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ELECTRONICS

State of the art of structures and main components
of hybrid and electric vehicles
Gergana I. Vacheva, Nikolay L. Hinov
The main objective in this paper is to review the most widely used structural schemes of hybrid
and electric vehicles and their basics blocks. The various sources of energy are consistently presented
- fuel cells, batteries and supercapacitors which are described with their equivalent circuits and
models. In the examined electric transport vehicles there are several options for control energy flows
and methods for their effective implementation of various types of control impacts. Different
configurations for the transmission of energy from the source through electronic converters and
engine in startup and breaking mode of the vehicle are described. Comparison between the different
types of engines, with applications in electric transport is made. The result is that, it becomes possible
to make an optimal choice of the particular structure and its elements according to the use of the
vehicle.
Преглед на структури и основни съставни елементи на електрически транспортни
средства (Гергана И. Вачева, Николай Л. Хинов). В работата са разгледани найизползваните структурни схеми на хибридни и електрически транспортни средства и
техните основни блокове. Последователно са представени различните източници на енергия –
горивни клетки, батерии и суперкондензатори, описани с техните еквивалентни схеми и модели. Показани са няколко варианта за управление на енергийните потоци в разглежданите
транспортни средства, а също и методите за тяхната ефективна реализация с различни типове управляващи въздействия. Описани са различни конфигурации за предаването на енергия
от източника, през електронните преобразуватели и двигателите в режим на потегляне и
спиране на транспортното средство. Направено е сравнение между отделните видове двигатели, с приложение в електротранспорта. В резултат на това става възможно да се направи
оптимален избор на конкретна структура и нейните елементи в зависимост от предназначението на транспортното средство.

Introduction
The modern society is characterized by its mobility. In the current development and state of the
economy, the movement of people and commodities is
vital for the existence of human civilization. This
leads to a constant increase in the number of different
types of vehicles for transportation which on the other
hand creates a series of serious environmental
problems. There is a predominance of transport
vehicles powered by engines with internal
combustion. The depletion of the stocks of oil and the
need to protect the environment, suggests the demand
of other alternative sources of energy. In this aspect
electrical transport vehicles are one solution that
allows the development of the economy and the
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preservation of the standard of living, in compliance
with the environmental requirements.
Different architectures of hybrid and electrical vehicles are observed, sources of energy and elements
for its storage (fuel cells, supercapacitors and batteries), power converter for the control of energy flows
and methods for their optimization are presented in
this paper. The purpose is to consider the different
options and to describe their advantages and disadvantages.
Sources of energy and elements for its storage
Several major sources of energy: rechargeable batteries, fuel cells and supercapacitors are used in the
electrical transport vehicles and hybrids. Depending
on the concept of the means of transport may be used

“Е+Е”, 3-4/2016

only one of the listed types or a combination of them.
The most frequently used versions of the sources of
energy are addressed below.
In figure 1 is shown the most common structure of
the source of energy in transport. It contains all three
types of sources of energy described above. They will
be enumerated consistently, together with their mathematical descriptions which are used for the purposes
of the modeling.

composed of several cells together [8], [9]. Basically,
cell battery consists of three elements: two electrodes
(positive and negative) submerged in an electrolyte.
Manufacturers of batteries usually categorize them
with coulometric capacity (ampere-hour), which is
defined as the number of ampere-hours earned at
discharge from state to fully charged. An important
parameter of the battery is state of charge (SOC). It is
defined as a relation to the remaining capacity on a
fully charged one. Changing the charging status at a
given time interval dt, with discharge and charge
current i can be expressed by the following equation:
=

(4)

,

Where
is the ampere-hour capacity of the
battery at a given current . Upon discharge the
current is positive, while negative during charge. In
this case, the battery status can be expressed by:
=

(5)
Fig.1. Fuel cell-battery-supercapacitor hybrid electric
vehicle.

System with fuel cell
Fuel cells incorporate stack, which are responsible
for power and several auxiliary systems such as compressor cooling systems and others [2, 3]. There are a
wide range of possibilities for the modeling of fuel
cells. Equivalent models obtained by impedance allow
easy interaction with other electric models. The output
voltage can be described by the following equation:
=

(1)

− .

−

(3)

−

=
_

=

_

=

+

Batteries
Electrochemical batteries known only as "batteries" are electrochemical devices that convert electrical
energy into potential chemical energy during charging
and vice versa during the discharge. The battery is
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,

where
is initial value of
.
Electric and hybrid electric vehicles energy capacity is considered the most important because it is directly linked to the operation mode. In this case, the
energy supplied by the battery can be expressed by:
(6)

=

,

,

where
,
is the voltage across the battery terminal, which in its current and charging status.

−

where voltage E is dependent on the temperature of
the pile, constant Faraday, hydrogen, oxygen, water
pressure and standard voltage in the fuel cell. R is the
resistance represented in ohms and C1 is the capacitance of the capacitor.
The fuel cell is connected to the rest of the system
through the inductance to adjustment the peak current
and DC-DC converter. Equations system are presented:
(2)

−

Fig.2. Battery (left) and equivalent circuit (right).

Modeling the battery is thoroughly studied in various conditions held in the short- and long-term operation of the vehicle. Widely accepted procedure for
modeling of the battery is an electrochemical analysis.
Fig. 2. shows the battery output voltage and input
current.
To properly calculate the battery is necessary to
access the state of charge (SoC). This can be a
complex task, especially in the batteries in which the
acid concentration in the electrolyte cannot be
measured accurately. In this article was chosen a
method that determines the efficiency considering the
current hour. This method is described in the
following equation:

3

% =

(7)

Classification of the architectures for the drive
mechanism
The basic method for classification of hybrid
electrical vehicle is driving mechanism. There are
three types - serial, parallel and series-parallel. The
block diagrams are presented in the Fig.5,6,7.

% −

Supercapacitor

Fig.3. Supercapacitor (left) and equivalent circuit (right).

The supercapacitors enable high power supply,
which is a good characteristic for use in electricity
transport vehicles. The modeling of supercapacitors
can be delivered through a variety of equivalent
circuits [4]. Fig. 3. represents one that can be
described with the following equation:
=

(8)

+

−

+

Series hybrid system
In Fig. 5. is shown a configuration of electrical
vehicle powered by an electric motor which is
powered by a storage system or generator [23]. Also
included is a small internal combustion engine to
generate electric power. During recharge, the electric
motor is a standby generator absorbing the braking
power and charges the storage system. One of the
advantages of the series hybrid system is that the
control system is relatively simple. Also the operation
is very similar to the one of the electric vehicles.

−

+

Supercapacitors are related to DC bus through
inductance and boost converter.
−

(9)

+

=
=

_

(10)

=

_

_

Parallel coupling
The DC bus voltage will be utilized with a battery
while the currents will be distributed in parallel nodes.
The parallel connection is divided into two to
facilitate the control system. It is described by the
following equation:
=

(11)

=

_

+
+

_

A comparison is made between different sources
used for energy storage.

1000
100
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1
0,1
0,01

FUEL
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BATTERIES

Parallel hybrid system
The configuration of a parallel hybrid system is
shown in Fig. 6. Both motors provide adhesion for the
wheels, which means that the hybrid power is
collected in a mechanical junction of the vehicle. In
this case, the motor is supplied by a battery to drive
the wheels and also operates like a generator to power
it. The control of parallel hybrid system is more
complex than the series system, due to the mechanical
connection between the engine and the wheel drive.

DOUBLE – LAYER
CAPACITORS
CAPACITORS
6
7
101 102 103 104 105 10 10

Fig.4. Comparison between capacitors, supercapacitors,
batteries and fuel cell.

4

Fig.5. Series hybrid system configuration.

Fig.6. Parallel hybrid system configuration.
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Fig.9. Structure of the second hybrid source.

Fig.7 . Series-parallel hybrid system configuration.

Series-parallel hybrid system
In Fig. 7. is shown the series-parallel hybrid
system where the vehicles have characteristic of series
and parallel system. This design depends on the
presence of the motor/generator and the connection
between them, which may be electrical and
mechanical. The basic principle of this system is the
separation of power from the engine to the
gas/gasoline power set by the controller. The battery is
charged by regenerative braking or with surplus power
from the engine. The biggest advantage in this type of
system is greater energy efficiency and the possibility
for higher speeds.

The role of the fuel cell and the battery is to provide power to the load while the supercapacitors are
used as a source of energy. The storage system controls the power peaks in the load during acceleration
and braking of the electric vehicle.
Both proposed topologies are supplied from a DC
power source and connected to a DC motor. This machine is used as a load and acts as a motor or generator in braking mode. Mainly two methods are proposed for control of hybrid sources. The management
is based on a sliding mode control. In the first case
(Fig. 16.) is used a voltage controller and in the second case (Fig. 17.) a current controller. The second
objective is to maintain a constant flow of energy
from the fuel cell without significant peaks of power.
Energy is supplied by supercapacitors during the transients. Another goal is energy recovery during charging of supercapacitors.

Control of the hybrid sources based on FC, SCs
and batteries
Structures of the hybrid power sources

Fig.10. Hybrid power source system.

Fig.8. Structure of the first hybrid source.

Fig. 8 shows the power schematic of irreversible
DC converter powered by a fuel cell including storage
device for energy - supercapacitor.
Fig. 9 shows the power circuit, powered by batteries, fuel cell connected to boost converter and storage
device connected via reverse currents to a DC converter [7], [8].
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The Fig. 10 shows a power schematic of hybrid
system. The batteries are major source of power and
the ultracapacitors are the secondary energy system.
They are connected to DC bus through the load. The
bidirectional buck-boost converter is composed of two
power transistors (T1, T4) and inductance L. In the
proposed schematic the supercapacitor is an additional
source of energy and it is due to the ability to work
with a large instantaneous power at the input and the
output. It satisfies both conditions – stationary and
dynamical.

5

Motors
Brushed DC motors
The electrical transport vehicles may use wide
range of electrical motor types. The simplest form of
the engine are brushed electric motors [20]. They are a
good starting point because they can be easily controlled. The classical brushed DC motor with permanent magnets is shown in Fig. 11. The simplified
model has a coil and currents passing through the wire
close to the magnetic field. The operation of the
commutator ensures that the current through the coil
supports the change of direction so that the power is in
the same direction. It is clear that it has many improvements compared to a real DC motor. Fig. 11.
shows most important features which are:
• The rotatable wire of the coil is often called the
armature, encases the circle around a piece of iron so
that the magnetic field of the magnets do not cross air
gap which will weaken the magnetic field.
• More than one coil is used so that the conductive
wires are close to the magnets for most of the time.
This means that the commutator does not consists of
two halved rings, and in the two segments for each
coil.

The current
equation:
(12)

=

might be expressed by the following

=

=

−

ω

where
is supply voltage,
is generated voltage,
is a constant, is angular speed,
is magnetic
flux. This equation proves that the current decreases
when the angular speed increases. The following
equation describes the connection between the torque
and the speed of rotation:
(13)

=

−

where is the torque. This indicates that this type of
engine has a maximum value at zero speed and drops
continuously with the speed increase. This is shown in
Fig. 12.

Slope=

2

Fig. 12. Torque/speed graph for a brushed DC motor.

Fig. 11. Оperation of the simple permanent magnet DC
motor.
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Brushless DC motors
More frequently are used brushless DC motors
(BLDC) [19]. The basic principle of the motor is
shown in Fig. 13. The switches control the DC source
through the coil of the stator. In the rotor is consist
permanent magnet. In the course of the current in the
direction of the magnetism of the stator, the rotor
begins to rotate in a clockwise direction.
It is obvious that the flow of the current must be
synchronized with the position of the rotor. This is
accomplished with the aid of the sensors. They are
often sensors of Hall, which use valve stack of the
rotor to determine its position. It is possible to also
use optical sensors.
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motor, known as stator. The rotor usually consists of
copper or aluminum wire which is electrically
connected in the ends, forming the cage. Although it
seems hollow inside the rotor is usually construct by
sheet iron [19].

Fig. 15. The stator and rotor of an induction motor.
Fig. 13. The basis of operation of the brushless DC motor.

Switched reluctance motors
However that has only recently entered in wide use
switched reluctance motor (SRM), its principle is very
simple. The main operation is shown in Fig. 14 where
iron stator and rotor are magnetized by the current
through the coil of the stator. Because the rotor does
not rotate synchronous with the magnetic field, torque
will be established to reduce the air gap and to make
the magnetic field symmetrical.

DC-DC boost FC converter control principle
On Fig. 16 is represented graphically the control of
hybrid fuel cell [16]. The reference currents are
generated by the PI regulator which is controlled by
voltage. Currents can be described by the following
equation:
∗

(14)

∗

=

where
gains.

−

and

V*DL

∗

+

−

are proportional and integral

P.I. corector

I*FC

VDL

UFC
IFC

Fig. 16. Control of the FC converter.

In Fig. 17. are represented the currents of the fuel
cell generated by the PI regulator is controlled by
current. Load current and switching device are
controlled by the hysteresis comparator and they are
expressed by:
Fig. 14. The principle of operation of the switched
reluctance motor.

The induction motor
Induction motor is widely used in industrial
machinery of all types [15]. They require an
alternating voltage, which may make them unsuitable
for power supply of DC sources such as batteries and
fuel cells. However it is used as to the schematic shall
be added the inverter. The principle of operation of
the three-phase induction machine is shown in Fig. 15.
The three coils are wounded on the outer side of the
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∗

(15)
where
gains.
I*DL

=

−
are

are proportional and integral

P.I. corector
IDL

−

+

I*FC

UFC
IFC

Fig. 17. Control of the FC converter.

7

Fuzzy logic global power management strategy
Electrical variable transmission based on the
hybrid electric vehicles is very complex, particularly
from the point of view of non-linearity, functionality
and switching structure [25]. It is also necessary to be
controlled by the intelligent controller to ensure
stability and security in the dimensioning of the
components. The Fig. 18 shows a proposed system
with fuzzy logic for the control of energy flows.

neurons are computing elements. First is performed
weight sum of all inputs (Fig. 19.). This amount is
responsible for the activation of neurons.

Fig. 19. The artifition neuron.

Fig. 18. Diagram for the global FLC strategy.

The system with fuzzy logic is described with the
following equation:
(16)

_

=

−

The neural network consists of layers of the
arrangement of neurons that are interconnected by
weight connections. In Fig. 20. is shown a three-layer
structure. The input layer has neurons are each input
to the system and also the output layer. Among them
is a hidden layer, which handles the process. These
weight functions are represented by matrices [W1]
and [W2] are adjustable.

+

_

is estimated
where the total reference force
_
by speed reference
and main forces
_
with speed controller
.
In the output of the controller can be examined
with the following equation:
(17)
(18)

=

_
_

= 1−

_
_

is factor of regenerative breaking,
where
_
is force of regenerative breaking ,
is
brake
_
friction force.
Through the use of fuzzy logic for the control of
hybrid system is increased the generated energy. At
the same time is ensured the charging of the battery
with the necessary energy and the state of charge
maintained.
The artificial neural network
Neural networks are a computational method of
biological brains. While each neuron is functionally
simple, a plurality of them are interconnected and
adjustable by directed links. In automation neural
network consists of artificial neurons [24]. Artificial

8

Fig. 20. An artificial neural network.

This system can be described by the following
mathematical function:
(19)

=

.

.

is vector with the input data,
where
is matrix of the hidden layer with weight function,
is vector with the output data. The power of
artificial neural networks lies in the theorem which
says that with enough hidden neurons functions
presented by artificial neural network can make an
approximation of each function as nonlinear and for
arbitrary precision in the final field.
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Conclusion
The basic source of energy is reviewed in this
paper, which is used in the electrical transport
vehicles. A different structural scheme is presented,
including the hybrid vehicles. Many different design
solutions are examined, load characteristics and
capabilities of different types of motors and methods
for control of the energy flows in hybrid electric
vehicles.
As a result the main tendencies and conclusions in
the development of the electric vehicles are pointed
out:
• The possibilities for a recuperative accumulation
of energy while braking depends of the mass of
the vehicle and the movement cycle. It must be
taken in hand that the use of such a system
augments the price of the vehicle and complicates
the control, so the usage is not always reasonable;
• Because of the current market prices of the
constructive elements the hybrid vehicles are
widely more available compared to vehicles
solely powered by electricity;
• To ensure a good dynamic of the electric vehicle
the collaboration between a battery and a
supercapacitor is a must;
• The contactless and accelerated battery charging
including during a stay in an urban environment
will be used increasingly in electrical vehicles
[26], [27];
• The extended mileage with a single recharge is
provided by the utilization of the hybrid
technology.
The possibility for a selection of an optimal
solution according to the specific applications and
requirements for a vehicle are provided by the current
review.
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Specific occurrences in DC/DC converters used in flyback mode
Tatyana Neycheva, Jecho Kostov
The flyback commutation mode is usually chosen when capacitor has to be charged to certain
high voltage. The power source supplies portions of energy into the field of air gap transformer that
are further transferred to the capacitor. The process is continuously repeated until the selected
voltage is reached. There are some specific occurrences due to the stray capacity distributed between
the coil windings in the range of several pF usually neglected by the designer. The carried out
experiments and analysis prove that this capacity has quite a lot of influence on the ongoing
processes, as well as on the converter efficiency.
Особени явления в преобразувателите DC/DC, използващи режим flyback (Татяна
Нейчева, Жечо Костов) В случаите, в които трябва да се зарежда кондензатор до високо
напрежение често се предпочита комутационен режим, наречен flyback. При него първичният
източник зарежда порция енергия в полето на трансформатор с въздушна междина, след
което тази енергия се прехвърля в кондензатора. Процесът се повтаря многократно до
постигане на зададеното изходно напрежение. Особените явления, за които става дума, се
дължат на наличието на паразитен разпределен капацитет между навивките на
високоволтната бобина на трансформатора (няколко pF), който обикновено остава
настрана от вниманието на проектанта. В статията е доказано, че този капацитет има не
малко влияние както върху развитието на процесите, така и върху ефективността на
преобразувателя.

Introduction
This study deals with some phenomena
accompanying the processes in DC/DC converters
used in flyback mode to charge capacitors of photoflashes, signal lamps, defibrillators etc. The specificity
in such cases is that the output voltage of the
converter changes and thus the functioning of the
device change also. The flyback mode is to a great
extent adaptable to the output voltage. Still, it needs
some readjustment of the control. This is especially
true in case of low power high voltage charging, for
instance of capacitors built in public access
defibrillators [1]. The arising problems will be
discussed bellow.

voltage diagrams of the process. To simplify the
description, the transformer is considered with equal
to one coefficient of transformation. The calculation
procedures, recommended by the companies
producers of drivers for switch control, interpret the
transitional processes as linear, i.e. R1 (summarizing
the resistances of the switch UV, the power supply and
the primary coil of the transformer) and R2 are
accepted as equal to zero [2], [3]. The transformer is
assumed to have ideal inter-coil electro-magnetic
connection.

Fig. 1.

The base schematic of the converter is shown in
Fig. 1, whereas Fig. 2 illustrates the ideal current and
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Fig. 2.
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However, such approach can be used to obtain
approximate results only. To get higher precision
estimation of the device indices, a more sophisticated
analysis has to be made, taking of consideration the
effects of all accompanying phenomena. As it will be
further demonstrated, some insignificant at first sight
events can not be ignored.
The accompanying phenomena (side effects) are:
1. The loss within the resistances. It can be easily
assessed using appropriate method of analysis.
2. The incomplete electromagnetic connection
between the coils. It provokes a voltage peak upon the
switch (usually a field transistor). This peak can be
partially suppressed by damping circuit or appropriate
feedback; however both of them will provoke loss of
energy. Due to the inevitable transformer air gap, the
electromagnetic connection cannot exceed 95-97%,
meaning 3 to 5% of the energy is already lost at this
stage. The loss in the magnetic core itself should also
be taken into account.
3. The duration of the switching on/off. It has been
established that the affect of this component is
insignificant.
4. At low output voltages the transfer of energy
from the transformer to the output is slow process,
whereas it is relatively fast at high voltages. If the
transfer is not completed, the initial value of the
primary current at a new cycle of the switch is not
equal to zero; as a result the efficiency of the
commutations is decreased.

battery when out-off-hospital sudden cardiac arrests
are treated by untrained people.
The precise analysis of these transitional processes
is impossible. However, sufficiently good results can
be obtained if the distributed capacitance is replaced
by concentrated one (C2, Fig. 3), connected in parallel
to the high voltage coil and the high voltage capacitor
C0. This distributed capacitance can be defined using
the parallel resonance frequency.
What can be done in order to decrease the losses
due to these side phenomena?
The majority of known drivers use constant
commutation frequency [2], [3], [4]. Whereas this
frequency is conformable to a certain output voltage,
it is not appropriate for all other values: at low
voltages the current pulses are overlapped and instead
of triangular form, they take a trapezoidal one; at high
voltages the secondary transfer of energy is quickly
performed provoking oscillation (Fig. 4) leading to
energy loss of the capacitor C2. Here the initial peak
of the current i1 is due to the overcharging of C2. The
measures that can be taken are half-way: for instance
electronic components may be added to control either
the commutation frequency or the amplitude of the
transformer current. That is why, it has to pay
attention to this first phenomenon: the efficiency of
such type of drivers is relatively low and cannot be
completely explained by the overlapping between the
secondary and the primary transitional processes.
i1

3

Uo
i2

u2

1

t, s
0
-1

Fig. 3

5. The most important circumstance, which is often
overlooked by the circuit engineer is the negligible at
first sight capacity distributed between the coil
windings. It can indeed be ignored when low voltages
and high currents are used, but in case of small power
high voltage charging, e.g. of built in defibrillator
capacitor, this capacitance causes transitional
processes, which consume considerable part of the
initial pulses energy. The problem becomes especially
important if the source is a battery such as in case of
public access defibrillators: The capacitor charging
with lowest energy consumption would allow
additional and maybe life-saving shocks with the
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The company Linear Technology produces drivers,
which are specifically designed for capacitor charging.
The LT3420 version currently monitors the secondary
current. When the zero is reached, the switch turns on
again and starts a new cycle [5]. Thus the trapezoidal
form of the current pulses is avoided and the
efficiency increases. Not enough though, as the energy
of the parasite distributed capacitance is lost, causing
heating of the switch and the transformer. A decisive
step is made with the version LT3750 [6]. The voltage
of the primary coil is continuously monitored. The
zero reaching means that the parasite capacitance has
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already transferred its accumulated energy into the
transformer’s field. Then the switch closes and the
new cycle starts with a negative value of the primary
current, i.e. this energy turns back to the supply (the
battery). Additionally, the transformer core is partially
over-magnetized in reverse direction, thus improving
the charging efficiency. That is really a brilliant
solution. At first sight this evaluation might seem
exaggerated: it is hardly expected that the reduced
thermal losses are significant. However, our
measurements and calculations performed with real
transformers show that the additionally utilized energy
might exceed 15% of the initial pulse energy that
cannot be neglected. Here a second phenomenon is
observed: the current consumed from high voltage
sources decreases, despite the expectation of an
increase because of the shortened time t2. However, as
it will be shown bellow, this phenomenon can be
explained by the extended time t1, due to the negative
and increased initial value of the current i1.
Analysis and results
The above statements are confirmed with data
from theoretical analysis and experiments with real
DC/DC converter controlled by LT3750.
The cycle can be divided into four functional
stages:

c) Transfer of energy to the output (Fig. 5,c, the
diode is turned on);
d) Final transient response process (Fig. 5,b, the
diode is turned off again), after which the switch turns
on.
The parameters defining the transient processes
from а) and b) are equal, but the initial conditions are
different. The analytical equations and grounds will be
spared to the reader; final results will be presented
only. They concern converter with transformer
inductances of L1 = 25.1 µH and L2 = 27.2 mH. The
rest of the parameters are as follows: R1 = 0.08Ω and
R2 = 20Ω (including the battery, switch and diode
resistances), С0 = 60.4 μF>>С2 = 11 рF, U1 = 12 V and
the current amplitude I1max = 5.4 A. The charging
voltage U0 is from 0 to 2500 V.
Fig. 6 shows graphically the results of the
calculations and as a comparison – the curves U 00 (t ) ,

I 10 (t ) and η 0 (t ) when С2 = 0. As expected, the
current grows monotonously.
2.5
2
1.5
1
0.5
t, s
0
0
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12

Fig. 6. Analytically obtained results of the charging
processes: the traces with index 0 are for C2=0, the other
are results with C2=11 pF.

Fig. 5.

a) Switching on and transferring energy to the
transformer (Fig. 5,а);
b) Turning off the switch and initial transient
process (Fig. 5,b, the diode is turned off);
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The data were obtained via computational
procedure, which is based on the following:
First, to correspond to the real commutations, the
output voltage is derived by accumulation of many, up
to 105÷106 small portions of energy. The final value of
U0 and all other parameters can be determined by a
linkwork computational procedure the end of a cycle
is the beginning of the next one), but it would take an
unacceptably long time.
Secondly, the analysis of the circuits in Fig. 6 gives
the results for a point k from the output voltage U0k,
but the obtained data represent increments and the
time coordinate is missing.
An approximation is applied to move to time
presentation of the different indices. The unknown
real expression t (U 0 ) is substituted by a set of local
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parabolas [7], [8]. It is assumed that the derivate
 dt 

 may be presented adequately by ratio of the
 dU 0  k
Tk
. The values of U 0 k and
ΔU 0 k

final increments

 dt 

 in points k-1 и k are used for determination of
 dU 0 
the parabola parameters and then of the time Δt k
elapsed with the voltage increment from U 0 k −1 to U 0 k .
The function t k (U 0k ) , as well as U 0 k (t k ) are obtained

2
1.5
1

1

0.5

Parabolic approximation is applied for the function
I1av (t ) too. The parabola parameters are calculated by
the points I1av (t k −2 ), I1av (t k −1 ) and I1av (t k ) . The
consumed energy within the sections is determined by
the integral

ΔW1k = U1 

Δtk

0

I1av (t )dt .
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Fig. 7.

The energy consumption W1 (t ) is determined by
k

the sum W1 =  ΔW1k . As the charged energy
k =1

C
W2 = 0 U 02 is known, the integral efficiency
2
η(t ). can be easily calculated.
The results of real experiment with DC/DC
converter having the above cited parameters are given
in Fig. 7. The recording is done using digital
oscilloscope. As it can be seen, the curves U 0 (t ) ,
I1 (t ) and η(t ) are practically identical.
The reliability of the obtained results and
assessments are confirmed also by simulation analysis
using the available Linear Technology program [9].
The curve, which is drawn immediately, doesn’t differ
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2.5

k

by the sum t k =  Δt k starting from t = 0.

0

from the analytically obtained and shown in Fig. 6.
The values of I1av (t ), ΔU 0 (t ) and T (t ) are derived
point by point from the data array but it turned out that
they are quite dispersed (Fig. 8). However, as can be
seen, a smoothed averaged curve will overlap the
theoretical one in a fully satisfactory way.
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Fig. 8. U 0 (t ) and I1av (t) curves: theoretical (black traces)
and simulated (red traces).

Conclusion
It was supposed in the Introduction that the
relatively low efficiency (65%÷75%) of the
conventionally
controlled
low-power
DC/DC
converters in mode flayback is due to the capacitance
distributed between the secondary coil windings. The
carried out numerical analysis manifests that this
hypothesis is well-grounded.
Does the specific form of control implemented
within the Linear Technology driver LT3750 really
increases the efficiency of the converter partially
using the energy stored in the parasitic capacitance?
This is definitely the case as follows by the
implemented theoretical, simulation and experimental
studies. Something more, it was carried out
experiment with 10 pF capacitor connected in parallel
to the secondary coil of the transformer to simulate the
overlooked distributed capacitance. The results show
that controlling the commutation at the zero of the
current i2 in Fig. 4 (as with LT3420), the efficiency
fell by 7% compared to the case of commutation at
zero voltage и2 (as with LT3750), where the efficiency
keeps its value.
It is quite possible that the Linear Technology’s
designers have gone a similar way in developing the
idea: from using the total magnetic energy with the
imperfect LT3420 (year 2002) through using the total
electrical energy with the best solution LT3750 (year
2005). This paper shows only the reason for obtaining
such high result.
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Ethernet based street lighting control system
Stefan Bobev
Presented an alternative design provides centralized management of street lighting through
wired communication between modules. This communication is based on a widespread and generally
available in each locality Ethernet network. Practical limitation in the distance at which
communication takes place between the modules will. In places where it is impossible to build a wired
connection, using wireless routers, but it increases the cost price and it becomes close to that of a
radio channel management. Underlying hardware system capabilities allow remote monitoring of
consumption in two-channel operation - night and midnight, and notification for any other
emergencies. Special computer application used to monitor the data received from each local control
station for setting and updating of the pledged code remotely. Automatically update the system clock
from the web server and individual work of each local control station at discharged internet
connection are among some of the additional capabilities of the system.
Система за управление на улично осветление (Стефан Бобев). Представената
разработка осигурява алтернативно централизирано управление за улично осветление,
посредством жична комуникация между отделните модули. Тази комуникация се базира на
широко разпространената и общо достъпна във всяко населено място интернет мрежа.
Практически ограничение в разстоянието, на което се осъществява комуникацията между
модулите няма. На места където е невъзможно изграждане на жична връзка се използват
безжични рутери, но това оскъпява цената и тя става близка до тази на управлението по
радиоканал. Заложените хардуерни възможности на системата позволяват дистанционно
следене на консумацията по два канала за работа – нощен и полунощен, както и известяване
за настъпили различни аварийни ситуации. Специално компютърно приложение служи за
следене на получените данни от всяка локално управляваща станция и за настройка и
обновяване на заложения програмен код дистанционно. Автоматичното сверяване на
системния часовник от интернет сървър и индивидуалната работа на всяка локално
управляваща станция при отпаднала интернет връзка са сред някои от допълнителните
възможности на системата.

1. Introduction
Street lighting is power consumers with relatively
high electricity costs that many municipalities in the
country are unable to pay. This requires the
development of an appropriate system to optimize
costs related to the management and maintenance. It is
also important to create opportunities for the operation
of the system in Sleep, where permissible.
Establishing such a system is related to the specific
features of street lighting especially for small
communities, which are determined by the following
factors [1]:
• a phone network, sometimes for a limited area of
the village;
• availability of Internet communications;
• presence of the mobile telephone network;
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• low saturation of the air (except for the
settlements located close to large cities);
• relatively large dispersion (a small number of
houses and inhabitants of relatively large areas);
• budget of municipalities;
• low-skilled staff operating the facilities;
Management of street lighting in a small town
must comply with the paucity of service personnel
who most often combines several activities. It is fully
automatic control of street lighting, storage of
information, as well as having the possibility of
surgery by staff when necessary.
A typical basic structure, which should have such
an automated system for control of street lighting
includes:
• central control center (PC or microprocessor
system);
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• local control stations;
There are different devices [2],[3],[4] for
automated management of street lighting, but these
enabling centralized control and collection of
information are limited. The reason for this is their
high price.
2. General description of the development
system
This section will describe the main criteria met
developed an electronic system for centralized
management [5]. Special attention is structure which
is based system uses a single-chip microcontroller
with the necessary peripherals for the realization of
the planned functions [6].
Programming Software performance ensure the
system than in normal mode, and in various
emergency situations. Management is built on socalled multimodal model where the parameters are set
from the main unit and implemented by slave modules
[7], [8].
System has the following main features:
• Management of freight chains, according to the
degree of ambient light;
• Three relay outputs for each local control station;
- The first full working mode, according to the
ambient light sensor;
- Second with the ability to set intermediate time
intervals in order to exclude, reduce
consumption during dead time of day;
- Third - enabled programmable on / off (timer);
• Measurement of current in the load circuits for
detecting malfunctions;
• Circuit for a phase-detection considering
switching day and night tariff of electricity
metering;
• Magnetic sensor for open / closed door of
electric panel;
• Update the software remotely over the network;
• Operation under various emergency modes and
temperatures up to + 40 ° C;
The system has the following components:
• Main module - coordinate work between
individual modules (one master module can
manage up to fifty Control modules);
• Control
module
implement
specific
management of the power supply circuits of the
cartridge and collect statistics;
Figure 1 is a block diagram of the main module. Its
function is to collect information on the level of
ambient light and compared it to make decisions about
current switching power circuits. This module service
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staff set settings related to operating parameters. All
the necessary blocks, you need to realize these
functions are included in the block diagram. The
microcontroller is a management and coordination
unit, he was responsible for the reception and
transmission of data. Only blocks power supply and
RTC (clock + calendar) can function independently,
all other blocks are controlled by the microcontroller.

Fig. 1. Block diagram for main module.

The structure of the control module is shown in
Figure 2. Its objective is based on criteria set by the
main module to perform load management circuits. It
also ensures the collection of relevant information,
what is their status and sends it to software for the
diagnosis and management in case of questions. There
is a function to update the software on selected remote
control unit via the Internet. No need to "visit the
power station" for programming falls.

Fig. 2. Block diagram for slave module.

The communication between the individual
modules in a relatively small-scale LAN network
using TCP / IP protocol is given schematically in
Figure 3. PC is equipped with the necessary software,
serving as setup and system diagnostics. Joining the
signals from different modules is done through
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devices called hubs (HUB). Connecting cables
between devices are twisted pair CAT 5E.

Fig. 3. System with communications in LAN network.

The following figure 4 shows how the connection
topology in a global network, as appears at the
moment Ethernet network. The advantage of working
in such a network is that the update data in the block
RTC for the current time can be performed
automatically using the appropriate server.

• "Sub-program network." - Provides a digital
channel for the exchange of data on physical
interface. This translates into monitoring for
sending and receiving a data packet between
modules and charge the relevant working
registers with this information;
• Sub-program "Set CLOCK" - provides manual
adjustment of the system clock;
• Sub-program "Set LUX" - provides manual
adjustment of working registers thresholds
triggering the sensor reading;
• Sub-program "Set POWER LK1" - setting
provides workflow for output to midnight mode;
• Sub-program "Clock POWER LK1" - check
whether the time has come in which must to
change the state of the circuit with midnight
mode input data and system clock;

Fig. 4. System with communications in Ethernet network.

3. System management algorithms
Total control algorithm of the system performs the
above functions through multiple subroutines for each
program segment [9]. They can be divided many times
of the main programming units. For the main module
they are:
• Main subroutine - the function that performs the
main program set out in the main module is used
for detection - is there a network connection and
set the key for entry in the periodic system
interruptions at certain time intervals, nested. If
the main unit is not connected to the network, it
switches itself off because its functions can not
be used. During each of these interrupts is
executed a subroutine. According to the priority
of execution is set and the frequency of repetition
for each of these sub-programs;
• "Sub-program menu" - here is realized function
serving setting other system settings manually
using the buttons on the main unit.
"Sub-program Sensor" - provides operation with
the photo-sensor;
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Fig. 5. Control algorithm for main module - "Main
Program".

To control module:
• Algorithm for Management Control module "Main Program" - here the idea is similar to the
main subroutine in the main module, but since
the control module has a functional sense and
lack of communication between modules, the
structure of the algorithm is more complicated;
• "Sub-program network";
• Sub-program "Refresh Clock" - updated data in
the system clock;
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• Sub-program "Power lines" - controls the
behavior of the output relays according to data
from the working registers;
• "Sub-program sensor I" - provides read and write
values derived from current transformers for
consumption in the working stages;
The following figure shows this principle at work
in the main subroutine of the "control unit".

Fig. 7. Electrical panels with mounted Control module front view.

Fig. 6. Control algorithm for slave module - "Main
Program".

4. Connecting the system to the electrical panel
for street lighting
Control module is a device intended for installation
in power switchboard for street lighting. Figure 7 is an
example of connecting the electrical panel using a
control module. Standard protective guards that are
provided for electrometer lot of tape have value 63A.
Switching power circuits is done by contactors,
respectively connected to two outputs:
• Phase V1 - Sleep mode by switching off the
circuit during a time-interval of the dark hours;
• Phase V2 - full operation, according to the
selected ambient light;
In the event that only one of the modes, the one of
the two outputs do not bind. Phase detection circuit
monitors the input tariff meter if it is electronic, the
terminal for tariff output of built-in clock.
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5. Components of the software
Communication environment Ethernet uses special
driver software that manages the relevant hardware,
realizing this communication. That's ICs ENC28J60.
Management ICs this is done in SPI interface.
Microchip offer TCP / IP stack, written in C for their
compilers. Stack covers all the necessary functions
required of the system [10]:
• IPv4;
• IPv6 - for the moment need the transition to a
new version of the IP protocol;
• DHCP client - to automatically receive
configuration from existing network DHCP
server;
• TCP protocol - protocol for communication
between control units and the main module;
• UDP protocol - used for the start-up of a control
unit in order to detect the main module through
the network broadcast package (if the modules
are set up that way);
• Berkeley sockets - the existence of standard for
working with network sockets;
• HTTP client - used to query an external HTTP
server in order to discover the address of the
main module of the operating modules. This
option is used if the modules are in different
networks;
The following ways of connection between the
modules:
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• All in one network - in this case only one main
module throughout the network. Operating
modules:
- with the presence of a DHCP server - in this
case the modules are adjusted to automatically
obtain an IP address;
- without a DHCP server - in this case, each unit
must be set manually configuration IP address
and subnet mask;
• Scattered in more than one network - these are
possible when:
- Using a single main unit for each network each operate independently, but complicates
the administration of the system, since settings
must be made for each main unit;
- Using an external "arbitrator" providing the
opening of the main module of the operating
modules - used HTTP server located on the
Internet. At startup, the main unit sends the
POST request to the server, which is registered
in it, and each of its operating modules sends a
GET request with which to extract the
necessary information to detect the main
module;
6. Computer software for management and
diagnostic of the system.
Computer software is designed to complement and
facilitate the management and diagnosis of the system.
Its other function is to allow the collection of
statistical information, when it is running.
In order to create a higher degree of visibility
provided various graphical additions to the basic keys
in the program window and menus. As an example
may be a score display control modules set on a
topological map of the respective village, where the
system is implemented. Each item is designed to be
able to specify a name for the purpose of easy
identification when using the card. With different
color indicates the current status of an item and
placing the cursor on it and pressing the right button
of your mouse out menu that allows for setup and
diagnosis of the specific object (control module). It
also marks the point at which each district lighting
controls such as streets. When placing the cursor on
the module to change the color of the marking is
bound by it. The basic requirements met by computer
software are:
• eases management system;
• enables complete monitoring and diagnostics;
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• terminal provides for the introduction of specific
adjustments to each of the modules:
- choice of connection type: static or dynamic;
- protocol settings (TCP / IP), etc.;
- individual control of load circuits;
- configuration of all operating parameters;
• allows the collection of statistical information on
the system in a text file;
• easy installation and configuration;
• compatibility with current versions of the most
widely used operating system for personal
computers (Windows XP and Windows 7);
• easy use by people with minimal computer skills;
• high reliability at work;
Computer software is named "UAC" - Universal
application control. His organization includes three
main menus:
• File - Contains options: charge card settlement;
record card; Export card entries to a file; card
printing and output;
• System - Includes: search power point name
entered; Step forward / backward and selecting
all the points together to set common settings;
• Help - opens an additional window with the logo
of the system ("About UAC"), shown in Figure
8. It represents two rounds with black-and-white
hue, realizing two power points between them is
a sign "Play", symbolizing the connection
between them in cyberspace. This menu contains
a help text file - instructions for the program;

Fig. 8. Computer software.

Figure 9 shows the main program window with a
loaded map of the town of Kazanlak. On it were
introduced seven operating points, with different
status.
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Fig. 9. General view of the computer software.

implementation than in systems management on a
radio channel;
Disadvantages: Using a wired connection between
the individual modules directly dependent on the
Internet service provider;
The first of these disadvantages are eliminated, as
mentioned by using wireless routers. The second flaw
is directly dependent on the policy of the municipality
to the chosen ISP and can be minimized.

Individual settings for each quo are set by placing
the cursor on it and pressing the right button on the
mouse. And then displays a drop-down menu, as a
Figure 10. Each option it opens a new dialog box
containing additional information.

Fig. 10. Menu at point.

Figure 11 presents a dialog window "Configure."
Where, the operator can see some of the possible
settings. Dedicated Server serves to save the current
IP addresses of operating modules.
7. Conclusion
The article is presented management system for
street lighting control, based on the widely used
nowadays Ethernet networks settlements. The system
aims to offer a cheaper option of municipalities to
manage this relatively energy-intensive consumer,
based on simple circuit solutions, algorithms and
software. The main merits and notes of the system can
be described as:
Benefits: Provides centralized remote control
between supply cartridges, collecting information
about the current state of the network, the possibility
of detecting malfunctions, relatively easy installation,
flexibility and high reliability, lower cost of
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Fig. 11. Dialog window "Configuration" - a common type.
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Hall sensors action with new interpretation
Siya V. Lozanova, Levon O. Altunyan
A novel manifestation of the Hall effect in conducting materials, semiconductors included, in the
temperature range 77 K – 300 K has been experimentally observed. The nature of this phenomenon is
the appearance of magnetically controlled currents on the opposite boundaries of Hall devices
between which Hall voltage is also generated. The surface currents are a linear and odd function of
the strength and direction of both the supply current and the magnetic field. The results are examined
with great number of probes and original measuring methods. This new mechanism is demonstration
of the Lorentz force on moving charges in conducting materials. The discovered sensor behavior could
enrich the possibilities for surface characterization and determine the key parameters in materials,
such as conductivity, carrier concentration and carrier mobility. The dependence of the surface
current to various measurements may be useful for inventing of many types of micro transducers for
pressure, light, chemical quantities etc.
Действието на сензорите на Хол с нова интерпретация (Сия В. Лозанова, Левон О.
Алтунян). Нова проява на ефекта на Хол в проводящите материали, в това число и
проводниковите, в широк температурен диапазон 77 K – 300 K е установена експериментално.
Произходът на този феномен е във възникване на магнитно управляеми повърхностни токове
върху противоположните страни на Хол сензорите, където се генерира също и Холово
напрежение. Получените резултати са проверени с твърде голям брой образци с използване на
оригинални измервателни методи. Този неочакван сензорен механизъм е директно
доказателство за действието на силата на Лоренц върху движещите токоносители в
проводящите образци. Откритата поведение на явлението повишава възможностите за
характеризиране на повърхността и определяне на ключовите параметри на материалите,
като проводимостта, концентрация и подвижност на токоносителите и др. Зависимостта
на новия повърхностен ток от различни неелектрични въздействия може да се използва за
създаването на нови микросензори за налягане, светлина, химически състав и др.

Introduction
A multitude of discoveries in surface science was
related with its interface. Diodes, transistors, microand nano-sensors, memory, lasers etc., all exploit
interfacial or surface phenomena [1]. It is enough
mentioning the quantum Hall effect, high-temperature
superconductivity,
colossal
magnetoresistance,
graphene, etc. [2]-[5]. However, their exploration and
practical utilization require conditions, very different
from the common ones, such as strongly low
temperatures, high magnetic induction and pressure,
etc.
E.H. Hall in 1879 observed that when an electrical
current I passes through a rectangular gold structure
placed in a magnetic field B, a voltage VH proportional
to the current I and to the field B is developed across
the sample in a direction perpendicular to both
measurands I and B, VH ~ IB. [6]. This Hall effect is
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the basis of many practical solutions, measurement
methods, applications and sensors used, for example,
in robotics and mechatronics, information technology,
automation, submarine and space exploration, etc. [7],
[8]. The challenge for our experiments was the lack of
correct answers to some unknown questions related to
the origin of the Hall phenomenon, as: how the Hall
voltage VH exist across the structures after Lorentz
force is balanced by the Hall field (FL = FH) upon
complete restoration of the initial homogeneity of the
current paths in the sample or how the condition is
attained where the electric current is pressed, but not
moved towards one side of the classical rectangular
Hall plate; how, then, in the absence of a Lorentz
deflection, negative or positive charges maintaining
the field EН (the voltage VH) are continuously
generated on both lateral sides of the plate and how
these additional charges are statically localized on the
lateral sides of the Hall structure in case of existing
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biasing electric field Es? However, during the
experimental characteristics investigation of silicon
Hall devices, unexpectedly, a phenomenon was
revealed which is not the result of some well-known
theory or model, nor has been expressly observed or
proven ever before. This mechanism has provided to
observe magnetically controlled currents on the
opposite boundaries of Hall devices within a wide
temperature range [9, 10]. This article summarizes the
key and underdeveloped ideas and results related to
the discovery of magnetically controlled surface
current and motivated the new interpretation of Hall
sensors operation. Also key experiments were
repeated again and verified with new samples and
measuring methods. So how else, right is Friedrich
Nietzsche that no truths of last instance.
Measurement methods for surface current
Figure 1 shows a simple experimental surface
current registration setup. In these cases, a voltage V is
recorded; i.е. the measuring device should necessarily
feature input resistance many times greater than the
resistance between contacts C3 and C4.
However, this arrangement has been modified to
measure electric current IS, Fig. 1. A key requirement
for this purpose is that the input resistance of the
measuring device is many times smaller than the
resistance of the zone between points C3 and C4.
C1

E

mA

Isurf

Ibulk

E

Isurf

C3

magnetic induction, В = 0, is measured, after which
the field В is switched-on. The magnetically
controlled surface current Im(В) is given by the
relation ∆Im(В) = IS(В) - IS(0).
For additional verification of the observed property
in conducting materials, we propose and test an
original modification of the measurement method.
Figure 2 shows an alternative arrangement to the
circuitry from Fig. 1, but very suitable for plates with
planar ohmic contacts. In the lack of field В = 0, it
maintains equipotentiality of ohmic contacts C3 and
C4. This is achieved by the two variable resistors R1
and R2, thus connected to supply E, to establish in all
cases the potential equity VC3 = VC4
The condition in this case is that the values of the
load resistors are many times greater than the internal
resistances of the respective zones in the
semiconducting structure, R1, R2 >> RC3,4, RC1,3, RC2,4.
The circuit tuning is achieved in two stages. In
position 1 of the switch, using a standard voltmeter
and variation of resistors R1 и R2, equipotentiality at
zero field B = 0, of points C3 and C4 is established.
Then, the switch is turned to position 2, and magnetic
field В ≠ 0 is established.
According to the ammeter readings, the value of
the magnetically controlled current, Im(В), is recorded.
Various modifications, including electronic ones, may
be used as ammeters. Another advantage of the
arrangement from Fig. 2 is the possibility to
automation of the measurement process, thus
eliminating the need to determine the difference
between the starting current IS and its value in a
magnetic field В.

C4

R2
R1

SW
2

C2

Fig.1. Orthogonal activated Hall element with two side
contacts C3 and C4 for measuring the surface current IS.
The bulk and surface components of the supply IC1,2 are
shown too.

This change in the circuitry has not been used so
far, but it resolves the problem of the surface current
measurement. The surface current IS is formed in the
two regions, С1–C3 and C4–С2. Initially, the current
IS(В = 0) with supply IC1,2 = const in the absence of a
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Fig. 2. Original nulling potentiometric arrangement used
for surface current measurements on planar IC Hall
samples.
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As well as with the Hall effect experiments, the
obligatory condition to achieve high precision is the
offset compensation. The approach for receiving low
temperatures in the range T ≥ 77 K were achieved by
an appropriate cryostat for magnetic measurement
using liquid nitrogen, [9]
Samples, setup and results
Since we talk about a qualitatively new effect it is
necessary the results to be confirmed again many
times with different samples. Only in the highest
degree of experimental data repetition can be sure that
the phenomenon is a scientific fact. Therefore, we
realized different structures and carried out new
experiments. For this purpose we also use original
measuring methods.
The experiments were conducted with n-silicon
samples (Fig. 2) fabricated using standard planar
technology. The technology fabrication of the novel
samples is described in [9]. The dopant donor
concentration in the substrate was n0 = ND = 4.3 х 1015
cm-3, the resistivity was ρ ≈ 7.5 Ω.cm. The heavy
doped n+ regions C1, C2, A1 and C4 obtained by ion
implantation playing the role of ohmic contacts
featured concentration 1020 cm-3. Samples with contact
depth wc ≈ 1 μm were used. The geometrical size of
contacts C1, C2, and C3 and C4 was 10 x 150 μm2, and
10 x 100 μm2 respectively. The distance lC3.4 was 50
μm and 75 μm, and the substrate thickness was about
300 μm, according to Fig. 2. The substrate served as
an active transducer region. Three sample series were
tested, implemented at three different times, coming
from different fabrication batches. These came wirebonded, in ceramic packages with the top cover with
epoxy over the n-Si dies.
To test the novel circuitry from Fig. 2, the
experimental results previously obtained with the
scheme in [9], have been compared with those
obtained using the setup from Fig. 2. To provide data
comparability, the same device design and sizes of the
n-Si chips, as those described in detail in [9] were
used, but the probes were new and unstudied. Since
the internal resistance Rint characteristic of the
individual regions between contacts C1, C2, C3 and C4
is about 420–450 Ω, the chosen nominal value of both
resistors, R1 and R2, is R1 = R2 = 10 kΩ. Our
experiments use an electronic pA ammeter type HP
4140B featuring relative error of 0.5 % in the range IS
≤ 10-2 A. The errors for such a comparative
investigation are as follows: the voltages have been
measured with approximate accuracy of 0.15 % and
resolution of 0.05 %; the currents have been
determined with the same typical accuracy of 0.5 %
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whereas the resolution of the current measurement is
no more than 0.1 % or no more than about 40 - 50
pA. It should be noted that the ultimate error in our
experiments is determined not by their electric part,
but by the magnetic measurements, [7,11]. Our
electromagnet is of Weiss type, with water cooling,
whereas with supply power of 1.2 kW and distance
between the poles of 20 mm, the induction was В =
2.0 Т; the diameter of the poles was 60 mm. The
magnetic field was measured and regulated using an
orthogonal KSY type Hall sensor, which was
calibrated using a Metrolab 3-D magnetometer. The
magnetic measurement errors introduced by the used
Hall sensor and the calibrating Metrolab instrument
are no more than 0.5 %. The inevitable hysteresis of
the electromagnet with magnetic field commutation ±
В is accounted for, which is about 0.2–0.3 % of the
maximal value, Bmax = 2.0 T. Therefore, the magnetic
measurements’ resulting error did not exceed ≈ ± 2.0
%. The experiments were carried out under dark
conditions, firstly at a room temperature Т = 23 ºС,
which is maintained constant with accuracy of ± 0.3
ºС within the range 18 ≤ T ≤ 28 ºС. Secondly, the
examination were accomplished in the range 77 K ≤ T
≤ 280 K with accuracy of ± 0.5 ºС. A suitable
minithermostat was used, controlled by the baseemitter voltage VEB(Т) of n-p-n Motorola MTS 102
silicon transistor as a diode temperature sensor,
operating in constant current mode.
Figure 3 shows the typical experimental
dependences of the surface current Im(В) as a function
of the magnetic field B, obtained using the
arrangement of Fig. 2, with the supply IC1,2 as a
parameter. The ratio of the surface current Im(0) ≡ IS
to the supplying IC1,2 in the absence of a magnetic field
is about α = IS/IC1,2 ≈ 8 %. Ten new probes, collected
from three sample series implemented at two different
times and coming from different fabrication batches
have been examined experimentally.
The comparison of the obtained dependences in
Fig. 3 and Fig. 4 with those from [9], [10] shows that,
in first approximation, they was very similar,
regardless of the measurement method and samples.
Therefore, the key conclusion is that the experimental
facts from [9] have been confirmed by another
measurement approach and new samples. In our
opinion, at this stage, such verifications are
obligatory, since the new phenomenon should be
approbated many times minding its fundamental
impact on magnetic-field sensorics. The surface
current change ∆Im(B) was linear and odd function of
the strength and direction of both the bias current IC1,2
and the magnetic field B. The behaviour of these
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characteristics (Fig. 3) coincide to the Hall voltage
VH(B).
ΔIC3,4 (B),

The explanation of magnetically controlled
surface current

14.0
12.0
10.0

General conditions

8.0
6.0
4.0
2.0

- B, T
-1.6

-1.2

-0.8

T = 300

-0.4
-4.0
-6.0

+B, T
0.4

0.8

1.2

1.6

2 mA
4 mA

-8.0
-10.0
-12.0
-14.0

symmetrical with respect to point B = 0, at Т = 77 K,
the curves were non-symmetrical.

IC1,2 = 6 mA

Fig. 3. Linear and odd magnetic control of the surface
current as a function of the magnetic field B, the supply
IC1,2 is as a parameter. The initial current at field B = 0
is compensated in advance.

The proposed phenomenological model was
developed based on n-type semiconductor (silicon)
Hall element with rectangular form and orthogonal
activation, which is shown in Fig. 5. Its length l
exceeds its width w and thickness t, l >> w; l >> t.
The other fixed parameters of the Hall element were:
ρ – resistivity of the material at room temperature Т =
300 К, n0 – equilibrium concentration of the major
carriers – electrons, in this case. Along the x axis,
electric field Е ≡ Ех = (Ех, 0, 0) from external supply
(not shown in Fig. 1) was applied, generating in the
sample current I ≡ Ix,0 = const with density J ≡ Jx, В
standing for magnetic induction. The direction of
current Ix,0 was the real one – from the power supply’s
minus to its plus. To facilitate consideration, the
scattering mechanisms of the charge carriers were not
accounted for, i.е. the expression for Hall coefficient
was RH,n = 1/qn0, whereas in the numerator, the
scattering pаrаmeter r was omitted. In а magnetic field
B ≡ Вz аt а condition μnB << 1, under the action of the
laterally deflecting Lorentz force FL,y, the negative
electrons concentrate on the left near-to-surface zone
of the sample, where μn is the electrons mobility.
B

C2 +

dw = LD
FL
Fig. 4: the surface current as a function of the magnetic
field B, the supply IC1,2 is as a parameter at T=77 K. The
initial current at field B = 0 is compensated in advance.

In our investigation, the classical Hall effect
VH1,2(Is,B) originated over the same boundaries
irrespective of the existence of the surface currents
Im(Is,B). If the direction of field B or supply current
IC1,2 be reversed, the polarity of current ∆Im(B) would
also change (as well as the Hall voltage VH). The very
low value of factor α ≈ 8 % showed that the observed
phenomenon was related to the surface layer. At
temperature T = 77 K (Fig. 4), however, after the
linear section in the beginning, a tendency for
saturation of the current ∆Im(B) followed. While at
temperature Т = 300 K, the characteristics were
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Fig.5. Sketch of a rectangular Hall device. The non-steadystate electrons on the left Hall side generate in a field B
magnetically controlled surface current Is(B).

On the right side, because of their shortage, the
immovable donor ions ND dominate, having the same
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concentration, as the concentration of the electrons n0,
and total positive charge, equal to the charge of the
electrons on the opposite surface, N- = ND+. The
process in which the resulting force of the total field
ЕН,у from the accumulated electrons and the stripped
donor ions balances force FL,y continues for about 10-9
– 10-10 s. The electrical equilibrium thus disturbed by
force FL,y generates Hall field Ех and the related with
it Hall voltage VH = RHIB = EHw. A key factor in our
discussion is that, in the absence of a magnetic field В
= 0, as a result of the applied external electric field Ех,
current Ix flows not only in the bulk of the sample, but
also along its surface, both Hall edges including. This
detail may seem obsolete, but it contains in itself the
precondition for the origin of magnetically controlled
surface currents in solids. The surface density of the
electric charges ∆Qs on the left and right Hall
boundaries of the sample and the capacitance Cs, Fig.
1, may be determined, similarly to the case of parallelplate capacitors, by the expressions:
(1)

∆Qs = CsVH ; Cs ≈ ε0εs/w

where Cs is the capacitance per unit area between the
Hall boundaries charged by Lorentz force FL,y and
perpendicular to Hall field ЕН, and ε0εs is the
permittivity [7], [12].
Actually, the permittivity of the Hall sensor
semiconductor is much greater than the pаrаmeter ε0εs
of the surrounding space, with no other conductive
bodies in the vicinity of the device. This condition is
hardly achievable and, almost always, the Hall edges
are capacitively coupled with other bodies. The
convenience of expression (1) used in electrostatics is
that the reason for the disturbed electric neutrality, i.e.
whether the additional charges are static, as in
classical capacitors, or for some reason, they are in
motion, is of no importance. In our case, the essential
circumstance is that the electrons concentrated
additionally on the left side of the sample, Fig. 1, are
movable, while the positive ions on the right side, due
to the doping, are immovable. Thus, the electric
neutrality on the left boundary, disturbed in magnetic
field В by Lorentz force FL,y, is maintained at a fixed
excess level ∆n(Ix,0,B0) = const. by electrons incoming
from one of the sample’s supply electrodes, with
exactly the same number of charges leaving its
opposite contact. As stated in [10], with Hall effect,
the processes take place in the near-to-surface area,
whose size is equal to the screening length LD named
Debye length, LD = (ε0εrkT/q2n0)1/2, or LD ~ 1/ND.
Within an area of such length, the electroneutrality of
the Hall boundaries of the structure from Fig. 1 are
disturbed. At a distance LD from a maximal value on
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the surface, the concentration n of the electrons drops
to its equilibrium value n0
Derivation of the kinetic equation
The surface density Ns of the charge carriers –
electrons and positive donor ions in a magnetic field В
on the right and left Hall edges of the sample, Fig. 1,
are determined by the expression:
(2)

Ns = Qs/q

On the other hand, the density Ns may be
expressed as a product of the change dn ≈ ∆n in the
concentration n of the charge carriers on the right,
accordingly left surface layer of the sample with
thickness dw = LD:
(3)

Ns = dndw = dnLD

For the conductivity g of the left, accordingly
right layer of the sample with thickness LD = dw, it
may be written as:
(4)
g(LD,B) = g(LD, B = 0) + dg = σ(tLD/l) +
dσ(tLD/l)
(5)

dg = dσ(tLD/l)

where: σ is the conductivity of the semiconductor
material, and dσ is its change on the right, accordingly
left Hall layer with thickness LD resulting from the
change in the concentration of the charge carriers dn
caused by Lorentz force; dg is the change in
conductivity of the left, accordingly right Hall layer
with thickness LD = dw.
In the absence of a magnetic field, В = 0, the
conductivity g of the Hall boundary of the sample is:
(6)

g(LD, B = 0) = σ(tLD/l) = (1/ρ)(tLD/l)

Using equation (3) and the well-known
relationship dσ = dnμn, where the electrons mobility
μn is μn = 1/ρnq, the following expression for the
change in conductivity dg is obtained:
(7)
dg = dnqμn (tLD/l) = dnq(1/ρnq) (tLD/l) =
(1/ρn)(t/l)dnLD = (t/lρn)Ns
Using (1) and (2), the quantity dg may be
expressed, as follows:
(8)
dg = (t/lρn)(Qs/q) = (t/lρn)(CsVH/q) =
(t/lρn)[( ε0εs/w)(1/qnt)( Ix,0B)]/q =
= [(ε0εs)/(lwρq2n2)](Ix0B)
In the absence of magnetic field, В = 0, the surface
current Is through the left, accordingly right Hall
boundary, Fig. 1, with thickness dw = LD, is
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determined by the applied supply voltage Vx and the
conductivity g(LD,B = 0), determined by (6):
Is (LD,B = 0) = Vxg (LD,B = 0)

(10)

It is of interest to simulate, using equation (10), the
magnetically controlled surface current dIs for specific
structures and magnetoelecric parameters, and to
compare the obtained results with the available
experimental data. Let us consider a classical n-Si
sample having a rectangular shape, with orthogonal
activation, and electron concentration n0 = ND = 4.5 x
1021 m-3, temperature Т = 300 K (room temperature),
resistivity ρ = 0.01 Ω.m, with supply currents: Ix,0 = 5
x 10-3 А and Ix,0 = 10 x 10-3 А, and magnetic induction
within the range – 1.6 T ≤ B ≤ 1.6 T. With these
parameters, Debye length is LD = (ε0εkT/q2n0)1/2 =
61.7 x 10-9 m, whereas with silicon permittivity ε0εs ≈
12 [7,12]. The simulation was performed using the
software package MАTLАB.
а) Let us calculate the current dIs through the left,
accordingly right layer of the sample from Fig. 5, with
the following geometric parameters: l = 300 x 10-6 m,
w = 100 x 10-6 m, and t = 20 x 10-6 m. In the absence
of magnetic field, В = 0, the current Is through layer
with thickness LD, determined by formula (9), Is (LD, B
= 0) = 6.17 x 10-6 А.
The behavior of the change in surface current ∆Is
through layer with thickness LD in field В ≠ 0 is
shown in Fig. 6. As may be seen, the calculated
relationship ∆Is(В) is a linear and odd function of
magnetic field B, just as the function of Hall voltage
VH(В) on the magnetic field.
b) This case differs from the previous (а) only in
the length l and width w of the sample which have
been reduced five-fold, i.е l = 60 x10-6 m and w = 20 x
10-6 m, the other parameters being the same.
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Confirmation of new interpretation
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The supply voltage V ≡ Vx is determined by the
supply current Ix,0 and the resistance of the sample R,
Vx = Ix,0R, whereas R = ρl/wt.
The change in the current dis in a magnetic field В
through the left, accordingly right Hall layer of the
sample with thickness LD, formulae (5) and (7),
resulting from the increased/decreased concentration
dn of the charge carriers under the action of force FL
is determined by the applied supply current Ix,0 and the
change in the near-to-surface conductivity dg:

0

0. 5 1. 0 1. 5 2. 0

B, T
Fig. 6. Simulation of surface current Is(B) according to
equаtion (10). The supply currents are Ix,0 = 5 x 10-3 A and
Ix,0 = 10 x 10-3 А, the induction is within the range – 1.6 T ≤
B ≤ 1.6 T.
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(9)
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2. 0

x 10-6
Ix,0 = 10 mA

1
0
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Ix,0 = 5 mA

-2
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-5
-2. 0 -1. 5 -1. 0 -0. 5

0 0. 5 1. 0 1. 5 2. 0

B, T
Fig. 7. Simulation of the current Is(B) with fivefold
reduced sample dimensions.

The change in the surface current ∆Is through layer
with thickness LD in field В is shown in Fig. 7. The
relationship is a linear and odd function of the
magnetic field B, just as the dependence between Hall
voltage VH(В) and the magnetic field. In the absence
of a magnetic field, В = 0, the current Is through Hall
side layer with thickness LD is equal to Is(LD,B = 0) =
30.85 x 10-6 А
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Overall conclusion
The magnetically controlled surface current Is
might provide abundant information about the carriers
sign, concentration and mobility of an unknown
material, Fig. 3. The repeated dependences’
asymmetry (deviation from the straight line) for the
current Is(B) at nitrogen temperature T = 77 K may be
interpreted by the various parameter changes caused
by mechanical strains and stress on the surface and in
the bulk of the structure at extreme environmental
conditions. Identification of scattering process, defects
and surface parameters by the current Is(B) is possible.
According to our experiments, the surface current Is is
highly sensitive to the surface properties. That’s why
various measurands such as pressure, light, chemical
quantities etc. may also be sensed by the variation of
the current Is using suitable sensor devices.. The
experimental evidence of the magnetically controlled
current in Hall devices provide a new aspect in the
interpretation of the Hall effect as a difference of two
non-equilibrium surface currents on the opposite
boundaries induced by the Lorentz force. This leads to
change in potentials VH1 and VH2 between the
respective Hall structure sides.
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TELECOMMUNICATIONS SCIENCE

Radiocommunication systems for the developing countries
– the Bulgarian contribution
Veselin B. Demirev
In the last several months, the world and the global media attention were focused exclusively
toward the refugees, going from near east to the developed Central European countries. It was
explained, that most of them are economical, not political migrants. One of the possible ways to solve
this problem is to create good political and economical opportunities in the developing countries in
order to hold back the refugees in their own birthplaces. One of the first steps that should be done is
the building of telecommunication infrastructure, based on cheap and effective wireless technologies.
An analytical review of the wireless communication systems, suitable for the developing countries, is
given in this report. Special attention is given to the antenna systems and the associated problems. The
advantages of the proposed by the author SCP-RPSC and SC-CDMA principles and technologies are
comment. Their particular applications for developing countries are listed below:
• Satellite radio and TV broadcasting - SCP;
• Wireless access to Internet for urban areas – HAPS, WIMAX;
• Wireless access to Internet for suburban and rural areas – RPSC-MA;
• Feeder lines for terrestrial and LEO base stations;
• Personal mobile communications using integrated terrestrial-satellite systems – SC-CDMA.
Радиокомуникационни системи за развиващите се страни – българският принос
(Веселин Б. Демирев). Вниманието на световната общественост и медии през последните
месеци беше насочено изключително към започващото преселение на разнородни по етнически
произход бежански групи от Близкия изток към развитите централно-европейски страни.
Посочено беше, че в основната си част този човешки поток се състои от икономически, а не
от политически емигранти. Един от пътищата за решаването на проблема е създаване на
благоприятни политически и икономически условия в слаборазвитите страни с оглед
задържането на бежанците в собствените им държави. Важна съставна част от
необходимите за целта мерки представлява създаването на телекомуникационна
инфраструктура, базирана на евтини и ефективни технологии, използващи безжичен достъп
в различните им сегменти – от потребителски до служебни. В настоящия доклад са
анализирани възможностите на предложените от автора принципи и реализиращите ги
безжични технологии SCP-RPSC и SC-CDMA с оглед решаване на антенните проблеми на
бъдещите телекомуникационни системи с различно предназначение, подходящи за условията и
финансовите възможности на развиващите се страни.

Introduction
In the last several months the world and the global
media attention was focused exclusively toward the
problems of the refugees, coming from Near East and
Africa to the developed Central European countries.
Obviously most of them are economical, not political
migrants. One of the possible ways to solve this
problem is the creating of good political and
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economical opportunities in the developing countries
in order to hold back the refugees in their own birth
places. One of the first steps that should be done is the
building of telecommunication infrastructure, suitable
for the specific requirements of the developing
countries and based on cheap and effective wireless
technologies.
An analytical review of the wireless
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communication systems, suitable for the developing
countries, is given in this report. Special attention is
given to the used radio-interfaces, antenna systems and
associated problems. The advantages of the proposed
by the author SCP-RPSC and SC-CDMA [1]
principles and technologies are shown.
Satellite communications - Impact on the
developing countries society
What credentials might qualify satellites as a great
invention in the overall course of history? Actually, a
good case might be made on several bases [2]:
• Universality of Connectivity. Satellites are the
first and only technology that allows the
possibility of connection to anyone, anytime, and
anywhere and for an amazing array of existing as
well as yet-to-be-created services.
• Flexible Broadband Links. Only satellites allow
easy, affordable, and flexible broadband links
around the globe. Satellites can provide
broadband services to smaller and smaller
terminals whether the demand is for TV, radio,
telephone, or Internet connectivity. Because
satellites are not restricted to physical media like
wire or fiber optics, they can provide connections
with total flexibility and ease. They can provide
extremely wide coverage to the most densely
packed city or thinly populated areas, on land,
sea, or ice cap, for any type of service.
• A True Breakthrough Technology. The
breakthrough nature of satellites is due to their
ability to solve a problem in a totally new way.
Modern long-distance communications were first
limited to wire connections (expensive and
cumbersome) and then terrestrial wireless,
constrained to the curvature of the earth and
variations in its atmosphere and ionosphere.
Today, satellite technology allows any
connection to be made virtually without
constraint to an infinite number of potential
locations. Only if we can find a way to
effortlessly communicate through the earth and
across space without delay or bandwidth
limitation would there seem to be a more
powerful communications technology. It is the
ability of satellites to use much less resources and
to do so much more in terms of connecting
everyone that makes these devices truly a
"breakthrough technology."
Satellites enable global news. Satellites bring
connectivity especially to developing countries and
emerging markets. Satellites help global trade, airline
safety, educational exchange, health and medical
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services, electronic fund transfer, military defence
systems, scientific inquiry, and navigational systems.
Satellites are now an essential part of modern
telecommunications systems in developed and
developing countries, and they are especially effective
in providing global mobile, navigational, and
broadcast communications systems. Internet would be
much more exclusively a system for wealthy countries
and urban networking without satellite connections.
Ways in which satellites tend to create
supranational political, social, and cultural influences
and weaken local allegiances include:
• Creation of jobs, income, and economic
opportunities across political boundaries.
• Allow workers to escape from local adverse
working conditions or onerous social, cultural, or
political controls.
• Bring a new awareness of conditions and
opportunities in other communities or countries
as well as closer ties to relatives who live abroad
in other countries.
• Bring education, training, skills, literacy, and
health care to areas without such opportunities.
• Bring new socio-cultural awareness with regard
to birth control, AIDS prevention, and religious
and ethnic hatred or tolerance.
• Create higher levels of resistance to social
intolerance as a result of global news about the
activities and speeches of political, social,
religious, or cultural leaders around the world.
Satellites and other free-flowing electronic
technologies can also serve the cause of
revolution or terrorism by allowing dissidents to
talk freely and avoid censorship.
Satellite radio and TV broadcasting – the
Bulgarian contribution
The satellite radio and TV broadcasting for
developing countries is currently a strong growth
market, driven chiefly by major projects to deploy vast
world-wide coverage. One of the biggest technical
problems here is the antenna system. Usually they are
high gain parabolic reflectors with narrow beamwidth. These properties create problems, connected
with mechanical installing and pointing the maximum
of the antenna patterns towards the satellites for the
typical for the developing counties conditions,
including:
• Hard wind and heavy climate conditions.
• Lack of qualified personal.
• Sometimes lack of stable mounting platforms.
The solving of the direct satellite TV antennas
problems in developing countries needs entirely new
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approach [1], [3], [4], [5]. The name of the new
technical proposal is Spatial Correlation Processing
(SCP). Its main objectives include:
• Receiving one or more radio signals coming from
one or several spatially distributed sources
(satellites), insuring high gain of the antenna
systems and using fixed or mobile receiving
terminals, equipped with SCP signal processing
systems.
• Insuring spatial selectivity high enough to
cancel the same frequency channel interference,
coming from different space directions, using
simple one-channel receiver and patented signal
processing principle.
The main features of the SCP approach, particular
for the developing countries, are:
• Simple and cheap passive Radial Line Slot
Antenna (RLSA), suitable for mass production in
Ku and Ka frequency bands.
• One channel microwave receiver with simple
signal processing.
• Omnidirectional for the cooperative satellite, but
with high figure of merit G/T.
• Selection of different satellites and polarizations
by PN-codes.
• Soft handover and virtual multi-beam features.
• Receive only system, but with possible
applications in transmitting systems too.
• Applications in existing Digital Video
Broadcasting – Satellite (DVB-S) systems with
minor modifications of the ground transmitters,
compatible
with
the
existing
satellite
transponders.
Geostationary satellite systems (GSO,s) provide
fixed and mobile communications, as well as TV
broadcasting services since 1964. They still suffer
some problems as:
• The amount of the already existing systems limits
the frequency and orbital resources in the most
desired frequency bands, for example the Ku
band.
• The low elevation angles in the high latitude
regions hamper the reception in urban areas
and/or rough terrain. Mobile reception using
horizontal antennas mounted over mobile
platforms is just impossible.
An appropriate decision of the afore-mentioned
problems is the use of satellite systems on high elliptic
eccentricity polar orbits, known as Quasi-GEO. The
active zone of the satellites is in the apogee, when the
relative satellite - Earth velocity is low. The
application of the Quasi-GEO systems encounters
several specific problems:
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• It requires the use of high gain tracking antennas.
• The ground terminals need the exact angle
coordinates of the active satellites. This
requirement puts hard restrictions on the orbital
Quasi-GEO satellites parameters.
• The need of soft hand-off between the satellites.
When mechanical scanning tracking antennas are
used, two antennas are needed at least.
• The relative movement between the Earth and the
satellites leads to high Doppler shift of the
information signals.
The application of the SCP technology in
GSO,s requires specific approaches. In the case of
fixed reception, the antenna should be mounted
vertically on the wall, looking to the chosen GSO
satellite. In the case of mobile reception, it should be
mounted horizontally on the roof of the vehicle. In
Quasi-GEO the antenna should be in horizontal
position in both mobile and fixed reception. Another
advantage of the SCP technology is the ability for
multi-beam reception, using several correlators, each
one for the different satellite. The result is:
• Ability for soft hand-off between the satellites
using single antenna aperture.
• Space diversity, which allows reception of the
same information from several satellites, leading
to increased reliability in urban and rough terrain
areas.
• The collective systems in trains, aircrafts or ships
allow the receiving of different TV programs
from several satellites by means of a single
antenna system.
Another advantage of SCP technology in QuasiGEO is the lack of Doppler shift problems; being the
same for the pilot signal and the information one in
the process of correlation it is compensated.
SCP, transmit or Random Phase Spread Coding
(RPSC)
A new principle to create broadband Spread
Spectrum (SS) systems was proposed by the author
[6]. It is based on transmission of broadband
microwave signals in the open space by means of
multi element random phased antenna arrays. The sum
of the different elements signals in a given point in the
space has Gaussian probability distribution and noise
like properties. The sums in the different directions of
the space are not correlated each other. In such way
the proposed principle solves simultaneous the
problems of spreading and beam forming of the future
sophisticated microwave terrestrial and satellite
communication systems with fixed and mobile
applications.
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The main features of the RPSC technology, when
it is used in the up-links of the satellite
communication links, additionally include:
• Omnidirectional for the cooperative satellite, but
with high equivalent (at base-band) Equivalent
Isotropic Radiated Power (EIRP).
• Selection of different terminals and polarizations
by Pseudo-Noise (PN) codes;
• Soft handover and virtual multi-beam features.
• The coherent demodulation by means of pilots
(specific property of SCP technology) cancels the
Doppler shifts and phase jitter, introduced by
local oscillators in the satellite system.
• Compatible with the existing bent-pipe satellite
transponders.
• Providing of full duplex radiocommunication
system with one simple and cheap transmitreceive antenna, using combined SCP-RPSC
technology in both directions, particularly in Ku
band.
• The transmitted random poly-phase spread
signals will not cause significant harmful
interference to the conventional satellites, using
the same frequency channels. The interference
will be similar to that, caused by the side lobes of
an antenna array with random elements
distribution and main lobe, phased in another
direction.
• RPSC up-links are protected against jamming,
coming even from points, close situated to the
earth stations – in the main lobe of the satellite
up-link receiving antenna.
• The transmitted random poly-phase spread
signals have low power spectral density and low
detection probability for the conventional
microwave receivers, leading to low active
jamming probability.

stations. For the reasons, mentioned above, the
possibilities to create HAPS and WIMAX links in
NLOS environment with SCP technology are of great
importance. One of the main advantages of SCP
technology is the possibility to create simultaneous
several narrow virtual antenna beams, represented by
the SCCF (Spatial Cross-Correlation Functions). In
our case the goal is the effective use of the reflected
from the different buildings beams, gathering the
energy of the multipath signals in phase at baseband
(similar to the CDMA).
A block-scheme of a SCP Rake receiver for HAPS
mixed LOS and NLOS propagation environment is
proposed in [7]. Here a typical SCP receiver is used,
but at low IF (Intermediate Frequency) several Rake
channels are created. Each of them consists of pilot
recovery unit and signal recovery unit. The pilot
recovery units are fed by the used PN-code, properly
time shifted according to the time offset of the
different reflected signals. In the signal recovery units
the corresponding recovered pilots correlate with the
spread in the same manner information signals,
coming from the same reflecting points. The baseband
output of the correlators are time delayed with the
above mentioned specific time delays and summed.
The procedure for the HAPS-WIMAX up-links,
using RPSC approach, will be similar to the previous
case. The Rake receiver for the different pilots
multipath components will be situated at the base
station site and the signal processing will be similar
too.
The magic properties of SCP-RPSC technology will
help the HAPS and WIMAX millimeter wave
antennas not only in LOS conditions, but in NLOS
environment too. As a result, high capacity reliable
broadband wireless networks will appear soon on the
market, solving the communication problems of the
big cities in the developing countries.

Wireless access to Internet in heavy populated
areas – the Bulgarian contribution in HAPS and
WIMAX
The new wireless technology SCP-RPSC was
proposed by the author several years ago as a solution
of the antenna problems of mm-wave HAPS (High
Altitude Platform Systems) and WIMAX (World
Interoperability for Microwave Access) [1]. The
proposals deal with LOS (Line Of Sight) mm-wave
propagation environment, which is accepted by the
communication community as the only way to
communicate in these frequency bands.
In high building city environment most of the
terminal links will be shadowed, leading to necessity
of more and more new Earth and HAPS mounted base

Wireless access to Internet in low populated
areas – the Bulgarian contribution RPSC-MA
The developed SCP-RPSC principles could be base
of a new breakthrough technology, leading to
unpredictable increase of the frequency reuse factor in
the satellite and terrestrial wideband networks. This
statement is based on the published previously by the
author RPSC systems property that close situated
subscriber terminals could communicate with
terrestrial or satellite base stations, using the same
frequency channel without interference. The isolation
between the terminals up-links will be provided by
their specific random phase spread coding, due to
their specific random design. Thus, we can consider
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this way of operation as a new multiple access
approach, named by us Random Phase Spread Coding
- Multiple Access (RPSC-MA) [8].
RPSC-MA could be very attractive for specific
conditions of the developing countries. For most of
them, the no uniform territorial distribution of the
subscriber terminals is typical – huge distances among
different populated areas (in order of hundreds or
thousands kilometers) and small distances among the
terminals (in order of several meters). In such
configuration of the subscriber distribution the
established in the developed countries method “spot
beams” of satellite coverage is not effective.
Feeder lines for terrestrial and No – GEO
satellite base stations
Satellites have been successfully serving the
traditional markets i.e. telephony and broadcasting,
covering large geographical areas using single beam
transmission. There is a great demand for fixed and
mobile two-way broadband access over large
geographical areas not served by telecommunication
infrastructure. Satellite broadband is expected to serve
as a “local-loop” in such areas. Satellite
telecommunication technology has the potential to
accelerate the availability of high-speed Internet
services in developing countries, land-locked and
island nations, as well as in mobile platforms. There is
a close link between the availability of a large-scale
broadband infrastructure and the provision of public
education, health and trade services, on-line access to
e-government, e-trade information and in flight
connectivity.
One of the biggest technical problems of the
broadband satellite is the way of access to the satellite
segment, particular the used antenna systems. Their
solution needs entirely new approach, which is based
on Electronically Steerable Antennas (ESA). Their
benefits include:
• An ESA can direct a narrow beam over a sector
angle and give coverage like a sector antenna.
• The narrow beam corresponds to a high antenna
gain and thus reduces power and amplification
requirements on radios.
• The narrow beam width reduces multipath
propagation problems.
• Complex and dynamically re-configurable radio
networks can be created exhibiting high spectrum
efficiency.
• If the steering of antennas is coordinated it
potentially enables the reuse of frequencies and
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timeslots in different directions.
• The used until now "multiple spot beams"
approach is not effective when there is instability
or motion of the communication platform. It is
due to the necessity of permanent handover
among the different spot beams. The ESA
approach is good solution in such cases.
The drawbacks of the ESA include:
• There is an increase of complexity in the antenna.
• There will be losses in the RF-electronics in the
antenna, which lowers the antenna efficiency.
• The use of non-linear devices in the antenna will
demand that spectrum issues be addressed.
• The existing ESA designs have only one steering
beam. In the case of mobile or unstable
platforms,
we
need
several
hundred
independently steering and isolated each other
antenna beams.
The new solution, cancelling the above-mentioned
ESA drawbacks, is the proposed by the author
technology SCP-RPSC.
Recently there has been an increase in the use of
Fixed-Satellite Service (FSS) networks by Earth
Stations mounted On Mobile Platforms (ESOMP,s) to
provide telecommunications services to aircrafts,
ships, trains and other vehicles using both the C- and
Ku-band. As the demand for these systems evolves,
service providers are turning to other FSS bands, in
particular Ka-band, to meet this growing need. The
architecture of Ku band GEO broadband on-board
system Mowgly, using SCP-RPSC approach, is given
in [9].
The space segment of the future global satellite
systems for broadband communications can be
designed in a number of ways, depending on the
orbital type of the satellites and the payload
technology available on board. The use of different
satellite orbits to provide complementary services,
each optimised for the particular orbital type, is
certainly feasible. Satellites can be used to connect
with each other, through the use of Inter- Satellite
Links (ISL) or Inter-Orbit Links (IOL), which when
combined with on-board routing facilities, can be used
to form a network in the sky.
The unique properties of the SCP-RPSC
technology could be very useful if it will be
implemented in the feeder lines, ISL and IOL of the
future LEO satellite communication networks. An
analysis of the different options is discussed from
SCP-RPSC technology implementation point of view
in [10].
There are attempts of some Internet providers to
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build new network of MEO satellites with steerable
Ka-band beams to provide lower-cost, fiber-grade
access for cellular backhaul and IP backbone trunking
in traditionally underserved areas, named O3b. The
possible applications of SCP-RPSC technology on
satellite board in O3b MEO system is discussed in the
report [11]. If this approach is used in the ground
segment, the following new capabilities will improve
the system work:
• Soft handoff between Setting Satellite (SS) and
Rising Satellites (RS) with a single and cheap
antenna system without mechanical movement,
mounted not only on FES, but on ESOMP,s too.
• Space diversity, giving the opportunities for
simultaneous communications with more than
one O3b satellite.
• Frequency sharing with GSO satellite
communication systems.
• The system knowledge for the spatial distribution
of the O3b satellites is not necessary.
• Proposed by the author new mobile access to the
satellite segment RPSC-MA is feasible to be used
in order to increase the O3b satellite segment
capacity.
Personal
mobile
communications
using
integrated terrestrial – satellite systems
One of the main objectives of the Satellite
Personal Communication Networks (S-PCN) is to
complement terrestrial mobile networks by providing
analogous services in areas where satellite technology
is more effective and economic [12]. It can be
achieved by the provision of dual-mode user
equipment which communicates with both the satellite
and terrestrial mobile networks so that when users
roam outside of the terrestrial coverage, their
requested services can still be supported via the
satellite segment. This property is very important for
the developing countries due to the small density
population and the presence of huge deserts, sea and
ocean parts of the earth surface, where terrestrial
coverage is impossible.
An important topic in this field of research is the
Connection Transference Schemes (CTS) with Soft
Handover (SH). SH maintains the call connection
through the old link until a new link is firmly
established. SH is always associated with diversity
(satellite - terrestrial or satellite – satellite). With soft
handover, the service will not be interrupted since the
old connection is still used for communication during
the handover procedures. As a result, seamless
handover can be achieved. The CDMA radio-access
approach is particular suitable to realize seamless SH
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in the Integrated Satellite - Terrestrial Network
Scenario.
CDMA Bandwidth efficiency is the main driving
force in the use of CDMA since frequency re-use
planning is not required. All available frequencies can
be re-used in every single spot - beam. CDMA makes
use of the Pseudo-Noise (PN) code concept in order to
distinguish between different channels. It transmits
modulated data onto wideband carriers that are
distinguishable from each other by different PN
sequences. Receivers retrieve their intended data by
searching for their PN sequence. In order to avoid
interference, the traffic carriers must be spread with
synchronized and orthogonal PN sequences. Although
synchronous-CDMA (S-CDMA) proves to be the
most efficient to eliminate interference arising from
other users sharing the same carrier and the same
spot-beam, interference from other spot-beams which
overlap the coverage of the intended spot is still
considerable. The synchronization process to ensure
orthogonality between all links requires signalling to
adjust the transmission in both the time and frequency
domains for every user independently. If dual satellite
(or satellite – terrestrial base station) diversity is
deployed, the timing advance will be addressed to
only one satellite. Half of the users sharing the same
frequency band will statistically be synchronized to
this one particular satellite while generating intrinsic
noise to the other. The system capacity is
subsequently reduced. If orthogonality between PN
sequences is not required, i.e. asynchronous CDMA,
synchronization is not necessary. Under this situation,
the number of available PN sequences will increase
tremendously. However, this implies that interference
levels generated by co-channel users cannot be
suppressed as efficiently which may reduce the
system capacity. However, since the number of PN
sequences is increased, such a reduction in system
capacity may still be well within the resource
utilization efficiency of that offered by S-CDMA. In
the case of multi-satellite diversity, longer codes may
be required in order to discriminate between different
links and consequently, synchronization among
different satellites will be more complex. Another
problem in the future integrated terrestrial-satellite SCDMA systems could be the short length of the used
PN-sequences, optimized for terrestrial usage, where
the radiuses of the used cells are in order of several
kilometers. The use of the same codes for the satellite
segment will raise problems due to the ambiguity of
their autocorrelation functions.
A retrospective review of a new approach, named
Space Correlated Unique –Pseudo - Noise (SC U-PN)
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codes and propose by the author several years ago, is
given in [13]. It is particular useful as spread spectrum
radio access technology in the mobile broadband
communications systems with integrated terrestrial satellite positioning. The principles of U-PN codes
generation, as well as the basic methods of their
acquisition and tracking are given too. Proposals of
realistic SC-CDMA mobile communications systems,
based on the well developed GPS navigation, are
shown in the end of the report.
The proposed SC-CDMA principle uses several
space-distributed sources of radio-signals, positioned
at different points in the space. The signals are phase
modulated by appropriate PN-codes. The Mobile
Stations (MS) receive these signals by means of the
well-known CDMA technology. For this purpose the
same PN-codes are generated and synchronized in the
MS receiver. The sum(mod2) of these codes creates a
new code, which we named U (Unique)-PN code.
This code is used for spreading the information,
transmitted by the MS. Similar approaches are used
for generation of the Base Station (BS) U-PN codes.
Conclusion
The conclusion is that the practical implementation
of SCP-RPSC and SC-CDMA principles and
technologies
will
solve
many
global
telecommunications problems. The results of the
author 20 years long research activity will be a very
strong Bulgarian contribution for developing countries
and will lead to a better world for the human mankind.
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APPLICATION IN PRACTICE

Impulse control of a DC motor with active driver circuit
Ivan P. Tanev, Svetoslav Cv. Ivanov
This paper describes a study and the results obtained from the implementation of pulse control
over a DC motor by means of both a conventional and an active driver for controlling the powerful
MOSFET. The studied active driver gives feedback on a derivative of the current in the electrical
circuit of the source. The motor operates under a mode of discontinued current at change in the
coefficient of the control pulses from 20 to 80%. The paper examines theoretically and experimentally
the current change through the motor armature for both logical drive circuits. Based on the
constructed experimental setup, involving a motor and a voltage generator for a mechanical load, the
torque of the motor has been defined. For the purpose of comparing the efficiency of the engine, the
consumed electric power and the developed mechanical shaft power for both control drive circuits
have been determined. The change in the motor efficiency as a function of the duty cycle of the control
pulses has also been studied. Comparative analysis of the obtained results has been made.
Импулсно управление на постояннотоков двигател с активна драйверна верига (Иван
Танев, Светослав Иванов). В тази статия са описани направените изследвания и получените
резултати при импулсното управление на постояннотоков двигател с конвенционален и с
активен драйвер за управление на мощния MOSFET транзистор. Изследвания активен драйвер
е с обратна връзка по производна на тока във веригата на сорса. Двигателят работи в режим
на прекъснат ток, при изменение на коефициента на управляващите импулси то 20 до 80 %.
Изследвано е теоретично и експериментално изменението на тока през котвата на
двигателя при управление с двете драйверни схеми. На базата на съставената опитна
постановка включваща двигател и генератор на напрежение за механичен товар, е определен
въртящия момент на двигателя. С цел сравнение на коефициента на полезно действие на
двигателя са определени консумираната електрическа мощност и развиваната от вала
механична мощност при управление с двете драйверни схеми. Направен е сравнителен анализ
на получените резултати.

1. Introduction
Power losses depend on the operating frequency of
a MOSFET, as well as on the value of its input and
output capacity, which affect the duration of the
transitional processes.
In battery fed power trains, like in cars and lift
trucks, power MOSFETs with high current ratings
play a significant role. Typical applications are DC
Motors or DC/DC converters. Due to the high power
and low voltages of i.e. 24V in some applications high
currents is the consequence. Thus there is a high
demand for low voltage power MOSFETs with a low
drain-source on-state resistance RDS(ON) and a low
temperature dependence on the market to achieve
lower conduction losses [1], [3].
Due to the reduction of the drain-source on-state
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resistance RDS(ON) of modern power MOSFETs and the
subsequently decreasing conduction losses, the
switching losses get a higher influence of the total
power losses of the semiconductors. With higher
switching frequencies this effect rises and can play an
important role in the choice of a power MOSFET type
and gate drive circuit design has an influence on the
switching losses [4], [7], [8].
The modern way to reduce the switching losses or
the overvoltages is the active gate control of switch on
and switch off via the gate drive. With the diD/dt
feedback control, the diD/dt of the drain current iD is
sensed and fed back to the gate control path. In this
way a control of the rise of the drain current is
possible [5], [6]. Characteristic of the studied motor
driver circuit is that it produces a “more sloping”
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Fig. 1. Schematic of the experimental laboratory model for studying the transients in the DC motor.

control pulse with sinusoidal transitions. Figure 1
shows the shapes of the two control signals.
This paper presents the results obtained from
studying an active motor driver circuit with di/dt
feedback and a conventional motor driver circuit by
the company Microchip, type TS4421, at impulse
control of a DC motor, Figure 1. The power losses
have been studied, the average value of the current,
flowing through its armature coil, iave, has been
determined, the torque MT has been defined, and a
comparison of the efficiency η for the two cases of
control has been drawn.
2. Determination of the average current
through the armature coil of the DC motor
A motor with maximum operating voltage of 30V and
rated torque MT = 0,11 N.m was used for the purposes
of the study. The main engine parameters required for
analytical research of transients are: constant BEMF
kb = 0,01; active resistance of the armature winding R
= 3,7Ω; inductance of the anchor L = 4mH. Constant
torque torgue kt = 0,0072N.m /A. Research has were
made at a frequency of control pulses f = 400Hz and a
period of repetition T = 2,5ms, with a duty cycle D =
50%.
During the study the motor was powered with
voltage 30V. The studies were carried out under a
mode of discontinued current.
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2.1 Control by a conventional driver TS4421
The average value of the current flowing through
the motor armature at pulse control, provided that the
load is active-inductive with BEMF, is determined by
the equation:
(1)

I ave =

2
T

T 2


0

R

− t
U −E
(1 − e L )dt =
R

U −E
2 L.e
2L
(1 +
−
)=
R
R.T
R.T
−

=

R

. T

2

L

After substituting the values, involved in the
equation, with the numerical values of the average
current, for Iave it is obtained:
Iave = 1, 541 A.
2.2 Control by an active driver with feedback with
respect to di/dt
The change of the drain current of the transistor in
the closed system comprising the MOSFET and the
driver circuit with a negative feedback on a current
derivative, can be presented by the equation [2]:
R

(2)

− t
U −E
.(1 − e L )
R
iDS (t ) =
R
U − E − Lt
1+ k(
.e )
L
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where k is the current gain of the feedback circuit with
respect to a derivative of the current.
In this case, for determining the average value of
the current, flowing through the motor armature, it is
necessary to take into account the impact of the
negative feedback on the derivative of the current.
The average current value can be determined from the
equation:
R

(3)

I ave =

2
T

T 2


0

− t
U −E
(1 − e L )
R
dt
R
U − E − Lt
1+ k(
.e )
L

After introducing the new variables, the following
equation is obtained:
(4)

U −E
U −E
R
= A, k
= B, − = λ
R
L
L

The limits of variation of the time t are in the
interval from 0 - T/2. The change of parameter k is in
the interval:

λ .T
1÷ e 2

.
2A 1− e
dt
T 1 + B.e
λt

I =

(5)

ave

T 2


0

λt

After putting the following expressions, it is
obtained

e = x → λt = ln x → t =
λt

(6)

(7)

1
dx
λx

I ave

2A
=
T .λ

=

(8)

e

λT
2


1

(11)

I ave =

U − E 2 L( L + k (U − E ))
+
×
R
R 2 .T .k
RT
− .
L

L + k (U − E ).e 2
ln
L + k (U − E )

After substituting with the numerical values, at a
value of the feedback coefficient k = 0.0001
(a parameter of the studied driver), for the average
current value Iave it is obtained:
Iave = 1,314 A
From the calculations it can be seen that when
control with an active driver circuit is implemented,
the average value of the current, flowing through the
armature of the motor, is smaller.
3. Determination of the torque MT at impulse
control of a DC motor
The studies of the mechanical characteristics were
made by means of an experimental model, comprising
a motor, mechanically connected to a DC generator.
The rotational speed of the motor is measured by a
DC tachometer. The block diagram of the
experimental model is shown in Figure 2. The basic
electrical and mechanical parameters describing the
operation of the studied system are presented as well.
At pulse control with a duty cycle - 75%, different
torque values are obtained for the cases of control,
realized by means of the two different drivers.

1− x
dx =
(1 + B.x) x

( A2 + A1.B ) x + A1
x(1 + B.x)

A2 + A1.B = −1

(9)

(10)

dt =

1
ln x
λ

The solution of the integral is as it follows:

→ A1 = 1, A2 = −1 − B

I ave =

2A
T .λ
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e

λT
2

1

1

 ( X − (1 + B) 1 + B.x ) dx
1

Fig. 2 Block diagram of the experimental model.
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The symbols in Figure 2 denote:
Φ - magnetic flux; L - induction of windings; Rresistance of windings; JT – inertia of motor and load;
MT – torque; TG - tachogenerator; F - rotary friction
of motor and generator; Rv – potentiometer: BEMFBack electromotive force.
The maximum torque reached by the motor
armature at the end of the control pulse can be
determined by the equations:
(12)

M T max = Ce .Φ.I max = kT .I max ,

Pmech = M T . ω

(15)

The consumed electric power can be determined
by the equation:
(16)

Pel = Pmech + Ploss = Pmech + I 2 ave . ra ,

where ra is active resistance of the armature winding.
When driving a DC motor with a duty cycle of the
control pulses (75%), these types of power have the
following values:
-

In case of an active driver:
P = 19,6 W ; Pel = 30.1 W
- In case of a conventional driver:
Pmech = 18,6 W ; P = 33.63 W .
The efficiency under the control by an active driver
reaches a value of 65%, while when a conventional
driver is used, it has a value of 55%, provided that the
attached moment of resistance MT is the same.
Figure 4 shows the results from the experimental
study of the dependence of the developed speed of the
motor shaft on the duty cycle of the control impulses
for the powerful transistor.
mech

where Imax is the amplitude current value at the end of
the control pulse, Figure 3.
In case of control with a conventional driver, the
maximum torque reaches a value, equal to:
(13)
M = 0,072 .1, 25 = 0,09 N . m
When the control is realized by means of an active
driver, the maximum torque has the value:
T max

(14)

M T max = 0,072 .1,38 = 0,1N . m

el

Fig. 3. Graphs, representing the voltage change on the
transistor and the current change through the motor
armature.

The current value is measured as the voltage on the
resistor in series included the armature coil. From the
obtained values of the torque it can be seen that in
case of control by means of an active driver circuit, it
reaches a higher value.
4. Comparison of the influence of the driver
circuits on the motor efficiency
Based on the study of the amplitude value of the
current, flowing through the motor armature, and the
developed maximum torque, a comparative analysis of
the efficiency of control with both types of drivers
was made.
The mechanical power, developed by the motor
shaft, has a value, determined by the equation:
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Fig. 4. Graphs of the change of speed as a function of the
duty cycle pulse in case of control by means of both drivers.

The studies have been conducted in the range of
variation of the duty cycle D from 25% to 75%. The
graph shows that in case of control with an active
driver, the DC motor reaches higher speeds while
equality in the speed of rotation is obtained at D =
50%.
From the conducted analytical and experimental
studies it can be seen that under the control of an
active driver, the efficiency of the motor is increased
by up to 10%.
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5. Conclusion
It has been established by the conducted studies
that the active driver reduces the speed of change of
the current, flowing through the motor armature at the
beginning and the end of the transition process at
turning the powerful transistor on. In the studies,
carried out with a duty cycle D50%, the average speed
of rotation of the motor shaft was the same for both
driver circuits. During the experimental study the
same moment of resistance was attached to the motor
shaft and, in result, the same mechanical power was
reached by it for both cases of control. From the
theoretical studies of the average electric power
consumption it was found that under control with an
active motor driver circuit the consumption has a
smaller value. As a consequence, the motor efficiency
under control with an active motor driver circuit was
bigger by up to 10%.
The average current value under control with an
active control circuit is smaller. From the harmonic
analysis of the current change during the transient
processes of switching the motor on and off it was
found that the amplitude values of the individual
harmonic currents have higher amplitude values in
case of control with an active motor driver circuit. As
a consequence, under the control of an active driver,
the amplitude value of the current through the motor
armature has a greater value and the engine reaches a
higher torque.
The experimental study established that the
rotational speed of the engine under the control of an
active driver increased in comparison with the case of
control with a conventional driver at changes in the
duty cycle of pulses from 25 to 50% and from 55% to
80% (Fig. 4 ). In result, the efficiency of the motor
increased, receiving values, reaching up to 10%.
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Thermophysical simulation of thermoelectric cooling system
Ivaylo Belovski, Boris Evstatiev, Anatoliy Alexandrov
The main active element in thermoelectric cooling systems is Peltier module. Its action is based
on the Peltier effect, which results in the conversion of electrical power into a temperature gradient.
This article presents a simulation of the thermal behavior of thermoelectric refrigerator with a focus
on the initial peak load due to refrigerate warm object, as well as a - further transitional cooling process and tempering of this object. On the basis of the mathematical apparatus a software product has
been developed to help visualize numerical results. Both the experimentally obtained and numerical
results are in a good compliance.
Термофизическа симулация на работата на термоелектрическа охладителна система (Ивайло Беловски, Борис Евстатиев, Анатолий Александров). Основен активен елемент
в термоелектрическите охладителни системи е модула на Пелтие. Неговото действие се основава на ефекта на Пелтие, който се изразява в превръщането на електрическата мощност
в температурен градиент. В тази статия е представена симулация на топлинното поведение
на термоелектрически хладилник с фокус върху първоначалния пиков товар, дължащ се на
поставения в хладилника топъл обект, както и на по - нататъшния преходен процес на охлаждане и темпериране на този обект. На базата на използвания математически апарат е
създаден програмен продукт, с чиято помощ се визуализират числените резултати. Между
експериментално получените и числените резултати се наблюдава добро съответствие.

Nomenclature
T1 - Cold side heat sink temperature, 0C;
T2 - Hot side heat sink temperature, 0C;
T3 - TCS volume temperature, 0C;
T4 - TCS outer wall temperature, 0C;
T5 - TCS inner wall temperature, 0C;
T6 - Water container temperature, 0C;
T7 - Ambient temperature, 0C;
Δτ - Sampling time, s;
α
- Convective heat transfer coefficient,
W.m-2.K-1;
v
- Air velocity, m.s-1;
Qenv. - Heat flow between the environment and
the air in the volume, W;
Qprod . - Heat flow between the cooled product
and the air in the volume, W;
Qtec - Heat flow between the heat sink and the
air in the volume, W;
tenv. - Ambient temperature, K;
- Volume temperature, K;
tvol
Fwall - Area of walls and the ceiling, m2;
αout
- Convective heat transfer coefficient between the environment and external wall
of the container, W.m-2.K-1;
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αin
δwall
λwall
αinprod

- Convective heat transfer coefficient between the inner walls of the container
and air inside, W.m-2.K-1;
- Thickness of the walls of the container,
m;
- Thermal conductivity coefficient,
W.m-1.K-1;
- Convective heat transfer coefficient between cooled product and the air in the
container,
W.m-2.K-1;
- Cooled product surface area, m2;
- Cooled product temperature, K;
- Cold side heat sink termal flow, W.K-1;
- Cold side heat sink temperature, K;

Fprod
tprod
Ntec
tcold
t +Δτ
tvol
- Change volume air temperature for time
Δτ, K;
Vvol - Volume air in the container, m3;
Vprod - Volume of cooled product, m3;
Ρvol - Volume air density, kg.m-3;
Cvol - Volume air specific heat capacity,
J.kg-1.K-1;
t +Δτ
t prod - Change cooled product temperature for
time Δτ, K;
Ρprod - Cooled product density, kg.m-3;
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Cprod
P
I
U
ΔТ
Qc

- Cooled product specific heat capacity,
J.kg-1.K-1;
- Power input for TEC, W
- Current, A
- Voltage, V
- Temperature difference ΔТ = T2-T1, 0C
- Refrigeration capacity, W

Introduction
The major node in a thermoelectric cooling system
(TCS) is the thermoelectric pump (TEP), in which a
thermoelectric module (TEM) is integrated. [1], [2].
The thermoelectric module is the smallest purchase
element that is composed of Peltier elements. These
are the elements that convert electrical energy into a
temperature gradient. [3]. Today, thermoelectric devices are successfully used in our everyday life, enhancing a better comfort and quality of life. Cooling,
based on the Peltier effect, has several indisputable
advantages. The devices are relatively simple and with
small dimensions, they possess a good construction
reliability and long service life (over 200,000 hours).
They do not have any moving parts or environmentally harmful refrigerants. Modern TEM are highly effective - with power up to several hundred watts.
That is why the methods of designing, modeling, analysing and constructing thermoelectric devices are
attracting a still wider range of specialists.
In recent years, thermoelectric cooling systems
have been widely used [4]. They have been applied in
modern vehicles for cooling and preserving products
during their transportation, in portable cooling bags,
computer, military and medical equipment.
The purpose of this study is to simulate the thermal
behavior of a thermoelectric cooling system with a
limited calculation procedure. Simulating results is
presented in graphic form through user application.
Theoretical basis and methods
For the purpose of simulating an experiment has
been carried out. A thermoelectric cooling system has
been designed, [5], in order to carry out the experiment. It consists of a thermoelectric pump 1 and a 10
liter container with double walls 7 and 8, between
which a thermal insulation layer 9 (Fig. 1) is embedded. Thermoelectric pump 1 is constructed according
to Peltier TEM 4 and а heat conductor 5, hot side heat
sink 3 and cold side heat sink 6 of Peltier module and
fan 2 attached to the hot side heat sink for temperature
withdrawal. A plastic bag with water 10 is placed into
the container. There is only natural convection, without any additional ventilation.
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The cold side heat sink temperature is measured
with thermometer T1, the hot side heat sink temperature - with thermometer T2, the temperature in the
TCS volume - with thermometer T3, the TCS outer
wall temperature - with thermometer T4, the TCS
inner wall temperature - with thermometer T5, the
temperature in the water container – with thermometer
T6 and the ambient temperature - with thermometer
T7.
The electric power consumption of the thermoelectric pump during the test is P = 88W. The optimal DC
mode, which generates the lowest temperature of the
cold side heat sink - T1 = -12 0C and the lowest temperature in the container volume - T3 = 5 0C : I = 8A,
U = 11V (P = U.I).
The maximum temperature difference ΔT between
the hot and cold side of the TEM is ΔT = 45 0C. At
this ΔT and I = 8A, from catalog data of TEM (type
ТЕС1–12712 YK-0458) the refrigeration capacity was
- Qc = 15W.

3
4

2 1
T2

5

T1
T3
T4

6
10
T6
7 8 9

T5
T7

Fig. 1. Thermoelectric cooling system.

For the purpose of simulating it is assumed that in
order to reduce the calculation procedure the air temperature in the TCS, and the temperature of the cooled
product should be identical in their entire volume.
To reduce the calculation procedure, taking into
account the identical air parameters in the entire volume, it is assumed that there is a heat transfer through
the bent flat wall with an area, insulation characteristics and a specific heat capacity suitable for the container sides.
It is assumed that the TCS is located in a confined
space which provides the heat transfer between the
outer walls and the environment by way of a natural
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convection. The coefficient of convective heat transfer
is calculated according to the model of McAdams [6]:

α = 5, 6 + 4.v ,

(1)

where v is air velocity.
Considering the presence of a heat sink on the
cold side of the Peltier module, it is assumed that the
heat transfer between the air volume inside and the
inner walls of the container is through convection.The
energy balance of air inside the container is the sum
Q
Q
Q
of: env , prod and tec (2) :
Qenv + Q prod + Qtec = 0

(2)

Each of these heat flows, in turn, is expressed
through: [2], [5], [6].
Qenv =

(3)

( tenv − tvol ) .Fwall
1

α out

δ
1
+ wall +
λwall

(

α in

)

(4)

Q prod = t prod − tvol Fprod .α inprod

(5)

Qtec = Ntec ( tcold − tvol )

The change of the air temperature inside the container for a period of time Δτ is determined by: [7],
[8].
t +Δτ
t
tvol
= tvol
+

(6)

(Q
(V

)

env

+ Q prod + Qtec .Δτ

vol

− V prod .ρ vol .Cvol

)

The change of temperature of the cooled product
for a period of time Δτ is similarly determined:
+Δτ
t tprod
= t tprod +

(7)

( Q ) Δτ
prod

V prod .ρ prod .C prod

The simulation algorithm of the thermoelectric
cooling system is presented in Figure 2. After initial
definition of the conditions, the following data are
calculated successively: Qenv , Q prod , Qtec , tvol and

Results and discussion
On the basis of synthesized mathematical model a
user application TECS v.1.0 was created within Microsoft Visual Studio 2010.
The operating interface consists of an input tabular
part and an output - drawings. In the tabular part, the
following parameters are given:
• Simulation duration;
• Sampling period;
• Air velocity outside TCS;
• Air velocity in the volume of TCS;
• Ambient temperature;
• Initial temperature of TCS ;
• Initial temperature of a cooled product;
• Length, width and height of the TCS container;
• Thermal conductivity of the walls of a container;
• Thickness of the walls of the container;
Surface area of a cooled product;
• Mass of a cooled product;
• Specific heat capacity of a cooled product;
• Volume of a cooled product;
• Relative power of the cold side heat sink of
TEP;
• Electric power of TCS.
The input part is shown in figure 3. After pressing
the button "Simulate", simulation of processes in the
TCS can be carried out and the results are displayed in
graphical form.
The application offers users two modes:
- Mode "True values" – in this mode, the simulation of processes in the TOC is compared to the
experimental data. The results are presented in graphical form. The following conditions can be simulated:
• tvol = f (t ) ;
• t prod = f (t ) ;

Qc = f (t ) ;
• COP = f (t ) .
•

t prod .
The results are presented in graphics.
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Setting of initial
conditions

τ =0
τ = τ + Δτ
Calculating of the heat flows
α = 5, 6 + 4.v ,
( tenv −tvol ).Fwall
,
=
Q
env
1
1
δ
+ wall +
α out λwall α in
Q

prod

(

)

= t prod −tvol F

prod

.α

in

,

Q
t
= N
−t
tec
tec ( cold vol )

Calculating the change in temperature
in the volume of the container
t

(
(

)

Qenv +Q prod +Qtec .Δτ
t +Δτ
t
=t
+
vol
vol
Vvol −V prod .ρvol .Cvol

)

Calculating the change in temperature
of the cooled product
t

(

)

Q prod Δτ
t +Δτ
t
=t
+
prod
prod V prod .ρ prod .C prod

no

τ ≥ τ max
yes
Displaying graphic information

End

Fig. 2. Simulation algorithm.
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Fig. 4. Temperature simulation tvol and the results compared to the experimentally received values.

Figure 5 shows the simulation of the heat flow Qenv, Qprod and Qtec.- time function t with set input
conditions corresponding to the data in Figure 3.

Fig. 3. Introduction to the user application.

Figure 4 shows an example of simulated air temperature in the container volume - tvol , as all input
parameters, similar to those of the test, are preliminary
set.
The simulation results graphics are compared to
those of the test.
- Mode "Constant" - in this mode, it is believed that the cold side heat sink has already
reached a certain temperature (set by the user) and at
this point a product is put into TOC for cooling. The
program simulates:
• tvol = f (t ) ;
•

Fig. 5 Simulation of heat flow - Qenv, Qprod и Qtec.,
time function - t.

Figure 6 shows the simulation of cooled product
temperature tprod if cold side heat sink temperature is 10 degrees Celsius.

t prod = f (t ) ;

QTEC = f (t ) ;
• Q prod = f (t ) ;
•
•
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Qenv = f (t ) .

Fig. 6. Simulation of cooled product temperature tprod
time function - t.
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Conclusion
A simulation of the thermal behavior of a thermoelectric cooling system has been made. It has been
significantly simplified from a technical standpoint in
order to limit the calculation procedure.
Experimental tests were carried out on a thermoelectric cooling system, developed for the purpose, to
find out dependence of the cold side heat sink tcold, the
air temperature in the volume tvol and the temperature
of a cooled product tprod on time - t.
The experimental results were used for comparing
and validating the simulation results.
Simulating results are presented in graphics. Software product - TECS v.1.0 within Microsoft Visual
Studio 2010 was used for the purpose.
The program allows the user to assign a great
number of input variables, such as: maximum time
simulation; velocity; ambient temperatures, the air
temperature in the volume and that of a cooled product; physical dimensions of the container - h /l /w;
surface area, mass, volume and a specific thermal
conductivity coefficient of a cooled product; relative
power of the cold side heat sink and electric power
consumption. The results of the simulations are presented in graphical form, as depending on the mode of
operation one or several graphics may be observed
simultaneously.
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