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ELECTRONICS

A practical approach for introductory
embedded systems teaching
Peter Yakimov
Abstract. In order to prepare the students for the challenges of their future job the Faculty of
Electronic Engineering and Technologies at Technical University of Sofia accepted a new curriculum
for Bachelor degree in Electronics which was created after many iterations and discussions with the
partners companies and employers organisations. In this paper a part of the course programme in
“Practice on open source platforms programming” is presented. The course gives the students
theoretical knowledge about embedded systems programming and practical skills in this field. Some
examples from the laboratory work that represent the practical approach for introductory teaching in
embedded systems programming are given. The practical approach is useful for the beginners. With
emphasizing on the practice rather than on the academic theory they accept the material easier. The
open source hardware and software - Arduino development board and the software IDE are very
useful for the introductory education.
Практически подход при начално обучение по вградени системи (Петър Якимов). За
да подготви студентите за предизвикателствата на бъдещата им работа Факултетът по
електронна техника и технологии на ТУ-София прие нов учебен план за ОКС „Бакалавър” по
специалност „Електроника”, който беше създаден след много обсъждания и разговори с
фирмите партньори и организациите на работодателите. Тази статия представя част от
учебната програма на дисциплината "Практикум по програмиране на платформи с отворен
код". Дисциплината дава на студентите теоретични знания за програмиране на вградени
системи и практически умения в тази област. Представени са някои примери от
лабораторните упражнения, които илюстрират практическия подход за начално обучение в
областта на програмирането на вградени системи. Практическият подход е полезен за
начинаещите. С акцент върху практиката, а не върху академичната теория те приемат
материала по-лесно. Платформите с отворен код - системата за развитие Arduino и
съответната програмна среда са много подходящи и полезни за началното обучение.

Introduction
Embedded systems are affecting human lives in
many ways. Examples can be found in alarm clocks,
automobiles, mobile phones, personal digital
assistants, etc. [1]. Embedded systems are also found
in cars, airplanes, and robots. They far outnumber
traditional computers (which also contain embedded
processors) and it is estimated that there will be
thousands of embedded devices per person by 2015.
Learning to design and program embedded systems is
a critical skill that is necessary for many industry and
scientific jobs [2]. At the level of today’s technology
consumer, there appears to be an increasing desire to
interface our technological power-machines to the real

physical world. And power-machines they are, our
personal computers, tablets and smart phones –
equipped with highly advanced man-machine
interaction technologies, communication possibilities,
location-determining hardware, acceleration sensors,
and more. However, for all their strengths and
possibilities, they do not offer the connectivity to the
physical world around us that many dream of [3]. So
there is a need of a physical interfacing which forced
development
of
projects
like
Wiring
(www.wiring.org.co) and Arduino (www.arduino.cc)
that offer immensely popular tools for lower- to
intermediate-level software and hardware design. This
affects on science and education. Scientists

increasingly use publicly available low-cost digital
prototyping systems to create measurement tools and
other experimental devices. To witness, a Google
Scholar (scholar.google.com) query for articles
containing the word “Arduino” in their title, excluding
legal document, patents and citations, yielded a result
of 490 scholarly articles (query result on September 2,
2013) [3]. The major benefits for using Arduino in an
educational setting are [4]:
• Ease of setup – plug and play;
• Many examples for controlling peripherals –
preloaded in the IDE;
• Many open source projects to look at;
• Works on Windows, Linux, and Mac;
• Low cost hardware – build or purchase prebuilt;
• Low cost software – free;
• Low maintenance cost;
• Students can prototype quickly;
• Can be programmed in a number of languages
including C.
Motivation for the practical approach
application
After many iterations and discussions with the
partners companies and employers organizations the
Faculty of Electronic Engineering and Technologies at
Technical University of Sofia accepted a new
curriculum for Bachelor degree in Electronics. In the
process of preparation lots of curricula from many
foreign universities with traditions in education in
electronics were investigated. It was created in order
to prepare the students for the challenges of their
future job. The goal was to emphasize on the
embedded systems and especially on the obtaining
practical skills in programming. Also it was accepted
that the practical training has to begin in the first
semester in order to the students to gain experience for
the specialized courses in the next years. As a
development environment was chosen the Arduino
platform which is an open-source hardware, designed
to make the process of using electronics in
multidisciplinary projects more accessible.
According to the philosophy of the new curriculum
a brand new course entitled “Practice on open source
platforms programming” with two hours laboratory
work per week was included. One major part of it is
based on the usage of Arduino. The development
board OLIMEXINO-328 based on the microcontroller
ATmega328P is the hardware [6]. The aim of the
course is with appropriate examples the students to
understand the relationship between computer devices
and the surrounding world. The experimental work
includes an application software writing and

debugging and measuring the response of controlled
peripheral circuits. Thus, students acquire practical
skills and obtain knowledge about basic electronic
circuits and devices, and the possibilities for their
program control. During the laboratory work
experiments on development boards are carried out.
Initially the given task is analyzed and the algorithm is
drawn. Then a program is written and run. Thus the
students individually find possible errors and after
analysis the results conclusions are made and mistakes
are corrected. The topics are directly related to the
field of the next courses [7].
New course implementation
The very beginning of the course is dedicated to
getting knowledge and skills in working with the
development board and the IDE. Only a personal
computer and a USB cable are needed for this.

Fig.1. User button with name BUT connected
to ATmega328P pin 32 (digital signal D2).

Fig.2. Light emitting diodes connected to ATmega328P
pins 17 (LED1 - digital signal D13)
and 13 (LED2 - digital signal D9).

Learning the examples from the preloaded in the
IDE the students study the basic statements of the
programming language for control of digital inputs
and outputs. No external tools are needed. The onboard button and LEDs are enough. To use them the
students have to know preliminary that the digital
input reads logic “0” from the pressed button and to

light the LED a high level must be set from the digital
output as it is shown on Fig. 1 and Fig. 2 [6]. Some
code examples help to study statements related to
digital inputs and outputs control are presented in [7].
With the progress of the course in order to study
loops and working with arrays additional components
are used. A breadboard and 7-segment LED display
with current limiting resistors are enough. This
exercise will help the students to understand the
operation of one of the most often used indicator
elements. A common cathode organization of the
display (Fig. 3) is chosen in order to use the same
logic levels to control its diodes like the on-board ones
as it is depicted in Fig. 2.

Fig.3. 7-segment LED display.

The following code example illustrates loop
organization and using one-dimensional array. The
program is intended to turn on successively the
segments of the display with 1s delay.
/*Setting outputs for every segment*/
int a = 4; // segment a is connected to pin 4
int b = 5; // segment b is connected to pin 5
int c = 6; // segment c is connected to pin 6
int d = 7; // segment d is connected to pin 7
int e = 8; // segment e is connected to pin 8
int f = 9; // segment f is connected to pin 9
int g = 10; // segment g is connected to pin 10
int segment[] = {a, b, c, d, e, f, g};
void setup()
{
pinMode(a, OUTPUT); // the pin is set as output
pinMode(b, OUTPUT); // the pin is set as output
pinMode(c, OUTPUT); // the pin is set as output
pinMode(d, OUTPUT); // the pin is set as output
pinMode(e, OUTPUT); // the pin is set as output
pinMode(f, OUTPUT); // the pin is set as output
pinMode(g, OUTPUT); // the pin is set as output
}
void loop()
{
for(int i = 0; i < 7; i++)
{
digitalWrite(segment[i], HIGH); // turns the pin on

}

delay(1000); // delay one second
digitalWrite(segment[i], LOW); // turns the pin off
}

The next example is slightly harder than the
previous and it is intended to show the using of twodimensional array. The purpose of the program is to
display successively the numbers from 0 to 9 with 1s
delay.
/*Setting outputs for every segment*/
int a = 4; // segment a is connected to pin 4
int b = 5; // segment b is connected to pin 5
int c = 6; // segment c is connected to pin 6
int d = 7; // segment d is connected to pin 7
int e = 8; // segment e is connected to pin 8
int f = 9; // segment f is connected to pin 9
int g = 10; // segment g is connected to pin 10
int segment[] = {a, b, c, d, e, f, g};
/*Two-dimensional array - table with 7-segment codes of
the numbers from 0 to 9*/
int pattern[10][7] = {
{1,1,1,1,1,1,0},
{0,1,1,0,0,0,0},
{1,1,0,1,1,0,1},
{1,1,1,1,0,0,1},
{0,1,1,0,0,1,1},
{1,0,1,1,0,1,1},
{1,0,1,1,1,1,1},
{1,1,1,0,0,0,0},
{1,1,1,1,1,1,1},
{1,1,1,1,0,1,1}
};
void setup()
{
pinMode(a, OUTPUT); // the pin is set as output
pinMode(b, OUTPUT); // the pin is set as output
pinMode(c, OUTPUT); // the pin is set as output
pinMode(d, OUTPUT); // the pin is set as output
pinMode(e, OUTPUT); // the pin is set as output
pinMode(f, OUTPUT); // the pin is set as output
pinMode(g, OUTPUT); // the pin is set as output
}
void loop()
{
for(int x = 0; x < 10; x++)
{
for (int y=0; y < 7; y++)
{
digitalWrite(segment[y], pattern [x] [y]);
}
delay(1000); // delay one second
}
}

Because of that the world around is analog but the
computers and embedded systems are digital devices
of great importance is the mastering of the principles
of analog-to-digital and digital-to-analog conversion.
The Arduino platform gives opportunities the students
to obtain practical skills in this area.
The next code example is dedicated to analog-to-

digital conversion studying. A 10k potentiometer is
connected between AREF and ground and the voltage
derived from its wiper is attached to the analog input
A0. The connections and the possibilities of Arduino
to convert analog signals are described in [7]. This
example also presents the operation of the serial
monitor which is used to display the information. The
program reads the code which is in the range between
0 and 1023 and it is corresponding to the analog value
of the input voltage. The maximum value of the code
corresponds to voltage value of 5V. After calculations
the digital value of the voltage is determined and
displayed. The display is refreshed every second.
const int analogInPin = A0; // Analog input pin
long analogIn = 0;
// Digital code
float analogValue = 0;
// Analog input voltage value
void setup() {
// initialize serial communications at 9600 bps:
Serial.begin(9600);
}
void loop() {
// read the analog input value:
analogIn = analogRead(analogInPin);
//calculates the analog voltage value:
analogValue = analogIn * 5.000 / 1024;
// print the results to the serial monitor:
Serial.print("code = " );
Serial.print(analogIn);
Serial.print("\t voltage = ");
Serial.print(analogValue);
Serial.println("V");
delay (1000); // delay one second
}

Mastering the principles of the analog-to-digital
conversion is a preliminary stage to understanding the
conversion of physical quantities from the real world.
For this purpose are used sensors with defined transfer
characteristics. The next code example represents
temperature measurement using the sensor LM35. The
connection is shown on Fig. 4. The program reads an
analog input pin, converts the result with + 10.0
mV/°C scale factor and prints the results to the serial
monitor. The display is refreshed every second.
const int analogInPin = A0; // Analog input pin that the
// sensor is attached to
long analogIn = 0;
// Digital code
float sensorValue = 0;
//sensor analog output voltage
//value
float temperatureValue = 0; // temperature value
void setup() {
// initialize serial communications at 9600 bps:
Serial.begin(9600);
}
void loop() {
// read the analog in value:

analogIn = analogRead(analogInPin);
//calculates the sensor output voltage:
sensorValue = analogIn * 5000 / 1024;
//calculates the temperature:
temperatureValue = sensorValue / 10;
// print the results to the serial monitor:
Serial.print("sensor = " );
Serial.print(sensorValue);
Serial.print("\t temperature = ");
Serial.println(temperatureValue);
delay(1000); // delay one second
}
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Fig.4. Temperature measurement
using analog sensor LM35.

Results
After completing the laboratory work dedicated to
programming using Arduino board the students obtain
basic skills in using C programming language and the
implementation of the program control. Also they
realize the philosophy of the embedded systems and
their application in all fields of the human activities
and especially in the technical area. The students are
given basic knowledge about the most popular
indicator elements and skills to work with them. The
initial explanation of the principles of the sensors and
data conversion introduces the students in the world of
the modern information technologies.
Conclusion
After the first approbation of the course “Practice
on open source platforms programming” from the new
curriculum for Bachelor degree in Electronics at the
Technical university of Sofia can be concluded that
the material attracts the attention of more of the
students. The direct program control of simple devices
like sensors and indicators convinces the students in
the flexibility and the universality of the embedded
systems. Emphasizing on the practice rather than

using the academic theory helps the students to accept
the material easier. The open source hardware and
software - Arduino development board and the
software IDE offer friendly environment for beginners
and are very useful for the introductory education. The
students obtain knowledge and experience that will be
in use in the further courses.
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Characteristics of an electronic converter
for supercapacitor charging
Dimitar Arnaudov, Nikolay Hinov, Ivan Nedyalkov
In the following article a converter, providing mutual work between photovoltaic system and
energy storage elements have been studied. The converter provides the management of the energy
flows to/from the supercapacitor battery. Simulation and experimental studies of the power part of the
system has been made. The main characteristics of the studied converter are presented.
Характеристики на електронен преобразувател за заряд на суперкондезатор.
(Димитър Арнаудов, Николай Хинов, Иван Недялков). В работата е изследван
преобразувател, осигуряващ съвместната работа на фотоволтаична система и елемент за
съхранение на енергията – суперкондензатор. Той управлява енергийните потоци от и към
суперкондезаторната батерия. Проведени са симулационни и експериментални изследвания на
силовата част от системата. Построени и представени са основните характеристики на
изследвания преобразувател.

Introduction
The supercapacitors are perspective elements for
energy storage thanks to their advantages, compared
to the classical elements for energy storage [1, 2]. Due
to the relatively high prices and low gravimetric
energy density, the supercapasitors must be used
together with batteries. Different algorithms for
management of energy flows between energy source,
battery and supercapacitor are possible [3], [4], [5].
For studying the management algorithms of energy
flows, via PV, battery and supercapacitor, a test bench
of a PV system has been created [6].
The target of the following research is converter,
providing charging and voltage balancing across
supercapacitors [7].
1. Bi - directional converter.
To use supercapacitors in a system for energy
storage, it is necessary to use bi-directional converter.
The converter is necessary to manage the energy flow
from/to the supercapacitor. The bi-directional
converter is made of two unidirectional converters.
The energy transfer from the power source to the
supercapacitor is done, by using Resonant Inverter
with Voltage Limitation Over the Commutating
Capacitor (RIVLOCC). For the energy transfer from
the supercapacitor to the load is done by using a
classical Boost DC-DC converter [8].
In the following article, a charging converter will

Fig.1. Block diagram of the proposed system.

be studied. The block diagram of a bi-directional
converter is shown on figure 1.
2. Studying of the converter for charging and
voltage balancing over series connected
supercapacitor cells.
The power circuit of DC/DC-1 converter is shown
on figure 2. The converter is composed of:
• Half-bridge RIVLOCC with divided power
source;
• The AC circuit is composed of the following
resonant elements: Ck, Ck1, Lk and inverter
transformer (one primary winding w1 and six
secondary windings w2 – w7.)

Fig.2. Proposed circuit for charging and balancing.

The supercapacitor battery is made of series
connected supercapacitors – SC1, SC2 and SC3. The
rectifiers, connected to the secondary windings of the
inverter transformer charges the individual cells.
One of the advantages of the converter is voltage
equalization over series connected supercapacitor cells
[9]. The capacity of cell 1 is 20% lower than cell 2.
The capacity of cell 3 is 20% bigger than cell 2.
Simulation studies of the circuit from figure 2
have been made, by using LTSpice [10]. Figure 3
shows the waveforms of current through transistor T1
– Id(T1). The used simulation model of the transistors
is with internal reverse diodes.

voltage across the supercapacitor SC1 – V(N014),
SC2 – V(N016, N014) and SC3 – V(N018, N016).
From the waveform of the voltage it can be seen
that despite different values of the capacity of the
supercapacitors, the voltage over them is almost equal.
This is one of the features of the circuit. The values
of the current through the elements changes during
the charging. Another advantage of the proposed
circuit is the limitation of the maximum values of the
current through the elements, which values are
highest at the beginning of the charge of the
supercapacitors. Other techniques for inrush current
limiting are given in [11].
Figure 4 shows the waveforms of the voltage
across the resonance capacitor Ck - V(N006, N005);
current through diode Dd2 - I(Dd2) and the current
through inductor LK – I(L1).

Fig.3. Current and voltage in the begging of the charge

The rest waveforms are: current through limitation
diode Dd1 – I(Dd1); current trough supercapacitor
SC1 – I(Csc1), SC2 – I(Csc2), SC3 – I(Csc3) and

Fig.4. Current and voltage in the diagonal
of the half-bridge.

From the waveforms it can be seen that, when the
value of the voltage over Ck reaches the value of ±
Ud/2, the limitation diode turns on and the recharge of
Ck1 continuous.
According to the stage of the charging regime,
the limitation diode turns on at different moments.
When reaches a certain value of the voltage across
the charged capacitor, the voltage over Ck cannot
exceed ± Ud/2 and the limitation diodes do not turn on.
In the studied case, RIVLOCC works in above the
resonance regime. Which of the two diodes will turn
on earlier – reverse or limitation depends on the
parameters of the circuit and the voltage over the
charged elements.
The characteristic of the studied converter
depends on:
• Hesitation coefficient – k;
• Frequency coefficient – ν;
• Voltage, to which the supercapacitors are
charged;
• Ratio p between Ck and Ck1
(1)

p=

C k1
,
Ck

where Ck and Ck1 are the resonance capacitor.
A simulation study of the DC/DC - 1 converter
from figure 2 has been made during the charging of
the supercapacitors. During the process of charging,
for different values of the voltage over the
supercapacitor cell - SC1, the measured parameters
are:
• Maximum value of the current through the
transistor;
• Maximum value of the current through the
reverse diode;
• Maximum value of the current through SC1;
• Average value of the current through the SC1;
• Average value of the consumed current;
• Maximum current through limitation diode.

p = 0.044 and the dotted line is for p = 0.066.
Figure 5 shows the characteristic of the consumed
current in relative units.
Average value of the consumed current

1,10
1,00
0,90
0,80
0,70
0,60
0,50

0

(2)

I sh = fC k U d ,

where f is the driving frequency, Ck is the
resonance capacitor with voltage limitation over it,
and Ud is the power supplying voltage.
The research has been made for two values of the
p ratio. In the characteristics the solid line is for

0,8

1,2
1,6
2
Cell Voltage

2,4

2,8

Fig.5. Characteristic of the average value of the
consumed current
From the characteristic, it can be seen that the
consumed current is almost constant. A bigger change
appears when the limitation diodes are turned off. The
consumed current is continuous with small ripples,
which leads to evenly loading of the DC power
supply. This is especially important for supplying
devices from photovoltaic systems and fuel cells.
Figure 6 shows the characteristic of the maximum
value of the current through transistor T1, in relative
units.
Maximum current through transistor
5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00
0

The characteristics of the parameters above were
built in relative units. For obtaining the results in
relative units, the measured values are divided into the
parameter Ish

0,4
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Cell Voltage

2
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2.8

Fig.6. Maximum value of the current through transistor T1.

From this characteristic, the range of the
amendment of the current in the process of charge of
the SC can be seen. This would help when we choose
the transistor.
Figure 7 shows the characteristic of the maximum
value of the current through the reverse diodes,
integrated in the transistors when charging the
supercapacitor. This characteristic can be used for
choosing the working regime of the Resonant Inverter

with Reverse Diodes (RIRD). For better energy
efficiency of the circuit it is necessary to use working
modes with less conducting times of the reverse diode
in the beginning of the charge. In addition, it is
desirable to provide conducting of the reverse diodes
during the whole charging process, aiming zero
switching. At bigger values of the p ratio, the range of
amendment of the current is bigger.
Maximum current through reverse diode
2.50
2.00
1.50

and the average value of the charging current through
SC 1.
Maximum value of charging current
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Fig.9. Maximum value of the charging current through
SC1.
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Fig.7. Maximum value of the current through reverse diode.
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Figure 8 shows the characteristic of the maximum
value of the current through the limitation diodes,
during charging.
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Fig.10. Average value of the charging current through SC1.
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Fig.8. Maximum value of the current through limitation
diode.

When the value of the p factor is p = 0.0444 and
Usc = 2,5V, the maximum value of the current reaches
zero. So the limitation diodes turn off. After they are
turned off, the characteristic of the circuit is the same
as the classical RIRD, working in above the frequency
mode. This characteristic can be used for
determination of the values of the elements in the
resonant circuit to obtain limitation modes, during all
the time of the charging. The characteristic would help
for choosing of the working mode of the converter for
efficient use of the switching elements.
Figures 9 and 10 show the characteristics of the
maximum value of the charging current through SC1

These characteristics can be used for choosing the
working mode of the converter, such that the process
of charging does not exceed the maximum value of
the current through the supercapacitor, given by the
manufacturer.
The characteristic from figure 10 can be used for
evaluation of the instantaneous value of the power, by
which the converter charges the supercapacitor.
3. Studying of a converter for charging and
voltage balancing over series connected
supercapacitor cells, by using CL – filter on
the rectifiers.
To charge the supercapacitor cells with constant
current, instead charging with pulse current, the circuit
on figure 11 is proposed. The outputs of the rectifiers
are connected to CL – filters.
Figure 12 shows the waveforms of: current
through the rectifier diodes D1 and D2 – I(Diz1) and
I(Diz2), current through SC1 – I(Sc1), current through

Fig.11. Proposed circuit for charging with constant current and voltage equalization.

filter capacitor Cff1 – I(Cff1), consumed current from
DC power supply – I(V1). As it can be seen from the
waveform of the consumed current, it is continuous,
like it was mentioned in paragraph 2.
From the waveform of the current through the
charging capacitor SC1 it can be seen that it is
smoothed. Its average value is equal to the sum of the
average value of the current through the two rectifier
diodes. The value of the current through SC1 is:
(3)

I sc1 =

2 I 2 m1

π

= 0.637 I 2 m1 ,

where I2m1 is the maximum value of the current
through the rectifier diode D1
On the other hand the maximum value of the
current through the primary side winding of the
inverter transformer is:
(4)

Figure 13 shows the waveforms of the current
through the rectifier diode D1 – I(Diz1) and the
voltage over it – V(N013, N014).

Fig.12. Current through the elements during the charging.

I m = n( I 2 m1 + I 2 m 2 + I 2 m3 ) ,

where n is the transformer ratio of the inverter
transformer. I2m1, I2m2, I2m3 are the maximum values of
the current through the rectifier diodes.
The maximum values of the current through the
primary winding of the inverter transformer Im
depends on:
• Hesitation coefficient – k;
• Frequency coefficient – ν;
• Ratio p between Ck and Ck1

Fig.13. Current and voltage of the diode D1.

The behavior of the circuit of the figure 11 is the
same like the circuit of the figure 2. Therefore, this
circuit has the same characteristics like these from
figures 5 to 10.
4. Experimental studies.
For conducting of the experimental studies of the
circuit from figure 2, a test bench has been developed.
For the management of the converters and testing
different management algorithms of the energy flows,
a virtual instrument has been developed, by using the
software – LabView. The virtual instrument is
described in [6].
For the management of the studied circuit, shown
on figure 2, a new virtual instrument has been
developed. The chassis NIcDAQ and the developed
virtual instrument are used to manage the converter.
The front panel of the developed virtual instrument is
shown on figure 15.

pulses;
• Block 3 – these blocks converts the signals from
analogue to a string of 0 and 1;
• Block 4 – this is a graphical representation of the
module NI9401 - TTL outputs, connected to
DAQ chassis. The used TTL outputs are from 1
to 4 and they are used for management of four
transistors. The control pulses at the TTL output
are shifted relatively to one another. For the
management of DC/DC – 1 converter from
figure 2, we use only 2 outputs.

Fig.16. Block diagram of the virtual instrument.

Fig.15. Front panel of the developed virtual instrument.

On the front panel, the input controls are used for
managing of the driving frequency and phase shitting
between the control pulses. The graphical indicators
are only used for representation of the control pulses.
Figure 16 shows the block diagram of the virtual
instrument. The functions of the blocks are:
• Block 1 – represents the input controls, by which
we can manage duty cycle, control frequency and
phase shitting between the control pulses. These
controls are connected to the relevant inputs of
the virtual generators;
• Block 2 – these are the generators of pulses.
With them, we can set signals with different
forms, amplitude, frequency, phase etc. There are
two ways of setting the parameters: fixed and by
using input controls, like in our case. In this case
they are only used as generators of rectangular

Experimental studies with the proposed circuit and
the developed control system have been made. The
results from the experimental studies of the proposed
circuit, confirms the simulation studies. The proposed
virtual instrument allows realization of different
principals of operation, which can be used for
evaluation of its benefits and disadvantages.
Conclusion
1. The circuit of the converter for the
management of the energy flows at charging, of series
connected supercapacitor cells, has been developed.
First, the circuit charges the supercapacitor cell with
the lowest voltage over it. This is one of the necessary
conditions for the realizing of the proposed
management algorithm of the energy flows. After
voltage equalization over the supercapacitor cells, the
circuit charges all cells simultaneously.
2. Using a CL – filter in the circuit from figure
10 provides charging with constant current. The CL –
filter does not change the principal of operation of the
RIVLOCC

3. The obtained characteristics of the current
through the elements allow the capability of
evaluating the qualities of the proposed circuit. In
addition, they can be used for basic rations for
designing of the proposed circuit.
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Photodetector based on electrochemically deposited ZnO and
inkjet printed PEDOT:PSS heterojunction
Nikolay Kurtev, Slavka Tzanova, Silvia Schintke
In this paper we present a new photo-sensible device based on ZnO/PEDOT:PSS heterojunction.
The formation of ZnO layer was made by electrochemical deposition of Zn from zinc nitrate solution
over a transparent ITO electrode on glass substrate. A precise thickness control of the Zn layer was
performed by varying the current density during the deposition. A further open air thermal oxidation
on hot plate was performed to convert the zinc to ZnO. In order to be structured the transparent
conducting polymer PEDOT:PSS (poly(3,4-ethylenedioxythiophene) polystyrene sulfonate) was inkjet
printed over the obtained ZnO layer. The current-voltage characteristic of the heterojunction was
measured for daylight and dark modes. A Schottky barrier height as well as the ideality factor and
series resistance has extracted using the forward current-voltage characteristics for both cases by
using modified method for Schottky diode analysis.
Фотодетектор, базиран на хетеропреход от електрохимично отложен ZnO и
принтиран PEDOT:PSS (Николай Куртев, Славка Цанова, Силвия Шинтке). В тази
статия е представен нов фоточувствителен прибор, базиран на хетеропреход
ZnO/PEDOT:PSS. Формирането на слоя от ZnO е направено чрез електрохимично отлагане на
цинк в разтвор на цинков нитрат върху прозрачен електрод индиево-калаен оксид върху
стъклена подложка. С регулиране на плътността на тока по време на процеса е постигнат
прецизен контрол върху дебелината на слоя. Превръщането на отложения цинк в цинков оксид
е осъществено чрез термично окисление във въздушна среда. Структурирането на прозрачния
проводящ полимер PEDOT:PSS (поли(3,4-етилендиокситиофен) полистирен сулфонат е
осъществено чрез струйно принтиране върху получения слой от цинков оксид. Измерена е
волт-амперната характеристика на хетеропрехода в два режима – на тъмно и на дневна
светлина. Височината на Шотки бариерата, идеалзиращият фактор и последователното
съпротивление на прехода са определени посредством модифициран метод за анализ на
Шотки диоди, използвайки измерената волтамперна характеристика в двата режима.

I. Introduction
The PEDOT:PSS is transparent organic polymer
which is widely used for producing low cost, roll-toroll and flexible electronic devices [1] such as OLEDs
[2], flat panel devices, and sensors. Because of its
optical transparency and high conducting properties it
is suitable for light intensity sensors in which it forms
a Schottky barrier (diode like) device with light
depending current-voltage characteristics [3]. The
conductivity of the PEDOT:PSS can vary in wide
range (from 0.1 to more the 1000 S/cm) depending of
the doping rate and other factors [4]. Typically the
HOMO and LUMO levels are 5.2 and 3.5 eV
respectively [5], [6], but they could also vary
depending on the film treatment [7]. These properties
makes the PEDOT:PSS attractive for transparent

sensors applications using a Schottky barrier. Unlike
the Schottky diodes made from silicon [8], [9] the
direct formation of a Schottky barrier between the
PEDOT:PSS and the most used metals in
microelectronics (copper, aluminium, gold, silver etc.)
is not possible because of the closely situated energy
levels (it forms an ohmic contacts). For this reason a
second active layer must be applied in order to make a
sufficient energy barrier.
In this paper we present our study of photo
sensible device that uses as active layers inkjet printed
PEDOT:PSS and electrochemically deposited zinc
followed by a thermal oxidation to ZnO. The external
electrodes are formed by high conducting (8-12 Ω/sq.)
transparent ITO for the ZnO side and Ag (obtained
from the silver paste) for the PEDOT:PSS side, which
provides the ohmic contacts (linear I-V
characteristics) with the active layers.

The Zinc oxide (ZnO) is a semiconductor (n-type)
with large bandgap (3.3 eV) and large exciton binding
energy (60 MeV) [6], [10]. During last years it has
been largely studied [11]-[14]. The formation of ZnO
thin films is relatively easy by several methods mainly
by sol-gel processing [15], [16], by solution growth
[17] but also by inkjet printing [18] or indirectly (by
high temperature annealing) from pre-deposited zinc
[19]. The last method was used in our work because of
its simplicity and possibility to control of thickness of
Zn (ZnO) precisely by varying the current and/or the
time of the electrodeposition.
II. Background
The photosensible ZnO/PEDOT:PSS devices are
investigated recently. In [3] a UV photodetector based
on ZnO/PEDOT:PSS junction was characterized,
using two different methods to extract the electrical
parameters. A study of the I-V characteristics and
energy level diagrams of the PEDOT:PSS and ZnO is
made in [6]. However we have developed a
ZnO/PEDOT:PSS heterojunction using inkjet printing
and electrolyze deposition methods. The here
proposed combination is suitable also for flexible
substrates as PET or PEN as well as for transparent
applications
The fabricated light sensitive device structure
ZnO/PEDOT:PSS has been furtherly investigated by
measuring the current-voltage curves in daylight and
dark conditions. From the obtained curves a device
parameters such as Schottky barrier height ɸB, ideality
factor n, and series resistance Rs were extracted by a
modified Cheung’s method [20], [21] using the
logarithmic plots.
III. Sample preparation
The structure of the investigated photo sensible
device is shown on Fig.1. It was obtained on a glass
substrate. An ITO electrode was patterned by
chemical etching with hydrochloric acid on ITO
covered glass substrate (25 mm x 25 mm), purchased
from Sigma Aldrich (R = 8-12 Ω/sq). The width of the
electrode is (5 ± 0.1) mm and the length is 25 mm.
The formation of ZnO layer has been made in two
stages: (i) electrodeposition of pure Zn from zinc
acetate solution and (ii) thermal oxidation of Zn on
ambient air to ZnO.Different sections of the text must
be formatted as described below.
For the electrodeposition of the Zn an electrolyte
solution has been prepared in beaker by dissolution of
1.5 g zinc acetate hexahydrate (N2O6Zn.6H2O, Sigma
Aldrich, 297.49 g/mol) into 100 ml deionized water at
room temperature with electromagnetic agitation for

10 min. The patterned ITO structure was used as
negative electrode which has been immersed 18 mm
into electrolyte solution. The positive electrode was
made from thick aluminium foil with approximately
the same surface as the ITO electrode. The distance
between the electrodes is 25 mm and the supply
voltage is 2.1V. On Fig. 2 the deposition current is
presented over the time. The decrease of the current is
explained by the saturation of the surface with the Zn+
ions. After the zinc deposition the sample was rinsed
in deionized water and was dried by N2.

(a)

(b)
Fig.1. Photo sensible device composed by PEDOT:PSS
and ZnO active layers. Electrodes made from ITO and Ag.
(a) Cross section overview with electrical contacts for
source measurement unit (SMU) to provide current-voltage
characterization (b) Top view of the structure.

Fig.2. Current evolution during the Zn deposition
procedure.

Thermal annealing on a hot plate is used to
transform the Zn layer to ZnO. In order to avoid
mechanical cracking of the film and glass substrate
the sample is gradually heated from room temperature
to 555°C during 15min using steps of 30-40°C,
followed by a 45 min annealing at the final
temperature. After the annealing process the sample is
left on the hot plate (cooling down) until reaching of
the room temperature.
After the formation of the ZnO/ITO structure the
sample rinsed in deionized water for 1 min and dried
with nitrogen. In order to form the device junction, a
PEDOT:PSS wire was inkjet printed perpendicularly
over the ZnO/ITO electrode (Fig. 1b). PEDOT:PSS
conductive ink was purchased from Sigma Aldrich
and a microplotter from SonoPlot was used. The
resulting contact area PEDOT:PSS and ZnO is
S=1.065 mm2, as determined by optical microscopy
and image analysis with ImageJ software [22].
For electrical probing, contact pads on
PEDOT:PSS and on ITO are made with silver paste
(Fig 1b) with further drying at 90°C for 5 min. The
electrical characterization is performed using
electrical microbot probing system (miBotTM, Imina
Technologies) and a Keithley 2401 source meter
controlled by LabVIEW software.
IV. Results and discussion
Fig. 3 shows a measured current voltage
characteristics for negative and positive bias in two
different modes: daylight and dark. The forward and
the backward currents are bigger for daylight mode
which can be explained with the increased mobility of
the carriers due the photon excitation. The I-V
characteristics have diode behavior, which is proven
by a smaller backward current in comparison with the
forward. The difference between the obtained I-V
curve and the theoretical model [25] can be explained
by the porosity of ZnO films [23] or by the
polycrystalline nature of ZnO and possible defects in
ZnO/PEDOT:PSS interface as well as low carriers
mobility [6]. Although, the high value obtained for
the ideality factor (discussed further) is confirmed for
those types of devices [6], [24].
A good theory concerning Schottky barrier height
can be found in [25]. From the theory the forward
current for a Schottky junction is given by the
thermionic emission model. For our device we need to
add also a series resistance to a junction in order to
model the volume resistances of the PEDOT:PSS and
ZnO which are not negligible. We have used the
equation for thermionic emission into this form:

(1)

1

where Is is the saturation current (the equation can be
found in [21]), q the electron charge, U the applied
voltage to the contact pads, I the current thought the
device, Rs the equivalent series resistance, n the
ideality factor, k the Boltzmann constant, and T the
temperature in K.

Fig.3. Current-voltage characteristics for positive and
negative device bias in daylight and dark conditions.

In order to extract the device parameters such as
Schottky barrier height ɸB, the ideality factor n and the
series resistance Rs we apply a modified Cheung’s
method [20]. The semi-log plot of the forward device
current density is shown on Fig. 4.

Fig.4. Semi-log forward current density plots for daylight
and dark mode.

According to the method, on Fig. 5 we express the
dU/d(ln J) in function of the current density for the
two modes – daylight and dark and also a H(J) plot in
order to determine the device parameters by equations
(2) and (3):

(2)

current pathways [6]. We suppose that the ideality
factor may be improved using different conditions or
technology for ZnO layer deposition [26], [27].
The series resistance is also in the expected ranges.
We can suppose that the polymer region of the
junction has almost the whole part of this series
resistance. In a previous work we have found that the
sheet resistance for this type of the PEDOT:PSS ink is
about 695 Ω/sq that means that the performance of the
device may be improved if a more conductive ink is
used.

, where

ln

,

ln

(3)
where

Fig.5. Linear fits for the dU/d(lnJ) and H(J) functions.

Using (2) and (3) from the given linear fits we
calculated the Schottky barrier height, the ideality
factor of the junction. The equivalent series resistance
is calculated from both equations with roughly 3%
difference. This was used as secondary verification of
the results. Tabl. 1 shows the calculated values with
corresponding errors for daylight and dark mode of
the photodetector.
Table 1
Extracted values for the Schottky brier height, ideality
factor and equivalent series resistance for photodetector.

daylight
dark

ɸB [eV]

n

0.71 ± 0.02
0.71 ± 0.02

5.6 ± 0.1
5.6 ± 0.1

Rs [Ω]
from (2)
590 ± 15
684 ± 11

Rs [Ω]
from (3)
581 ± 3
705 ± 4

The values obtained from the Schottky barrier
height are close to other similar devices [6], [24]. The
fact that the barrier is practically the same value for
the two modes (dark and daylight) and also the values
for the equivalent series resistance obtained from (2)
and (3) shows the fidelity of the used method.
The ideality factor is introduced to express the
imperfection of the current-voltage characteristic from
the ideal diode curve. For an ideal diode it must be
equal to 1. As the investigated characteristic is more
different from the ideal, the ideality factor has higher
value. For the heterojunction ZnO/PEOT:PSS the
obtained value of the n is confirmed by other works
[6], [24]. This is due the porous and polycrystalline
structure of the ZnO thin films which creates multiply

V. Conclusions
In this work we have made and characterized a
photodetector based on ZnO/PEDOT:PSS heterojunction. For the formation of the ZnO thin layer we have
used an electrodeposition of Zn and thermal annealing. The PEDOT:PSS was inkjet printed on the obtained ZnO thin film.
The device was electrically characterized by measuring the current-voltage characteristic for positive
and negative biases and device parameters like
Schottky barrier height, ideality factor and equivalent
series resistance were extracted using the function
slopes.
The values found were confirmed for the two experimental setups (for daylight and dark modes) and
also for two different equations. We have estimated
that the Series resistance of the junction is more situated into the polymer side of the junction and we plan
like future work to make an optimization of this device.
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Mobile multisensor node for monitoring environmental
parameters in urban areas
Marin Berov Marinov
Air quality is a matter of considerable concern as it affects public health, the environment and
the economy of developed countries. Recent research has shown that air pollution can increase the
incidence of diseases and impair the quality of life. It is therefore necessary to develop systems for
real-time multi-parameter environment monitoring so that timely decisions can be taken. The use of
such systems allows us to make a detailed study of the levels of major pollutants and their sources.
Conventional monitoring systems have significant limitations, especially with respect to the cost of
their installation and maintenance. Methods based on mobile handheld devices also have limitations
and measurements usually are not fully automated. Advances in gas sensoric and in smart systems
development have made it possible to have new low-cost, precise and accessible air quality
monitoring tools. The paper presents an approach for cost effective measurement of basic environment
parameters in real-time. A sensor array with integrated amperometric and NDIR gas sensors is used.
Preliminary prototypes and implementation challenges are also discussed.
Мултисензорен модул за мониторинг на параметри на околната среда (Марин Беров
Маринов). Качеството на въздуха е основен проблем за общественото здраве, околната
среда и икономиката на развитите страни. Последните проучвания показват, че замърсеният
въздух може значително да увеличи честотата на заболявания и да влоши качеството на
живот. Ето защо е необходимо разработването на системи за многопараметрично
наблюдение на околната среда в реално време, които да подпомагат вземането на
своевременни решения. Използването на системи за мултипараметричен мониторинг на
околната среда позволява детайлно проучване на нивата на основните замърсители и на
техните източници. Конвенционалните системи за мониторинг имат значителни
ограничения, особено по отношение на разходите за тяхната инсталация и поддръжка.
Реализациите, базирани на мобилни преносими устройства също имат ограничения и
измервателните процеси обикновено не са напълно автоматизирани. Напредъкът в газoвата
сензорика и в развитието на интелигентните системи дават възможност на нови,
достатъчно точни и достъпни инструменти за мониторинг на качеството на въздуха. В
настоящата статия е представен подход за икономически ефективно измерване на основни
параметри на околната среда в реално време. Реализиран е сензорен масив чрез използване на
амперометрични и недисперсивни инфрачервени газови сензори. Представени са резултати от
измервания с прототипи и предизвикателства при реализацията им.

1. Introduction
Loss of environmental quality is one of the greatest
threats of our century. Air pollution has been defined
as the presence of particulates, biological molecules,
or other harmful materials in the Earth's atmosphere; it
causes diseases, death to humans, and damage to other
living organisms, to food crops, or the natural or built
environment. Air pollution may come from
anthropogenic or natural sources [1].

Poor air quality is a growing global health problem
which affects millions of people worldwide, especially
in large cities. Large-scale industry, which is
increasingly positioned outside of metropolitan
regions and urban areas, is no longer considered the
primary cause of air quality problems. Recent studies
indicate that road traffic is the main source of air
pollution. Road transport is responsible for an average
of 25% of all harmful emissions in Europe. In many
EU countries this value is higher than 30%. Thus,

poor environmental quality, especially in urban areas,
is one of the greatest environmental concerns of this
century as it affects both health and welfare [2, 3].
Many studies show that today's increase in respiratory
diseases, as compared to other related diseases and
allergies, is primarily due to air pollution. According
to official figures of the EU more than 225 000 people
die every year from diseases caused by car emissions
in Europe. To combat this threat, the European Union
has introduced stricter laws and regulations and
intends to reduce car emissions by 20% by 2020 [4].
Excessive noise is a further major environmental
complaint in residential areas. Noise in cities has
increased in the past decades, due to growing urban
development and has also become an important
parameter in environment quality assessment [5].
The use of real-time multi-parameter environment
monitoring systems allows us to do a detailed study of
the levels of major pollutants and their sources.
Conventional environment parameter monitoring
systems have significant limitations, especially with
respect to costs of installation and maintenance [6].
Air quality is usually monitored through large and
expensive sensing stations, installed at a limited
number of locations. Environmental data is often
provided to the public by government agencies that
collect it for public health purposes. But for the
citizens it is often difficult to obtain real-time
pollution data. There is often a significant gap
between how agencies report the data and the people
who can benefit from access to that knowledge [7].
Low cost air quality sensors are indicative of
emerging technologies gaining wide appeal. They
exist in numerous configurations and are often
available with a wide range of sensor configurations.
Many of these configurations include the ability to
measure gas phase air pollutants. While the
commercial availability of such devices has increased
dramatically in the last years, there is still uncertainty
about the quality of the data that such devices provide.
A number of recent studies show that low-cost sensors
are a good alternative for the implementation of
environment monitoring solutions [8, 9]. Select
findings from these trials are as follows:
 In spite of their low commercial values
(<200 Euro), many of these sensors have
performance characteristics that often rival those of
expensive instrumentation.
 They can be used for continuous or nearcontinuous environmental monitoring as they
often demonstrare very fast response times.
 Many of them had a high degree of linearity over
their full response range at concentrations.

 They often achieved levels of detection near those
of the expensive precise instrumentation,.
 Extremes of temperature, RH and pressure often
brought about undesirable response characteristics.
Thus, it is necessary to measure these physical
parameters and adjust the results [8, 10].
The present research is aimed primarily at the
design and implementation of multi-sensor nodes with
scalable architecture for mobile environmental
sensing. They are based on off-the-shelf integrated
sensors and can measure multiple environmental
parameters and record or transmit them for further
processing to other applications. The main goal is to
find out if low-cost mobile monitoring sensor nodes
can provide reliable data about air quality and can be
used in practice. The obtained pollution measurements
were compared with the official measurements made
available by the local control authority [11].
The rest of this text has been organized in the
following manner: Section 2 presents related work in
the field of environmental monitoring; Section 3
reviews the main air pollutants, their sources and their
effects on the human body. Section 4 presents the
selection of sensors for measuring the concentration of
the main air pollutants and additional physical
parameters (temperature, humidity and atmospheric
pressure). Section 5 discussess the implementation
details of the mobile multisensor node for logging and
monitoring of environmental parameters. Preliminary
results are presented in Section 6. The paper finishes
with Section 7, which summarizes the main points and
outlines suggestions for further work.
2. Related Work
2.1. Indoor monitoring
Monitoring indoor air quality is important because
we spend an average of 90% of modern life indoors,
as reported by Jiang et al. [12], the InAir [13] and
MAQS systems have been developed to address this
issue.
In the InAir study the participants were provided
with a stationary indoor air quality sensor for
particulate matter and had access to real-time
visualizations of daily graphs of the observed
particulate readings at that location.
The MAQS [12] air quality system also examined
the possibility of improving indoor air tracking by
using mobile sensors that sampled 𝐶𝑂2 and
interpolated VOCs (volatile organic compounds). The
aim of the research was to give the people who were
using the system personalized, room-level data.
A simple air quality monitoring module based on

CAN (Controller Area Network) protocol is presented
by Pillai et al. [14]. CAN controller and CAN
transceiver are the building elements of the sensor
nodes. Each node is connected with VOC (Volatile
Organic Compound) sensors, which continuously
monitor environment and put sensor data into CAN
bus. De Vito et al. developed an array of polymer
based chemiresistors connected to TelosB motes from
Crossbow Inc. Thus, a wireless e-nose for distributed
air quality monitoring applications was implemented
[15].
By using a wireless sensor network based on
ZigBee technology Chengbo Yu et al. [16] measure
temperature, soil temperature, dew point, humidity
and light intensity in real time. Data to the sink node
is sent by sensor nodes deployed in a greenhouse.
Remote control and data download services can be
provided by a sink node connected with
GPRS/CDMA.
Ching-Biau Tzeng et al. [17] have described an
indoor air quality (IAQ) monitoring system based on
ZigBee wireless sensor network implemented with the
TI CC2430 chip. In the system they propose, each
sensor node measures temperature, relative humidity
and carbon dioxide (𝐶𝑂2 ). The data was acquired by
running a data logger program. The test results show
that the proposed system can be used for detecting
harmful gases too.

𝑁𝑂2 . The nodes acquire location information through
the GPS receiver, and transmit the gathered pollution
measurements via a network to the back-end server.
3. Air and pollution
3.1. Main air pollutant
Certain air pollutants are widely used in estimating
the level of air pollution in a lot of countries. The U.S.
Environmental Protection Agency (EPA) has set the
national air quality standards for six common air
pollutants (also called the criteria pollutants): carbon
monoxide (𝐶𝑂), ozone (𝑂3 ), lead (𝑃𝑏), nitrogen
dioxide (𝑁𝑂2 ), sulfur dioxide (𝑆𝑂2 ) and particulate
matter (PM). These pollutants can injure health, harm
the environment and cause property damage. On the
basis of the measured pollutant concentrations the so
called Air Quality Index (AQI) can be calculated. AQI
is used by government agencies to characterize the
quality of the air at a given location. Computing AQI
usually requires real-time data about the air pollutant
concentrations from the monitoring equipment. The
function used to convert an air pollutant concentration
to AQI varies from pollutant to pollutant, and is
different for different countries [21, 22]. A brief
summary of the main air pollutants and their sources
is given in Table 1.
Table 1

2.2. Outdoor monitoring
However, our main interest is outdoor sensing.
Wearable sensors have also been used to monitor air
quality in this case, for instance in the Common Sense
[18] and CitiSense [19] solutions. Both rely on small,
battery-powered sensor nodes that measure the
concentrations of polluting gases and send the data to
users’ smartphones via Bluetooth. This data and the
GPS coordinates are then shared with other users
through a dedicated website.
The CommonSense system explored outdoor
sensors in a number of contexts including sensors
attached to street sweeper vehicles, and hand held
sensors that could be used to sample interesting
outdoor locations. The utilization of street sweeper
mounted sensors aimed to enlarge the existing sensor
infrastructure in the city.
The CitiSense system provides desktop based,
reflection supporting visualizations and “in-themoment” visualizations that support real-time analysis
[19].
In [20] a solution is proposed for generating highresolution air pollution maps of urban areas, using
nodes with sensors for particulate matter, 𝐶𝑂, 𝑂3 , and

Main air pollutant and their sources [2, 23].
Pollutant
𝐶𝑂
𝑁𝑂2
𝑆𝑂2
𝐶𝑂2

Sources
gas heaters, leaking chimneys, woodstoves,
fireplaces, gas stoves
kerosene heaters, unvented gas stoves,
heaters, tobacco smoke
fuel combustion (high-sulphur coal); electric
utilities and industrial processes; natural sources
such as volcanoes.
gas heaters, tobacco smoke, woodstoves,
fireplaces, gas stoves, automotive products

The choice of the sensors to be integrated into the
monitoring system is made on the basis of these
criteria pollutants. The choice of specific sensors with
respective measurement ranges depends basically on
the examined objects and whether the measurements
will be made indoors or outdoors.
4. Sensors
There are different technologies for measuring the
concentrations of the gases enlisted in the previous
chapter as main pollutants. Amperometric gas sensors
have been selected for this particular implementation.

The basic advantages of this type of sensors are their
high accuracy and selectivity, low power consumption
and low cost.
The combination of amperometric gas sensors for
pollutant and oxygen measurement with sensors for
precise measurement of basic physical parameters,
such as atmospheric pressure, temperature and
humidity make it possible to perform higher precision
measurements of gas concentrations.
4.1. Gas sensors for pollutants and oxygen
A reaction in the amperometric gas sensors can be
triggered by voltage supplied by an external voltage
source. Implementations are also possible, where the
reaction on the counter electrode is selected so as to
provide the needed polarization potential for the
working electrode. In this case the sensor works as a
galvanic cell and needs no external voltage supply as
is the case with the two-electrode oxygen sensors.
Amperometric gas sensors from Alphasense were
chosen for this particular implementation [24]. The
sensing range, the typical sensitivity and the full scale
output of the main air pollutant sensors are given in
Table 2.
Table 2

Amperometric sensors for the main air pollutant [24].
Pollutant Sensor Full scale,
𝒑𝒑𝒎
CO-AF
1000
𝐶𝑂
NO2-A1
20
𝑁𝑂2
SO2-AF
20
𝑆𝑂2

Sensitivity,
𝒏𝑨/𝒑𝒑𝒎 (typ)
70
-350
500

Full scale
output, 𝝁𝑨
70
7-8
10

4.2. 𝑪𝑶𝟐 Sensor
There are only a few sensor technologies which are
capable of detecting 𝐶𝑂2 at ppm concentrations with
relatively high precision. Sensors have been
developed on the basis of the electrochemical
principle and intensive research is being done for the
development of metal oxide based sensors for
𝐶𝑂2 . Unfortunately, both technologies have significant
cross-respond to other gas species and water vapour.
In recent years there has been considerable
progress in the development of non-dispersive
infrared (NDIR) detectors for С𝑂2 concentration
monitoring. Nowadays the most common technology
on the market for measuring С𝑂2 is the non-dispersive
infrared technology. For atmospheric and especially
for indoor
concentration measurements, NDIR
sensors are widely used since they are robust and
stable against interference from other air components
and pollutants. A commercially available model of
diffusion type NDIR sensors K30 has been chosen for
the present study [25]. This sensor is produced by

SenseAir and has an operating range of up to
5000 𝑝𝑝𝑚.
4.3. Sensor for particulate matter
One of the major city pollutants in the main EU
cities is particulate matter and for that parameter the
Sharp’s PM2.5 Sensor Module DN7C3CA006 is used.
The sensor is with analog output (1 − 3.4 𝑉) and
measures the concentration of fine particles with a
diameter of 2.5 𝜇𝑚 or less in the range from 25
to 500 𝜇𝑔/𝑚3 .
4.4. Sensors for basic physical parameters
As indicated above extremes of temperature, RH
and pressure often resulted in undesirable response
characteristics. And it is this that necessitates the
measurement of these parameters in order to have
effective dynamic adjustment of the readings and so
increase the accuracy of the environmental sensors.
The choice of sensors for the basic physical
parameters is based primarily on considerations
concerning the necessary accuracy levels so that
sufficient compensation of the disturbing effects can
be ensured.
In order to measure the basic physical parameters
the following integrated sensors are selected: for
relative humidity and temperature we have chosen a
solution from Texas Instruments HDC1050, which
has a relative humidity accuracy of ±3% and a
temperature accuracy of ±0.2°𝐶 and MPXA6115A
from Freescale [26] for pressure measurement.
5. Hardware design
The
following
subsections
present
the
implementation details of the air quality-sensing node.
5.1. Mobile node for air quality monitoring
The developed sensor node for air quality
monitoring is a complete scalable system for real-time
monitoring and data recording. The detailed blockdiagram of the node is shown in Fig. 1. It comprises a
main board and an expansion board. The processor
and memory are located on the main board. In this
design а PIC18F4533 microcontroller from Microchip
is used. The other modules which are changed
depending on the different application requirements
are placed on the expansion board.
The developed sensor node can be used for
concentration measurement of air pollutants such
as 𝐶𝑂, 𝐶𝑂2 , 𝑁𝑂2 . Further basic physical parameters atmospheric pressure, temperature relative humidity
and 𝑂2 concentration - are measured.

2.5V

5.2. Gas sensor signal conditioning

5.0V

Power Supply
&
Reference Voltages

GPRS
Module

T, °C
RH, %
CO , ppm

O , ppm

LMP91000
AFE
Block

CO, ppm

LMP91000
AFE
Block

NO , ppm

LMP91000
AFE
Block

O , ppm

LMP91000
AFE
Block

3

2

2

ADC

2

µC PIC18F4553

p, hPa

Wi Fi
Module

The signal conditioning circuits for the
amperometric sensors are based on potentiostatic
circuit. For this implementation we have chosen the
Configurable analog front-end (AFE) Potentiostat for
Low-Power Sensing Applications LMP91000 from
Texas Instruments [27]. A simplified functional block
diagram of the AFE is shown in Fig. 2.

GPS
Module

Micro SD
Card
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Fig. 1. Block-diagram of the developed node.

The sensors outputs are processed through signal
conditioning circuits and are digitalized with the ADC
built in the microcontroller. The sensor outputs are
then saved together with time stamps in the micro
memory card (MMC). The card is interfaced with a
microcontroller using the SPI protocol. The proposed
design of the sensor nodes allows for their easy
modification and expansion. In a system based on a
microcontroller with multiple LMP91000 connected
to the 𝐼 2 𝐶 bus, the 𝐼 2 𝐶 lines (SDA and SCL) are
shared, while the MENB of each LMP91000 is
connected to a dedicated GPIO port of the
microcontroller.
In addition, as an add-on module, a WiFi ESP8266
adapter is connected to the proposed system. The
connection is made via an SPI interface. This adapter
supports the 802.11 b/g/n standards and has an
integrated TCP/IP stack.
Beside the WiFi module, the developed node has a
GPS receiver with a MT3339 chipset from MediaTek.
This GPS module has an accuracy of about 3 meters
and allows us to find the exact location of the
measured parameters. Every 5 seconds the
microcontroller reads the values from the sensors,
makes calculations, reads the GPS coordinates and
writes a record in a simple comma separated values
file to the MicroSD memory card attached to the
module.

Fig. 2. Functional block diagram of LMP91000.

The LMP91000 is designed for 3-lead gas sensors
and for 2-lead galvanic cell sensors. This device
provides all the functionality for detecting changes in
gas concentration based on a delta current at the
working electrode. The LMP91000 generates an
output voltage proportional to the cell current.
Transimpedance gain is user programmable through
an 𝐼 2 𝐶 compatible interface from 2.75 𝑘𝛺 to 350 𝑘𝛺
making it easy to convert current ranges from 5 μA to
750 μA full scale. As described in Table 2, the
LMP91000 current range completely satisfies the
operating output current range of the selected sensors.
The AFE is optimized for micro-power applications
and works over a voltage range of 2.7 V to 5.25 V.
6. Preliminary results
Using the aforementioned module for air quality
monitoring we conducted several real time tests in the
urban area of Sofia, Bulgaria. The results are
positioned on the map of the city and can be seen in
Fig. 3. They clearly show the pollution present in the
area with heavy traffic – “Sample 4” while “Sample
1” and “Sample 2” are taken in parks and demonstrate
a good “green” environment. The sensor system can
be installed in fixed stations or on public transport
vehicles to record air pollution profiles along the
vehicle routes. Depending on the available

communications infrastructure the measurement data
is either stored locally or transmitted in real time at
certain points along the route to a remote database.

Fig. 3. Test measurements of air quality taken on
18.12.2015 in Sofia, Bulgaria.

In order to validate the preliminary results, we
have compared them with the measurements obtained
by the municipality environmental control authority,
which are published daily and are freely available on
the official website. We have used the values from the
public station in Mladost district in Sofia which is
closest to the experimental sensor node.
Mobile sensor node
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Fig. 4. Comparing the data for the daily course of
𝑵𝑶𝟐 concentration measurement (averaging each hour):
values provided by the municipality station and a mobile
sensor node.

Fort the nitrogen dioxide concentration
measurement a NO2-A42F amperometric sensor from
Alphasense was used and a two point calibration was
performed [24]. As it can be seen in Fig. 4, our results
for the daily course of 𝑁𝑂2 concentration
measurement closely match the values of the official
municipality station.
The preliminary results of the measurements with
other types of sensors show that the measurements
obtained by the low-cost sensors are comparable in
their accuracy with those from the official sources,

and they can provide important information about air
quality in a specific location.
7. Conclusion
The use of multi-parameter air quality
measurement systems makes it possible to have a
detailed level analysis and localisation of the main
pollution sources. These measurement systems are
important components in many actual Smart-Cityprojects [28].
This study presents the development of a mobile
multisensor node for real time monitoring of
important environment parameters. In comparison to
other solutions described in the literature, the
present solution relies on small, low-power sensor
nodes, provided with long-lasting rechargeable
batteries and WiFi communication modules. In this
way, they can be easily moved and deployed
outside, wherever there is WiFi coverage.
The node includes an array of amperometric gas
sensor and basic physical parameters sensors. The
usage of amperometric sensors together with a
programmable analog front end for low-power
chemical-sensing applications offers more advantages,
such as low power consumption, low cost, fast
response, ability to produce real-time measurement,
etc.
It is necessary to point out that the quality of the
measured data provided by the sensor nodes largely
depends on the accuracy of the sensors. As technology
evolves, more accurate low-cost sensors will be made
available and data quality will improve. From this
perspective the implemented nodes can be considered
to be an evolving low-cost monitoring platform whose
quality can benefit from the developments in sensor
technology.
The establishment of data collection protocols
involved the adoption of different approaches in order
to achieve success (e.g., WiFi hot spots, SD card,
proprietary web data portals). Among those were
iterative upgrades to communication protocols and
hardware.
In future work, we plan to add sensors for
additional air pollutants measuring such as volatile
organic compounds (VOCs).
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Design of unified rail traffic management system architecture
in Republic of Bulgaria
Ventsislav G. Trifonov
The rail traffic management systems have to meet requirements of high responsibility and failsafe behaviour. It is expected that these systems will give a possibility of real-time rail traffic
monitoring and ensure information for all parties interested in this business. The paper examines an
architecture capable to implement a system providing such a possibility. The solution proposed is in
compliance with communications currently available in the Bulgarian railway infrastructure and
the problems arising from their condition.
Условия за изграждане на архитектура на единна система за управление на
влаковото движение в Република България (Венцислав Г. Трифонов). Към системите за
управление на влаковото движение се предявяват изисквания за висока надеждност и
безопасно след отказ поведение. Очаква се тези системи за дадат възможност за следене
на движението на влаковете в реално време и да осигуряват информационно всички
заинтересувани от този бизнес процес страни. В статията се разглежда възможна
архитектура за реализиране на система, осигуряваща тази възможност те.
Предложеното решение е съобразено със съществуващата към момента комуникационна
осигуреност на железопътната инфраструктура в България и произтичащите от това
проблеми.

Problem definition
The current train control systems in the Republic
of Bulgaria function on the basis of:
• Availability of train control systems at stations
(interlocking)
• Train control systems between stations (ETCS
1/2/3)
• Level-crossing control systems (automated level-crossing devices);
• Systems of ensuring rail traffic management authorities: dispatching connections for different
authorities: (train, electrical, power supply),
train dispatching radio connection, etc.
Despite the type of different systems, the human
factor is the one to mainly participate in traffic. The
rail traffic is controlled by traffic managers on duty
who command entrance, exit and marshalling routes at
the stations they are responsible of. At the moment
the traffic between stations is implemented both automatically and by using telephones.

Currently there is no unified train traffic system in
Bulgaria. The data of real train location are not received by an objective system of train location control
but are input by the dispatchers of individual dispatching circles.
The lack of high-level data acquisition automation
affects the process of rail traffic management by overloading the dispatcher and duty traffic manager with
performing lots of administrative activities.
According to the Regulations of Rail Traffic Management, the traffic control is mainly of two types:
• Train control by using telephones;
• Train control by using interlocking.
The process of management is reduced to filling in
telephonograms by duty traffic managers on one the
hand, and on the other hand, “manual” input of train
location in the common train control system by the
dispatcher.
The advanced solutions for implementation of train
traffic management systems are based on:
• Availability of a common communication
system to ensure train traffic needs;

•

Availability of dispatching systems for
train control in individual dispatching sections.
The equipment of tracks with ETCS 1/2/3 provides
real information where the train is (within a block
section).
Unfortunately, the Bulgarian conditions show that
none of the above mentioned three systems has been
implemented. There are individual sections equipped
with one or another of these systems but they are not
connected to each other.
On the other hand, being member of the united European railway area, the Republic of Bulgaria has to
implement a system of data exchange on freight and
passengers thus joining the unified common system [1].
From this point of view it is necessary to find out a
working solution to guarantee:
- Meeting the European requirements [2];
- Data acquisition of the rail vehicles position
within the Bulgarian railways and ensuring automatic data exchange with similar European
railway administrations;
- Providing objective management of the duties
of traffic managers and dispatchers by automation of their work;
- Discharging traffic managers and dispatchers
from routine duties (filling in books, etc.) giving them opportunities to focus on their main
activities.
The implementation of an additional network to
perform real-time risk monitoring and assessment is
aimed at avoiding occurrence of situations and failures
that could result in incidents and accidents [3].
The paper examines the possibility to implement a
system architecture defining functionalities and interfaces on different levels in order to involve the network of National Railway Infrastructure Company
(NRIC) and guarantee receiving real-time information
related to rail vehicles at stations and traffic between
stations.
Architecture of data transmission for traffic
management
The system of data transmission for traffic management is aimed to provide the following functions:
• Electronization of the forms filled in by duty
traffic managers;
• Providing a unified communication environment to perform operational train work;
• Introduction of objective management for

monitoring on the each locomotive location
within the railway network;
• Introduction of objective management for
availability of rail vehicles in the sections between two stations (marking the end train car
electronically);
• Introduction of a video connection between the
dispatcher and traffic manager.
• Providing a unified safety communication environment for data transmission (based on GSM,
GSM-R or fixed communication environment).
To implement the system of data transmission, it is
necessary to introduce a possibility to transmit the
same information through:
- NRIC trunk cables;
- Train dispatching radio system;
- Construction of optical routes;
- Leased optical services;
- IP mobile channels provided by mobile operators.
When using the first two lines, it is necessary to
proceed to filtering the signals of Layer 1. Due to
large variations of operational parameters in various
technology sections, it is necessary to use algorithms
of adaptive filtering. Similar methods are given in [4]
and [5].
The computerization of Rail Traffic Management
Forms is the basis of traffic safety increase by discharging duty traffic managers from routine administrative duties. A process of possible "virtualization" is
described in [6].
The introduction of a unified system of data exchange between duty traffic managers will result in:
• Automated receiving information related to the
exact data and departure hour of a certain train
or marshalling train from a certain station;
• Receiving information about the occupation of
a certain section between two stations or a
track;
• Possibility to connect the data from duty traffic
managers with GIS system.
The necessary telecommunication structure is
based on two types of data channels:
• channels of minimal bandwidth;
• channels of bandwidth providing data transmission at minimum 9600 Кbps.
It is provided to implement the channels of minimal bandwidth on the current trunk channel thus ensuring quality connection between the duty traffic
manager and dispatcher.
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Fig.1. Document turnover architecture to the unified traffic management system using a telephone method.

Architecture of high-responsible commands
management
At the moment the devices mostly operated in the
National Railway Infrastructure Company (NRIC) are
electrical interlocking and systems with relay-key
dependencies. This type of interlocking guarantees
train traffic safety achieving traffic safety in an objective way. The specific situations occurring in the process of railway operation impose the necessity on
traffic managers to take responsibility and give commands that are out of the objective safety control of
respective interlocking. This type of commands is
called “high-responsible” and is given by using different mechanisms that require unambiguous command
input. Most often they are given by using sealed buttons. To this moment these actions are achieved by
writing down (creating a paper document) in compliance with the regulations of National Railway Infrastructure Company (NRIC). The development of controllers to regulate these manipulations would increase
the level of operation safety. The development of controllers for data acquisition of the given highresponsible commands could result in:
• Data acquisition of all high-responsible commands given by duty traffic managers;
• Data acquisition of all commands given by duty
traffic managers;
• Creation of unified database of commands given in the National Railway Infrastructure Company (NRIC) network thus making possible to
analyze the risk on certain tracks or sections;
• Analysis of the staff safety work level and the
quality of their training;

•

Analysis of risk level in the whole network and
individual sections and possibility to forecast
the probabilities of emergency occurrence.

Requirements to Architecture of automation
rail devices management in the sections between
stations
Uniting all level-crossings in a unified system for
control on their functionality;
Creating a common radio network for data exchange of different level-crossing devices;
Providing optical link between the level-crossing
devices and the sections between stations next to
them;
Implementing a new type of level-crossing devices
giving a possibility of remote diagnostics.
Design of Architecture of rolling stock management
The Architecture of management is based on introduction of the following systems:
• Introduction of a locomotive positioning system
in the sections between stations and at stations;
• Introduction of a train-end monitoring system in
the sections between stations;
• Introduction of a video track recording system
during the train movement;
• Introduction of a system recording the conversations between engine drivers related to their
duties in the cab;
• Introduction of video connection between engine drivers and the corresponding carrier’s
dispatcher.
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Fig.2. Method of employee’s role verification.

Common solution for system safety.
When system users enter the system, they have to
get a possibility of receiving relevant roles in a reliable way. The role indication is mandatory in order to
guarantee receiving different class of services at different points of the system. Thus it guarantees
achievement of operativeness of staff activities on
different positions in the National Railway Infrastructure Company (NRIC) and business establishments.
Fig.2 presents the method of how a role is joined to a
certain employee. The specific feature in this process
is the necessity to build a link to the service through
PKI and the change of keys while working.
Conclusion
The paper presents the problem of designing a unified network of the National Railway Infrastructure
Company (NRIC) to receive real-time train traffic
data. For that purpose a strategy of data exchange
through using different forms of communication connectivity is proposed. Some problems and requirements to different architectures for implementation of
document turnover connected with filling in train traffic forms applied with using telephones are analyzed.
A principal architecture of role authorization providing mobility of the whole NRIC staff is proposed.
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Calculating the net cost of universal postal service –
pragmatic approach
Zdravko A. Mihaylov, Valentin T. Tsenov
The postal sector provides services of public interest. The postal services in the EU are fully
liberalized with the removal of the reserved market share. Market regulation is not able to meet public
needs at any time. This requires the imposing of obligation for the provisioning of the service which is
a financial burden for the operator. The costs should be done with this, which imposes the obligation.
This article presents methods for calculating the net cost. The main accent is put on the risks of using
the method "Net avoided costs" – which was the main reason for this article. A new, pragmatic
approach has been proposed by describing two postal operators. The first one is the current postal
operator with obligation to provide the service. It provides service through profitable and unprofitable
business centers. The second, "Pragmatic" operator includes only profitable centers of the current
operator in the model is a part of it. The pragmatic operator actually avoided some of the costs
compared to obliged operator, as a result of economies of scale and demand conditions. Formulas are
proposed for determining the net costs incurred and practice basic conclusions about the benefits and
applicability of the model.
Изчисляване на нетните разходи от предоставяне на универсалната пощенска услуга
– необходимост от прагматичен метод (Здравко А. Михайлов, Валентин Т. Ценов).
Пощенските съобщения осигуряват обществени услуги. Те се либерализират напълно с
премахването на запазения пазарен дял. Пазарното регулиране не винаги може да отговори на
обществените потребности. Това налага въвеждането на задължения за обслужване, които
са финансова тежест за оператора. Покриването на разходите трябва да се осъществи с
помощта на този, който налага задължението. Представени са методи за измерване на нетните
разходи. Акцентирано е на рисковете от използване на метода „Нетни избегнати разходи” основен мотив за настоящия доклад. Предложен е нов, прагматичен метод. Участват два
пощенски оператора. Първият е действащия оператор със задължения. Той предоставя
услугата чрез рентабилни и нерентабилни бизнес центрове. Вторият, "Прагматичен"
оператор, обхваща само рентабилните центрове на действащия оператор и в модела се
явява част от него. Прагматичният оператор реално избягва част от разходите, в сравнение
със задължения оператор, в резултат на икономия на мащаба и условията на търсенето.
Предложени са формули, основни изводи за предимства и приложимост на метода.
Ключови думи: нетни разходи, универсална пощенска услуга, задължения.

1. The need of obligation for public service
In the EU countries (Member States), there is a
rapid and general liberalization of the infrastructure
sectors, providing services of public interest. The
market regulation of these sectors is not able to
respond adequately to the public needs at any time.
The market price could be very high for certain groups
of users with low purchasing power or is possible not
to cover the costs for providing the services. This fact
requires the imposing of obligations for provisioning

of public services, which has to guarantee the right of
each citizen, notwithstanding of the social status and
geographical location, the access to the minimum set
of services with predefined quality and at affordable
price.
The guarantee of the existence of universal postal
service with defined scope and parameters is related to
the imposing of obligation for its provisioning. The
obligation represents a financial burden for the
operator. This financial burden is identified with those
components and elements of the services, which the

postal operator would not offer if it were guided
solely by commercial considerations. Usually, it is
related to the service of population and geographic
areas, which are financially unfavorable for the
operator.
The postal operators has the right to claim that
covering of these costs, which are related to the
“burden” of the universal service should not be only
their responsibility and should be done together with
this authority which has imposed the obligation, i.e.
the state.
Last regulatory decisions
To the above-mentioned is related also adopted on
25.01.2012 by the European Commission set of
decisions on the state aid designed for postal operators
with obligation to provide the universal postal service
(UPS).
The decisions for the relevant postal operators are
as follows [9]:
 Deutsche Post (Germany) The Commission
approved a compensation of € 5.6 billion granted by
Germany to Deutsche Post from 1990 to 1995 to
cover the cost of the universal postal Service.

"La Poste" (France) The Commission
reaffirmed its objective of high quality public services
by approving €1.9 billion aid paid by France to La
Poste to finance part of the cost of the public services
of delivering press items to citizens and of presence in
remote areas for the period 2008-2012 ;

"Hellenic Post" (Greece) - The Commission
approved aid of €52 million granted by Greece to
Hellenic Post (ELTA) to contribute to financing the
modernisation of its public postal services until 2021,
which will broaden the range of services offered on
the whole territory of Greece, in particular in its
peripheral regions.
Changes in the regulatory environment
The removal of the reserved area, which gave the
possibility for compensation as well as the complete
opening of the European postal market, poses a
number of challenges before the operators with
obligation to provide the universal postal service [1].
One of these challenges is calculation of net costs
from the provisioning of the services (UPS is a
package of postal services).
The measurement of the costs, related to the
obligation for provisioning of the UPS is a
complicated complex activity both the theoretical
foundations the practical application of the existing
methodologies [2]. The confirmation of this is
published in the Third Postal Directive "Guidance on

calculating the net cost from the provisioning of the
universal postal service" [1].
The practice shows that in the most European
countries the net costs, which represent an unfair
financial burden are compensated by the state
budgets [4].
The changes in the regulatory environment
increase the importance of the budgetary form of
compensation vice the removed reserved area. This
calls for development of a pragmatic method for
calculation of the net costs of the obliged postal
operator and for the establishment of adequate
mechanisms to guarantee its financial compensation
and stability.
Object, subject and purpose of the report
Object of this report are postal operators
(providers) with obligation to provide the universal
postal service. Subject is the net costs arising from the
provisioning of the UPS. The purpose is to represent a
pragmatic method for calculation of the net costs of
the postal operator with obligation to provide the
universal postal service.
Restrictive conditions
• The accent is put on the way of calculation of
lost tangible benefits without analyzing intangible and
market benefits, cost efficiency and the right of
reasonable profit;
• The proposed method does not deal with
postal agencies as independent business center,
because their revenues and costs are reported at post
office level;
• The method does not take into account the
impact of changes, resulting from the competitive
market environment;
• The proposed method does not deal with
production efficiency, which is defined in the act of
entrustment;
• The method excludes the balance from
international payments.
Assignments
• To define the net costs from the obligation for
provisioning of the universal postal service and
classification of the basic methods used for their
calculation;
• To present and to analyze the basic methods;
• To justify a new pragmatic method for
calculation of the net costs of the obliged postal
operator.

Development of the basic methods used according to the opening of the market
Fully distributed costs (FDC)

FDC + reasonable profit

Net avoided costs (NAC)

Opening of the market and reduction of
the reserved area

Monopoly
(Reserved area)

Opened market

Full

Corporate

Limited

Referent scenario

Scope

Scope

Scope

(Scope of the obligation)

Mentioned on the figure methods "limited scope" ("CA", Copenhagen Economics, 2008),
"corporate scope" ("ACS", Norway Post, 2002) and full scope ("GLA", Swiss Economics, 2008)
represent options of the method “Referent scenario”.

2. Definition of the net costs and of the basic
methods
"The net costs are the additional costs (or lost
benefits) from legally imposed obligation to provide
the UPS [3]". When they represent an unfair financial
burden, they are subject to compensation by
implementation of a certain scheme.
3. Presentation and analysis of the methods used
Fully distributed costs
The method is based on the full distribution of the
actual costs [5]. However, in practice it does not
calculate the additional costs arising from the
obligation itself for provisioning of the package
“UPS”. Moreover, it does not deal at all with the net
costs from the obligation if the financial result of the
postal operator is positive.
Fully distributed costs plus reasonable profit
The method is based on the full distribution of the
costs and average weighted price of the capital
without taking into account the intangible and market
benefits from the provisioning of the UPS [10].

Net avoided costs
Due to the mentioned above disadvantages of the
presented two methods, the most European operators
use “Net avoided costs” [4]. Under the net avoided
cost methodology, the net cost necessary, or expected
to be necessary, to discharge the public service
obligations is calculated as the difference between the
net cost for the provider of operating with the public
service obligation and the net cost or profit for the
same provider of operating without that obligation.
[5]. Using of the method involves development of a
referent scenario where the same operator operating
without imposed obligations.
The implementation of this method is related to the
following possible risks:
 Change of certain minimum standards to the
referent scenario like:
Frequency of mail deliveries [8];
Accessibility of the access points to the
services;
Financial affordability of the prices for users;
Single price for letter post items for the whole
territory;
Non-delivery of certain free services for blind
or partially sighted people, which will lead to conflicts

with recommendations of the Third postal directive
[1];
 Disturbance in the balance of the interests of
senders and receivers of the postal items [6];
 Choice for specific characteristics for frequency
of deliveries and the part of territory and the
population to be served;
 Accepting of
mail from the hypothetical
operator when traffic is low = instantaneous intensity;
 Change of points for contact with users;
 Change of transportation scheme of access to
the services market;
 Change of standards and the quality of the
service;
 Option for many estimates and uncertainties;
 Reliability of the results;
 Assess the degree of acceptance;
 Assess the degree of practical implementation;
 Assess how the referent scenario is
commercially applicable and if it leads to uncertainty
for the obliged postal operator;
 Excluding from the obligation of some
components of the UPS, the costs of which would
have significant influence on the final result [7];
 Subjective determination of the scope of the
obligation (postal codes, routes), which may increase
the net costs [2];
 Degree of using of different price systems for
"priority" and "non-priority" letter post items;
 Violation of collective agreements and social
tension;
 Inconsistency of time period during which the
postal operator works "with obligation" and "without
obligation";
 Inconsistency of economic results from the
work of obliged postal operator and the same operator
"without obligation";
 Accumulated effect from the mentioned risks
and contestation of the results.
4. Reasoning for new, pragmatic method for
calculation of the net costs of the obliged postal
operator
Nature of the proposal
The proposed method is related to the development
of other scenario, different from the referent scenario.
It involves two postal operators. The first one is the
current operator with obligation to provide the UPS.
Under existing accounting, it provides the service
through profitable and non-profitable business centers
(post offices). The existence of non-profitable
business centers in the obliged postal operator shows
that the imposed obligations are provided under

conditions, which are not usual commercial practice
and form a financial loss.
The second one is a conditional postal operator,
called “Pragmatic” and comprises only profitable
business centers of the obliged current postal operator
and thus in the model it is a part of the obliged
operator.
The second postal operator is considered as a
commercial business organization, which works under
usual commercial conditions as an operator “without
obligations”. The profitable centers works under
commercial conditions, which are relevant to a big
extent to an effective hypothetical operator. These are
the business centers where the reported revenues from
provisioning the UPS are higher than the reported
costs from the provisioning of the same scope of
services for a certain period of time.
The pragmatic operator actually avoids some costs,
compared to the obliged operator as a result of
economy of scale and demand conditions. Moreover,
this operator meets the standards (elements and
components) of the obligation to provide the UPS as a
whole package. This removes the necessity to search
services from the package, which are not offered what
is supposed in the referent scenario.
Applicable formula
The net costs from the obligation for provisioning
the UPS according this different scenario are
calculated according to the formula:
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where:
НР - net costs, total amount of the lost tangible
benefits of the obliged postal operator for a certain
period of time;
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- operating revenue from provisioning the

UPS in the non-profitable business centers;
i – index, which is changing from 1 to n, where n is
the number of non-profitable business centers;
П j - operating revenue from provisioning the
UPS in the profitable business centers;
j – index, which is changing from j to m, where m
is the number of profitable business centers;
Рi - operating costs from provisioning the UPS in
non-profitable business centers;

Р j - operating costs from provisioning the UPS in
profitable business centers.
That formula can be developed as follows:
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According to the developed formula, the net costs,
which represent unfair financial burden from the
imposed obligation, are the difference between the
amount of the revenues and the costs from the UPS in
the non-profitable business centers.
The allocation of costs
The costs from non-profitable and profitable
centers are obtained from “Costs allocation system of
the obliged operator by types of services” ("АВС” or
other referent model).
The allocation of revenues:
• The revenues of the operation activity are
obtained from the reports;
• The central revenues (excluding the revenues
from the terminal dues) are allocated between
business centers, according to the extent of their
participation in the implementation;
• Parts of the central revenues, which cannot be
allocated directly, are allocated on the basis of the
reported costs.
4. European practices
The review of the international practice [4] shows
that the relative share of the net costs (by the imposed
obligation) to the operational costs of the postal
operators by countries is from 1,5% for Great Britain
to 7,8% for Switzerland.
5. Conclusion
The survey allows drawing the following main
conclusions:
1. The proposed new method avoids the above
mentioned risks, which is its advantage, practical
relevancy and regulatory acceptability.
2. The new method uses factual and reporting data
for the services, traffic, revenues and costs and thus

avoids conditionality and uncertainty of the other
method based on the referent scenario.
3. Non-profitable cost centers used in the proposed
method convincingly present the burden of the
imposed obligations, because they work under the
same price and other conditions like profitable ones.
This gives grounds to assume that their nonprofitability is caused mainly by the difference
between urban consumer environments and raised by
this difference in the demand of postal services.
4. The new method eliminates one of the major
drawbacks of the methodology "Net avoided costs",
which allows different price conditions of work of
actual postal operator and hypothetical postal
operator.
5. The necessity of change in the volume and
structure of the capital is avoided, which is
unavoidable in all options of the referent scenario.
6. The proposed new method may be considered as
a pragmatically oriented supplementation (addendum)
of the “Guidance on calculating the net cost” of the
Third postal directive.
This paper was presented at the 20th Anniversary
Nation Conference with International Participation
”Telecom 2012”, Sofia, Bulgaria, 2012. The article
reflects the personal opinion of the authors.
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ELECTRICAL ENGINEERING

Modeling of electromagnetic and thermal processes
occurring in induction heating cooker
Maik Streblau
Induction heating is a famous technology and very usually used for cooking appliances because
of its high-energy efficiency. A mathematical model is adopted for a flat inductor-detail system in this
paper and it is used for studying the electromagnetic and the temperature field. The analysis is based
on the finite element method (FEM). Results of the studied fields distribution and temperature
evolution in the detail are presented.
Моделиране на електромагнитните и топлинни процеси възникващи в индукционен
нагревателен котлон (Майк Щреблау). Индукционното нагряване e популярна технология,
която все по-често се прилага в бита, поради високия коефициент на полезно действие.
Адаптиран е математичен модел на система плосък индуктор – детайл, с който са
изследвани разпределението на електромагнитното и температурното поле. Анализът е
базиран на метода на крайните елементи. Представени са резултати за разпределението на
изследваните полета и изменението на температурата на детайла.

Introduction
The induction heating is a contactless technique of
generating heat energy in a conductive material by
producing eddy current losses in the work piece from
an external variable high-frequency power source.
This principle is enshrined in induction cookers
widely entered the household as a substitute for
conventional heating systems (electric and gas). Their
main advantage is the high efficiency set by the mode
of transmission of energy to heat an object [2], [4].
In particular, the induction cooker is a flat
inductor, whose electrical parameters are managed in
a law that is similar to the classic induction heating.
This gives rise to such a system be viewed as a flat
inductor – detail system. Such systems are considered
in [5], [6].
The aim of this article is to achieve the
electromagnetic and temperature field distribution in
the flat inductor-detail system. For this purpose is
adopted a mathematical model of a flat inductor-detail
system, taking into account the specifics of the
structure and mode of operation of the induction
cookers.

Mathematical model
Specificity in describing the mathematical model
is based on the fact that the court, in this case the
workpiece, is made of ferromagnetic steel and
during the heating process the temperature is lower
than the Curie point. Given multi physics model can
be represented by a single step, as opposed to
surface induction heating of ferromagnetic details,
stated in [3].
In designing the multi physics model for analysis
of the electromagnetic and temperature fields the
following assumptions are made:
- The segment concentrators located under the
inductor [1] are modelled through a dense disk
of ferromagnetic steel;
- The electromagnetic field is considered as
continuous at the boundary between mediums
with different values of the magnetic
permeability;
- The temperature field is only considered in the
detail;
- It is not reported losses of energy from the
surrounding surface of the heated detail;
- It is ignored the losses by radiation from the
detail to the environment;

-

It is assumed that the temperature of the
inductor is constant.
Figure 1 shows geometry of the model of axial
symmetric flat inductor – detail system.

The boundary conditions assigned at the
boundaries of the model shown on Figure 1 are as

follows [6]:


dΩ1(3)

Electromagnetic field:

Boundaries: dΩ ∈ (r = 0, z = ∞ ) ; dΩ1(1) ; dΩ1( 2) ; dΩ1(3)
•

dΩ∈ r = 0; z = ± ∞

dΩ2(4)
Ω2

Ω1

dΩ2(2)

dΩ2(3)
dΩ2(1)

n xA = 0

(2)


Ω3

Temperature field:

Boundaries: dΩ (21) ; dΩ (22) ; dΩ (24)

∂T
=0,
∂n

(3)
Ω4

dΩ1(2)

Ω5
dΩ1(1)

Boundary: dΩ (23)
(4)

z

−

∂T α
= (T − T0 ) ,
∂n λ

r

Fig. 1. The geometry of the model. Ω1 – the air, Ω2 – the
detail; Ω3 – the pyro ceramic plot; Ω4 – the inductor;
Ω5 – the magnetic concentrator.

Given the assumptions made and the areas divided
in the model in Figure 1, the general form of the multi
physics mathematical model of the inductor-detail
system in cylindrical coordinates is as follows:
•


 • 
∂  1 ∂r ⋅ A  ∂  ∂ A 
=0
⋅
+
∂ r  r
∂ r  ∂ z  ∂ z 





(1)

∈ Ω1

The properties of the materials involved in the
pattern of model are set according to the current value
of temperature [7], [8]. The model is implemented in
an environment of Comsol Multiphysics Software.
Results
The obtained results for the magnetic and
temperature field distribution are shown in Figure 2,
Figure 3.
The temperature evolution on the top of detail is
presented in Figure 4.

•
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∂z
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where: А - magnetic vector potential; Jc - current
density in the inductor γ - specific electrical
conductivity; Т - absolute temperature; μ - absolute
permeability; ρ - density of the material; c - specific
heat capacity; λ - thermal conductivity.

Fig. 2. Magnetic field distribution.

Fig. 3. Distribution of the temperature field in the detail.

Fig. 5. The inductor
1- Concentrator; 2 - Coil

Fig. 6. The Dimensions of the inductor

Fig. 4. Temperature evolution on the top of the detail.
Fig. 7. The detail.

Experiment
An experiment was conducted with an induction
cooker ALASKA, which consists of a flat inductor
with a configuration shown on Figure 5. The
inductor is made of copper wire with a diameter d =
2 mm and turns w = 27, shown on Figure 6.
As a load is used a cylindrical detail made of
ferromagnetic steel 45, shown on Figure 7.
The inductor is supplied with a sinusoidal
current with constant frequency 26 kHz and the
input electrical power is 950W. The waveforms of
the inductor voltage and the current are shown on
Figure 8.
The heating process is monitored with a
thermocouple placed on the top of the heated detail.
The initial and the final temperature of the detail are
according 26oC and 66oC.

Fig. 8. Inductor voltage (blue) and current throw the coil
(yellow).

Conclusions
The model is specifically designed for the
researched induction cooker. To assess the adequacy
of the model a comparative characteristic for the
heating process is presented, shown on Figure 9. The
maximum value of the relative error between
experiment and model is 7%.

70
60

T, degC

50
40
30
20

Fig. 9. Comparison between model and experiment.

The distribution of the magnetic field is
characterized by a concentration of magnetic field
lines between the detail and the inductor due to the
screening effect of the ferromagnetic detail and the
concentrator located under the inductor.
The temperature field distribution in the detail is
rather irregularly. This fact is due to the bigger
diameter of the detail then the coil of the inductor.
This means that for the regularly heating it is
necessary the diameter of the load to be approximately
equal to the diameter of the coil.
The proposed admission for the presented
configuration of the concentrators in the model does
not affect to the final temperature distribution in the
detail. This allows the model can be described in 2D
dimension instead in 3D.
The adopted mathematical model can be used for
more detailed analysis on the processes at work on
induction heating cooker in complete with
ferromagnetic container with contents in it substance.

In future studies need to be presented in detail the
peculiarities of the configuration of the containers
used at work with induction cookers. It is essential
that consideration of the physical parameters of the
substance to be heated.
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