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ANALYSIS OF TOPOLOGIES OF ACTIVE FOUR-QUADRANT RECTIFIERS FOR
IMPLEMENTING THE INDUSTRY 4.0 PRINCIPLES IN TRAFFIC POWER SUPPLY
SYSTEMS
АНАЛИЗ ТОПОЛОГИЙ АКТИВНЫХ ЧЕТЫРЁХКВАДРАНТНЫХ ВЫПРЯМИТЕЛЕЙ ДЛЯ
РЕАЛИЗАЦИИ ПРИНЦИПОВ «INDUSTRY 4.0» В СИСТЕМАХ ТЯГОВОГО ЭЛЕКТРОСНАБЖЕНИЯ
PhD (Technical), Associate Professor, Nerubatskyi V.1, PhD (Technical), Associate Professor, Plakhtii O.2,
PhD (Technical), Associate Professor, Kotlyarov V.3
Faculty of Mechanics and Energy 1, 2 – Ukrainian State University of Railway Transport, Ukraine
Electrical Engineering Faculty 3 – National Technical University «Kharkiv Polytechnic Institute», Ukraine
NVP9@i.ua, a.plakhtiy1989@gmail.com
Abstract: Implementation of the principles of "INDUSTRY 4.0" into the traction power supply systems implies the introduction of power
factor correction modes and the possibility of bi-directional energy transfer in the DC traction substations used on railways and subways.
The article provides an overview and comparison of active rectifier circuits, which allow to realize power factor correction and eliminate the
higher harmonics of the input current. A number of requirements are presented, on the basis of which the optimal scheme for the rectifier of
the traction substation was chosen.
KEYWORDS: ACTIVE SEMICONDUCTOR CONVERTER, HARMONICS, POWER FACTOR, POWER SUPPLY SYSTEM, ENERGY
EFFICIENCY, TRACTION SUBSTATION.

1. Introduction
On DC traction substations are use diode and thyristor threephase rectifiers. These schemes have a number of drawbacks. In
some cases, they not only do not provide the possibility of energy
recovery, have a low power factor, but also a powerful source of
higher harmonic components of current in the general network [1,
2]. The presence of higher harmonics of the current has the
following negative consequences: distortion of the form of supply
voltage; induction in telecommunication and control circles,
reduction of the efficiency factor of the power supply system itself
and technical devices powered by it. In this regard, the schemes
used are morally obsolete. Actual is the search for new circuit
solutions for rectifier traction substation installations.
The purpose of this study is to analyze the schemes of active
three-phase rectifiers with the correction of the power factor with
the forced formation of the sinusoidal input current, as well as the
choice of the optimal scheme of the active rectifier for the DC
traction substation.

Fig. 1. Two-level active step-up rectifier with correction of
power factor

2. Three-phase active full-wave step-up rectifier
There are different topologies of schemes of active rectifiers,
which provide correction of the power factor [3, 4]. One of the
schemes, which has high energy indices, is the scheme of active
full-wave step-up rectifier. This scheme provides a realized power
factor close to the one, the mode of continuous currents and the
possibility of implementing a bidirectional flow of energy, that is,
the possibility of recovery. The scheme of an active step-up rectifier
is shown in fig. 1.
The structure of this converter includes six fully controlled
keys. Mandatory condition for the realization of the sinusoidal
shape of the rectifier input current is the output voltage of the
converter should be higher than the phase input of the active
rectifier.
The diagram of the input current and the voltage of the active
step-up rectifier are shown in fig. 2.
A three-phase active full-wave step-up rectifier is shown in
fig. 3, has several distinctive features that make this circuit most
convenient for implementation in three-phase active rectifiers:
- the absence of pulsations of the input AC, which leads to a
significant reduction of the input EMC filter;
- low level of square root currents in IGBT-keys relative to
circuits with three keys and single-circuit circuits of three-phase
active rectifiers.
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Fig. 2. The diagram of the input current (1) and the voltage (2) of
the active step-up rectifier
The active step-up rectifier is capable of implementing a
bidirectional flow of energy, that is, it provides direct possibility of
recuperation [5, 6]. The disadvantage of the scheme is the need to
use six active keys to provide a power factor close to the one, when,
for example, in the circuit Vienna need only three keys, and in the
circuit-breaker, respectively, only one. In addition, due to the fact
that the scheme by definition is step-up , there is no possibility of
adjusting the output voltage in the range from zero to the value of
the amplitude of the phase voltage, that is, the given circuit design
can not replace the traditional thyristor downregulation of the active
rectifier with the control at the angle of unlocking.

"INDUSTRY 4.0" ISSUE 3/2019

Fig. 3. Three-level active step-up rectifier with correction of power factor

3. Active full-wave step-down rectifier
A three-phase active rectifier is shown in fig. 4, has the ability
to adjust the output voltage in the range from zero to the nominal
value of the network, while providing a sinusoidal input current and
a power factor close to one [7, 8]. However, the circuit of the active
step-up rectifier is more convenient and has great advantages.

Fig. 5. The scheme of the Vienna rectifier

4. Single-key three-phase active rectifier

Fig. 4. The active full-wave step-down rectifier
Unlike single-phase execution, a three-phase step-down
schema can transmit power to DC load with minor distortions of
input currents, ie the shape of the input currents is almost
sinusoidal. When the instantaneous value of one phase voltage is
zero, the other two phases are non-zero and transmit power to the
load. This converter has an adjustable value of the output voltage in
the range from zero to the value of the amplitude of the phase
voltage of the network [9]. This type of converter has similarities to
a well-known autonomous current inverter, except that the circuit
operates in rectifier mode with the control of high-frequency PWM
and provides a power factor close to one.
For the correct operation of the converter, two-quadrant
bipolar keys are required, which are well implemented by the serial
connection of the IGBT of the transistor and the power diode. The
disadvantage of this scheme is the higher specific losses in the
valves compared with the valve rectifier, due to higher mean-square
values of currents in the serial connection of the IGBT and the
diode [10, 11]. The converter is capable of operating inverter mode,
that is, it provides the possibility of recuperation. However,
recuperation in this type of converter is possible only with the
negative polarity of the output voltage, which makes it impossible
to use it at the traction substation without additional polarization
power devices. Also, in order to provide a sinusoidal input current,
an expensive dimensional input filter is usually needed to smooth
the input currents pulsations.
The scheme of the Vienna rectifier is shown in fig. 5, is also a
kind of circuit of active rectifiers with correction of the power
factor.
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Three-phase active rectifiers described in the previous sections,
in their topology contain six keys, which, in comparison with
passive (diode) rectifiers, makes the circuit of the active converter
more expensive. In view of this, the question arises – which
minimum number of active keys is necessary for the
implementation of an active rectifier with correction of the power
factor. Can implement power correction using a simple diode circuit
using passive filters. Proceeding from this, for the realization of a
three-phase rectifier only diodes are required. However, when you
need to control (adjust) the output voltage, you need at least one
high-power controlled key. In addition, if need to significantly
reduce the input filters and implement active power correction, just
one active key can be applied in the same way. However, this
scheme will not enable the implementation of a bidirectional flow
of energy (recuperation) [12].
Consequently, theoretically, only one active key is necessary
for the implementation of the formation of the input current
(correction of the power factor) with the implementation of
regulation of the level of output voltage, but without the possibility
of implementing a bidirectional flow of energy. Several circuitswitched circuits of three-phase rectifiers were presented earlier.
However, it should be noted that these schemes require the use of
additional reactive filters.
Single-key scheme of a three-phase active step-up rectifier,
implemented on the principle of an enhancer, is shown in fig. 6.
The transistor Q1 is governed in the same way as in an DC-DC
step-up converter. The input current ia(t) is shown in fig. 7.
The inductances La, Lb and Lc operate in intermittent currents
in conjunction with the diodes D1÷D6. At the end of the increase in
the current in the throttle, the current reaches its peak value, which
is also proportional to the applied voltage of the three-phase
network. When the transistor Q1 is closed, then the diode D7
becomes straightforward and the throttle transfers the accumulated
energy into the load. Since the peak of the input currents is
proportional to the amplitude of the linear voltage, the average
value of the input currents is also approximately proportional to the

"INDUSTRY 4.0" ISSUE 3/2019
value of the linear voltage of the network. In this way, the effect of
the presence of a three-phase input resistance is achieved. The
three-phase single-circuit charging rectifier has a sufficient number
of higher harmonics, but their number and the overall harmonic
distortion factor can be reduced with increasing output voltage.

The change in the PWM fill factor allows you to adjust the
value of the output voltage. Sufficiently is one active semiconductor
such as MOSFET or IGBT for implementing this converter. A
disadvantage is the need to use an input filter to reduce the
incoming current pulsations.

5. Comparative analysis of power correction
schemes
In comparison, an analysis of the modernization of the threephase active rectifier with control on the opening angle is given. In
this case, it is necessary to control the value of the output voltage, in
the range from zero to the value of phase voltage of the network. In
this case, any of the schemes may be applied. In this case, the
simplest is the circuit of an active controlled step-down rectifier, is
shown in fig. 4. Schematics with one active key, are shown in fig. 5,
6, can also be used. In this case, will make a comparison of the
downline single-circuit active rectifier with a full-circuit diagram.
Comparison of the peak values of the key load voltage and
current for a 25 kV rectifier unit is shown in table 1. The value of
the input voltage of the rectifier unit is 440 V, the value of the
output voltage is 370 V at a current of 67,5 A. Also it shows the
value of the total power load of the converter keys (the sum of the
power of all keys is taken).
The implementation of a single-switch converter is usually
considered only for small capacities due to the increased peak value
of the voltage of the key, which leads to increased losses in the
switches themselves. However, these causes are not related to the
AC-DC performance of the active rectifier due to the fact that the
increased value of peak current at resonant switching is offset by
the lower value of the specific load of circuit keys, which leads to
the possibility of more efficient energy dissipation. The use of fullcircuit schemes leads to a low specific load of the key, which in
different implementations can be both an advantage and a
disadvantage of this scheme. However, if compare the full-circuit
with six keys and compare it with a rectifier unit, which is six
parallel-connected circuit-switched circuits, then the peak value of
the current in each key of such an assembly will be 30 % lower
compared to the six-key scheme.

Fig. 6. Single-key scheme of a three-phase active step-up rectifier

Fig. 7. The input current (1) and the voltage (2) of the single-key
step-up converter
The three-phase single-key step-up converter has a clear
advantage in the simplicity of its control system. The transistor can
operate at a constant switching frequency.

Table 1
Parameter
Output voltage
Voltage on the keys
Recuperation capability
Number of fully control
keys
Number of diodes
Input current of active
rectifier
Realized power factor
Cos φ
Coefficient of harmonic
distortion of current
form THD, %

Comparison of single-key rectifier scheme with active full-wave scheme
The full-wave step-up
The full-wave step-down
The scheme of the
scheme an active rectifier
scheme an active rectifier
Vienna rectifier
Above the amplitude of
Below the amplitude of the
Above the amplitude
the network voltage
network voltage
of the network voltage
Uout
Uout
Uout/2
Yes
When changing the polarity
No
of the output voltage
6
6
3

Single-key scheme an
active rectifier
Above the amplitude of
the network voltage
Uout
No
1

6

6

6

7

Continuous sinusoidal

Continuous sinusoidal

Continuous sinusoidal

Intermittent, impulsive

0,98÷0,99
0,99÷1
5÷12

0,98÷0,99
0,99÷1
5÷12

0,98÷0,99
0,99÷1
5÷12

0,92
0,99÷1
60÷90

and in the recuperation mode, the shape of the consumed current is
sinusoidal. In this case, the transition from regimen to recuperation
mode is a fairly qualitative transition process.
Results of the Fourier analysis of the phase current of the
active rectifier are shown in fig. 10. As can be seen from fig. 10, the
shape of the input current contains only 2,13 % of the higher
harmonics that meets the requirements of international standards for
the quality of electric energy.

6. Imitation simulation
An appropriate simulation model was developed for a more
detailed study of electricity quality indicators in the full-wave stepup rectifier in the MATLAB software, is shown in fig. 8. The
results of the simulation of the work of the active rectifier during
the transition from the regimen to the recovery mode are shown in
fig. 9. As can be seen from fig. 9, both in the mode of straightening,
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at high values of pulsed currents, as well as the presence of high
content of higher harmonics of current that appear due to the mode
of intermittent currents.
At the same time, it is necessary to realize the mode of energy
recuperation from the contact network to the general industrial
network. In connection with this, it was concluded that the most
expedient scheme for modernizing the traction substation of a direct
current is an active rectifier based on a full-wave step-up scheme.

8. Conclusion
The paper presents an overview of modern schemes of active
three-phase rectifiers with correction of power factor. An analysis
of existing circuits was performed and a choice of optimal scheme
for a DC traction substation was made.
The optimal scheme for a traction substation of a direct current
is the scheme of an active three-phase full-wave step-up rectifier. In
the future it is necessary to study the control systems of the active
rectifier, as well as the work of the most active rectifier during a
dynamic load change.

Fig. 8. Imitation model of an active rectifier

9. References
1. Scherback Ya. V., Plakhtiy O. A., Nerubatskiy V. P. Control
characteristics of active four-quadrant converter in rectifier and
recovery mode. Tekhnichna elektrodynamika. 2017. No 6. P. 26–31.
doi: https://doi.org/10.15407/techned2017.06.026.
2. Kazachkovsky N. N., Yakupov D. V. Control of active
rectifier with relay-vector current circuit for systems of frequencyregulated electric drive. Bulletin of the Priazovsky State Technical
University. 2008. Vol. 18, Issue 2. P. 40–43.
3. Plakhtii O., Nerubatskyi V., Ryshchenko I., Zinchenko O.,
Tykhonravov S., Hordiienko D. Determining additional power
losses in the electricity supply systems due to current's higher
harmonics. Eastern-European Journal of Enterprise Technologies,
2019.
Vol. 1,
No. 8 (97).
P. 6–13.
doi:
https://doi.org/10.15587/1729-4061.2019.155672.
4. Kostic D. J., Avramovic Z. Z., Ciric N. T. A new approach
to theoretical analysis of harmonic content of PWM waveforms of
single- and multiple-frequency modulators. IEEE Trans. Power
Electron. 2013. Vol. 28, No. 10. P. 4557–4567.
5. Naderi R., Rahmati A. Phase-shifted carrier PWM technique
for general cascaded inverters. IEEE Trans. Power Electron. 2008.
Vol. 23, No. 3. P. 1257–1269.
6. Zinoviev G. S. Fundamentals of Power Electronics, uk.
allowance, 3rd ed. Novosibirsk: ed. NGTU. 672 p.
7. Rashid M. H. Power electronics handbook: devices, circuits,
and applications handbook. 3rd. ed. Elsevier Inc. 2011. 1389 p.
8. Plakhtii O., Nerubatskyi V. Analyses of energy efficiency of
interleaving in active voltage-source rectifier. 2018 IEEE 3rd
International Conference on Intelligent Energy and Power Systems
(IEPS).
P. 253–258.
doi:
https://doi.org/10.1109/IEPS.2018.8559514.
9. Lazzarin T., Bauer G., Barbi I. A control strategy for
parallel operation of single-phase voltage source inverters: analysis,
design and experimental results. IEEE Trans. Ind. Electron. 2013.
Vol. 60, No. 6. P. 2194–2204.
10. Nerubatsky V. P., Plakhtiy O. A., Gladka A. V. EMC
improvment research of three-phase active rectifiers with power
factor correction in regenerative mode. Collection of scientific
works of the Ukrainian State University of Railway Transport.
2018. Issue 178. P. 21–28. doi: https://doi.org/10.18664/1994-7852.
178.2018.138906.
11. Borrega M.,
Marroyo L.,
Gonzalez R.,
Balda J.,
Agorreta J., Modeling and control of a master-slave PV inverter
with n-paralleled inverters and three-phase three-limb inductors.
IEEE Trans. Power Electron. 2013. Vol. 28, No. 6. P. 2842–2855.
12. Zhuang X., Rui L., Hui Z., Dianguo X., Zhang C. H.
Control of parallel multiple converters for direct-drive permanentmagnet wind power generation systems. IEEE Trans. Power
Electron. 2012. Vol. 27, No. 3. P. 1259–1270.

Fig. 9. Results of imitation simulation

Fig. 10. Fourier analysis of the phase current of the active rectifier

7. Results and discussion
Single-key schemes of active rectifiers can be actively used in
schemes of small and, in some applications, average power.
However, with the implementation of a powerful rectifier unit with
a power of several megawatts, the execution of a single-key scheme
is inadmissible from the reasoning of the reliability of the converter
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Abstract: In this paper are considered various options for the interaction stages of the life cycle of an electronic product, initiated by the
application for the development or supply of products, reclamation act or application for service. At the same time, variations of procedures
and product data are formed, which form a digital passport and are used to generate several types of design solutions. It is shown that the
content of a digital passport allows you to automate the procedure for obtaining design solutions, for which an appropriate methodology has
been developed.
KEYWORDS: DESIGN SOLUTIONS FOR CAD, DIGITAL PASSPORT, CAD FOR ELECTRONIC PRODUCTS.
Therefore, the occurrence of any of these events means
the generation of actions that constitute data management
processes. They are characterized by lists of processed data on an
electronic product, and the sequence of execution is determined
by the work schedules and steps specified in the contract with the
customer. In other words, the data, along with the event that
occurred, constitute the initial requirements, in accordance with
which the lists of actions and processes are formed, which are
design decisions [7].
Since a single digital passport contains information
about the processes of managing data about an electronic product
at all stages of the life cycle, it is possible to pose the problem of
automating the generation of design solutions based on initial
requirements. This paper is devoted to the creation of methods
for its solution.

Introduction
At present, an industrial enterprise can not be imagined
without the implementation and operation of modern automated
information systems, such as PDM, ERP, MES and / or EAM.
This allows you to create, store and manage data about the
electronic product at each stage of its life cycle [1-3]. This creates
an information space, called a single digital passport of the
product. As a rule, its content is used to solve the following tasks:
- analysis of the remarks recorded in the preparation of
production and during the production;
- control of the processing of each individual remark;
- analysis of the causes of failures in the operation of
electronic products;
- formation of lists of so-called "unscrupulous"
suppliers;
- management of the structure and composition of the
electronic product and its modifications;
- management of design and technological
representations of data on an electronic product, etc.
These tasks are part of the data management processes
that determine the interaction options of the stages of the
electronic product life cycle. Each option contains a sequence of
steps and processes that characterize the chain of actions to be
performed, which is caused by the occurrence of one of the
events initiated by the customer - the sending of an application
for development or delivery of a product, a complaint with a
copy of the product or a service request.
Receipt of an application for product development
determines the search for analogues, the result of which is the
determination of the list, cost and deadlines for the stages of
work. With a positive search result (including obtained by several
parameters), two planning tasks are solved. The first is the
development of documentation for the original parts of the
product, the second is the need to adjust the documentation for
borrowed parts of the product [4,5]. This is the reason for
planning the development or adjustment of documentation, as
well as the stages of preparation for production.
Upon receipt of the application for the supply of
products in the same way, it is necessary to adjust the
documentation for the product according to the comments
identified during the previous production cycle of the product. In
accordance with this, the stages of development, preparation of
production and production are planned. Further, after the transfer
of a copy of the product to the customer, work on it at the
enterprise will resume after the sending of the reclamation act.
This implies the solution for several problems. The first is to
determine the cause of the failure of the product copy. The
second is planning the adjustment of design documentation or the
entire preparatory stage of production, including production - the
manufacture of parts and assembly units, as well as the assembly
and testing of the product [5, 6].

Formation of the content of a single digital passport
The practice of building an information space of data
shows that each enterprise creates its own digital environment,
using as a basis the experience of similar enterprises. This means
doing the following:
- definition of the stages of the life cycle of an
electronic product, which implements the activities of the
enterprise;
- formation of sequences of data management processes
for each stage of the life cycle;
- identification of options for automating the actions
that make up each process using different types of systems;
- implementation of the process automation option in
accordance with the functionality of the implemented systems
and system requirements imposed on the enterprise.
The life cycle of an electronic product is formed by a set of
stages (Figure 1), for each of which the corresponding lists of
processes for managing product data are defined, and for each
process - a list of its constituent actions. This allows you to
describe the procedures for the interaction of units, on the basis
of which to identify processes that require automation, taking
into account the experience of similar enterprises.
The result is the creation of descriptions, for example,
in the form of diagrams in IDEF0 notation, which takes into
account only the type of systems used - PDM, MES, ERP and / or
EAM - and their functionality. Specifying the names of the
systems is not required, since they differ from each other due to
the implementation of the interface. Consequently, the variety of
software solutions allows enterprises to independently choose
their best option and work out the integration mechanisms [8].
In other words, a single information space is created
about the product at all stages of the life cycle, which allows it to
be used in making design decisions.
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Figure 1 - The interaction of the stages of the life cycle of an electronic product
- if the cause of failure is poor quality supply of
components, the stage implements the procurement activity;
- if the cause of failure is a production error, then the
stage involves the adjustment of the technological data on the
product (for example, based on the results of the adjustment of
the design data or the presence of unworked comments on the
technological documentation).
3. The procedures of the production stage are formed
and launched in accordance with the content of the technological
process maps.
In case when a service request is received by an
enterprise, the generated design solutions are a generalization of
the options considered, since it combines the procedures for
entering into a contract, preparation for production and
production; the possibility of adjustments to structural and / or
technological data about the product; as well as the formation of
lists of data on various products [7].
It should be noted that the information required for the
formation of the listed sequences of procedures and types of
product data is stored in a digital passport. This makes it possible
to use it to develop a methodology for generating design
solutions.

Variants of CAD design solutions
An analysis of the organization of the activities of
enterprises shows that the adoption of a project decision is due to
the receipt of the application from the customer. This involves
determining the set of procedures performed in a given sequence,
and product data generated at different stages of the life cycle.
So, if the company received an application for the
development or delivery of products, then the following sequence
of procedures and lists of product data can be generated:
1. A list of available data on products developed by
the enterprise is being formed. In case of receipt of
an application for development, the products being
developed are analogous with respect to that
indicated in the application, and in the event of
receipt of an application for supply, data on the
product indicated in the application.
2. The procedures of the contract conclusion stage are
formed and launched.
3. Forms a list of data about the product, from among
those found in accordance with claim 1, requiring adjustment
according to the comments. In the absence of unprocessed
comments list will be empty.
4. The procedures of the development stage are formed
and launched, and lists of data on purchased components are
generated. In case of receipt of an application for development,
the stage consists in creating constructive data on a new product,
and in the case of receipt of an application for supplying
products, in adjusting previously released data on comments. In
the absence of unworked comments, the stage in question is
skipped.
5. The procedures of the preproduction stage are
formed and launched.
6. The procedures of the production stage are launched
in accordance with the content of the technological process maps.
When the claim act is transferred to the enterprise, the
sequence of procedures and lists of data are generated depending
on the results of the investigation of the failures that occurred.
The following options are possible:
1. The procedures of the development stage are formed
and launched, taking into account some factors:
- if the reason for the refusal is a poor-quality supply of
components, then the stage may consist in the creation and filing
into the archive of the list of substitutes for replacing the
purchased component parts;
- if the cause of failure is an error during development,
the stage involves the correction of previously released design
data about the product.
2. The procedures for the pre-production stage are
formed and launched, taking into account the following factors:

Methods of generating design decisions based on a
digital passport
The results of the analysis of the company’s activities
form two groups of requirements for the use of a single digital
passport for generating design solutions. First group

Re quest _ System  (RS1 ...RSs )

contains generalized

invariant requirements for the formation of a single digital
passport at a particular enterprise:
- stages of the life cycle of products in which the
company operates;
- functional properties of control systems;
- data requirements for an electronic product in a single
digital passport.
Second
group

Re quest _ Pr occess  ( RP1...RPr )

contains

generalized variant parameters of the current stage of the life
cycle of an electronic product:
- product specifications required by the customer;
- characteristics of the states of the product
development process;
- characteristics of the state of the preparation process
of the product;
- characteristics of the states of the product
manufacturing process;
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- characteristics of products operated by the customer.
Taking into account the above, it is logical to say that
the listed groups of parameters initiate interaction between
different stages of the life cycle of an electronic product, similar
to the interaction initiated by an application for the development
or supply of products, a reclamation act or an application for
service. This allows you to use the components of a digital
passport to generate one of the following variants of CAD design
solutions:
1. The sequence of processes for presenting data about
an electronic product at various stages of its life cycle.

2. Lists and structures of electronic products and their
components.
3. Sequences of manufacturing operations for the
manufacture of an electronic product and its components.
4. Sequences of the data processing process on the
electronic product at the stages of development and production
preparation.
According to Figure 2, the idea of generating a design
solution for CAD is to form one of these options in accordance
with the list of parameters of the current state of the electronic
product

Re quest _ Pr occess .

Figure 2 - Generation of design solutions for CAD electronic products based on a single digital passport
6.

Conclusion
Thus, the design solution of CAD is a sequence of
components of a single digital passport, describing the real object
of production at a certain stage of its life cycle. Each component
is characterized by a list of parameters selected in accordance
with

the

requirements

7.

Re quest _ System и

Re quest _ Pr occess .
8.

The obtained results were used to develop a
methodology and algorithm for CAD electronic products based
on a single digital passport.
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PENCIL DRAWN SENSOR FOR APPLICATION IN SMART BOXES
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Abstract: In this article, we present an idea for enhancing functionality of ordinary cardboard boxes for Industry 4.0. The simple sheet of
paper and pencil were used for making an environmentally friendly sensor. By using simple technology and adhesive tape a system for
opening detection was made. Emphasis was put on using off-the-shelf items; thus, everyone can replicate such sensor.
KEYWORDS: GRAPHITE SENSOR, LAB-ON-PAPER, PAPER TECHNOLOGY, CARBOARD BOX, INDUSTRY 4.0

1. Introduction
2. Manufacturing process

Nowadays, the logistics or grocery market demands much more
automatization and security then before. Some exporting companies
must defend themselves against counterfeits or even stealing while
transporting their cargo. By implementing Industry 4.0 ideas,
mentioned problems can be decreased to minimum, e.g. putting
GPS localization module into courier vehicle. Even final client in
grocery shop can be warned before buying i.e. expensive liquor[1].
Such bottle is enhanced with NFC chip and metal cord working as
seal.

Authors have used a CO2 laser (type SL5030, SERON) and a
Whatman filtration paper (for more fragile sensor). First move was
cutting of paper into single structure (Fig.2). Project for CO2 laser
was made in laserGRAV software, it is freeware program with
CAD functions. Presented design in Fig.2 was made with
perforation holes, for even more fragile structure. Such perforation
is not mandatory step.
It was decided to set laser plotter values:

Researchers was always trying to find a better way for
measuring physical values like gas concentration[2], content of the
medical fluids [3] and many others [4]–[12]. The last trend is
modifying such equipment for structures made on paper. Such
objects are made for being one-time-use. Due to using only
ecological structures like cellulose, they can be easily disposed in a
fire [13].

• output power: 12 W,
• scanning speed: 100 mm/s,
• work mode: cut.
Parameters depends on used paper substrate, for thicker paper
output power should be larger.

Another problem to solve in logistic market is a restorable
warranty or novelty seal. It is not a trouble for a thief to open a
transported box, reseal it with tape and replace warranty stickers.
The purpose of the work is to manufacture paper seal with
specified (known) resistance between its contact. If the resistance is
different than expected, then it means that the item was opened or
damaged earlier (Fig.1).
Cardboard box

Paper Sensor

Fig. 2 Screenshot taken from the laserGRAV with sensor’s design.

The next step was drawing conductive line with pencil.
Ordinary 2B pencil was used for this research. To obtain line with
lowest resistance, it has to be drawn multiple times with high
pressure. The results of drawing with different pressure is presented
in Fig.3. With line drawn on the paper surface (Fig.4), paper sensor
is ready for further research and integration with boxes.

Fig. 1 Visualization of the cardboard box with integrated pencil drawn
sensor.

Such sensor can be easily integrated with NFC/RFID system
(resistance strip connected to ADC from NFC/RFID
communication chip). Later mentioned system can be connected to
the compute cloud for providing even more information for the
manufacturer [14].
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Table 1: Measurement of the line width (cut with CO2 laser):
Designed
Obtained
width [µm]
width [µm]
Change [%]
Δ width [µm]
1
1500
1315
87,63
186
2
2000
1805
90,23
196
3
2500
2316
92,62
185
4
3000
2842
94,73
158
5
3500
3313
94,66
187

It was noticed that every shaped manufactured with laser was
reduced by ca. 190 µm (or 85 µm from single edge). That proves
every design needs to be corrected with this value. Such value
comes from the finite size of the laser dot.
The next step was measuring pencil drawn strip resistance vs
designed width. The very same design was used as previously.
Before irradiating it with laser, the authors covered its surface with
pencil drawing. The length of every mentioned strip is ca. 15mm,
later resistance was measured by connecting probes at each end.
Results are presented in the Table 2.
Table 2: Designed width
(line length = 15mm):
Designed width [µm]
1
1500
2
2000
3
2500
4
3000
5
3500

Fig. 3 Photos of the drawn line with pencil. From lightly (A) through semiheavily (B and C) to heavily drawn (D).

of

the

line

vs

measured

resistance

Measured resistance [kΩ]
45,6
31,5
27,2
19,3
12,4

The last step of testing part was measuring resistance of the line
from the paper sensor (presented in Fig. 4). The whole U-shaped
drawing has the resistance equal to 120kΩ.

4. Integration with boxes
There are few ways of implementing paper sensor into
cardboard boxes. First one is simply using tape while securing box
(Fig.6). The tape must be previously prepared, with laser cut holes
for measuring electrical parameters of the pencil drawn line. It can
also be made in the sticker form (Fig.7).
Another approach is just simply using glue to attach the paper
sensor to the surface. Mentioned in Chapter 2 paper sensor with
perforation can be used. Perforation was made for making sensor
even more fragile; thus, it would be torn with every attempt of
removing it.

Fig. 4 Photos of the paper sensor -without (A) and with perforation (B).

3. Testing
The last part of the presented research is testing the paper
sensor. Authors decided to check the precision of the CO2 laser.
Mentioned in Chapter 2 settings was used once again. The strips
with various width were cut with laser (Fig.5) and later were
measured with Digital Microscope HIROX KH-7700. Results are
presented in the Table 1.

Fig. 6 Photos of the implemented paper sensor with tape.

Fig. 5 Photos of the laser cut strips for measuring experiment.
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Fig. 7 Photos of the implemented paper sensor (perforated) with glue closed and opened box.

5. Conclusion
In this paper, a method of manufacturing a simple paper sensor
was presented. Even with simple items, the whole sensor can be
made. Such sensor provides important information about the
packaging (i.e. if it is damaged or opened before the final client).
Also, it can be easily connected to NFC chip and provides even
more information for carrier or final client.
The main advantage of the presented sensor is the feature that it
cannot be restored if the box was opened once. The the sensor
resistance is only known for manufacturer. Thus, third party person
would have a lot of difficulties to recreate such paper with the same
resistance.
To avoid problem with widely known resistance of the pencil
drawn strip, designer can change its resistance via its width (Table
2).
Also, this paper proves that using laser for such application is
precise enough. CO2 laser did not burned paper covered with
graphite.
This system is a great advantage over the standard seals, due to
ecological materials like paper and graphite pencil.

6. References
[1]

N. C. K. Yiu, “An NFC-Enabled Anti-Counterfeiting
System for Wine Industry,” 2014.

[2]

K. A. Mirica, J. G. Weis, J. M. Schnorr, B. Esser, and T.
M. Swager, “Mechanical Drawing of Gas Sensors on Paper
**,” pp. 10740–10745, 2012.

[3]

A. Määttänen, U. Vanamo, P. Ihalainen, P. Pulkkinen, H.
Tenhu, J. Bobacka, and J. Peltonen, “Sensors and
Actuators B : Chemical A low-cost paper-based inkjetprinted platform for electrochemical analyses,” Sensors
Actuators B. Chem., vol. 177, pp. 153–162, 2013.

[4]

A. Russo, B. Y. Ahn, J. J. Adams, E. B. Duoss, J. T.
Bernhard, and J. A. Lewis, “Pen-on-Paper Flexible
Electronics,” pp. 3426–3430, 2011.

[5]

H. Andersson, A. Manuilskiy, T. Unander, C. Lidenmark,
S. Forsberg, and H. Nilsson, “Inkjet Printed Silver
Nanoparticle Humidity Sensor With Memory Effect on
Paper,” IEEE Sens. J., vol. 12, no. 6, pp. 1901–1905, 2012.

[6]

E. W. Hill, A. Vijayaragahvan, K. Novoselov, and A. M.
Exfoliation, “Graphene Sensors,” IEEE Sens. J., vol. 11,
no. 12, pp. 3161–3170, 2011.

[7]

C. R. Merritt, H. T. Nagle, E. Grant, and S. Member,
“Textile-Based Capacitive Sensors for Respiration
Monitoring,” vol. 9, no. 1, pp. 71–78, 2009.

115

"INDUSTRY 4.0" ISSUE 3/2019

IMPLEMENTATION OF INS FOR CONTROL OF ROBOTS WITH A DC MOTOR
Dr.h.c Prof. Boţek P. PhD., Ing. Mudrikova A. PhD.
Faculty of Materials Science and Technology – Trnava Slovak University of Technology, the Slovak Republic
pavol.bozek@stuba.sk

Abstract: This paper describes the activity system and the importance of INS with the possibility of implementation to the robot control.
The contribution also introduces the execution of DC motor regulation utilized for the positioning of a rotary positioned arm. The motor
control comprises the current regulation, angular velocity and the rotation of the motor shaft fixed to the arm regarding the required
angular change course of the arm rotation. The regulation structure of the DC motor is carried out in MATLAB/Simulink program. The arm
movement is investigated via the mathematical model and virtual dynamic model formed in MSC.ADAMS program.

Keywords: INS, GYROSCOPE, ACCELEROMETER, DYNAMIC MODEL, PID CONTROLLER, MATLAB/SIMULINK

1. Introduction
The integration of navigational information represents the actual
issue of reaching higher accuracy of required navigational
parameters by using more, less accurate navigation systems. The
inertial navigation is the navigation based on uninterrupted
evaluating of the position of a navigated object with utilizing the
sensors which are sensitive to motion, i.e. gyroscopes and
accelerometers, which are regarded as primary inertial sensors or
other sensors located on the navigated object. The position,
orientation, direction and velocity of motion without external
sources of information about the motion are constantly determined
by means of the navigation computer and data from sensors. The
actual position of the object is evaluated on the basis of knowledge
of the initial position and subsequent continual measuring the
acceleration and direction of motion in a reference system. The
principle of inertial navigation obeys the laws of classical
mechanics defined by Newton. The INS includes at least one
navigation computer and a platform or a module containing
accelerometers and gyroscopes. From the constructional point of
view inertial navigation systems are divided into platform so-called
gimballed systems and non-platform so-called strapdown systems.
In the platform system inertial sensors are attached to the platform
which is installed in a gimbals suspension with three degrees of
freedom with the aim of remaining the constant space orientation in
defined directions (north – south, east – west and vertically on
performing the gravitational attraction), while the gimbals
suspension is firmly connected to the construction of the navigated
object. The moving mechanical parts of the systems cause relatively
low reliability towards the non-platform systems. The inertial
sensors of non-platform systems are firmly connected to the
construction of the object (usually in the centre), for whose
navigation they are determined. Both types of the inertial navigation
systems consist of an inertial measurement unit and a navigation
computer.
The aim of the research is to investigate and develop a new
combined inertial navigation system based on electronic
gyroscopes, magnetic and barometric sensors. The mentioned
system will ensure the accuracy which is necessary for example for
the calibration of robotic workplaces and thereby the necessities of
utilizing the calibration agents will be limited. A big advantage of
the INS is also its autonomy in comparison with methods used
nowadays. This leads to the essential simplification of calibration
and it even carries big possibilities with it in the field of control and
measuring, for example, avoiding the accidental collisions of robots
etc. To solve a problem of ensuring the required accuracy is a basic
problem. The integration of more measuring devices (INS) is one of
the possibilities [11]. The integration of navigation information
represents the topical issue of achieving greater accuracy of

required navigation parameters. The crucial activity is focused on
three basic fields:
- The first goal is to analyze accelerometer and gyroscopic
sensors and their possibilities of utilization for inertial navigation.
The simulation of the effect of sensors with different metrological
parameters and their effect on the properties of the proposed
combined navigation system.
- The second goal is to optimize a specialized processor system
for processing the data from the defined sensors in connection with
controlling items of an industrial robot [10]. The proposal of an
algorithm of combined navigation with respect to the used
processor system.
- The third goal is to verify experimentally the proposed inertial
navigation system in real conditions of the industrial robot
operation.

1. Characteristic of issue
The demand of navigation autonomy, i.e. the independence of
the external sources of navigation information became the reason
for implementing the inertial navigation systems. The principle of
inertial navigation is based on Newton’s laws which express
a change of motion under the action of external forces and
acceleration which is directionally and by size proportional to the
acting external force. The inertial navigation system consists of
a measurement unit containing accelerometers and gyroscopes and
from a navigation computer which evaluates the data from
measuring devices. In contrast to all the other navigation systems
inertial navigation is completely autonomous, self-sustaining and
independent of the surrounding environment, i.e. the system is
resistant to outside influences such as magnetic disturbances,
electronic interference and signal distortion. Computing operations
in the inertial navigation system are based on Newton’s law of
motion

.
Fig. 1. Basic principle of INS activity
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For the purpose of navigation in a coordinate system it is
necessary to keep the direction of motion in the direction of
acceleration. This is not practically possible, and therefore sensors –
gyroscopes are used for detecting the rotary motion. Seeing that
each free object in space has six degrees of freedom (internally
mutually independent variables) the inertial navigation system
usually consists of three gyroscopes and three accelerometers where
each pair (gyroscope, accelerometer) is able to record the rotation or
acceleration in the direction of one axis which is perpendicular to
the others. Of the six degrees it is three linear degrees of freedom
―Fig. 1‖, the translation in the X-axis, Y-axis and Z-axis which
indicate the position of the object and three degrees of freedom of
rotation which indicate rotating around the X-axis, Y-axis, and Zaxis. The position of the object is also known if we know the six
variables. If this data is observed for a certain period of time, it is
possible to determine the trajectory and speed of an object’s motion
from it. The electronic gyroscope is one of the most modern
gyroscopic sensors. The mentioned sensors use the Coriolis force
which acts on the particle moving with certain speed in a rotating
non-inertial reference system and which is directly proportional to
the absolute value of the angular velocity vector of this system. The
Coriolis force acts on the resonating mass, which is flexibly
embedded in the frame and when the frame turns, in the direction
perpendicular to the axis of rotation (perpendicularly to the plane of
the frame) and perpendicular to the direction of motion of
resonating mass. The Coriolis force also alternates its orientation in
the direction perpendicular to the direction of motion because the
resonating mass oscillates in one direction. The amplitude of this
force is measured by means of a change of electric capacity of a
condenser whose electrodes are connected to the stable and movable
frame.

where J0 is the arm moment of inertia to the rotation axis 0, m is
the arm mass, L is the distance between the rotation axis and the
arm centre, g is the gravimetric acceleration,  is the angle of the
rotation and  is the angular acceleration of the solid.

Fig. 2. Mathematical (left) and virtual dynamic (right) arm models

Equation (1) is the mathematical arm model and its solution
MATLAB/Simulink program is shown in ―Fig 2‖, left. The driving
motor moment illustrated by the block of the constant value will be
substituted by the block scheme of an electromotor control [1,2].
This solution is qualified by knowing the mass, moment of inertia
and arm centre regarding the rotation axis as well. These parameters
can be calculated via geometry, dimensions and the density of the
arm material.
Virtual dynamic arm model developed in MSC.ADAMS
program is advantageous as it is not necessary to constitute the
mathematical system description, which can be quite complicated
for the complex sets of fixed solids [3,5]. The system, in our case
the arm, represents a 3D geometric built in a random CAD program
and imported to MSC.ADAMS program ―Fig. 2‖. The geometric
model is appropriately positioned, the numeric value of the arm
material density is assigned (subsequently the program
automatically calculates the position of the centre, the weight and
moments of inertia to the centre axes), then by the rotation
geometric bond it is fixed to the stable space and the place of
driving moment is prescribed. In addition, for the needs of the
control, it is essential to develop the sensors of the angle rotation
and the angular arm velocity. The prepared virtual model can be
imported to MATLAB/Simulink program, to which the block
scheme of the electromotor control is applied ―Fig. 2‖, right).

The inertial measurement unit (IMU) is an essential item of
each INS. Sensors, whose output is influenced by the motion of the
object on which the IMU is placed, are regarded as primary sensors
of the IMU. Primary sensors in inertial navigation are sensors of
angular velocity, whose output signals after integration are used for
determining the orientation in space, and accelerometers whose
output signals after precise compensation of gravitational
acceleration and the Coriolis force can be integrated onto the speed
and position. Such an inertial measurement unit has six degrees of
freedom. This means it enables to measure translational and rotary
motion in three orthogonal axes. The accuracy of inertial sensors
plays a key role in autonomous navigation. Errors of current inertial
sensors have the approximate value of 0.01°/hour for gyroscopes
and 100 µg for accelerometers. The mentioned errors are integrated
in time and cause the error of determining the position which is
expressed by the non-accuracy of measuring per hour, which is,
however, minimal. Such high-power IMU are implemented only
into the inertial navigation systems for special use. The mutual
integration of accelerometers, gyroscopes, magnetometers,
barometric sensors and microprocessor items into a compact unit,
whose output values is the data about position, rotation, height and
the like, is a current trend in the development and production of
inertial units. Basic inertial sensors are supplemented with a GPS
module or magnetic sensor to compensate the errors of inertial
sensors.

The manipulation arm parameters: mass m = 0.798 kg, moment
of inertia to the rotation axis J0 = 0.013655 kg.m2, distance between
the rotation axis and the centre L = 0.096 m. The prescribed arm
rotation is shown in ―Fig. 2‖, left. Via the inverse dynamic analysis
in MSC.ADAMS program we can obtain the corresponding rotation
moment for the motion required, ―Fig. 3‖, right. The maximum
value of the rotation moment is 0.7514 Nm.

Fig. 3. Prescribed arm rotation (left), course of torque (right)

4. Model of DC motor with regulation

In the following part there is an example of solving robot arm
movement in one axis. Also, the possibilities for extending the arm
movement simulation result solved by a mathematical model in a
virtual environment, and the program MATLAB / Simulink.

As the main control drive the Parvex RS110M DC motor [7]
with the gear (gear ratio 1:50) was used ensuring the decrease of the
required rotation moment and increase of working motor
revolutions. Motor parameters are shown in Tab. 1.

3. Rotation arm dynamics

DC linear motor model with permanent magnet in
MATLAB/Simulink program was developed on the basis of the
mathematical models of mechanical (2) and electrical (3) motor
parts [1, 2]:

By the arm rotation ―Fig. 2‖ round the horizontal axis 0,
neglecting the friction of the positioning, the arm is subject to Mm
torque, MD moment of inertia and the moment of the related
gravitational force component MG. The equation of the motion
describing the arm movement is as follows:

Mm  M D  MG



M m  M L = Jm

M m  J 0  mgL sin  (1)
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dω (2)
dt

u = Rmi + Lm

di
+ui
dt

(3)
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where Mm is the motor torque, ML is the moment load of the
motor power, Jm is the moment of inertia of the rotor, ω is the motor
speed, u is the power voltage, Rm is the motor anchor resistance, Lm
is the motor anchor’s winding inductance, i is the current flowing
through the motor windings, t is the time and ui is the induced
voltage on the motor anchor’s winding. The relation of the
mechanical and electrical parts is expressed as follows:

ui = Cuω ω ; M m = Cumi

Fig. 5. Mathematical arm model control

(4)

where Cum is the torque constant of the motor and Cuω is the
voltage constant of the motor.
Table 1: Parameters of DC servomotor Parvex RS110M [7]
Torque
constant

Fig. 6. Virtual dynamic arm model control

Rotor
inertia

Winding
inductance

Winding
resistance

Jm
[kg.m2]

Lm
[H]

[Ω]

Cum

Cu

[N.m/A]

[N.m/A]

2.4.10-6

0.0016

4.5

0.037

0.037

Torque

Maximum
supply
voltage

Peak
current

Nominal
current

Maximum
speed

Rm

Voltage
constant

Mm

Umax

Imax

Inom

max

[Nm]

[V]

[A]

[A]

[rpm]

0.05

33

4

1.5

8300

Fig. 7. Course of arm rotation and motor torque for mathematical model
(Math.) and virtual dynamic model (Adams)

6. Conclusion
For the motor modeling we used the model, in which the losses
in iron are not considered. We used the cascade regulation to
control the manipulation arm positioning ―Fig. 3‖. The innermost
loop represents the current control, or DC motor torque control. The
control of the angular velocity is the loop which is given
precedence, and the arm rotation control is the highest loop. For the
current loop, P regulator is utilized, for the angular velocity
regulation of the motor PI regulator is used, and the positioning
loop is controlled by P regulator.

The results of the controlled position are illustrated in ―Fig. 7‖.
Regarding the rotation required; the course of the arm rotation from
the mathematical model is very precise. For the virtual dynamic
model the deviations are more significant ―Fig. 8‖, therefore, it
would be necessary to modify the values of regulators for this
model.

Individual constants of regulators were obtained via the autotuning in MATLAB/Simulink program and are shown in
Tab. 3.
In the overall model the limitations arising from the motor used, as
shown are in Tab. 1, were utilized. In the model the dynamics of
sensors and dry friction is not considered.

All in all, we present the solution of the dynamic system
regulation on a dynamic model incorporating the influences of the
forces of inertia emerging in the movement of the system as well as
all the external forces influencing the system. The significance of
these models utilization is much higher for the complex systems of
fixed solids, where the mathematical description is more
demanding.

Fig. 4. Regulation scheme of JM motor
Table 2: Terms of the individual controllers

Controller
P
I

Current

Angular velocity

Rotation

9.184

1.342

2.398

-

2.629

Fig. 8. Deviation of arm rotation regarding the value required
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5. Arm regulation
The schemes of arm position control for the mathematical model
and virtual dynamic models are illustrated in ―Figs. 5 and 6‖. In
both cases the same motor regulators set ups were used case of the
virtual model, the input of the load velocity effect to the arm
movement to the control motor block is missing. The data together
with the arm inertia effects are automatically generated in the block
of the dynamic model developed in ADAMS program.
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ABSTRACT: Among the methods for the contaminated water treatment for removing heavy metal ions, including those of T1, the most
widely used are the adsorption methods, and among the sorbents used, the different types of carbon materials. The analysis of the metal ion
sorption mechanisms from aqueous solutions of carbon materials shows the essential role of surface oxygen groups present in all carbon
materials (commercial products) for the sorption process. In the presented publication, the possibility was investigated through liquid phase
oxidation with nitric acid to prepare oxidized carbon materials which differ both in the parameters of the adsorption texture and the content
of surface oxygen groups on the carbon surface. The efficiency of the modified samples prepared by liquid phase oxidation for Tl ions
sorption from aqueous medium was investigated by adsorption process. Increased sorption possibilities were observed towards Tl ions as
compared to initial carbon materials.
KEY WORDS: Tl COMPOUNDS AS TERRORISTIC POISONOUS AGENTS, Tl COMPOUNDS AS SOURCE OF WATER
CONTAMINATION, SURFACE OXYGEN GROUPS (SOG), OXIDATIVE MODIFIED ACTIVATED CARBONS INTENDED FOR
REMOVAL OF Tl IONS FROM DRINKING WATER
The methods of chemical modification (non-oxidative and
oxidative) as of the moment find the widest application. Among the
non-oxidative methods, the primary importance is of the
impregnation method. The term impregnation can be defined as the
fine distribution of chemicals and/or metal particles in the pores of
activated carbons [12]. The activated carbons impregnated with
Prussian blue excel with increased sorption capability against the
Tl+1 ions from water medium [13-14]

1. Introduction
The water purification from Tl ions is of significant interest due
to the high toxicity of the thallium compounds, especially those of
the Tl1+. Thallium appears in water as a by-product from various
chemical processes, as a component of insecticides or as an agent
used by terrorists for contamination of potable waters.
Among the methods for purification of water from the heavy
metal ions, including of Tl, the widest application is of the
adsorption methods, and among the sorbents used, these are the
various types of activated carbons.

Among the most perspective methods for modification of the
activated carbons for improvement of their water purification
properties, as per the references, are the oxidative ones [15]. А.
Bhatnagar et al. [12] emphasize that the oxidation of the activated
carbons significantly increases their adsorption properties in terms
of various metal ions under static conditions, despite that parallel
observation is made of a decrease of the specific surface and their
porosity after oxidation.

The activated carbons appear to be most multipurpose among
the adsorbents used for water purification characterizing with
relatively low price and possibilities for regeneration [1].
The effectiveness of the activated carbons as adsorbents for
various types of water contaminants is widely discussed [2-3]. It has
been established that the activated carbons are very effective
sorbents for removal of the organic compounds from waters as well
as of significantly smaller number of inorganic contaminants.

The oxidative modification of the activated carbons can be done
by various methods such as heat treatment (microwave treatment),
ozone treatment [16-17], plasma treatment, during which process
very little textural changes take place, however there would be a
substantial change in the surface chemistry of activated carbons
[18-19], acidic treatment (such as nitric acid and sulfuric acid being
the most widely studied, besides some other acids used for this
purpose). Acidic treatment of carbon is generally employed to
oxidize the porous carbon surface as it increases the acidic property,
removes the mineral elements and improves the hydrophilic nature
of surface [20]. Acidic oxidative method is evaluated as the most
effective one according to cost-efficiency criterion amongst the
other oxidative methods.

The electrostatic interaction between the metal ions and carbon
surface however is generally insufficient for full adsorption by the
activated carbon of the metal ions [4].
Adsorption of the metal ions by the unmodified carbon surfaces
of the activated carbons is explained by their interaction with the π
sites (Cπ) of the carbon basal surfaces which can further be
weakened in some cases by the presence of heteroatoms (groups),
which by electron withdraw could destroy the π electron
delocalization [5].

The increased sorption activity of the oxidative activated
carbons against the metal ions, water pollutants, is due to the fact
that the oxidative carbon surface is more negatively charged than of
the non-oxidative activated carbons, due to the dissociation of
surface acid groups which increases the electrostatic adsorption
interactions with the metal cations [21], as the concentration of the
surface functional groups has a significant importance, and hence
the method of forming of these groups.

There are references to publications of various methods [6-10]
for modification of the surface of the activated carbons with the
purpose of significant increase of the sorption of the specific
contaminants (in particular the metal ions) from water medium.

According to L. Monser and N. Adhoum [11], various chemical
and other types of treatments find application, selected as per the
pre-defined specific physical and chemical characteristics of
carbons and other specific factors defining the affinity of the
sorbents to the various contaminants in waters.

It must nonetheless be noted that not all surface acidic groups
(even not all carboxyl groups) take part in the adsorption process of
the metal ions. This is due to the fact that a part of the metal ions is
adsorbed on the external carbon surface and/or electrostatically
expel other metal ions in a solution or block their access to the
surface acidic groups located in the porous texture of the oxidative
activated carbons [12].

A trend is in place towards increase of the sorption capabilities
of the activated carbons against specific contaminants (metal ions)
from water medium [11] through variation of the types of modified
chemical agents and methods used for surface modification of the
carbon surfaces.

Hence the suggestion that besides the oxidation rate of the
carbon surface, significance is bestowed on the distribution of the
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mesopores by size for the maximal sorption of metal ions from
water, as in the event of well developed, appropriate mesopore size
of porous texture of the oxidative carbons, access is ensured to a
larger part of the surface oxygen groups, respectively, more
effective sorption is achieved of the metal ions from the water.

- volume of micropores (VMI) using the Density functional
theory (DFT) (adsorptive N2, 77.4 K);
- volume of the mesopores (VMЕS) as a difference between the
total volume and the volume of the mesopores (adsorptive N2, 77.4
K);

The objective of this study is to survey the opportunities for
removal of the Tl ions from drinking waters of the carbon materials
surface modified with nitric acid (activated carbons – commercial
products and high temperature coke), specific with various textural
parameters, via comparison of the effectiveness in the process
referred of the modified and starting samples.

- average pore radius (RP) as a ratio of the duplicate Vt and ABET
(adsorptive N2, 77.4 K);
The textural parameters calculated by the methods referred of
the starting and modified samples are presented in Table 1. and 2.
The isoelectric points (IEP) of the starting and modified
samples were defined by the method of Noh and Schwarc [25]. For
the purpose, for each of the samples, three different starting
solutions were prepared with different рН (accordingly 3, 6 and 11),
using HNO3 (0.1 M) and NaOH (0.1 M). Six flasks for each of the
samples were filled with 20 ml of the solutions and different
amounts of the activated carbon (0.05, 0.50, 0.75, 1.00, 5.00 and
10.00 g). The balance рН was determined after 24 hours. The
curves of dependences of рН on the carbon masses demonstrate
plateau and the isoelectric point is determined as the value at which
the change of рН becomes zero.

2 Experimental part
2.1 Samples
For the purpose of the study, the following carbon materials
were used:
a) activated carbons (commercial products) obtained via steamgas activation:
- based on coals: Filtrasorb 400, Calgon Corp. produced from
bituminous coal (signified as АСN); AG-K based on anthracite, RF
(signified as АСK);

The study of the sorption of the thallium ions (Tl1+) in drinkable
water from the starting and modified samples obtained on their
ground, has been run by the method of the periodic adsorption
(concentration 0,91 mg/l and pH in the interval 3-7.5, 293 К), as a
difference from the concentrations before and after adsorption,
determined via atomic-absorption analysis (spectrometer type Pye
Unicam SP 90B).

- based on waste biomass: Pharmacopoeian type, on bone basis,
Institute of Organic Chemistry –BAS (signified as АСB); KRF,
Trayal Corp., from the shells of coconuts (signified as ACG);
activated carbon of apricot shells, Institute of Organic Chemistry –
BAS, (signified as ACV);

The sorption effectiveness (S, %) of the starting and modified
samples obtained on their ground, in terms of the thallium ions
(Tl1+) in drinkable water, depending on the рН of water is expressed
in percentage against the starting concentration (100 %)

b) high temperature coke (signified as C), obtained at "Organic
synthesis and fuels” department (CTMU-Sofia) in two-sided
heating laboratory furnace (Nikolaev’s furnace) [22] in a chamber
of sizes: width 150 mm, length 270 mm, height 300 mm, at
temperature of coke treatment 1373 К, no extinguishing of the coke.
To obtain the coke, black gas coals G6 were used from the Donets
mine basin.

2.4 Adsorption studies
The dependence of the adsorbed quantity of Tl ions on their
starting concentration at pH between 4 and 7.5 has been obtained by
the following method:

The main adsorption-texture parameters and values of the IEP
of the studied carbon materials are given in Table 1.

From standard solution of Tl (I) with C- 2000mg/l via dilution
with 0.1 N HNO3 two stock solutions of Tl are prepared of
concentration С0 - 2 mg/l. Via adding drops 0.1 М NaOH, рН of the
stock solutions is adjusted to values pH 4 ± 0.1 and pH 6 ± 0.1. In
centrifugal tubes of 15 ml, about 0.1 g adsorbent is weighed. In
each tube, 10 ml of each of the stock solutions are added. The
suspensions are stirred at 20סС of the shaker for 24 hours. The
adsorbents are removed through filtration. The initial (C0) and
balance concentration of the metal ions in the filtrate (Ce) is
determined using the ICP-MS method (Inductively coupled plasmamass spectrometer “X SERIES 2”– Thermo Scientific with 3
channel peristaltic pump; concentric nebulizer;

2.2. Activated carbons modification
The selected samples of carbon materials were subjected to
oxidative modification as for that purpose, in Erlenmeyer flasks,
these were subjected to treatment with concentrated nitric acid (17.5
ml /1 g carbon) at 29 K for 14 days [23]. The modified samples
were removed from the acidic solution and rinsed with distilled
water. After that modified samples were then converted to H+ form
before use by contacting them with 0.1 M hydrochloric acid for 24
hours. Then the samples were washed with distilled water to
remove excess acid and dried in oven at 378 K for 24 h. [24]. The
samples obtained by the referred oxidative-modifying method have
been signified as the signification of the relevant starting carbon
material has been added up the letter "О".

Peltier-cooled spray chamber (4◦C); Xt interface option; Ni
cones and forward plasma power of 1400 W was used for the
determination of Tl.)

2.3. Methods of investigation
The starting carbon materials and samples obtained on their
base via oxidative modification are characterized via low
temperature adsorption of nitrogen (77.4 К) with Quantachrome
Instruments NOVA 1200e (USA) apparatus.

The adsorption (%) is calculated by the formula
𝐴 % =

(𝐶0 − 𝐶𝑒 ) 100
𝐶0

whereat С0 and Се are the initial and balance concentration of
the metal ions (mg/l).

Based on the adsorption desorption isoterms by nitrogen, via the
specialized software set in the equipment, the following textural
parameters have been calculated:
- specific surface (ABET) by the Brunauer-Emmett-Teller
equation, for the interval P/PO = 0.05 - 0.35 (adsorptive N2, 77.4 K);

Inductively coupled plasma-mass spectrometer “X SERIES 2”–
Thermo Scientific with 3 channel peristaltic pump; concentric
nebulizer; Peltier-cooled

- total pore volume (Vt) as per the Gurvich rule for P/P O = 0.95
(adsorptive N2, 77.4 K);

spray chamber (4◦C); Xt interface option; Ni cones and forward
plasma power of 1400 W was used for the determination of Tl.
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characterizing with well-developed microporous texture or only the
presence of mesopores as well as with practically non-porous high
temperature coke.

3. Discussion of the experimental results

Table 1. exhibits the main adsorption-texture parameters and
values of the IEP of the initial carbon materials. The selection of the
starting carbon materials is done so as to present samples with
specific surfaces varying within wide limits of the values,
Table 1. The main adsorption-texture parameters and values of the IEP of the initial carbon materials

RP, Å
11.7
10.6
60.2
11.5
10.2
80.0

IEP
6.5
7.6
7.1
6.4
7.3
6.9

Table 2. The main adsorption-texture parameters and values of the IEP of the oxidase-modifying carbon materials
Samples
ABET, m2/g
Vt, cm3/g
VMI, cm3/g
VMES, cm3/g
RP, Å
ACGO
774
0.46
0.22
0.24
11.9
ACVO
720
0.38
0.21
0.17
10.6
ACBO
90
0.28
0.28
62.2
ACNO
895
0.54
0.27
0.27
12.1
ACKO
1051
0.57
0.35
0.22
10.8
CO
3.1
0.012
0.01
77.4

IEP
6.1
7.1
6.7
6.2
7.1
6.6

ABET, m2/g
819
774
93
942
1093
3.0

Samples
ACG
ACV
ACB
ACN
ACK
C

Vt, cm3/g
0.48
0.41
0.28
0.54
0.56
0.012

VMI, cm3/g
0.25
0.26
0.31
0.37
-

As a result of the oxidation modification (Table 2.) insignificant
alterations are observed in the values of some of the adsorption texture parameters. In this sense, the values of the specific surfaces
of the modified samples decrease between 3.5 and 7 %. An
exception is in place for the oxidized coke (СО), whereat there is a
very slight increase (with 3.2 %), related to the fact that the
oxidizing modification also performs the function of an activation
process. Alteration is observed in the porous structure of the
modified samples, mainly at the expense of the increase of the
volume of mesopores, respectively decreasing the volume of the
micropores.

VMES, cm3/g
0.23
0.15
0.28
0.23
0.19
0.01

The extent of the oxidizing modification depends on the nature
of the precursor for obtaining the starting carbon materials. The
results from the adsorption studies of Tl+1 ions are presented in
Table 3. and 4. The impact of рН on the adsorption of the Tl1+ ions
has been studied within the рН range 4-7.5 (due to the possibility at
рН > 7.5 for processes of precipitation/hydrolysis) at room
temperature and fixed initial adsorption concentration (as noted
above in 2.4). Exceptions, for рН > 7.5, have been made for some
of the samples for final determination of the nature of their sorption
trend.

Table 3. Sorption effectiveness of the initial carbon materials in terms of the thallium ions, depending on the рН of water
pH
sorption effectiveness, %
ACG
ACV
ACB
ACN
ACK
4.0
66.84
45.91
57.51
65.13
37.20
5.0
67.93
48.06
58.86
66.20
40.66
6.0
68.84
50.25
59.94
67.12
42.94
7.0
68.60
50.17
60.02
67.06
43.06
7.5
68.76
50.31
59.98
67.15
43.14
8.5
-

C
23.36
27.32
29.77
31.09
31.80
31.58

Table 4. Sorption effectiveness of the oxidase-modified carbon materials in terms of the thallium ions, depending on the рН of water
pH
sorption effectiveness, %
ACGO
ACVO
ACBO
ACNO
ACKO
CO
4.0
95.25
73.21
84.93
92.01
37.42
34.33
5.0
95.84
76.38
85.81
92.42
40.36
37.78
6.0
96.21
78.25
86.49
93.05
42.94
40.96
7.0
96.55
80.00
87.15
93.40
44.79
43.17
7.5
96.36
80.19
87.18
93.34
44.94
43.62

8.0

-

80.21

-

-

44.86

43.81

quite close for the entire interval of studied рН to the one for the
oxidation coke (sample СО).
The relatively low sorption of Tl1+ ions for the entire studied
interval of рН for АСК and versa the relatively high sorption of the
sample СО most likely witness that the higher acidity of the surface
of the carbon material is not an adequate condition for the higher
adsorption of Tl1+ ions of water medium in case of inappropriately
developed mesoporous (transport) texture, respectively impeded
access of the ions to the SOG. Therefore, except the high extent of
oxidation of the surface of carbon materials, also an appropriate
volume of mesopores is needed with favorable size distribution.

The test results presented in the tables demonstrate that the
sorption of the Tl1+ ions at oxidation modified samples is higher
compared to the unmodified ones at the same рН, and the
differences between the sorption effectiveness (S, %) of the starting
and modified samples for рН among the lowest and highest values
within the studied interval are kept valid with small exceptions.
The high specific surfaces do not necessarily ensure the highest
sorption of Tl1+ ions for the entire interval of studied рН. In this
sense, the samples ACB and ACBO (ABET accordingly 93 and 90
m2/g) are characterized with higher sorption effectiveness than the
samples ACG (ABET = 819 m2/g), ACV (ABET = 774 m2/g) and
ACVO (ABET = 720 m2/g). This especially applies to the samples on
anthracite base АСК (ABET = 1093 m2/g) and АСКО (ABET = 1051
m2/g) whereat the sorption is lower than 9.5 % to double (compared
to the sample АСВ). Furthermore, for the sample ACКO, S (%) is
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4.Conclusion
In general, the adsorption of the Tl1+ ions depends on various
factors but mainly on the рН of the water medium and pHIEP of the
sorbents, i.e. the nature of the carbon materials. The studies run
(Tables 3 and 4) demonstrate expressed functional dependence of
the adsorption of the Tl1+ ions of the studied carbon materials on the
рН of the water medium. The test results demonstrate that the
adsorption of metals strongly depends on рН and increases (in our
case) with the increase of рН to 6 or 7 (for the various samples), as
the further increase of the рН displays stabilization of the values of
adsorption or even some decrease. For values of рН below 4, the
surface acidic functional groups are protonated and thus become
inaccessible for interaction with the thallium ions of the solution.
The increase observed of the sorption of the Tl+1 ions, along with
the increase of рН (in our case above 4) as per Kalyani et al. [4] is
probably due to decrease of the electrostatic repulsion between the
cations and positive charged surface of carbon materials at рН>
pHIEP (Tables 1 and 2). At pH below the values of the relevant
pHIEP the carbon surface is positively charged [5], under these
conditions the absorption of metal ions is impeded due to the
electrostatic repulsion. At pH of water medium above pHIEP, the
acidic surface oxygen groups are deprotonated, the negative charge
on the surface of carbon materials increases, thus increasing the
adsorption of the Tl+1 ions from water.
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Abstract. Today’s customer has more choices than ever. Customers always have had high expectations about what is in the items they buy.
This desire for clarity has heightened the need for supply chains to provide more, and more granular, content. To succeed in today’s
business environment, companies need to meet consumer demand for in-depth product information across a variety of shopping channels,
with greater specificity, than in the past. Excellence in business is driven by consistent information. Today technology and innovation enable
a much closer connection between the buyer and seller, paving new paths for experience and sales. Using them to build the hyperpersonalized supply chain that delivers exactly what the customer wants, when, where and how they want it will become the paradigm of
modern supply chain management. Personalization (creating a progressively better customer experience by using technology and data to
meet and anticipate its needs in a way that makes their interactions easier) is a growing challenge, particularly for supply chains strongly
influenced by global competitors. Personalization is fueled by new technologies and new data sources, all leading to more impactful
customers insights. In this paper we will examine how personalization today is not only a strategic imperative for companies, but also for
their supply chain partners in order to reach better profitability and increased customer lifetime value.
KEY WORDS: SUPPLY CHAIN, CUSTOMIZATION, PERSONALIZATION, MULTICHANNEL ENVIRONMENT, SHOPPING BEHAVIOR,
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that products are massively produced, but the customer is offered a
limited adjustment option for the product - such as choosing
INTRODUCTION
different colors. An example would be the NikeID service provided
Personalization is one of the most dominant and fastest
by Nike.1 Adidas AG also customizes its sneakers. Mass
growing trends today (9). Personalization is based on the use of
customization emerged almost two decades ago as the primary
consumer data and technologies to better predict and meet their
strategy used by companies in all branches of industry to profit
needs, as well as to establish more intimate interactions with them.
from the heterogeneity of demand and a wide range of other
The level of personalization increasingly determines the success of
consumer demands (10). The third level of personalization consists
companies in today's multichannel world.
of creating completely individually bespoke products. In the event
Supply chains realize the power of personalization and are
of a totally individually bespoke product (such as a particular
increasingly resorting to it. Today, their flexibility and
software, for example), the customer is involved in the process of
competitiveness must be based more on mass customization.
its creation from the beginning to the end of the process, so that the
Regardless of the fact that economies of scale encourage
product is unique. Mass customization is a new paradigm in
supply chains to make each product the same, market circumstances
production and has an increasing implication on supply chains.
require them to accept a segmented approach in product
Personalization is the strategic imperative of all
development. Therefore, for example, supply chain managers in
companies in the supply chain, because it contributes to the increase
some particular circumstances want to purchase, produce, and
in their growth, efficiency, profitability and customer lifetime value.
deliver products for a single customer. In other circumstances, these
The ultimate goal of personalization is to profitably create a better
"personal" products can be directed at a wider but specific customer
consumer experience in the purchasing process.
segment.
Personalization is based on the use of data so that
Today, customers function in an omni-channel
customers can easily find and consume what they want, how and
environment. This environment allows overcoming the separation
when they want it, not just on the basis of past experiences or
of offline and online sales, marketing and customer service, as all
Internet searches, but also on the basis of understanding what is
channels are synchronized with each other. In such an environment,
behind their preferences. Accenture Interactive has launched
customers can simultaneously use all channels to enhance their
Accenture Genome - a personalization technology that uses
shopping experience.
interactions with customers to create Living Profiles based on
Personalization is a way for the customer to gain a
unique aspects of customers. These Living Profiles can help guide
positive experience in relationships with companies in the supply
orchestrated experience through personalization platforms, such as:
chain. The customer experience in the purchasing process is a new
brand and requires a strong connection of companies in the supply
chain. In order to succeed in this new world of marketing, supply
1
Since 2000, Nike has been offering NIKEiD service to its
chains need to understand what it is that individual buyers want and
customers, which enables them to personalize and make shoes and
why, and to invest in new technologies to provide customers with
clothes unique before purchasing. Customer becomes a designer
flawless experiences.
while changing and giving some kind of a personal stamp to the
More and more often, customers start their search for
selected product. Nike has thereby revolutionized the customer’s
preferred products before visiting physical sales facilities. Supply
perspective on shoes and experience related to their purchase. At
chains are challenged to keep this process flawless, in order to make
first, customers were able to use the NIKEiD service in a virtual
purchasers and others loyal to their products.
world - via the company's website. Later, this service was also
offered to customers in the real world through more than 100
1. PERSONALIZATION AS A FEATURE
physical objects called NIKEiD Studios, located in the US, China,
OF MODERN BUSINESS
Canada, France, England and other European countries. The result
Personalization means interacting with customers in an
is unique products (shoes, clothes, equipment) that the customer, in
intimate and intuitive way. Personalization is a phenomenon that
a fun and easy way, designed for oneself. Such products are to the
occurs in various sectors. Deloitte conducted a study on the basis of
customer’s taste, carry his/her personal stamp and show his/her
which he identified three levels of personalization (13). The first
character. The NIKEiD website allows visitors to easily transform
level of personalization is mass personalization, where products are
into creators and to choose their favorite model, color, materials,
changed to meet consumer preferences, using existing data without
air sole and even to print personal messages. It is a new lifestyle
any input from (contributions of) consumers (other than obtaining
that allows customers to take the power of creation and creation of
their permission to use the supplied data). An example would be
the brand into their own hands. Nike's experience has shown that
Amazon’s personalized recommendations on its website. The
many customers want to pay more but to design their own products
second level of personalization is mass customization, which means
themselves.
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recommendation engines, data management platforms, rules
engines (11) or inference engines – desktop tools for developing
expert systems, campaign management platforms and experience
optimization tools.
Personalization can be used to reduce customers’
discontent and change the way they experience the company.
Personalization says a lot about the company. For example,
Amazon, although operating in accordance with the guidelines and
rules, at the end of the day it keeps the customer at the center of
everything.
The common mistake that companies make is that they
underestimate the amount of effort to personalize demands from the
perspective of logistics, supply chain, technology and costs.
Successful personalization requires technology, change of
assortment, change of organizational structure and use of
appropriate sales channels. At the same time, it is a challenge for
customers, because when a company offers too many options, that
creates confusion and frustration among customers.

2017, it served 2.9 million individual customers and realized 7.9
million orders (1).
However, an increasing number of customers, especially
young people, buy online, i.e. without going into physical sales
facilities. Also, more and more purchases start online. According to
research by the Chicago company IRI, about 76% of shopping trips
in the United States begin online (4). Nevertheless, surely not all
customers will realize all their purchases online.
The desire of buyers to find out information about the
products they buy and use gets bigger and bigger. This desire
increases the obligation of companies in the supply chain to provide
customers with numerous and detailed product data (on
environmental impacts, payment options, transport alternatives,
etc.). By providing customers with access to product content
information, manufacturers and retailers encourage the process of
its purchase and use. Confidence of customers in what they buy and
where they buy is significantly determined by the scope, accuracy
and reliability of the available information.
Although it is clear to company managers that hyperpersonalization is long-lasting and, from a standpoint of investment
in modern technology, a very demanding process, it is very present
in a modern business and changes its look. It is not hard to see that
online shopping, which began to develop in 1994 with the online
sale of Ten Summoner's Tales, a CD by the English rock singer
Gordon Matthew Thomas Sumner, better known as Sting, and then
expanded to other products (15), fundamentally changed consumer
experience in retail. In order to become and remain competitive,
retailers successfully differentiate according to what is most
important to consumers - assortment, price, product presentation,
inventory replenishment, personalization, delivery time, etc. (12).
Some retailers succeeded in it while others are still struggling.
Lately, the rules of the game have changed in online sales
and thus the conditions for the personalization of supply chains. In
2017, Amazon bought (acquired) Whole Foods Market for $13.7
billion, with the intention to increase its participation, in a profitable
way, in the online food market where the fastest growing trends in
online sales in the United States are manifested (7). Amazon is not
unknown on the food market. Since 2007, it has been delivering
groceries in the United States, and it has its own food store in
Seattle. Amazon is aware of the fact that the Internet offers more
and more opportunities to personalize not only the ordering of
products, but also many other activities and supply chain processes,
and that these chances should be maximized.
Regardless of the fact that there are still irreconcilable
differences between the online and offline sales channels, their
convergence is more and more pronounced in the markets around
the world. At the same time, modern technologies increasingly
impose, but also stimulate, the transformation of supply chains, in
order to better meet the needs and wishes of individual consumers.
The said acquisition provides enough evidence for this. It was
expected that, by the acquisition of Whole Foods Market, Amazon
would significantly change the way of selling natural and organic
food, just as it had changed the way of selling books at one point,
and that the sale of these food products would remain in the shadow
of selling other products. However, this did not happen. Even the
Whole Foods Market continued to operate under its own brand.
This acquisition has undoubtedly shown that for effective
competition in the food market, there is a need for ever-increasing
convergence between the online and offline channels of their sales,
as well as a strong local presence in the field. Which is what
Amazon has achieved by the acquisition of the Whole Foods
Market (2). In addition, this acquisition is a clear invitation to food
business managers to quickly transform demand-driven supply
chain into consumer-driven supply chain. It is a gold standard for
the supply chain. This transformation affects, positively or
negatively, all companies - regardless of how they sell their
products to customers (online or through classical sales facilities)
and the type of products they sell.

2. OMNICHANNEL ENVIRONMENT
After a single channel, multichannel and cross-channel
sales approach, an omnichannel approach appeared on the scene. At
the center of this approach is a customer and not a brand.
Today's customers have a greater choice than ever since
they live in an omnichannel world. Omnichannel experience is
provided to customers by: internet website(s), social media, mobile
devices, promotion and advertising, new technologies, software
solutions, reports and analytics, payment methods and sales
locations. Omnichannel marketing, by coordinating and integrating
all channels of customer engagement, provides a consistent
experience. Each channel is familiar with the changes that have
occurred in other channels, and each one receives valuable
information on customer behavior.
Customers in the omnichannel world want to be
connected to brands anytime, anywhere, via any device. They value
consistent and personalized shopping experience but also transfer
interaction from one channel to their next channel. In the
omnichannel world, customers have been provided with a consistent
experience, regardless of the course of their movement during the
purchasing process. The customer can now find products or services
through different channels (Google, social media, television, radio,
print media, personal recommendations, etc.). So, today's customer
is an omnichannel shopper because he/she has many different ways
to find the products he/she wants.

3. CONVERGENCE BETWEEN ONLINE
AND OFFLINE SALES CHANNELS AS A
SIGN OF PERSONALIZATION
The supply chain concept, based on the demand-driven
supply chain, has existed for more than a decade. This concept
requires companies in the chain to be able to change production on
the basis of short-term demand fluctuations.
In order to successfully maneuver in the tsunami of shortterm demand fluctuations, supply chain companies, especially
retailers, must be ready for hyper-personalization - to provide
individual consumers with what they want, when, where and how
they want it. More often, consumers want to choose products that
reflect their preferences, to get them faster and to not have to pay
extra for it. The practice shows that companies cannot meet such
consumer preferences without comprehensive changes in their own
supply chains.
Customers combine shopping through physical sales
facilities and online shopping. This happens, for example, when a
customer orders products online, visits a supermarket in his/her
neighborhood and picks up these products. Similar possibilities are
also offered to customers by Alza – the largest online retailer of
consumer electronics in the Czech Republic, which since 2014 has
been operating in several other European Union countries (Czech
Republic, Slovakia, Hungary and Austria). It allows customers to
order products via the website and to take them over in its physical
sales facilities. Alza owns 53 stores and 90 AlzaBoxes. During
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4. TECHNOLOGICAL FOUNDATION OF
PERSONALIZATION IN RETAIL AND
SUPPLY CHAINS
Investments in the supply chain increase the chances of
sales growth. However, investments in online sales should be
observed in relation to the number of physical sales facilities. Even
after the takeover of Whole Foods Market, which was discussed in
the previous section, and allowing the delivery of food to customers
within two hours, Amazon achieves a modest success in this
segment of business. Based on its research, Bricks Meets Clicks
concluded that online orders of groceries from physical sales
facilities amount to about $200 per consumer per month, while
Amazon's consumers order such goods less often and spend only
$74 per month (14). It turned out that Walmart, Kroger and Target,
after having increased their investment in technology, sales
facilities and food delivery to customers, each individually gained
an advantage over Amazon because of having a large number of
physical sales facilities (14).
Creating hyper-personalized supply chains requires
increasing investment in a wide range of technologies. A key role is
played by investments in technologies that enable:
 ordering by the end user, which is driven by artificial
intelligence,
 automated inventory fill-ins,
 efficient inventory control.
Investment is also needed in technology that enables the
strengthening of customer-seller relationships, increasing sales and
creating new customer experiences. Increasing the level of
integration of a number of processes of supply chains (e.g. ordering,
production and delivery of products) should enable better
satisfaction of everyday needs of individual customers.
Manufacturers and retailers are able to record an
increasing number and a wider range of data (location, product
characteristics, demographics, psychography, and behavior across
individual channels) about almost every customer. By integrating
such data, manufacturers and retailers can create more personalized
customer experiences in sales facilities and increase their loyalty.
A good example of this is setting up beacons into a sales
facility. Beacons placed in the sales facility interact with the
customer by sending special personalized offers and greetings. The
goal of the use of the beacons is to provide customers with hyper
locally personalized offers based on their location in the sales
facility. Another example is Marc's – a retailer in North East Ohio,
which has distributed Allrecipes.com2’s beacons in sales facilities to
enable their customers to receive personalized meal-related
recommendations via the “Allrecipes Dinner Spinner” mobile app.
After entering the Marc's sales facility, users of the “Allrecipes
Dinner Spinner” application receive recommendations by local
home cooks via their smart phones in relation to meals, together
with recipes and products sold in that store. As a result, around 35
million views of Allrecipes.com’s recipes are identified every
month, made by customers using this application while they are in
the Marc's sales facility.
Personalization of the offer is also possible with
companies in public transport. In order to make it easier for
pregnant women to find a seat in public transport, in 2016, South
Korea's second-largest city, Busan, co-operated with Korean
company Daehong, which implemented a pilot project called “Pink
2

Allrecipes.com, the world's largest social network focused on
food, annually receives more than 1.3 billion visits from local chefs
who interact with and inspire each other through recipes, photos,
reviews, collections, videos and customer profiles. Since its launch
in 1997, this website based in Seattle serves as a dynamic,
irreplaceable resource for chefs of all levels who are looking for
reliable recipes, fun ideas, food offers and practical cooking tips.
Allrecipes is a global, multi-platform brand with 19 websites and
three mobile apps serving 24 countries in 13 languages. It is owned
by Meredith Corporation, which has about 73% of millennial
women in the US in its portfolio.

126

Light”. Devices with pink lights were placed in subway cars, and
women were allowed to use beacons. When a woman with a beacon
enters the subway, the pink light on the device turns on, which
allows other passengers to find out that there is a pregnant women
nearby in need of a seat.
Online customers expect the company to treat them the
same as offline customers. Online customers want the company to
recognize them upon their arrival, to remember their unique
preferences and pay attention to them as well as provide them with
recommendations for easier navigation in a particular situation.
Retailers need to choose the appropriate option to refill
inventory. Most retailers use more options to fill in inventories,
such as distribution centers, retail outlets and deliveries directly
from sellers (drop shipping).3 Choosing the right option to fill in the
inventory is crucial for companies that want to reduce their
expenses by meeting the growing consumer expectations.
All the resources of companies in the supply chain should
always be in the service of individual customers. The supply chain
is not perfect, but its success depends on the application of
technologies: for ensuring the visibility of its processes, activities
and flows; for predicting potential problems; and for informing
individual customers about each stage of the order execution
process (fulfillment process - reception, processing and delivery of
orders to end consumers).
Any decision in the supply chain, whether it concerns the
introduction of new technologies, the employment of workers or the
selection of the location of sales facilities, should be based on the
wishes and needs of individual consumers. Companies in the supply
chain must increasingly take into account the fact that the customer
- an individual - is now one market.

5. PROVIDING A FLAWLESS CUSTOMER
EXPERIENCE
More often, customers’ expectations overcome
companies' efforts to adapt the offer to their requirements. Due to
the endless number of choices, it is more likely that customers will
make bad decisions, be less satisfied, and abandon this experience.
In such circumstances, companies need to humanize their digital
experience by switching from marketing communications to digital
conversations.
Managers of all companies in the supply chain know that
their strategic focus must be on the customer. Due to the use of
modern technologies, customers are becoming more sophisticated
and more powerful. Companies that know the preferences and
interests of their customers can benefit more. By analyzing relevant
data of MyBuys4, whose database contains shopping behaviors and
intentions of 250 million customers who use about a billion devices
for Internet access and online shopping (8), it can be concluded that
customer-focused marketing enables the increase in overall online

3

A supply chain management method that implies that the retailer
does not keep goods in stock, but instead transfers details related to
customer orders and shipments to the manufacturer, to another
retailer or to a wholesaler who then sends the goods directly to the
consumer. De facto, drop shipping is a retail selling method where
the seller does not hold the products sold in the warehouse. Instead,
a seller who sells a particular product buys it from a third party
and sends it directly to the buyer. As a result, the seller never sees
or manipulates the product. The biggest difference between drop
shipping and standard retail sales is that a trader who sells goods
does not have those goods in stock. Instead, that trader buys stocks,
if necessary, from a third party (usually from a wholesaler or
manufacturer) to carry out orders.
4
MyBuys provides coordinated personalizing solutions for display
ads, e-mails, websites and mobile devices to retailers,
manufacturers and agencies. It automates and delivers billions of
targeted offers each day using its Active Shopper Database
comprised of 250 million consumers. MyBuys is headquartered in
Silicon Valley. Since 2009, it has been named the top provider of
personalization solutions to the IR500.
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sales by 25% as well as a certain increase in customer lifetime
value.
The ultimate goal of personalizing an online offer is to
create an impression of the right one-to-one relationship with
customers. According to a recent study by Infosys, a global leader
in the field of consulting and technology services, 86% of
customers and 96% of retailers pointed out that personalizing online
offers had at least some impact on purchasing decisions. And a
research conducted by Synqera5 showed that 85% of customers
wanted personalized online offers that reflect their previous
purchasing behavior.
However, personalizing online offers is one of the biggest
challenges for retailers. Creating a flawless shopping experience
through all sales channels is a game that carries high risks.
Competition is fierce, and the most valuable customers (in terms of
the lifetime value) are those who buy via multiple channels. Online
sales are definitely growing. It is therefore not surprising that, in
2018, it was exactly online sales that were responsible for about
50% of the growth of the CPG6 (Consumer Packaged Goods)
industry in the US.

CONCLUSION
Today, buyers buy whenever they want to. In order to
serve such customers, supply chains need flexibility, full visibility
(insight into all progresses, processes and activities) in real time,
use of stores as a warehouse (helps to reduce costs and increase
customer service) and a decrease in out-of-stock products by filling
them in from all locations. This increases the ability to meet
customer expectations, with the optimization of delivery costs,
delivery rates, labor costs, and number of executed shipments.
Personalization is an act of dynamically creating unique
production lines that provide customers with a collection of
experiences not offered by any other traders on the market.
Personalization means creating each individual's experience in a
flawless way through the channels. This includes all interactions in
the supply chain, such as sales, purchases and providing services.
Most companies have made some progress in their
personalization path. Efforts of companies on this path are
accelerating in all branches.
Mass customization is increasingly supported by supply
chains. It can even be said that this is the age of hyper-personalized
supply chains. They implement modern customer service
technologies, but they also provide a high level of visibility of

processes, activities and flows between their members. Increasing
investments in technologies that enable the creation of hyperpersonalized supply chains (which provide exactly what the
consumer wants, when, where and how he/she wants it), becomes a
requirement for companies' competitiveness.
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FINDING ANOMALIES WITH ARTIFICIAL NEURAL NETWORK
Stanko Stankov1, Stefan Ivanov2
Technical University of Gabrovo
Abstract: Nowadays all companies and corporations have their own external and internal servers with information that require specialized
software for their support and configuration. Sometimes when data is exchanged with other external or internal sources for unwanted
reasons data traffic may be different than expected. In this case, artificial neural networks may be used to monitor the traction. Thanks to
their ability to learn the artificial neural networks can detect an anomaly in communication traffic.
KEYWORDS: ARTIFICIAL NEURAL NETWORKS, COMMUNICATION TRAFFIC ANOMALIES

Overview
Describing the problem

Network Management System (NMS) is an application or
set of applications that allow network engineers to manage
independent network components. NMS systems identify,
configure, monitor, update, and troubleshoot networking devices both wired and wireless in the corporate network. In addition, they
collect and display performance data from each network component
that allows engineers to make changes to their needs. Such software
allows companies to monitor performance on both their networks
and external networks [1].
NMS software is useful for :

Finding a device on the network

Monitoring device

Monitoring network productivity

Network maintenance

Smart notifications, adaptive alarms
Using NMS software brings the following benefits:

Time saving - Each IT provider receives direct access to
all data as needed.

Productivity Growth - Helps monitoring every aspect of
networks including software, hardware, and other
peripherals. The NMS identifies the problem once it
appears to ensure that productivity or loss of data will not
be lost.

An attack on consumer IT infrastructure can lead to an
unusually large amount of data passing through the network. One
way to protect yourself is to automatically compare the values with
historical data based on time and day of the week [2]. The software
automatically displays the unusual condition and sends to the
administrator a notification to fix the problem.
Realization
Artificial Neural Networks (ANN) are the most common used
approach for predicting problems and events [2]. ANN contains
interconnected components (neurons) that transform a set of input
data into the desired output data. The structure of the ANN is shown
in Figure 2

Fig 2. An example of a ANN structure with 5 input nodes on
the input layer, 10 nodes in a hidden layer, and 1 output node in the
output layer.
The AForge.NET Framework provides a neural network
library that contains a set of classes aimed at creating different types
of artificial neural networks and learning to solve specific tasks
such as recognition, convergence, forecasting, and so on. The
library allows the creation of two categories of artificial neural
networks:
- Feed forward neural network with activation function.
This type of networks is represented as by one layer, as by multi
layer networks, which don't have recurrent connections information flaws in these networks from inputs to outputs passing
all layers of neural network only one time without doing loops.
Neurons of such networks calculate their output by calculating
weighted sum of their inputs and passing it to activation function,
which value becomes an output of neuron. With the ability to set
activation function to use in neural network and configure it size, it
is possible to creates different type of networks for different tasks.
One-layer distance networks.
Neurons of this type of networks calculate their output as
distance value between neuron's input and its weight - sum of
absolute differences.

Fig 1. Picture of a NMS software system
Predicting events with ANN
One of the most common problems is predicting events,
involves understanding the variable value of an element based on
previous values and their classification. The purpose of the
classifier is to assume the variable (class) by creating a
classification model based on the previous values and then using it
to predict the next value of the input data. This type of data
processing is called controlled learning as the data processing phase
is guided by the class variable in the model building.
The power of the neural networks comes from the
nonlinearities of the hidden layers when weight correction
contributes to the final decision. The ANN model is built after
processing the contents of the input data set. Weights associated
with interlinked components are constantly changing to achieve
high levels of accuracy. These changes are made by the neural
networks until they reach the user-defined result.

Fig. 3 Creating a multilayer neural network trained with
a "Back propagation" algorithm
For developing a user program for detection of anomalies,
abnormal traffic and testing it, the Visual Studio environment and
the C # programming language are used. In training neural
networks, tests with the following parameters with different values
were used for best performance.
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Fig 7. Sensor channel values for past period and a
predicted result for the next 7 days.
The measured values for the past 60 days are stored in a
database, and the user can retrieve the values he wishes to use for
training by setting the parameters: start date and time, end date and
time, and measurement interval. The displayed values in the
database vary depending on past events, resulting in different
performance in neural network training. Accordingly, for large
variations, there are larger discrepancies between the expected and
the real value. Highest efficiency is obtained if, when training the
neural network, its initial values are the values that most closely
approximate to the expected next values. Figure 8 shows the
behavior of the neural network in unpredictable time-varying
values.

Fig 4. Neural Network Training Parameters

Results
Measured values for different types of sensors from the
TelecomNMS Network Management System developed by
KVARTA were used. Their loading and visualization is shown in
Fig 5. The user can experimentally select the desired sensor and set
training rules to determine the behavior of the neural network and
the parameters for its best training. As the number of iterations
increases, the neural network error decreases, ie the neural network
is trained. After the training we can see in the table the values that
are provided by the neural network how close they are to the real
values as well as their visual approximation in the form of the
graph.
Firstly, a standalone software was made for developing
and testing neural network which was added in Telecon NMS when
it was stable.

Fig 5. Load measured values visually present in software
to predict events developed on C # and Aforge Neural Network
Library
Since all sensors have different behaviors once the
anomaly detecting software was integrated the predicted values can
be viewed on each channel. The user can select a sensor (Fig 6) and
by selecting a desired channel based on previous values (minimum
values for at least one week) he can view the expected values for
the next 7 days.

Fig 8. Neural network training for variable data
generated by external factors
Based on the variations and the database, they can be
described as different types of scenarios and the user can receive
information at which point of the training what type of scenario is
being realized, thus providing a type of training with a neural
network teacher to contribute, low operating error.

Conclusion
The development method has been integrated as a feature
in Telecom NMS for finding anomalies based on previous events
and notifying the administration via email for the channel scenario
and has the possibility of future firmware improvement.
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Fig 6. Example of a sensor with 4 channels and their
values.
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Abstract: The main subject of this article is description of an actual two realizations of the connection between trucks and centre using
GPS and GPRS and WI-FI technologies in Slovak companies. There are described advantages of the freight cars connection using wireless
technologies, as advanced trends of wireless technologies using in the road transportation. There are described basic concept of wireless
technologies GPS and GPRS and possibilities of using these nets in a road transport for Fleet tracking and realization of the connection
between trucks and centre using WI-FI technologies.
Keywords: GPS, GPRS, Fleet tracking, WI-FI, server, mail server, dispetcher, freight cars.

1. Introduction
Improving quality using information technologies is currently
one of the factors in improving the efficiency and competitiveness
of transport companies. Comprehensive quality monitoring as an
integral part of business performance is essential for successful
management of transport companies. Information technologies is an
accurate and appropriate tool for this purpose, providing online
information on costs, consumption, performance and other process
quality characteristics.
Appropriate deployment these technologies enables optimizing
and simplifying traffic management, reducing costs, increasing
revenue and profit, and speeding up the implementation of all
activities needed in the area.
I describe in this article realizations in companies, that use
technologies GPS, GPRS, WI-FI, computer nets and others to
improve effectivity, reliability and competitiveness transportation in
these companies.

Fig 1. GPS,GPRS Communication in public transportation

General packet radio service (GPRS) is a packet oriented
mobile data service available to users of the 2G cellular
communication systems global system for mobile communications
(GSM), as well as in the 3G systems. In the 2G systems, GPRS
provides data rates of 56-114 Kbit/s. [3]

2. Basic concept of wireless technologies GPS and
GPRS

GPRS data transfer is typically charged per megabyte of traffic
transferred, while data communication via traditional circuit
switching is billed per minute of connection time, independent of
whether the user actually is using the capacity or is in an idle state.
GPRS is a best-effort packet switched service, as opposed to circuit
switching, where a certain quality of service (QoS) is guaranteed
during the connection for non-mobile users.

A GPS (Global Positioning System) receiver calculates its
position by precisely timing the signals sent by the GPS satellites
high above the Earth. Each satellite continually transmits messages
containing the time the message was sent, precise orbital
information (the ephemeris), and the general system health and
rough orbits of all GPS satellites (the almanac). The receiver
measures the transit time of each message and computes the
distance to each satellite. Geometric trilateration is used to combine
these distances with the location of the satellites to determine the
receiver's location. The position is displayed, perhaps with a
moving map display or latitude and longitude; elevation information
may be included. Many GPS units also show derived information
such as direction and speed, calculated from position changes. It is
using a several satellites formation on the middle earth orbit. It is
able to afford data about the position independently of the weather
24 hours daily. [1]
Usage of GPS is very wide, for example in a road transport
(Figure 1), in both military and civilian aircraft or for the tourist
apparatus. In Slovakia it is often used as a monitoring and
navigational device in a road transport. GPS device is a passive long
measuring system, so GPS device is only receiver it does not
transmit any data. GPS receives signals from different satellites it
can see on the sky with navigational message including satellite
path parameters and other useful information for position
determination and the system status monitoring.

3. Fleet tracking using GPS and GPRS in
transportation
Many transport companies successfully use GPS fleet tracking
what brings them enormous advantages not only for the large but
also for the small businesses (Figure 2).
The most important advantages of using GPS fleet tracking:
Maximize Vehicle Utilization – devices are used in the most
effective way
Helps in customer satisfaction - by ensuring their safety and
by the assets and inventory management.
Ensure Vehicle Safety
Resource Optimization
Route planning
Speed detection
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Freight cars with a board-computer with a GPS receiver
and GPRS terminal

Fuel Monitoring
Real Time Monitoring
In the next part, I will show realization of fleet tracking in any
Slovak company usin GPS and GPRS.

4.2 Functionality of single workplaces
Board-computer in a vehicle’s cabin scans a vehicle position
using GSM and according to the data the computer is filling daily
record of driver’s performance. Driver inputs expenses into the
computer that he has during a working day. All data from the boardcomputer are sent to the central computer using GPRS and then to
the dispatcher where they are executed and evaluated. [4]
According to information from centre where requests for
transport are gathered, the dispatcher sends commands to drivers.
Data from board-computer are used by dispatcher for:
Monitoring of the vehicle status, monitoring of driver’s
output
On the economic section for:
Preparing of invoices, monitoring of the expenses

Fig 2. GPS and GPRS communication in a freight transportation

4. Fleet tracking by realization of the connection
between trucks and centre using GPS and GPRS in
Slovak transport company
Following text describes computer net realization in the
company providing transport and logistics [Figure 3]. Using of GPS
and GPRS technologies to connect transport devices with the whole
company’s computer network enabled simplification of transport
management, namely domestic freight traffic and international truck
transport along with a strong cost cutting and increasing of income
and profit.

4.3 Advantages of the freight cars connection using
GPS and GPRS
Described realisation simplifies transport management,
namely domestic freight traffic and international truck transport
along with a strong cost cutting and increasing of income and profit.
More precisely there can be specified following advantages. [5]
Localization of vehicles
Optimization of driver’s work
Electronic daily record of vehicle/driver
Automatic processing of the driver’s output
List of lines
Consumption checking
Cost saving
Simple and quick assembly without check on vehicle
Minimizing manual manipulation
Access into the system 24 hours daily anywhere in the
world

5. Basic concept of wireless technology 802.11 WIFI and BlueTooth
WI-FI nets are standardized by IEEE 802. committee as the rule
802.11. These nets operate in an unlicensed frequency range 2,4
and 5 GHz and they reach speed about 56 Mbit/s. Individual user
does not need permission of a local offices when he uses WI-FI
nets. In our country the permission is given by the
telecommunication office as a Common permission, it is not paid,
but it is necessary to respect the specific conditions.

Fig 3. GPS and GPRS in the out-plant freight-transport

4.1 Computer network is created:

It allows creating a computer network LAN without cables and
in this way to decrease the costs of building or expanding the net.

Central part
is made from LAN network with components:

Wireless connections WI-FI are profitable in those areas where
it is not possible to use cables – for example in the exteriors or
historical buildings, in places where repositioning of the computer
configuration is very often or for the companies, which need to
connect computers on different locations (for example transport
systems).
Bluetooth technologies are an open wireless protocol for
exchanging data over short distances from fixed and mobile

Dispatching computer
Computers in workrooms
Computers on the economy section
Communication server
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Trucks – including

devices, creating personal area networks (PANs). It was originally
conceived as a wireless alternative to RS232 data cables. It can
connect several devices, overcoming problems of synchronization.
Bluetooth and Wi-Fi have many applications in today's offices,
homes, and on the move: setting up networks, printing, or
transferring presentations and files from PDAs to computers. Both
are versions of unlicensed wireless technology [2].
In nowadays is WI-FI technology used in every transport
devices for many reasons. Very important is on-board WI-FI, that
helps to improve the commuters’ travel experience, optimize public
transport planning and increase public transport ridership for a more
environmental-friendly society.

6.2 The description of the storage and removal
process:

6. WI-FI technologies realized in a road transport
in Slovak transport company

Employees during stock loading are reading product bar code,
by using WI-FI radio adapter they are sending data into the central
PC and after the process is finished (truck is full with desired
stocks) the car leaves the area.

Following text and figure 4 describes computer network
realization in the Slovak company providing transport, forwarding
and storing. To connect moving trucks with computers in the
branches and overall computer network it was necessary to use
wireless nets Wi-Fi.

Truck drivers deliver stocks to customers, given stocks are
scanned by terminal and the invoice or cash account is printed
(scanning terminal as well as printer are situated in the truck cabin).
After the car unloading truck drivers print out bill of delivery and
record potential order into the PDA.

PDA computers (with bar code reader,
Stock holding programme,
fiscal module,
printer connected by Bluetooth).

Usually the terminal has following functions:
Issue of the bill of delivery
Issue of the invoice
Cash sale and registration in a fiscal module,
actually all the store system for the car as a store
Registering of orders
Registering of customer requests for example
request for new assortment
After the truck returns to the branches, car PDA connects with
central computer and sends all information about made supply,
invoices, orders and cash sales. In a central computer it is possible
to see the cash desk status – cash money, made invoices and bills of
delivery that should be invoiced consequently. After data
computing data sent into the Centre.
Fig 4. Computer network for company providing transport,
forwarding and storing.

6.3 Advantages of wireless connections uses for
firms and companies that are using means of
transport:

6.1 The computer network is created:
Central part, it is made from LAN network with
components:

- possibility to change supply according to the actual
request of the customer and stocks availability in the
car
- possibility of the cash sale, if the customer has low
payment discipline
- branches does not deal with entry, only with the
issuance, the entry of more branches can be done by
headquarters
- In the headquarters it is possible to optimize the orders
according to current status of the stocks on the
branches and according to obtained orders

Servers:
Web server
Windows Server,
SQL Server,
Mail server

Stations (Windows) with functions:
Company accountancy
Stock holding

7. Conclusion

Invoicing

It is necessary for each organization to connect computers into
computer network in all objects independently on the fact whether
these objects are static in some areas or are moving out of the main
building. In such cases it is inevitable to use radio communication
medium. This in very lucrative financial conditions can connect
computers placed in trucks with the computers in the central LAN
and it allows keeping updated status of the company databases
immediately after the change of the stock reserves [4].

Bank connection
Branches where are:
Central computer
- includes radio WI-FI adapter for receiving
data from trucks
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Abstract: The tax aspect of "digital economy" is addressed in the article, which is particularly relevant now searching for a source of
economic growth and taxable base. The main prerequisites to develop the digital economy in the modern Russian economy are highlighted
based on the experience analysis of international companies and new decentralized payment systems and their role in the digital economy.
There is a low responsiveness of changes in the tax legislation in the current conditions of globalization. A new vector of the tax system for a
structural change in the development of the digital economy in Russia is requested to identify.
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1. Introduction
The digital economy is becoming more commonplace in the
everyday life of modern man and society. Along with material and
labor capital, digital capital is on the agenda with all the entailing
consequences for government, business and the public. Their
organic linking in the economic and mathematical models will
enable more adequately to evaluate the retrospective, current,
scheduled and predictive rates of economic growth of national,
regional, and world economies.
The digital economy is inherent in, firstly, a management system
based on digital platforms, and secondly, an economy based on the
computing technologies, when business is based on the use of the
worldwide integrated computer system (Internet) [23].
This circumstance gives rise to a need to transform the existing
taxation system in modern states. The relevance of the tax
transformation vector in the conditions of digitalization of
economic relations has formed the basis to conduct a special study
and fix the results within the framework of this article.
The first references to the term “digital economy” dates back to
1995 by Don Tapscott’s work “Digital Economy: A Promise and
Danger in the Age of Network Intelligence” [6], which contains
issues on how new technologies, the Internet transform both
business processes and methods of business, the economy, and also
the creation and sale of products and services. Subsequently,
Thomas Mesenburg in 2001, in his book “Changes in the Digital
Economy” outlined the three main components of the digital
economy: provision of business processes infrastructure (software
and hardware support for business processes); integration of
business processes (organization of business processes via
computer networks); e-business (the creation and sale of goods via
computer networks) [21].
And now you can supplement this concept with a payment system
(crypto currency) on the basis of the block-chain technology, a new
component that will ensure their interaction, as money remains the
necessary equivalent means of exchange in the digital economy,
only their form and emission technology change [22].
This transformation stipulates that the scientific progress and
technical changes contribute to increased productivity in all spheres
and sectors of the economy. Such transformations are quite rare in
the history of mankind. We can distinguish three of them which
have led to the revolutionary transformation of relations in the
economy: information revolution (printing press); use of steam
power (steam engine); electricity use (electricity generator).
By their nature, technological revolutions have a strong destructive
effect. So, Luddites at the beginning of the 19th century resisted
and destroyed machines that ousted people out of production,
increasing technological unemployment, despite the fact that
machines had opened new workplaces and new competencies for
people [28].
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These changes are possible only if new technologies are
sufficiently flexible and widespread. In this case, the adaptation to
technologies plays an essential role more than the adoption of
technologies. As an example, companies (YandexTaxi, Uber) for
car rental with drivers (taxis) that use digital technologies to
improve the quality of service and provide opportunities to realize
their potential to the economically active population.
The main component of the revolutionary technologies is that it is
still to be accepted before the society adapts to it. If in the past
electricity depended on generators, then the current technological
revolution primarily depends on computers, the Internet, digital
platforms and the development of block-chain technology. As a
rule, in the early stages of such revolutions, innovations are subject
to consideration, and only much later the implementation process
of an idea occurs. In this regard, it is not surprising that the
digitalization of industrial production impacted on the structure of
national and global economies (a personal computer appeared more
recently - 40 - 50 years ago). So, for example, during nine months
of 2016 the number of online purchases (online transactions) by
compared with 2015 increased by 39.5% [2]. This is due to the
improving level of technology development, financial literacy and
the increasing role of the Internet in many areas of citizens' lives.
The Chinese giant of e-commerce platform Alibaba has already
bank and uses the resources to provide loans to Chinese customers
[13]. The American company Amazon.com e-commerce is moving
in the same direction [11].
A digital economy that provides added value growth should be
fully imposed by taxes and taxation. If the human capital taxation
(in the form of living labor) is done through the personal income
taxes, and capital goods through property taxes, then It poses the
question: what taxes should be used to tax the use of digital capital
that includes tangible and intangible assets based on the
development of new products and services for the digital economy
[24].

2. Problem statement
What should be the transformation vector of taxation for the
modern economy in the field of cryptocurrency operations (which
are gathering pace), based on the digitalization of public relations?
An uncertainty in the general legal status of cryptocurrency entails
the emergence of a broad discussion of more specific issues,
highlighting the following:
1. Legal status - the legal definition of cryptocurrency;
2. Cryptocurrency market Regulation - licensing of cryptocurrency
exchanges;
3. Taxation cryptocurrency - taxation of income received in the
digital economy.
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3. Results and Discussions
At present, various approaches in the legislative positions regarding
cryptocurrencies and the related actions have been reflected in the
United States, Japan, Canada, Australia, South Korea and others.
Poor sequential legal approach to crypto-currencies can be noted in
the United States, cryptocurrencies are not considered as legal
tender, and however the cryptocurrency market regulation depends
on the state.
The Financial Crimes Enforcement Network (FinCEN) (US
Department of Treasury), which collects and analyzes information
on financial transactions to combat money laundering at the
domestic and international levels, terrorism financing and other
financial crimes, does not consider cryptocurrency a legal tender,
but since 2013 exchanges are considered to be a remitter on the
ground that tokens are "another value that replaces currency" [5].
Instead of it The US Internal Revenue Service treats
cryptocurrencies as property and accordingly issued a tax guide [7].
The rules of cryptocurrency exchange in the United States are also
in an uncertain legal territory.
The US Securities and Exchange Commission (SEC) regards
cryptocurrency as securities: in March 2018, they stated that they
planned to fully implement the securities acts for digital wallets and
exchanges [10].
The Commodity Futures Trading Commission (CFTC) has adopted
a more friendly “do no harm” approach, describing bitcoin as a
commodity and allowing derivative cryptocurrencies to trade
publicly [20].
The US Department of Justice coordinates its activities with the
SEC and CFTC on future regulations to provide effective customer
protection and more orderly regulatory supervision over
cryptocurrencies [20]. In this regard, the US Treasury Department
stressed the urgent need to combat global and domestic criminal
activity, and in January 2018 a working group the Financial
Stability Oversight Board (FSOC) was established to study the
increasingly crowded cryptocurrency market [26].
Nowadays, Japan provides the most progressive regulatory climate
in the world for cryptocurrencies, and since April 2017, bitcoin and
other cryptocurrencies have been recognized as legal property in
accordance with the Payment Services Act [9]. Japan is the largest
cryptocurrency market in the world, and in December 2017, the
National Tax Agency decided that cryptocurrency revenues should
be classified as “other income” and not capital increase, and as part
of income tax are levied at rates ranging from 15% to 55% [14].
The rules of cryptocurrency exchange in Japan are also quite
liberal. Exchanges are legal in Japan, but after a series of notorious
hacks, including the theft in January 2018 of Coincheck of $ 530
million in digital currency, cryptocurrency has become an urgent
national problem [16].
The Japan Financial Services Agency (FSA) has stepped up efforts
to regulate trade and exchanges, and amendments to the Payment
Services Act now require that cryptocurrency exchanges be
registered in the financial services agency for work and impose
more stringent cybersecurity requirements [18].
Yet Japan remains a friendly environment for cryptocurrency to
this day, but growing concerns attract the attention of the Japan
Financial Services Agency to further regulatory steps [17]. After
negotiations between the exchanges and the agency (FSA), an
agreement was concluded to create a self-regulatory body - the
Japan Association of Virtual Currency Exchanges (JVCEA). It
(JVCEA) will provide consultations to the non-licensed exchanges
and promote compliance with regulatory requirements [29].
Today, the digital revolution gives Russia a unique chance to take,
if not the leading, but a worthy place among its leaders. According
to the McKinsey Global Institute (MGI), as of 2017, Russia took
first place in Europe and the sixth in the world by the number of
Internet users. Already in 2017, the number of active users of the
portal of state and municipal services amounted to 40 million, and
in comparison with 2016 the number of users has doubled [2].
According to the Federal State Statistics Service [4], in Russia the
number of organizations using information and communication
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technologies steadily increased from 2005 to 2013, with a
subsequent slight decrease in 2014–2017 from 94% to 92.1%.
However, according to the other indicators (e-mail, the Internet), a
significant increase from 2005 to 2017 is more than doubled.
Analyzing the proportion of organizations using global information
networks, it can be noted that frequent use and a stable growth rate
is observed in the sector of higher professional education due to the
awareness of the opportunities presented by the latter and usability
for professional scientific growth. It is also necessary to note the
positive growth rate in the use of the information network in the
healthcare and social services, which increased their performance
almost twice from 2005 to 2016. In general, over the past 10 years,
organizations in various areas of economic and social activity have
shown positive dynamics in the global networks and have
approached to the leader in this area, which purports that economic
subjects have realized the importance and benefits derived from
their use.
Taking into account the indicators of the organizations’ share that
used the Internet by type of economic activity, we can see an
almost similar regularity: the top three are headed by organizations
in the field of higher vocational education, the financial sector and
the mining industry with a consistently high of Internet usage share
from the beginning of 2005 to 2016. If in other areas of economic
activity, the economic use of the Internet share at the beginning of
the analyzed period was low, it had approached the level of leaders
by the end of 2016 and today this gap is not so significant.
The share of organizations that have their own websites for the
period under review showed their significant increase in all sectors
of the economy and the social sphere. The leader is the higher
professional education, the financial activities sector is in the
second place. It should be also noted that this indicator has greatly
increased in the health care and the social services.
The application of information and computer technologies occupies
an important place in the development of innovative
transformations in various spheres of society: state and municipal
government, finances, education, health care and medicine, security
and order, culture and art. Information-computer technologies are a
key link in the interaction of production processes and technical
means for the collection, processing, storage and dissemination of
innovative information in the public environment. It is necessary to
analyze information and communication activities in order to
improve the situation of the country and determine the role and
place in the digital economy,.
In the modern world, a high level of digitalization is associated
with the growth prospects and competition of companies, industries
and national economies. Currently, the level of digitalization of
private companies is falling behind state ones in the leading
countries, as the private sector does not actively and extensively
take the advantages and achievements of digital technologies to
increase the efficiency of productivity and create new products and
services.
As of 2017, when assessing the volume of investments in the
digitalization increase by the McKinsey Global Institute (MGI) in
Russia, it amounts to 2.2% of GDP, and in the USA this figure is
5%, in Western Europe - 3.9%, in Brazil - 3.6% [3]. Therefore, the
competitiveness of Russian companies is lower not only
internationally (due to the relatively low volume of high-tech
exports), but also domestically - due to the ousting of domestic
companies by foreign ones in the e-commerce, social networks,
search systems. The low level of investment of Russian consumers
influence on the possibility of development of Russian companies
producing and selling digital technologies.
The digital transformation takes quite active place in the financial
services with the participation of banks and insurance companies
that offer products and the customers contact services. The digital
revolution has created the need for radical reforms for traditional
representatives of the financial sector, and most Russian banks are
already trying to carry out digital transformations. Digital
transformation allows them to expand financial access, introduce
new retail options and mass media to transport business products
and services, and serve customers more effectively [12, 19].
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Even today it is possible to determine the main benefits from the
digital transformation of key processes: cost reductions to bring
products to the market, simplifying customer interaction, creating
partnerships and gaining access to new market segments; reduction
in the time to sell products; increasing the speed of financial
services; reduction in the time to prepare and submit documents.
The operating costs in a traditional bank can be reduced by 40–
60% due to digitalization [1].
Russia still lags behind the developed countries of Northern
Europe, Australia, the USA and Japan for 4-6 years despite the
steady growth of users in the remote banking services. About 60%
of clients use remote banking services in these countries and there
are about 30% of users despite the growth of 40% in the remote
banking services over the past year and a half in Russia [3].
The current taxation in Russia does not fully cover the digital
economy: Internet transactions between enterprises “Business-toBusiness” (B2B); online business-to-consumer transaction
Business-to-Consumer (B2C); Internet transactions between
consumers Consumer-to-Consumer (C2C); Internet financial
services market (E-banking, E-insurance); Internet advertising
market (E-marketing); digital payment systems (Cryptocurrency).
It is important to note that the development of decentralized
payment systems, which were predicted back in 1999 in an
interview with Nobel Prize winner Milton Friedman played a
significant role in the development of the digital economy [15].
Meanwhile, the emergence of blockchain-based digital payment
technologies, like Bitcoin, and a mass of rapidly expanding altcoins
makes problems for the anti-money laundering, tax evasion and
other illegal activities making these assets, on the one hand,
attractive and the other - making them potentially dangerous. Thus,
the basic technology (Blockchain) underlying cryptocurrency has
changed the concept of finances by providing new transaction
opportunities, speed, security, cheapness [8]. Cryptocurrencies are
already used to trade in illicit drugs, firearms, other illegal goods,
services, and actions [25].
However, the main underlying problem is the opportunities
presented by cryptocurrencies for tax evasion, since the illegal
transactions were and are being carried out using ordinary means of
payment.

4. Conclusions and proposals
The world economy is being transformed today by technological
innovations in almost all spheres except for the taxation. As the
market globalizes and modernizes the taxation falls far behind its
development. There are some noticeable imbalances in the current
digital transformation of economic relations which requires
appropriate corrections in the tax relations, in particular, in terms of
making changes and additions to the accounting of tax bases
formed through the development of the digital economy.
The digital transformation of the economic relations compels a
revenue administrator of the state to reconsider the ongoing work,
taking into account the developing new economic directions and
the offered opportunities. The global innovation revolution driven
by promoting digital technologies particularly hard identifies the
needs for digital transformation of the world tax rules using a more
unified approach.
Tax authorities also actively use these opportunities in their work
as commercial companies take an active part and use digitalization
opportunities. Thus, tax authorities are investing in new
technologies around the world and opportunities that allow them to
monitor and analyze information on taxpayers using modern digital
technologies, as revenue administrators have a large amount of the
information and timely receive it.
The first problem in the taxation of digital transactions is the
"residence" principle. Most existing tax rules in the world practice
still adhere to the archaic principle, that is, the principle of
permanent residence according to which companies are taxed
depending on the degree of their physical presence in the country.
Undoubtedly, the important role of the resident in tax agreements
and taxation of digital commercial activities should be taken into

account, based on the economic presence and not on the physical
one.
The second problem is the deficiency of the conceptual tax
framework in the Russian Federation in terms of regulating Internet
trading, no signs of classification criteria rating as digital
operations targets. In this regard, it is necessary to amend the
Russian tax legislation (the Tax Code of the Russian Federation)
concerning the objects of taxation and the tax base.
The third problem is related to the developing decentralized
payment systems that allow using buyers and sellers’ anonymity as
well as definition of their location. In addressing the solution
problem, the most effective means is the independent declaration of
operations by their participants and the development of more
unified tax legislation to tax the digital economy.
There are necessary prerequisites for the development of the digital
economy in Russia, and their further development will make
structural changes in various areas of the Russian economy. In this
regard, it is important to note, firstly, that the digital technologies
impact on the development and review of the relations between
business and government. But nowadays a major deterrent is the
absence of their coherent actions with the scientific community.
Secondly, the development of the digital economy implies the need
for the digital industry to produce and maintain high-quality
products. It is necessary to determine priorities for engineering and
construction technologies, mathematics and physics; encourage
citizens and businesses to use digital technologies in order to
ensure the development of the digital industry.
Thirdly, it is necessary to develop unified methodologies for
measuring the performance of the digital economy based on the
objectives and goals.
Fourthly, it is necessary to ensure consideration of the possibility to
amend the tax legislation regarding the definition of taxable objects
and the tax base with respect to Internet transactions and the
development of unified legislation in taxation of the digital
economy.
Fifth, it is necessary to define the role of the residence status in the
taxation of digital commercial activities identifying as a priority the
economic presence of the subject of taxation.
Sixth, it is necessary to ensure the creation of a taxation system
based on mutual trust between the state, business and society,
changing the very philosophy of the relationship in the tax
relations.
Sequential resolution of the problems noted in the context of
leveling constraints and the implementation of the proposed
measures will allow transforming timely the existing national tax
systems to the conditions of dynamic development of the digital
economy.
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Abstract:
Because of emergence of Industry 4.0, the manufacturing systems are becoming extremely complex and, despite increasing IT support, they
need a new generation of professionals with competences ranging from basic manufacturing processes to information technologies.
Worldwide academia is adapting existing courses and is introducing new courses and study programmes to prepare university graduates to
face the challenges of Industry 4.0. Such an endeavour is the Erasmus+ project MSIE 4.0 that unites universities from Thailand, Portugal,
Poland and Romania. First project’s aim was to determine the real needs for specific competences, by analysing the curricula from several
universities. Also, it was organised a survey on needed competences with industrial organisations and students from industrial engineering
programmes. Based on the results obtained in these activities, an analysis was performed in order to determine the gap between the required
and the actual sets of competences. The results obtained in Romania are presented in this paper.
KEYWORDS: INDUSTRY 4.0, GAP ANALYSIS, MASTER STUDIES
1. Modernization of the education of industrial engineering
discipline in Thailand by the development of a curriculum
for Master’s degree in industrial engineering to support
sustainable smart industry;
2. Development of courses, learning and teaching tools,
delivery processes and platforms for student-centred
learning of the curriculum;
3. Implementation of modern ICT tools and methodologies for
effective student-centred learning of the curriculum;
4. Introduction of quality assurance and of the EQF approach
for the delivery of the curriculum meeting internationalaccepted education requirements;
5. Establishment and continuation of partnerships among
partner universities.

1. Introduction
The world is entering the era of Industry 4.0, a revolution that
will dramatically change the mankind. The individual technological
progresses in areas like artificial intelligence, robotics, the internet
of things, autonomous vehicles, additive technologies,
nanotechnologies, biotechnologies, quantum computing, etc. will
confluence together in shifting the society to a new level [1].
The concept that is called today Industry 4.0 has been
envisioned by thinkers since the mid-twentieth century [2]. At the
beginning of twenty-one century, the German government launched
a project in order to define the strategy for high-tech manufacturing.
It was also the moment when was imposed the term of Industry 4.0.
It would have been just a concept and strategy of national
importance if industry specialists and world-renowned consultancy
firms [3, 4] did not recognize the value of Industry 4.0.

3. Project’s Partnership
The project’s partners that have assumed the fulfilment of
project’s objectives are [10]:

The impact of Industry 4.0 will affect all elements of human
society: economy, employment, structure of jobs, business models,
consumer expectations, product design processes, communities,
individuals, personal connectivity, personal and international
security, local and global governance, etc. [1]

The coordinator, Asian Institute of Technology (AIT), is an
international postgraduate institution established in 1959 with a
mission to support the growing need for advanced engineering
education in Asia. AIT has been working closely with public and
private sector partners on the promotion of technological change
and sustainable development in the region through advanced higher
education, research, capacity building and outreach. AIT has 1700+
students from 60+ countries/territories, 75 internationally recruited
Faculty from 20+ Countries, and 500+ Research and Support Staff
from 30+ countries.

The visionary research in the field of Industry 4.0 has identified
four basic design principles [5]: a) interconnection; b) information
transparency; c) decentralized decisions; d) technical assistance.
If the physical components of Industry 4.0 are developing
straight-forward and at an accelerated pace, the human component
manifests a certain inertia, given, on one hand, by the reluctance
with which most professionals in the field accept major changes
and, on the other hand, with which higher education institutions
modify their curricula.

Chiang Mai University (CMU), founded in 1964, was the first
institution of higher education in the north of Thailand, and was the
first provincial university in the country. Ever since, CMU has been
focusing on providing higher education emphasizing on academic
excellence, preparing graduates with high moral and ethical
standards under the Sufficiency Economy Philosophy, and
supporting the national community with academic services.
Besides, CMU has committed to preserve and nurture religious and
cultural heritage, and to develop the resources of the unique natural
environment of Northern Thailand. CMU has 35,532 students,
2,232 academic lecturers, and 11,440 staffs.

In order to overcome this, specialists in education and training
are working to find ways to prepare the human resource for Industry
4.0. There are targeted the research education [6], the training of
specialists to implement Industry 4.0 [7, 8], the advanced means to
train specialists [9] and many others. Some universities and
consortiums of universities are preparing in-depth developed
curricula for the specialists needed by Industry 4.0.

Czestochowa University of Technology (CUT) is the largest
state university in the region with almost seven decades of scientific
and educational tradition. Its mission is to assist economic and
social development with innovation and reliable technical solutions
and high quality engineering education. In nationwide rankings of
the state institutions of higher education, CUT is among the top
universities in Poland of a technological profile. Currently, CUT
hires with 1000+ academic staff and offers courses to 11,000
students. Since 2010 CUT operates its own e-learning platform and
practices blended learning schemes for selected courses in all its
educational programs.

2. MSIE 4.0 Project
The overall aim of MSIE 4.0 (“Curriculum Development of
Master’s Degree Program in Industrial Engineering for Thailand
Sustainable Smart Industry”) project is to enhance the capacity and
ability of universities in Thailand (and not only) for the delivery of
a high quality competence-based curriculum for Master’s degree in
industrial engineering that supports sustainable smart industry
(Industry 4.0), conforms to European Qualifications Framework
(EQF) and is applicable to EU partner universities. The project will
be specifically focused on [10]:
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Khon Kaen University (KKU) was established as the major
university in the North-eastern part of Thailand in 1964 and has
developed itself to become one of the top universities in Thailand.
Khon Kaen University has recently become one of the nine national
research universities in Thailand and an educational centre in the
Mekong sub-region. The university’s major mission is to prepare
future global citizens to work in a continually changing world.
KKU’s strategic goal is to be recognized both internationally and
regionally as a leading university in research. KKU currently has
more than 40,000 students.

develop themselves towards Industry 4.0 and c) current perception
that those students had about their own competences.
Master programmes’ curricula in industrial engineering from
partner countries were analysded as well as from other countries.
From Romania, the analysed curricula were from two universities:
POLITEHNICA University of Bucharest (“Engineering of
Products’ Design and Manufacturing” and “Industrial Design and
Innovative Products”) and "Gheorghe Asachi" Technical University
of Iasi ("Systems Design"). There has been identified a common
discipline: Production Management.

King Mongkut’s University of Technology North Bangkok
(KMUTNB) is a public university and has been established since
1959. KMUTNB has a strong closer link with German Government
and German public and private organisations and later with a solid
supports from French Government. KMUTNB has three campuses
with nearly twenty faculties and more than ten institutes, serving
20,000+ students in undergraduate and postgraduate. KMUTNB has
been received a prestigious award from Thai Government and
international level e.g. winning Robot Rescue International
Champion for 6 in 7 times from Thailand etc.

From the analysis of competences expressed explicitly or
implicitly, a list of transnational professional and transversal
competencies emerged [11]:






Prince of Songkla University was established in 1967 as the
first university in southern Thailand, providing academic service to
both regional communities and industries. It consists of 5 campuses
with more than 2,000 faculty members instructing 30,000 students.
It is one of the leading research universities in Thailand which is
internationally recognized by academia and industry. Its mission is
to encourage its people to create value out of their research work by
producing tangible innovation, to engage in transferring knowledge
and technology to the community, and more importantly to produce
graduates who are knowledgeable and competent in their
profession.
















Thammasat University (TU), the second oldest university in
Thailand, was founded in 1934. It is one of Thailand’s leading
institutes for the high quality of its teaching and research, with
enrolment of over 16,000 undergraduates and 5,000 graduates each
year. The industrial engineering at TU is built upon a solid
foundation in physical science, mathematics, engineering,
humanities and social science. It offers a variety of opportunities in
higher education. Its lecturers have experiences in field of safety
engineering, industrial work improvement, human factors in
engineering and ergonomics for over 20 years.

production systems analysis and diagnosis;
production systems design / production planning and
control processes design;
planning production and project processes;
monitoring and controlling processes and production
system performance;
developing projects, implementing systems, applying
methods and procedures;
evaluating production systems and processes;
describing, comparing and selecting technologies, methods
and paradigms;
articulating knowledge objects from various areas;
communication competences;
ability to deal with the unexpected / working in
environments of uncertainty;
teamwork competences;
ability to solve problems;
leadership competences;
innovation / creativity;
planning and organization competences;
professional ethic;
ability to making decisions;
foreign languages knowledge;
entrepreneurship.

Synthesising all the analysed aspects, the following
recommendations for the design of the new master programme
(particularised for Romania) were issued:

Founded in 1973, University of Minho (Uminho) is nowdays
one of the most important and prestigious HEIs in Portugal. It is
renowned for the competence of its faculty, for the level of
excellence in research, the wide range of undergraduate and
graduate courses offered and the remarkable degree of interaction
with other institutions and the society in general. Located in the
north of Portugal, UMinho covers a student population of around
20000, 40% of which are master or PhD students. The University
has 1200 teaching and research staff and around 800 technical and
administrative staff. UMinho education and research projects have
gained strong international recognition.








duration: 2 years with 4 semesters;
120 ECTS (European credit transfer system);
4 – 5 disciplines per semester;
4 – 8 learning outcomes per discipline;
learning outcomes should include elements associated with
transversal competences;
flexible development of disciplines for a better coverage of
knowledge areas.

A particular attention was paid to the didactic approach itself.
There were analysed the following teaching and learning methods:
active learning, problem-based learning, project-based learning,
serious games, gamification, work-based learning and case study.
Regarding this topic, recommendations were made:

University POLITEHNICA of Bucharest (UPB), established
in 1818, is the oldest, biggest, and most prestigious technical
university in Romania with highest international rank among all
Romanian universities. The 15 faculties, 53 departments and 38
research centres, with a teaching staff consisting in almost 2000
members, are dealing with around 27000 Romanian students and
more than 600 foreign students. UPB paid a special attention to
bilateral cooperation agreements (more than 200) with similar
universities, from more than 33 countries in Europe, Asia, and
United States of America.





use as much active learning as possible;
project-based learning should be used to design flexible
programmes and to connect with industry;
university support for the continuous professional
development of academic staff.

The analysis of industry and student needs was made based on
the study “Industry 4.0 Readiness” [12] and the webtool “Industry
4.0 Self-Assessment” of PricewaterhouseCoopers [13]. Relevant
Industry 4.0 areas have been selected.

4. Gap Analysis for Industry 4.0
In the case of MSIE 4.0 project, the gap analysis was based on
three elements: a) competences transferred to students in industrial
engineering programmes, b) the needs industries were facing to

The following roles of engineers in industry were considered
(adapted from [14]): autonomy; improvement; control; monitoring
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and observing. The levels of competence considered were
according to Bloom's taxonomy: create (5); evaluate (4); analyse
(3); apply (2); understand (1).

Two relevant questions for students were: “How would you
describe your ability to define/implement Industry 4.0 strategy?”
and “What is the level of your needs to understand self and time
management with respect to Industry 4.0 that you need in order to
increase your competences, competitiveness after graduation?”. The
results are displayed in Figures 3 and 4.

In the design of the questionnaire for companies, the following
aspects were considered:






the level of implementation of an Industry 4.0 strategy;
areas for implementing Industry 4.0 strategies (production
technology, product development, IT, services, centralised
in integrative management);
the ratio between the adoption level and the required level
of use of Industry 4.0;
the level of skills required by Industry 4.0;
adoption level of Industry 4.0 per domain (co-design etc.).

The student questionnaire focused on the following:





if they had the ability to define / implement Industry 4.0
strategy;
if they had skills in various Industry 4.0 technologies
(embedded IT, sensors, mobile, RFID, real-time location,
big data, cloud technology);
if they had the skills needed by Industry 4.0;
their perception of the need for certain transversal skills.

Excluding the questions aimed to establish the organisation’s
profile, the company questionnaire had 31 closed questions. The
student questionnaire had an introductory section and 25 closed
questions. These questionnaires have been run in all partner
countries, but here are presented just some results for Romania.

Fig. 3 “How would you describe your ability to define/implement Industry
4.0 strategy?”

One question for companies was: “How important is the usage
and analysis of data (customer data, product or machine generated
data) for your business model?” The results obtained are displayed
in Figure 1. Another question was “How advanced is the
digitization of your production equipment (sensors, IoT connection;
digital monitoring, control, optimization & automation)?” and the
results are presented in Figure 2.

Fig. 4 “What is the level of your needs to understand self and time
management with respect to Industry 4.0 that you need in order to increase
your competences, competitiveness after graduation?”

A cross-analysis has been carried out on identified needs in the
context of Industry 4.0 areas and strategies. The cross-analysis
results were synthesized in a table [15]. An excerpt is shown in
Table 1.

Fig. 1 “How important is the usage and analysis of data (customer data,
product or machine generated data) for your business model?”

After the performance of gap analysis between engineer roles,
target competence level and average current skill level, it resulted
the Industry 4.0 applications on which a real competitive master
curriculum should focus [16]: Quality Management; Flexible
Production Planning and Scheduling for Demand Changes and
Customization; Maintenance Management; Data Distribution;
Logistic and supply chain management; Inventory Management;
Trend analysis; Forecasting; Real Time Process Control; Data
Analytics etc.
Because of space constraints and also because all the current
achievements of the MSIE 4.0 project cannot be synthesised in a
single paper, all the results are available (open access) on project’s
site [10]. Besides results, the site contains more relevant
information.
Fig. 2 “How advanced is the digitization of your production equipment
(sensors, IoT; digital monitoring, control, optimization & automation)?”
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Table 1: Cross Analysis of Needs [15]
Main technologies
Big Data

Sensor

Main areas of
Outcomes
application
Production Technology Better Solution for
Various Industry
Practical Problems

Product Development

Applications
Data Analytics
Quality Management
Flexible Production Planning and
Scheduling for Demand Changes and
Customization
Trend analysis
Data Distribution
Logistic and supply chain management
...
Smart Product with Sensor Embedded
Reverse Engineering
Virtual Laboratory and Simulation
...

Rapid Development of
(Smart) Product

Competence
Level
Evaluate
Create
Create

Improvement
Improvement
Improvement

Create
Create
Create

Control
Monitoring
Monitoring

Apply
Apply
Apply

mckinsey/our-insights/the-internet-of-things-and-the-future-ofmanufacturing, accessed on 01.05.2019.

5. Discussion
The approach followed by the partnership of MSIE 4.0 project
revealed several important aspects. In the case of Romania, it was
noted that the implementation of Industry 4.0 in companies was at
the beginning, that there were concerns in developing an
implementation strategy, but also that there were companies that
had ignored the need to make the technological leap.

[4] The Future of Productivity and Growth in Manufacturing
Industries, available at https://www.zvw.de/media.media.72e472fb1698-4a15-8858-344351c8902f.original.pdf,
accessed
on
01.05.2019
[5] Hermann, M., T. Pentek, B. Otto, (2016). Design principles
for industry 4.0 scenarios. In 2016 49th Hawaii international
conference on system sciences (HICSS) (pp. 3928-3937). IEEE.

Also in the case of Romania, the survey among students
indicated that some study programmes provided an opening to
Industry 4.0, but that a serious review of the curriculum was
needed. The survey also indicated a differentiation of areas where
the revision was needed.

[6] Lima, R. M., E. de Graaff, D. Mesquita, A.L. Aquere,
(2018). Engineering Education (Research) in Higher Education
Institutions. In PAEE/ALE’2018, 10th International Symposium on
Project Approaches in Engineering Education (PAEE) and 15th
Active Learning in Engineering Education Workshop (ALE).

The gap analysis has been successfully applied and has
highlighted the applications that need to be addressed. These were
relevant from the point of view of the current gap but also of the
accelerated development of the associated areas.

[7] Benešová, A., J. Tupa (2017). Requirements for education
and qualification of people in Industry 4.0. Procedia Manufacturing,
11, 2195-2202.

The MSIE 4.0 project is a good example of how to design a
competitive curriculum for Industry 4.0. At the time of drafting this
paper, the project was in full development.

[8] Baygin, M., H. Yetis, M. Karakose, E. Akin (2016). An
effect analysis of industry 4.0 to higher education. In 2016 15th
international conference on information technology based higher
education and training (ITHET) (pp. 1-4). IEEE.

6. Conclusions

[9] Schuster, K., K. Groß, R. Vossen, A. Richert, S. Jeschke
(2016). Preparing for industry 4.0–collaborative virtual learning
environments in engineering education. In Engineering Education
4.0 (pp. 477-487). Springer, Cham.

MSIE 4.0 project’s first aim was to determine the real needs for
specific competences, by analysing the curricula from several
universities. Also, it was organised a survey on needed competences
with industrial organisations and students from industrial
engineering programmes. Based on the results obtained in these
activities, an analysis was performed in order to determine the gap
between the required and the actual sets of competences. Moreover,
there resulted the Industry 4.0 applications on which a competitive
master curriculum should focus.

[10] https://msie4.ait.ac.th, accessed on 17.04.2019
[11] Outcome 1.2 Comprehensive analysis of MSIE curricula
being offered in Thailand and in EU partner countries, available at
https://msie4.ait.ac.th/wp-content/uploads/sites/5/2018/12/GDT1.2_O1.2-V6.pdf, accessed on 27.04.2019
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Abstract: This paper discusses the importance of implementing alternative teaching and learning methods of instruction in the 21st
century FL classroom. The focus is on integrating specific digital tools and resources in teaching English by „English through Literature
Approach‟. The aim is to foster students‟ skills to interpret texts from British and American literary canon not only through traditional
medium of instruction, but also technology-rich instruction regardless of time, place and electronic devices. An attempt will be made to
summarise and evaluate the teaching methods, taking into account an online survey conducted with twelfth-grade students after a two-year
experiment.
Keywords: FOREIGN LANGUAGE LEARNING, DIGITAL TECHNOLOGY, DIGITAL TOOLS AND RESOURCES, TEACHING
METHODS, ЕNGLISH THROUGH LITERATURE APPROACH, LITERARY DEVELOPMENT
enumerate every single one, since the moment it is compiled, new
digital technologies will have been produced. That‟s why the digital
tools and resources described in this paper comprise only a small
portion of the ones that could be used successfully in teaching
foreign languages.
Different educational institutions not only recognize the pros of
integrating digital technologies in education, but also urge all
educators to implement them in the classrooms as they
(technologies) improve teaching and learning instruction, practicing
the target language and assessing language learners (ACTFL, 2013:
1) [10].
The focus of this paper is on the usefulness of certain digital
tools and resources in teaching EFL inside and outside the 21 st
century classroom through authentic literary texts at any time and
from anywhere. The paper presents the results from a survey
designed with online research tools, which was conducted with a
group of twelfth grade students of EFL after a two-year experiment.

1. Introduction
This paper discusses the need for implementing alternative
teaching and learning methods of instruction in EFL with the help
of specific digital tools and resources. The aim is to improve
students‟ understanding of authentic literary texts and foster their
interpretation skills. According to the national curriculum the basic
approach in teaching EFL used in 11th and 12th grades with
intensive classes in Bulgaria is „English through Literature
Approach‟. Teachers are obliged to develop the students‟ skills
using literary texts from various genres belonging to the British and
American literary canon. Teachers are faced with the dilemma
which methods to use to motivate students who find those literary
texts old-fashioned, boring and often difficult from a linguistic point
of view. The wisest decision is to make use of such methods of
instruction, and such an environment that both students and teachers
feel comfortable with. What better way than incorporating digital
technologies in a meaningful way. This paper uses a definition of
method, recognized by many experts in pedagogy, namely „a set of
procedures, i.e. a system that spells out rather precisely how to
teach a second or foreign language‟ (Celce-Murcia, 2001: 5) [1]. In
other words this is the way/ways teachers and students choose to
reach goals on the syllabus.
Digital technologies are considered one of the most important
pedagogical tools that can facilitate the teaching and learning
instruction in the 21st century classroom. The findings from
numerous studies on the subject have shown their effectiveness on
education at large, as well as positive attitude towards teachning
and learning a language (Pennington, 1996 [2], Warschauer, 1996
[3], Zhao & Frank, 2003 [4]), better final results (Brandl, 2002 [5];
Harrison et al., 2002 [6]), improvement in motivation and
performance, self-satisfaction (Sturm & Rankin-Erickson, 2002
[7]), etc. Of course it is unrealistic to think that technology alone
can perform miracles in education. It „should not be seen as the way
to change the teaching environment in a class; instead, teachers
should know how to use the technology in innovative ways‟ (Caron,
2008: 287) [8]. World-wide authorities like Fullan supported this
view advocating the integration of technology, pedagogy and
change knowledge – „we need to make it all about learning (the
pedagogy part), let technology permeate (the technology part), and
engage the whole system (the change part)‟ (Fullan, 2013:74) [9].
The continuous appearance of newer technologies and digital
educational tools are making teaching more and more challenging
today: teachers cannot be in the shoes of „digital immigrants‟ any
more – they need to be prepared to work in a totally new
environment where digital technologies are not a „must‟ but a
reality, i.e. they need to be digitally literate. To answer the
requirements of Generation Z or Alfa students, a teacher needs to be
able to use almost the same digital tools students are familiar with,
plus operate with new ones to motivate them. The list with existing
digital tools is enormous and it‟s absolutely impossible to

2. Digital technologies, tools and resources
One of the most popular topics for discussion in pedagogic
literature, conferences and various official documents today is the
integration of new technologies with education. Before answering
the questions „How, What, When‟ to apply in teaching and learning,
we should clarify the meaning of digital technology and some terms
deriving from it. While at the beginning of 21st century experts
defined concepts like e-learning, electronic sources of information
and computer skills, today they have discussed new ones: digital
technologies, digital media, digital tools and resources and digital
skills. These concepts are interpreted in different ways. For Cantoni
and Tardini digital technologies are ICT (2008: 26) [11]; for
TESOL they are systems using computer chips, digital applications
and networking in any existing form (TESOL 2008, 3) [12], i.e.
electronic tools ( laptops/ computers) and devices ( DVD players,
IWB, etc.), mobile devices (cellular phones, MP3 players, iPhones,
tablets, etc.). Another interpretation came from Cambridge
International Examinations according to whom digital technologies
are processing systems that „encourage active learning, knowledge
construction, inquiry, and exploration on the part of the learners,
and which allow for remote communication as well as data sharing
to take place between teachers and/or learners in different physical
classroom locations‟ (Cambridge International Examinations.
Education Brief 5: 2015) [13].
One of the best summaries of efficient digital tools, compiled
annually after surveying ITC specialists and high school and
university educators world-wide and frequent users, is presented by
the Centre for Learning & Performance Technologies (С4LPT).
These are streamed into four categories: instructional
(management/learning systems), content development (pdf,
presentation, clip, art and photo, graphics, audio and podcasting,
video and animation, social, personal and professional tools,
blogging. Web page tools, etc.), social (emailing, discussion
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classroom) regardless of time, place and electronic devices, we aim
at developing students‟ skills to interpret authentic literary texts.
The material selected for the purposes of the study comes from one
of the available course books for 11th and 12th grades of language
schools which, according to the requirements of the syllabus, is
designed around British and American Literature (See Table 1).
From the list of texts on the two syllabi we have selected six texts;
the selection is not arbitrary – they have been chosen: a. to represent
different genres (plays and novels), and b. on the basis of existing
film adaptations/animations and OERs on YouTube or Vimeo
channels.

forums, webinar platforms) and personal and professional tools
(personal learning management systems, digital portfolios,
research, and notetaking tools, browsers and extensions, players and
readers).
And since we are living in the era of digital technologies,
popular teaching support tools in the 21st century classroom are
digital learning resources. For the purposes of this paper, from the
number of definitions on the subject, we will use the one given by
professor Rory McGreal (2007) [14], according to whom a digital
learning resource in a broad meaning is any resource that can be: a.
stored in digital format (electronic texts from books, journals,
magazines, conference papers, reports; simulations, websites,
graphic images, Quicktime movies, etc.), and b. adopted further for
teaching and learning purposes.

Table 1: Participants, sources, modality, methods, digital tools
and resources

3. Teaching and learning models with new
technologies
With the common efforts of specialists in the field of
technologies and pedagogy new models have sprung up, which in
turn educational policy makers in the face of UNESCO, OECD and
the European Commission have started promoting. These
„innovative approaches to technology-supported learning‟ to
enhance education (OECD, 2016: 88) [15] can be summarized as
follows:
To assist teachers and leaners in the process of integrating
digital technologies, as well as assessing their effectiveness in the
classroom, models like Replacement, Amplification and
Transformation (RAT), Substitution, Augmentation, Modification
and Redefinition (SAMR) and the Technological Pedagogical
Content Knowledge (TPACK) were designed in the first decade of
the 21st century.
Another example is the Hewlett Packard Catalyst Initiative
Project (2013) [16] that came up with five teaching models
applicable to STEM subjects, namely 1) educational gaming, 2)
online laboratories, 3) technology-enabled collaboration, 4) realtime formative assessment and 5) technological support for skillsbased curricula.
Apart from these is e-learning, referring to various online
courses (MOOCs) available for both professionals and learners,
numerous open educational resources (OERs) and the
implementation of different teaching modalities (technology-rich
instruction, blended learning, informal or full-time online learning).
For a positive outcome in different subject matter areas, the
focus should be on specific methods of instruction. Although
extremely useful in STEM subjects, the HP models are hardly
applicable in teaching languages and literature, which are classified
in terms of subject matter as soft – nonlife ones (Biglan, 1973: 207)
[17]. And while with hard pure/applied subjects (mathematics,
chemistry, physics, engineering, etc.) experimenting is most
important, with languages and literature, the focus should be on
developing communicative skills (speaking and writing) and on
discussions (Smeby, 1996) [18], seminars, tutorials (Neumann,
2002) [19]. Adding some of the strategies for teaching „English
through literature‟ – interpreting, summarizing creative writing,
visual presentations, etc. (Collie and Slater, 1987 [20]; Carter and
Long, 1991 [21]; Sage, 1987 [22]), we believe that a better method
of instruction for the purposes of EFL will comprise of a mixture of
different modalities and specific digital tools and resources,
including OERs.

The work with literary texts follows three main stages in
teaching: pre-reading, while-reading and post-reading. These
include a cycle of lessons each varying between 6 and 8 classes
depending on the subject matter and the number of used digital
tools and resources. There is difference in the number of classes
during the three stages for each literary text. What the cycles have
in common is that they start with a video tutorial in a flipped
classroom; then continue with specific in-class student-centred
activities in which the teacher is monitoring or facilitating the
learning process; the round-up is a creative task on the topic
discussed. In fact this is a teaching and learning situation which
passes from low-order to high-order thinking skills (LOTS –
HOTS) according to Churches‟ Digital taxonomy: from
understanding and applying the information learnt, through
analysis, personal evaluation and creating (Churches, 2008) [23].
After finishing each of the stages of the selected literary works,
the students were asked to complete an online survey on the most
popular teaching methods and digital tools used in the classroom.
The objective was to elicit information on their usefulness and
estimate their effectiveness for the literary development of the
students. The survey consists of six parts: Part A. Personal
information; Part B. Current language skills; Part C. Teaching
methods; Part D. Tools; Part E. Level of literary development; Part
F. Overall opinion of the course and its importance for the students‟
literary development and complex literacy. For sections E and F we
used Likert‟s scale: for the former section a fixed 5-choice response
scale (strongly agree, agree, neutral, disagree, strongly disagree),
while for the latter section to describe the level of importance a
fixed 7-choice response scale (Not at all important, Low
importance, Slightly important, Neutral, Moderately important,
Very important, Extremely important)

4. Teaching Methods and tools in 21st century
classroom
As already mentioned, this paper aims at summarizing the
results of integrating digital technologies in the language classroom
and evaluating their usefulness. The information was collected from
a two-year experiment with 17/18-year-old students of EFL through
„English through Literature Approach‟ at Second English Language
School “Thomas Jefferson”, Sofia. By incorporating a number of
digital tools and resources and using different methods and
modalities, mainly technology-rich instruction (including flipped
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5. Results
An overall number of 96 students participated in the survey out
of which 53,1 % boys and 46, 9 % girls, respectively (Part A). In
terms of the level of language proficiency the majority of students
(ranging from 63 % to 51 %) labelled themselves as C1/2 users of
the target language according to CEFR (Part B). Out of the
suggested 45 different teaching methods used in class during the
course in British and American literature (Part C), some of which
are given in Table 1, the top ten that the students pointed out as
preferable are as follows: class projects were most popular – 75
(78.1%), followed by PowerPoint presentations by panel of students
– 73 (76%) and those by teacher – 72 (75 %), textbook assignments
– 69 (71.9%), use of digital video – 60 (62,5%), use of technology
and instructional resources for presenting content - 55 (57.3%), use
of trailers – 52 (54.2%), formative assessment by teacher (on
completed assignments) – 51 (53.1%, ) written assignments to
outline portions of the literary texts – 49 (51%), reading
assignments in journals, supplementary books, etc..- 48 (50%). As
least popular students mark crossword puzzles – 15 (15.6%) and
student construction of diagrams, charts, or graphs – 23 (24%).

Figure 1: Useful tools in and out of the classroom
Part D of the survey refers to useful tools in and out of the
classroom. As it can be seen from the bar chart on Fig. 1, out of the
45 tools presented, 32 are digital tools. Among these at the bottom
of the scale is video conferencing, marked by only 5 students; twice
as many believed in podcasts; a bit over 6 % of the students
believed in RSS feeds; only around one tenth marked digital radio
as useful. On the other end of the scale, with 72.9% come wikis,
followed by electronic books and cell-phones with the same number
of students - 65.6 %, digital media with 62.5 %, Internet publishing
(Google Drive, Microsoft One Drive/Office Mix, Spark Page, etc.)
with 59.4 %, film adaptations of literary works with 58. 3 % and
online reading platforms with 51 %. For nearly half of the students
Internet forums, electronic resources and IWB were useful as well.
Part E is of paramount importance for the understanding of the
students‟ literary level of development after finishing the course in
English and American literature. The questions are modelled on the
types of activities students are expected to complete at different
levels of their literary competence according to the Еuropean
Framework for Literary Education (LiFT2, 2012) [24]. Some of the

45 questions refer to literary genres and techniques, others to styles,
different aspects of literary discourse or characteristics of literary
works, etc. Going into detail, the students were asked to evaluate
their own ability to: explore texts and describe the difference
between texts; identify genres; talk about the story and restructure
the storyline; summarize the plot; express perceptions of characters;
reflect upon the characters‟ personalities and point out
similarities/differences; discuss various issues; speak or write about
their own reactions in similar situations; recognize and experiment
with narrative techniques; deal with complex language; find clues to
understand meaning; formulate arguments that support their
interpretation; present oral/written review, etc.
The conclusion after summarizing the answers from Part E is
that the bulk of students, between two-thirds or over (65% - 68%)
and half of them, agree that they possess the required literary skill
for each and every question. Between a quarter and a fifth (15%)
strongly agree with the statements, whereas only a small percentage
of students (sometimes 1 per cent strongly disagree, or between 3 to
8 per cent disagree) believe that they cannot handle tasks connected
to literary texts.
Part F presents the students‟ overall evaluation of the
teaching methods and tools used in the foreign language classroom.
The pie charts summarize the students‟ attitude towards the course:
Fig. 2 illustrates their literary development, while Fig. 3 illustrates
their complex literacy. At first glance it is clear that a significant
proportion of students (64 % and 63 % altogether) recognized the
positive impact of the course for their personal development and
growth. Being extremely valuable for their literary development
accounted for 8.3 per cent of the students, and this figure was
similar for their complex literacy. A quarter of the surveyed
students estimated the course as very important for their literary
development and more than a third of the students believed that it
played a very important role in shaping their complex literacy. For
two-fifths the course was moderately important in terms of literary
development, with 10 per cent less students pointing out the same
value of importance referring to their complex literacy. However,
interestingly, the students that expressed uncertainly about the
effectiveness of specific digital tools and resources incorporated and
teaching methods applied during the course, was less than a fifth
(See Fig. 2) and almost one tenth respectively (See Fig. 3).
Only a minority of learners, however, did not think that the
course was of real importance. The percentage of those who
considered the course of low importance in both categories is
absolutely the same, namely 3.1 % of the students. The situation is
very similar with the number of the ones for whom the course was
not at all useful (1 %).
Overall, a significantly higher number of students showed their
appreciation of the positive effect that the integration between
digital technology and teaching „English through Literature
Approach‟ played for their literary development and complex
literacy, whereas for a very low number of students the methods and
digital tools used had almost no importance.

Figure 2: Level of importance for literary development
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Figure 3: Level of importance for students’ complex literacy

6. Conclusions
In this paper, for the purposes of the syllabus in question,
we have used only a handful of the existing digital tools and
resources available. As seen from the results of the survey,
some of them have been more effective than others.
Considered together, the teaching practices we have deployed
in the FL classroom, have served their purpose extremely well
since they have brought to improving the students‟ literary
development. This has been possible due to the fact that the
four criteria for effective integration between new technologies
and education, suggested by Fullan (2013) [9], have been met:
the various teaching and learning methods of instruction have
engaged both learners and teachers better; the switch from
traditional face-to-face modality to a flipped classroom has
been efficient and not difficult to experiment with; it has also
been possible to access blogs, platforms, online resources, etc.
from any electronic device or any place (school, home, etc.),
and any time, which definitely make them „technologically
ubiquitous‟; last but not least, come the task-oriented activities
with digital tools and resources derived from real-life
situations that require creativity and various learning skills.
All that proves again that it is „not so much a matter of
choosing the right device, the right amount of time to spend
with it, the best software or the right digital textbook. The key
elements for success are the teachers [...] who have the vision,
and the ability, to make the connection between students,
computers and learning‟ (OECD, 2016: 85) [15]. And although
research in the last few decades has proved the usefulness of
digital technologies with different types of learners and their
overall performance, it is vital to realize the fact that
„technology alone will not enhance learning, but using it as
part of good teaching practice can open new doors to learners
and teachers‟ (OECD, 2016: 73) [15].

7. References
1. Celce-Murcia, M. (Ed.). (2001). Teaching English as a Second
or Foreign Language. Heinle Cengage Learning
2. Pennington, M. (1996). The power of CALL. Houston, TX:
Athelstan.
3. Warschauer, M. (1996). Motivational aspects of using computers
for writing and communication. In M. Warschauer (Ed.),
Telecommunication in foreign language learning: Proceedings of
the Hawaii symposium (pp. 29–46). Honolulu: University of Hawai,
Second Language Teaching & Curriculum Center
4. Zhao, Y., & Frank, K. (2003). Factors affecting technology uses
in schools: An ecological perspective. American Educational
Research Journal, 40(4), 807-840.
5. Brandl, K. (2002). Integrating Internet-based reading materials
into the foreign language curriculum: From teacher to studentcentered approaches. Language Learning & Technology, 6(3).
6. Harrison, C, Comber, C, Fisher, T, Hawe, K, Lewin, C, Lunzer,
E, McFarland, A, Mavers, D, Scrimshaw, P, Somekh, B and
Watling, R (2002), ImpaCT2: The Impact of Information and
Communication Technologies on Pupils Learning and Attainment.
ICT in Schools Research and Evaluation Series No.7. DfES/Becta
7. Sturm, J. M. and Rankin-Erickson, J. L. (2002, January 1).
Effects of Hand-Drawn and Computer-Generated Concept Mapping
on the Expository Writing of Middle School Students with Learning

145

Disabilities. Learning Learning Disabilities: Research & Practice,
17(2), 124-139.
8. Caron, A. (2008) The Challenge for Teachers to Become
“Translators” and Children, Knowledge Seekers. In Pier Cesare
Rivoltella (Ed.) Digital Literacy: Tools and Methodologies for
Information Society (p. 277 – 291). IGI publishing, Hershey, New
York
9. Fullan, M., 2013. Stratosphere: Integrating technology,
pedagogy, and change knowledge. Don Mills, Canada: Pearson.
10. ACTFL. (2013) Statement on The Role Of Technology In
Language Learning. Role Of Educators In Technology-Enhanced
Language
Learning
Available
at:
https://www.actfl.org/news/position-statements/statement-the-roletechnology-language-learning
11. Cantoni, L. & Stefano Tardini. (2008). Communicating in the
Information Society: New Tools for New Practices. In Pier Cesare
Rivoltella (Ed.). Digital Literacy: Tools and Methodologies for
Information Society (pp. 26 – 44). IGI Publishing, Hershey, New
York
12. TESOL Technology Standards Project Team. (2008). TESOL
Technology Standards Framework. Alexandria, VA: Author
13. Cambridge International Examinations. Education Brief 5.
Digital technologies in the classroom, November 2015: Available
at: http://www.cambridgeinternational.org/images/271191-digitaltechnologies-in-the-classroom.pdf
14. McGreal, R. (2007) Online Education Using Learning Objects,
Tylor Francis, US.
15. OECD (2016), Innovating Education and Educating for
Innovation: The Power of Digital Technologies and Skills, OECD
Publishing, Paris. Available at:
http://dx.doi.org/10.1787/9789264265097-en
16.HP Catalyst Initiative: www.hp.com/us/en/hpinformation/socialinnovation/catalyst.html.
17. Biglan (1973). Relationships between subject matter
characteristics and the structure and output of university
departments. Journal of Applied Psychology 57(3), pp. 204-213.
18. Smeby, J.C. (1996) Disciplinary Differences in University
Teaching. Studies in Higher Education, 21 (1), 69 -79.
19. Neumann, R, Parry, S & Becher, T (2002) 'Teaching and
learning in their disciplinary contexts: a conceptual
analysis', Studies in Higher Education, vol. 27, no. 4, pp. 405-417.
20. Collie, J., Slater, S. (1987). Literature in the Language
Classroom: A Resource Book of Ideas and Activities. Joanne Collie
& Stephen Slater. Cambridge: Cambridge University Press,
(Cambridge Handbooks for LanIDlage Teachers series)
21. Carter, R., Long, M. (1991). Teaching Literature. Ronald Carter
& Michael N. Long. Harlow, England: Longman, (Longman
Handbooks for Language Teachers series)
22. Sage, H. (1987) Incorporating Literature in ESL Instruction.
Prentice-Hall, Int.A Division of Simon & SchusterEnglewool Cliffs,
New Jersey 07632
23. Churches, A. (2009). Bloom’s Digital Taxonomy. Available at:
http://edorigami.wikispaces.com
24. European Framework For Literary Education on lower and
upper-secondary schools ((LIFT-2 Project). AD ALTA. Journal of
Interdisciplinary Research (2012), 1, 2, 32–35.)

"INDUSTRY 4.0" ISSUE 3/2019

BISTABLE RELAY COMPUTER BRC44 FOR EDUCATION IN DIGITAL
TECHNOLOGIES
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Abstract: The contemporary high-efficiency education in the sphere of digital technologies requires the employment of such
demonstration methods and tools, which enable visual representation and illustration of the computer technologies in an attractive and
accessible form. The aim is to let the learners, even if unprepared in the basic scientific and technological areas – physics, mathematics,
informatics, electrical and electronic engineering, etc., easily to understand the working principle of the digital computer.
The goal of this development, the subject of the current material, is the creation of a digital computer, realized using bistable relays
(BRC44). The application is with the education of students and pupils in universities and schools in the educational subjects: informatics,
computer science, information technologies, electronics, and physics.
The BRC44 computer is a 4-bit computer with 4-bit data bus to the ROM memory. The employed architecture is of the Harvard type.
The computer uses only bistable relays as active electronic elements without the implementation of monostable relays, vacuum electronic
tubes, transistors and integrated circuits.
The bistable relay based computer is designed around four master printed circuit boards, on which are mounted the bistable relays, the
semiconducting diodes, the light emitting diodes, etc.
The approbation of the BRC44 prototype with students demonstrated the easy perception of the working principle of the digital
computer, due to the pictorial presentation, the light indication of the current state of each relay, etc.
The computer is protected with a utility model registered at the Patent Office of the Republic of Bulgaria.
Keywords: COMPUTER, EDUCATION, BISTABLE RELAY, DIGITAL TECHNOLOGIES

was conceived by the first author in 2015 when he identified the
historical connection on one hand and the visualization means on
the other, offered by a relay based digital computer available to
students in classrooms and laboratories for hands-on examination,
testing and experiments.

1. Introduction
Computer technologies and more generally, digital
technologies, are becoming inseparable part of most high-end
devices and solutions nowadays. Almost without exception, the
engineering approaches require the implementation of digital
components and modules and the designer engineer needs to be
fluent in the digital realm. Hence, engineering education in all or
almost all spheres is dependent on proper digital technologies
education in the university programs. Furthermore, the preuniversity preparation of students in high-schools is also dominated
by computer science and correct and deep initial understating of the
principles of digital technologies and electronics circuits is an
essential prerequisite for successful university education.

Thus the target group of students that could appreciably benefit
from using such a machine in their education was identified as
students and pupils in universities and schools taking classes in:
informatics, computer science, information technologies,
electronics, and physics.

2. The beginningГрешка!

Източникът на препратката не е

намерен.

The idea to create the BRC44 machine emerged in 2015 while
studying history of digital computers for the purpose of computer
science education at the Faculty of Physics, Sofia University,
Bulgaria. The most prominent period in the automated calculation
machines was World War II when the age of the digital computing
was born. This age is in fact the dawn of the working (not
theoretical) digital computer. The digital computer was
implemented efficiently, during the dark years of this devastating
war, in solving tasks such as simulations of physical processes, code
braking, etc.

An already tested and working approach for students’
involvement to digital knowledge assimilation is the
implementation of demonstration methods and tools that rely upon
visual representation and illustration of the computer technologies
in an attractive and accessible form. Thus, even if students are
untrained in the basic scientific and technological areas such as
physics, mathematics, informatics, electrical and electronic
engineering, etc., essential for successful digital engineering career,
by using the proposed educational approach it is easy to grow
understanding of the working principles of the digital computer and
to obtain basic comprehension of electronics.

Fig. 1. Atanasoff–Berry Computer at Durhum Center – left (Attribution:
Manop [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0/)], via
Wikimedia Commons); John Vincent Atanasoff – right (copyright
http://www.pamettanabulgarite.com/profile/VirtualenmuzejDzhonAtanasov).

The goal of the Bistable relay computer BRC44 development is
the creation of a digital computer, based on bistable relays. The idea

146

Fig. 2. Atanasoff–Berry Computer diagram pointing out its various
components (source: Wikipedia.org, copyright: public domain)

One of the first pioneers in digital computing is the scientist
with Bulgarian origins John Vincent Atanasoff who created,
together with his assistant Clifford Berry, the ABC (Atanasoff–
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inches in depth. The ASCC used 500 miles (800 km) of wire with
three million connections, 3,500 multipole relays with 35,000
contacts, 2,225 counters, 1,464 tenpole switches and tiers of 72
adding machines, each with 23 significant numbers. It was the
industry’s largest electromechanical calculator.”

Berry computer) [1] shown on Fig. 1 and Fig. 2. ABC was
successfully tested in 1942. It was not programmable and was
meant to solve one concrete problem. Nevertheless, ABC
established a number of digital computer principles in practice such
as regenerative capacitor dynamic random-access memory (RAM),
parallel processing, fully electronic binary operations using vacuum
tubes, among others. For this reason ABC is considered by many
the first working electronic digital computer of all times. The
computer weighed about 320 kg, contained approximately 1.6 km
of wire, 280 dual-triode vacuum tubes, 31 thyratrons, and had the
size of a desk (fig. 2). ABC’s memory represented a regenerative
capacitor memory, consisting of a pair of drums, each one
containing 1600 capacitors. The drums rotated on a common shaft
once per second. This memory system established the machine’s
speed, which was 30 additions/subtractions per second. Data was
stored using fixed-point numbers of 50-bits each. The computer
could manipulate 60 such numbers at a time or 3000 bits [2–6].

Fig. 4. Harvard Mark I input/output and control readers – left
(Attribution: The original uploader was Daderot at English Wikipedia. [CC
BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0/)], via Wikimedia
Commons); Howard Aiken was the designer of Harvard Mark I – right
(image is in public domain, source: Wikipedia.org).

Notwithstanding, the essentially first working programmable
digital computer was the Konrad Zuse’s Z3, which was a relay
computer, i.e. electromechanical, not electronic one like the ABC
(fig. 3).

3. Why a bistable relay computer?
The BRC44 computer was conceived as an innovation, not just
as a historical replica of the WWII era. The novelty implemented is
that the whole machine is created around bistable, instead of
monostable electromechanical relays.
Although built during peace time in Bulgaria, the dramatic
invention of unique circuit designs, the lack of funding, the extreme
labour hours spent soldering tens of thousands of soldering points,
brought the authors as a time machine to the 1940-ties – that dark
decade sparkled with technological insights and revolutionary
breakthroughs.

Fig. 3. Z3 at Deutsches Museum – left (Attribution: Venusianer [CC
BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0/)], via Wikimedia
Commons); Konrad Zuse (1992) – right (Attribution: Wolfgang Hunscher,
Dortmund [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0/)],
via Wikimedia Commons).

BRC44 is a 4-bit computer with 4-bit data bus to the read-only
memory (ROM). The employed architecture is of the Harvard type.
ROM is used to store programs and is realised through DIP
switches. The address space of the ROM memory is flat with 8-bit
address. Each memory cell consists of 4 bits hence the machine
implements 256 x 4 = 1024 bits or 128 bytes of ROM. The RAM
consists of sixteen 4-bit words, hence the RAM data bus is again 4bits wide and the RAM address space is 4-bits. There are 64 RAM
bits in total.

The Z3 computer contained 2000 electromechanical relays and
used 22-bit floating point words encoded through binary system [7].
Its speed of operation was from 5 to 10 clock cycles per second.
Programs and data were stored on punched films. Z3 computer was
initially engaged in operation at the German Aircraft Research
Institute in Berlin in 1941, where it was employed in statistical
analyses of wing flutter. Konrad Zuse built also the Z4 computer in
the late years of the war [8].

As mentioned earlier, the computer uses only bistable relays as
active elements without the implementation of monostable relays,
vacuum electronic tubes, transistors and integrated circuits. This
fact asked for novel development of the circuit design for all logic,
arithmetic, memory, and combinatorial functional blocks of the
machine.

At that time using electronic vacuum tubes as active elements in
computers was prohibitively expensive. Hence some of the first
computer pioneers turned to electromechanical relays instead. The
utilization of relays in digital computers was conceived
independently of Konrad Zuse’s work in 1937 by Claude Shannon
who theorized on mapping Boolean algebra onto electromechanical
relays [9].

The bistable relay based computer is designed around four
master printed circuit boards. The ROM block is shown on Fig. 5.
On these master modules are mounted the bistable relays,
semiconducting diodes, light emitting diodes, switches, etc. There
are about 500 relays employed, 2000 diodes, 500 LEDs, and 1100
switches. The whole computer is developed in one plane and the
lack of compactness of the design is imposed by the requirement for
easy visual and manual access to all parts of the computer.

In the United States there was also a relay computer
successfully built. It was called Harvard Mark I (Fig. 4). In contrast
to Z3, beyond electromechanical relays it employed purely
mechanical systems such as rotating shafts and clutches. Harvard
Mark I started operation in the beginning of 1944 and one of the
first programs executed was written by John von Neumann aimed at
solving problems for the Manhattan project [10].

An online simulator of the computer was published in the
interactive multimedia journal Engineering and Science Education
and is available for use freely by anyone with access to the Internet
[12].

Citation from the IBM Archives [11]:
“The Automatic Sequence Controlled Calculator (Harvard
Mark I) was the first operating machine that could execute long
computations automatically. A project conceived by Harvard
University’s Dr. Howard Aiken, the Mark I was built by IBM
engineers in Endicott, N.Y. A steel frame 51 feet long and 8 feet
high held the calculator, which consisted of an interlocking panel of
small gears, counters, switches and control circuits, all only a few

The computer is protected with a utility model registered at the
Patent Office of the Republic of Bulgaria – Reg. No 2821 U1 since
26/07/2017.

4. The BRC44 debut
The first idea of resurrecting the World War II digital computer
technology here in Bulgaria came to fruition during the open days at
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the Faculty of Physics, Sofia University in the spring of 2015. In
front of the public a small building block of the Konrad Zuse’s Z3
machine was demonstrated – namely a 4-bit counter and a 4-bit
adder with a clock circuit (20 relays in total). The adder was
following exactly the ingenious schematic of Zuse. All circuits were
built on a single breadboard 40 by 40 cm, consisted of the original
type of Z3 telephone relays with the sole difference of being
powered by 12 V. The power supply was a NiMH battery. The
public astonishment was so overwhelming that even TV news team
filmed the event and immediately broadcasted it on the news at
noon the same day. In the afternoon a lot more people came, who
have watched the news report, to see the dubbed war time computer
replica.

To understand the different types of discrete electronic
components
The function of a number of discrete electronic and
electromechanical components is lucidly comprehended, such as
•
Bistable relays that resemble normal switches, but turned
on and off by electric current, instead of one hand
•
Resistors – passive components that limit the electric
current flow
•
Capacitors – passive components that store electrical
energy
•
Semiconductors that let the current flow only in one
direction
•
Light emitting diodes – electronic components that
substitute the light bulbs and emit light in different colours
•
Switches – just switches
•
Connectors – terminals that are used to interconnect the
cabling between the master printed circuit boards.
To understand the electrical wiring mechanisms and how
circuits are constructed
The BRC44 is suitable to show to student and alike the
principles of constructing printed circuit boards, the mounting of
components on them and the approaches if interconnecting the
boards together using electrical wiring.
To understand the representation of numbers through digital
binary components
More into the digital computing arena the student is capable by
the help of examining the operation of BRC44 to get into the binary
system of representing digital number with the use of two-state
electronic or electromechanical elements, each of which is used to
represent one bit of information. The switching of the bistable relay
is audible, thus the observer literally senses the process of changing
the state of one bit in the computer memory for example.

Fig. 5. ROM master printed circuit board of BRC44. 1024 switches are
arranged in a two dimensional array with 16 rows and 64 columns. This
master block also includes the memory decoders and auxiliary circuitry
(image copyrighted by Svetoslav Zabunov, 2019).

To understand the logic circuits
Further, for the more advanced students, BRC44 demonstrates
the inner working of the simple logic circuits performing operations
such as logical AND, OR, XOR, NAND, etc. Then the more
complex combinatorial logic circuits may be observed like binary
decoders, binary multiplexers, etc.

The power of using relays instead of any other type of active
elements was serene. The circuits’ principle of operation was clear
even to kids, and the clicking noise of the machine inspired
spectators’ enthusiasm and triggered their will to understand the
inner workings of the machine. This clicking noise created a notion
among the observers of the mechanism the computer is based upon
– namely that it is after all nothing more than a machine, yet a fast
machine.

To understand the memory circuits
Another aspect of digital computing is effortlessly understood
through the bistable relay principle. The RAM memory bit is
realized through one bistable relay.

5. Educational aspects using the Bistable relay
computer BRC44

To understand the oscillator and clock circuits
Once logic and memory components are figured out, the student
is ready to follow the principle of the oscillators – a new circuit is
introduced – the timing circuit where capacitors and resistors are
required.

A few years later the first approbations with the BRC44 yet
unfinished prototype took place at the Space Research and
Technology Institute – Bulgarian Academy of Sciences within a
small circle of visitors. Again, the participants ascertained the ease
of perception of the working principle of the digital computer, due
to the pictorial presentation, the light indication of the current state
of each relay, the clear path of the electrical signal and the obvious
principle of operational of the bistable relays being switched by the
electrical current between their two stable states.

To understand the major building blocks of a digital computer
Finally, the student is introduced to the major building blocks of
the digital computer:
•
Read-only memory (ROM) with its inherent address
decoders and multiplexers
•
Random-access memory (RAM) with its accompanying
address decoders, multiplexers, read and write circuitry
•
Central processing unit (CPU) and its components:
sequencer, arithmetic logic unit (ALU), instruction decoder
•
Display module and I/O

It was identified that the computer is suitable for education of
the following scientific and technological ideas:
To understand the electrical circuits in general
The computer’s mechanism of operation is easily followed by
observing the signal path in its partial or full schematic, then
projecting the schematic diagram on the prototype master printed
circuit boards. All relays are large enough to be identified along
with their leads by the observer. Same is true for the other
electronic elements comprising the computer.
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To understand the digital computer architectures – Harvard
architecture and Von Neumann architecture
Finally, the student may acquire full understanding of the
computer architectures such as the instruction set, instructions with
variable and constant length, what microcode is and how each
instruction is interpreted as a sequence of micro code operations
that are further executed by the CPU sequencer, the difference
between the Harvard and von Neumann architectures and so on.

6. Conclusion
After examining the current state of the art of relay based
digital computer created recently and also taking into account
all models developed in the beginning of the digital computer
era, the authors ascertained that there has never been
developed so far a digital computer fully based on bistable relays
and that the BRC44 is the first one in the world. Consequently the
computer was applied for a patent at the Patent Office of the
Republic of Bulgaria.
Authors are pleased for being helpful with this innovative
approach in computer science education in Bulgaria and in the
world and plan on continuing there passionate innovations in the
avenue of education in computers, physics, aerospace studies and
mathematics, among others.
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