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extension and joint use. The paper is organized in 4 parts. After the
introduction, in part 2 a short overview of standardization processes
in the context of Industry 4.0 is proposed. Part 3 presents an
analysis of the most important standards for monitoring and control
of CPS, based on different reference architectures, meta-models and
models. Finally some conclusions in respect to interoperability of
applications for monitoring and control are drawn.

1. Introduction
The rapid development and broad penetration of information
and communication technologies in the industry has led to the
emergence of new industry development strategies with a view to
enhancing its competitiveness, such as: the German Initiative
“Industry 4.0” [1], the American “Smart Manufacturing” [2], the
Chinese “Made in China 2025” [3], the Japanese IVI (Industrial
Value Chain Initiative) [4], the Italian “Industrial National Plan 4.0”
[5], etc. All of them aim "The complete transformation of the whole
sphere of industrial production through merging of digital
technology and Internet with conventional industry". Recent studies
have shown that digitization of products and services can add more
than 110 billion Euros a year to Europe in the next five years [6].
Successful implementation of all these initiatives is possible with
the use of Cyber-Physical Systems (CPS) technologies, which are
considered to be new types of systems that expand the capabilities
of the physical world through computing, communications and
control, and upgrading the electronic automation. The most
important key topics in research, development and implementation
are:
• Modeling, Simulation and Verification of CPS;
• Development and application of software process models in the
development of CPS (Modeling of the development life cycle of
CPS;
• Reference Frameworks and Architecture of CPS;
• Development of semantic service oriented architectures of CPS;
• Distributed control of CPS using advanced methods and
algorithms;
• Interoperability in CPS and between them;
• Data analysis (big data) and decision making.

Fig.1: Challenges for the implementation of “Industry 4.0” [8]

2. Standardization in the context of Industry 4.0
The major advantage of using standards is that they reflect the
state of the art of research and technology development and
promote mutual understanding and consensus among partners.
Studies show that the contribution of standards to annual GDP
growth varies from 0.3 to 1%. For Germany this impact is estimated
at 1% of GDP, for France - 0.8% and for the UK only 0.3% [9].

An important role for successfully dealing with the tasks in the
above mentioned directions and integration of the received solutions
is played by standardization. The development and adoption of
standards reduces the risk to enterprises and encourages the
adoption of new technologies, products and production methods.
Standards for CPS include reference architecture, common services
and functional models, semantics, security and safety standards, and
standard interfaces for system-to-system interactions [7]. A survey
on the “Prospects for Industrie 4.0” [8] confirms the importance of
standardization for adoption of Industry 4.0. It is identified that the
first greatest challenge connected with implementing the vision is
the standardization as shown in Fig.1.

The main shortcomings in standardization are related to the
existence of too many standards and the lack of interoperability
between them internationally, with the main reasons for this being
the different culture, language and areas of use. Overcoming these
shortcomings requires cooperation and coordination, the so-called
harmonization process. In this regard, the White Paper on
"Modernizing the Standardization of Information and
Communication Technologies (ICT) in the EU" was adopted in
2009, where it stated that: "Standards are needed in the digital
society to ensure the interoperability of networks and systems. In a
digitally-driven society, ICT-related solutions are used in every
economic sector as well as in our everyday life. These solutions,
applications, and services must be able to communicate with each
other, i.e. they must be interoperable. Interoperability requires
standards“[10]. At a meeting of the European Commission in
February 2010, the Expert Group on the Review of the European
Standardization System (EXPRESS) presented its report

The main objective of the investigation proposed in this paper is
to summarize and analyze the knowledge about standardization
processes and standards needed in the field of monitoring and
control of CPS. It is necessary to draw conclusions on the
applicability of the existing standards in the field for the purposes of
the Industry 4.0 initiative and to analyze the possibilities for their
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methods that have to integrate the discrete dynamics of the
computing part with the continuous dynamics of the physical part
and the stochastic nature of communications, which must be
expanded to cover a wider context. There are three main approaches
to designing the CPS: Networked control systems, Hybrid control
systems and Distributed hybrid control systems.

"Standardization for a Competitive and Innovative Europe: Vision
2020" [11]. In a document dated 4 February 2011, the European
Council, on the basis of [11], confirms that standardization is an
important framework for promoting private investment in
innovative goods and services and that standardization processes
need to be accelerated, simplified and modernized. This is an
essential sign of the European economy that European
standardization continues to adapt to the rapidly changing global
reality and economic environment. In June 2011, the "Strategic
Vision for the Development of European Standards by 2020" is
published. It aims at improving and accelerating the sustainable
growth of the European economy [9].
The basis for addressing the above-mentioned standardization
issues is the use of standardized reference frameworks and
architectures that help achieve interoperability at standards level.
One of the most well-known reference architectures for Industry
4.0, which successfully launched these processes, is the reference
architecture RAMI 4.0 [12]. The reference architectural model
RAMI 4.0, shown in Fig.2, is three-dimensional and describes the
crucial aspects of Industry 4.0. The “Hierarchy level” axis includes
the hierarchy levels defined in the ISO/IEC-62264 standard,
including all different functionalities in the factory. In the RAMI
4.0 the functionalities are extended to the “product” according IEC61512 standard and to “connected world”. The left horizontal axis
represents the life cycle of the facilities and products, based on the
IEC-62890 standard and the vertical axis represents the six layers
for decomposing into its properties. The reference model allows a
step-by-step migration from present into the world of Industry 4.0.
RAMI 4.0 integrates different user perspectives and provides a
common understanding of Industry 4.0 technologies. It is a
foundation for the following next steps towards Industry 4.0: thing
identification, unified semantics and common syntax for data,
defining of QoS components, communication connections and
protocols.

Fig.3: Key domains for standardization
The fundamental requirements for introducing CPS in industry
are specified by [13] as follows:
 Adaptable to heterogeneous environments: integration with
cutting-edge information systems, smart-devices and the existing
environment (from old PLCs to smart object embedded in
computing power).
 Capable of working in distributed networks: they should
gather, transfer and store in a reliable manner all the information
provided by smart sensors and actuators through the use of the IoT.
 Based on a modular open architecture: the interoperability has
to be ensured across different platforms provided by several
vendors along the value chain.
 Incorporate human interfaces (HW & SW based): integration
of user-friendly and reliable service to make decision makers aware
about the real time situation of the factory.
 Fault tolerant: given by the encapsulation of models to
activate prediction control loop and correctness of automation
systems.

4. Short analysis of standards for monitoring and
control of CPS

Fig.2: Activity model of quality operations management [12]

4.1. IEC-62714 Standard (AutomationML)
The areas in which the interoperability of different standards based
on RAMI 4.0 can be successfully launched are summarized and
shown in Fig.3. With respect to monitoring and control of cyberphysical systems, the standards of great importance are from the
following fields: "Engineering" (IEC-62714, IEC-62424, IEC61131, IEC-61499), "Communication Layer" (IEC-62541) and
"Hierarchical Levels" (IEC-61512, IEC-62264). They will be
presented and analyzed in Part 4 of the paper.

The IEC-62714 Standard or also known as AutomationML (AML –
Automation Markup Language) is an international and free of
charge standard proposing neutral data format based on XML for
storage and exchange of engineering information about industrial
automation systems [14]. It covers information about the plant
structure (topology, geometry and kinematics) and the plant
behaviour (logic). The standard ensures a common understanding of
exchanged data through explicit common semantics for all data to
be exchanged. AML covers the data contents from different
information sets as shown in Fig.4, combining the following data
formats:
• CAEX (IEC-62424) – for description of system hierarchies and
attributes of system elements and devices;
• COLLADA (Standard of KHRONOS Group) - describing
geometry und kinematic information;
• PLCopen XML (Standard of PLCopen for modelling of IEC
61131 projects) for describing of behavior information models.

3. Main trends in monitoring and control of CPS
The structural and behavioral complexity of cyber-physical
systems poses great challenges in terms of the methods and
environments for their design and analysis. It is necessary to
develop the theoretical foundations of CPS, as well as to create
software platforms with appropriately defined levels of abstraction,
architecture, languages for modeling different aspects of CPS and
transformations between these models. Especially important are
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a control unit having one or more processors that defines specified
function for the purposes of automaton and has two types of
interfaces - process and communication in order to communicate
with the process and other devices on the network respectively. The
system model consists of a number of devices, with global or local
communication links between them. From the above said it is clear
that combining encapsulation of functionality, component-based
design and event-driven execution and distribution accelerates and
facilitates significantly the dynamic reconfiguration of control
systems.

Fig.4: Basic information sets covered in IEC-62714
4.2. IEC-62541 (OPC-UA)
The IEC-62541 Standard [15] or OPC-UA (Open Platform
Communication – Undefined Architecture) is a new generation of
OPC that replaces DCOM communication specific TCP/IP
protocols enabling OPC in any operation system and can be
implemented in all languages. OPC UA offers a fully networked,
object-oriented concept for the namespace, including metadata for
object description. The OPC UA specification defines a serviceoriented architecture (SOA) with a set of services described in Part
4 of the standard. The information models in OPC UA form a
layered structure, shown in the Fig.5, where the lowest level is the
base Information Model. Above the base model the service-specific
information model extensions for Data Access, Alarms &
Conditions, Programs, Historical Access and Aggregates are
located. Above the composition of general information models, the
companion specifications are defined. The next layer are companion
specifications which are domain-specific information models On
the uppermost level of the OPC UA structure, highly specified
information models are defined by different companies or vendors
for use in their specific products. The composition of information
models can be extended.

Fig.6: Basic models in IEC61499
Extra for the configuration purposes the so-called Management
SIFBs are also considered in the standard. They enable the
management of devices, resources and applications as it is possible
to define and use 6 operations - create, initialize, start, stop, delete
and query and to provide notification of changes in availability and
status of data types, function block types and instances, connections
among function block instances (IEC TC65/WG6, 2005). Thereby
IEC 61499 provides the basic interfaces to support dynamic
reconfiguration, but the mechanisms to do it are still under
development.
4.3. IEC-61512 Standard
The IEC-61512 Standard [18] or also known ISA S88 provides
a guideline for design of batch control systems. It defines basic
terminology and a set of descriptive models. The main idea is to
separate product knowledge from the equipment used. To describe a
batch process in different grades of detail from chemical and control
engineering points of view, the standard proposes a set of seven
models as shown in Fig.7.
Taking the process view, design starts with a process model
containing the (abstract) chemical knowledge of the process to be
realized. From general recipe to control recipe this model is
stepwise substantiated (i.e. adapted to the batch plant). The resulting
control recipe describes which actions have to be taken in which
order to reach the desired process. The control view (or equipment
view) is described with the physical control model, dealing with
sensor and actuator signals, and its abstractions, equipment control
and control recipe. The control recipe is the meeting point of the
two points of view. It is also the starting point for the proposed
approach and will be explained in detail in the following. As all
models in S88, the control recipe is built in a hierarchical way.
Phases are considered as elementary steps in the control recipe and
cannot be decomposed. A phase describes a basic function of the
given plant such as dosing, stirring or heating. Collections of phases
performed in a specified order (sequential and/or parallel) are
operations.

Fig.5: Layered structure of information models in OPC UA [16]
4.3. IEC-61499 standard
The IEC 61499 standard [17] defines different reference models
supporting the design of distributed control systems at physical,
logical and conceptual levels and from different viewpoints. The
key models of an IEC 61499 based distributed control system are
system, device, resource and application models as shown in Fig.6.
All these models are based on the Function Block (FB) concept.
Three different kinds of FBs are defined: basic (BFB), composite
(CFB) for encapsulation of complex functionality through networks
of BFB and service interface function block (SIFB) for providing
interfaces for unidirectional (publish/subscribe) and bi-directional
(client/server) communications as well for resource or device
management. An application model is a network of FBs and may be
executed by one or more devices, including one or more resources.
Resource models provide support for program execution by their
scheduling part, communication and process interfaces. A device is
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to its edge nodes, supporting real-time interactions and scalable
analytics, or the application of new disruptive key enabling
technologies in factory automation like DLT (Distributed Ledger
Technology) and Smart Contracts (ISO-20022) changing the
paradigm of messaging. All thisе new trends in the development of
CPS will impose new challenges to ensure the interoperability at the
level of standards.
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Abstract: The paper is devoted to a problem of an interdisciplinary interaction of researchers in a framework of big and ambitious
projects implementation. This problem is of immediate interest in the modern scientific community since it is necessary to solve problems
from various fields of scientific directions. For the implementation of breakthrough interdisciplinary projects and for the interaction of
experts from different scientific fields, ITMO University decided to establish an interdisciplinary Laboratory of cyber-physical systems.
Keywords: CYBER-PHYSICAL SYSTEMS, INTERDISCIPLINARY RESEARCH, R&D, LABORATORY FOUNDATION

1. Introduction
Nowadays we are on the verge of a technological revolution
that will fundamentally change the way we live, work, and interact.
By its scale, scope, and complexity, such as transformation will
differ from all the changes that humanity has previously
experienced [1].
While we do not know how events will develop, one idea is
clear: a universal involvement, the participation of all stakeholders
on an international scale, from the public and private sectors to the
scientific community and civil society. To implement this idea in
practice at the early beginning of the academic year 2017/2018 it
was decided to create Interdisciplinary laboratory on cyber-physical
systems (CPS) as far as interest on this kind of systems is growing
well, but at the same time, it is one of the most interdisciplinary
fields in modern science. Here finds the connection not only physics
and cybernetics (as one can see from the title of laboratory), but
also information security, mechanics, information systems,
sociology and what not. The main aim of the laboratory is research
and development in the field of CPS used in industry and science
and everyone’s life [10]. Another goal of the laboratory is the
transfer of the accumulated experience and knowledge gained in
applied projects to students during the educational process.

Fig. 1. Integration of different sciences in CPS

So, to create the Laboratory it was decided to lead competitive
admissions among young PhDs which include projects launch
before the scientific and technical council of ITMO University.
Presenting competitors talked to each other, discussed the problems
which were risen, showed the depth and the breadth of knowledge
and experience, that helped to figure out who would be the most
useful in future scientific and research work. Finally, among 17
young participants (not older than 35 years) were chosen five best
presentations from different scientific fields.

When solving complex scientific and applied problems, it is
necessary to involve specialists from various fields. Universities
have a great potential for forming interdisciplinary teams [2]-[5].
Nevertheless, practice shows that interaction between departments
and communication of individual scientific groups is difficult to
implement for several objective reasons. To create an
interdisciplinary team, the idea of selectively attracting young
specialists from various departments of the faculty was proposed, so
that they, on the one hand, became the nucleus of a new scientific
laboratory, on the other, became conductors between their divisions.

Special area was selected for the laboratory. In cooperation with
designers, it was changed into convenient spaces for teamwork in
scientific, research, experimental and educational projects. The
spaces and zones, allocated for certain works and activities, are
shown in the Fig. 2.
For the laboratory, three interconnected locations were
identified with the possibility of designing additional architectural
and design solutions for the interior. Thus, the spaces were divided
into three parts (Fig.2): workspace, meeting hall and conference
room. At the same time, there is a separation with a flexible sliding
partition in the conference room, as not only lectures will be held
there, but also conferences, practical and experimental work.

The second section of the paper describes the foundation of
interdisciplinary research laboratory of cyber-physical systems on
the basis of ITMO University. Interaction of the laboratory with
commercial companies on projects involving different specialists is
described in the third section. The fourth section devoted to the
educational activities of the laboratory and transfer of commercial
projects experience and knowledge to the students.

The main advantages of this zoning:
 flexible use of hall space for 10 to 50 people seminars
while carrying out experiments with samples of large
dimensions, practical work of students, the possibility of
constructing graphics large schemes on a huge marker
wall;
 an office of the main staff with the arrangement of tables
for teamwork;
 a meeting room, a bar-style zone combined with a coffee
break, with the possibility of presenting and fixing
individual results on a slate wall;
 a workshop, where students study how modern
instruments and robotic devices work;
 a visual increase in the space between the hall and the
office due to the vitrescence of a large area.

2. Foundational Works
The managers of plants and factories not only reconsider the
principle of the assembly line but also actively create a network of
machines that will not only produce products with fewer errors but
also be able to autonomously change production templates in
accordance with the need while remaining highly effective. As far
as the development of Industry 4.0 starts, scientists all over the
world began to discuss how much work we should do to deal with
all problems, which CPS defines (Fig.1).
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knowledge. For example, from time to time while developing new
systems engineers forget about information security until the last
stages when changes in construction or algorithms are too
expensive or even impossible. Interdisciplinary research reduces
such blunders to naught.

Fig. 2. Laboratory plan

3. Interdisciplinary Research, R&D Projects

Fig.4. The Laboratory of CPS Lecture hall

Since its foundation in October 2017, the laboratory has already
worked on several projects on smart technologies. A great number
of plants and companies is interested in the development and
implementation of technologies Industry 4.0. Now the laboratory is
working on the common project connected with a locomotive
assembly and digital factory with a company of digital
manufacturing. The idea is in the modernization of locomotive
assembling schedule to improve the level of effort (time
expenditure, human resources, and input requirements). The first
task to be solved is the automatic generating of a schedule for
starting details production. This schedule is necessary for the
coordination of work with production departments and the timely
purchase of details, as well as the prevention of large stockpiles.
The developed algorithm is going to ensure the generation of a
schedule for launching production units (production option without
regard to restrictions).

Despite the growing popularity of so-called inter-organizational
collaboration and academy-industry, the study of interdisciplinary
cooperation is in its early beginning, and much is still unknown
about the interdisciplinary impact of research and development
projects. Interdisciplinary R&D projects respond to growing
complexity of either technology or different scientific branches.
Interdisciplinary R&D team, such as presented one, involving
individuals from different disciplines is more effective than many
isolated mono-disciplinary teams, as they always minimize
redundancy, balance diversity, and complementarity, and capitalize
on synergies in information, knowledge, cultures, and techniques.
The intersection of different breadth and depth levels of knowledge
results in much higher comprehension of specific fields.

During the implementation of this project, specialists of various
qualifications were involved, such as technologists, programmers,
and mathematicians.
The task of technologists was to build and systematize
knowledge base for all production operations and requirements for
them (including production resources, personnel and time costs).
The developed knowledge base is a systematized initial information
for solving the problem of scheduling. The task of mathematicians
is the development of optimization algorithms to reduce costs.
Algorithms to optimize production time of locomotives’ lot and
optimize the cost of production of a locomotives’ lot were
synthesized. The team of programmers was engaged in the
development of application software based on information received
from technologists and mathematicians' algorithms. The results of
the project were positively evaluated by the customers. The project
was implemented under the supervision of two PhD. Three graduate
students and two students were the main project performers.

Fig.3. CPS laboratory meeting hall

Certainly, CPS brings advances either in health care, traffic
flow management or electric power generation, technogenic
security, and delivery, as well as in many other areas. Speaking
about CPS, we can’t help mentioning that its meaning includes also:
●
IoT, IoS and Industrial Internet;
●
"Smart" Anything (e.g., Grid, Cars, Buildings, Houses,
Manufacturing, Hospitals, Appliances);
●
Multiagent systems;
●
Industry 4.0;
●
Big Data;
●
Fog and Cloud computing;
●
M2M.
All these systems mean the integration of definitely all science
branches. That’s why all research and development work is held
collectively by scientists of the laboratory which is a very accessible
as the requirements presented to the developing system do not
contradict each other from the point of view of different areas of

Fig.5. Example of Gant diagram generated by software
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This project received a significant expansion. On its basis,
Software to generate a detailed production plan for departments and
individual tasks for each employee with the possibility of planning
for several years ahead automatically was developed on its basis
(Fig. 5). High performance has become a feature of the software.
Long-term planning is several orders faster than such well-known
solutions as Siemens Plant Simulation. Developed optimization
algorithms allow determining the dependence of the lot production
time on the given production resources and personnel. These
algorithms make it possible to determine the enterprise's need for
resources to produce lot within a required time.
At the moment we are working on expanding the functionality:
optimization to reduce inventory and details stored in warehouses
and between operations; development of algorithms for detecting
problem zones in the production chain and automatic generation of
proposals for their prevention; development of a planning algorithm
for the start-up of several lots of different products at the same time;
generation a heterogeneous schedule of staff to reduce production
costs.

Fig.6 Flight simulator 3D model

The number of project executors has increased significantly to
achieve all tasks. A lot of master students and graduate students is
involved in the project. Thus, we can conclude that the described
project became a good basis for interdisciplinary cooperation in the
field of “smart” enterprises.

Another one project is building on corners of the computer
engineering, computer aid systems, control engineering, and system
dynamics discipline. It is a complex project in which we are
developing the original reconfigurable real-time computational
platform for developing CPS which are based on adaptive robust
control algorithms and artificial intelligence with high requirements
on latency and computational volume; developing problem-oriented
programmable ASIC and dynamically reconfigurable IP-core [12][13]. The key features of this project are:

Nowadays negotiations on cooperation and research with
companies from the railway, automotive, instrument-making, and
energy industries are carrying out.
Another major project of the laboratory in cooperation with the
industrial company to develop flight simulator for pilots training
(Fig. 6). Flight simulator is a complex cyber-physical system
consisting of a virtual environment that imitates all physical
processes occurring with a real aircraft under different conditions;
pilot's environment, consisting of a mobile chair simulating the load
on the pilot, and the real controls of the aircraft; systems of drives
that provide movement of the pilot seat in accordance with the
indices of the virtual environment; mechanical parts that ensure the
reliability of the entire structure.

•
the orientation on model-driven engineering, not on
software engineering practices;
•
automation of most of the development stages, including
algorithm design and functional simulation, prototyping and
complex verification, complex automatization of cross-layer testing
and synthesis of a target system;
•
deeply computational platform reconfiguration on
hardware, software and tool levels, transparency of CAD system
workflow.

Implementation of such a project required the involvement of
the following specialists: constructors, electronic engineers,
programmers, drive specialists, automatic control specialists, flight
physics specialists. Thus, this project is significantly contributed to
the organization of interdisciplinary work on the direction of cyberphysical systems. Participation in the projects is described above
allowed a lot of students and graduate students to get the experience
of cooperation with representatives of the real commercial
companies and to participate in the implementation of complex
interdisciplinary projects. These factors significantly increase the
value of graduates in the labor market [10].

In this project, we already have an end-to-end demo for
hardware acceleration of several system dynamic models. Right
now, we work on demos with identification algorithm for a nonlinear continues system.

4. Training Course
Currently, a new paradigm for the results of education is being
established, based on the formation of general cultural and
professional competencies of undergraduate, graduate and
postgraduate students. In the basic legislative documents on
education, the democratic and humanistic nature of the
transformations in the sphere of education aimed at improving its
quality is emphasized [2]-[4]. Accordingly, these documents set the
task of preparing modern competitive professionals in all areas of
society.

Besides within the constraints of this collaboration was held socalled “Techno Challenge” in smart welding - special kind of
brainstorming session where not only specialists but also students of
the different level were able to take part. It was dedicated to virtual
reality, artificial intelligence, and computer vision. The participants
were given the task to solve problems in advance and then on
challenge day they had the feedback from heads and leading
engineers of plants and factories. The best participants were going
to have a chance to make a pact with those giant companies who
found their projects and solutions interesting and advanced.

On the one hand, interdisciplinarity is an obvious trend, and on
the other hand - so-called “evident challenge”, the challenge for
both science or education. Without any doubt the current scientific
and educational achievements in the field of individual disciplines
are high enough, but it should be noted that in order to find an
answer to the complex questions that society, technology and
science face for the new millennium, are required specialists who
have been trained simultaneously in various and from time to time
rather distant from each other spheres. This means that it is time to
revise the existing principles and approaches to the educational
process and the preparation of students in higher education. The
interdisciplinary approach to education is directly related to the
formation of such important skills as ability and readiness to work
in a team, the skill of critical thinking, tolerance, etc. - much of
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what is not directly related to professional training in the sense of
organizing the educational process, but in fact is the first
requirement of an employer in the conditions of dynamics and
constant changes in a labor market. The new industry requires a
new staff quality. Modern engineers have to be ready to work in
conditions of increasing complexity of technological processes and
equipment, rapidly changing requirements for competitive products,
to take revolutionary decisions, to perform intellectual exploits.

intelligent systems, Industry 4.0, space infrastructure and
technologies, nanoengineering and cybersecurity, digitalization and
Industrial Internet of things
The paper describes the organization of a laboratory for
interdisciplinary research and how it can be a good basis for
attracting students of various specialties to complex applied
projects, to give them practical experience in the real sector of the
economy. Also, based on such a laboratory, an educational process
can be organized in the way to train the latest technology trends on
the basis of a project and an interdisciplinary approach.

The content of the training course presented by the
interdisciplinary laboratory is 2-3 sessions on CPS within the
competence and scientific interests of the laboratory staff: system
design, information management and processing, computing
platforms, communication and information protection, sensors, etc.
All lectures and lab sessions are held CPS laboratory indoors.
Masters who successfully complete this course may experience
significant benefits, including but not limited to the ability to
reason, to act with assurance and to think beyond one’s own needs.
Strong reasoning capabilities are valuable in each career field, and
compassion may serve to enhance all areas of life.
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Each student workplace has network access’ data port, and
computers in the lab can be shared by students in the class. There
are also laptops which allow students to move back and forth from
their experiment’s place to a workplace to analyze data. These
increased capabilities are critical to conducting experiments such as
computational prediction and modeling of physical phenomena. The
lab design also provides equipment and instrumentation sharing,
and collaborative student efforts to cover sub-disciplines or to pair
less experienced students with senior ones.
Also, the laboratory staff developed two new training courses:
«Design of future things» for bachelor students and «Cyberphysical systems» for master students.
During studying the discipline "Design of future things,"
students are taught the actual trends in the design of modern
devices, explain differences in traditional approaches. Teachers
bring examples of interdisciplinary projects and their organizational
structure as well as systems for monitoring the projects’
implementation. Students receive practical recommendations on
information security and data processing, basics of technical
systems automation and are studying the problems of modern
microprocessor systems designing and the concept of digital
enterprises. Students of different directions teamed up to develop a
model of the perspective device for successful completion of the
discipline [6], [7]. The developed model is presented to technical
specialists in different fields.
During studying the discipline "Cyber-physical systems" master
students are taught the design of cyber-physical systems and the use
of a systematic approach in the framework of interdisciplinary
work. Students are taught the basics of control systems and the infocommunication components of cyber-physical systems, the
regulatory foundations of their operation and the design of
industrial cyber-physical systems. The project approach is also used
for discipline completion.
The training of the above disciplines will give future specialists
experience of interaction with representatives of other professional
areas. Project approach will allow them to gain experience in
development of complex interdisciplinary projects [8], [9], [11].

5. Conclusions
The need for expanding the scientific worldview is largely
promoted by the scientific and technological revolution, which
requires a more profound and intensive insight into the laws of
nature and interaction. Interdisciplinary interaction is a distinctive
feature of modern science and other types of intellectual production.
Today the solution to a major problem is impossible without the
interdisciplinary interaction of scientists.
Within the framework of the Laboratory of CPS, the efforts of
researchers will be concentrated in such areas as robotic and
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Abstract: The paper is devoted to research of convergent technologies as a key factor in solving global problems in the
new industrial revolution. It is shown that the concepts of the new industrial revolution, which today are widely used by Western scientists,
also envisage the convergence of sciences and technologies and the creation of advanced manufacturing technologies on their basis. It is
only possible to launch Industry-based trends in Industry 4.0 through the introduction of advanced manufacturing technologies based on
convergent technologies. The approach to the periodization of scientific and technical development, which links the economic, technological
and socio-political factors of development, as well as characterizes the structure of the sixth technological structure, the vision of the content
of the new industrial revolution based on the organic combination of convergent NBIC-technologies with key factors, as well as approaches
to solving global mankind issues are proposed.
Keywords: NBIC TECHNOLOGIES, SMART TEMP, INTERNET OF THINGS
called big data that completely change the production landscape
and create new markets.
1. Introduction
From the last decades of the XIX century the research on
periodization of main waves of innovation development the term
"Industrial Revolution" simultaneously with the use of the concept
2. Results of Discussion
of "technological structure" have become widely used. Initially, the
Industry 4.0 is a production that is equivalent to
industrial revolution meant only the process of transition from
consumer-oriented "Internet of things", in which household
agrarian economics to an industrial society with a predominance of
items, from cars to toasters, will be connected to the Internet.
machine production, but today this concept has a much broader
This concept provides that further industrial development will be
understanding.
associated with the implementation of three related revolutionary
At the same time, practically all developed countries took
trends until 2030, namely: (1) a revolution in the design and
into account the difficult lessons of the crisis of 2008-2009 and
organization of production processes (technological and
revised their understanding of the role of industry and the priority
organizational reengineering industry, based on the total
of technological development. Already in 2011, in conditions of
digitalization of production processes); (2) the transition to new
increasing competition on the external and internal markets for
materials (their integration into automated systems of design and
industrial production in the leading countries of the world, the state
production, the combination of the production of materials and
policy of these countries is becoming more and more clearly
the production of components); (3) reasonable environments
formed, aimed at developing the key factors of the new industrial
(their mass implementation is expected in the 2050's and 30's) [5revolution.
12].
E. W. Drexler, the world-famous scientist-apologist for
According to forecasts by 2030, the world's leading
nanotechnology, believes that nanotechnology will be the basis for
institutions (UNIDO, OECD, World Bank) and international
building a future civilization in the 21st century, emphasizing that
industrial associations and research companies (in particular
the future will be connected not only with the proliferation of
MIT, KPMG) can launch these trends in industrial production
nanotechnological components, but with the transformation of the
only through the introduction of advanced production
technological essence - the transition to what he calls atomically
technologies (APT) on the basis of convergent technologies,
accurate production [13].
which are called "breakthroughs", emphasizing their
It is nanotechnology that becomes a connecting link
revolutionizing influence on the structure of production. The
between other revolutionary technological trends that have arisen
general understanding of the APT is as follows: (1) technological
in the last 20-30 years and allow us to obtain qualitatively new
substitution, leading to a qualitative improvement of existing or
possibilities for convergence of these areas - to radically increase
the creation of fundamentally new products; (2) automation of
energy efficiency, to reduce the material intensity of the modern
the production process, which introduces new requirements for
technosphere and, on this basis, enable mankind to exit Malthusian
the qualification of specialists; (3) customization of production as
trap of limited resources of our planet and solve the problem of
a flexible adaptation to the needs of the customer; (4) localization
"the limits of growth" that faced modern civilization in the form of
- reducing costs by saving on logistics and geographical
global problems. E. Drexler believes that this transition will not
proximity to the customer (customer); (5) economic efficiency,
only be another technological improvement, but the fourth
related either to a reduction in cost relative to mass production, or
technological revolution - after agrarian, industrial and
to resource savings, increased productivity, investment
informational [13, pp. 96-97].
attractiveness and competitiveness [5-12].
The concept of the Fourth Industrial Revolution, better
Thus, APTs are associated with non-traditional methods
known as Industry 4.0, was named in 2011 by the initiative of
of processing, new tools for control and management of
German businessmen, politicians and scientists led by C. Griffstaff
production processes, as well as the use of new materials,
(Siemens PLN Software), that identified it as a way of increasing
automated and intelligent control and management systems for
the competitiveness of the manufacturing industry in Germany
equipment, production processes and systems.
through enhanced integration of "cyber-physics systems" (or CPS)
Specialists define the following priority areas of the APT
into production processes [14]. CPS means the integration of
[5-12]:
machines and human work connected to the Internet, as well as the
1) production process control systems, including state
process of creating a network of machines that will not only
equipment sensors, raw material flow conditions and state (size,
produce products with fewer errors, but will also be able to
composition, etc.) of objects created (cultivated or grown);
autonomously change the production patterns as needed, while
2) multidimensional modeling of complex products,
remaining highly effective. At the same time, the driving force is
which allows to optimize their various parameters (strength, life
integrated intelligence processes and products that generate so-
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Thus, according to the analysis of modern concepts of the
industrial revolution, there is no single concept in relation to the
content of the new industrial revolution, but they all focus only
on individual constituent convergent technologies, namely: the
concept of the APT revolution on nanotechnology; the concept
of a combination of renewable energy and Internet technologies on the digitization of sustainable development and alternative
energy; the concept "Industry 4.0" absolves the so-called
"reasonable" environment, based on the introduction of a new
generation of Internet technologies and artificial intelligence in
production processes; The concept of convergence of NBICtechnologies considers the possibilities of interdisciplinary
research and development, but does not provide an instrument for
their introduction into production. As a result, there is a need for
in-depth study of the convergence of knowledge, technology and
society and its application to solve global problems.
In the author's works [5-7] in connection with the
implementation of the new industrial revolution in modern
conditions, the assumption is made that Industry 4.0
technologies, combining Smart TEMP (T (technology) factors intelligent technologies, E (environment) - reasonable
environment, M (manufacturing) - reasonable production, P
(products) - smart products), create new markets and industries,
promote productivity and competitiveness of individual sectors
and national economies. Based on the above, it is advisable to
combine the key elements of the convergence concepts of NBICtechnologies and Industry 4.0 as well as to determine the ratio of
relevant industrial revolutions and technological processes, as
indicated in Fig. 1 [5, 6].

and, possibly, production process) and customize the object,
modifying it for individual or small-scale production;
3) intelligent production management systems
(optimization of external and internal logistics, modes of
technological processes), including in robotics and in the
"Internet of Things" area;
4) systems for the creation and transformation
(cultivation) of material objects, including 3D printing; infusion
technologies; promising methods of surface treatment and work
with thermoplastics (growth technologies are key);
5) materials that are effective in creating promising
actuators for growth technologies: composite and those that
exhibit their properties in small-scale structures.
Summarizing analytical materials, it should be noted that
today PVTs are, first of all, 3D-printing, "cloud" technologies,
"Internet things", new materials, and robotics [15-17].
The concept of the convergence of NBIC-technologies as
the basis for the new industrial revolution and on its basis - the
convergence of knowledge, science and society has been
developing since 2001, when the first presentation of the report
by M. Rocco (USA) on the concept of NBIC-convergence, and
since 2003, when the report of the National Science Foundation
(NSF) of the United States "Convergent Technologies for
Improving the Quality of Human Rights" was published [1]. In
2005, during a regular meeting of leading scientists dealing with
NBIC convergence issues, a Delphi survey was first conducted to
predict the main goals of NBIC-convergence and the expected
results of their implementation, as well as how positive their
impact on the scale would be. from 0 to 10 [17, 18]. In addition
to the 20 ideas that were proposed in 2001, up to five further
studies on this issue were conducted in the period up to 2012 and
80 other ideas were collected and, as a result, systematized and
published in the final report of the National Science Foundation
in 2013 year edited by M. Rocco and B. Bainbridge, [17]. We
selected 40 possible ways to use the convergence of NBICtechnologies and predicted a probable period of time when they
could be implemented. Average estimates (median) on a fiveyear scale, from 2015 and up to 2070, fairly describe the
implications of using the main ideas of NBIC-convergence. At
the same time, M. Rocco and V. Bainbridge acknowledge that the
experience of holding meetings and conferences on the topic
"Technology Convergence" for the period 2001-2013 has proved
the need for regular foresight research among scientists and
engineers involved in this issue.
The report outlined the main provisions for the
convergence of knowledge, technology and society, including the
main principles of convergence of human activity, including for
the creation of knowledge and technological innovation, and also
proposed a transformational approach to achieving social
benefits, mechanisms and possible systems solutions for
challenges to society in the next decade, among which: (1)
challenges creating new knowledge, industries, professions; (2)
the struggle against population growth, massive urbanization and
globalization; (3) the functionality of national security; (4)
improvement of life prosperity and human potential; (5) the
development of individual and integrated health and education
programs; (6) the fight against environmental problems; (7)
maintaining a stable quality of life forever [17, 18].
In this case, the basic instruments of the process are
precisely the NBIC-convergence, whose distinctive features are:
(1) the emergence of a new, holistic science based on the material
unity of the surrounding world; (2) the subject of the study of this
science includes practically all levels of organization of matter:
from the molecular nature of matter (nano) to the nature of life
(bio), the nature of the mind (cognition) and processes of
information exchange; (3) elemental structural elements are
atoms, genes, bits and synapse; (4) intensive interaction between
specified NBIC-scientific and technological areas; (5) significant
synergistic effect; (6) the prospect of qualitative growth of
technological opportunities of individual and social development
of man [2-4].

Fig.1 Relation of industrial revolutions and technological
waves [5-6]
At the same time, the contours of the new technological
system have already begun to be formed on the basis of the first
convergent technologies and their explosive proliferation in
2010-2015. The fundamental abandonment of this technological
wave from the previous ones is that human consciousness will
become the same productive force as science has at one time
become. The material basis and tool for implementing the
convergent technologies of the new technological wave will be
Industry 4.0 or Smart TEMP.
The study of global forecasts until 2030 showed that the
main technological industries that will affect the development of
the world economy will be: management of the course of the
disease; regulation of population growth; genetically modified
cereal crops; water resources management; bio- and solar energy;
data processing solution; social networks; technology of "smart"
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city; robotics; stand-alone vehicles; additive production / 3D
printing.
Ukraine has great potential and competitive technologies
in the aerospace industry, the production of new materials with
specified properties, industrial biotechnologies, mathematical
modeling and regulation of chemical, biochemical and
biophysical processes, and intelligent production systems. In
addition, Ukraine holds one of the leading places in Central and
Eastern Europe in terms of the IT market and human resources.
For example, in 2016, domestic IT industry, despite the crisis in
the Ukrainian economy, showed growth at the level of 10-15%,
and the volume of the market has grown to 3 billion dollars. All
this shows the huge potential for growth for the industry. The key
advantages of the IT industry and software development are that
large investments in fixed assets are not required to increase
production, since the IT industry's main asset is the human factor
- programmers [19].
Fig. 2 shows the author's proposed directions for solving
global problems based on the introduction of convergent NBICtechnologies as the nucleus of the development of the advanced
production system Smart TEMP, which provides a number of
tools [5-7, 12]:
- overcoming the global problem of slowing down
scientific and technological progress, based on the introduction of
convergent NBIC-technologies as the nucleus for the
development and dissemination of Smart TEMP advanced
production system;

progress of mankind, which opens up opportunities to overcome
global challenges and create new social values and needs.
At the same time, the main trend in solving global
problems of humanity on the basis of convergence of knowledge,
technology and society through the use of NBIC-technologies as
the nucleus and fundamental tools for the development and
dissemination of the advanced production system Smart TEMP is
the support of converged technologies and the development of
the advanced production system Smart TEMP at the expense of:
1) implementation of state and private programs, the driving
force of which is openness and visualization; (2) accelerating the
development of fundamental NBIC technologies and creating
new Smart TEMP industries based on interdisciplinary research
and innovation. It is a combination of converged technologies
with industry-leading Industries 4.0 to provide material ground
for solving other global problems.
Thus, for countries that wish to modernize the economy
on a new technological base (such as Ukraine), identifying the
priorities of scientific and technological research in the field of
convergent technologies and creating on their basis the
innovations in the framework of a new industrial revolution
becomes today of great importance.

3.Conclusion
1. It is shown that the concepts of the new industrial
revolution, which are widely used today by Western scholars
simultaneously with the notion of "technology" for the
periodization of the waves of innovation development, also
envisage the convergence of sciences and technologies and the
creation of advanced production technologies on their basis. It is
established that in today's developed countries the concept
"Industry 4.0" is increasingly prevailing, which involves the
enhanced integration of "cyber-physics systems" into production
processes, and the driving force of which is integrated intelligence
processes and products generating "big data" that completely
change the landscape. production and create new markets.
2. According to the results of the analysis of the research of
authoritative world institutions and international industrial
associations and research companies, it is established that the
launch of industry-specific trends in Industry 4.0 can only be
achieved through the introduction of advanced manufacturing
technologies. They are based on convergent technologies, which
include "Internet of things", "cloud" technologies", 3D printing,
new materials, robotics, associated with non-traditional processing
methods, new tools for control and management of production and
technological processes, and using new materials, automated and
intelligent monitoring and control equipment, production process
and systems.
3. The approach to periodization of scientific and technical
development, which connects the economic, technological and
socio-political factors of development, as well as characterizes the
structure of the sixth technological structure, is proposed. This
approach provides a new scientific understanding of the
relationship between industrial revolutions and technological
developments in the economy of the future, which, along with the
traditional ones, includes the notion of a cognitive revolution,
based on the use of cyber-physics systems based on convergent
NBIC technologies, it enables the transformation of economic
processes based on the introduction of internet of things. In this
case, the key factor of the core of the technological structure will
be the state of convergence of NBIC-technologies. The core of the
new sixth technological wave will form industries such as:
nanomaterials and materials for growth technologies,
nanoelectronics and nanophotonics, scanning nanotechnology,
nanosystem technology, nanotechnology and 3D printing, genetic
engineering, molecular biotechnology, cloud computing and
multidimensional simulation, Internet applications, artificial
intelligence. The carrier industries will be: medicine and pharmacy;
agro-food complex on the basis of nanobiotechnologies;

Fig. 2 Directions of solution of global problems on the
basis of introduction of convergent NBIC-technologies as the
nucleus of development of Smart TEMP advanced production
system [5-7, 12]
- overcoming the problem of depopulation and aging of
the population at the expense of: (1) satisfaction of the
biophysical needs of man (new medicine); (2) the realization of
the cognitive needs of man (artificial intelligence, virtual worlds);
(3) new technological environment of the person (robotics,
sensors-ethical needs;
- overcoming the global problem of food shortages and
resource depletion by: (1) developing global agrarian
technologies (genetic engineering, molecular biotechnology); (2)
the creation of new intelligent agroprocessing and processing; (3)
developing and distributing new materials for growth
technologies and 3D printing; (4) cognitive resource management
and the agro-food sector;
- overcoming environmental problems and creating new
energy through: (1) global planetary technologies; (2) the
transformation of public administration and the moral-energetic
principles of construction of production, non-waste technologies;
(3) alternative energy sources; (4) cognitive management of the
environment;
- a comprehensive solution to biophysical, food, resource,
environmental and energy issues as the foundation for social
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microelectronics, robotics; information and communication
industry; systems of creation and transformation (cultivation) of
material objects; intelligent production management systems;
education and scientific-practical research; new nuclear and
thermonuclear energy; renewable energy; aircraft building and
rocket and space complex; automotive, shipbuilding and machine
tools; chemical and metallurgical complex.
4. The vision of the content of the new industrial revolution
based on the organic combination of convergent NBICtechnologies with the key factors of the advanced system of Smart
TEMP, which enables to change the system of production
qualitatively through the enhanced integration of "cyber-physics
systems" (or CPS) into production processes, is proposed. These
technologies of Industry 4.0 combine the factors of the advanced
system Smart TEMP (T (technology) - smart technologies; E
(environment) - reasonable environment; M (manufacturing) reasonable production; P (products) - smart products); create new
markets and industries, contribute to the growth of labor
productivity, the competitiveness of individual sectors and national
economies.
5. The approach to understanding the correlation of the
industrial revolution and the technological structure in the future
economy, which includes the concept of a cognitive revolution
based on use, and defines the structure of the sixth technological
wave (the key factor of the nucleus is the state of convergence of
NBIC-technologies, and the core will form sectors of the
advanced production system Smart TEMP), as well as identified
directions for solving global humanity problems, based on the
introduction of converged technologies as a factor for the
development and spread of Smart TEMP advanced production
system.
6. The directions of solving global problems of humanity,
which include the following main directions and tools for: (1)
overcoming the global problem of slowing down of scientific and
technological progress, based on the introduction of converged
NBIC-technologies, are proposed; (2) overcoming the problem of
depopulation and aging of the population at the expense of
satisfaction of the biophysical needs of the person (new medicine
and health); realization of cognitive needs of a person (artificial
intelligence, virtual integration, etc.); new technological
environment of the person (robotics, sensors, networks);
transformation of the system of public administration,
satisfaction at a new level of moral and ethical needs; (3)
overcoming the global problem of food shortages and resource
depletion by: developing global agrarian technologies (genetic
engineering, molecular biotechnology); creation of new
intelligent agricultural production and processing; development
and distribution of new materials for growth technologies and 3D
printing; cognitive management of the agricultural sector and
resources; (4) overcoming environmental problems and creating
new energy through global planetary technologies (space, ocean,
climate, infrastructure); new energy principles of construction of
construction, non-waste technologies; alternative energy sources;
cognitive management of the environment.
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COMPUTER-AIDED MECHATRONIC DEVICES: AESTHETIC DESIGN WITH AN
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Abstract: research is devoted to contemporary computer-aided mechatronic devices (like indoor mini-gardens, non-living devices)
construction / design issues. Particular emphasis has been put on mechatronic devices` aesthetic design arguing its practical value. Design
related discussion as been focused on Golden Ratio archetype in particular (more – Generalized Golden Ratio)
KEYWORDS: MECHATRONIC DEVICES, COMPUTER AIDED DEVICES, GOLDEN RATIO

Introduction

2. Golden Ratio – historical testimonies

Contemporary mechatronic devices apart of their basic purpose
possess, as a rule, also ergonomic and aesthetic characteristics.
Despite the last two concepts – unlike purpose of the device – would
not be taken for granted however they can considerably increase
price of the device. Moreover, nowadays both ergonomic and
aesthetic (i.e. usability and pleasure) considerations have been taken
into account more and more when designing mechatronic devices.
Recent paper provides design related advices to mechatronic
engineers in order to facilitate development of more user friendly
and harmoniously designed final product. Since computer support
recently represents an inevitable part of advanced mechatronic
devices relevant considerations have been included in designing
advices.

The Golden Ratio, or "the perfect proportion" has been known
from antiquity – there are relevant written testimonies traced back to
Euclid of Alexandria (around 300 BC), Pythagoras (6th century BC)
and even to earlier authors [1], [2] who used it.

1. Mini-gardens as selected Mechatronic Devices
Mechatronic devices particularly attractive for urban-dwelling
users could be represented by portable scale ones first of all. Within
a spectrum of such devices recent study emphasizes indoor minigardens. Mini-gardens have been chosen since they usually possess
properties of multifunctional practical value – these devices
(aquariums, mini-greenhouses, green walls, balcony herb gardens,
etc.) can be useful for healing (e.g. indoor greening:
aesthetic/biophilic effect, aromatherapy, air purification), education
& research (e.g. demonstration or experimental microcosms),
hobbies (especially unconventional ones like micro-aquaponics and
paludariums or balcony container gardens for pollinators), urban
wildlife attraction (e.g. balcony gardens with nest-boxes), pollution
free small-scale food-producing (e.g. spice gardens/hothouses), etc.
purposes.

Fig. 1 A. Semenov. Baba Yaga's Hut

After antiquity sudden rise of interest on Golden Ratio was
observed around the 15th century when it was widely used in art (as
an example – see. Figure 1) and architecture.

3. Generalized Golden Ratio
The harmony of the structures of natural systems, that is, their
internal organization, is subject to certain mathematical laws.
Objective world stable stationary states corresponding to particular
figures, called generalized gold sections. These figures are all the
structure of the invariant, which are embodied by the dialectic
structure of the world and the different variations that can be
observed at every step of nature. It is important to note that with the
generalized Golden Ratio, not only is the well-known ratio of 0.618
understood, but a whole line of relationships, where like in music, a
single major or minor note can be played, and another can stand out
from the whole ensemble.
The generalized Golden Ratio can be calculated according to the
following scheme. Denote the probability of the event with p, in

As computer-aided devices (henceforward – CAD) these minigardens represent themselves easy-to-sustain ecosystems – this
easiness means considerable competitive advantage for potential
users who often are not experts in ecosystem management field.
Besides, idea of computerized ecosystem could be attractive as an
unconventional approach to long-lasted traditional way for indoor
plant and animal care. This attractiveness and, accordingly,
educational, therapeutical and hobbies-related qualities of CAD
could be even more enhanced if aesthetical properties would be
particularly emphasized apart from purely functional ones. Within a
set of methodological principles / archetypes used for aesthetic
design recent research stresses conception of Golden Ratio.

which case, the complement up to 1 will be 1  p  , describing the

Still, continued Golden Ratio related empirical research on our
CAD mini-gardens is necessary (see review below); relevant
discussion on non-living systems related mechatronic devices has
been added.

event default probability. To express the amount of information, we
take the logarithms of the above values, and denote the relationship
of this logarithms with k :
log 1  p 
k
,
log p
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where from,

4.1. Mini-greenhouse prototype for environmental science and biology
studies

log 1  p   k log p,

which in turn, we obtain [3]:

A mini garden (greenhouse) has been developed for
environmental science and biology studies; it can be used also e.g.
for home entertainment and spice growing purposes. This device
(see Fig. 2) consists of a housing, removable plant box,
microcontroller, heater, lighting, irrigation system, ventilation
system, data transmission circuit. A Bluetooth communication
channel is used for controlling the following parameters of device:
temperature, humidity of air, humidity of soil, lighting.

pk  p  1  0.
The set of resulting solutions of the equation is shown in the
Table 1.
Table 1. Generalized golden ratio examples

k

p

1-p

1

0,5000

0,5000

2

0,6180

0,3820

3

0,6823

0,3177

4

0,7245

0,2755

5

0,7549

0,2451

6

0,7781

0,2219

7

0,7965

0,2035

8

0,8117

0,1883

9

0,8243

0,1757

10

0,8351

0,1649

11

0,8444

0,1556

12

0,8525

0,1475

Historically, the ratio applied to k  2 has been often used
in architecture and art and found in living organisms and other
natural formations [3], [5]. There is a widespread opinion that
exactly this proportion mathematically expresses the harmony of
natural formations.
The following table 2 shows the different ratios with values
rising at an exponential rate.

Fig. 2 Computer-aided mini greenhouse

Due to the controlling system mini-Greenhouse can work well
also in unfavourable external environment – like dark and cool; it
can also use natural light and warmth: for this purpose, the top of the
body and the partially front panel are made of glass. The controls
are located on the side of the cabinet (see Fig. 3).

Table 2. Generalized Golden Ratio display

1
0,8
0,6
0,4
0,2
0
0

5

10

15

Other generalized Golden Ratio detection methods can be
found in the literature [4], [5].
Higher-level (rank) proportions, whose conformity with
nature's harmony gradually decreases [3], shall be used if the
number of cells, their role in the situation, or other considerations
does not allow the use of commonly known ratio of 1: 1.618 [6].

Fig. 3 Controlling equipment

For golden ratio calculations: the main dimensions of a
greenhouse are determined by the following scheme:
 the height is determined as the reference point, and it is
determined by the full maturity of plants
 the other dimensions (width, length) are determined using
generalized golden cuts
In this case, it is hard to apply the well-known classic golden cut
of 1:1.62 since the device casing is too wide, resulting thus in
interference in the room and maintenance difficulties – that is,
which is why the third aspect ratio is selected (see Table 1).

4. Mechatronic devices analyzed: Golden Ratio
applied
Development of mechatronic devices can include the following
applications of the generalized golden ratio:
 size of a parts of object relative to the total or
boundary area
 object aspect ratio
 small object, logo, switches or buttons centre position
coordinates
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 device functionality
 technologicality
 safety of use
 ergonomics
 design
In order to reflect device`s planned functionality/functional
properties an appropriate technological solution must be applied –
constructor needs to know what parts and elements will be used to
create the device, which will have a significant impact on both the
size of the device and the design solution and, of course, the cost.
When designing a project, special attention should be paid to
product safety.
The essential component of the device is its ergonomics. When
designing a device, its shape must take into account aspects that are
convenient for use and health.
All of the above aspects should be taken into account when
designing the product. A suitable and interesting design will have a
positive effect on both the functionality of the machine and its
ergonomics and aesthetic quality.
If the constructor of the equipment is also a designer, it would
be desirable to know the basics of design methodology, the
importance of colors and textures and their application in product
development. The design should be based on a proportional
distribution and arrangement of parts and components. One of the
options is to choose one of the golden section proportions. Different
shapes, color contrasts, and different textures can be used for the
presentation of functional areas.

4.2. Aquaponics prototype for environmental science and
biology studies
Aquaponics represents itself artificial symbiotic ecosystem
which synergically combines aquaculture and hydroponics subsystems. Despite of various designs, there is just one core idea
behind – that of recycling : waste materials produced by fish,
crustaceans, molluscs and other aquaculture animals (and
representing danger to these animals if accumulated) have been
transported by water flow to hydroponics where green plants
remove pollution, use animal waste for nutrition and then cleaned
water has been returned / pumped back to animals in aquaculture.

6.1. Pen – SpongeBob

Fig. 4 Aquaponic system

Pen – SpongeBob is used for storing and displaying information.
The device consists of a housing, memory device, microcontroller,
liquid crystal display, Bluetooth connectivity information input,
power supply. Of course, it also has a writing function. Information
can be entered with a cordless connection from a smartphone or
smart clock used to store information. The proportions of the shape
of the device and the layout of the details are utilized in generalized
golden cuts; in the case of display, 8 golden ratio (see Table 1).

Aquaponics are of different scale – from big farms /
greenhouses to small portable indoor microponics designed for
hobby (utilization spectrum – see 4.1. Mini-gardens as selected
Mechatronic Devices). Such a small microponics has been designed
in the framework of recent research (see Fig. 4) and its functions are
computer-aided: light, temperature, water circulation, oxygen
availability have been tested and regulated. Golden proportions have
been incorporated in aquaponics design – namely, in length, width
and height ratio. Further research is necessary to evaluate
aquaponics` psychological and even biological impacts

Fig. 6-7 From concept to device – student`s “external memory” as a pen

6.2. Radio receiver
Student-made radio receiver is made with the aspect ratio. The
design solution uses a golden ratio of 1:1.62 (see Table 1) with a
hull edge size of 17.5 - 10.8 - 6.7 cm. The swivel buttons are located
on the right side, their use does not cover the view of the front panel
with the speaker, the distance between the centers relative to the
height corresponds to the same ratio. The case is made of two-color
materials, stainless steel and plastic (3D print) are used.

Fig. 5 Plant sprouts in aquaponic

6. Generalized Golden Ratio application in
electronic devices
If we want to develop an innovative, competitive new product,
we need to make a survey on already patented relevant devices. It is
necessary to analyze whether new product offered will arise
customers` interest, will it be of competitive price.
Several aspects need to be considered when designing a new
device:
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Fig. 9 Students-made robot
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Fig. 8 Students-made radio receiver

6.3. Self-made robot
A simple self-propelled robot (see Fig. 9) is developed for
robotic classes for college and high school students. It consists of a
base, a transmission, a power supply, a Micro:bit microcontroller,
and an ultrasound sensor for obstructing obstacles. The base plate is
made close to the 2nd generalized gold ratio, in this case the ratio is
calculated by dividing the width with the distance from bow to the
optical center of the back (rear support fixing screw).

18

INVESTIGATION OF RHEOLOGICAL AND SURFACE PROPERTIES OF
POLY(LACTIC)ACID POLYMER / CARBON NANOFILLER NANOCOMPOSITES
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Abstract. The recent subject of great research challenge and one of the most active area of research for well in materials science include the
development of nanofiller reinforced polymer materials for additive manufacturing application. The dispersion of nanofiller in polymer
matrix is a critical issue not only for control of processing but also for pre-defined properties. Quantitative analysis of extent of dispersion of
nanofiller by measuring the rheological and surface characteristics of polymer nanocomposites has great technical importance for
improving processing conditions, as well as for understanding the fundamental characteristics of materials at the nanoscale. The
incorporation of nanofiller graphene into polymers is a promising approach to impart certain electrical and magnetic properties,
mechanical reinforcement and high thermal conductivity to the resulting material. Rheological and surface properties of the poly(lactic) acid
(PLA) based nanocomposites incorporating 0-9 wt.%. graphene nanoplates (GNPs) were investigated in the present work and a new
strategy to tune such properties of PLA matrix by varying filler content is proposed.
KEYWORDS: RHEOLOGY, SURFACE PROPERTIESE, DISPERSION, NANOFILLERS, CARBON NANOTUBES, GRAPHENE,
POLY(LACTIC)ACID POLYMER.

2. Materials and methods
2.1. Materials

1. Introduction
Due to significant features, carbon nanofillers have gained
particular attention as polymer reinforcement [1]. Incorporation of
carbon nanomaterial in polymer matrix has led to the production of
versatile composites with improved mechanical and electrical
properties. Polymer/carbon nanofiller nanocomposites have been
used in range of technical applications such as sensors, solar cell,
electromagnetic interference (EMI) shielding materials, etc. Since
the discovery two decades ago, graphene family has drawn
remarkable attention because of their unique electrical, thermal,
optical, mechanical and flammable properties. They have been
widely used to improve polymer properties. These nanofillers
produce huge interfacial areas between the polymer and the fillers.
Despite the intensive research on graphene nanocomposites,
understanding of the importance of the filler-polymer interface is
still limited and further investigation of the structure-property
relationships is needed. Graphene, a monolayer of sp2-hybridized
carbon atoms arranged in a two-dimensional lattice, has attracted
tremendous attention in recent years owing to its exceptional
thermal, mechanical, and electrical properties [1-3]. It is known to
all that the properties of composites depend not only on the strength
of the interfaces between nanofillers and matrix but also the
dispersion status of nanofillers. High specific surface area and
wrinkled surface morphology of nanofillers would lead to a
reinforced interface. However, the relationship between dispersion
status and enhancement effect of nanofillers was seldom discussed
systematically due to the difficulties in its quantitative
characterization.
In the present work, we report on rheological and surface
properties characterization of Poly (lactic acid) (PLA)-based
nanocomposites incorporating graphene nanoplatelets (GNP) with
varying filler ratios. The GNP/PLA composite films were
investigated by Rheology, Zeta potential and Contact angle
measurements. The effect of filler types and filler loading on
rheological and surface properties of composite films were studied
by investigate the rheological behavior in oscillatory and steady
shear flow, and measuring isoelectric point, contact angle and
calculate surface free energy of composites films. The aim of the
study is to clarify the degree of dispersion of monofiller, GNP at
various fillers ratio in PLA matrix, as well as to understand bеtter
the interfacial filler-polymer interactions. In this study we present a
new strategy to tune the rheological and surface properties of PLA
matrix by varying the GNP filler contents.

The poly(lactic) acid (PLA) polymer used in this study was Ingeo™
Biopolymer PLA-3D850 (Nature Works) with MFR 7-9 g/10 min
(210°C, 2.16kg), peak melt temperature ~180 ºC, glass transition
temperature ~ 60 °C, tensile elongation 3.1%. Ingeo™ 3D850 is a
grade developed for manufacturing 3D printer filament having some
remarkable 3D printing characteristics such as precise detail, good
adhesion to build plates, less warping or ruling, and low odor.
The Graphene Nanoplates (GNPs) adopted as nanofillers were
supplied from Times Nano, China, having commercial code
(TNGNP) [4]. The specific features of the used carbon nanofiller IS
collected in Table 1.
Table 1. Characteristics of GNPs used in PLA nanocomposites
Property
GNPs
(TNGNP)
Purity, wt.%
>99,5
Number of layers / Thickness,
<20 / 4-20
nm
Diameter/medium size, μm
5-10
Length, μm
Outer diameter, nm
Aspect ratio
~250
Transition Metal oxide, %
Surface area, m2/g
-

2.2. Methods of preparation of melt extrusion
Nanocomposites were prepared by melt extrusion at 170 – 180 oC,
using a tween screw extruder (COLLIN Teach-Line ZK25T) at
screw speed 40 rpm. Monofiller (GNP/ PLA) composites, as
varying the filler content from 1.5 to 9 wt.% were produced.

2.3. Methods for characterization
2.3.1. Rheological measurements
The rheological measurements were carried out with AR-G2
Rheometer (TA Instruments) using electrical-heated parallel plate
geometry (25 mm diameter) and gap size of 500 μm between plates.
The test samples for rheological analysis were prepared by pressing
of the nanocomposite filaments produced by melt extrusion, at 1 ton
and temperature of 200°C to discs with diameter of 25 mm and
thickness of 1.5 mm.
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Fig.1. Rheometer AR-G2

Fig.3. KRÜSS goniometer - DSA100

The viscoelastic flow properties were measured using low
amplitude oscillatory flow mode, at a temperature of 200°C. The
complex dynamic viscosity ε*, storage modulus G’, and loss
modulus G”were measured versus the angular frequency ω of 1 –
100 rad/s at low strain amplitude of 0.1 %. The linear viscoelastic
strain amplitude of 0.1 % was preliminary determined by strain
sweep test at angular frequency of 1 Hz. Before starting the
rheological experiment, the tested material was heated at 200°C for
15 min. in the gap between the parallel plates, and pre-shear was
applied to avoid unwanted errors during the measurement. The TA
Advantage Software was used for data analysis and calculation.

The fitting used for each drop was determined using the best fit
observed, and at least twenty measurements were performed for
each sample. Data were collected with Advance-Drop shape
software, from KRÜSS. Films were characterized using two liquids
- Mili Q water and ethylene glycol, to be able to perform the twocomponent surface energy characterization. The films were attached
to a microscope glass slider with double sided tape for the duration
of the analysis. All measurements were made in static contact angle
mode.
The SFE values were calculated using Fowkes methodology [7-9].
The values of the contact angles (water and ethylene glycol) were
used to calculate the surface energy (γ) using an harmonic mean
equation [10]. The solution of the equation also gives the values of
dispersion (𝛾 𝑑 ) and polar (𝛾 𝑝 ) components of surface energy, where
𝛾 𝑝 is a polar component due to dipole-dipole interactions and 𝛾 𝑑 is
dispersed component. The polar component is the sum of polar,
hydrogen, inductive, and acid-base interactions, while the dispersive
component accounts for van der Waals and other non-site specific
interactions [11-14].

2.3.2. Zeta potential
Composites surface zeta potentials are determined by streaming
potential measurements that are believed to be surface sensitive [5].
Zeta potential (ξ) analysis was performed as a function of pH to
determine the isoelectric point (IEP) of all polymer-filler
composites. The isoelectric point of the flat surface of neat PLA and
nanocomposites with and without incorporating varying amounts of
1.5 – 9 wt% GNP in PLA matrix have been measured at room
temperature by SurPASS electrokinetic analyzer (Anton Paar
GmbH, Austria).

3. Results and Discussion:
3.1. Rheological measurements
The effect of graphene on the linear viscoelastic response of the
PLA polymer and the composites at 200°C is shown in Figure 4.
The frequency dependence of the dynamic complex viscosity ε* is
shown in Figure 4 and the storage and loss moduli (G’ & G”) versus
angular frequency ω is seen on Figure 5 as varying the filler
contents from 1.5 to 9 wt% for GNP/PLA nanocomposites.

Fig.2. The SurPASS 3 surface charge analysis system, Anton Paar
The film sample was cut from prepared in advance pressed films
and adjusted to the dimensions of the sample holders and fixed
using double-sided adhesive tape. Тhe required pH value in the
samples was adjusted by adding an appropriate amount of 0.05 M
HCl or 0.05 M NaOH. The zeta potential measurements were
carried out in the pH value range of 2 – 6. By equipment we
determine the zeta potential at the surface of a macroscopic solid in
contact with an aqueous solution. Zeta potential was used to further
characterize the nature of the interaction between PLA with GNP,
and compare with pure PLA For each pH, the zeta potential
measurement was repeated 4 times and average was taken.

Fig.4. Complex viscosity η* versus angular frequency of GNP/PLA
nanocomposites at 200°C with varying the filler contents from 0 to
9 wt%.

2.3.3. Contact angle

Figure 4 shows, that 1.5 and 3 wt% GNP/PLA composites have a
Newtonian plateau in the low frequency range (ω < 10 s-1), similar
to the neat PLA, while 6 and 9 wt% GNP/PLA demonstrate pseudoplastic flow behavior, associated with percolation.
In Figure 5, the viscoelastic moduli G’ and G” versus angular
frequency ω are shown. In the terminal region, ω→0, the storage
G’ and loss G” modulus of the neat PLA fit with scaling law, G’ ~
ω2 and G” ~ ω1 . For GNP/PLA composites in Figure 5, the slope of
both moduli slightly decreases by increasing the filler contents from
1.5 to 3 wt%, while at 6 and 9 wt% GNPs, the slope of both

The equipment used for measuring of samples for the Contact angle
analysis was A DSA100 – KRÜSS goniometer (Kruss, Hamburg,
Germany). The contact angles (CA) of the liquid droplet on the flat
surface with and without incorporating varying amounts of GNP in
PLA matrix have been measured with two different liquids with
varying surface tension at 20 °C to determinate the Surface Free
Energy (SFE). The used liquids were deposited onto the film by a
sessile drop method [6].
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dynamic moduli decreases significantly, but the flow behavior is
liquid-like, with
G’ < G”.

interface creating a potential. Figure 7 presents zeta potential curves
of the nanocomposite films as a function of pH for monofiller
nanocomposites, compared to the neat PLA. The isoelectric point
(IEP) of the films, which is a measure of the surface properties, was
observed at pH=2.6 for pure PLA, and it increases gradually to
pH=3.6 by increasing the GNP content from 1.5 to 9 wt.%, due to
improved conductivity on the surface by the graphene nanofiller.
The values of measured IEP and zeta potential |δ| for GNP/PLA
composites are summarized in Table 2.

Fig.5. Storage and loss moduli G’ and G” versus angular frequency
of GNP/PLA nanocomposites at 200°C with varying the filler
contents from 0 to 9 wt%.
It is important to determine the rheological percolation threshold as
the viscosity and the properties of nanocomposites are generally
enhanced above this critical filler concentration [15]. The
rheological percolation threshold is usually associated with the
structural liquid-to-solid transition indicating the formation of a
percolation network of interconnected nanoparticles, immobilized
with matrix polymer [15, 16, 17 – 19]. Different approaches are
used in the literature to determine the percolation threshold [15, 18,
20]. In this study we apply the rheological criteria: Cole-Cole plot,
in order to verify applicability for the studied GNP/PLA
nanocomposites for precise estimation of the rheological
percolation threshold.

Fig.7. Zeta potential versus pH factor of monofiller, GNP/PLA
composites, as varying the graphene content
Table 2. Summarized results for isoelectric point (IEP) and zeta
potential |ζ|) of GNP/PLA composites
Sample
Isoelectric
Zeta potential
point [pH]
|δ|, mV
Pure PLA
2.6
-33.59
1.5wt%GNP/ PLA
2.9
-12.06
3wt%GNP/ PLA
3
-11.28
6wt%GNP/ PLA
3,3
-13.22
9wt%GNP/ PLA
3.6
-21.53
Results indicate that alterations in the pH have a large effect on zeta
potential, this referring for agglomerate size. The change in zeta
potential was found to alter the stability of the nanoparticle
suspension. The suspension stability is dependent upon physical
characteristics of both the suspended nanoparticles and their
suspension medium. The zeta (δ)-potential often correlates strongly
to dispersion stability with higher magnitude zeta potentials (|δ|)
being more stable due to electrostatic repulsion between particles.
Schramm [22] proposed, as a general guide, that at |δ| of 0–10 mV
the dispersion will be unstable, at 10–30 mV will be slightly to
moderately stable; at 30–60 mV will have good stability, and at 60
mV will have excellent stability for electrostatically repelling
particles. In our case, with increasing the GNP content the
GNP/PLA dispersion system gets more stable. As seen from Table
2, the PLA matrix polymer has the highest value of |δ| ~ 34 mV. At
9 wt% GNP content, the |δ| value sharply grow to ~ 22 mV, so
according to [22] we may conclude that such dispersions will be
moderately stable. The steadily rising of the absolute value of Zeta
potential to 22 mV, as well as the value of the IEP from pH 2.6 for
PLA to 3.6 for 9wt% GNP/PLA may be associated with percolation.
Our previous studies on rheological behavior [23,24] and electrical
properties [24] confirm that the percolation of the GNP/PLA
composites is around and above 6 wt% graphene content. From
above discussions, we may conclude that the most stable dispersion
of GNPs in PLA polymer was achieved above 6wt% GNP content,
this related with the formation of a percolated network of well
dispersed graphene platelets in the hydrophilic PLA polymer.
Therefore, the 9wt.% GNP/PLA composites with Zeta potential of
|δ| = 22 mV have more stable dispersion, due to the percolated
network of nanolpatelets, than the 1.5 - 6wt% GNP/PLA
composites with values of |δ| =11-13 mV, which demonstrate a
flocculated, fractal-like structure [23].

Fig.6. Cole-Cole plot of dynamic viscosity η’ versus imaginary
viscosity η” for: GNP/PLA nanocomposite at 200°C with varying
the filler contents of 0 – 9 wt%.
The Cole-Cole plot, which presents the frequency dependence of
imaginary viscosity εʺ versus real viscosity ε’ is shown on fig.6.
The Cole-Cole plot is used to identify the structural changes in the
PLA polymer matrix due to the incorporation of GNP filler. The
real part and imaginary part of complex viscosity are calculated
from the dynamic modulus as follows: ε’ = G’’/ω and ε’’ = G’/ω.
As seen, for the GNP/PLA composites at low nanofiller contents 0–
3 wt%, the Cole–Cole plot exhibits a semi-circular shape with one
arc corresponding to the relaxation of the PLA matrix [21]. While at
6 – 9 wt% GNP/PLA the plots exhibit deviation from the semicircular shape and shows a linear variation of the storage viscosity
versus the loss viscosity. This is a characteristic for a gel-like
structure which indicates that maximum particle-particle interaction
has occurred, associated with percolation. Therefore, the rheological
percolation threshold that may be determined using the Cole-Cole
plots is around ϕp < 6 wt% for the GNP/PLA nanocomposites.

3.2. Zeta potential measurements
The quality and stability of nanofiller dispersion in the PLA matrix
composites were evaluated by zeta potential measurements; when
the material is immersed in a solvent a charge may develop at the
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Looking at the data (Fig.9 and table 3), we can note that there is a
small decrease of surface energy, γ, by increasing the GNP content,
which is more pronounced at 1.5wt% GNP. The decrease in γ is
mainly caused by a slight reduction in the polar component which
involves a strongly polarized interaction of hydrogen bonds,
indicating for less polar groups at the surface of the film. This may
be associated with a slight increase of the interfacial polymer-filler
interactions, by increasing the GNP content. Dispersive component
is slightly increasing, which indicate for a small increase in particleparticle interactions with an increase in the GNP content to 9wt%.

3.3. Contact angle measurements
The contact angles (CA) of the liquid droplet on surface of films
with and without incorporating varying amounts of GNP in PLA
matrix have been measured with two different liquids with varying
surface tension. Contact angle measurements investigate surface
tension, and they are used to calculate surface free energy (SFE).
Contact angle data for the two test liquids (water and ethylene
glycol) apply for monofiller system on base on GNP/PLA are
plotted in Figure 8 (a,b). Calculated Surface free energy and its
polar and dispersive components are presented on Fig.9. The
average values of all surface characteristics for the monofiller
GNP/PLA composites are summarized in Table 3.

Table.3. The contact angle (at 20°C) and surface energies sample
components of mono-filler composites GNP/ PLA
Sample

Neat PLA
1.5wt%GNP/PLA
3wt%GNP/ PLA
6wt%GNP/ PLA
9wt%GNP/ PLA

Fig.8. Contact angle vs. GNP content for monofiller GNP/PLA
composite, as varying the filler combinations for the two test
liquids: (a) water ; (b) ethylene glycol

Contact Angle, [°]
Mili Q
water
80.8±0.5
82.3±0.2
83.4±0.3
84.0±0.2
84.1±0.2

Ethylene
glycol
72.7±0.6
71.7±0.1
71.5±0.3
71.5±0.6
71.4±0.2

Surface energy,
[mJ/m^2]
γ

𝛾𝑑

𝛾𝑝

31.1±1.1
29.5±0.4
28.5±0.6
28.1±0.7
27.9±0.3

4.2
5.2
5.7
6.0
6.1

26.9
24.3
22.8
22.1
21.9

It may be concluded that, due to non-polar behavior of filler and
polar behavior of polymer the wettability with water of the
GNP/PLA composite surfaces slightly decreases by increasing the
GNP content from 1.5 to 9wt%. This may be associated with the
decrease of polar component of the surface energy, which is
connected with dipole-dipole forces leading to an increase of
interfacial polymer-filler interactions. On another hand, the
dispersive components correspond to the Van der Waals forces. The
results show that the dispersive component is slightly increasing,
therefore stronger Van der Waals interactions between nanoplatelets
are expected by increasing the GNP content.

It can be observed that with increasing the GNP loading slightly
higher contact angle values are obtained compared to the neat PLA
in the case of water as a liquid. The water contact angle of 9 wt.%
PLA/GNP film increased with 3◦, if compared to that of pristine
PLA films. This may be associated with a small hydrophobic effect
of GNP filler. This phenomenon is probably attributed to the hybrid
structure of the monofiller nanocomposite, which is related with the
interaction between the GNP surfaces and the hydroxyl group of
PLA, this leading to a decrease of hydrophilicity of the GNP/PLA
composite surfaces. In agreement with Ref. [25], the obtained
composites in our study refer to the contact angle values of 0° < 𝜃 <
90°, where the surface is considered hydrophilic, which corresponds
to high wettability. The PLA surface has a lower contact angle of
water, therefore exhibit better wettability with water compared to
the GNP/PLA surfaces with higher contact angle.
In the case of ethylene glycol liquid, the contact angle is of ~10o
lower than that of water; it slightly decreases from 73o to 71o, by
addition of only 1.5% GNP, but it goes to plateau with increasing
the GNP content to 9 wt.%. Results show that the wettability of
GNP/PLA composite surfaces and their lubricant properties to
organic liquids will be very good.
The two different liquids (water and ethylene glycol) of known
polar and disperse components was used to calculate the surface
free energy of GNP/PLA composite films. Table 3 shows the
surface free energy for the two liquids used in this study.
Contact angles collected yielded information regarded changes
to the energy of the film surfaces before and after reinforced with
fillers. The variation of surface free energy against filler’s content is
given in the Figure 9, showing γ (surface energy) and its polar (𝛾 𝑝 )
and dispersive (𝛾 𝑑 ) component of the monofiller GNP/PLA
composite, compared to the neat PLA.

4. Future application of resulted nanocomposites
The field of nanoscience has blossomed over the last two decades
and the importance of nanotechnology increase in areas such as
computing, sensors, biomedical and many other applications. In this
regard the discovery of graphene [26] and graphene-based polymer
nanocomposites is an important addition in area of nanoscience.
The superior properties of graphene compared to polymers are
reflected in graphene-based polymer composites. Graphene-based
polymer composites show superior mechanical, thermal, gas barrier,
electrical and flame retardant properties, compared to the neat
polymer [27–31]. Our study adds new knowledge about tunable
physicochemical properties of the nanocomposites by varying the
GNP content and distribution of graphene layers in the polymer
matrix, as well as interfacial bonding between the graphene layers
and polymer matrix. These properties open new opportunities to
revolutionize a variety of practical applications, e.g. multifunctional
composites, detectors, smart wearables, paints and printing. Carbon
nanofillers have great advantages as additives in polymers for
application in Additive Manufacturing (3D printing). It should be
highlighted that 3D printing is not only an innovative processing
technology, but it is the future of the manufacturing industries.
Therefore, unlimited needs exist for novel materials suitable for 3D
printing for variety of applications that require improved
mechanical performances, conductivity and other functional
properties of the final products.

5. Conclusion
Graphene-based polymer nanocomposites are one of the most
auspicious developments in the field of material science. The
composites based on PLA filled with 0 to 9 wt% GNP filler content
prepared by melt extrusion are studied herewith. Rheological and
surface properties are obtained as varying the filler content.
Rheological percolation threshold for GNP/PLA was estimated
around 6 wt% GNP. The wettability with water and the surface

Fig.9. Calculated surface free energy from contact angle test for the
mono-filler GNP/PLA composite, as varying the filler content.
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energy of the GNP/PLA surfaces decreases by increasing the GNP
content from 1.5 to 9wt%. The obtained effects are associated with
a decrease of hydrophobicity and an increase of interfacial polymerfiller interactions. This is proposed as a new strategy to tune the
rheological and surface properties of PLA matrix by varying GNP
filler contents.
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Abstract: The goal of this paper is to provide a resource that can be used by the Augmented Reality research community and
practitioners to understand the most recent potentials for application of the innovative Augmented Reality technology in various industry.
Firstly, it is described mainly the role of the Augmented Reality in logistics and maintenance. Secondly, the paper provides an overview
of research papers in the period 2008-2018 in the field of Augmented Reality for facilitating and supporting industrial applications.
By efforts of research, review and classification the author outlines both opportunities and challenges for spreading the Augmented
Reality applications in smart manufacturing environments that will provide the baseline for further discussion and research in this
direction.
Presenting this survey the author aims at creating an active community that further discusses the future development of Augmented
Reality particularly in Supply Chain Management. Future steps will be taken in research workshops and online community work.
Keywords: AUGMENTED REALITY, INNOVATION, INDUSTRIAL CONTEXT, MANUFACTURING

their own smartphones or tablets while browsing furniture
to help them visualize them in their own homes using only
the phone’s camera and IKEA’s application. DHL have
been using virtual reality glasses to speed up the
warehouse picking up process, which help ensure that the
proper product is being picked up and thus minimize
losses by eliminating human error and at the same time
shortening the time for checking the products with a
slower device.
Augmented Reality (AR) is a novel human–machine
interaction that overlays virtual computer-generated
information on a real world environment. It has found
good potential applications in many fields, such as
military training, surgery, entertainment, maintenance,
assembly, product design and other manufacturing
operations in the last ten years. This research aims to
provide a survey of developed and demonstrated AR
applications in manufacturing activities. The intention of
this survey is to provide researchers and engineers, who
use or plan to use AR as a tool in manufacturing or in
Supply Chain Management (SCM), a useful insight on the
state-of-the-art AR applications and developments.[2]
Various solutions based on Augmented Reality have
been proposed by the research community. Particularly in
maintenance operations Augmented Reality tools have
offered new perspectives and have promised dramatic
improvements. On the other hand, Augmented Reality is
an extremely demanding technology and at present it is
still affected by serious flaws that undermine its
implementations in the industrial context.[3]
AR technology is particularly suited for maintenance
industry, as it can be easily implemented in several
processes. AR can enhance the user’s view of the
surrounding scene with different content that include
visual animations, sounds, written instructions or static
images. Using AR can potentially reduce the numbers of
errors during maintenance tasks. In fact, AR provides
information that is generally not easily available or whose
retrieval is relatively demanding. In general, many
processes in manufacturing, aviation and automobile
industry have to deal with assembly tasks. During

1. Introduction
With the constant development of new technology –
digitalization and integration with all sorts of internet
platforms, various cloud services and artificial
intelligence with machine learning, the ever-brewing
competition and rivalry drives many companies to
reconsider the management of their Supply Chains and
invest in better, more innovative ones. Even if their goal
is not to aim for the top places, taking the time to arrange
their raw materials, manufacturers, distributors and even
logistics details, in the best way possible, can really save
the company from a lot of financial and material
losses.[1]
Digital manufacturing consists of different steps
which not only create the digital data, but also steps that
compress the content so that it is easily and more quickly
distributed and delivered, steps that ensure the quality of
the content.
Digital logistics nowadays is replacing the old way
of distributing physical goods that carried the same digital
information by implementing virtual distribution using
different platforms and cloud technologies that can be
accessed on demand.
Many innovative technologies are appearing and
companies are taking advantage of integrating them into
their current Supply Chain Management (SCM) systems,
or altogether replacing them for better, faster and more
reasonable ones.
In this paper, we will look into the innovation of the
Augmented Reality technology in industry that more and
more companies are either implementing or integrating to
secure their future on the market or as the top leading
companies in their respective fields.

2. Background on Augmented Reality
Famous companies who have introduced AR to their
commerce webstores are eBay, which has focused on car
enthusiasts for now, who are said to be able to see how
different auto equipment would look like on their
personal vehicles; IKEA has allowed its customers to use
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maintenance operations, mechanics have to deal with a
large amount of different parts that represents a large
proportion of search time: standard manuals or
handbooks can lead inexperienced operators to frustration
and poor performance.[3]
Training specialized workers is an expensive voice in
any kind of industry. In the case of aviation, it takes up to
2000 hours for inspectors to be completely trained. AR
can remove restrictions of time and location, leading to a
much faster transfer of knowledge and a better
understanding of the maintenance processes. Hence, from
an economical point of view, industry can use AR to
lower processes’ operational costs and thus sustain their
growth and innovation.
The main factor retarding the full deployment of the
new technology has been until now the human one,
because the gap between technology and human resources
culture has grown, not reduced. [4]

Table 1: Referenced articles on Augmented Reality per year of publication
and facet type
Facet type
2008
2009 2010
2011
2012
2013

3. Application of AR technologies

Figure 2 depicts the distribution of articles on AR both by year
of publication and facet type.
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The goals of our study is to investigate the following
research questions:
RQ1: What is the state of the art of the scientific literature
on the innovation potential of Augmented Reality in
manufacturing in journal articles from 2008 to 2018, as well
as
RQ2: Is AR the future of Supply Chain?
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To address these questions, we performed a systematic
study of scientific publications on Augmented Reality in
manufacturing.
It is acknowledged that AR technologies are well
applicable in many different industries like Automotive,
Aeronautics and Aviation, Robotics and Automation,
Software, Construction industry, Transportation, Marine,
Dentistry, Electronics, as well as Education. In Figure 1 the
distribution of typical industrial fields of AR application are
graphically represented.

1
0
20082009201020112012201320142015201620172018

Facet 1: Research method

Facet 2: Implementation field
Facet 3: Industry type
Fig. 2 Distribution of the number of reference articles on AR per year of
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4. Main advantages and disadvantages of AR
systems in Industry
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AR technology is extremely flexible and, particularly in
maintenance industry, it can be easily implemented in several
processes. Thanks to the additional knowledge provided by
AR, the number of errors during maintenance tasks can be
greatly reduced. In fact AR provides information that is
generally not easily available or whose retrieval is relatively
demanding. In general many processes in manufacturing,
aviation and automobile industry have to deal with complex
assembly tasks, which execution involves a large amount of
different parts. In these situations standard manuals or
handbooks can lead inexperienced operators to frustration and
poor performance.
From an economical point of view, industries can use AR
to lower processes’ operational costs and thus sustain their
growth and innovation: training specialized workers is an
expensive voice in any kind of industry.
In the case of aviation, it takes up to 2000 hours to fully
train a maintenance inspector. AR can remove restrictions of
time and location, leading to a much faster transfer of

6

Fig. 1 Distribution of reference articles on AR by industrial field of
application

Table 1 summarizes the articles being reviewed on Augmented
Reality per year of publication and facet type.
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knowledge and a better understanding of the maintenance
processes.

Some advantages of the Augmented Reality
in industrial context

Main disadvantages of AR systems
Even though AR is a promising technology, it still
presents some disadvantages that may jeopardize its actual
implementation in real maintenance applications. In fact, a
bulky, relative low resolution prototype with fixed focus
cameras or a small field of view HMD can become an actual
occlusion to work execution, and so seriously influence the
perception of the AR technology and the advantages
introduced. Another important aspect that should be
considered is the weight of the hardware: the average weight
of high-end HMD is 700 grams, while normal reading glasses
weight around 100 grams. When the process that we want to
improve takes more than one hour, the user may get tired and
perform the work poorly: it thus become very important to
take breaks between steps of the process, unavoidably
resulting in important delays. To avoid wearing a heavy HMD,
we may use an LCD screen, but this would diminish the
quality of AR experience and would force the user to wear a
helmet or a belt holding the cameras so that they could keep
objects of interest inside their field of view: such a solution is
very uncomfortable and would hardly be accepted by
operators. Also the range of movement plays an important role
in the development of AR applications: since HMDs are
usually not wireless, the displacement of the user is limited by
the extension of the wire. Another characteristic that is
limiting the spread of the technology to new markets is the
cost, because high ranges vision glasses are between 500 to
5000 dollars, depending on resolution, transfer speed and
comfort for the user. To open the technology and make it more
attractive to public, these hardware limitations must be
surpassed: companies like Microvision, Vuzix or Lumus are
already working and improving current AR systems, trying to
overcome the flaws that are slowing down the spreading of
AR.[3]
A different kind of problem is given by the computational
cost of AR applications: the amount of polygons that can be
drawn at 25 frames per second on a single frame is limited by
the computing hardware of an AR system. Usually a 3D CAD
model with more than 100000 polygons already represents an
interesting challenge.
Even if hardware is continuously improving, especially
thanks to the availability of extremely performing parallel
CPUs, this still constitute a limit when the AR application has
to deal with complex environments or has to draw several
detailed objects.
Research on how to take advantage of Augmented Reality
applications and technologies in the domain of manufacturing
has brought forward a great number of concepts, prototypes,
and working systems. Although comprehensive surveys have
taken into account the state of the art, the design space of
industrial augmented reality keeps diversifying. Within our
classification framework we collected and classified relevant
publications in terms of implementation area facet as shown
in Table 4. This facilitates initial research activities as well as
the identification of research opportunities [5]. Thus, we lay
the groundwork, but forthcoming workshops and discussions
shall address the refinement.
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Fig. 3 Advantages of Augmented Reality in an industrial context
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Fig. 4 Disadvantages of Augmented Reality in an industrial context

In Figure 3-4 are summarized the main advantages and
disadvantages of the AR in an industrial context.

5. Is Augmented Reality the future of Supply
Chain
AR technology is particularly suited for maintenance
industry, as it can be easily implemented in several processes
[3]. AR can enhance the user’s view of the surrounding scene
with different content that include visual animations, sounds,
written instructions or static images. Using AR can potentially
reduce the numbers of errors during maintenance tasks. In
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aspect of business to take place on top of the physical parts of
business, AR will dramatically change how consumers and
businesses view typical processes within the standard supply
chain, thus creating an augmented reality supply chain.
For example, the process of item repair and reverse
logistics (aftersales services) could be made much simpler.
AR could be used to help an entry-level tech immediately
identified incorrect circuits and problems within a given
product. On the other hand, Augmented Reality could be
applied to a video stream from the consumer of a current
product's condition. This video could be applied to the AR
aspect on the business-end or customer service-end of the
Augmented Reality Supply Chain to immediately identified
what is wrong with the product. As a result, the consumer does
not lose any time in bringing the product into the store, the
Supply Chain partner does not lose any time in analyzing the
problems with the product, and the consumer is able to obtain
a repair or replacement at a faster pace. The level of consumer
service is increased, which helps to propel the entire supply
chain forward.
AR is not without its faults. These brief descriptions of
AR rely on some sort of power source, and wearing a battery
pack on the head is simply impractical. As explained by
Roland Martin (2015) [8], the biggest challenge to the
widespread use of AR is low battery life. The solution to this
problem must rely on using technology and innovation to
define a new way of getting power to the systems rapidly and
efficiently, without imposing a burden on the employees.
Ultimately, Augmented Reality may be used to figure out a
way to create a smaller, more durable battery to power ARenabled devices. Essentially, the applications of AR are
continuing to expand.
Consumers are demanding more from the modern Supply
Chain, and the level of competition between different Supply
Chain service providers is growing. However, AR will be one
of the defining forces of the modern supply chain in 2016,
where the augmented reality supply chain will start to shape.
Once, the use of radio frequency-driven headset seemed like
the best solution to supply chain management and the use of
technology. However, the use of technology is taking on a new
level through augmented reality, and it will only continue to
grow as society becomes more apt and reliant on advanced
technologies. [6]
With this overview on the recently available scientific
articles on the Augmented Reality applications in an industrial
context web try to give contribution to understand better the
present and future technological impact on SCM processes.
A new wave of Artificial Intelligence applications can
approach and solve many problems of Planning and Control
of Supply Chain, in the past approached only through off line
mathematical models combined with inter-functional team
work. [4]
We can conclude that Augmented Reality is a promising
driver for industrial applications and it is a breakthrough
technology that could considerably ease execution of complex
operations.

fact, AR provides information that is generally not easily
available or whose retrieval is relatively demanding. In
general many processes in manufacturing, aviation and
automobile industry have to deal with assembly tasks. During
maintenance operations, mechanics have to deal with a large
amount of different parts that represents a large proportion of
search time: standard manuals or handbooks can lead
inexperienced operators to frustration and poor performance.
Training specialized workers is an expensive voice in any
kind of industry. In the case of aviation, it takes up to 2000
hours for inspectors to be completely trained. AR can remove
restrictions of time and location, leading to a much faster
transfer of knowledge and a better understanding of the
maintenance processes. Hence, from an economical point of
view, industry can use AR to lower processes’ operational
costs and thus sustain their growth and innovation.
As defined in the industry report on Augmented Reality
by DHL, Augmented Reality refers to the layering of
computer simulation models over the physical layout of
current surroundings. In a sense, this is the hallmark of virtual
reality, but AR refers to using this information to improve the
efficiency of today's processes as they relate to the supply
chain.
Most common forms of Augmented Reality involve some
sort of glass, visual display for a wearer to use in the process
of increasing productivity and performance. For example,
smart glasses in the warehouse are considered a form of
Augmented
Reality
Supply
Chain,
explains
SupplyChainDigest. The wearer is able to overlay a computer
simulated image into the physical space.
By 2017, Augmented Reality is estimated to have a value
of just over $6 billion. Evidently, this trend is growing at one
of the fastest paces in the market, 100 percent annually. One
of the largest sectors we will see grow is in the "Industrial"
sector, meaning application for both an Augmented Reality
Supply Chain to include manufacturing, distribution, and
logistics [4].
Augmented Reality is currently being used to provide a
sense of scene recognition during order picking processes.
Most traditional order picking processes involve paper-pen
picking or picking through voice-automated systems.
However, this continues to result in inefficiencies.
At any time, employees in a given warehouse must
typically perform multiple actions in order to successfully
pick an order. For example, the picker must locate the correct
product, scan the product, and deliver the product to the
loading dock. However, scene recognition and Augmented
Reality allowed a camera-operated system to autonomously
identify where a product is located if it is the correct product,
and how to move to the next product at a faster pace. All of
this information is displayed to the user of the Augmented
Reality-enabled device.
On the consumer-end, Volkswagen has created a vehicle
that can display the current speed, status updates, and other
information on the windshield of the vehicle for improving the
safety of the driver. Yet, truck drivers spend up to 60 percent
of their time away from facilities locating the correct order in
the truck, not driving, explains Karolina Maziliauskaite
(Maziliauskaite, 2015). This is unacceptable. AR could be
used to help a driver rapidly identify exactly where the
shipment is located within the truck, cutting the amount of
time spent not driving drastically. The applications of
augmented reality in the future of the supply chain are limited
only by the imagination. Since AR allows a non-tangible

6. Conclusion
The work to be done at research and implementation
levels is enormous to assure a full exploitation of the AR
technological potential for SCM. The main factor retarding the
full deployment of the new technology has been until now the
human one, because the gap between technology and human
resources culture has grown, not reduced. Demonstration
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[5] Büttner, S., Mucha, H., Funk, M., Kosch, T., Aehnelt, M., Robert,
S., & Röcker, C. (2017, June). The design space of augmented and
virtual reality applications for assistive environments in
manufacturing: a visual approach. In Proceedings of the 10th
International Conference on PErvasive Technologies Related to
Assistive Environments (pp. 433-440). ACM.

systems, prototype systems and productive systems are still
required. [4]
AR is a breakthrough technology, but at present it is still
affected by serious problems that jeopardize its
implementation in industrial environments. In this article we
have presented the main advantages that AR can offer to
industrial processes, with particular attention to maintenance
operations. AR could seriously improve human performances,
and this can lead to great benefits not only from an economical
perspective: a better maintenance on a car or an airplane does
not only mean cheaper costs, but also higher reliability and
thus, less failures and subsequent accidents. [3]

[6] Cirulis A., Ginters E. Augmented reality in logistics. Procedia
Computer Science, 2013, Vol. 26, pp. 14-20.
[7] D.W.F. van Krevelen and R. Poelman. A Survey of Augmented
Reality Technologies, Applications and Limitations. The
International Journal of Virtual Reality, 2010, 9(2):1-20.
[8] Roland Martin. How to Make Best Use of Augmented Reality in
Supply Chain
http://supplychainasia.org/how-to-make-best-use-of-augmentedreality-in-supply-chain/

Main flaws that are heavily hindering AR spread in the
industrial background were detailed: valid solutions to these
flaws are needed to make AR a more competitive technology.
Better materials, faster algorithms, smaller hardware are
demanded and the research community must take charge of
this need and offer valid solutions.

[9] Lebeck, K., Ruth, K., Kohno, T., Roesner, F. (2018). Towards
Security and Privacy for Multi-User Augmented Reality:
Foundations with End Users. In Towards Security and Privacy for
Multi-User Augmented Reality: Foundations with End Users (p. 0).
IEEE.

How to get to the most relevant information with the least
effort from databases, and how to minimise information
presentation are still open research questions.
AR systems will depend heavily on the available types of
content. Scientific and industrial applications are usually
based on specialised content, but presenting commercial
content to the common user will remain a challenge if AR is
not applied in everyday life. [7]
Our research investigation gives us the opportunity to
identify broader lessons and key challenges to inform the
research and practitioners about the potential use of AR
technologies in industrial context with focus also on the whole
Supply Chain. The study highlights important security and
privacy challenges that emerging AR technologies will raise.
[9]
Supply chains will continue to evolve and become more
integrated with the information technologies. It can be said
that it is a concurrent evolution, and with the evolution of the
IT, the evolution of the SCM will also take place and leading
companies will make sure that they do not get behind, so they
are more and more applying in their operations disruptive
technologies like the Augmented Reality.
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Abstract: Describe the parameters influencing the depth of the laser marking of textile products. Experimental results are presented to
determine the quality of cuts on felt surfaces of different colors at specific parameters - power and speed.
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1. Introduction



Felt is many versatile material. It is non-woven, which means it
has no deformation, which makes it an ideal material for intricate
garments. However, because it is thick cutting intricate patterns and
structures into felt is difficult to do by hand. Precise cutting is
usually done by means of an industrial mashine cutter. Using a laser
to cut felt is great choose.




easy to automate and integrate (using computercontrolled movement of the beam or sample);
precise beam positioning and a beam highly localised
energy transfer to the workpiece;
high reproducibility and high speed ;
contamination - free.

Felt is an inexpensive, versatile fabric that works with the laser
[7,8,10,11]. Felt is made not by weaving but by pressing under
steam or hot water and felting of animal fibers. It's also durable and
when laser-cut, produces precise results [9,12]. That way felt is
used about experimnts with laser marking and laser cutting. Laser
marking and laser cutting technology is now widely associated with
textiles and in particular with felt [2,10,15]. In this paper we present
some experimental results from this area.

2. Experimental setting
The possibility of marking and engraving on a standard felt in
two colors - red and white with CO2 laser was studied. For this
purpose, an experimental methodology has been developed, which
concludes in the following:
a matrix of 9 squares with 1: 1 cm is created. The speed and power
range in the range of 100350 mm/s and 2, 10 and 26 W. The
matrix scheme is shown in the figures:
Gas laser CHANXAN CW 1325 CO2 active, 1-150 watts
power, 1-400 mm / s, laser beam wavelength 10.6 m, maximum
marking area: 2500 x 1300 mm, maximum laser size focal spot is
100 m and water cooling system was used – Fig 1.
The area of laser marking and cutting is showed on the figure. A
considerable amount of heat is emitted in the marking and cutting
processes, so the working area is cooled with air.

Fig. 1. The laser used for the experiments.
The quality of a mark is assessed by its legibility characteristics
such as mark contrast, mark width, mark depth, and
microstructures. The characteristics are usually evaluated using
complementary techniques such as optical microscopy, ultrosonics
microscopy, electron microscopy, surface roughness measurement.
In beam deflected marking, the line width is mainly determined by
the focused beam spot size, which varies between 20 - 100 μm.
Other parameters: scanning speed, power density and material
properties also affect the line width. [1].

The surface power density SPD of the laser beam is determined
by:

SPD 

P
S

where P is the power of laser beam and S is the area of the laser
beam section in focus. Laser control was performed using the
RdWorks software [14].

The main factors that influence the contrast of laser marking are
[3,4,5,6]:

3. Laser Marking

- optical characteristics: power density, pulse energy (pulse lasers
only), pulse duration of the laser beam, frequency, overlap factor;
- thermophysical characteristics: marking speed, laser beam pitch,
laser beam defocus, number of repetitions, volumetric density of the
absorbed energy.

The common advantages of all laser marking techniques are [1]:





permanent, high quality marks;
high efficiency and low operation cost;
good accessibility, even to irregular surface;
non-contact marking and no special working
environmental needed;
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In relation to the influence of the laser beam on the fabric, the
linear energy density LED of the laser beam is defined on a unit
length depending on the velocity:

LED 

4. Laser cutting
The possibility of laser cutting on a CO2 laser is investigated.
For this purpose, an experimental methodology has been developed
which consists of the following:

P
v

The processing areas and the processing quality with the help
the microscope have been analyzed. Altogether, 90 processing areas
were investigated. From the experiments made, the following
conclusions can be drawn:

where P is the power of laser beam and v is the speed of laser beam
movement on the felt.



Table 1 shows the linear energy density dependences of power
P for 2 W, 10 W and 26 W and the variation of the speed 100, 150,
200, 250, 300 and 350 mm/s.



Table 1.
№

V, mm/s

P=2W

P=10
W

LED, J/mm

P=26
W

1

100

0,02000

LED,
J/mm
0,10000

LED,
J/mm
0,26000

2

150

0,01333

0,06667

0,17333

3

200

0,01000

0,05000

0,13000

4

250

0,00800

0,04000

0,10400

5

300

0,00667

0,03333

0,08667

6

350

0,00571

0,02857

0,07429








Each processing area (each square) is implemented with the
raster scan method. The line-to-line step is 0.1mm. The processing
areas and the processing quality were analyzed by means of a
AM4515ZTL digital microscope manufactured by DINO-LITE:
https://www.dino-lite.eu/index.php/en/products/microscopes/longworking-distance with 1.3 MPx resolution, 10-140X zoom and
polarizer.

a quality cut of the material is obtained with the following
parameters: for white and red felt - a constant power of 26 W
(9%) and a speed ranging 100, 150 and 200 mm/s and the
LEDs are 0.26 J/mm, 0.17 J/mm 0.13 J/mm - Fig. 4. Quality
cutting of the felt.;
about the same power 26 W and a speed ranging 250, 300 and
350 mm/s and LEDs are 0.104 J/mm, 0.08667 J/mm 0.0749
J/mm the cutting is not full;
good marking by lightening of the material (nearly 50% ) is
obtained with the following process parameters: P = 2W and V
= 250, 300 and 300 mm/s, and the LEDs are 0.008, 0.00667
and 0.00571 as shown in the table 1 - Fig. 3. Red and white
felt. Contrast measurements are performed using the Color
Contrast Analyzer version: 2.5.0.0. [13];
about the same power 2 W and a speed ranging 100, 150 and
200 mm/s and the LEDs are 0.20 J/mm, 0.01333 J/mm and
0.010 J/mm the marking is not so good, it is nearby cutting red
and white felt;
About power 10 W and speed 100, 150, 200 mm/s of laser
beam the red felt and white felt have less partial cutting (less
destroying felt) and the LEDs are 0.1, 0.06667, 0.0.50;
About power 10 W and speed 250, 300 and 350 mm/s of laser
beam the red felt and white felt have less partial cutting (less
destroying felt) and the LEDs are 0.04, 0.03333, 0.02857;

About the next areas from all 90 processing areas can say the
same analogy.

The diagrams of the square matrices after experiments are
shown on Fig. 2. The Markings 7, 8, 9 in Figure show respectively
the energy of 2 W, 10 W, 26 W in percent, which is used for the
interaction with a felt.

5. Conclusion
For all felt materials marking, engraving and cutting can be
successfully applied. The choice of laser process is determined by
the desired final result.
In this research, the laser applications for and felt processing
are analyzed. The advantages of laser technology in felt fields were
pointed. The linear energy density during marking and cutting by
the laser beam was introduce.
With the help of a robotic automated line, the making of
marking and cutting of felt results in the production of an obtained,
attractive commercial product.

Fig. 2 The diagrams of the square matrices after experiments.
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Fig. 3. Red and white felt

Fig. 4. Quality cutting of the felt.
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1. Introduction
One of the effective ways to use milk whey is its processing by
means of aerobic microorganisms Debaryomyces hansenii var
hansenii BIM Y-4 (D.h.v.) in order to produce feed protein [1]. An
essential condition for the cultivation of these microorganisms is
the aeration of the fermentation medium, that is, the process of its
saturation with oxygen in the air.
The most common method that provides effective dissolution of
oxygen in a liquid medium is the method of blowing through a
fermentation solution of atmospheric air with simultaneous mixing
of the solution with a turbine multilayered mixer.
In other equal conditions, the intensity of the oxygen dissolution is
determined by the aerator properties, which directly distributes the
air flow in the culture fluid. Compared to others, powder aerators
made of titanium powders are the most preferred: they have high
corrosion resistance and strength, are well regenerated, and provide
a high uniformity of air flow distribution over the area of dispersion
and the required size of air bubbles. Moreover, the manufacturing
technology of powder aerators makes it possible to regulate the size
and density of the bubbles [2].
The purpose of the work is to provide the efficiency of powder
aerators for saturating the culture fluid with oxygen in the air at
biosynthesis of yeast cultures during milk whey processing.

1. Research data.
Laboratory studies were performed in the State Scientific Institution
“Institute of Physical-Organical Chemistry of NAS of Belarus on a
laboratory bioreactor EDF-5.2 (Biotehniskais Centrs, Latvia)
equipped with a sensor for measuring dissolved oxygen and a
flowmeter with a valve for controlling and regulating air flow
(Figure 1). Distilled water was used as a model fluid for testing
powder dispersers. Studies in production conditions were carried
out using a pure culture device with a volume of 6.0 m3 at Bobruisk
Biotechnology Plant. Concentrated milk whey diluted to four
percent lactose, manufactured by Gormolzavod No. 1 in Minsk,
was used as the base of the culture medium. Titanium powders of
grades TPP-5 and TPP-8 manufactured by AVISMA, a branch of
Public Joint-Stock Company CORPORATION VSMPO-AVISMA
(Bereznyaki, Russia) were used to manufacture the aerators. When
the adjustment of the particle size distribution of the powders was
required, the specified fractions were obtained by sieving the
indicated grades. The permeability coefficient of the samples was
determined according to GOST 25283-93.

Fig. 1. The process of dispersing air through a powder disperser
The concentration of bacterial biomass in the culture fluid and
fermentation media was determined by the value of optical density
with a length of 400 nm on SF-46 spectrophotometer. The end of the
cultivation process in production conditions was considered the time
when the lactose content was less than 0.5%. The determination of
the lactose content was carried out using Bertrand’s method
modified by Shorl.

2. Results and discussion
Porous powder materials (PPMs), from which aerators were made,
surpass other types of materials in terms of corrosion resistance,
strength, regenerability and efficiency [3]. Regulating the structure
of PPM by changing the size of the particles of the initial powder
and modes of manufacture, it is possible to change the
characteristics of the resulting products in a wide range, ensuring the
effectiveness of their application. In this case, it is the diameter of
the gas bubbles and the throughput capacity.
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technology and a slight deterioration in the uniformity of
distribution of properties over the working surface.

Figure 2 shows the calculated dependences of the bubble size on
the powder particle size for various PPMs given in ref. [4] and
performed according to the methods ref. [2] and [4].
Bubble size, mm

а)
Initial powder particle size, mm
Fig. 2. Calculated dependences of the bubble size on the
powder particle sizes:
1 – titanium [2]; 2 – steel [2]; 3 – bronze [2];
4 – titanium [4]; 5 – steel [4]; 6 – bronze [4]
Figure 2 shows the dependencies of the permeability coefficient on
the technological modes of production (compression pressure) for
three titanium powder fractions (the graph shows the average
particle sizes calculated by Anderson’s formula of the following
particle size distribution: (minus 400 + 315), (minus 630 + 400) and
(minus 1000 + 630) µm). The analysis of these dependencies
indicates the possibility of regulating the throughput capacity in a
wide range.
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Fig. 4. Two-layer PPMs, obtained by joint pressing of powders
of different fractions:
a) by layering filling; b) by applying a layer of fine disperse
powder to one of the forming elements
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Studies have shown that a porous powder aerator based on titanium
powder has a saturation rate 1.6 times higher than the standard
(perforated) one. Comparison in the process of cultivation of yeast
microorganisms D.f.v., when dispersing air through standard and
powder dispersers on a laboratory fermentor, has also showed an
advantage of the latter: an increase in biomass was about 25% with
the same air flow (1 l/min per 1 liter of culture fluid).
Studies in production conditions were carried out at the Bobruisk
Biotechnology Plant in the pure culture device (a production
fermentor for the preparation of D.f.v. seed material intended for
processing milk whey in a operating device with the aim of
producing a protein feed additive). A device was developed for
saturating the culture medium with oxygen in the air. Its drawing is
shown in Figure 5.

p, МPа

Fig. 3. The dependence of PPM permeability on the compression
pressure
The efficiency of using PPM-based aerators can be improved due to
the use of modern methods for creating two-layer porous structures
[5, 6] shown in Figure 3. The pore sizes of such materials
(determine the refining fineness during filtration or the size of
bubbles during dispersion) are similar or close to the pore size of a
monolayer material made of powder of a fine fraction, and the
permeability coefficient (determines the throughput capacity) is an
integral value and causes an increase in the efficiency of application
of entire material. At the same time, a decrease in the thickness of
the fine disperse layer (Figure 4 b) leads to an increase in
efficiency, with some complication of the manufacturing
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Tests have shown that the device for saturation of the culture
medium provided the completion of the cultivation process in 12
hours, in comparison with 14 hours using the standard (perforated)
disperser.

3. Conclusion
As a result of research, it has been established that the developed
device for saturation of the culture medium with oxygen in the air
based on powder material in comparison with the traditional
perforated disperser provides a higher saturation rate (1.6 times) of
biomass of the yeast microorganisms, significantly reduces the
fermentation time (by 15%) and contributes higher biomass
accumulation (up to 25%).
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Abstract :Information is perceived as the resource, that constitutes relationships in the network of enterprises and their customers, as well
as extra-marketing value, which can be successfully implemented in IT environment, for example in the sector of waste disposal enterprises.
That is why, the interactive contact and involvement of the stream supplier in researched sector, the intelligent processes of selection and
recycling of communal waste, and commercial and marketing value of waste can be interesting as a source of marketing information for
researchers and readers of this article. Therefore, smart methods of knowledge management, including marketing knowledge in the sector of
waste management enterprises in the environment of IT solutions raise interest. The goal of the paper is to present three-sphere business
model based on intelligent management of knowledge and competences in enterprises of the waste management sector. The main part of the
paper will be focused on one of the sub-areas of the model, i.e. the subarea of knowledge commercialisation. This will be implemented
through in-depth case study analysis.
KEY WORDS: INTELLIGENT MANAGEMENT, GARBOLOGY, SMART MANAGEMENT, WASTE DISPOSAL ENTERPRISES, WASTE
MARKETING-VALUE,
perceived by Bounfour who approached it as a set of procedures,
infrastructure, technical and management tools created for
forming, sharing and expanding knowledge resources inside and
outside organisation (Bounfour, 2003).
A holistic approach to knowledge management is
undoubtedly presented by Demerest’s model. The structure of
this model shows not only a scientific expression of knowledge,
but also social aspects of knowledge formation. It is not limited
to the stage of knowledge externalisation, but concerns repeated
social interactions. Knowledge management ought to be
supported by all organisation stakeholders, which, consequently
will be reflected in results of all involved parties. This is about a
complementary approach to knowledge management as scientific
and social category.
Holistic approach to knowledge management is based
on three pillars: (1) company strategy, i.e. strategic organisational
concept of knowledge and learning, both intra- and interorganizationally, (2) environment of creation, co-sharing and
application of knowledge, dependent on the company and
objective determinants in direct and indirect relations, (3)
knowledge tools supporting the process of effective knowledge
management, i.e. platform of intra-organizational, network and
commercial knowledge of the company, supported by IT tools
(Choo, 1998; Nonaka Konno, 1998; Von Krogh, Ichijo, Nonaka,
2000; Alvarenge Neto, 2008).
According to Choo’s views, the company functioning
as knowledge-based is an enterprise that approaches knowledge
in strategic dimension (1), through the prism of its significance in
a specific context of creation and decision making. The
awareness of the importance of knowledge in a definite dynamic
and complex environment of company functioning, the ability to
search for and interpret appropriate information that allows for
understanding of trends and scenarios of the environment that is
made of customers, cooperating entities as well as competitors
and other entities, constitutes the strategic goal of the company.
Knowledge creation is a process of forming and / or acquiring
knowledge, or information organising and processing for
generation of new knowledge through dispersion and learning in
organisation. Now, generated knowledge, constitutes foundations
for assumptions aiming at creation of new knowledge and
thereby development of new skills and competences inside the
company, and among other participants in the so-called
knowledge-community (community of knowledge), in which the
different entities can be the participants.
Nonaka and Konno are the authors of the concept of
knowledge creation environment (2) (Nonaka, Konno, 1998) and
Nonaka, Tsoukas and Snowden are still its promoters.
Knowledge environment is a context in which knowledge is
created and applied. This environment can have a real nature
(that is office area, organisational units in company and entities

1.Introduction
The concept of intelligent knowledge management
occurred as a result of the process of transformation of traditional
business relationships into specific type of cooperation of
enterprises, based on circulation of knowledge, in most situations
in innovative way, in a wide range of activities. It also concerns
studied companies of the sector of waste collection and recycling,
as well as their partners and customers. Peculiar character of
cooperation is associated with the fact of approaching
information as resource constituting relationships in the network
of enterprises and their customers, which can be successfully
implemented in IT environment. Technological tools enable
smart management of communal waste through effective division
into stream fractions, which consequently allows for separation
of the material for recycling and reuse, management of the
fraction obtained from mechanical-biological waste treatment,
and first, minimising the amount of non-productively stored
waste. Knowledge about chemical composition of packaging
getting into the waste stream, tightens the process of precise
selection.
Commercial use of information automatically
registered by separator scanners of specific fractions of
communal waste is another operational sub-area of smart
knowledge management, i.e. marketing knowledge in this case,
which has been neglected before. Information included in the
barcode is important for identification and registering a specific
type of product. Thereby, it has marketing value, useful in market
research in functional approach to management in a company.
In the studied case, intellectual value (knowledge, skills and
competencies) is created by enterprises, their cooperants and
customers for further satisfaction of target market needs, in at
least three-spherical business model. This model often has
multi-concept, or holistic nature while combining relationship
marketing, supply marketing, integral, internal, systemic,
strategic as well as social marketing. Companies representing the
sector of waste management apply intelligent knowledge-based
solutions which result in interactive formation of market value.

2. Management of knowledge – holistic approach identification of research category and review of
literature
According to one of the first holistic approaches, in
Alavi’s and Leidner’s view, knowledge management is defined
as systematic and specific process of acquiring, organising and
communicating workers’ implicit and explicit knowledge in
organisational terms, for the purpose of increasing effectiveness
of productivity of other involved entities, while showing the
presence of „other entities” of the environment in the process in a
quite concise way (Alavi, Leidner, 1999). KM is more broadly
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in the network), and / or virtual nature (that is the form of e-mail,
videoconferencing, online relations), and / or psychical nature
(that is expressed in ideas and concepts). Knowledge
environment can be created by individuals, task groups, project
teams or informal groups of entities. Knowledge environment is
made of sub-spheres of creation, interaction and dialogue, as well
as systematization and the process using and accessing. This
corresponds to each of the elements of SECI Model by Nonaka
and Takeuchi. The aforementioned concept of knowledge
environment ought to be enhanced by elements inside the
organisation that support creativity. They include trust, tolerance
and care. According to Alvarenga Neto, „favouring conditions”
are necessary on tactical level as an element combining strategic
dimension of knowledge management with its operational
implementation. In this context, knowledge management should
not represent its control, but promoting creation and making it
available within knowledge-based organisation, that is the
ecosystem of knowledge.
IT tools, as well as practices and processes serving
implementation of the concept in actual operations are the third
sphere of holistic model of knowledge management (3), that
provide its intelligent nature. They differ depending on the level
of implementation of knowledge management. This is because
strategic level is focused on formation of knowledge community
(i.e. community of practice/knowledge), space for organisational
learning and tools of strategic concept of knowledge formation.
Operational level rather concerns coordination in implementation
of tasks resulting from strategic concept of knowledge
management, application of competitive competences and market
research.

processing of separately collected green waste and other biowaste, and producing from them a product of fertilising
qualities, or substances supporting plant cultivation that comply
with requirements as determined in separate regulations, or
other material after the process of composting or fermentation
admitted for recovery in the R10 recovery process that meets
the requirements determined in regulations issued on the basis
of clause 30 section 4, or,

landfilling of waste generated in the process of mechanical and
biological treatment of mixed municipal waste and remains
from segregation of municipal waste of the capacity that allows
for reception of waste for the period of at least 15 years, in the
amount not smaller than generated in the facility for
mechanical and biological treatment of mixed municipal
waste2.
Furthermore, the region of municipal waste management
may comprise neighbouring communes of various
voivodeships if it is provided for by voivodeship waste
management plans of these voivodeships.3 Another important
provision of the quoted law concerns introduction of the notion
of transregional facility which can be an incineration plant for
municipal waste with the capacity sufficient for reception and
treatment of mixed municipal waste collected from the area
inhabited by at least 500 thousand residents, that meets the
requirements of the best available technology called
“transregional municipal waste incineration plants”.
The paper applies the methods of conceptual research, and
qualitative empirical research (case study) 4. Analysis of the
literature of the subject as well as research based on secondary
and primary sources was performed.

3. Regional Municipal Waste Treatment Facilities –
legal background for creation of the researched
entities and methodology

Table 1. Basic information about conducted research
Specification

Regional Municipal Waste Treatment Facilities are
described in the Law on waste of 14th December 2012 and the
Directive 2002/83/EC that determines the minimum requirements
for establishment of such an entity. The documents also describe
hierarchical method of waste management through:

prevention of waste generation,

preparation of its reuse,

recycling,

other processes of recovery,

disposal.1
The law provides the possibility to divide voivodeships,
in voivodeship plans of waste management (VPWM) into
regions, if they comply with the minimum requirements as
determined in clause 35 section 5 of the law. It states that the
region of municipal waste management constitutes an area of
neighbouring communes that comprise in total at least 150
thousand inhabitants and is operated by facilities referred to in
section 6. The area of a commune of 500 thousand inhabitants
can also be the region of municipal waste management. New
regulations included in the amendment to the law on waste of
22nd January 2015 define a regional facility for municipal waste
processing as the waste management plant of the capacity
sufficient to collect and process waste from the area inhabited by
at least 120 thousand inhabitants. Also, it must comply with the
requirements of the best available technology referred to in
clause 207 of the law of 27th April 2001 – Environmental
protection law, or technology referred to in clause 143 of this
law, including those applying new available technologies of
waste processing, or providing:

mechanical and biological treatment of mixed municipal waste
and separation from mixed municipal waste the fractions that
are suitable for recovery in whole or in part, or,

1

research
technique

analysis of the literature and sectoral magazines,
analysis of webpages, analysis of sponsored
interviews, direct interviews

sample
selection

targeted selection of typical units

sample size

Leader5 of waste management sector in Region
III, by the criterion of facility machinery and
20 representatives of RIPOK [Regional Municipal
Waste Treatment Facility] in Poland
Over 10 trade webpages related to waste
management sector

geographical
regional range
range
time range
2014-2018
Source: own case study

2

The Act of 27th April 2001. Environmental Protection Law, clause 35,
143 of the Act on waste
3
The Act of 15th January 2015 on amendments to the act on waste and
other acts.
4
Application of the method seems justified because:

research concerns contemporary, dynamic phenomena and
knowledge about these phenomena that is created;

they concern research of actual contexts of these phenomena at
rather large ambiguity of borders between their contexts and the
very phenomena;

the subject of research is too complicated to explain the cause and
effect relationships by means of the survey method or experiment.
(Perry, Ch. 2001; Żabińska, Żabiński, 2007, p. 83),
5
MASTER Odpady i Energia Sp. Z o.o. enterprise [MASTER Waste
and Energy limited liability company], being one of 3 similar
facilities constructed in Poland that have the latest plant ensuring
mechanical and biological treatment of mixed municipal waste and
separation of fractions, from mixed municipal waste, that are
recyclable in whole or in part, of the of the capacity of 120 000
Mg/year. The plant, together with the landfill constitutes an integral
part of communal waste management system in Region III.

The Act of 14th December 2012, Law on waste, clause 17
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For the needs of the research, the entities that have the
status of RIPOK [Regional Municipal Waste Treatment Facility]
by the criterion of indication by a leader and position according
to secondary sources of the sector were selected for the analysis
of expanded case study6.

basis for the analysis of overconsumption, deficiencies and
wastage. Three subspheres of smart model of knowledge
management are linked with knowledge diffusion, expected from
operational point of view of each of them, and complementary
with applied technological solutions.

4. Business model based on intelligent management
of knowledge and competences in enterprises of the
waste management sector

5. Information as municipal waste marketing value
The information contained in, or on waste, that
constitutes the stream, and is obtained by an enterprise of studied
sector can be used effectively to streamline the selection process,
on the level of segregation of raw material to be processed or
sold. Furthermore, they can provide information about buying
and consumption behaviours of creators/suppliers of waste
stream.
According to the Ordinance of the Minister of the
Environment on packaging design patterns of 23 April 2004, the
marking of the packaging of goods is determined by their
chemical composition. The packages which have a significant
environmental impact have been distinguished. This allows for
identification, with the use of optoelectronic and laser separators,
of waste streams for example for pyrolysis, self-depolymerisation
or sales on the secondary market. The most important markings
are shown in table 2.

The information and knowledge acquired for the
competent, multi-faceted and multi-concept activities of waste
sector entities establish systemic relationships with stream
providers in the process of direct and indirect knowledge
diffusion in the subsystem of interactive relations with these
entities (Figure 1). Intraorganisational knowledge and
competences for implementation of effective technologies foster
smart segregation and waste processing operations, which is the
aim
of
waste
commercialization
and
knowledge
commercialisation, in relations with recipients of processed waste
and raw materials, as well as marketing agencies. This
knowledge can offer the extra marketing value for firms and their
cooperants (Sztangret, 2016a). In the model, knowledge is a
linking element between systemic customer relationships and
waste stream suppliers in direct and indirect way, through policy
implemented by municipal authorities within the guidelines of
the Act on Maintaining Cleanliness and Order in Municipalities,
and thanks to interactive educational and promoting actions, most
often in IT environment. Knowledge is a determinant of effective
logistic processes including the intraorganisational ones when
parameters of appropriate waste streams, desired because of
applied technological solutions in the plant are determined.
Interprocessing of technological knowledge enables meeting
customer needs in relationships with recipient of raw materials on
secondary market, which is a symptom of integral marketing
concept of these entities. Furthermore, it is a method of very
aware and committed implementation of social marketing
concept following the concept of sustainable development of
studied entities. Social dimension of knowledge management in
entities of the sector is also important because of creation of
broadly understood eco-value and eco-awareness in two further
subareas of the model, including such and image in strategic
perspective. Moreover, the information acquired on the basis of
analysis of collected waste is starting to gain new commercial
dimension and offers a broad area for cooperation on functional
level of management, i.e. marketing research. Garbology is the
area that is still not enough appreciated by entities of both
sectors. Marketing knowledge about and from customers,
included in the structure of generated waste may constitute the
basis for marketing decisions of product suppliers, but also the

6. Summary
Knowledge is a linking element in customer
relationships, but also a determinant of efficient logistics
processes, including intraorganisational ones, in formulating the
parameters of appropriate waste streams, desirable because of
technological solutions used in the plant. The knowledge
acquired in this way provides the material for the concept of
integral marketing of these entities, in their relations with the
recipient of raw materials, on the secondary market. In addition,
obtained information based on the analysis of acquired waste
starts to gain a new commercial dimension and opens a broad
field of cooperation on functional basis of management, i.e.
marketing research. It is not enough appreciated by entities of
both sectors yet.
The social dimension of knowledge
management of the sector actors is also important, given the
creation of broadly understood eco-values and ecoconsciousness, as well as its image, in the long perspective, in
technologically engaged environment of knowledge diffusion.
It can be stated that the outlined three-sphere Business model
based on intelligent management of knowledge and competences
in enterprises of the waste management sector is of innovative
and prospective characteristics, which encourages further
research analyses in this area.
Waste Transfer Card (KPO) is another source of
information and intraorganisational knowledge, also offering the
possibility of its commercial use. This card is the evidence for
appropriate disposal of waste by the entity / supplier of the
stream, while omitting a natural person, at entitled recipients,
according to the waste code as specified in the Code Catalogue7.
The waste catalogue divides the waste according to the source of
its formation into 20 groups as shown in table 3.

6

Sample selection was performed on the basis of leader’s
indication and on the basis of indications in final report of III
stage expert opinion aiming at performance of waste examination
in 20 waste mechanical and biological treatment plants financed
from resources of the project no POPT.03.01.00-00-375/13-00,
„Wsparcie na działania sieci organów środowiskowych i
instytucji zarządzających funduszami unijnymi” “Partnerstwo:
Środowisko dla Rozwoju” [“Support for activities of the
environmental networks and institutions managing EU funds.”
“Partnership: environment for development”] in 2014 from
Resources of 2014 Technical Assistance Operational Programme
2007-2013 within Priority III – Support for execution of
structural funds operation; Action 3.1. – „Functioning of
institutions involved in NSRF”. Executor: Consortium:
Uniwersytet Zielonogórski i Zakład Utylizacji Odpadów Spółka z
o.o., [University of Zielona Góra and Waste Disposal Facility
limited
liability
company]
Zielona
Góra
2015,
www.ekspertyzambp.com.pl (online: 1.12.2016).

7

Regulation of the Minister of the Environment of 27 September
2001 on the waste catalogue - Dz.U. [Journal of Law] No.
112/2001, item. 1206
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THREE-SPHERE BUSINESS MODEL BASED ON INTELLIGENT MANAGEMENT
OF KNOWLEDGE AND COMPETENCES IN
ENTERPRISES OF THE WASTE MANAGEMENT SECTOR

SUBAREA OF DIRECT AND
INDIRECT
RELATIONSHIPS
(commune, business entity,
household)
1/ subordination of the
guidelines of the law on
maintenance of cleanliness and
order in municipalities;
2/ streamlining of logistic and
processing processes through the
involvement of mobile
applications and BAT and BREF
3 / creation of social
responsibility environment of
business entities
4 / implementation of basic
processes by ecological
education (segregation)

SUBAREA OF
INTRAORGANISATIONA
L KNOWLEDGE FOR
IMPLEMENTATION OF
EFFECTIVE PROCESS OF
WASTE SELECTION AND
PROCESSING

SUBAREA OF
KNOWLEDGE
COMMERCIALISATION

1/ thermal conversion of waste
2 / mechanical and biological
waste processing
3 / composting
4 / depolymerisation
5 / biodrying
6 / storage
7 / hydromechanical
segregation
8 / autoclaving

1/ marking of chemical
composition of packages
2 / waste transfer card
(KPO)
3 / bar code on the label
4 / "garbology"

PLATFORM OF INTRAORGANISATIONAL , RELATIONSHIP/NETWORK
AND COMMERCIAL KNOWLEDGE
OF THE COMPANY

Fig 1 Business model based on intelligent management of knowledge and competences in enterprises of the waste management sector
Source: own case study
Table 2. Marking of packaging by chemical composition
composition
marking
aluminium, found in for
example cans and
disposable crockery

low density polyethylene LDPE, PELD, which is
contained in plastic bags

polypropylene - PP, used for
example in foam insulation,
floor coverings, toys,
household appliances

polyethylene terephthalate PET, found for example in
plastic
bottles, dishes, packages,
and housings of household
appliances

Polystyrene - PS, contained
for example in Styrofoam,
fancy goods and toys

high density polyethylene PEHD, HDPE, used for
example for production of
foils, packaging, garbage
bags, sewage pipes,
rainwater tanks and garbage
containers
polyvinyl chloride - PVC,
contained for example in
syringes, liners and
insulation of cables

Source: Ordinance of the Minister of the Environment on
packaging
design
patterns
of
23
April
2004;
http://wlaczoszczedzanie.pl/znaki-ekologiczne/oznaczeniaproduktow-ekologicznych/oznaczenie-opakowan-ze-wzgledu-nasklad-chemiczny/ (online: 15.03.2017)
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by the manufacturers, and the control digit confirming the
correctness of the scan. The digital representation of what the
code contained is intended to allow to manually enter the code, if
the reader is unable to read the information. The code has the
informational value when it is automatically read by the
electronic reader (laser, diode or camera), which allows for the
product to be identified.
On the other hand, the information from the analysis of
"trash can content” (the so-called garbology8 analysis") refers
to household shopping and consumption habits, which can be the
subject of comparative analysis in the category of the subject
(residential and non-residential areas, including industrial areas),
geographic location (international, regional, local), territorial unit
(city, village), type of residential unit (single or multi-family
buildings), or time, with the distinction of "special periods" (e.g.
holidays, holidays period etc.). Analysis of the content of trash
can may concern:

the structure of purchased and consumed goods in the
household, by residents of a building, estate, district,
companies of their groups, in a specific area;

eco-habits, manifested in purchasing behaviour and
tendency to segregate waste;

quantity of consumed / consumed good of a specific
category, in a given unit of time and the amount of single
purchase expressed for example by the size of the package;

intensity of consumption, expressed as the time of filling the
trash and the frequency of emptying;

social level of the household;

information about consumer habits concerning consumption
of highly processed products or products / raw materials;

information about preferences regarding local, national or
foreign product preferences;

the degree of waste of purchased products: food, household
and TV appliances and electronics.

Table 3. Catalogue of waste by groups
Waste type
marking
waste arising from the search, extraction, physical and
01
chemical processing of ores and other minerals
agricultural, horticultural, hydroponic, fishery,
02
forestry, hunting and food processing waste
waste from wood processing and from the
manufacture of boards and furniture, cellulose pulp,
03
paper and cardboard
waste from the leather, fur and textile industries
04
waste from crude oil processing, natural gas
05
purification and pyrolytic coal processing
waste from the manufacture, preparation, marketing
06
and use of nonorganic chemical products
waste from the production, preparation, marketing and
07
use of products of the organic chemistry industry
waste from the manufacture, preparation, marketing
and use of protective coatings (paints, varnish,
08
ceramic enamels), putty, adhesives, sealants and
printing inks
waste from the photographic industry and services
09
waste from thermal processes
10
waste from chemical treatment and coating of metals
and other materials, and from non-ferrous metal
11
hydrometallurgical processes
waste from shaping and physical and mechanical
12
processing of metals and plastics
waste oils and liquid fuel waste (excluding edible oils
13
and groups 05, 12 and 19)
wastes from organic solvents, coolants and
14
propellants (excluding groups 07 and 08)
packaging waste; sorbents, wiping cloths, filter
materials and protective clothing not included in other
15
groups
waste not included in other groups
16
waste from the construction, repair and dismantling of
buildings and road infrastructure (including soil and
17
soil from contaminated sites)
medical and veterinary waste
18
waste from installations and equipment for the
management of waste, sewage treatment plants and
19
the treatment of drinking water and water for
industrial purposes
municipal waste including selectively collected
20
fractions
Source: Regulation of the Minister of the Environment of 27
September 2001 on the waste catalogue (Dz.U. [Journal of Law]
2001.112.1206).
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objecting the importance of training national staff at the foreign
universities. Similarly, we support the idea and practice of academic
mobility. In this context, it is necessary to develop and enhance
training of specialists in Ukrainian universities. And this requires
the correct approach to evaluating and developing ratings of the
domestic universities, as well as comparing the result of their
activities with the foreign ones.

1. Introduction
The investigation of universities activities, and in particular the
education quality, has many dimensions [1-3]. Training programs
and plans are being examined. Also, the researches of the
educational services marketing are interesting [4]. There are
realized special studies regarding the education quality [5].
Entrants, who are selecting the educational institution in order to
obtain the university education, are particularly interested in the
results of researches related to the education quality in universities
of different countries [6-11]. When comparing the education at
universities across countries, such aspects are separated as the
university’s image for providing further employment [12-13], as
well as educational opportunities at the lowest cost [14-15]. A
separate point must be made about studying the universities ratings,
where the result of researches with wide spectrum are being
consolidated [16]. There are a lot of ratings that somehow reflect
the educational and scientific activities of universities. But the key
goal of these rating systems is to substantiate the advantages of
some universities over the others. In other words, ratings are being
used for the further marketing conclusions that are addressed to the
potential entrants. However, the universities goals are rather aimed
at applicants of post-graduate course and potential research
workers. This very contingent is already versed in rating activities.
And more importantly, the future post-graduate students can bring
new ideas into investigates, which the holder of master’s degree is
better informed in than the applicant of bachelor’s degree.
Consequently, both the ratings, which are the synthesized
investigation results, and the researches across the separate factors
of universities educational activities, in large amount, are pointed to
persuading the potential consumers of education services in
activities advantages of the certain higher educational
establishments. In order to compare the educational activities of
universities, they use various indicators. Instead of this, to convince
the applicants for the bachelor’s degree, that is, graduates from
schools, gymnasiums, lyceums, as well as their parents, they use
such concepts as ―cheap education‖, ―bad education‖ [17]. In this
case, in particular, it is commonly believed that educational services
are better in those universities where the price for educational
services is higher. Comparison in such cases is carried out directly,
for example, in the Euro currency or in US dollars.
This research is dedicated to discussing the problem of
comparing the education quality by evaluating the educational
services value and the abilities of consumers to pay these services
cost. The implementation of ―INDUSTRY 4.0‖ in Ukraine is
possible only in the conditions of the wide staffing base existence.
With this aim, it is a necessity to train the workforce in Ukrainian
universities. The latter requires understanding of the fact that the
value of education service needs to be evaluated not only within the
direct comparison and transfer the education services cost from
hryvnias to Euro or US dollars at the exchange rate. It is worth
understanding that the value of education services, like the cost of
other services and goods, should be always compared with the
income of potential consumers in every country. We are not

2. Prerequisites and Instruments for Solving the
Problem
Education services are an important component of the activities
of all the educational establishments and all levels of accreditation.
However, for universities that are ought to work not only under the
state order, but also in terms of payment of such services by
individual persons and legal entities, the question of covering costs,
related to education services provision, is extremely important.
Recently, the mentioned problem has become particularly acute.
There arises the need to increase the remuneration of teachers and
the auxiliary personnel. The tariffs for public services are being
raised. The facts, mentioned above, requires ever-increasing amount
of expenditures from universities. But an income of individual
persons interested in receiving the education services, and so
obliged to pay for them, is growing much slower.
Let us present data on expenditures. The prime example of
changing the wage costs is a dynamic of minimum wages (Table 1),
related to all the citizens of Ukraine. We have adopted the changes
in the minimum wages exactly because they are similar for all
territories of Ukraine. At the same time, the amount of the average
wages is different in various regions.
Table 1: Changes in the amount of the monthly minimum wages
during 2014-2018 *
The date, on
The
Index**
which the minimum amount of of minimum
wages is shown
minimum
wages, %
wages, UAH
01/01/2014
1218.00
01/01/2015
1218.00
100.00
01/01/2016
1378.00
113.14
01/01/2017
3200.00
232.22
01/01/2018
3723.00
116.34
Draft at
4173.00
112.09
01/01/2019
Notes:
* according to [18]
**the minimum wages index is shown as ratio to the previous
period, represented in a table.
Data from Table 1 indicates obviously of insignificant changes
related to the minimum wages increase. It is well-known that the
jump of the minimum wages amount in 2017 only slightly
smoothed things over. This situation was that there appeared a
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significant gap among the dynamic of prices and tariffs and the
dynamic of a subsistence level, the minimum wages dynamic.
One more important factor, although not the largest by the
absolute value, is changes in electricity tariffs (Table 2). We have
taken electricity tariffs for dormitories, since they coincide with the
tariffs for the population, among which there are also consumers of
educational services. Here it is important to understand that in
addition to higher education institutions (HEIs), which conduct
calculations with power engineers, the same calculations are carried
out by families of students - direct recipients of educational
services, among which there are many residents of dormitories.
That is, the family, on the one hand, pays for electricity in its
premises, and on the other hand, it pays for electricity in the
dormitory where its student lives. In other words, the expenses of a
family while teaching her child at the university are increasing.

To answer this question, it is worthwhile to analyze only for some
examples the amount of tuition fees at universities in Ukraine
(Table 4).

Table 2: Changes in electricity tariffs for dormitories and
population during 2014-2018*
The date, on
The amount
Index**
which tariff
of tariff
of the tariff
payments are
payment, UAH
payments
shown
kopecks/kWh.
amount, %
06/01/2014
30.84
04/01/2015
36.6
118.68
09/01/2015.
45.6
124.59
03/01/2016
57.0
125.00
09/01/2016
71.4
125.26
03/01/2017
90.0
126.05
Notes:
* according to [18]
**the electricity tariff payments amount index is shown as ratio
to the previous period, represented in a table.

Table 4: The annual tuition fees for economic specialties at
universities in Ukraine *
Universities of Ukraine
Annual tuition
fee, thousand UAH
/ per year, 2018
1) Oles Honchar DNU
12.700
2) Taras Shevchenko NUK
33.430
3) KNEU
24.500
4) KNUTE
15.730
5) IFNUL
14.115
6) LPNU
9.000
7) ONU
15.028
8) ONEU
13.050
9) KhNEU them. S.
16.400
Kuznets
Notes:
*According to data of the following universities:
1)
Oles Honchar Dnipro National University
2)
Taras Shevchenko National University of Kyiv
3)
Kyiv National Economic University named after Vadym
Hetman
4)
Kyiv National University of Trade and Economics
5)
Ivan Franko National University of Lviv
6)
Lviv Polytechnic National University
7)
Odessa I.I. Mechnikov National University
8)
Odessa National Economic University
9)
Simon Kuznets Kharkiv National University of
Economics

The dynamic of electricity tariff payments indicates its steady
growth. This requires the universities to increase permanently their
costs. Electricity is spent not only for lightening the classrooms and
spaces in campus and dormitories, since it is also necessary for
conducting laboratory exercises and research, develop prototypes of
materials, instruments, machines and mechanisms developed by
scientists at universities.
It is interesting to compare the data obtained regarding changes
in minimum wages with the real wage index within the studied
periods (Table 3).

The data from Table 4 show that university tuition fee on
economic specialties, which in recent years have been one of the
most popular among applicants, exceeds the minimum wage. Of
course, this should not be considered as some kind of complete
anomaly. However, the situation when the annual minimum wage is
equal to the annual tuition fees indicates a difficult environment for
providing university education to children from low-income
families. In Ukraine, individual examples are well-known, when not
only good specialists with a university education, but also eminent
scientists came out of low-income families.

Table 3: The comparison of changes in minimum and real
wages during 2014-2018 *
The date, on
Index of the
Index of the
which the minimum
minimum wages,
real wages per
wages is shown
shown as ratio to
year, %
the previous period
(represented in a
table), %
01/01/2014
86.5
01/01/2015
100.00
90.1
01/01/2016
113.14
106.5
01/01/2017
232.22
118.9
01/01/2018
116.34
100.8
(Forecast)
Draft at
112.09
01/01/2019
Notes:
* according to [18]

3. Solution of the Examined Problem
In order to solve the examined problem, it is necessary to
𝑒𝑑
simulate the corresponding indicator (𝐸𝑥𝑚𝑖𝑛
). It is inadvisable to
rely, for comparison, on determining only the value of educational
𝑒𝑑 )
services. We propose to compare the costs for education (𝑃𝑟𝑦𝑒𝑎𝑟
with an income of citizens, which are the potential consumers of
education services. In particular, let us take the minimum wages
𝑝𝑒𝑟
(𝑊𝑔𝑚𝑖𝑛 ) as an income indicator in this research. Then, the
proposed indicator will look as follows:
𝑒𝑑
𝐸𝑥𝑚𝑖𝑛
=

𝑒𝑑
𝑃𝑟𝑦𝑒𝑎𝑟
𝑝𝑒𝑟

𝑊𝑔 𝑚𝑖𝑛

,

𝑒𝑑
𝐸𝑥𝑚𝑖𝑛
– expenditure for education with minimum
𝑒𝑑
𝑃𝑟𝑦𝑒𝑎𝑟 – price for education per year, €;
𝑝𝑒𝑟
𝑊𝑔𝑚𝑖𝑛 – minimum personal wages per year, €.

wages, point;

Thus, to determine the proposed indicator, the one should
perform the following calculation algorithm.
First, we define the costs of educational services and income of
Ukrainians. For comparability of such indicators, a single value
should be taken for the whole country. This value is the minimum
wage.
Secondly, we determine the costs of educational services and
revenues for the countries, which we are comparing with, in
particular for Bulgaria and Austria.
Thirdly, we compare calculated indicators for Ukraine with
those of Bulgaria and Austria.

As we can see from Table 3, the minimum wage index differs
significantly from the real wage index, which indicates an increase
in the value of the minimum wage against the background of a
slight increase in real wages. As is known, it is real wages that give
an idea of the purchasing power of the population, among which
there are educational services consumers. And if the minimum
incomes of people grow by even more than 2 times, as shown for
2017, then real incomes grew only 1.1 times. Is this 10-percent
growth enough to cover the cost of paying for educational services?
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Table 5: University tuition fees by the example of specialties in
economics and management
Country
Average
Average
Ratio of
annual
annual
the tuition
tuition fee,
amount of
fees to
UAH
wages,
wages, %
UAH**
Ukraine
Lviv Region
9000.0*
78024.0
11.53
0
National
27000.0
132876.
20.32
University
of
0*
00
―Kyiv-Mohyla
Academy‖
Notes:
*Average annual tuition fee for the bachelor’s level. For Lviv
region, the equivalent in Euros is 300,00 €. For the National
University of ―Kyiv-Mohyla Academy‖, the equivalent in Euros
accounts for 900,00 €.
**Average annual wages (gross, before the tax payment) in
Ukraine is taken according to the Ukrstat statistical data for August
2017: Lviv region – 6502.00 UAH per month; Kyiv – 11073.00 00
UAH per month.

In addition, Table 6 represents data on the number of students in
certain universities for the further determination of average pay
rates. Data on the students’ number is taken from the official
websites of universities and Wikipedia. Of course, these data are
approximate and may not fully correspond to the number of
students on a specific date. Instead, it should be mentioned that the
number of students is always a variable value. This is due to the
constant migration of students, which is explained by their
academic mobility, exclusions because of the academic failure and
other factors.
The calculation of the average annual tuition fees for Austria
will be obtained by means of weighted average value, where the
weighting factor is the number of students at the university.
1)
First, we determine the total amount, paid by students, as
the sum of multiplies of tuition fee at a particular university and the
number of students at that university:
1453.44 х 20000 + 764.12 х 79300 + 1453.44 х 23000 +
726.72 х 3600 + 726.72 х 2000 + 1452.00 х 10000 + 1453.44 х
310 + 726.72 х 18036 = 29 068 800.00 + 60 594 716.00 +
33 429 120.00 + 2 616 192.00 + 1 453 440.00 + 14 520 000.00
+
450 566.40
+
13 105 318.32
=
89 663 516.00
+
+
15 973 440.00
+
13 555 884.7
=
36 045 312.00
125 708 828.00 + 29 529 324.7.00 = 155 238 153.00€
2)
Now we determine the total number of students studying
in all the examined universities in Austria:
20000 + 79300 + 23000 + 3600 + 2000 + 10000 + 310 +
18036 = 156246 students
3)
We define the average annual amount of tuition fees
when dividing ―the general amount paid by the students per year for
the education services delivery‖ by ―the number of students that are
studying at all researched Austrian universities‖:
155 238 153.00: 156246 = 993.55 €/year
4)
To compare with the tuition fees in Ukraine, let us
determine the equivalent amount in hryvnias under the certain
exchange rate of Euro to UAH. The amount of 993,55 €/ per year
under the exchange rate of 31,1( https://minfin.com.ua/ua/
currency/eur/ ) hryvnias per year, is an equivalent to 30 899,405 ₴
per year (UAH/year).
Now we will carry out similar calculations for universities in
Bulgaria. Data on tuition fees on the specialties of economics and
management in some of the leading universities in Bulgaria are
shown in Table 7.

Determining the average annual tuition fee for Austria requires
a study of tuition fee for a certain number of leading Austrian
universities. In general, it is worth noting that education in public
educational establishments is free both for Austrians and for
foreigners. However, students are required to pay a semester fee.
This contribution may be of varying sizes in different universities.
At the Technical University of Wien (WTU) students pay the
semester contribution that is equal to 726,72 € per a half-year. At
the Wien University (WU) Ukrainian students are ought to pay
382,06 € per half-year as the semester fee. At Wien Economic
University (WEU) students contribute 726,72 € as a semester fee.
The tuition fee at University of Applied Sciences Wiener Neustadt
is 363,36 € per half-year, and the student trade-union contribution is
estimated at 19,20 € / semester. Talking about the University of
Applied Sciences of Kärnten, students pay 363,36 € as a semester
fee. At University of Klagenfurt (UKlf) students pay the semester
fee equal to 726,0 € per half-year. Lauder Business School, which is
private, provides free education, although students are ought to pay
the semester fee in the amount of 726,72 € per half-year. Students at
Johannes Kepler University Linz are obliged to pay the semester fee
equal to 363,36 € / semester.
The results of such a study, recalculated per average annual
value, are generalized and presented at Table 6.

Table 7: Tuition fees at universities of Bulgaria, by the example
of specialties in economics and management
Country
Average
Number of
annual tuition
students, people
fee*, Euros €
Bulgaria
Sofia
3450.00
14000
University
―St.
Kliment
Ohridski‖
Technical
3000.00
1100
University
of
Sofia
Technical
2500.00
7000
University
of
Varna
University of
2500.00
11000
economics
Varna
Varna
Free
3000.00
10000
University
Plovdiv
3000.00
1300
University ―Paisii
Hilendarski‖
Burgas Free
3000.00
7500
University
Notes:
* Average annual tuition fee for the bachelor’s level, according
to data of the Bulgarian universities

Table 6: Tuition fees at universities of Austria, by the example
of specialties in economics and management
Country
Average
Number
annual tuition
of students,
fee*, Euros €
people
Austria
Technical University of
1453.44
20000
Wien.
WTU
Wien University WU
764.12
79300
(bachelors
)
Wien Economic University.
1453.44
23000
WEU
University of Applied
726.72
3600
Sciences Wiener Neustadt
University of Applied
726.72
2000
Sciences of Kärnten
University of Klagenfurt
1452.00
10000
UKlf
Lauder Business School
1453.44
310
BUW
Johannes Kepler University
726.72
18036
Linz JKU
Notes:
*Average annual tuition fee for the bachelor, according to data
of the Austrian universities

Calculation of the average annual tuition fees for Bulgaria will
be held similarly as for Austrian universities, through the weighted
average, where the weighting factor is the number of students at the
university.
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determine solvency as the value of wages. At the same time, we
consider it expedient to choose the minimum wage when
determining the proposed indicator for international comparisons.
Let us determine the values of the simulated and proposed by us
indicator of the ratio of the tuition fee and the minimum wage as a
possible characteristic for the cross-country comparison of
universities by value indicators.

1.
First, we determine the total amount, paid by students, as
the sum of multiplies of tuition fee at a particular university and the
number of students at that university:
3450.00 х 14000 + 3000.00х 11000 + 2500.00 х 7000 +
2500.00 х 11000 + 3000.00 х 10000 + 3000.00 х 1300 +
3000.00 х 7500 = 48 300 000.00 + 33 000 000.00 + 17 500
000.00 + 27 500 000.00 + 30 000 000.00 + 3 900 000.00 +
22 500 000.00 = 81300000.00 + 45000000.00 + 33900000.00 +
22500000.00 = 126300000.00 + 56400000.00 = 182 700 000.00
€
2.
Now we determine the total number of students studying
in all the examined universities in Austria researched:
14000 + 11000 + 7000 + 11000 + 10000 + 1300 + 7500
= 61800 students
3.
We define the average annual amount of tuition fees
when dividing ―the general amount paid by the students per year for
the education services delivery‖ by ―the number of students that are
studying at all researched Bulgarian universities‖:
182 700 000.00 : 61800 = 2956.31 € per year
4.
To compare with the tuition fees in Ukraine, let us
determine the equivalent amount in hryvnias under the certain
exchange rate of Euro to UAH. The amount of 2956,31 € per year
under the exchange rate of 31,1( https://minfin.com.ua/ua/
currency/eur/ ) hryvnias per year, is an equivalent to 91 941,241 ₴
per year (UAH/year).
Let us determine the minimum wages calculated per year for
each of the countries.

Table 10: Tuition fees at universities in comparison with the
annual minimum wages amount*
Countri
Average
Minimum
Ratio
es,
annual tuition
wages within
of the
monetary
fee **
the country in
tuition fees
units
2017,
and wages,
(gross,
monetary
%
before
units
taxes)
Austria,
Euros
Bulgari
a, Euros
Ukraine
,
Lviv
region,
UAH
Ukraine
,
KyivMohyla
Academy,
UAH

993.55

18000.00

5.52

2956.31

3120.00

94.75

9000.0

44676.00*
**

20.15

27000.00

44676.00*
**

60.44

Table 8: Minimum wages within the researched countries,
calculated per month and per year, respectively
Country
Minimum
Date (period), at which
, monetary
(gross) wages per
the amount of wages has
units
month / per year
been determined, and the
literary source

Notes:
*Calculated buy the authors
** Average annual tuition fee for the bachelor’s level
***Average annual amount of wages (gross) in Ukraine was
taken according to the Ukrstat statistical data on August 2017.

Austria,
€ (Euros)
Bulgaria
, € (Euros)
Ukraine,
₴ (UAH)

It follows from the calculations that, despite significant
differences in absolute values of tuition fees, the cost of educational
services at universities in Ukraine is significantly higher compared
to income of Ukrainians.
So, comparing the cost of education in different countries, it is
necessary to take into account not so much the hryvnia exchange
rate, but the ratio of the fee offered by universities to the income
received in a particular country.
Also, an important aspect of domestic comparisons should be
considered regional differences in the parameters indicated and
studied by us. Obviously, when getting less income in the Lviv
region is not worth raising prices for studying in Lviv universities to
the level of Kyiv ones.

1500.00 /
18000.00
260.00 /
3120.00
3723.00 /
44676.00

July 2018 [19]
2018 [20]
May 2018 [18]

Let us determine the average annual tuition fees for each
country (Table 9). As the data from Table 9 shows, the lowest
annual amount of tuition fee is in Ukraine. This is explained by the
national ratios of prices and tariffs with Ukrainian income. Slightly
more sum is characteristic for universities of Austria. However, the
state policy of financial support for universities makes the costs for
consumers of educational services quite small. The most expensive
from the three countries studied is the education at universities in
Bulgaria and it can also be explained by the national policy of
education financing. But a direct comparison of the education cost
in universities of the compared countries is, in our opinion, not
objective enough. After all, such a direct comparison does not
consider the solvency of potential consumers of educational
services.

4. Results and Discussion
The implementation of INDUSTRY 4.0 ideas in Ukraine
requires appropriate staffing. Undoubtedly, the quality of education
is placed high on in this context. Training of highly qualified
personnel for Ukrainian enterprises should take place both in
Ukrainian universities and in foreign ones. At the same time, it is
important to bear in mind that in Ukrainian universities, training at a
lower cost provides for obtaining at least equally qualified
specialists. Obtaining knowledge and skills on innovative
technologies is possible as a result of the active introducing the
academic mobility of students and teachers of Ukrainian
universities.

Table 9: Comparison of the annual tuition fees in Austria,
Bulgaria and Ukraine *
Countries
Annual tuition fees
Euros
UAH
Austria
993.55
30 899.405
Bulgaria
2956.31
91 941.241
Ukraine:
Lviv region
300.0
9000.00
National University of
―Kyiv-Mohyla Academy‖
900.00
27000.00
Notes:
*Calculated by the authors

5. Conclusions
The key idea of the study is the proposal of a new characteristic
for international comparison of the university’s educational services
quality - the simulated indicator of the ratio of tuition fees to the
minimum wage in the country. Such a minimum wage can act as a
characteristic of the solvency of educational services consumers.

To overcome this drawback, we will simulate an indicator that
should take into account not only the educational services costs, but
also the solvency of entrants and their families. We propose to
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BUSINESS SUCCESS OF INCUBATED STARTUPS
Ing. Richard Bednár, PhD.
richardpapa@gmail.com
Abstract:. A startup is starting an innovative enterprise that has in establishing greater business risk and successful beginning is likely
its rapid growth. Exponential growth is an attraction for many investors who are actively searching for new startups and investing in them
with the hope of going to be another Google, Facebook or Twitter. The paper describes the incubation program of WAYRA, which is one of
the world's largest business incubators. We have been dealing not only with the exited startup but also with the currently incubated WAYRA
CEE in Prague. We evaluate their potential, strengths and weaknesses, opportunities and threats in the discussion. 1
Keywords: STARTUP, WAYRA, INCUBATION, INVESTOR

1. Introduction

4. Results

The development of new technologies and the rapid
development of the Internet have brought the trend of global
businesses that have managed to sell their products and services
throughout the world over a short period of time. These businesses
are called startups. According to the Euroekonom Portal, start-up is
the organization that is currently in the process of establishing a
new product (service). A typical example of startup is the so-called
new technology-based companies whose core business is the
development, marketing or use of equipment or technology.
(Euroekonom, 2014) The Ministry of Finance of the Slovak
Republic defines startup as a "newly established enterprise or
foundation enterprise that attempts to materialize or materialize a
certain idea into a product form, the added value of which lies in the
exceptional market and the solution of a problem not yet known". In
the long run, such an enterprise must be scalable. This means that
its products and services start to be produced to a large extent to
address the shortage of the widest social group or have the potential
to have a rapid economic impact. The startup product or service
must have a technology and / or research base, must use IT for
branding, product / service development, and must address services
that have a chance to succeed in market conditions from the start of
business in the interest of clients. (Buchlakova, 2014) We think
startup is any start-up company that already exists on the market
and shapes the blue ocean in the industry, has a higher business risk
compared to a standard firm in market setting, and is likely to grow
rapidly after a successful start.
The main objective of the research was to describe the business
models of startups incubated in Wayra Academy, identify their
strengths and weaknesses as well as the opportunities and threats of
the market. Another goal was to make an estimate of their potential.
Some of the startups have already succeeded in establishing
themselves on the market and others are still in the experiment stage
and their success is uncertain. Data were gathered from personal
interviews directly from startup founders, conferences,
presentations to investors, and online resources.

Wayra is an incubation program (2014) funded by investors,
the most significant of which is Telefónica Digital. Wayra was
founded in 2011 in Latin America, where it met with great success,
and a year later came to Europe. Its goal is to support innovation
and talent search in Latin America and Europe. The program
specializes in Internet and Communication Technologies (ICT).
This global accelerator helps entrepreneurs with development and
provides the necessary technology, mentoring, inspiring work
environment and financing. Currently it operates in Argentina,
Brazil, Chile, Columbia, Mexico, Peru, Venezuela, Ireland, the UK
and the Czech Republic. It is one of the largest acceleration
programs in the world. Registering entries for more than 20,000
startups, of which 315 were incubated. Wayra has invested € 43
million to date, of which € 13 million was provided by Telefónica,
and € 30 million was external financing.
In the Czech Republic, Wayra CEE is a well-known accelerator
based in Wenceslas Square in Prague. Startup offers an eight-month
mentoring program, open-office, an investment of € 40,000, and
access to 300 million customers. This requires a 5% stake in
business. Money is designed to develop the product; the cost of the
whole team must be covered from savings or other sources.
The first group of ten startups was incubated at Wayra CEE
Academy from April 2013 to February 2014. Of these, 9 were
Slovak and one Czech. According to Wayra's managers, Slovaks
appear to be more prey with a greater risk.
Big Launcher (Details of BL, 2014) is an alternative Android
interface with optimization for people with worse eyesight, reduced
motoring or less technical skills. It is taught especially for seniors.
The design is characterized by large buttons, contrasting colors and
large fonts. After unlocking the user's phone, a simple screen is
waiting for basic choices and information about time, date, battery
status and signal. At the same time, there is a direct screen option to
enter a call, SMS interface, camera, or gallery. However, the
number of areas can be changed to accommodate the main screen.
Font and contrast options are also adjustable. (Dolejš, 2014) The
whole system is focused on the basic features of the phone. It is
available in 40 languages.
It all started (Zaharia, 2014), when the cell phone of one of the
founders went wrong and wanted to buy a new one. At that time,
there were not many phones for seniors. The ones available were so
ugly and less user-friendly that they did not want them. She needed
just a few features like messages, call, internet, and camera. Tolo
quite a lot of Android phones, so the founders decided to create a
simple platform available to the general public. They worked on it
during the weekends. BigLauncher has won the Vodafone Smart
Accessibility Awards 2011 and WebExpo Start-up Show 2012. To
date, it has 50,000 downloads (Details of BL, 2017).
Strengths: simple implementation on advanced Android, low price,
applicability to any smartphone with Android, high quality
processing, clear definition of the target group
Weaknesses: applicability only for Android
Opportunities: aging population, especially in CEE, expanding the
use of smartphones in the 65+ target group
Threats: Samsung and its new platform
Datamolino (2017) is a b2b startup that simplifies accounting.
In the world, 100 billion invoices are created per year (Wayra

2. Aim of the paper
The main aim of the research was to identify the factors leading
to the success of incubated startups. The result has been to create an
overview of the those startups, which were incubated and tried to be
successful. We divided the main goal into testing three hypotheses
in which we analyzed possible success indicators:
1.
2.

3.

Incubation program Wayra helps startups and bring
measured success.
Startups do now know how to correctly estimate
customer, target group and market potential in the
industry.
Successful startups has the same features.

3. Methodology
In the first phase we compared current knowledge in scientific
literature, using resources in the ScienceDirect, Springer and RePEc
databases and Google Scholar Search. Afterwards we analyzed
startups, which were in program Wayra in years 2014-2016
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Global 2017),of which 16 billion in the EU. According to the
founder, if he has 200 clients, he produces about 10,000 invoices
per year. When posting, each invoice must be manually overwritten
by the computer, causing approximately 10% of errors. At the same
time, this transcript of 12 people takes 5 days.
The first idea of the founders was to add QR codes to invoices,
but this method was unrealistic for many businesses. Later Andrej
Glézl and Ján Korecký created the Datamolino system, which is the
optical recognition of symbols and their transformation into digital
form. The entire process is set up so that the company sends its
invoices to Datamolina, they are processed and data is linked
directly to the accounting software. The platform is encrypted with
the SSL protocol and 128-bit system, and the data is stored on the
Amazon cloud.
The first success of the company was the investment and
incubation program from Wayra CEE. The biggest investment,
however, was the sum of 500,000 euros from the Innovation and
Technology Fund in Slovakia. At present, the company has 17
employees and is based in Bratislava, The Spot. Sales were
launched in the summer of 2014. Currently, the company plans to
export to the UK. The price of one invoice transformation is 0.40
euros or a flat rate of 6 euros per month for 40 invoices (for each
additional 0.15 euros).
Strengths: strong data encryption solves the real problem of large
businesses
Weaknesses: high price, the invoice is outside the enterprise
Opportunities: outsourcing of businesses
Threats: hacking system, data leakage
Mapilary (Bednár, 2017) captures movement of people and
goods in real time. It is designed for companies looking for a
system for the distribution of goods to the "last minute". The idea
arose during meetings with friends of the founder, many of whom
often were late, so everyone had to call each other. The primary app
was to show how people are approaching the meeting point. While
working in Wayra, the whole team decided to change their focus
and solve a similar problem, such as eternal waiting for the courier,
long time to deliver the shipment, and telephone dispatching of the
place and time of delivery. Finally, delivery companies have shown
several problems. Many of them have been resolved using
Mapilary.
Wayra helped the founders in particular with marketing, the
preparation of a business plan, a database of interesting people
contacts, and presentation skills. They also met a number of great
startup players. Every day they received feedback from mentors and
colleagues from other startups. In their case, this led to a pilot
project from b2c to b2b solution. An important part of this was a
financial investment in an enterprise that enabled the founder to
work full time in the Mapilary and extend it to new, smart people.
This has greatly accelerated development and improved marketing.
Mapilary is more than a localization service. It reduces the costs
of the delivery company and increases the comfort and satisfaction
of the end customer. It offers efficient dispatching, greatly
simplifies and improves the job of the courier. The addressee brings
a new delivery experience when ordering goods from the Internet as
well as when delivering food. Online shopping is rapidly gaining
popularity. Quality carriers with new technologies will be preferred
by e-shops, the end customer will also prefer an e-shop that gives
him more than just the product he has just bought. Mapilary allows
you to view the recipient's location and the courier on the map. In
order to be visible, it specifies the delivery time in minutes,
automates communication between dispatcher, courier and
addressee. By using Mapilary, the number of successful deliveries
increases for the first time, benefiting all stakeholders.
The service consists of several independent apps that
communicate via the API (App programming interface). This
allows the delivery company to choose the part it is interested in.
The whole system is harmoniously tuned and provides complete
comfort as a whole. Mapilary Dispatcher is a web-based solution
for managing field workers. Allows assignment of tasks to the
worker's time axis, optimizes the route, displays the immediate
position of workers and tasks on a dynamic map. An automated

system recommends the most appropriate couriers to the task,
possibly assigning shipments without the need for human
intervention. Mapilary Courier is a mobile application that allows
couriers to deliver delivery efficiently. Automates communication
with the addressees, thereby increasing the number of successful
delivery on the first attempt and increases work safety courier. It
also navigates and helps to optimize the route. Mapilary Tracker is a
mobile application where the addressee sees delivery time in
minutes. The Tracker also enables other activities that greatly
enhance customer comfort.
According to the founder, we will no longer be able to imagine
a 4-hour delivery delay in a few years. We will find it normal to
know the exact time of arrival of the courier. This will allow us to
better plan our own time. As the service, will be more efficient and
more comfortable, we'll order more goods through the internet. This
will allow the growth of delivery companies.
In the near future, the company plans to penetrate the market in
Central Europe, thinking in the long run to enter the global market.
Expansion, however, requires considerable financial investment,
and therefore another investor is contemplated. The company has an
experienced team that works very agile to develop and sell a quality
product that addresses the real problem.
Strengths: quality product processing, tailored customer service,
experienced team
Weaknesses: Opportunities: greater demands on delivery services
Threats: exponentially growing competition
Networker is a networking platform (Janouš, 2016), that
connects conferencing visitors in real time. They solve one of the
main problems of the event, which is the lack of time for personal
interviews and the exchange of contacts. If the participant pays
1,000 euros for the conference and 300 euros for ticket and travel,
this problem becomes more pronounced. Providers will log in
through their LinkedIn account or fill out the form after
downloading the application. They enter the created event and can
view a list of all the people who are on the site, send them a
message or a business card. The application currently has 3000
downloads and is free. Networker earns revenue from event
organizers.
Strengths: the first in Slovakia and the Czech Republic, a strong
contact database for the company
Weaknesses: less intuitive system, complication of login
Opportunities: the transfer of major conferences to the CEE
Threats: a great deal of competition, the largest businesses offer a
whole package of conference services
Woppa (Gašparík, 2017) is a platform that connects businesses
with ambitious young people. Businesses wishing to fill new jobs,
short-term brigades or internships and looking for ambitious
students offer targeted advertising. It also hosts seminars,
educational projects and webinars. It works with the Employers'
Club and KPMG. So far, 100 companies and 1300 students from
Slovakia and the Czech Republic have used it.
Strengths: a large database of students, personal contacts with
businesses
Weaknesses: minimum added value, low innovation
Opportunities: the growth of ambitious and quality students
Threats: several similar projects (AIESEC), decreasing number of
students
Remote assistant (2017) is a service that was originally created
for people with worse eyesight and for the blind. Using video,
voice, and localization systems should help users in real-time
orientation in unknown spaces. With one button, the user can get in
touch with their friends and ask them for advice and help. The
company plans to draw revenues from state support, grants and
endowment funds.
Strengths: quality processing of the application
Weaknesses: misidentification of the target group, internet
necessity, low added value versus Skype / Viber / WhatsApp
Opportunities: purchase a platform by another company that will
use the product for its business
Threats: -
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Lionexpo (2014) is a platform that helps event organizers to
provide more sophisticated and effective services to exhibitors as
well as visitors. The project arose after the founders organized
National Career Days for several years and found that things did not
work as they should. The problem was a lot of administration, offline data and a high price for businesses. They started to leave,
because the cost of one fair in the hundreds to thousands of euros
was high for them. The organizers did not innovate because they did
not have the money or the know-how. The decline in the interest of
businesses in these types of events is obvious. At this year's tourism
fair in Prague, there were only a few travel agencies. Their
marketing has moved to telephone and online sales.
The main goal of LionExpo is to help sell the organizer squarer
meters. The company offers an integrated solution, which is the
registration of the visitor and the exhibitors. Processes are
simplified and the organizer can focus on their primary business. At
the same time, he has a current overview of who sells in his
premises and how many visitors have come. After the event,
LionExpo is able to analyse these data and send a clear outline to
the organizer.
The next goal of the company is to innovate the system so that
the visitor responds to 4 basic questions a few days before the fair.
LionExpo him prepare a list of stands that are most suitable for him.
At the same time, exhibitors receive a list of 100 visitors who are
relevant to them. They choose the most important and the company
then arranges for them to meet directly during the event. At the
same time, Lionexpo eliminates manual data processing and
maximizes the efficiency of processes. The company has already
collaborated with IBM, KPMG, Siemens, Microsoft, Lidl, Dell and
Sheraton. Currently plans to expand to America, Germany and Asia.
Strengths: product still under development
Opportunities: development of exhibitions and fairs in CEE,
Threats: reduction of technology prices - organizers will make their
own applications
TrashOut (2017) is environmental a project that aims to locate
all illegal landfills around the world. It provides a solution for
effective action against illegal landfills. Its goal is to help ordinary
people to influence their environment and to easily engage in joint
activities. This project also helps self-governments and local
institutions to change the situation in their region. TrashOut is an
application available for Android, iPhone and Windows Phone. The
user installs it on the phone and reports it after finding the landfill.
It can add a photo, specify its size, type, and mark a location via
GPS. This will create a map that captures all illegal landfills in real
time.
Users often just download the app and take a picture of landfill.
The company wants them to be more proactive and monitor
landfills on a regular basis. This would create the current global
statistics. TrashOut has found that there is a correlation between
corruption, the quality of education and the number of illegal
landfills. These are the image of society. At the moment, a Swedish
student cooperates with the startup (Sweden is 99% recyclable)
looking for new correlations and verifying whether the country is
improving education and reducing the number of landfills, reducing
crime and increasing GDP. At the same time, the company lobbyed
politicians for landfill to be the new economic indicator of the
country.
The application already has 80,000 downloads in 14 languages.
There are 18,000 landfills in 70 countries worldwide. Most of the
registrations are from Slovakia and the Czech Republic, as the
application was launched here first. Currently, Russia and Africa
are very active. Trashout wants not only to point to landfills but also
to create an information database where users find information
about the nearest collection yard, battery bins, and recycling
processes it plans to promote in short videos. The company employs
5 people on a half-time basis, after having found another investor, it
should increase to 6 full-time employees.
Founder Jozef Vojdička has been sensitive to the problem of
black landfills during his studies. When he travelled to Singapore,
he saw a beautiful, clean landscape. Everything was recycled and
the inhabitants had a strong environmental awareness. He then

visited Finland, which has about the same population as Slovakia,
but is much cleaner. After returning to Bratislava, he walked beside
the inn, looked at a small dump, and thought that if they knew about
it, they would have cleared it immediately. Sending them a mail or a
letter would be complicated. He thought of using a smartphone that
can also connect GPS coordinates to the photo.
Cleaning is organized by cities and local authorities, as well as
by volunteers. The Green Patrol or a non-profit organization Let's
Do it, which originated in Estonia and Slovenia in one day,
managed to mobilize 10% of the population. People went out and
cleaned their towns and villages.
During the Incorporation in Wayra CEE, the company launched
its second startup, Venzo, based on TrashOut know-how. Helps
businesses document manual activity and issues in the field. For
example, a sticker of a billboard has to take the picture, stick to the
computer, send a photo to the client and make a report. Venzo
automates the entire process. One of the largest clients is the OLO
waste collection business in Bratislava. When the driver in the field
comes to a locked stand and some car blocks the entrance, he needs
proof that he wants to, but he cannot load it. When a customer calls
the OLO with a complaint, he gets a detailed report within a few
seconds. The company currently has several customers in the Czech
Republic and Slovakia and plans to expand to the UK and Germany.
Strengths: quality application processing, solves global problem,
application is free
Weaknesses: number of passive disposable users, undefined
revenue model
Opportunities: possible worldwide expansion, interest of ministries
and government institutions
Threats:
Two startups, for personal reasons, failed to get involved in the
incubation program and left Wayra. Linxy could not continue for
personal and time reasons. Currently, the app can be downloaded on
iOS. Makes it easier to get information when reading books and
magazines. Just if a user points their iPhone to text and gets instant
explanation and word definition. The user's language is English.
Excalibur won the Deutsche Telekom competition and a support of
€ 500,000. Therefore, he decided to use Germany's offer. He
succeeded in the competition of 443 registered ideas (eTrend, 2017)
At a time when the whole world is paralyzed by the tumultuous
confidence of a large number of passwords, pisces attacks on credit
cards and hacked mailboxes, Excalibur has come up with unique
encryption and password-enhancing technology, with advanced
CRcOTP technology that has also taken businesses like AVG, Intel
or Deutsche Telekom. This technology is trying to build on an
existing Google pioneer with its Authenticator service and to move
it further by creating a universal Cloud Authentication service. To
use Excalibur, a mobile phone is also sufficient to serve as a
hardware token. All you have to do is install Excalibur on your
phone. Subsequently, the user combines each device (computer,
gateway) with a web page where it scans the QR code through
Excalibur. Whenever a mobile phone approaches your computer or
gateway, the system automatically logs in. If they have resigned,
they are automatically logged off. (Šandi, 2017)
By the end of February 2014, new startups could once again
submit their application to Wayr. The second group selected a
twelve-member jury composed of investors, sales representatives,
ICT specialists and representatives of Telefónica. Wayra in April
2014 selected 10 projects out of 128 for its incubation program, of
which 3 Slovak, 4 Czech, 2 Polish and one Bulgarian. (Klempová,
2017)
An application LiveDispatcher (Bednár, 2017) was created at
the end of 2013. It is an application for small and medium-sized
enterprises that have employees in the field and want to manage
them more efficiently. With a combination of a web interface and a
mobile application (iOS and Android), the system creates a
calendar, map, and path link system with current locations. It
connects to the system via a GPS signal and an Internet connection.
The client on the screen sees the schedule of tasks, their current
status and the position of field workers. The bonus is a break from
bureaucracy because LiveDispatcher will automatically fill out the
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necessary reports.
Initially, this should be a platform for logistics and forwarding
businesses. In the spring of 2014, LiveDispatcher got into the
Wayra CEE Incubator. After several weeks of incubation, he
changed his business model and created an efficient OrderLord
ordering platform for restaurants. The change was based on the fact
that more than 20 million orders of food are registered per day from
one million different restaurants around the world. The online
ordering process is complicated from receiving the order itself
through the preparation of the shipment, control over its shipment
and the delivery equipment itself. Orderlord helps restaurant
operators shorten delivery times, reduce costs and increase
customer satisfaction. For clients, besides intuitive ordering, it also
means that you can track your shipment and shorten your waiting
time. In order to test the OrderLord, he was given the startup of an
exclusive McDonald's Austrian partner who could not only try but
also improve his system. Currently, the team of OrderLord is in
New York, where global expansion should continue. (Mikula, 2017)
In September 2014, the potential of founders and developers, as
well as the annual growth of the online ordering market by 20%,
convinced Neulogy Ventures to invest 200,000 euros in the
company and further development.
Strengths: ithe intuitiveness and sophistication of the system, the
experienced team
Weaknesses: no significant competitive advantage
Opportunities: growing online shopping, the need for efficient
systems
Threats: rising competition - filling the market
Staffino is an application that addresses the problem of
dissatisfied customers and creates feedback. They get direct
managers of businesses, hotels, restaurants, shops and lots of other
businesses. It does not create a social network in which negative or
positive information is repeated. Connects the customer directly
with the owner or manager. Staffino uses a foursquare database to
gain geolocation of individual plants. These are displayed according
to the distance from the current user's location. After choosing a
particular bar or restaurant, you can criticize them. Initially,
negative comments from all users were also suggested in the app.
However, this idea was rejected after collecting several feedbacks.
The Staffino team realized that the app they work for must do for
their customer. And that's not the guest, but the owners and
managers of restaurants, bars, shops and hotels. They can respond
to complaints or indemnify them by providing a discount or bonus.
In particular, the application should be a strong incentive for
employees. These will be evaluated and rewarded based on
feedback. (Šándor, 2017) The first six months of Staffino is free,
then the service has to pay one of the programs, which ranges from
20 to 50 euros per month. (Venture beat, 2017)
Strengths: clear idea, sophisticated product, simplicity of the
system
Weaknesses: high price, comprehensiveness system
Opportunities: applicability in other sectors, ideal for the creation
of co-creation with customers
Threats: competition will create a complex system
Audiotrip (PL) is a global mobile GPS application that serves
as an audio guide to cultural heritage. It combines classic audio
guides with the latest mobile technology. The use of AudioTrip
registration is necessary. The user then determines which trip he
wants to attend. Most of them are charged, but some sample are
free.
After selecting a trip, the user can see the photo, the length of
the trip, listen to the audio file, and brief information about the
author. When he decides to make a trip, he downloads it to his cell
phone. At a specific location, you just plug in the headphones, a
map with a route appears on the display, and an interpreting tour
can begin. When zoomed in to a memorial or exhibit, an audio
recording with specific information starts. The biggest advantage of
AudioTrip is that it works with GPS navigation. After downloading
to your mobile phone, the user does not need internet. Audiotrip
offers the possibility to create a custom route, which can be used
mainly by cultural centres, cities, hotels, and friends for fun. Users

do not have to rely on financial and time-consuming guided tours.
For tourists, AudioTrip is an excellent opportunity to promote the
region and promote tourism in the region. (Kochanová, 2017)
Strengths: well-defined problem, quality solution, off-line mode
Weaknesses: a small audio tour database
Opportunities: lower travel costs (affordable hotels, air tickets) and
the resulting growth of tourism, use for institutions, travel agencies
Threats: Lingout (SK) is a localization and translation application for
developers. They have a difficult task on the table daily. One of
them is the translation of their application into another language.
They need to find translators, communicate with them, and
manually enter text into code. It employs them and weakens their
focus on work in development. Since 2012, there is a localization
and translation platform for the application called Lingout. The
programme helps track changes, view and comment on translations,
all without limitation on the number of projects. For example, when
you have texts in your source code, you need to move them to an
external text file. Lingout can only identify the texts to be translated
and those that appear on the mobile screen. At the same time, it can
clean up an existing translation file from texts that are not already in
the application. Automated translation, e.g. through Google
translator is not at a level to match and makes sense for 100%.
(Tomek, 2017) The price for this service is 9 euros a month, with a
special starting price.
Strengths: quality complex solution, well-defined problem,
professional team, low price
Weaknesses: Opportunities: almost no competition
Threats: Tabfoundry (CZ) allows businesses to use social networks
more efficiently. It's a cloud and web application system that helps
Facebook marketers sell more, get fans and empower customers.
(Klempová, 2017)
One of the major marketing tools is social networking. "Primary
is still holding Facebook with its space for sharing or commenting.
The popular Facebook platform is, among other things, bookmarks,
some separate pages that users create themselves. Most often there
are various marketing actions, welcome videos, contact or order
forms. Thanks to the Czech Tabfoundry launch, bookmark creation
has been simplified to the most accessible and intuitive level.
Tabfoundry came to the world in May 2012 when he joined the
StartupYard accelerator. This provided mentoring, space and
interesting contacts. The public version of the page was launched at
the beginning of 2015, and has continually improved, edited and
simplified the product. The main engine of the platform thinking
idea is Ladislav Hrbacek, who worked in a digital advertising
agency. He was in daily contact with Facebook bookmarks. He
realized he needed to edit these bookmarks according to his ideas.
He had the advantage of being able to program, and so he and Peter
Messner embarked on a gradual realization of the idea. After
joining StartupYard, Michal Kvasnička also joined them.
The basic version is a free platform. The two paid versions are
either Premium or Agency. In both, the user has access to premium
support from the team. Tabfoundry's logo is shown in both the free
and Premium versions. It's just that in the Premium version the logo
is not a link and is located at the bottom. The number of Facebook
pages whose bookmarks can be managed also differs from the price.
In the free version, it is one, in the other two it can be up to ten. The
most expensive version, Agency, also offers so-called corporate
font types, which means that the type, size, and other details of that
brand are automatically adjusted to the business logo standards, if
necessary. The Premium Price is $ 9 and $ 39 Agency. The
Tabfoundry platform has already been tested by companies such as
Volvo, MTV, Nivea or Toshiba. (Tomek, 2017)
Strengths: intuitive sophisticated system
Weaknesses: no strong competitive advantage
Opportunities: growing online market
Threats: a great deal of competition
UpTAXI (CZ) creates an innovative relationship between
marketing and taxi services that improves user experience and
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creates a new sales channel with personalized ads. "UpTaxi decided
to contribute to the upgrading of another problem, which is hurting
taxi drivers. Their application will help thousands of them, because
it saves them from charges that they would have to pay to the
dispatcher, and the UpTaxi application will provide them with the
same free items. The client can verify the reliability of individual
taxi drivers in this way. Taxis are equipped with iPads that play ads
and are coupled with discount coupons that can be exchanged by
traders for specific merchants. In addition, taxi drivers can sell
tickets for concerts, tickets and other online tickets. Through
UpTaxi taxi drivers may also receive credit cards. Running on the
"taxi app" wave means trying to distribute a fascinating application
for passengers and driver completely free of charge for both parties,
and the taxi route becomes more interesting. The vision of the
business is to connect more than a hundred thousand taxi drivers in
Europe.
Strengths: transparent app, ad revenue stream
Weaknesses: small taxi drivers’ database, use only in several cities
Opportunities: reducing the number of passenger cars in large
cities
Threats: strong competition - platform UBER, HopinTaxi
Telmedicin (PL) is a platform that delivers a breakthrough in
accessing medical consultation by allowing patients to contact an
expert anytime and anywhere using a webcam. It is about
improving patient access to face-to-face consultation with a doctor
or specialist anywhere, anytime. Just by registering on the site and
then conducting a videoconference test to verify your connection.
With the doctor, the candidate will agree on the date when he or she
will be able to take full care of it. This way he is guaranteed to
receive medical attention even in the evening and also saves the
expense and travel time.
Strengths: predictive solution
Weaknesses: impossibility of physical examination (heart, pressure
...)
Opportunities: a growing number of patients, a full waiting room
Threats: video abuse, competition - Google doctor
SmartSense (CZ, now Geosense) is an asset management
information system. It uses maps and sensors, brings geographic
data in context and is also linked to the real estate cadastre. The
Czech firm has decided to map what cartographers have failed to
provide a comprehensive portfolio of services and products in
spatial data management.If a person has a problem with the
deployment of buildings on their land, the Czech startup knows the
solution. GeoSense is one of the fastest-growing young technology
companies in the Czech Republic and aims mainly at new
innovations. The company was founded by Ladislav Čapek and Jan
Zvoník in 2009. According to Delloite Fast 50, it is the fastest
growing young technology company in the Czech Republic.
Strengths: transparent system, easy to use for municipality and
population, possibility to draw directly to maps
Weaknesses: -Opportunities: digitization of all information in municipalities
Threats: -Ingen.io (Bulgaria) reveals hidden and valuable information
from unstructured text and focuses on business users. Despite the
technological advances today, no service has been able to retrieve
information from an unstructured text. Ingen.IO can mimic the
neurological processes of the human brain when analyzing such a
text. From the context created, the candidate can get names of
companies, names of people or products, although they are not
directly mentioned but are part of a wider narrative.
Strengths: if successful, a very strong product will emerge
Weaknesses:
Opportunities: usability not only in companies but also in various
institutions (police, etc.)
Threats: abuse of the system
Daty (CZ) creates the ultimate B2B information resource for
entrepreneurs about their customers and competitors. It uses public
databases and innovative data analysis tools. The company invented
the product for all entrepreneurs who cannot keep up the
competition and perceive any change around. It has created a

system that tells the client how they are doing their competitors,
what they are preparing, which trademark or website they have
registered, and many others.
Strengths: quality product, strong product
Weaknesses: Opportunities: usability in each sector
Threats: The main objective of the research was to describe the business
models of startups incubated in Wayra Academy, identify their
strengths and weaknesses as well as the opportunities and threats of
the market. Another goal was to make an estimate of their potential.
Some of the startups have already succeeded in establishing
themselves on the market and others are still in the experiment stage
and their success is uncertain. Data were gathered from personal
interviews directly from startup founders, conferences,
presentations to investors, and online resources.
5. Discussion
The main aim of the research was to identify the factors leading
to the success of incubated startups. The result has been to create an
overview of the those startups, which were incubated and tried to be
successful. We divided the main goal into testing BigLauncher
precisely identified the problem that older people have when buying
phones. They are small letters and numbers, unnecessarily many
features and a complicated operating system. All this has been
solved by using a simple interface that the user can install and can
use immediately. The platform focuses on the basic features of the
phone. Big Launcher is simple, inexpensive, high-quality and
intuitive. The disadvantage is incompatibility with iOS and
Windows Phone, as these operating systems do not allow these
interfaces to be accessed. Android uses 800 million users, which
represents a sufficiently large market and large growth of this
business. After translating into multiple languages, the exponential
increase in the number of users is expected in the coming months.
The only threat is the creation of a proprietary operating system,
which has long been announced by Samsung.
Datamolino is a system for optical detection and processing of
invoices that the company wants to simplify accounting, reduce
staff costs and eliminate error. In spite of the technology and the
confidence that the startup has from its investors, especially in the
form of large investments, the company will probably not grow
exponentially in this form. The service is too expensive and its
weakest place is that invoices leave outside the business and are
stored on a cloud-based system. If Datamolino creates a platform
that would be implemented directly into the customer system,
success is possible. However, the business model that is now being
built has no chance to grow and be profitable.
Mapilary a location service that helps businesses streamline
processes, delivery of goods, which they ultimately reduce costs. At
the same time, he can tell his clients exactly when their goods will
be delivered. Similar solutions are bringing other businesses such
OrderLord, damejidlo.cz, mrsiesta.cz, jidloted.cz and others.
Although the Mapilary focuses on a completely different industry,
the service is very similar. It is therefore important to develop so
sophisticated and elaborate system, which differs from the
competition and benefit. If it succeeds, it can be competitive even
abroad and thus succeed in the global market.
One of the main goals of conferences is to search for new
business contacts. Nevertheless, the organizers do not get enough
effort and ideas, and in addition to standard business exchanges, no
one has ever come up with any effective and innovative ideas.
Aside from the startup Networker and its application, with which
the conference participant can view it on your phone list of
participating, contact potential clients and send them a card.
Bizzabo's largest competitor offers more comprehensive and more
sophisticated solutions, has experience with major international
conferences and has been awarded $ 1.5 millions of investment.
(Bizzabo Secures, 2017) There are more than 20 competing
companies in the global industry offering the same product.
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Networker has the real potential to become a profitable company,
but only on the local CEE market.
Woppa connects two worlds, both business and student. In the
nonprofit sector, it would be a fairly successful civic association,
but if we evaluate this startup as an enterprise, it does not bring
anything new and innovative. He does not seem to have a real
chance to create a high-profitable business and to remain in the
market for a long time. Remote assistant has a vaguely defined
target group and does not have a revenue model. However, the
application is well-sophisticated and its use would be profitable in a
differently set business model. If the startup found the industry and
defined its service differently, it could address a number of social or
business issues. Under these circumstances, however, it has no hope
of survival. Lionexpo helps event organizers to provide more
sophisticated and effective services to exhibitors as well as visitors.
This segment needs to be upgraded, otherwise it will disappear.
Markets and exhibitions have great potential thanks to the creation
of personal contacts. If a company succeeds in penetrating foreign
markets with a comprehensive service, it can become very
successful. TrashOut is one of the startups that can now be
considered successful. Revenue may be obtained from government
institutions and ministries of those countries where black landfills
are considered a key social issue. However, an enterprise
transformed in an incubator, has used its know-how and created
Venzeo, which is already profitable. Changing the target group
created a new product and gave an example to other startups who
cannot find the revenue model.
Another example of a change in the business model during the
incubation is the LiveDispatcher, which was primarily designed to
coordinate and efficiently plan roadworks on the ground. After
entering the Wayra changed its concept to the ordering system for
restaurants called OrderLord. He wants to join the growing wave of
online shopping and bring advanced technology to the restaurant.
This market is beginning to be quite full in our small market. If the
business develops and expands abroad, it faces a huge amount of
competition. It is questionable whether it is able to fight and create
great added value. Startup Staffino connects guests directly to the
owner's or manager's gastronomic services to provide direct
feedback. According to us, for standard restaurants, this service is
retiring and does not provide a comprehensive solution, but only
one part of it. Therefore, it does not succeed in the market for this
business model. However, it could change its position, go to other
sectors, and become a tool for product co-creation, feedback, and
ultimately co-creation, especially in sectors where the manufacturer
has no personal contact with the customer.
Using the available technologies, Audiotrip created a very
clear, clean and necessary business model that solved the basic
problem of many tourists in a simple way. Because it is also
available off-line, it becomes available to every traveler even
abroad. So far, it is scarcely expanded and the database consists of
only a few trips, but it is only a matter of time when it will grow.
Many cognitive routes will be created by people who want to make
money and will be motivated to make their routes a good one.
Audiotrip could primarily focus on developing its platform and did
not have to create trips itself.
One of the companies that have a real chance to succeed
globally and become one of the top technology companies is
Lingout, which provides translations of applications into different
languages. They are entered directly into the programming
language, thus eliminating a significant concern for companies and
can focus on developing their applications.
The development of social networks provides businesses with
efficient and free-of-charge marketing, but managing multiple
networks at the same time brings a time load to marketing
companies. Tabfoundry helps streamline the management of all
social networks by using one platform, making it easier to set up a
strategy for their use. Competition is relatively high in this area.
Startup success depends on whether a business can create a strong
competitive advantage. UpTAXI solves the problem lies in
implementation and payment of transport services while helping
streamline logistics taxi drivers. There is a growing startup of

HopinTaxi and a global UBER scale in Slovakia. Trends of phone
orders will grow, and even taxi drivers will want to use it more so
they do not have to pay dispatching monthly charges.
Telmedicin brings a breakthrough in access to medical
consultation that allows patients to contact a specialist anytime and
anywhere using a webcam. This eliminates long waiting times for a
doctor. According to us, this service is now suitable for more
solvent patients who can contact a non-stop doctor as needed. If a
business in the future also includes devices that are easy to use for
the patient, physicians can immediately get information about their
physical condition. If the development is successful, an enterprise
can become competitive in the global market. The question remains
whether he will be able to compete with the Google Doctor that is
currently on the market. SmartSense has created online geographic
solutions for municipal self-government both in the Czech Republic
and in the private sector. According to analysts, it is one of the most
progressive technology companies in the Czech Republic.
SmartSense is already successful and its global growth is highly
likely. Equally innovative is Ingen.io that searches for hidden and
valuable information from unstructured text. It can find any
information about the subject being tracked and thus reduce its
competitive advantage. If product development succeeds, it will be
one of the most valued companies not only in Europe, but around
the world. Daty creates a B2B information resource for business
clientele. The company offers detailed monitoring of competition.
Information is available from public data, but standard search
engines cannot access it. Upon purchase of the service, the user
receives a daily report of any movement of the competitor,
registration of a new patent or trademark, new website, change of
director or owners. He is able to find almost all the information that
the client should be interested in.
Business models of startups described and analysed have many
common features. They are depicted using the Canvas visualization
tool, which divides the business model into nine parts, key partners,
key processes, key resources, added value, customer relationships,
channels, customer segments, cost structure, and revenue structure
(Table 1). Provides a sufficiently precise and concise overview of
the business operation. Startups minimize key partners only to those
who help them finance or develop products, they are investors and
mentors. All key processes of production and product development
to marketing and sales trying to do themselves, eliminating the
costs. Their key source is high-quality people with average
expertise in the area, but with great personal engagement. They help
to create a major product that is clearly scalable along with added
value. Sales channels are mostly websites and applications, with
personal contact being especially important for B2B solutions.
Startup most invest in human resources that provide product
development and online marketing that directly increases sales.
Revenue is initially generated from investments, but some startups
are already generating revenue.
6. Conclusion
The main goal of founding a startup is to discover new
marketplaces and create high added value products. At the
beginning, startups are low-cost projects mostly created by
programmers and designers who want to create something unique
and earn a lot. However, in more than 90% of cases, they fail. Three
of five main problem deal with finance - either incorrect product
pricing, poor cost estimates or lack of capital for further
development. The second key issue is the lack of market need –
result of inadequate product testing on the real market. The fifth
biggest problem is the poor team that cannot solve the problems and
cannot develop theright MVP or business model. Examined startups
(18 startups) can be divided into four groups. The first group
includes businesses that will be highly successful in the global
market for a long time, such as BigLauncher, TrashOut, Audiotrip,
and Daty. They have great growth potential, a high-quality product,
an experienced team and a good solution to a well-defined problem.
Lionexpo, Venzeo, Lingout, UPTaxi and Smartsense are included in
the second group of long-term successful businesses. They are
expected to grow steadily, but they will not be extremely high. If
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businesses continue to develop their products, they can be profitable
in the long run. Undertakings in the third group OrderLord,
Mapilary and Staffin is proposed to change the business model,
which would use an existing one technology and know-how, but it
is focused on a different target group or to solve another problem.
The latest group includes Datamolino, Networker, Woppa and
Tabfoundry, which will not keep up with the current business model
on the market for a long time due to stronger competition or
incorrectly set up processes. The two companies Telmedicin and
Ingen.io are still developing their product and their potential cannot
be estimated.

<http://www.startitup.sk/article/detail/ar198-audiotrip-revolucnysprievodca-svetom.
LionExpo in 2017. Available online at http://lionexpo.com.
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Abstract: The enterprises in today’s competition environment should obtain and use the technological production systems, qualified, and
proper information media that industry 4.0 conditions necessitate. Because a new rival firm may start to use smart factory technology in
every new day. In this research, some of the ready-made enterprises in Trabzon were examined by semi-structured face to face interview and
natural observation techniques to determine the utilization levels of industrial 4.0 technologies. Besides, this research made suggestions for
those enterprises about the innovations that can perform in the future. In conclusion, it can be understood that whether the enterprises
reviewed have the operation and employee structure to use the smart factory system. The enterprises need to apply the lean production
necessities into internal processes by vertical integration; afterward, the same enterprises need to apply the agile manufacturing strategies in
the external processes by the horizontal integration to start to use industry 4.0.
Keywords: LEAN PRODUCTION, AGILE PRODUCTION, HYBRID PRODUCTION, SUPPLY CHAIN MANAGEMENT,
APPAREL INDUSTRY

this circumstance caused the concept of agile production (Industry
4) to be developed. The variety in the customer demands that
created the need for agile production brought serious conditions of
competition and caused the concept of mass customization to
emerge (Thilaket al., 2015: 1).

1. Introduction
Production of textiles in Anatolia has almost a 3.000 years of
history. After the silk and spice roads lost their significance and
being used the cheap Chinese and Indian products by westerlies
(Yüzel, 2010: 230), the products with high amount and low
standard were started to be produced by the Far East, the products
with small amount and high quality were started to be produced by
the immediate circles. Textiles have grown in importance in the
world trade and economy by improving the technology that is used
in producing of the products whose raw material is the textiles.

2. Lean, Agile and Hybrid Production Strategies
The lean system can be defined as removing the efforts that do
not create a value in the period from ordering to distributing
(Vincenti, 2002: 58). Value is described as the monetary value that
is attributed to characteristics and components that need to be in a
product. Accordingly, adding product specifications in a product
that the customer does not like to pay is the waste of time and
source (Moven and Hansen 2010: 728). In other words, it should be
focused on the features that add value to the product and resources
should be allocated; other factors as the waste need to be
removed.While the companies which adopt lean production focus
on the activities that do not add value in the production process,
other companies deal with revenue (Apilioğulları, 2018).

Textiles and garment products constitute almost 6% of the
world trade. While the developed countries benefited more from
this trade, the developing countries have been superior today due to
cheap labor, technology and energy costs (Erkan, 2013: 94).
Fast moving technology has increased the global competition
and caused difficulties in satisfying the customer. Variety of
products has increased; length of life has shortened; the number of
orders and production parties has decreased (Apilioğulları, 2018:
89). Turkish textile and clothing sector has affected from this
change and dispensed with producing products with high amounts,
standard quality, and low costs. On the contrary, they started to
produce multialternative products and deliver in short time as much
as possible to remain in trade (Fırat and Ceyhan, 2015: 145).

The activities that add value and do not value are determined by
creating a flow map. However, while some of the activities that do
not add value can be eliminated by small arrangements, short-term
arrangements are not sufficient some of the activities. Continuously
eliminating non-value adding activities is called as kaizen technique
in the literature (Apilioğulları, 2016: 80). Some of non-value adding
activities cannot be removed in a short time because of the
unsuitability of the production method and available technology
(Hansen and Moven, 2010: 728). Labor quality and social culture
constitute a significant topic among the factors that cannot be
obtained and removes in a short time. Because, while the
technology can be renewed in one or two years, being renewed the
human factor can take long years. For this reason, the person is the
most important value if he is qualified. Decisions in lean production
need to be made by thinking deeply; however, the decisions should
be rapidly applied. Speed means being agile and flexible
(Apilioğulları, 2018).

Leagile Manufacturing
(mass customization)

Lean Production

Traditional Production Systems
(mass production)

Handcraft – labor intensive production
(craft production)

Fig. 1: Chronological History of Production Systems

Internet Age (4.0)

The Second World
War (3.0)

Industrial Revolution
(2.0)

Industry history can be divided into parts as industry 1.0,
industry 2.0, industry 3.0, and industry 4.0 (Fig. 1);

Agile production was created to rapidly meet the pluriformity in
customer demands (Vinodh et al., 2009: 6941). Agile production
and lean production are the systems that established based on
performance and mobility. However, the performance mentality of
agile production is at an advanced level (Narasimhan et al., 2006:
441). This superiority provides agile production to be at the top of
the agenda by increasing the diversity of customer demands.

The lean production that maintains its importance until the
1980s become insufficient by diversifying the customer demands;

Agile production is not only effectively and rapidly meeting the
customer demands, but also includes proactively evaluating the
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possible market opportunities (Brown and Bessant: 2003: 707; Al
Samman, 2014: 1094)

determine the production strategy which the enterprise should
adopt. In this research, the conditions above were considered when
the production strategies of the enterprises that were subjected to
this study were determined.

Agile manufacturing is a production and supply system that is
equipped by extraordinary competencies to meet the rapidly
changing needs of the market in terms of flexibility, customers,
competitors, suppliers, substructure, and responsiveness. The chief
goal of this system is to answer the customer requests in minimum
duration by rapidly reacting due to the available flexibility between
the product models or the production lines (Yusuf et al., 1999: 36).

3. Purpose and Scope of the Research
Three companies that were subjected to this research are as
follows; the company which perform contract manufacturing on
outerwear for Turkey (Company I); the company which perform
contract manufacturing on ladies’ top clothing (Company II); the
company that both perform contract manufacturing at certain times
and make production and sale to the customers Turkey-wide by its
own brand (Company III).

To be able to make customized production in serial production
performance has brought speed and flexibility to the supply chain
concept by the digital era (industry 4.0). If the agility is solely
accepted as speed, it cannot be understood in real terms. Because
agility is a system that necessitates fundamental structural changes
including digital technology use that will provide the flexibility.
While the agility means reaction quality, flexibility is a concept that
means versatility that eases harmonizing. In other words, flexibility
is the ability of a company to change a current project with another
one in a short time or to shift it to other areas (Güzel, 2013: 184).
Flexibility and speed necessitate transparent and reliable
collaborations that will provide all the participators move together
in the process in which the supply chain reaches ultimate customer
from the point where the components of product arise.

Kasap and Peker (2009) conducted studies on automotive
companies; Fırat and Ceyhan (2015) conducted studies on a textile
company; Kleszcz (2018) analyzed on the employees in a ceramic
factory; Kumar et al., (2015) performed surveys on the simplicity
and agility in the aviation sector. Accordingly, it is possible to
research on a limited number of samples instead of a large number
of studies for the qualitative surveys. Therefore, three garment
enterprises which make production under different conditions and
can reflect the general profile of Trabzon Province were received
for consideration. The purpose of this research was to make
suggestions about the strategies which make them more competitive
and profitable by determining related companies’ utilization level of
industry 4.0.

Industry 3.0 should follow industry 4.0 during the transition
process. Namely, first of all, the lean production requirements of 3.0
industry needs to be met; afterward, industry 4.0 should be
materialized with significant changes in means of production and
communication technologies by the investments. A number of
technologies, computer-aided systems and methodologies need to
be learned and utilized in the evolving process of the manufacturing
enterprises to production agility (Toliušienė and Mankutė, 2013:
723).

Two studies were considered at the idea point of this research.
One of these studies was conducted by Rachel et al., (2000). They
explained lean, agile and lean-agile strategies which are proper for
the product and market structure of the companies with the help of
the examples about enterprises that are in service in different sectors. With reference to their expressions, lean production should be
used in mechanical products; agile production should be utilized in
carpet production; lean-agile production and supply chain system
ought to be used in the electronic product. Bruce et al., (2004)
conducted a survey on textile and garment companies which make
production in different fields (1-high fashion products, 2-fabric
products; 3- sports accessory design and 4-brand products) and sale
in England. They pointed out at the end of the investigation that 1, 3
and 4 numbered companies are suitable for lean-agile; 2 numbered
companies are suitable for lean production and supply chain systems.

Output
Flexibility

Organizational
Features

Financial
Condition

I. STAGE

II.
STAGE
Fig.
2: Evolution Stages of Industry 4.0 Production System

However, the companies that compete with such efficient
market factors are few in number in Trabzon. Thus, revealing how
the companies in Trabzon should act and discussing the situation
from different perspectives will bring a larger point of view to the
literature. In this direction, we evaluated the enterprises as the
garment companies which can do business for the region in Trabzon
province and other regions (country-wide and/or Europe).

Delivery
Solutions

Automation
in Production

Design
Flexibility

Information
Exchange

Source: Toliušienė ve Mankutė, 2013: 723

There are two stages in the
application of Industry 4.0 system (see Fig. 2). After
being completed these stages, the smart factory system is
materialized in the enterprise.

4. Method of the Research
Taylor (2005) defined qualitative research as the method that is
used to reveal the theory behind the facts by observing the facts in
their natural environments. These methods and techniques that are
used more in numerical sciences, in the beginning, are now used as
a flexible and low-cost method to discover the attitudes,
experiences, and reactions of non-random samples obedient to a
specific profile in social sciences as well (Sofaer, 2002: 330).
Natural observation techniques and semi-structured face to face
interview from the qualitative research models were utilized in this
research to determine the utilization level of Industrial 4.0
technologies and explore the reasons behind the use at the same
time.

Much as the agile production system is expressed as the final
point of industrial 4.0 production system, it is not true to adopt only
one strategy in the companies. A single strategy is not in accord
with all the company structures. Therefore the hybrid strategies
(using lean and agile strategies together) ought to be used. There are
three different ways of using hybrid production strategies. I.
classification of products at 80% to 20% (Pareto curve approach)
according to their quantity and quality; II. the approach of adopting
lean production strategies in the production process till the
decoupling point; afterward, adopting agile strategies after this
stage; III. using lean strategies in the normal flow of the products;
however, using the external source in immediate changes in demand
(Apilioğulları, 2017: 30-34; Al Samman; 2014: 94-95). Production
structure, the area of activity, region, economic conditions

According to Törnqvist and Fross (2018), the information from
the general to the specific is tested and the new and unexplored
information is obtained by working on a limited number of
observations to make an in-depth analysis in qualitative studies. The
current situation was specified in three enterprises in Trabzon by
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determining their utilization level of industrial 4.0 technologies;
suggestions were made for these companies to be more competitive
in the future.

It is frequently seen in the literature that the agile production
system is an inevitable strategy especially for textile and garment
companies. However, according to the results obtained, this
circumstance is proper for the enterprises that have an individual
brand, high financial turnover, series competitors. Besides, these
enterprises are the companies which need to follow fashion
continuously, concentrate on the design and R&D activities at the
same time. The conditions in the Trabzon region reflect the profile
of garment in terms of the region of the eastern black sea; those
conditions are different from the companies in which the study was
actualized. Namely, it is pretty hard for companies in which the
study was actualized to rival enterprises get busy in İstanbul.
Producing under their own brands is also difficult for companies by
geographical, economic and human position. In short, the problems
experienced in reaching available infrastructure and required
sources in this region bring extremely negative conditions about
applying the agile production system. Moreover, it can be reached
the conclusion that the companies in the region are proper to the
lean production system structures by the nature of their activity.

The questions in a semi-structured face to face interview
method were collected from the studies in the literature. The reason
for using semi-structured face to face interview method is to enable
business owners and directors who conceptually do not know the
strategical cost methods to express themselves easily by canalizing
them into the issue. The interview results obtained were supported
by the natural observations performed in the work environments of
the enterprises.

5. Results of Discussion
It can be said that both three enterprises have made an effort to
fulfill the requirements of Industry 4.0; however, the concepts of
lean, agile and hybrid production are not known technically in these
enterprises. Moreover, the garment companies that are generally
small and medium-sized enterprises are managed based on family
business structure. We can also express that they have the potentials
to reach remarkable activity and production performance in case of
taking professional support

The essential results of this research are that the companies
under the region and company conditions will not be able to make
production under the conditions of industry 4.0. Therefore, the
enterprises ought to provide vertical integration and intrabusiness
conditions so as to be required by lean production. After, they
should focus on improving the horizontal integration (agile
production) by the experience, competence and economic
conditions that they will obtain by providing vertical integration and
intrabusiness conditions. These enterprises need a remarkable
capital and qualified manpower to achieve the goals above.

The questions toward to determine the losses in production as a
percentage, size of the party, product range and the qualification of
the employees were asked during the semi-structured interviews.
Besides, the questions endeavored to find whether the technological
equipment and software such as computer-aided design (CAD),
computer-aided manufacturing (CAM), material requirements
planning (MRP), and computerized production planning (PPS) have
been used.
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preserve its effectiveness"; volatility is a feature of the economic
performance indicators of the crisis enterprise [6]. On this basis
Velchev K. argues that the sustainability of the indicators and their
fluctuations characterize the progressive, respectively the crisis
development of the enterprise [7].
 According to the third group of authors, the notion of crisis
is associated with a decisive moment in the development of the
enterprise, where the unsustainable situation threatens its economic,
financial and resource condition. Crises threaten the priority goals,
challenge the traditional patterns of behavior and the values of the
organization and put pressure in the form of a shortage of time for
decision-makers [8]. This group includes Marinov P. [9], which
defines the concept of crisis as a "phenomenon accompanying the
development not only of various economic structures, the crisis is a
spiritual, human, technological and natural phenomenon, where
there is a collapse in the adaptation capabilities of a certain system
an organism, an individual, a group, a community) with two
possible outcomes: the first is a fatal one leading to death and death
of the system, and the second is a positive, successful, relevant
response to the challenges share of behavior. "Similar is the opinion
of Jarni V. which defines the business crisis as "a period of
instability, a situation in which serious changes are coming [10].
However, the outcome of the changes can be both extremely
unfavorable and positive, but it is unambiguous that every crisis
poses a threat to the organization. "This group also includes Luke R.
[11], who defines the crisis as:" ... change - sudden or gradual,
giving rise to an urgent problem requiring immediate intervention to
resolve it. "
For business, the crisis is "any situation that has the potential to
cause sudden and serious adverse effects on employees, reputation,
or which may ruin it as a whole" [12]. In other words, a company in
a crisis situation is struggling to achieve its goals, its stability is
disturbed, and this may lead to its bankruptcy. According to
Christov Ch. "The first signs of a crisis situation show that a
moment has come solutions to emerging problems in the company
may cause a development to turn into improvement or
deterioration" [13].

1. Introduction
Crisis phenomena for overcoming preventive measures can lead
to serious economic and social problems for the organization or its
bankruptcy. Business crises occur at different intervals, provoked
by a number of factors, characterized by different scales and forms
of manifestation, and have the ability to repeat, i.e. have a cyclical
character.
Every business organization faces a crisis at a certain point in its
development. The etymology of the term "crisis" is of Greek origin.
It is associated with a phenomenon or a set of phenomena, both
personal and social, bearing negative changes. Personally, the
concept of crisis is identifiable as a stressful state due to health,
financial or other reasons. In the public context, the concept is
associated with an unstable and dangerous situation caused by
economic, political or international problems. The crisis, according
to the glossary of foreign words [1], means "acute change, turning,
decisive moment, verdict, decision on a question in a questionable
situation. "In ancient times, the Greek philosopher Hippocrates
considers the crisis limited only to the human organism [2]. In the
field of international relations, the "crisis" is related to the
emergence and development of conflicts characterized by a threat to
basic social values (independence, freedom, etc.). In the economy,
as a common feature of economic crises, "there is a shortage of
resources for the effective realization of the assigned functions of
enterprises, corporations, economic systems, the national economy
of the country or the world as a whole" [3].
From the point of view of the company, the concept of crisis
has been studied by different authors, who can generally be grouped
into three groups:
 According to the first group of authors, the company's
crisis
is predetermined by the environment in which businesses operate,
under the influence of a specific combination of multiple external
and internal factors. This group includes: according to Andreeva A.
"An enterprise is in a critical situation when it does not meet the
influences of the external and internal environment that bring it out
of balance." [4]. According to her, "the crisis of the individual
company (as a stage in the company's life cycle) may not coincide
with a wider economic crisis - regional, national, global. It may be a
consequence of a company's cycle of development, subjective
mistakes, or natural disasters. The coincidence of the corporate
crisis with each of the above-mentioned economic crises leads to
deepening of the negative consequences in the company but also
creates prerequisites for its faster overcoming" [5].
 The second group of authors saw the corporate crisis as a
state in which the economic sustainability and equilibrium of the
enterprise was violated. This group includes: Popov R. who defines
the crisis as "a state of instability characterized by a sharp
exacerbation of the contradictions in the organization, threatening to

2. Exploration
In summary, the crisis of the business organization is such a
condition that there is a danger to its existence [14]. The analysis of
the above definitions shows that the notion of "crisis" can’t be
unified. This gives reason to propose the following work definition
necessary for the purposes of the survey: A crisis in an enterprise is
a condition caused by the factors that have the potential to cause
urgent problems in the economic, social and financial development
of the enterprise requiring immediate intervention to solve them.
The analysis of the above definitions shows that the notion of
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markets of the Bulgarian producers. The peculiarities in the cyclical
development of the Bulgarian economy during the period 19902003 revealed some specific reasons, which generated the massive
bankruptcies of the enterprises, especially those from the public
sector.
The reasons for the occurrence of crises in enterprises can also
be seen as: [17]
• objective, addressing the cyclical needs of modernization and
reconstruction of the enterprise;
• subjective, error-prone and conflicting management, choice,
and follow-up of a high-risk strategy;
• natural, climate-related, natural disasters, etc.
Symptoms of crisis development and its growth in bankruptcy
are manifested in various indicators, such as changes in sales and
profits, capital turnover, efficiency, profitability, etc., and especially
in the trends of their changes. Early detection of symptoms is the
most important condition for establishing the crisis development
and establishing the magnitude of the crisis that has begun. The
slow deterioration of results leads to a number of compromise
solutions. In the positive case, an enterprise is still able to undertake
remediation through job losses, claims, and liquidity, but in the
short period of time the typical symptoms of the crisis need to be
identified in order to identify adequate measures to neutralize it.
The distinctive symptoms of the crisis [18] that can be noticed in
relations with business partners and can be categorized as important
external factors in the following way (see Table 1).

"crisis" can’t be unified. This gives reason to propose the following
work definition necessary for the purposes of the survey: A crisis in
an enterprise is a condition caused by the factors that have the
potential to cause urgent problems in the economic, social and
financial development of the enterprise requiring immediate
intervention to solve them.
In its development, the crisis, as a phenomenon in the
enterprise, passes through several stages [15]:

Latent (hidden) period. At this stage, the prerequisites for the
emergence of a crisis mature, but are not yet manifested
externally.

Crash period. During this period, all contradictions quickly
exacerbated, resulting in a sharp deterioration of the dynamics.
The firm's resilience is impaired.

Crisis mitigation period. At this stage, prerequisites are created
to overcome the crisis, providing a temporary equilibrium in
the enterprise.

Period of exit from the crisis. Every company crisis is over.
The concept of crisis can be studied not only as a process of
disruption of the economic condition of an enterprise but also as an
opportunity for transition to a qualitatively new state. Possible
consequences are its destruction or renewal, exacerbation or
smoothing of contradictions, rescue or deepening of the crisis. The
timing of anticipation of the crisis and its adequate governance
depends on the prospect of mitigating its negative impact,
overcoming the crisis and even using it as a stimulus for
development.
Business crises can be provoked by the impact of various causes
and factors or by their cyclical development. In order to be
governed, they must be determined by the various features and
characteristics that give rise to or limit them. It is also important to
distinguish the causes of a crisis from the symptoms of the crisis.
Causes of crisis are specific events or phenomena, resulting in
the factors of crisis development, ie they are the sources for the
development of the crisis and the growth and bankruptcy. General
and specific reasons are distinguished [16].
General reasons - they relate to the cyclical development of the
socio-economic system. For example, a common cause of
insolvency and crisis in an enterprise is the "narrowing" of the
market, which leads to a fall in demand for goods and services and a
reduction in sales revenue, ie the solvency of firms is directly
proportional to sales revenue. If, for a certain period of time, the
growth rate of the company's liabilities exceeds the rate of increase
in sales revenue, the entity will normally default into insolvency
and crisis. A slowdown in sales revenue growth rates is observed
when:
 reducing demand as a result of unsatisfactory quality, high
price or reduced need for goods and services;
 increasing indebtedness in the period of cyclical crisis and
recession, when firms fail massively or with unfair debtors;
 artificially restricting the market through customs barriers,
quotas or other non-tariff restrictions, etc.
 an overwhelming rate of growth in companies' liabilities to the
revenue growth trend is observed in the following cases:
 in the implementation of inefficient long-term capital
investments with a long repurchase term;
 in the case of stocks that do not increase the volume of
production;
 in the case of increases in non-production costs and not
recouped through the sale of output;
 in dealing with other loss-making activities in the enterprise.
This complex of common causes is characteristic of all
enterprises and is manifest in the development of the
macroeconomic environment of the national economy.
Specific reasons are observed in particular periods of
development of the socio-economic system, for example in
transition periods. The macroeconomic framework of the Bulgarian
economy in the post-1990 period is characterized by sharply
decreasing production, rising inflation, devaluation of the national
currency, devaluation of the basic and working capital of the
companies, and the shortening of the national and international

Table 1: The symptoms of the crisis in terms of external relations
Distinctive symptoms

External relations

1. Clients

2. Providers

3.Credit
institutions

4.Auditors/ tax
advisers

5.Business
consultants










offering high discounts;
often offering goods for advertising purposes;
easy price negotiations;
diversity in the assortment becomes unsystematic;
special discounts are accepted without any overcharge;
quality problems and deadlines;
the average volume of orders decreases;
permanent customers are counted "on fingers".



leverage of the company to suppliers due to a decrease in
liquidity;
cancellation of orders;
orders of small quantities;
wish to pay installments;
change of suppliers.
the provision of the annual balance sheet, plans and
monthly statements of business activity is delayed;
exceeding the credit limits;
searching for new credit institutions;
cancellation of bills of exchange;
return checks.
stocks (stocks of raw materials are too high);
determining too high value of unfinished and finished
products;
lower turnover of inventories;
tax depreciation options that are not fully utilized;
not using the legal possibilities for creating reserves;
late preparation of the balance sheet;
suspicious inventories to cover up the real financial
results.
leaving managerial staff;
lack of information, critical remarks;
worse capacity load;
worse labor productivity;
reduction of cost coverage;
neglecting accounting records;
neglect of the equipment;
stagnation in investment and repair activities.


























In parallel with the above mentioned symptoms, the symptoms
of a possible crisis from the point of view of the internal relations of
the company can be identified and suggestions and
recommendations for overcoming it can be made (see Table 2)
From the studies of the symptoms of crisis in enterprises, it can
be concluded that often before an enterprise experiences a crisis,
typical symptoms are noticed prematurely by outsiders, such as
clients, suppliers, credit institutions, auditors and consultants, and
etc., as well as by the entrepreneurs and managers themselves. The
quicker the response, the lower the intensity of the on-going crisis.
The reasons for the crisis in enterprises are the result of the
impact of various factors. The first attempts to assess and predict
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the change in the factors and their impact on the crisis situation of
the companies date back to the 1920s and are grouped in two
directions:
 the first is realized within the framework of the retrospective
analysis, when the factors for the already existing crisis are revealed
and evaluated;
 the second is realized through forecasting when these factors,
which have the most significant impact on the development of the
crisis in the future, are revealed and evaluated.
In real diagnostic practice, these two strands are most often
intertwined and used together to assess the current, regular recurring
activity of an enterprise when the process of generating the
performance indicators continues in the future. Investigating the
location and the capabilities of factor analysis in economic
forecasting, Kovalev V. points out that this analysis is "important
not only for itself, it is done for itself but only when it is active"
[19] .

the enterprise's crisis situation. Depending on the direction of their
action, factors can be defined as positively acting (constructive for
the company) and negatively acting (destructive to the company).
Every crisis has a strictly individual character because it carries a
unique combination of internal ones and external factors. The
identification of factors in anti-crisis management of companies
begins with the establishment of their place in the internal or
external environment of the enterprise. By this feature, the factors
are subdivided into two groups:

exogenous (external) or independent of the business.
External factors are those on which the firm cannot directly
influence. For their part, according to the level of research, they can
be divided into international, national and sectoral.

endogenous (internal) or business-related.
Internal factors influencing the development of the company's crisis
are the result of the business itself. They may be associated with the
adoption of innovative and high-risk investment strategy imperfect
management, poor organization of production, risky marketing
strategy, production of uncompetitive production, high cost
products, low profitability and others.

Table. 2. The symptoms of the crisis in terms of internal relations
Distinctive symptoms

Internal
relations

1. Management

2. Human
Resources

3. Placement

4. Production

5. Organization

6. Investments

7.Research
activity

8. Supply/
Logistics

9. Finance/
Controlling























































adherence to old concepts;
omission of the delegation;
deficiencies in decision making;
lack of control;
patriarchy in the management style;
lack of collective behavior;
increasing the number and duration of conferences;
interruption of communication;
heterogeneous management circle.
insufficient motivation (termination of employment
contracts);
inadequate qualification of staff;
the remuneration system generates criticism in the company;
the level of aggression among workers rises;
fear of losing jobs.
the characteristics of the products do not meet the
requirements of the market;
wrong pricing policy;
unsatisfactory service;
inconsistency of distribution channels;
decrease in the volume of orders;
the sales agents leave.
focusing on a single product group;
obsolete / untested technology;
unused production capacities, production in stock;
stagnation in investment and repair activities;
disorder in the organization;
quality problems and sales times;
replacing expensive products with cheap ones;
obsolete production in stock.
unclear tasks / rules;
lack of adaptive organizational behavior;
deficiencies in the organization of production;
lack of planning of the activity and control;
duplication of work;
fear in decision-making in middle management.
too early investment;
lack of investment;
incorrect assessment of the capital investments;
implementation gaps;
funding errors;
missing the reduction of the capital investments.
lack of research;
research without: main purpose, planning and design,
control, return of capital investments
isolation in the company.
strong dependence on suppliers;
too high capacity and too high costs of the fleet;
accumulation of performance warnings;
suppliers reduce the deferred payment terms.
gaps in the cost and calculation report;
lack of financial planning;
lack of early warning systems;
high interest costs;
limiting creditors;
request security collateral.

Fig.1. Factor’s classification for crisis development

The research implies the summary that the external factors for a
crisis in the company are related to the formation of the competitive
environment and its ability to protect itself from the competitors,
while the internal factors concern the company management, the
management of the human resources, production, organization,
finance, controlling. Both internal factors and external factors can
be constructive or destructive. In both cases, the management of the
company - management of human resources, sales, production,
organization, finance, controlling - is affected.

3. Research methodology
A survey research design was used in this study. This enabled
the researcher to collect responses of owners/managers of food
industry’ companies in South-Central Bulgaria, with regards to the
study variables. The total population was 256 licensed companies
established in Plovdiv and region. The population statistics was
obtained from Bulgarian Chamber of Commerce and Confederation
of the Employers and Industrialists in Bulgaria – CEIBG. Stratified
sampling was used to select 215 companies from food industry. A
stratified random sample was a useful blend of randomization and

The disclosure of factors means the opportunity to manage the
development of the crisis process in the future. All the factors that
influence the development of the business process in the enterprise
also determine the results of its business activity. The disclosure
and assessment of a larger number of significant and viable factors
provides a better opportunity to determine and manage changes in
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Table 5. Multiple regression model
R
R
Adjusted
Std. error of the
²
R²
estimate

categorization, which enabled both a quantitative and qualitative
process of study to be undertaken. This study focuses to analyze the
factors for creating conditions for business entrepreneurship in
order to draw attention to the opportunities for achieving lasting
success for the Bulgarian society. This report aims to systematize
key factors for the emergence of crises and their impact on
innovation and entrepreneurial mindset.
The study used a structured questionnaire in data collection. The
questionnaire was carefully designed and administered to the
respondents. The questionnaire was designed on a four point LikertScale which ranged from strongly agree (4 points), agree (3 points),
disagree (2 points) and strongly disagree (1 point). The items were
structured to capture information on the dependent variable
(organizational performance) and the independent variables
(innovativeness, creativity, business alertness and risk taking).
Factor analysis were used in this study to measure the validity
of the instrument. Exploratory Factor Analysis (EFA) and
Confirmatory Factor Analysis (CFA) were used to assess the
construct validity of each variable in the study.
The Cronbach’s coefficient alpha was applied on the results
obtained to determine how items correlate among them in the same
instrument. Cronbach’s coefficient Alpha of more than 0.7 was
taken as the cut off value for being acceptable which enhanced the
identification of the dispensable variables and deleted variables. It is
evident through the Cronbach’s Alpha values that the reliability
coefficients of all the study variables are high and suitable for the
current study objectives.

0.
834*

0.923

0.679

0.802

Durbin
Watson
1.566

*Predictors: innovativeness, creativity, business alertness, risk taking
**Dependent variable: organizational performance
Conclusion
Innovativeness has significant effect on organizational performance in
times of crisis in the companies from food industry in Plovdiv and Plovdiv
region. Creativity has also significant effect on organizational performance
in times of crisis in Plovdiv region. Business alertness has no significant
effect on organizational performance in times of crisis in Plovdiv region.
This indicates that for each unit increase in the positive effect of business
alertness, there is 0.678 units increase in organizational performance. Risk
taking has significant effect on organizational performance in crisis. This
indicates that for each unit increase in the positive effect of risk taking, there
is 0.782 units increase in organizational performance.
The purpose of this study was to explore the effect of entreprenerial
mindset in the organizational performance in the condition of crisis.
Managers/owners with an entrepreneurial mindset see needs, problems and
challenges as opportunities and develop innovative ways to deal with the
challenges, and exploit and merge opportunities throght implementring
innovations. Acquiring aentrepreneurial mindset and process maturity
requires re-learning how to motivate themselves, identify business
opportunities, take risk, and become creative and innovative.The study
revealed that innovativeness, creativity, business alertness and risk taking
were significant for successful implementation of innovations and affecting
performance of Bulgarian enterprises. The results show that crises are
somewhat the driving force behind the creation of innovation and are a
prerequisite for the emergence of modern forms of entrepreneurship so
necessary to stabilize the economic system.

Table 3. Reliability coefficients of the study variables
Variables
№ of items
Reliability coefficients
Organizational
4
0, 673
performance
Alertness
4
0.872
Risk-taking
3
0,743
Creativity
3
0,754
Innovativeness
6
0,824
Overall Reliability
0,722
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All the above statistical tests were analyzed using the Statistical
Package for Social Sciences (SPSS), version 19. All tests were twotailed. Significant levels were measured at 95% confidence level
with significant differences recorded at p < 0.05.
Table 4. Correlations statistic for relationship between variables
Variable
Organiz
Innova Creati- Business
Riska
tivenes vity
Alertnes
taking
tional
s
s
perform
ance
Organization
1
al
performance
Innovativenes 0,781
1
s
Creativity
0,654
0,466
1
Business
0, 478
0,673
0,523
1
Alertness
Risk-taking
0,532
0,356
0,428
0,651
1
* Correlation is significant at the 0.01 level (2-tailed).
Pearson’s measures the strength and direction of the linear relationship
between variables. From the results, a significant relationship exists between
the variables (table 2). Innovativeness was shown to contribute 78.1% of the
change in organizational performance as indicated by the correlation
coefficient value of 0.781 which is significant at α = 0.01. Creativity was
positively correlated to organizational performance as indicated by
correlation coefficient value of 0.654 indicating that the creativity was a
significant factor and contributed up to 65.4% of the change in
organizational performance. Business alertness was also shown to contribute
47.8% of the change in organizational performance as indicated by the
correlation coefficient value of 0.478 which is significant at α = 0.01. The
correlation for risk taking showed that 53.2% of the change in organizational
performance was significantly accounted for by risk taking as shown by
correlation coefficient value of 0.532 (significant at α = 0.01). This paves
way for multiple regression analysis.
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