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ELECTRICAL ENGINEERING

Magnetic force calculation of U-shaped permanent
magnet and linear magnetic plane
Ana Vučković, Mirjana Perić, Dušan Vučković,
Nebojša Raičević, Saša Ilić
Magnetic force between U-shaped permanent magnet and linear infinite plane is determined in the
paper. Two different cross-sections (circular and rectangular cross section) are considered in the paper
in order to analyse their effects on the attraction force. It is confirmed that results obtained using
presented method, in case of rectangular cross section, enable more rapid parametric studies of the
attraction force, relative to dimensions and spacing.
Keywords – magnetization charges, magnetic force, permanent magnet (PM).

Introduction
Throughout history, permanent magnets have been
used for vast range of applications. Their practical use
was initially limited to electromechanical devices such
as early electronic generators and motors. After
AlNiCo materials were introduced, the permanent
magnets have become popular again and they were
used in application such as DC motors, hand tools, etc.
Since the development of rare-earth NdFeB magnetic
materials, the application of permanent magnet-based
devices has been vastly expanded. Nowadays,
permanent magnets are the vital component of many
advanced electronic devices and electromechanical
machines. Because of that, the necessity for fast and
accurate modelling techniques increased [1]-[4]. Until
now, in the existing literature authors have proposed
complex and simplified approaches in order to
calculate the field and the force of different permanent
magnet configurations [5]-[8]. The most common
permanent magnet shapes are block, ring and
cylindrical permanent magnets but the utilisation of
atypical permanent magnet shape could improve the
device performance.
Magnetic force between U-shaped permanent
magnet and linear infinite plane is determined in the
paper. It is performed using the approach based on
fictitious magnetic charges, discretisation technique
along with the image theorem. Magnetic force depends
only on the permanent magnet cross section, distance
of PM’s ends and distance between permanent magnet
and magnetic plane [9]. In order to obtain the simple
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and fast solution, the influence of the cross-section
shape on the magnetic force is tested here.
Problem definition
U-shaped permanent magnet, placed above an
infinite linear magnetic plane, with relative magnetic
permeability μr, is considered (Fig.1). Boundary
condition for surface magnetization charge density has
to be satisfied
(1)
It is obvious that fictitious surface charges exist only
on the permanent magnet’s poles.

Fig.1. U-shaped permanent magnet above
linear magnetic plane.

In the case of circular cross section, the bases of the
magnet are discretized into a system of circular loops,
loaded with different fictitious magnetic charges. The
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rectangular cross-section permanent magnet is
discretised and considered as a system of point
magnetic charges [10]. The solution for the circular
cross section is more complex and requires longer
computational time.

Results obtained for interaction force between two
circular loops, derived in [9] are used for the attraction
magnetic force calculation between permanent magnet
of circular cross section and infinite linear magnetic
plane.

Calculation method
U-shaped permanent magnet of circular cross
section
In order to determine the attraction magnetic force
between U-shaped permanent magnet and infinite
linear magnetic plane, the image theorem in the plane
mirror is used (Fig.2). Since the fictitious surface
charges exist only on the poles of the permanent
magnet, the observed system can be replaced with
system presented in the Fig.2,

Components of the interaction magnetic force
between two circular loops, uniformly loaded with
magnetization charges Qm1 and Qm2, Fig.3, are:

(5)

where

Using discretization procedure, poles of the
permanent magnet and its image can be replaced with
the system of circular loops of radius,

(6)

(2)
N is the number of discretized segments.
Magnetic charges of image poles’ loops are
(3)
(7)
and of permanent magnet poles are

where
(4)

and

Summing the contribution of magnet’s poles and
their images, using uniform discretization technique,
the component of the magnetic force could be
determined.
Fig.2. Equivalent model in case of circular cross section.
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Magnetic scalar potential generated by the
permanent magnet image is

(10)
Magnetic point charges of magnet’s image poles are
Fig.3. Two circular loops.

Since the lateral components, Fx and Fy, are equal to
zero value, in this case, only attraction magnetic force
exists (that is component Fz):
(8)

(9)

(11)
Na and Nb are number of segments along a and b
sides.
xk and yk are coordinates of point charges’ positions
of magnet’s image.
Magnetic field vector generated by the image of the
permanent magnet can be calculated using the
expression
(12)
Magnetic flux density outside the magnet’s image is

U-shaped permanent magnet of rectangular
cross section
When it comes to a rectangular cross section, poles
of the permanent magnet and its image could be
discretised and presented as a system of point charges,
Fig.4.

(13)
Finally, when magnetic flux density generated by
the magnet’s image is determined, the levitation force
may be calculated by

(14)

Point magnetic charges of the magnet’s poles are
(15)

Fig.4. Equivalent model in case of
squared cross section.
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Substituting (13) and (15) in equation (14) and
summing the contribution of permanent magnet’s poles
and its image, levitation force is calculated. The x and
y components of the force are equal to zero and they do
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not have any influence on the magnetic force.
Therefore, the force is

(16)
xj and yj are coordinates of point charges’ positions
of permanent magnet.
Numerical results

Fig.6. Attraction magnetic force versus relative
permeability, μr (circular cross section).

Results obtained for the attraction force between
permanent magnet and infinite linear magnetic plane of
relative permeability μr, are given in the graphical form.
Normalized attraction magnetic force versus ratio
h/c, in case of circular cross section is shown in the
Fig.5, while the attraction magnetic force versus
relative magnetic permeability (μr) is presented in the
Fig.6.

Fig.7. Normalized attraction magnetic force versus
ratio h/c (squared cross section).

Fig.5. Normalized magnetic force versus ratio h/c
(circular cross section).
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Convergence is tested and it is confirmed that the
satisfactory accuracy is obtained when the number of
segments is limited to N=100.
Normalized magnetic force, in case of squared cross
section (a/c = b/c), versus axial displacement h/c and
relative permeability μr are presented in Figs. 7 and 8.
Total number of point charges is Nt=NaNb=900.
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Comparative results for the magnetic force are
presented in the Fig.11 and Table I. Normalized axial
force versus normalized distance between magnet and
plane, h/c, are shown in case of circular cross section
of radius a/c=0.5 and squared cross section of the same
surface (a/c=b/c= 0.886) . The analyses of the Fig.11
shows that the results are in close agreement. Table I
presents normalized attraction force in the case of
circular cross section (a/c=1.0) and square cross
section with the same surface. It is shown for the
distance h/c=0.5

Fig.8. Magnetic force versus relative permeability, μr
(squared cross section).

In case of rectangular cross section, the magnetic
force versus distance between magnet and plane, h/c ,
for different values of a/c is presented in Fig.9. It is
calculated for configuration parameters b/c=2.0, μr =5.
Magnetic force depends on relative permeability of the
plane as it is presented in Fig.10 for different values of
normalized distance h/c and system parameters
a/c=2.0, b/c=1.0
Fig.10. Normalized attraction magnetic force relative
permeability, μr (rectangular cross section).

Fig.9. Normalized attraction magnetic force versus ratio
h/c for different values of a/c (rectangular cross section).
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Fig.11. Comparative results for normalized attraction
force in the case of circular cross section.
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Table I
Comparative result for normalized magnetic force.
Fznor

Fznor

Circular
cross section

Square cross
section

50

0.52319

0.51373

1.80%

30

0.50941

0.49986

1.87%

10

0.44554

0.43748

1.81%

7

0.40841

0.40075

1.87%

5

0.36303

0.35622

1.87%

3

0.27227

0.26735

1.80%

μr

Relative
error

Conclusion
Approach base on fictitious magnetization charges
is applied for the attraction force calculation of Ushaped permanent magnet placed above soft magnetic
plane. Two different cross sections are considered,
circular and rectangular cross section. The poles of the
magnet of circular cross section are discretized into a
system of loops loaded with different magnetization
charges. In case of rectangular cross section poles are
discretized into a system of point charges. The
advantage of the second presented approach is its
simplicity and time efficiency. It is confirmed that
results for the force are in close agreement when the
cross sections are of the same surface. The
computational time in the first case is 100 times longer.
Therefore, in order to save computational time when
the force of the permanent magnet of circular cross
section is required, the results for the squared cross
section of the same surface could be used.
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Experimental validation of the frequency multiplexing
method of simultaneous wireless transmission
of energy and information signals
Lyudmil Petkov, Nikolay Madzharov
Wireless energy transfer and bidirectional transfer of information and control signals, using the same
inductive connection, has been a current topic of research in recent years. Depending on the required
transmitted power and the speed of the transmitted information and control signals, several methods have
outlined – a method with sequential transfer of energy and data, a method with simultaneous transfer of energy
and data, using a change in the frequency of the inverter and the load resistance of the energy receiver, and a
method of simultaneous transfer of energy and data by frequency multiplexing. The main focus of the present
work is on the frequency multiplexing method. This article, based on a laboratory model developed, presents the
experimental studies performed on the effect of the power inverter control pulse duty cycle on the accuracy of
data transmission.
Keywords – Wireless energy Transfer, Frequency Multiplexing, Information Signals, Signal Controls.
Експериментално оценяване на метода с мултиплексиране на честотите при едновременно
безконтактно предаване на енергия и информационни сигнали (Людмил М. Петков, Николай
Маджаров). Безжичният трансфер на енергия и двупосочния трансфер на информационни и
управляващи сигнали, използвайки една и съща индуктивна връзка е актуална тема на изследване през
последните години. В зависимост от необходимата предавана мощност и скорост на предаваните
информационни и управляващи сигнали са се очертали няколко метода - метод с последователен
трансфер на енергия и данни, метод с едновременен трансфер на енергия и данни, използвайки промяна
честотата на инвертора и товарното съпротивление на приемника на енергия, метод с едновременен
трансфер на енергия и данни, чрез мултиплексиране на честотите. Основно внимание в настоящата
работа е отделено на метода с мултиплексиране на честотите. В настоящия статия на базата на
разработен лабораторен макет са представени извършените експериментални изследвания, за
влиянието на коефициента на запълване на силовата синусоида върху точността при предаването на
данни.

There are various methods and schematic
solutions for implementing simultaneous energy and
control signals transfer, using a common inductive
connection [1], [2], [3], [4]. Depending on the energy
transferred value and the speed and volume of the
information transmitted, different schematic designs
are used [5], [6], [7]. For the transmission of power up
to 200 W and data up to several kbit/s, the method of
serial transfer of energy and data is used [8], [9], [10].
With this method – Fig. 1, consecutively switching in
the time of the module for transmitting and receiving
energy to the module for receiving and transmitting
information signals is made. This contactless method
has, accordingly, a number of disadvantages that
determine its limitation when used in various wireless
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energy and information signals transfer systems. The
first is that data speed is limited by the frequency used
for energy transfer. For systems using a wireless
energy transfer frequency below 60 kHz, the
information transmission rate may not exceed several
kbit/s. The second disadvantage is that the electronic
elements for switching the coil K1 and K2 between
the inverter and the transmitter/receiver in the energy
transmission circuit, as well as the load and
receiver/transmitter in the energy receiver, decrease
the transmission efficiency because the energy
transfer is interrupted during the periods when the
data is transmitted/received. This removes the inverter
from the optimum operating mode and reduces the
efficiency of the system [11], [12], [13]. Another
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simultaneous transmission of information signals and
energy. In this case, there is no need to synchronize
the transmitter and the receiving side, but there are
two major disadvantages. The first is that the speed of
the data is limited by the frequency of the inverter. For
inverters using an energy transfer frequency of up to
60 kHz, the data transfer rate may not exceed several
kbps. The second disadvantage is that the module used
to transmit information signals reduces the efficiency
of energy transfer, since the operation of the system
shifts from the optimum point due to changes in
frequency and load resistance. In conclusion, the
presented method is not suitable for use in systems
with a power exceeding 500 W.

disadvantage is the need to provide synchronous
switching of the elements K1 and K2, which switch
the coil to the respective stage, for the correct
transmission of energy and, correspondingly,
information signals, which requires additional
hardware and software resources. For these reasons,
this variant is suitable for the transfer of electricity at
values up to about 200 W.
The method of changing the frequency of the
inverter for transmitting energy and transmitting data
to the energy receiver, as well as changing the load
resistance in the energy receiver for transmitting data
to the transmitter – Fig. 2, is suitable for use at values
up to 500 W and a data rate of several kbit/s [3], [4],
[7], [8]. It transmits information signals from the
energy transmitter to the receiver by changing the
frequency of the inverter [11], [12].

Error! Objects cannot be created from editing field
codes.
Fig. 2. Simultaneous transfer of energy and information
and control signals through one inductive link.

For several kilowatt energy transfer and data
rates up to 1 Mbit/s, it is appropriate to use the
frequency multiplexing method [4], [8], [9]. It uses a
frequency of tens of kilohertz for energy transfer and a
high frequency of MHz for data transmission. The
block diagram is presented in Fig. 3.
Transmission of data shall be effected by
switching on and off the high frequency voltage to the
resonant circuit when the transmitted bit is one. The

Fig. 1. Serial transfer of electric energy and information
and control signals.

For reverse transmission, a load resistance
change is used which causes a change in the inverter
current [13]. This method provides the opportunity for
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Fig. 3. Simultaneous transfer of energy and data through a common inductive link.
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D a ta

energy transmitter and receiver contain Transmit and
Receive driver - circuits that matching the inputoutput impedance of the microprocessor. They
transmit and receive data. Communication is
performed by microprocessors MCUs, which, based
on the received commands and measured parameters,
perform control and return the relevant information
signals and data. A high frequency generator (HFG) is
used to transmit the data by which the voltage in the
presence of 1 in the transmitted data is modulated Fig. 4. Multiplexing of data and transmitted energy is
accomplished through the transformers TR3 and TR4.
Transmission of data during the energy transfer
allows the transmitter to register more than one energy
receiver, if located within the transmitter range, and to
optimize the energy transfer process by increasing or
decreasing the transmitted power. This method is
capable of transferring energy up to several kilowatts
and transferring data rates up to 1 Mbit/s. The
technical implementation needs the correct choice of
measures for the correct reception and correction of
the information signals. Because of the obvious
advantages, this method was chosen to perform
experimental set-up and perform experimental studies.
0

0

1

0

0

1

1

0
t

Ud

f = ωd

t
UL1

Data carrier
Power carrier

Fig. 4. Timing diagram of power and data transmission by
frequency multiplexing.

Exposition
This report presents experimental results for the
influence of the duty cycle of the inverter transistors
on the accuracy of the transmission of information and
control signals. For this purpose are developed
schemes of transmitter and receiver, presented on Fig.
5 and 6.
The high frequency generator in this case is the
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t

IS1 microcontroller itself – PIC16F19197, which
generates a frequency of 1 MHz at the CLOCKOUT
output. Output Tx receives control and information
signals. The Transmit driver is implemented with
VT2, VT3, VT4, VT9, VT10, VD6, VZ1, R11, R16,
R19, R20, R21, R22 and C14. The capacitor C14
together with the coil T1 form a high-frequency
resonant circuit. Receive driver is implemented with
VT3, VT5, IS3, IS4, VD5, R6, R7, R9, R12, R13,
R14, R15, R17, R18, R23, R24, C10, C11, C12, C21.
The separated signal enters the input of a low pass,
high pass and a bandpass filter [8,14], composed of
IS3A, IS3B, IS4A, R6, R7, R9, R12, R13, R17, C10,
C11. The purpose of the filter is to separate the high
1MHz frequency with which the data is transmitted.
The separated signal is fed to detector D5, R15, C12
and hysteresis comparator IS4B, R14, R18, which
convert the separated high-frequency voltage into
data. The frequency inverter is controlled by the IS1
microcontroller. The final formation and galvanic
separation of the control pulses to the transistors of the
frequency inverter is carried out with the IS2 driver.
The inverter is implemented with VT7, VT8, R26,
R27, L1, T1, C18, C19, C20, C22, C28. Buttons B1,
B2, B3 and B4 are used for command selection and
configuration, and an alphanumeric LCD display DD1
is provided for displaying commands and received
data. The required supply voltages are provided by
linear voltage stabilizers implemented with IS5, IS6,
R25, C13, C15, C16, C17, C23, C24, C25, C26, C27,
C29.
The scheme for receiving energy and receiving
and transmitting data is presented in Fig. 6. In the
present case, it feeds and independently controls the
direction of rotation and speed of three DC motors. It
again uses a microcontroller PIC16F19197, which
generates a high frequency of 1 MHz, receives and
transmits information and control signals, controls the
direction, speed and measures the voltage and current
of the respective DC motor. The motors are included
in the bridge scheme, by which two of the transistors
VT9, VT10 (VT16, VT17 and VT28, VT29)
determine the direction of rotation, and the other two
VT12, VT13 (VT19, VT20 and VT32, VT33)
determine the speed of rotation. A resistor R43 (R80,
R95) is used to measure motor current. Energy intake
is performed by L2, T2, R33.
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Fig. 5. Power transmission scheme and two-way transmission of control and information signals
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Fig. 6. Energy reception scheme and bidirectional transmission of control and information signals
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DATA

Revers3

Revers2

The voltage is rectified by the high-frequency
rectifier, the scheme is implemented with VD7, VD8,
VD9 and VD10. The voltage divider R94, R96 and
C48 is used to measure the received and rectified
voltage.
The Transmit driver is implemented with VT15,
VT22, VT25, VT26, VT27, VD6, VZ2, R72, R73,
R74, R79, R82, C37 and T2. Here again, the condition
that the resonant circuit, formed by T2 and C31, is
tuned to the frequency 1 MHz. The Receive driver is
implemented by IS3A, IS3B, IS4B, VT21, VT24,
VD5, R58, R60, R61, R62, R63, R64, R66, R69, R70,
R83, R84, C29, C30, C34, C38. Buttons B10, B12,
B13, B14 are provided for control, and for
visualization - alphanumeric LCD display. The
elements IS5, R91, C41, C42, C43, C44, C45, C46 are
linear stabilizer, used for power supply.
For comparison of the impact of the duty cycle
of the frequency inverter transistors on the
transmission of information signals of Fig. 7 and 8 are
presented results at a fill coefficient ≈ 48%. In Fig. 7.
the control pulses of the M1 and M2 frequency
transistors are presented, as well as the high frequency
voltage (1 MHz) used for transmitting CLOCKOUT
information signals. In Fig. 8. are presented the
transmitted data Tx and the multiplexed voltage Mx
obtained by mixing the voltage from the frequency
inverter with that for transmitting information signals.

Tx

Mx

Fig. 8. The data transfer Tx- CH1, the received signal
from the overlaid frequency for transmitting energy and the
frequency of data transmission Mx - CH3.

A program has been developed to investigate the
influence of the duty cycle of the control impulses. It
changes its value from 10% to 48%. To illustrate the
results, a larger step of change has been introduced
and this is shown in Fig. 9.

Fig. 9. The gate control voltage of the MOS transistors of
the inverter - M1 – CH1 and M2 – CH2.

Fig. 7. The high frequency 1MHz-CLOCKOUT - CH1, the

gate control voltage of the MOS transistors of the
inverter - M1 - CH2 and M2 - CH3.
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In Fig. 10. are presented the voltage of the
transmitted information signals – Tx, the 1 MHz high
frequency voltage used for data transmission and the
multiplexed voltage obtained after mixing the voltage
of the frequency inverter and that of the data
transmission.
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Fig. 10. Transmit data Tx – CH1, high frequency 1MHz for
transmit data CLOCOUT – CH3, the received signal from
the overlaid frequency for transmitting energy and the
frequency of data transmission Mx – CH2.

From the experimental results obtained, it can be
seen that at a frequency control of the transistor
control pulses of the frequency inverter below 25%,
there is no multiplexing of the data transmission
voltage with that of the frequency inverter. When the
coefficient rises above 25%, the multiplexing is better.
It can be concluded that the transmission of energy
and data by frequency multiplexing can be performed
at a duty cycle of transistors control pulses greater
than 25% and less than 50%.
Conclusion
This article presents experimental results from
the study of the influence of the duty cycle of the
transistors control pulses on the transmission of
information and control signals through the same
inductive connection. The main conclusion that can be
drawn is that the transmission of data strongly
depends on the duty cycle value. This coefficient
determines the transmitted power to the contactless
energy receiver, which means that with frequency
multiplexing method cannot transmit low power with
a filling coefficient of the control pulses below 25% Fig.10, due to the inability to transfer data.
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TELECOMMUNICATIONS SCIENCE

Blockchain in the telecom industry
Boyan Jekov, Petya Petkova, Elena Shoikova
Abstract. This article looks at the introduction of Blockchain technology in the telecoms industry.
Blockchain is one of the disruptive technologies that is rapidly entering all sectors of the industry,
economy and life. This article examines some scenarios in the telecommunication sector and the first
case of application. The topic is too new and hot and will soon begin to explore the positive and
negative trends of Blockchain effects.

Introduction
Telecommunications generate every year around 6
Trillion Dollars revenue including internet data voice
communications and broadcasting, but not limited.
The
rapidly
changing
environment
of
telecommunication businesses has forced them to
change the old fashioned limited business models and
to adapt the latest technological trends so can meet the
current market trends and requirements. Based on a
survey (by IBM) of C-suite executives from the
telecommunications industry, a significant percentage
of CSP-organizations are already considering or
actively engaged with blockchains. Eighty-seven
percent of surveyed executives said the customer is an
important role affecting their ability to move forward
with blockchain at a commercial scale [1].
The blockchain in telecom market size is expected
to grow from USD 46.6 million in 2018 to USD 993.8
million by 2023, at a Compound Annual Growth Rate
(CAGR) of 84.4% during the forecast period [2].
As much as the term blockchain used it is widely
misunderstood. In its mid-term reality exists a lot of
implications and cases for using blockchain in telecom
industry, but mostly not in wide-speared way who
people think. It challenges the general assumption for
trust and even ways to store, share and access data,
and perform efficient transactions.
Blockchain in kernel
Distributed Ledger Technology refers to a novel
and fast-evolving approach to recording and sharing
data across multiple data stores (or ledgers). This
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technology allows for transactions and data to be
recorded, shared, and synchronized across a
distributed network of different network participants.
A ‘blockchain’ is a particular type of data structure
used in some distributed ledgers which stores and
transmits data in packages called “blocks” that are
connected to each other in a digital ‘chain’.
Blockchains employ cryptographic and algorithmic
methods to record and synchronize data across a
network in an immutable manner. Three features of
DLT that are generally considered key to the
technology are outlined below: the distributed nature
of the ledger, the consensus mechanism, and
cryptographic mechanisms [3].
Distributed ledger technology (DLT) is the
symbiotic operation of technological infrastructure,
using cryptographic algorithms executed by software
programs via protocols and allows multiple entities
from various locations to access validate and update
records in an immutable manner. It is also called
Blockchain, because of the chain of blocks, which the
ledgers create. Every ledger consists of components,
which create trust and secure its rigidity. In the core of
Blockchain architecture are hashes, digital signatures,
private and public keys. Every participant generates
private/ public key pair, as private key is also called
secret key, which is visible only for its holder. A
digital signature is a function of a message and the
secret key, and it cannot be copied, because with the
new message the secret key changes. The verification
of signature validation is made together with the
message and the public key, where it confirms or
rejects that the digital signature is produced for the
same message with the private key from the initially
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generated pair of private/public key. The possibilities
to guess a secret key together with known public key
is 2256. Other important component of Blockchain
technology is the usage of cryptographic hash
functions for assuring the content of a ledger/block
[4]. Cryptographic hash function is infeasible to
compute in reverse direction.
The ledger is a collection of transactions, which
works through distributed consensus mechanism
among every node within the system. Ledger’s
validation is made by Proof of Work, PoW (ledger
ID), the most common used consensus mechanism,
which proves that a particular list of transactions is
associated with a large amount of computational
effort. If only a single bit has been changed in the
ledger, it would completely change the hash value.
Figure 1 refers to a part of structural model of
distributed ledger technology. This architecture is a
core base of the blockchain platforms, the
technological lowest level of the ecosystem.
The categorization of Blockchain permission
model defines who and what kind of access has. It can
be open (permission-less) and permissioned [5]. The
network categorization requires whether the access to
the blockchain data itself is public or private [6]. The
permission-less network is used to Bitcoin.
Permission refers to the authorization for verification,
and anybody can join the network to be a verifier
without obtaining any prior permission to perform
such network tasks.

Fig.1. Blockchain structure source:
Distributed Ledger Technology (DLT) and
Blockchain FinTech Note1/ World Bank Group
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Blockchain usecases in Telecoms
The blockchain could have enormous impact
referring to the telecom industry, especially because
of the industry’s large customer bases, complex
internal processes, multiparty transactions, long value
chains, and presence of intermediaries, as well as high
incidence of roaming fraud and associated costs [7].
The variety of potential applications of blockchain
in the telecom space is numerous, from voice
settlement to mobile number portability. In these
sections will be presented the most notable use cases
of blockchain in the telecom industry.
Roaming fraud prevention
Revenue leakages and frauds are the results of the
porosity of the traditional ecosystems, fraud loss was
estimated close to $40 billion in 2017. Despite the
partial “innovations”, the industry has not found a
sustainable method to mitigate fraud.
Blockchain has fundamentals and high capacity to
reduce, at least, two main types of frauds – roaming
fraud and compromised identity. Blockchain links a
device to the user’s identity, leading to the case that, if
a user’s identity is compromised, it can affect not just
the device, but every service associated with the
subscriber’s identity.
Blockchain eliminates the frauds by implementing
a permissioned blockchain between every pair of
operators that have a roaming agreement. Every time a
subscriber triggers an event in a visiting network, a
smart contract and the terms of the agreement between
the roaming partners are executed. This allows
instantaneous and verified authorization as well as
settlement to occur in real-time – reducing drastically
costs and frauds [8].
The 2017 Global Fraud Loss Survey estimated that
revenue fraud costs telecoms US$29.2 billion annually
[9]. By using blockchain, telecoms could mitigate
losses from fraud while unlocking new revenue
streams for identity. With subscriber profiles and realtime connectivity to every customer through their
smartphones, telecoms can play a more central role in
digital identity. Such services could include data
marketplaces for users to manage and monetize their
personal information or restrict it accordingly [10].
(How can telecom, media, and entertainment find the
value in blockchain? Chris Arkenberg, Nakul Lele,
Jeff Loucks, Karthik Ramachandran).
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Fig. 2. Roaming Fraud prevention illustrative presented

Fig. 3. Subscription identity illustrative

Identity-as-a-service and Data Management
Blockchain can help create new revenue streams
by providing data management and identity
authentication solutions to improve the user base of
operators. CSPs can use their relevant data for their
clients to provide a dynamic identity transaction
platform (digital signature). Operators can develop
identity management tools available for organizations,
devices, and applications.
5G enablement
Smart contracts, which are one of the key features
of blockchain technology, are used to automatically
implement rules and agreements between access
points and to ensure the availability of real-time
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network resources. Networking and real-time
networking rules are the current issues that need to be
addressed before mass adoption of 5th generation
networks. The blockchain platform allows new
generation of access and management technology for
network selection. It supports the activation of 5G
network potential and provides a common platform
with seamless connectivity. 3GPP and non-3GPP can
be implemented using block blocking, and operators
can connect to devices on multiple local hotspots and
Wi-Fi based on permission. With the search for
improvements in the telecommunication network and
the deployment of the 5G network, the connectivity
network is expected to grow with the highest CAGR.
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Fig. 4. 5G Enablement illustrative.

IoT Connectivity
Applications for IoT devices include a smart city,
intelligent home, connected car, connected cars, smart
farming, smart entertainment and much more. There is
no doubt that this list will grow further in the near
future. Frost and Sullivan predict that by 2020 the
market for smart cities will reach $ 1 trillion. It is
estimated that there will be 200 billion connected
devices by 2020, which may increase the likelihood of
devices being vulnerable to attacks.
Separate hardware challenges (such as longevity),
the core elements in the development of IoT devices
are Connectivity, Privacy, Compatibility, and
Security.
The current ecosystem for IoT is highly centralized
and completely relies on the internet for any sort of
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communication amongst connected devices which
makes it highly vulnerable if security is not
prioritized. Traditional systems are subject to several
points of failure such as Packet loss, Cloud services
Interoperability issues, Single point of failure…. etc.
Blockchain provides a secure dynamic peer-to-peer
distributed network solution through the utilization of
nodes which can be represented by embedded IoT
sensors that verify every block being captured into a
real-time monitoring system for IoT systems. With the
implementation of blockchain technology in IoT
ecosystem, the Centralized model can be replaced by
Distributed Digital Ledger (DDL) for all the
transactions, makes extremely secure peer-to-peer
self-managed network which overcomes some of the
IOT challenges.
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Fig. 5. IoT Connectivity illustrative.

The presented use cases for blockchain technology
implementations are just a small but valuable part of
the variety of possibilities which blockchain provides
to telecom industry. Fig. 6 shows a unified
representation of this diversity.
The adoption of blockchain technologies in telecom
industry could have potentially benefits in three areas:
Efficiency improvements; cost reduction; and fraud
mitigation.
Efficiency improvements streamline multiparty
transactions by automatizing and expediting the
process while guaranteeing the accuracy of the
settlements between parties (thus avoiding duplication
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of verification processes). The benefits can materialize
in different forms depending on the type of industry
and the type of interactions/transactions required. For
industries with regular and low value interactions with
their customer base, such as telecom, blockchain can
verify and automate transactions, with increased
transparency for the end customer. The higher the
number of low value transactions, the greater the
potential of blockchain. The higher the number of
players, the higher the number of cross-transactions,
hence whenever multiple parties are involved,
blockchain plays at its best. For example, in a telecom
intercarrier settlement scenario with three players,
blockchain with deliver 3X value vis-à-vis the two
players only scenario.
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Fig. 6. Blockchain’s use cases in Telecom.

The Cost reduction potential is linked to the
capability to eliminate intermediaries and reduce
labour intensive processes through automatization.
This is higher in industries with complex and labour
intensive internal processes, like banking. Middle men
can be eliminated as verification of transactions is
automated and guaranteed through blockchain. This
applies to telecom international roaming transactions
and resulting international voice settlement where
blockchain can replace the expensive mediation of
clearing houses.

Fraud mitigation is mostly associated to high
delinquency ratio such as identity theft and similar
fraud. The food industry can greatly benefit from
blockchain by enabling trusted tracking of food lifecycle to ensure the integrity of the cold chain in
transportation, helping reduce the high volume of
fraud related to the sale of expired, contaminated or
counterfeit food. Blockchain-addressable security
related concerns are also related to long verification
processes, as the longer the time, the more exposed
the process is. International money transfers between
banks is an area facing this problem and so too is
roaming settlement between telecom players, which
currently lose more than $38 billion annually in fraud
costs, according to Deloitte.
Illustrated in table 1 benefits and presented
advantages in the three core areas for telecom industry
give another approval for the advantages of this
technology no matter of industry it is disrupting. Table
1 gives a clear sign that using blockchains has more
“pros” than “cons”. On other side even only three, the
challenges which implementation of blockchain faces
are time consuming, tоugh and complex and requires a
lot of resources.

Table 1
Benefits and challenges
Benefits
A blockchain’s ‘enabled’ trust improves coordination between various partners, due to a shared
view of transactions and liabilities. This in turn
permits the elimination of third parties, resulting in
cost savings.

Challenges
Since a blockchain retains all historical data, the size
of an established blockchain at each node might
become unsustainable. Instead, a mechanism to
archive historical data needs to be looked at. Several
alternatives are currently being explored in this regard
by various players in the blockchain ecosystem.

Facilitates a single view of data instead of the need
Conforming to existing data standards in terms of
for consolidation across various disparate systems.
both structure and transport for sharing of information
Also allows for reliable audit trails due to the history
could prove to be an initial hurdle.
of all transactions being available in the ledger
Implementation of smart contracts in roaming and
Clear regulatory frameworks need to be defined for
other cases allows for near-instantaneous charging,
the implementation of agreements as digital, smart
thus leading to improved revenue assurance and fraud
contracts
reduction.
Potential to facilitate new business models for
revenue generation for Communication Service
Provider who are looking for new avenues to increase
both top and bottom lines.
A blockchain can act as the ledger that enables, for
example, an M2M economy to prosper based on the
common platform available, in which M2M
transactions can be recorded. It can thus act as the
enabler for an IoT ecosystem
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Conclusion
Given the importance of the trillion-dollar industry
and its control under the hand of a few, makes the
disruption of distributed blockchain technology a need
of the day.
Blockchain is currently leading the way in telecom
innovation and is changing the economic social
landscape of digital communications worldwide. It
accommodates telcos biggest need to make their
service offerings elastic according to market changing
demands.
Blockchain technology can resolve the telcos high
pressure to cut down the cost, to enable new revenues
streams, service efficiencies, and also keep a check on
fraudulent practices while allowing a superior
customer experience. It eliminates the traditional
complex and long chain of inter-related operations
that work jointly to deliver services to customers.
Being a decentralized technology, blockchain
completely eliminates the role of expensive
infrastructure as well as the need for central
authorities or intermediaries. It increases the speed
and efficiency of the digital exchange of data between
people, departments and provides quicker, efficient
and seamless transmission of information.
Blockchain looks instrumental in enabling
interoperability between internal as well as external
systems for telecom companies. This can bring down
infrastructure as well as compliance. Blockchain has
the potential to disrupt business models by increasing
transparency and effectiveness in the telecom network
and its processing. Blockchain decentralized ledger
documents fully each transaction that occurs across a
distributed or peer-to-peer network, either public,
private or hybrid.
In addition, blockchain (recognized as a trusted
technology) plays an important role in many areas that
conventional systems are technically limited to
resolve, such as Service convergence, Real-time
transactions, Industry integration,
Usage of 5G capabilities, Internet of Things (IoT),
Augmented Reality (AR), Virtual Reality (VR),
Machine-to-Machine (M2M), Issues related to
overabundance of contents, Data traffic explosion,
Mobility, Security and many more… where devices
connected to the internet automatically orchestrate
their interactions
The usage of blockchain based-applications by the
telecommunications industry is gaining momentum
and eventually will become the norm. The clock is
ticking.
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APPLICATION IN PRACTICE

The old news in 2019
in infrastructure and network
legislation
Kamena Tsaneva, Darina Stoyanova
Старите новости през 2019 в инфраструктурното и мрежовото законодателство
(Камена Цанева, Дарина Стоянова).

I. Introduction
The European Union creates a legal framework
for the Member States through its regulations,
directives and recommendations. Implementing
Directive 2014/61 / EU of the European Parliament
and of the Council on the cost-cutting measures for
the
deployment
of
high-speed
electronic
communications networks, the Law on Electronic
Communications
Networks
and
Physical
Infrastructure (LECNPI) was adopted and enforced
in February 2018 in Bulgaria. . It aimed at
facilitating the process of building high-speed
electronic communications networks (ECNs) by
reducing costs and administrative burden.
II. Status of the problem
The specialized network and infrastructure
legislation in Bulgaria began with the adoption of the
"The Telecommunications Act" in mid-1998. It
imposed a licensing regime for the construction of
telecommunications networks. The difficulties faced
by the operators at that time, the cumbersome legal
procedures, as well as the technological
developments, necessitated the creation of a
completely
new
law
the
Electronic
Communications Act (ECA), which was adopted in
2007 and is still in force today.
The measures taken by the EU to modernize the
electronic communications networks and the
objectives set by the Union to facilitate the
procedures for their construction, as well as to
reduce the costs thereof, have led to the adoption of a
separate law on telecommunications infrastructure LECNPI.
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This law requires the adoption of five other bylaws - ordinances (under Article 5, Paragraph 4;
Article 32, Item 2, Article 57, Paragraph 2; Article
63, Paragraph 5), methodology, instructions and
tariffs.
To date, the following have been adopted:
1. Methodology for the method of cost
allocation for the pricing of access to and sharing of
physical infrastructure and entitlements under the
LECNPI (24.10.2018)
2. Regulation on the data formats and on the
conditions and the procedure for granting access to
information in the Single Information Point
(10.09.2019).
3. ORDINANCE No. 21 of 10.10.2019 on the
content, conditions and procedure for the creation
and maintenance of specialized maps and registers
for electronic communications networks, facilities
and related physical infrastructure (promulgated SG
83 / 22.10.2019)
4. Tariff of the fees collected by CRC
The lack of a basic Ordinance on the rules and
regulations for the deployment, design and
dismantling of the ECM and the rules for the
maintenance, operation and removal of the ECN on
or physical infrastructure (FI) of the energy
companies mainly underlies the strained relations
between the network operators and the ECN
operators.
The new LECNPI regulates the freedom of the
network operators (DECs, BTC) to create their own
general conditions for the provision of their physical
infrastructure for the installing of ECNs in it,
imposing only a basic framework.
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The methodology adopted for the method of
cost allocation is a two-page document which sets
out the principles of transparency, equity,
proportionality and the absence of anti-competitive
cross-subsidization. This shows how much autonomy
and liberality is left in the hands of the network
operators.
Although the ECNs are not structures, as a
legacy of the old law (ECA), the obligation to
maintain maps, registers within the meaning of the
Cadastre and the Property Register Act remains. This
law regulates the management and use of the
cadastre - the set of basic data on the location,
boundaries and dimensions of real estate. We do not
find anything in common between an ECN and a real
estate, so we do not find the prerequisites for
networks to fall into such a regime. This only
increases the administrative burden and expense of
maintaining registers, maps and systems in precisely
defined forms.
The main physical infrastructure suitable for the
construction of the ECR in the country are the pillars
of the electricity distribution companies (EDC) and
the channel network of the historic company BTC.
The three EDCs operate in three separate
regions of the country, and are practically
monopolists in their respective territories. This
allows each of them to impose their own working
conditions and relationships with the ECN operators.
Here are a few examples:
А/ For the use of one elevation on a post for
installation of ECN, "ER South" has set a price of
0,19 BGN / month; for fixing one cable to a post for
the installation of ECN "ER North" has set the price
of 0.53 BGN / month; CEZ has set a price of BGN
0.56 per month for using one pillar.
It can be seen with the naked eye that the cost
which is paid differs several times, although all the
three EDCs are required to implement a costoriented pricing mechanism and to include only the
costs of the ECN-related activities.
B/ Another striking example is forcing the
requirement for EDCs that their own pole network be
surveyed by its users, the operators of the ECN. For
information only, the cost of shooting a pole varies
from 6 to 10 levs. There is a minimum of 1000 poles
in a small settlement. The simple calculation shows
that the operator shall pay between 6,000 and 10,000
BGN and provide the data to the physical
infrastructure owner.
C/ A third striking fact is that, under the law,
prior to the entry into force of the LECNPI, ECNs
were under construction and as such have a complete
set of construction papers, including passports,
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issued. After changing the regime, which “relieving”
the networks, removed them from the construction
mode, transferred them to direct negotiation with the
EDC. They, in turn, require a variety of documents
and do not recognize state-issued construction
papers.
D/ According to EDC, the posts have limited
capacity. First of all, they are intended to serve the
electricity grid, which is recognized by the ECN
operators. The dispute starts from here onwards
because the EDC is trying to impose the use of the
posts from 1 to 3 operators, although according to
the ECN operators the restriction can only be for
reasons of load and safety. The load bearing capacity
of the weakest posts is at least 100 kg in addition to
the EDC, which in any case does not include three
operators but tens of cables. With such restrictions,
EDCs directly affect the competitive environment.
E/ Another requirement that EDCs put in their
GCs (permitted by law) is to require design and
engineering opinions, even though the network is no
longer under construction. In addition, a network
protocol should be drawn up, signed by all
participants in the design and construction process,
which is sent to the Single Information Point (SIP)
for registration at the mayor of the municipality. This
is followed by registration with the SIP and check by
the mayor who should have the competence to
determine whether there are grounds for removing
the network and do it if any. This administrative
procedure is new, time-consuming and entails
considerable financial costs.
F/ These ones and many other ones incorrect
conditions imposed by the EDC as a result of gaps in
the law, led to the initiation of a procedure for the
voluntary settlement of a dispute between the
operators of the ECN and the three EDCs. A leading
role in this procedure is a specialized committee
appointed by the CRC. The three procedures for the
three EDCs took more than six months and nothing
practically happened.
This, in turn, triggered another CRC binding
procedure in which the parties to the dispute
substantiate their claims. These procedures have
been going on for 7 months and have not been
completed yet. The outcome of these cannot be
predicted.
In the meantime, however, the cable operators
must find a way to provide their services to the endusers with whom they have contracts.
G/ The other unique physical infrastructure is
the underground channel network of the historic
BTC
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According to the provisions of the Electronic
Communications Act, BTC is a company with
significant influence and as such is subject to
specific obligations or the so-called. exante
regulation. In the present case, one of these
obligations includes cost-oriented charges for the use
of the channel network.
However, the law regulates a three-year period
for these specific obligations, after which the
company goes into a free regime and can determine
its activity on a market basis. The main problem here
is that BTC itself is a telecommunications operator
and using its own channel network is much more
competitive than any other leaseholder because it
cross-subsidizes its telecommunication services with
the revenues from the rent of the channel network, as
well as does not incur costs for the use of
underground networks.
The CRC‘s decision to exempt BTC from the
specific obligations was challenged in court by the
operators.
It can be argued that the three EDCs and BTC
are the so-called natural monopolists in the
telecommunications market, as owners of the unique
physical infrastructure and there is no way that the
market for these services will be free in the absence
of a competitive start. The rest of the operators
cannot operate unless they use the networks of some
of these four companies.
III. Possible solutions
А/ In our opinion, the most appropriate solution
is the adoption of the full set of by-laws to the
LECNPI. Their content must follow the idea of the
directive to alleviate costs and reduce the
administrative burden of building an ECN..
B/ Another measure to create a competitive
environment is to impose an obligation on both BTC
and all telecommunications companies with their
own physical infrastructure to separate it into
separate entities. We believe that this way all
telecommunications companies will be put on an
equal footing.
C/ The next measure for increasing the
penetration of high-speed networks to more endusers with optimal cost, time and labor is the
authorization through a regulatory act the aerial
building aerial of the ECN wherever there is a pole
network. Once the conditions have been created, the
physical infrastructure shall be fully utilized..
IV. The role of the state
The state plays a leading role in establishing the
relationship between the network operators and ECN
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operators. It should not allow a monopoly position in
the sector and restrict the imposition of unilateral
conditions by the network operators.
The numerous changes and continuous
amendments to the regulation hinder the activity of
the telecommunication companies.
The Ministry of Transport, Information
Technology and Communications (MTITC), in
conjunction with other line ministries, committees
and administrative structures led by the technological
developments in the telecommunications sector,
should create the necessary by-laws to create a
healthy business environment.
The single information point is expected to
begin its effective activity of collecting, archiving
and providing information to all entities concerning
the physical infrastructure which is available,
planned and under construction. It should also have
information on ECNs built throughout the country.
The Communications Regulation Commission
(CRC) plays a key role in settling the disputes
between the companies. It is a specialized
independent regulatory body that implements the
policy on electronic communications in the field. In
terms of equality and transparency, in accordance
with the Bulgarian and European legislations, the
Commission seeks to promote competition in the
country’s communication markets. The national
regulatory authority works to increase the
investments in the communications sector, the
development of new technologies and consumer
protection in Bulgaria.
The Commission for Protection of Competition
(CPC) is an independent specialized state body
empowered to implement the Protection of
Competition Act (CPA). The CPC establishes
violations of free competition in accordance with the
provisions of the CPA and / or Art. 101 and Art. 102
of the Treaty on the Functioning of the European
Union, performs sectoral analyzes and competition
advocacy. The CPC is also the national competition
authority which cooperates with the European
Commission and other national competition
authorities of the Member States of the European
Union.
V. Conclusion
From all of the above, we can conclude that a
year and a half after the adoption of the LECNPI the
problems have not been solved, but on the contrary,
more have been created, there is a huge regulatory
vacuum and the business environment in the
telecommunications sector is not at the required
level.
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Both the ECN operators and the end-users are
affected by this, who are being harmed by not
receiving modern telecommunications services.
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