thanks to Industry 4.0 even the production
of individual items (batch of a product) can be profitable.
 Flexibility
The network based on cyber-physical systems allows the
dynamic organization of business processes in different dimensions:
quality, time, risk, sustainability, price, environmental impact, etc.
Thus, materials and logistics chains are in constant balance. At the
same time, design processes can be quickly organized, changing
production operations and offsetting short-term disruptions (eg
caused by suppliers), or to significantly increase delivery volumes in
the short term.
 Potential to create value by offering new services
Industry 4.0 makes it possible to create new forms of value
creation and employment, for example through the provision of
services along the chain. Rich Data Collected by Smart Devices (Big
Data) can be used with intelligent algorithms to offer innovative
services. This provides Industry 4.0 with great potential for
developing B2B (Business-to-Business) services, namely small,
medium and start-up businesses.
2.3. Industry Toolbox 4.0
The industry base of Industry 4.0 is based on intelligent,
integrated, embedded and digitally integrated systems that greatly
support automation and autonomous management of manufacturing
processes. They bring together people, machines, equipment,
logistics systems and products that can communicate and collaborate
directly with each other. Manufacturing and logistics processes can
even integrate intelligently between different companies to make
production more efficient and flexible.
In industrial strategies, the following key technologies have been
identified for the development of Industry 4.0: Industrial Internet of
Things (IioT), Simulations, Added / Virtual Reality (VR / AR),
Autonomous Robots, Cloud Technologies Cloud computing, cybersecurity, 3D printing, horizontal and vertical system integration, Big
Data analyzes.
This list is complemented by new technological solutions that
will play a leading role: artificial intelligence and cognitive systems,
machine self-learning, mobile applications, block technologies,
digital platforms and more. The list of technologies that will have a
significant impact on the development of society, economy and
industrial production in the next 5 to 10 years can not be exhaustive
at the current level and dynamics of technological innovation.
The impact of new technologies in Industry 4.0 on production
and business processes can be summarized as follows:
 Creating new products and services with built-in
intelligence, innovative business models and customization
and customization capabilities;
 Digitalisation of the overall production cycle, acceleration
of the development through digital prototyping and virtual
production, flexible organization of the production
process;
 Miniaturization as a trend in the production of microchips,
electronic devices, implants and others.
2.4 Advantages in Industry 4.0
 Complete new methods of interaction between people and
machines;
 New ways of obtaining, storing, processing and moving
information;
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 Decentralized solutions (maximum possible autonomy of
cybersystems controlling production machines);
 New types of industrial intranet networks.
The Fourth Industrial Revolution has the potential to
fundamentally change the structure of the economy as a whole. This
means that:
 In the manufacturing process, automation will be relied on,
with high-tech robotic machines taking the lead.
 The need for qualified staff to adjust, maintain and service
these machines will be enhanced.
 Interaction between the education system and the business
will need to be strengthened.
 Collaboration between individual research centers and
universities on the one hand and entrepreneurs on the other
will become an integral part of the company's staffing.
 The basic requirement for the employees in the enterprise will
be digital competence.
 Company management and business management models will
need to reformat and adapt to new technological realities.
Assuming that people still need to run the business, then a
completely new entrepreneurial culture must be trained,
coherent and understanding the needs of the factories of the
future.
 Interaction between the different units in the industrial
enterprise will undergo a radical change because of the
increasingly diminishing role of the man in favor of the
machines.
 One of the important advantages of Industry 4.0 is the
dramatic increase in productivity and hence the economic
profitability of the enterprise. Experts predict that initially
machines will "take off" the work associated with

monotonous and repetitive movements that are so
characteristic of the production line. This does not mean that
work done by man will surely be unnecessary. People are still
better at creating unique and innovative products. 2.6.

3. Analysis of the readiness
transformation in Bulgaria

for

digital

Method of performing the analysis:
Step One: Initially, a qualitative analysis was carried out using
indicators and data for the past 5 years for each economic activity.
These advocates include: state support for offices and technology
transfer centers, funded projects from the National Innovation Fund,
support for projects under OP QI 2007-2013, number of companies
owning patents, number of companies owning trade marks.
Step Two: A quantitative analysis has been carried out using a
number of indicators and data for them over the past 5 years for each
economic activity organized in groups:
internal factor - (number of enterprises employed,
production volume / services provided, turnover, added value - as
part of industry and services and as part of output / services, labor
productivity, investment in FTA)
External factor - (export, import, trade balance, realized
competitive advantages - production and export specialization).
The sum of the assessment of the internal and external factors
gives the total estimate of the quantitative factor.
Step Three: Cross-section identifies industries with great
potential for digital transformation, the logic being to find a cross
point between strong areas of science and technology development
and entrepreneurial activity

Fig. 1 Comparative analysis of European Innovations
Although innovation capacity has improved since Bulgaria
joined the EU, by 2018 the overall picture shows achievements well
below potential (see Figure 2). Bulgarian companies spend 0.39% of
GDP on R & D, compared to 1.31% in the EU, the percentage is
about 3 times lower. Similar is the ratio to public spending.
Bulgarian companies occupy 105 and 106 places in the world in
innovation and business complexity.

As a result of the calculations, Bulgaria finds itself in the group
of "modest" innovators and aims to find a place in the group of
"moderate innovators" in 2020-2023 (Figure 1). For this purpose, the
average values and the growth rate of "moderate innovators" for the
period 2013-2018 were calculated for all innovation spheres. Also,
the necessary growth rates of the innovation indexes have been
calculated to achieve the target in 2020.

Fig. 2. Innovation activity of Bulgarian enterprises
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The implementation of digital technologies for industrial
enterprises in Bulgaria is below the EU average and progress in this
area is limited. Although more and more small and medium-sized
enterprises (SMEs) are selling online, their number remains small 6% in the country and 3% in other EU Member States. It is important
to note that 74% of the ICT sector companies are export- oriented
and poorly represented on the national market. There is insufficient
capacity in many industrial sectors, which prevents enterprises,
especially SMEs, from benefiting from the deployment of ICT-based
innovations. Because of the higher wages in the ICT sector, the more

interesting job and career development potential, capable ICT
professionals work in specialized foreign software companies. In this
respect, the development of the ICT sector is causing difficulties for
smaller companies, including those in mechatronics and the whole
manufacturing industry. Recently, the development of technologies,
especially cloud technologies, has enabled many small and mediumsized enterprises to meet the challenges of ICT infrastructure
management, platforms and services without ICT professionals
.

Low EU level
Around the EU average
Fig. 3. Bulgaria's mobile service performance profile
As a result of the Quantitative Analysis, it is established that in
the context of Industry 4.0 the development of the industry is related
to the implementation of structural industrial reforms in three main
directions:
 Innovations - both technological and non-technological (new
marketing tools and new organizational market practices).
 Structural interconnections - it is important to achieve 3
effects: economies of agglomeration of production; economics
of specialization; technology transfer.
 Added value of work - the emergence of new forms of value
creation and employment, for example through the provision of
services along the chain. Rich Data Collected by Smart Devices
(Big Data) can be used with intelligent algorithms to offer
innovative services.
 The mobile service profile shows that Bulgaria is lagging behind
the EU by the coverage of 4G Mobile Internet, "Broadband

Mobile Broadband", "Radio Frequency Spectrum for Wireless
Broadband Communications" and "Employees Mobile
Devices". While Bulgaria is about the average for the European
Union, according to the indicators "coverage of 3G mobile
Internet", "mobile access" and "market share of the leading
mobile operator". (see Figure 3).
 Bulgaria's e-business profile shows that industrial enterprises are
at the EU average by the indicators "enterprises with a complex
functional website", "social media companies" and "Internet
advertising enterprises".(see Figure 4).
 Researchers of Digital Management and Marketing at the
University of Salford, UK, have developed the "Digital
Maturity Business Model," presented in Figure 5, to explore
levels and appropriate measures to move organizations from
one level of digital transformation to a higher one.

Low EU level
EU average
Fig. 4. E-business profile of industrial enterprises in Bulgaria
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The survey of 367 Bulgarian enterprises in the period April
2017-February 2018 from all regions of Bulgaria and from almost all
traditional sectors shows that about 5% of small and medium-sized
companies in the country are still in stage 0. The main problem for
them is to develop their online presence. For companies at the top
level - 68% of digital maturity, a transformation is needed from
providing online information to digital business. For commercial
companies, this means the development of e-commerce, and for

other companies - active engagement with current and future clients
of the companies. Most of these companies have digitalized the
processes of accounting, part of production, have some elements of
customer relationship management, but still lack a solid online
presence and interaction with customers (Figure 6). 20% of the
industrial companies fall into the second digitalization level, 6% they belong to the third level of digitization and only 1% are ranked
in the fourth level of digitization.

Fig. 5. Measuring the level of digital maturity.

their exchange and sales and sales; problems with the increasing
food dependence of people and the pursuit of comfort in every
field and at every level, issues related to the use and management
of technologies.

The main breakthrough that can be done is that only a small
number of enterprises have fully digitized their internal processes,
as well as value chain and customer relationship relationships.
They encounter serious problems related to the volumes and
quality of raw materials; issues related to information technology,

6%

1%

5%

20%

68%

0 level

1 level

2 level

3 level

4 level

Fig.6. Measure the degree of digital maturity
As a result of the cross-analysis, potential sectors of the
economy were identified with readiness for digital
transformation – Physics, Biology and Chemistry. The identified
industrial sectors and technological areas with potential for digital
transformation are: artificial intelligence robotics, biotechnology,
food technology, nanotechnology, thermodynamics, green
technologies, medicine, nuclear chemistry, energy technologies,
etc.

4. Model for Digital Transformation and Digital
Enhancement
Human spirit, ingenuity and entrepreneurship will also
play a major role in the industries of the future. Entrepreneurs face
the challenge of building and developing digital businesses that
are sustainable and effective in the future. The digital business
model creates opportunities for generating value in a new way,
using the benefits of the digital environment. The digital business
model is based on the traditional principles of strategic marketing
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management: products for specific markets through specific
technologies but expressed in new concepts:
Digital content is the product or service, the experience is the
market that consists of customers who have the opportunity to
create the product or service with the organization, share
information and bring about increasing demands and platforms the technologies, software and hardware that make the
product delivers. According to some researchers (4), these three
components are used by successful digital companies to
distinguish themselves from competitors in the market. Smaller
industries can begin to create a new business model by changing
one of these three components.
The business model for building a digital business consists
of the following elements:
• Digitization of document turnover of the company working instructions; production and organizational forms;
requests for purchases and deliveries; product specifications;
• Real-time production monitoring - working with wireless
sensors and equipment that monitors electronically the
performance of production operations (IoT: Internet of Thinks);
• Introducing the so-called smart machines and equipmentbased processes that can track and analyze incoming information
and take stand-alone decisions;
• Connecting the production with the Internet through
various B2B and B2C Internet networks - (Blokchain).

5. Recommendations for successful digital
transformation
In order for the industrial enterprise to be digitized,
managers must be aware of the transformation. They need to be
able to develop a scenario, model processes, and be able to use
process management tools. It is necessary to understand the
correspondence of the chosen transformation with the corporate
strategy. If the tally match is missing, the success of digitization is
doomed. It is necessary to make sure that corporate investments
aim to bring innovations to the organization. Recognize the
pressing need for the organization to undergo technological
transformation. They realize that it will require a transformation in
corporate culture as well as in internal and external
communication of the enterprise. It is necessary to introduce
teamwork, each team being empowered and responsible for a
specific internal process, analyzing, documenting and auditing the
process in order to build an efficient process architecture of the
industrial enterprise. Undertakes activities to create digital
infrastructure - artificial intelligence and cognitive systems,
machine self-learning, mobile applications, mobile technologies
(digital lock) and digital platforms.
On the basis of the analyzes and the recommendations
made, a model for digital transformation is proposed to the
industrial enterprises. Figure 7 shows the model for access to the
Blochain system of the industrial plant.

Blockbus network is available:
(a). directly from the client, through the correct operation
(b). by using a read-only database
(c). by configuring the database at the node block through block read or write operations

Fig. 7. Block access system access model

Conclusion
Undoubtedly, the digital transformation will have a positive
impact on the efficiency and the formation of competitive
advantages for the Bulgarian industrial enterprises. The benefits of
digitization are numerous: the creation of an appropriate digital
platform will allow the categorization of Bulgarian enterprises by
industrial sectors, size, produced goods and services, capacity,
realization markets, industrial certification. The establishment of
appropriate digital infrastructure will enable the creation of profiles
of Bulgarian enterprises as well as existing and potential business
partners, keeping up-to-date information about the conditions for
participation in the single European market, access to foreign
markets and requirements of the European legislation. It will allow
for adequate feedback from investors on concluded and executed
transactions, references to the quality of executed contracts, real
integrated and developed innovations and research. Bulgarian sales
representatives will have permanent access to the platform at any
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time, from any location and from different mobile devices. Everyone
will have the technology of automatic notification for potential
interest in a company, both from Bulgaria and abroad. This will
optimize the work of sales representatives by defining specific goals
directly linked to increased exports. Industrial businesses will be able
to explore business start-up opportunities in a region, industry, and
country by automating the management of links with outside
companies and automated notification of a particular sales
representative.
Analytical results show that Digital Transformation
facilitates business processes, decision making, and interaction with
value chain partners and end-users. It is a prerequisite for gaining
strategic advantages over competitors, opening up new markets not
only from digital companies but also from traditional businesses.
Bulgarian businesses do not yet have the necessary digital maturity,
but their potential is to increase their basic indicators of
technological readiness and innovation up to the average for the
European Union by 2023.
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1. Introduction
Industrial revolutions
Over the past 250 years there have been three industrial
revolutions (Figure 1). They have changed the process of building
and embracing values and the world as a whole. During each of
them, technology, political systems and social institutions are
developing. Production, people's perceptions of themselves, the
relationship between them and the environment are changing.
First Industrial Revolution
The transition to machine production and the promotion of the
capitalist economy as a leading one reflects so vastly on the way of
life of mankind that they are often compared to the Neolithic
Revolution in which people find agriculture and stop to lead
nomadic life. A number of factors cause these significant events in
decades – among them history indicates both technological and
socio-economic and cultural.

with new jobs and high-speed networks of roads. There are
breakthroughs in chemistry: the world gets new materials including
thermosetting plastics and new processes. For example, the HaberBosch ammonia synthesis process opens the way for cheap nitrogen
fertilizers, the "green revolution" of the 1950s and the subsequent
sharp increase in population. The Second Industrial Revolution
marks the advent of the modern world – from sanitary services to
international air transport.
The main resources of production, the most important factors
for capital growth and respectively for active economic activity in
the modern state up to the 1960s, are more or less limited to, and
can be controlled by, their respective territorial boundaries. It is an
economy of mass production, of homogenization of consumption
and the mass market, which creates a mass consumer of the same
type of products, and in this sense is an economy of the scale, in
which the one, who can create, produce and sell more identical
products, reducing their production costs has an advantage and
gains.

The central role in the development of the first industrial
revolution have innovations in the steel and textile industry and, of
course, the steam engine. Invented and patented in 1775, it was used
to propel various machines, gradually replacing the animal and
water power applied to date.

The governance structures needed to regulate and control mass
production and consumption are highly hierarchical, with interlinkages going through the center.

Significant innovations begin in England, and it quickly realizes
its advantage over other European countries. In their leadership
position, the British ban the export of skilled labor, technology and
machinery. This monopoly does not last long – in 1807, the two
Britons William and John Cockerill opened machinery stores in
Belgium, making it the first continental state to change its industry
and economy.

Approximately in 1950, breakthroughs in information theory
and numerical calculations began. These technologies form the core
of the Third Industrial Revolution. Of course, the causes of the
industrial revolution are not only new technologies but their impact
on economic and social systems. The ability to store and process
and transmit information in digital form transforms most industries.
The labor and social relations of billions of people are radically
changing.

France is lagging behind in the period of major changes due to
the unstable political situation in the country, which is also due to
the lack of large investments.

Third Industrial Revolution

The cumulative impact of the three revolutions has led to an
exceptional increase in the welfare of the developed country's
inhabitants. General technology changes create a practical basis for
moving to a new phase of development.

Despite the enormous coal and iron deposits, innovation only
entered Germany after the national reunion in 1870. But once it
began its development, Germany quickly accelerated its pace by the
end of the century, becoming an absolute world leader in steel and
chemical industry .

Fourth Industrial Revolution

Second Industrial Revolution
The second industrial revolution is related to the use of
electricity, conveyor production, the internal combustion engine, the
car, the radio. It unfolds between the last decades of the nineteen
and sixties of the twentieth century. It imposes large-scale
manufacturing and heavy machinery and chemical industry.
Different industrial branches with specific technological processing
are identified.
Between 1870 and 1930, the new wave of technology continued
economic growth and developed the success of the First Industrial
Revolution. The radio, the telephone, the TV, the household
appliances and the electric lighting show the transforming power of
the electricity. The internal combustion engine allows for the
creation of cars and airplanes, and consequently their ecosystems -
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In practice, this is the foreseeable with a high degree of
probability near future, which is already at the start. Massive cyberphysical systems will develop in production, serving human needs.
Измененията ще се отразят най-широко на всички страни на
живота. There are, of course, risks – increased instability and the
possibility of a collapse of the global system due to a change in
major paradigms of coexistence. The technologies that are already
being developed and will cover everything are: Big Data; the
Internet of Things (IoT); virtual, augmented and mixed reality; 3Dprinting; printed electronics; quantum computing; blockchain
technology; artificial intelligence; neurotechnologies; new
materials; space and geotechnology.
On April 1, 2011, a small article titled "Industry 4.0: The
Internet of Things on the Road to the Fourth Industrial Revolution"
was published in the weekly newspaper of the German Engineers'
Union – VDI Nachrichten. It was not a joke announcing that at the
forthcoming Hanover Fair, a working group of three experts,
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representatives of entrepreneurship, politics and science, would
present to the public the previously unknown Industry 4.0 initiative.
The German concept for the industry of the future – Industry 4.0
is based on the collaboration of manufacturers, scientists and
governments. A wide network of people, objects and machines
build a whole new production environment. The real world and the
virtual world are already beginning to merge into production, giving
rise to Industry 4.0 or the Fourth Industrial Revolution. The German
concern Siemens defines the driving force behind the development
of this project: from "Big Data" to "Smart Data", data-driven
production, merging worlds – virtual, augmented and mixed reality,
self-organizing factories.

At each stage of industrial development, a stage of development
of the security system corresponds. Therefore, when we reflect on
security in the stream of Industry 4.0 ideas, we are talking about
innovative paradigms, technologies and security technologies that
match the high technology that we can unite under the common
name Security 4.0.
Industry 4.0 and Security 4.0. Security and insecurity
It is important to perceive and consider the technologies of the
Fourth Industrial Revolution on a large scale, outside the context of
simple instruments, in close connection and interdependence, in the
light of the idea of synergy. We must look for opportunities that, on
the one hand, allow security and public order services to positively
influence the product, the level of national and civil security, and on
the other, to derive and prioritize these technologies and
combinations of them ensuring that the security sector works only
for people’s benefit and protection. Technologies should also be
analyzed in terms of the possibilities for their use by criminals and
to create a conceptual response environment.
The Fourth Industrial Revolution will fundamentally alter all
these aspects of our lives and security as it did in previous
revolutions.
Technological innovation is a powerful factor in multiplying the
wealth and well-being of people. The free funds and the need to
protect the developing property lead to investment and development
of security, both in its broad understanding and in its understanding
of the security and safety of the life of the individual citizen. Today
the average person lives longer, healthier, more wealthy, and also
less likely to suffer or die of violent death than in previous epochs.
There is no crime-free society, perhaps in the far future it will be
possible. Hence, assumptions and projections should outline
future possible offenses based on leading technologies.

Fig. 1. Industrial revolutions

2. Security and industrial revolutions
The development of systems of public order and security
undoubtedly follows the development of the economy and social
relations. The development of technology often occurs first in
military and security organizations, and subsequently it also appears
as civilian products Crime is aimed at illegally acquiring goods by
organized and unorganized criminals. With the development of
industry, wealth – capital, movable and immovable property,
storage in banks – all this is of interest and desire for illegal
acquisition by criminal world. Since it is dissolved in the normal
world, it is also subject to development and the use of the benefits
of technical progress. Criminals are becoming more and more
creative, educated, sophisticated and greedy. Well-educated and
well-equipped criminals invent increasingly innovative ways of
criminal enrichment. This causes normal people to demand from the
government adequate protection due to citizenship and taxing.
Much of the crimes are aimed at big capital. This makes the
interests of the poor and rich to higher security synchronous.
Therefore, resources are earmarked, specialists are trained and
research and development are being carried out to address crime
and, of course, espionage. There can be no innovative industrial
development without resource-intensive development. From the
point of view of opposing countries, intelligence should be a
productive force that, for example, spending a total of € 100
million, gives its producers an advantage worthing millions.
There is no technical breakthrough that is also not relevant in
the light of the need for security – rail transport, in addition to its
economic importance, allows for easy transport of people over long
distances, whether military formations, criminals or police forces;
aviation, photography, besides their exceptional iconic significance,
have a great value since their emergence for intelligence,
counterintelligence, military and special operations. Cybercrime,
cyber-intelligence, cyber-security are interconnected industrial and
social phenomena demonstrating the possibility of modern crimes
and the creation of modern products for civil and national security.
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How will future crime look like in the face of the consequences
of the Industrial Revolution? This is the next stage of criminological
knowledge by rationalizing the image of future crime and
developing measures for future counteract, in accordance with the
new conditions.
For today's criminologists, the social consequences of
"Industrial Revolution 4.0" are important. Are there any predictions
that criminologists can handle? Yes, there are. Such are the works
of the famous economist and politician Jacques Attali [1], the
leading analyst of the US National Intelligence Council Matthew
Burrows [2]. When their books appeared, especially the one of
Attali, they were simply perceived as a science fiction or
Hollywood-like scenarios of post-apocalyptic works. But just after
their publication, it becomes clear that the most incredible negative
scenarios seem completely realizable in life. For example, Attali
describes three scenarios for the development of mankind.
According to the first, which he calls "Hyperempire", the money
will liquidate anything that can hinder their triumph, including the
states they will gradually destroy. Everything will become private,
including the army, the police, the judiciary. Most people will
become an artifact for production and sale.
If humanity does not follow such a future, globalization will
cease forcefully, a barbarian age will come, the world will be
involved in destructive wars. States, religious groups, terrorist
groups and pirates using the new weapons will exterminate each
other. Such a course of events Atali called a „Hyperconflict”. The
hyperconflict is also a planetary hypercrimal. According to this
scenario, instead of the countries that will break up under market
pressure, there will be pirate states and non-state entities, areas of
lawlessness. They will be run by armed gang leaders, controlling
regions, ports, oil pipelines, roads and resources. Pirate countries
will behave according to the model of ordinary nations, fight against
traditional states, securing their existence at the expense of the work
of intellectuals. In essence, the realization of such a scenario is
seen in the Islamic state, the Taliban structures, the Mexican
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and Latin American cartels. In fact, today's global economy is
increasingly becoming a mafia federation.

Contemporary neurobiology even today allows to establish the
100% authenticity of one or other testimony.

As Mark Goodman writes, it can now be estimated that
transnational crime accounts for 15-20% of the world gross product
as a purely criminal turnover and no less than 25% as a legal
turnover controlled by criminal groups. Generally speaking,
criminal groups can control not less than a third, but rather about
50% of the global turnover of all kinds of goods and services, assets
and finances. Considering that the concentration of property in the
criminal world is higher than that in the legal business, it can be
concluded that the most important asset owners and resource
holders on the planet are the criminal syndicates.

It is necessary to eliminate the archaic, cave methods for
investigating criminal cases, the writing and reading of the volumes
of these cases, without machining, especially in economic cases and
organized crime.

Between modern and old crime there is not only antagonism but
also a huge difference in the methods and organization of criminal
structures. Modern criminal organizations abandon the old,
traditional hierarchical structures of Don Carleone and Lucky
Lucciano and are built in the form of flexible network structures.
They actively use outsourcing, collective entrepreneurship, platform
solutions, and more. In short, if the criminals were in the queue of
technical and financial technologies by the middle of the 20th
century, they are no doubt today in the avant-garde.
For example, the profit of an average cyber-criminal is seven
times greater than that of the average criminal. In New York, the
detection rate of ordinary crime amounts to 40-60% in different
years, and cybercrime – 4%. In other words, cybercrime is highly
profitable and low-risk criminal activity.
The third scenario of development, Atalli calls
“Hyperdemocracy”. Its essence is the creation of a single world
government and several regional centers of power. This is the most
positive development for mankind, in which every person with the
help of the latest technology can live wealthy, fairly, protect the
environment and so on, that is, a society of universal prosperity.
The latter scenario looks the least likely in the near future.
Therefore forensics profession for a long time will be sought and
criminological knowledge will enter the system of education in
every type and orientation. Of course, this will happen if
criminologists adequately assess the social processes of the present
and qualitatively predict their future change.
On the basis of what has been said so far, several specific
forecasts can be made.
Crisis phenomena in the economy, the complexity of entering
the new industrial revolution, increase the tensions in the labor
market, in international relations, in the migrant environment. This
negatively affects security by increasing both traditional and nontraditional types of crime. There is no way they will disappear, but
the proportion of widespread and violent crimes in the overall crime
structure will grow, not only in the years to come, but also in the
coming decades.
Law-protection bodies in the conditions of a shortage of funds
for their existence will have to fight in two directions - traditional
and non-traditional crime. It is also clear now that the law
enforcement system will be constantly delayed in its actions to
counteract the technology of the criminal world. It is known that
whoever has lost the initiative in the fight will most likely collect
the final loss. To avoid such a large delay a radical change of the
whole system of selection, recruitment and training of staff is
necessary. In essence, in the recent decade the police and security
services should be transformed into a cyber-police and cyber
security services, using the latest achievements in working with
large data transmission of information and its visualization.
In the detection of crimes, the system of using new technical
means to obtain objective information about the culpability of one
or another suspect must be completely modified. To consider and
frame under medical and prosecutors' supervision the use of medical
devices that have been called "serum of truth" in the media and
literature. New-generation truth detectors should be used.
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A revolution in expertise is needed. Right now, the most recent
discoveries in a number of areas of science have to be used in this
area, which we traditionally define as forensic expertise.
It is necessary to change the archaic judicial system. Judgments
in specific cases must be based on a deep psychological-psychiatric
investigation of all accused persons, with the creation of predictions
of their individual post-criminal behavior. And only on such a basis
in the 21st century one or other punishment can be determined. For
now, criminal justice, the penalty enforcement system is practically
not in line with technological reality.
We may soon find ourselves in a situation where criminals will
use quantum computations, and we will continue to perforate the
sheets and make the files of criminal cases.
Sources
[1] Attali, Jacques. A Brief History of the Future: A Brave and
Controversial Look at the Twenty-First Century, Arcade
Publishing, 2009, ISBN 1-55970-879-4
[2] Burrows, Mathew. The Future. Declassified Megatrends That
Will Undo the World Unless We Take Action. 2014
[3]
http://commdocs.house.gov/committees/judiciary/hju72616.000
/hju72616_1.HTM

"INDUSTRY 4.0" ISSUE 5/2019

ESTIMATION OF THE INVESTMENT CAPACITY OF UKRAINIANS FOR STUDYING
IN EUROPE
Prof. I. Alieksieiev, D.Sc., Assoc. Prof. A. Mazur, PhD, Assoc. Prof. V. Alieksieiev, PhD
Lviv Polytechnic National University
Lviv, Ukraine
Ihor.V.Alieksieiev@lpnu.ua, http://orcid.org/0000-0001-6618-3100
Andriana.V.Mazur@lpnu.ua, http://orcid.org/0000-0002-5985-5674
Vladyslav.I.Alieksieiev@lpnu.ua, http://orcid.org/0000-0003-0712-0120
Abstract: The article is devoted to the study of the investment capacity of Ukrainian families - potential investors - to pay for educational and
related (related to living abroad) services for children who seek to study at foreign universities. An indicator of investment educational ability
is offered, which allows comparing the opportunities of Ukrainian individuals to cover foreign student expenses at the expense of wages. The
calculations of the proposed indicator for the leading universities of Austria, Bulgaria, Greece, Germany, Poland, Romania, the Czech
Republic and Ukraine are carried out. The research is carried out according to the proposed by the authors indicator of the comparison of
annual expenses of students during the bachelor's studies in a foreign university with the average annual salary of Ukrainian individuals. For
entrants, first of all Ukrainian, this indicator will allow to orientate in the ratio of annual expenses and annual income.. For university leaders
the proposed indicator can allow comparisons of the competitiveness of their higher education institutions, taking into account the solvency
of Ukrainian consumers of educational services. For business and local governments in Central and Eastern Europe, this indicator can be
useful in assessing the competitiveness of their territories in terms of attracting student youth. Student youth as well as local residents act as
consumers of goods and services promote the development of local business and thus can be a source of filling local budgets. The article is a
continuation of the publication of comparative studies on this topic.
KEYWORDS: STUDY PERIOD, INDIVIDUALS, ANNUAL STUDENT’S COSTS OF STUDYING, INVESTMENT CAPACITY FOR
STUDYING.
JEL: H75; I23; J13.
2. Proposed methodology of interstate comparative analysis of
educational investment capacity of individuals

1. Introduction
Admission of students to higher education is one of the
important stages in the life of not only a single individual, initially a
student, and later an independent specialist, but also for his family.
On the one hand, parents seek to give the child a good education
with the prospect of better employment, ensuring his well-being in
adult life. On the other hand important aspect is the investment of
available funds which is never enough for each family educational
project. Specifically, family investment resources are limited. For
some, these constraints are measured by costs at the most
prestigious universities in the world, and for others – even in
domestic universities with not the highest prices for educational
services – by the cost of housing, food, transport, etc.
Undoubtedly, the quality of the education received is important
for obtaining a promising future work. The quality of education is
dedicated to many publications, in particular [1]. Applicants are
interested in comparing the quality of education in universities of
different countries [2-6]. At the same time universities are
compared by country according to their image in order to provide
further employment [7-9], with the opportunity to get education
with minimal investment [9-10]. Some university studies generalize
the results of scientific and practical searches of different directions
through the definition of ratings [11]. However, from the point of
view of investors of educational services provided by individuals –
members of the family of a future student – an important issue is the
costs of educational and related services during the student's
training at the university. In Germany, since October 2014, training
has become free [12; 13], which also has became beneficial for
foreign students. In Poland, certain categories of foreign students
can be taught free of charge [14; 15], including Ukrainians.
However, the lack of payment for direct educational services does
not mean the absence of other costs.
This study suggests a comparison of the value of educational
and related services with the investment opportunities of Ukrainian
individuals to pay for the student's education abroad. The costs of
educational services and the costs of other services and goods in the
country where the student studies must necessarily be compared to
the incomes of potential consumers.

Estimating the investment potential of Ukrainians for studying
abroad requires obtaining estimates of potential costs and income
data of Ukrainian individuals.
Comparison of expenses during the period of studying at
universities of different countries can be carried out in different
ways. The first thing that enters into the minds of entrants is a direct
comparison of prices for educational services. We used this method
in a previous study, the results of which were published in the
article on the results of the International Scientific Conference in
Borovets (Bulgaria) in December 2018 [16]. In the article, in
particular, we compare prices for educational services for foreign
students in Austria, Bulgaria and Ukraine. Comparison of prices for
educational services for foreign students is important from several
points of view. Firstly, tuition for Austrian citizens is free. There are
only certain collections for student non-governmental organizations.
Secondly, the desire of entrants, in particular Ukrainians, to study
abroad necessitates an analysis of not only academic differences in
the educational programs of universities of Ukraine and other
countries, but also in the financial aspects of foreign studies.
The second possible option of comparative analysis is to deepen
understanding of the costs that a student can incur for a period of
study. The ideas of the Bologna Process, the aspiration of students
to implement academic mobility require the study of financial
issues for staying in foreign universities. This leads to consideration
not only of the prices for educational services, but also the costs
associated with: obtaining a visa to study in a particular country;
residence in the city (in a hostel or in a private residence); transport
expenses for the carriage to the place of study and from the
university to the place of residence; for food; participation in
student public organizations, which may depend on obtaining
certain privileges in the library, in providing utilities, etc. Thus, this
second version of the comparative analysis is based on a
comparison of expenses during the studies in Ukraine and in a
foreign country.
The third way of comparing the advantages or disadvantages of
obtaining university education services is to compare the relative
indicators, which are defined as the ratio of student expenses during
study with possible income, which a student can get by working in a
free time. In this case, defining possible income can be based on
either the minimum or the average wage in a certain region. It is
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well known and this study shows that in different regions of
Ukraine, the provinces of Poland, the federal states of Germany the
level of remuneration is different. However, costs, for example, for
rental housing, are also different.
The fourth option of comparative analysis can be built on the
possibility of paying for educational services and covering expenses
during the period of study abroad. Consequently, the comparison
should be based on a relative indicator, which is defined as the ratio
of student expenses during a period of study at a foreign university
to family income at home (for Ukrainian students - family income
in Ukraine). At the same time income can be determined both from
the minimum and the average wage. Of course, the minimum wage
of parents is unlikely to allow students to study abroad. However,
the average wage is not so high in Ukraine to avoid preparing for
the expenses for the child's education at a foreign university.
As an indicator of investment educational capacity of Ukrainian
individuals for direct comparison of expenses incurred by students
during the period of study at universities of different countries, we
propose to take the ratio of annual amount of expenses during the
period of study at the university to the average annual wage in a
separate region of Ukraine.
The proposed indicator to some extent will allow us to answer
the question of the sufficiency of the student's family income to
cover the costs of study at a foreign university. Comparison of these
indicators for different cities, countries can provide an opportunity
for the student to choose the best option for obtaining educational
services at the expense of family financial opportunities.
3. Prerequisites and means for solving the problem
To solve this problem, it is necessary to determine the
background data for each country in which Ukrainian students can
study. The student and his parents are undoubtedly interested in the
cost of education and the amount of self-retention during the
academic year in a certain European city. For our calculations, we
have taken data for tuition fees for universities ranked first in
national rankings. Accordingly, the cost of living is taken for cities
where these universities are located. Chosen countries have long
been interested by Ukrainians. These are Austria, Bulgaria, Greece,
Germany, Poland, Romania, Turkey, and the Czech Republic. For
comparison with the leading universities of these countries, we have
taken Taras Shevchenko National University of Kyiv and the cost of
living in Kyiv respectively. It should also be noted that in the
calculation of the cost of living, we take into account not only the
academic year, which is usually 10 months long, but whole 12
months. The desire to better understand the language of the country
of study, the desire to learn more about the labor market and the
conditions of employment, the need to some extent compensate for
the costs of staying abroad cause many students (not only
Ukrainians) to work and earn their own money throughout all 12
months in the year.
Educational services for foreign students at Austrian
universities cost € / year 1,450.00. University of Vienna is the first
according to the national university ranking in Austria. That is why
we take the cost of living for students in Vienna, where it costs an
average € 7,920.00 per year. (€ / month 660.00x12) [17]. Total
student’s expenses for one year of study, including tuition and
accommodation, will be € / year 2,370.00.
The cost of obtaining a specialty and diploma in Bulgaria is an
average of 3,000 euros. For a good nutrition student must spend
only 100 euros per month and 100-150 (we will accept an average
of 125.00) euros for this period for current expenses (travel, etc.).
For a monthly rent of an apartment or room in a hostel it will go
150 euros [18].
Thus, counting on average prices, the student's total expenses
during one year of study at Sofia, at Sophia University "St. Clement
Ohridsky ", will be € / year 7,500.00 [(3,000.00+ (100.00 + 125.00
+ 150.00) x12) = 3,000.00 + 4,500.00 = 7.500.00].
The University of Athens (National and Kapodistrian University
of Athens) is the first Greek university to rank and, according to QS
World University Ranking, holds 217th place in Webometrics [19].
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Students from non-EU countries pay a tuition fee of EUR 1,500.00
per year for all study programs in Greece, including course books.
The average cost of living in Greece is approximately 750 euros per
month. The visa fee is 120.00 euros. Thus, according to the given
data, the expenses for the period of study at the University of
Athens for a year are 10,620.00 euros.
Technical University of Munich is the first according to the
national ranking of Germany and 61st – according to the QS World
University Ranking. The annual amount of student’s expenses
(mandatory fees based on accommodation, medical insurance,
transport, special fees, etc.) or an additional fee is 11,946.80 € [20].
The University of Warsaw is the first according to the national
ranking of Poland and the 60th according to QS World University
Ranking. The annual tuition fee at the Faculty of Economics is
€ 2,200.00. Registration fee for studying in Polish is € 19.00, in
English - € 200.00 respectively. In view of the rather strong desire
to learn English, this value will be taken into account in the total
annual costs. The amount of student's expenses during the year,
including mandatory fees based on accommodation, medical
insurance, transport, special fees, etc., or an additional fee is €
2,905.00. Accordingly, the total annual costs will be € 5,305.00
[21].
The University of Bucharest is the first according to the national
ranking of universities in Romania. The average cost of tuition for
bachelors is 2,430.00 €. Accommodation costs from 6.2 to 9.50 € /
day. We assume that its value is 7.00 € / day, which will be 210.00
€ / month and 2,520.00 € / year. Meals will cost 200.00 € / month
and 2,400.00 € / year. The purchase of textbooks averages 300.00 €
per year [22]. Transportation costs 50.00x12 = 600.00 € / year [23].
Thus, the average annual cost of a foreign student during studying
at the University of Bucharest on average can be: 8.250.00 € / year
(2,430.00 + 2,520.00 + 2.400.00 + 300.00 + 600.00).
The cost of annual tuition at Bilkent University for the 20182019 academic year is € 12,760.00 for foreign students and 37,120
TL (Turkish lire) for Turkish students (including value added tax)
[24]. The average cost of living in Ankara, including housing, food,
transport, communications and electricity, recreation and sports, is €
507.76 per month [25]. Accordingly, the annual costs of studying,
which we count for 12 months, will amount to € 6,093.12. The
average annual student’s expenses in Ankara at Bilkent University
will be € 18,853.12 (12,760.00 + 6,093.12).
In the Czech Republic Charles University is the first according
to national ranking. The cost of studying at Charles University is €
2,000.00 [26]. Residence in a dormitory on condition of a
scholarship to reside is 160.00 € / month [27], or 1,920.00 € / year.
The cost of living for two occupants is 78 € / month, or 936 € / year.
Single room per person costs 157.00 € / month, or 1,884.00 € / year.
Travel pass for the academic year is 95 € / year. The cost of lunch is
over € 2.00. With a nutrition charge of 6.00 € / day, it will amount
to 1,800.00 € for a period of study of 300 days. Other expenses (on
the Internet, mobile communications, purchasing books, stationery,
etc.) can be approximately 200.00 € / year [28]. Thus, calculating at
minimum prices, the student's total expenses during one year of
study in Prague, at Charles University, will be 5,031.00 € / year
(2,000.00 + 936.00 + 95.00 + 1,800.00 + 200.00).
Taras Shevchenko National University of Kyiv is the first
according to national university ranking in Ukraine. The estimation
of student’s expenses during the year of study at Taras Shevchenko
National University of Kyiv and in the city of Kyiv is presented in
the table. 1
An important aspect for presenting our further research is the
definition of the average wage in Ukraine. The Government of
Ukraine will announce the changes that should take place in the
amount of wages during 2019. We will calculate the average wage
in Ukraine as the average monthly salary multiplied by 12 months.
Instead, to simplify the average monthly salary we will calculate as
the average between the average monthly salary in January 2019
and the average monthly salary of 2020 [29], appropriately: (10129
+ 11450): 2 = 21579: 2 = 10789.50 UAH. For the year, the average
salary will be: 10789.50 x 12 = 129.474.00 UAH. According to the
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data of the National Bank of Ukraine on May 2, 2019, the rate of
UAH to euro is 29.49 ₴ / € [30]. That is, the average annual wage in
Ukraine in euro will be 129,474.00 : 29.49 = 4,390.44 €.

Table 2
Results of calculating the indicator of investment educational
capacity of Ukrainian individuals

Table 1
Student’s expenses during studying at Taras Shevchenko
National University of Kyiv
Indicators

Cost of the
accommodation
in dormitory,
UAH / month
Cost of meals,
UAH / month
Transportation
costs, UAH /
month
Other expenses,
UAH / month
Total expenses,
UAH / month
Total expenses,
UAH / year
Cost of
education,
UAH / year
Total, UAH /
year
Total, € / year

Indicators value for Taras
Shevchenko National University
of Kyiv and the city of Kyiv
500.00

Country:
University
/
University
Rating by
National
Ranking

Monetar
y units

Average
annual
cost of
education
al and
related
services, €

The
average
annual
wage in
Ukraine
in 2019,
€

Austria:
for non
EU
students
Bulgaria:
Sophia
University
“St.
Clement
Ohridsky”
Greece:
National
and
Kapodistrian
University
of Athens
/1
Germany:
Technical
University
of Munich
/1
Poland:
The
University
of
Warsaw /
1
Romania:
The
University
of
Bucharest
/1
Turkey:
Bilkent
University
Private
University
/1
The Czech
Republic:
Charles

Euro

2,370.00

4,390.44

Euro

7,500,00

4,390.44

170.8
3

Euro

10,620.00

4,390.44

241.8
9

4,390.44

272.1
1

2,500.00
450.00

300.00
3,750.00
45,000.00
33,430.00

78,430.00
2,659.55

4. Solution of the examined problem
The ratio of annual student’s expenses during studying and
average wages is calculated according to the methodology proposed
by the authors in the article [16]. This publication takes into account
the minimum wage and tuition fees. This approach was due to the
fact that the minimum wage in unitary countries such as Ukraine is
the same for all administrative and territorial units.
The difference between this study and the above mentioned is at
the calculation due to the average wage and expenses of a student
during the period of study at the university. The minimum wage in
Ukraine is unlikely to be considered as an investment educational
resource to pay for studies abroad. According to the equation for
calculating, the indicator of “the ratio of annual student’s expenses
during studying at the university to the average salary in Ukraine”
will take the following form:
Rated
aver

Ukr

=

Cost ed
year
pe r

Wg aver

,

Ukr

Rated
aver Ukr – indicator of the investment educational capacity
of a Ukrainian individual, the ratio of the cost of education at a
foreign university to the average salary per year in Ukraine, units;
Cost ed
year – the cost of studying at a foreign university for a year,
€;
per
Wgaver Ukr – average annual wage in Ukraine, €.
The calculations performed according to the indicator proposed
for the universities of Austria, Greece, Germany, Poland, Romania,
Turkey, the Czech Republic and Ukraine are presented in Table 2.
Output data for calculations is given above. The results of
calculations for the universities under study are presented in Table
2.

1

Euro

11,946.80
2

Indicato
r of
investment
educational
capacity
of
Ukrainian
individuals, %
53.98

Euro

5,305.003

4,390.44

120.8
3

Euro

8,250.00

4,390.44

187.9
3

Euro

18,853.12

4,390.44

429.4
1

Euro

5,031.004

4,390.44

114.5
9

1Source: Educations Media Group. Study in Greece. Retrieved from
https://www.educations.com/study-guides/europe/study-in-greece/
2 Source: Technical University of Munich. Retrieved from
https://www.tum.de/en/about-tum/our-university/locations/
3 Source: Uniwersytet im. Adama Mickiewicza w Poznaniu. Tuition fees. Retrieved
from
https://www.google.com/search?q=Uniwersytet+im.+Adama+Mickiewicza+w+Poznan
iu+tiution+fees&oq=Uniwersytet+im.+Adama+Mickiewicza+w+Poznaniu+tiution+fee
s&aqs=chrome..69i57.26397j0j7&sourceid=chrome&ie=UTF-8
4 Source: Prague Education Center. Retrieved from
https://www.educationcenter.cz/vuzy/karlov-universitet/
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University
/1
Ukraine:
Taras
Shevchenko
National
University
of Kyiv /
1

Euro

2,659.55

4,390.44

analysis of calculations made it possible to demonstrate in the first
approximation the advantages of the proposed indicator.
In practice, the use of this indicator will allow interested
individuals and legal entities to meet their interests in choosing a
university or attracting university entrants and additional human
resources. University ranking by the indicator Rated
aver Ukr – the
ratio of annual student’s expenses during studying at a foreign
university to the average annual salary of an individual in Ukraine –
is important for students, for their parents (families), for the
authorities and for the management of territorial communities, for
entrepreneurs. Typically, consumers of educational services, along
with academic rankings, are also interested in financial indicators.
Academic university rankings show the opportunities for obtaining
quality education in different countries. The investment indicator
allows us to determine not only the level of tuition fees (in some
European countries, at least for certain categories of students,
tuition is free), but also the ability of the family to pay for
educational and related services during the study period.

60.58

5. Results and discussion
The calculations made allow us to form the rating of the leading
universities of Central and Eastern Europe according to the
indicator of investment educational capacity of Ukrainian
individuals (Table 3). In this case, ranking is formed by increasing
percentage, since the smaller the proposed indicator, the greater the
ability of Ukrainians to invest in studying at a certain university.
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The data in Table 3 shows that the smallest investments are
needed for studying in Austria and Ukraine. Bilkent University in
Ankara, the capital of Turkey, needs the largest expense.
6. Conclusion
In the scientific planning we should emphasize the novelty of
the proposed indicator of investment educational capacity of
Ukrainian individuals – Rated
aver Ukr – the ratio of annual student’s
expenses during studying at a foreign university to the average
annual salary of an individual in Ukraine. The study conducted on
the example of the leading universities of Austria, Bulgaria, Greece,
Germany, Poland, Turkey, the Czech Republic and Ukraine has
made it possible to rank the selected institutions of higher education
by this indicator. The study showed the possibility of obtaining the
necessary data to calculate the proposed indicator. The results of the
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