
2017 5 6
ЕЛЕКТРОТЕХНИКА
И  ЕЛЕКТРОНИКА
ELECTROTECHNICA
&  ELECTRONICA

S I E L A  2018

3 – 6 June 2018, Bourgas, Bulgaria

thXX  International Symposium on

Electrical Apparatus and Technologies

Union of Electronics, 
Electrical Engineering and

Telecommunications

Technical
University 

of Sofia

CEEC

SIELA 2018 
Union of Electronics, Electrical Engineering and Telecommunications (CEEC)

108, Rakovski Str. | 1000 Sofia, BULGARIA
Phone: (+359 2) 987 9767 | E-mail: siela@tu-sofia.bg 

 

Union of Electronics, Electrical Engineering and 
Telecommunications (CEEC) 
  
IEEE Bulgaria Section 
with the support of

  
Technical Universities of Sofia, Varna and Gabrovo

"Nikola Vaptsarov" Naval Academy, Varna
 Federation of Scientific and Technical Unions    
University of Ruse "Angel Kanchev" 

  House of Science and Technology - Plovdiv 
    Regional Organization of STU - Bourgas 

Centre of Informatics and Technical Sciences at BFU 
VDE - Germany 

http://siela.tu-sofia.bg 



ELECTROTECHNICA & ELECTRONICA  E+E   
Vol. 52. No 5-6/2017  
Monthly scientific and technical journal  
Published by:  
The Union of Electronics, Electrical Engineering and Telecommunications /CEEC/, BULGARIA 
 

Editor-in-chief: 
Prof. Ivan Yatchev, Bulgaria 

Deputy Editor-in-chief: 
Assoc. Prof. Seferin Mirtchev, Bulgaria 
Editorial Board: 
Prof. Anatoliy Aleksandrov, Bulgaria 
Acad. Prof. Chavdar Rumenin, Bulgaria 
Prof. Christian Magele, Austria 
Prof. Georgi Stoyanov, Bulgaria 
Assoc. Prof. Evdokia Sotirova, Bulgaria 
Prof. Ewen Ritchie, Denmark 
Prof. Hannes Toepfer, Germany 
Dr. Hartmut Brauer, Germany 
Prof. Marin Hristov, Bulgaria 
Prof. Maurizio Repetto, Italy 
Prof. Mihail Antchev, Bulgaria 
Prof. Nikolay Mihailov, Bulgaria 
Prof. Radi Romansky, Bulgaria 
Prof. Rosen Vasilev, Bulgaria 
Prof. Takeshi Tanaka, Japan 
Prof. Ventsislav Valchev, Bulgaria 
Dr. Vladimir Shelyagin, Ukraine 
Acad. Prof. Yuriy I. Yakymenko, Ukraine 
Assoc. Prof. Zahari Zarkov, Bulgaria 
Advisory Board: 
Prof. Dimitar Rachev, Bulgaria 
Prof. Emil Sokolov, Bulgaria 
Corr. Member Prof. Georgi Mladenov, Bulgaria 
Prof. Ivan Dotsinski, Bulgaria 
Assoc. Prof. Ivan Vassilev, Bulgaria 
Assoc. Prof. Ivan Shishkov, Bulgaria 
Prof. Jecho Kostov, Bulgaria 
Prof. Lyudmil Dakovski, Bulgaria 
Prof. Mintcho Mintchev, Bulgaria 
Prof. Nickolay Velchev, Bulgaria 
Assoc. Prof. Petar Popov, Bulgaria 
Prof. Sava Papazov, Bulgaria 
Prof. Rumena Stancheva, Bulgaria 
Prof. Stefan Tabakov, Bulgaria 
Technical editor:   Zahari Zarkov 
Corresponding address: 
108 Rakovski St. 
Sofia 1000 
BULGARIA 
Tel. +359 2 987 97 67 
e-mail: epluse@mail.bg 
http://epluse.fnts.bg 
ISSN 0861-4717 

C O N T E N T S 

ELECTRONICS 

Emil Kovatchev, Georgi Mihov 
Design and investigations on a high frequency  
resonant boost converter 1 

Vencislav Valchev 
Practical approaches for reducing eddy current losses  
in transformer windings 7 

Georgi  Panov 
Overview of frequency compensations in the CMOS 
operational amplifiers, Part one – The basics 12 

TELECOMMUNICATIONS SCIENCE 

Dimitar Atamian, Seferin Mirtchev, Rossitza Goleva 
Traffic investigation of priority services in IP networks 18 

E-LEARNING 

Maria Todorova, Dimitrina. Karamanska, Elena Koleva, 
Lilyana Koleva 
Ergonomic criteria for evaluating the quality of e-learning 24 

UP-TO-DATE INFORMATION ON SCIENCE  
IN BULGARIA 

Ministry of Education and Science, Republic of Bulgaria  
National strategy for development of scientific research  
in the republic of Bulgaria 2017 – 2030  
(Better science for better Bulgaria) 31 

Ministry of Education and Science, Republic of Bulgaria 
Bulgaria national roadmap for research  
infrastructure 2017-2023 37 



ELECTRONICS 

Design and investigations on  
a high frequency resonant boost converter 

Emil  Kovatchev, Georgi  Mihov  

 
A practical design approach for a high-frequency resonant boost converter with zero-voltage 

switching (ZVS) technique is presented in this paper. The advantages of the soft resonant commutation 
have become more apparent with the trend for smaller converter component size, higher energy 
density and improved weight, less carbon dioxide emissions and clean environmental footprint. A 
simplified design procedure for a resonant ZVS boost converter has been introduced. A hysteretic, 
fixed-frequency controller without the need for loop compensation has been designed and a SPICE 
closed loop simulation of the ZVS boost converter has been carried out. A prototype has been built 
and evaluated. With efficiency exceeding 85% at a constant switching frequency of 1MHz and output 
power of 40W, the experimental ZVS boost converter easily meets the design requirements and 
demonstrates the advantages of the proposed design procedure and the simple, yet very effective 
hysteretic constant-frequency control concept. 

 
Проектиране и изследване на високочестотен резонансен повишаващ преобразувател 

на напрежение за автомобилни приложения (Емил Ковачев, Георги Михов). В настоящата 
статия е представен практически метод за проектиране на високочестотен резонансен 
повишаващ преобразувател на напрежение с превключване при нулево напрежение (т. нар. 
ZVS). Резонансната комутация без напрежение има очевидни предимства по отношение на 
тенденцията към миниатюризиране на силовите компоненти, повеишаване на енергийната 
плътност, редуцране на теглото, понижаване на емисиите на въглероден двуокис и 
постигането на чист екологичен отпечатък. Представена е опростена процедура за 
проектиране на ресонансен ZVS-преобразувател. Хистерезисен контролер с константна 
честота, който не изисква компенсация на системата със затворена обратна връзка, е 
проектиран и симулиран със SPICE-програма. Прототип на предложения преобразувател е 
реализиран и изследван. С коефицент на полезно действие, превишаващ 85% при константна 
работна честота 1MHz и 40W изходна мощност, експерименталният повишаващ ZVS-
преобразувател с лекота изпълнява поставените изисквания и демострира предимствата на 
предложената процедура за проектиране и простата, но същевременно твърде ефективна 
концепция за хистерезисен регулатор с постоянна честота.  

 

Introduction 
Many modern automotive electrical appliances rely 

on boost (step-up) converters. Examples include start-
stop systems with elevated voltages for reduced 
current demand and thus lower amount of cooper 
needed, heater and window defrost systems, LED 
background light panels, LED headlamps and rear 
lights [1].  

The global trend for car weight reduction and 
better environmental performance also demands for 
smaller electronic component size, mass and better 
efficiency.  

 
A possible strategy for meeting these expectations 

is to increase the switching frequency of the electronic 
converters. However, while indeed reducing the size 
and weight of the electronic components, the higher 
switching speeds pose new challenges on the power 
loss management. A feasible approach is to apply a 
resonant “soft-switching” technique (also called “zero 
voltage-” or “zero current”-switching, ZVS, ZCS) in 
order to avoid situations where the switches 
experience both high current and voltage at the same 
time.  
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While the resonant step-down and half-bridge 
(LLC) converters have been in the spotlight for a long 
time [2], [3], there is still a lack of design procedures 
and implementations for resonant step-up/boost 
converters. The few papers available disclose rather 
complex solutions with high amount of expensive 
switches and/or inductors [4].  

Goals and Tasks 
Objective of this work is to introduce a novel, 

simplified design methodology for a high-frequency 
resonant ZVS boost controller aided by a robust 
hysteretic control which renders loop compensation 
obsolete.  

Implementation of a ZVS Boost Converter 
A standard boost converter for LED headlamp 

applications usually delivers about 30W…60W in the 
load [5]. Therefore, an output power of 40W has been 
targeted in this work. An output voltage of 40V is a 
common choice which allows for driving long LED 
strings of up to eight LEDs, while still utilizing 50V-
rated output capacitors and diodes. 

The intended switching frequency of 1MHz is 
considered as a significant advantage compared to the 
typical state-of-the-art switching frequencies in the 
range 200kHz…400kHz 

Power Plant 

The proposed ZVS boost controller is depicted on 
Fig. 1. 

The choice of the power components – inductors, 
switching FET, diode - is governed by the power 
requirements listed in Table 1. 
 

Table 1 
Boost converter requirements 

Supply Voltage Range 10V…20V 
Output Voltage, nom. 40V 
Output Current, max. 1A 
Output Power, nom. 40W 
Switching Frequency ~1Mhz 
Efficiency, nom. ≥85%  

 
The components establishing the resonant tank of 

the converter, Lres and Cres, will be chosen in 
accordance with the design procedure presented in this 
work, while the remaining components in the power 
plant will be selected utilizing the common boost 
converter dimensioning procedure described in [6]. 

 

 
Fig.1. Circuit of the proposed resonant ZVS boost 

converter. 

An estimation of the maximum duty cycle is the 
starting point of the resonant component analysis. The 
real-life duty cycle (including losses) of the boost 
converter is  

(1) 
out

in

V
V

D
η.

1 min_−= , 

where D – the duty cycle, min_inV - the minimum 

supply voltage, outV - the maximum output voltage and 
η  - the efficiency of the boost converter.  

By substitution with the targeted values from Table 1 
in (1), the required minimum duty cycle, needed to 
provide 40V output voltage from 10V input voltage, is 
calculated be equal to 79%. Considering the fact, that 
we are targeting 1MHz switching frequency, the off-
time shall be around 210ns. The on-time is 790ns for a 
switching period of 1µs.  

In this design, the resonant inductor Lres will have 
to sustain a large sine current swing. The value of the 
inductor must not be very high to allow for better 
regulation dynamic. An 180nH inductor with 39A 
saturation current has been chosen as a good 
compromise. 

Further, by solving the classic resonant tank 
equation for the capacitance Cres:  

(2) 
resres

res CL
f

π2
1= , 

(3) 
resres

res Lf
C 224

1
π

= , 

where  the resonant frequency resf  is determined by 
closer examination of the turn-off  process of a boost 
converter. 
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Fig.2. Zero-voltage switching (ZVS) for a boost converter. 

In the turn-off phase of the boost switch, the 
resonant tank, formed by the components Lres, Cres 
forces a sine swing on the drain node Udrain .  The 
loseless zero-voltage siwtching (turn-on of the 
inductor current iL) can only occur in the very moment 
the drain voltage swings to zero.  

Thus, the resonant frequency from equation (3) is 
in fact the inverse of the turn-off time and the value of 
the resonant capacitor can then be calculated as: 

 (4) 
res

off
res L

tC 2

2

4π
= . 

A value of 6.21nF is calculated and a combination 
of two 3.3.nF ceramic capacitors in parallel is 
selected.  

The power plant component choice is summarized 
in Table 2. 

 
Table 2 

Boost Converter Components 

Component Ref Value 
Boost Inductor Lboost IHLP4040 1.5µH 
Resonant Inductor Lres XAL6030 180nH 
Boost Diode D PDS5100 
Boost FET M BSC320N20NS3 
Res. Capacitance Cres 2x3.3nF, parallel 
Input Capacitance Cin 3x10µF, ceramics 
Output Capacitance Cout 4x2.2µF, cer.+27µF poly. 
Load resistor Rload 40Ω/100W 
Gate resistor Rg 1Ω 

 

Constant off-time controller 

A key challenge in the design of the proposed ZVS 
boost converter is the implementation of a proper 

constant off-time control algorithm. Considering the 
high switching and resonant frequency, a highly 
precise clock with nanosecond resolution is required. 

A suitable control strategy based on hysteretic on-
off control is proposed in this work (Fig.3). The 
output voltage of the boost controller is supervised by 
the voltage divider R1, R2 and two comparators, U1 
and U2. Their references, Vref_hi and Vref_lo, define 
the voltage ripple at the output (with the magnitude of 
some hundred millivolts). The comparators control a 
flip-flop FF, which, in turn, enables or disables the 
high frequency clock pulses (1MHz, 81% duty) 
through the gate AND. The clock pulses are generated 
by a precise function generator or microcontroller. 
The gated pulse train drives the FET gate driver DRV. 

 
 

 
Fig.3. Circuit of the constant off-time controller for the ZVS 

boost converter. 

The proposed hysteretic control scheme has a 
simple principle and does not need any closed loop 
compensation. The high frequency pulse train is 
effectively modulated with the much lower (in the 
range of some tenth of kHz) hysteretic frequency, 
dependent on the parameters of the power plant and 
the reference voltages of the control comparators. The 
comparators are preferably low-offset, high–speed 
types to improve the control behavior. 

The components used for the hysteretic controller 
implementation are summarized in Table 3. 

 
Table 3 

Control circuit components 

Component Ref Value 
Voltage Divider High R1 39kΩ 
Voltage Divider Low R2 1kΩ 
Ref. Voltage High Vref_hi 1.02V 
Ref. Voltage Low Vref_lo 0.98V 
Hyst. Comparator High U1 TS3022IDT 
Hyst. Comparator Low U2 TS3022IDT 
Flip-Flop Trigger FF HEF4013BT 
Logic AND Gate AND 74HC08D 
Gate Driver DRV IR4427S 
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Simulation 

A SPICE simulation with the components listed in 
Table 2 and Table 3 has been performed in 
LTSpice™.  

Current and voltage waveforms 
As expected, the output voltage of the boost 

converter is regulated to approximately 39.4V with 
the aid of pulse bursts, filled with 1MHz carrier 
(Fig.4). 

 
Fig.4. Simulation of the ZVS converter operation. Output 

voltage (top trace), gate control pulses (middle trace), 
boost inductor current, FET drain voltage (bottom traces). 

A zoom within the 1MHz-pulse train (Fig.5) 
reveals the true zero-voltage switching during the off-
phase of the boost converter as the inductor current 
ramps down. The drain voltage swings with a sine-
wave, decaying to nearly zero at the moment the boost 
switch turns on again. The amplitude of the resonant 
swing depends on the quality factor (damping) of the 
resonant tank, which is a function of the component 
series resistances and the load resistance. The large 
voltage swing on the drain - a major drawback of all 
resonant topologies - will inevitably occur and has to 
be considered by the choice of the switching FET. 

 
Fig.5. Simulation of the ZVS converter operation. Zoom’d 

view.  

Special attention shall be paid to the resonant 
inductor and diode (Fig.6). Both exhibit the same 
large resonant current swing of up to 40A and must be 
selected accordingly. A properly dimensioned snubber 
across the rectifier diode can help in reducing the very 
high-frequency ringing, caused by the finite (some 
tenth on nanoseconds) reverse recovery time of the 
Schottky diode. Optionally, a SiC diode might offer 
the additional advantage of dramatically reduced 
reverse recovery losses and less ringing on the 
expense of higher forward voltage. In the low voltage 
domain, both diode types will perform satisfactory.  

 

 

Fig.6. Resonant current and voltage (sinus shaped curve, 
bottom traces) in the boost diode D, gate pulses (top trace). 

Spectral analysis 

A Fast Fourier Transformation (FFT)-analysis is 
used to evaluate the spectral contents of the supply 
voltage at the input node of the boost converter for 
both hard and soft switching (Fig.7). The direct 
comparison of the FFT curves clearly indicates the 
advantage of the ZVS technique – the amplitude of the 
harmonics is reduced by nearly 20dB, starting at the 
fundamental switching frequency of 1MHz, thus 
lowering dramatically the electromagnetic noise and 
emissions, especially in the critically important FM 
radio band. 

 
Fig.7. FFT of the supply voltage Vin. Spectral content of 

the ZVS boost converter (solid black) vs. spectral content of 
the hard-switching boost converter (grey). 
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Experimental results 
An experimental prototype of the ZVS boost 

converter has been assembled with the components, 
listed in Table 2 and Table 3 (Fig.8). 

Due to the expected power losses, the power 
components – FET, diode, coils – are mounted on 
large thermal spreading cooper pads, with lot of 
thermal vias added. The bottom side of the prototype 
PCB is attached to a heatsink with the aid of a thermal 
transfer foil. 

 
 

 
Fig.8. Experimental prototype of the resonant ZVS boost 

converter 

In the first experiment, the boost converter is 
evaluated in a hard switching configuration, (i.e. 
inductor Lres shorted, capacitor Cres open). The 
strong ringing on the drain is very noticeable (Fig. 9).    
These high-frequency oscillations (~25MHz, 40V 
overshoot) pose heavy voltage stress on the FET, 
increase the electro-magnetic emissions and power 
losses. Acoustic noises are also perceived due to the 
piezoelectric effect of ceramic capacitors when large 
current ripple is applied on them [7]. 

 
Fig.9. Hard switching of the experimental boost converter. 
Drain voltage ringing (channel 1), boost inductor current   

(channel 4).  

In the second experiment, the boost converter is 
brought into soft-switching operation by adding the 
inductor Lres and capacitor Cres (Fig.10).  

As a result of the ZVS commutation, there is 
almost no ringing on the drain, except for the start and 
stop condition of each pulse train. The converter runs 
in smoothly. 

 

 
Fig.10. Resonant ZVS switching in burst mode. Drain 

voltage (channel 1), boost inductor current (channel 4). 

The zoom reveals the clean drain voltage swing 
and the lossless inductor current commutation 
(Fig.11). The inductor current also decays in a sine 
manner, which further decreases the ringing and stress 
on the components. 

 
Fig.11. Resonant ZVS switching of the experimental boost 

converter; zoom. 

For better comparison, the efficiency of the boost 
converter is captured at a constant output power of 
40W and different supply voltages in hard- and soft 
switching configuration ad summarized in Table 4.  
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Table 4 
Efficiency Comparison  

Supply 
Voltage 

Hard  
Switching 

Resonant 
Switching 

10V 65.3% 81.8% 
13V 68.6% 84.6% 
16V 71.1% 85.3% 
19V 73.0% 86.2% 

 
The efficiency superiority of the ZVS technique 

becomes obvious when comparing the figures in Table 
4. The almost lossless resonant turn-off process of the 
boost FET improves the total efficiency by more than 
15% at nominal operation. Still, a considerable 
amount of total losses – e.g. almost 7.3W at 13V - has 
to be taken into account for the thermal 
characterization and the mechanical design.  

The switching and conduction power losses have 
been estimated based on the experimentally measured 
voltage and current waveforms and the datasheet 
parameters. After averaging the calculated 
instantaneous power losses over one switching period 
according to the equation (5), the power loss 
breakdown is presented in Table 5.  

(5) = swT

sw
LOSS dttitu

T
P

0
)()(1

, 

Table 5 
Power Loss Breakdown 

Power Loss Component Power Loss, W 
Boost FET turn-on 1.30 
Boost FET conduction 0.52 
Boost FET gate drive 0.11 
Boost Diode 1.74 
Boost Inductor DC loss 0.22 
Resonant Inductor DC loss 0.15 

 
The difference between the measured total power 

loss of 7.3W and the calculated losses of approx. 
4.04W is mostly due to the core and AC losses in the 
inductors, which are hard to predict analytically.  

The inductors used for this prototype evaluation 
are off-the-shell parts. A proper HF inductor design 
with Litz wire windings for skin and proximity effect 
cancelation and a proper inductor core choice is most 
likely to halve the AC- and core losses and raise the 
overall efficiency to at least 88-89%. For instance, 
according to [8], the core losses in the VITROPERM 
ring cores are only about 35mW/kg and thus 
significantly lower than comparable ferrite cores with 
their 80…180mW/kg.  

Conclusion 
The proposed simplified ZVS design procedure 

reduces the learning curve and enables high efficient 
designs in excellent agreement with the calculated and 
simulated parameters. The proposed hysteretic 
constant off-time controller allows for easy tuning of 
the ZVS timings and a stable operation without the 
need for demanding loop compensation. 

Further improvement of the resonant ZVS 
converter can be achieved with the aid of synchronous 
rectification, proper snubber design for the power 
switches and PWM modulation control. 
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Practical approaches for reducing eddy current losses in 
transformer windings 

Vencislav Valchev  

 
The paper is focused on comparison of approaches for eddy current losses reduction in 

transformer windings. The study covers round wires and Litz wire designs. Design considerations are 
derived based on the advantages and disadvantages of five compared approaches: parallel wires 
designs, windings in parallel, Litz wire designs, interleaved windings design and half layer designs.  
Possible number of paralleled windings is analyzed depending on core type. Applications of Litz wire 
are investigated based on loss reduction as well as much lower filling factor, lower heat dissipation 
ability and lower temperature grade compared to round wire designs. Interleaved windings advantage 
is derived to a factor limited to √2 because of deteriorated heat transfer. Half layer designs provide 4 
times loss reduction, but a non-careful winding causes transverse fields that increase the losses 
considerably. The proposed by the author comparison and guidelines are useful for the optimization of 
transformers windings designs to reduction of copper losses. 

Практически подходи за намаляване на загубите от вихрови токове в намотки на 
трансформатори (Венцислав Вълчев). Статията е насочена към сравняване на подходите за 
намаляване на загубите от вихрови токове в намотките на трансформатори за силовата 
електроника. Проучването обхваща решения със кръгли проводници и многожилни проводници 
(лицендрат). Изведените съображения и насоки се основават на предимствата и 
недостатъците на петте сравнени подхода: използване на паралелни проводници, използване 
на намотки в паралел, конструкции с многожилни проводници, дизайн на намотки с т.н. 
'половин слоеве'. Възможният брой намотки в паралел е анализиран в зависимост от вида на 
използваната сърцевина. Приложенията на многожилни проводници са изследвани въз основа 
на намаляването на загубите при тях, както и на недостатъците им свързани с ниския 
коефициент на  запълване, по-ниската способност за разсейване на топлината и по-ниска 
допустима температура в сравнение с дизайните с кръгли проводници. Преимуществото на 
секционираните намотки се ограничава от влошения топлообмен и достига до √2. 
Конструкциите с т.н.  'половин слой' осигуряват до 4 пъти намаляване на загубите. 
Изведените резултати от сравненията и предложените насоки улесняват оптимизацията на 
проектирането с оглед намаляване на загубите в намотките. 

 

I. Introduction 
Nowadays power electronics components are 

designed to provide increasing the operating 
frequency in order to obtain low volume and weigh of 
the equipment. But in the same time higher 
frequencies cause higher losses in magnetic cores and 
in windings of the magnetic components.  Main part 
of the winding losses dependent on frequency are so 
called eddy current losses.  

Contemporary model of losses in windings as well 
current distribution in Litz wire strands are presented 
in [1]. A high level of accuracy is achieved in [2] 
combining newly-developed approaches into a novel 

loss calculation framework. The introduced loss 
models are verified by FEM simulations and 
experimental measurements. A fast approach to 
choosing number and diameter of strands of Litz wire 
is presented in [3] suitable for power electronics 
components.  

Useful overview of the most known analytical 
models used to calculate the medium frequency 
resistance for several winding technologies in 
presented in [4]. The models are compared by 3D 
finite element methods (3DFEM) simulations. 

Strategies to reduce copper losses in critical 
connections by either interleaving parallel copper 
plates or interchanging plates are shown in [5]. The 
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presented results are obtained by 2D FEM simulations 
and experiments. High frequency loss analysis based 
on Preisach modeling is presented in [6]. An 
analytical optimization for round wire windings losses 
is analyzed in [7], for cases under sine currents based 
on well-known Dowell's equation [8]. 

The conclusion of the above study is there 
analytical and FEM approaches improving the 
accuracy in eddy current losses calculation. Anyhow, 
the designer needs guidelines and considerations how 
to proceed when it is necessary to reduce these losses.  
The paper is focused on round wires and Litz wire 
design comparison. Foil and planar designs are next 
research targets. 

II. Practical approaches for reducing eddy 
current losses in transformer windings 

The following five approaches will be considered 
in the paper: 

• Paralleling Wires; 
• Paralleling Windings Using Symmetry in the 

Magnetic Path; 
• Using Litz Wire; 
• Interleaved Windings; 
• Half layer design. 

Paralleling wires 

A general approach to reduce eddy currents in 
windings is to use wires with a smaller diameter that 
are connected in parallel. Thinner wires are subjected 
to reduced losses, according to the equation for 
penetration depth δ given as: 

(1) 
μω

ρδ c2
= , 

where ω=2∙π∙f is the frequency of the applied 
magnetic field, µ - the permeability of the material, µ0 
- the permeability of vacuum, µ0=1.25664x10-6, for 
copper µ ≈ µ0 and ρc - the electrical resistivity of the 
conducting material (copper), the typical values: 
ρc=23x10-9Ω at 100°C, ρc=17.3x10-9Ω at 25°C. 

The dependence of penetration depth δ of copper 
(Cu) conductors as a function of the operating 
frequency f for temperatures 25°C and 100°C is shown 
in Fig.1. In general, it is beneficial to use parallel 
wires or windings, if they carry the same EMF (flux). 
But if the EMF is different and there is leakage 
inductance between the paralleled windings (or wires), 
then high circulating currents flow. These currents are 
unwanted, as they cause high losses. The first approach 
is using several (p) wires together wound side by side. 
This approach is good when each wire is placed in the 
same distance to the other layer (or to an air gap). 

 
 Fig.1. Penetration depth δ for copper wires as a function of 
operating frequency for temperatures T=25°C and T=100°C. 

Practically, winding two or three wires in parallel 
is feasible, but more than four wires is already not 
advisable. 

The analysis of the losses in this case can be split 
in two cases: low frequency (LF) and high frequency 
(HF) cases depending on the ratio d/δ (wire 
diameter/penetration depth according to eq.1). 

Low frequency case: d<1.6δ 

The LF case is advisable (typical) in designs with 
several layers. While maintaining the total cross 
section, using p wires in parallel the designer can 
expect to reduce the eddy current losses by a factor p 
while maintaining the same wire cross-section. The 
eddy current losses Pcu,eddy,par are found as [9]:  
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where dpar is the diameter of the wires in parallel, 
lw - the conductor length of the winding (lw=N∙p∙lT), lT 
- the mean length of one turn, w - the width of the 
winding and Iac is the AC current RMS value. 

Conclusion: The eddy current losses Pcu,eddy,par are 
inverse proportional to the number p of wires in 
parallel:  

(3) 
p

P
P origeddycu

pareddycu
,,

,, = , 

High frequency case: d<2.7δ 
The high frequency case is possible in single layer 

designs. The use of parallel wires with the same total 
cross section may even increase the eddy current 
losses. In the case of a single layer transformer, it is 
usually not beneficial using parallel wires. A better 
approach is using the highest diameter, which fills the 
layer completely.  
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The calculation of losses can be done by the 
approach of the proposed wide frequency method in 
[9]. The eddy current losses are given by the 
following equation:  

(4) ( ) tfaceddy kmIRP E
22

0= , 

     where R0 is the ohmic resistance of the winding, mE 
- the equivalent number of layers and ktf  can be found 
by using Fig.2. 

The geometric parameters used to describe ktf are: 
• copper fill factor in the direction of the layer η 

can be defined as η=n∙d/w, where d is the wire 
diameter, n is the number of turns in a layer, w is 
the winding width; 

• copper fill factor in the direction perpendicular to 
the layer λ can be defined as λ= mE∙d/h, where h 
is the window height. 

To use the provided graphs (Fig.2) for any 
frequency fop and wire diameter, the equivalent 
frequency of the considered design should be first 
found:  

(5) 
2

5.0






= dff opeq , 

      where d is the wire diameter of the considered 
design, [mm]. 

 
 Fig.2. Transformer cases, typical transformer factor ktf for 
d=0.5mm, η=0.9, ρ=23x10-9 and λ=0.5, 1) dotted line: half 
layer, mE=0.5; 2) solid line: single layer, mE=1; 3) dashed: 
two layers, mE=2; 4) dash-dot: three or more layers, mE>2. 

LF – low frequency approximation [9]. 

Paralleling windings using symmetry in the 
magnetic path 

Another approach to reduce eddy current losses is 
to use windings in parallel, thus decreasing the 
conductor thickness while keeping the total turn cross-
section the same. This approach is applicable when 
there is natural symmetry of the core shape to wind 
different coils with the same number of turns. The 
requirement is that all the windings (coils) carry the 
same current! This fact is obligatory to avoid 
circulating currents, causing high losses.  

Some possible arrangements meeting this 
requirement are listed below and shown in Fig.4. 
Possible number of paralleled windings for different 
cores:  

• EE and EI types, see Fig.3,a: 2 windings in 
parallel; 

• UU types, see Fig.3,b: 4 windings in parallel; 
• Multiple air gaps designs, if well-arranged then 2 

times more windings than the number of gaps; 
• Ring cores, in principle infinite number of 

windings. 

Using Litz wire 

Another approach to reduce eddy current losses in 
using many parallel wires combined in Litz wire, also 
called bunched conductors. Each Litz wire contains a 
number of strands that are individually insulated and 
all the strands use their positions in the section 
equally. Thus, in the widely spread transverse field, 
each strand carries the same flux. 

The advantage of Litz wire is that usually much 
lower eddy currents losses are generated, as the 
diameter of the individual strands is low.  

Anyhow, there are also disadvantages of Litz wire 
designs:  

• much lower filling factor almost 2 times 
compared to full wire designs; 

• lower heat dissipation ability; 
• lower temperature grade. 
The other fact is that the total DC resistance is 

usually 5% higher as the wire length increases due to 
twisting of the strands. 

Calculating eddy current losses in Litz wire is the 
same as in the case with p parallel wires. We consider 
a Litz wire containing p strands. In low frequency 
approximation, the final effect of reducing is by a 
factor p.  

To demonstrate the approach we analyze a 
practical design case, in which low frequency 
approximation is valid (d<1.6δ). 
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 Fig.3. Possible number of paralleled windings for different 
cores, a) EE core set: two windings in parallel, b) UU core 

set: four windings in parallel. 

The target is increasing the winding current in an 
already made transformer design with a factor α, 
trying to maintain the same ohmic and eddy current 
loss within the same core size. To have the same 
ohmic losses we would have to increase the diameter 
with a factor α, as the current is increased and the DC 
losses depend of the second power of the current. 
However, this would increase the eddy current loss by 
a factor α4 due to the diameter increase (see eq.2), and 
additionally by a factor α2 due to the transverse field 
increase, (square dependence on current)! Totally, to 
maintain the original eddy current loss, a reduction in 
factor of α6 (in losses) has to be provided. The 
required Litz wire diameter is α-2 times the original 
wire. For example, if we want to double the current, 
α=2, and the required number of strands will be 64 
and the required Litz wire diameter should be 4 times 
lower than the original diameter. Then the design will 
have the same eddy current losses. 

Interleaved Windings Design 

This approach is only applicable to transformers, 
see Fig.4. 

 
 Fig.4. Interleaved windings design of a transformer. 

If the design is changed from Primary/Secondary 
(P/S) to P1, S1, S2, P2 or P1, S1, P2, S2 with the 
same type of wires, both the ohmic losses and the 
eddy current losses will be reduced by a factor of 2. 
The disadvantage of such a design is the feasibility 
and the deteriorated heat transfer. In practice, taking 
in mind the reduced thermal capability of the 
component, the current handling capability could be 
considered increased to ½ in that case.  

Half layer transformer design 

A half layer design is a specific case in the above 
mentioned approach of interleaving windings. It takes 
place when the secondary winding is between two 
primary windings (secondary winding is ''sandwiched'' 
between two primary windings), Fig.5. In a half-layer 
transformer design the equivalent number of layers   
and using eq.4, a considerable reduction to 25% of the 
eddy current losses is found.  This value is much 
lower compared to the typical round wire design.  The 
explanation is that in the half layer design, the 
transverse field is zero and only local fields are 
present. In practical realizations, the half layer designs 
indeed perform well, but a non-careful winding (e.g. 
non-equal winding width of the layers) generates 
parasitic transverse fields that increase the losses 
considerably.  

 
 Fig.5. Half layer design as transformer winding 

arrangement, the secondary winding is ''sandwiched'' 
between two primary windings. 
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Design considerations for half layer transformer 
cases:  

• The outer windings will have higher turn length; 
• Usually the leakage inductance decreases inverse 

proportional to the number of interleaving 
windings in parallel; 

• The parasitic capacitance of the windings is 
almost proportional to the number of interleaved 
windings; 

• Any half layer design is to be realized carefully 
to avoid non-equality in winding width. 

III. Conclusion 
Based on the carried out analyze in this paper the 

following design considerations are derived 
concerning reduction of eddy current losses in 
transformer windings: 

1. Parallel wires design is useful, if the wires carry 
the same EMF. Caution is to be taken because if EMF 
is different and there is the leakage inductance 
between the paralleled windings (or wires), then high 
circulating currents flow. Practically, winding two or 
three wires in parallel is feasible, but more than four 
wires design is already not advisable. The eddy 
current losses are inverse proportional to the number p 
of wires in parallel. 

2. Windings in parallel designs provide the same 
eddy current losses reduction as in paralleling wires 
approach. This approach is applicable when there is 
natural symmetry of core shape to wind different coils 
with the same number of turns. Possible number of 
paralleled windings depends on the type of core: EE 
and EI - 2 windings in parallel; UU types - 4 windings 
in parallel; ring cores - a few windings in parallel. 

3. Litz wire advantage is that usually much lower 
eddy currents losses are generated, as the diameter of 
the individual strands is low. Disadvantages of Litz 
wire are much lower filling factor, lower heat 
dissipation ability and lower temperature grade 
compared to round wire designs, also some increase of 
leakage inductance.  

4. Interleaved windings design for instance P1, S1, 
S2, P2 or P1, S1, P2, S2, realized with the same type 
of wires as a conventional one, provides reduction by 
a factor of 2 in both ohmic and eddy current losses. 
The disadvantage of such a design is the feasibility 
and the deteriorated heat transfer, so as a result the 
benefit is limited to ½ in that case.  

5. Half layer designs perform well in loss reduction 
(4 times), but a non-careful winding (e.g. non-equal 
winding width of the layers) generates parasitic 
transverse fields that increase the losses considerably.  
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Overview of frequency compensations in the CMOS operational 
amplifiers, Part one – The basics 

Georgi  Panov 

 
An overview of several common used frequency compensations in the CMOS operational 

amplifiers is presented. The advantages and disadvantages for each of them are given based on 
mathematical analysis. Practical circuit examples are shown as well. The work is divided in two parts. 
The first one explains the need of frequency compensation in the operational amplifiers and 
demonstrates the simplest possible implementations. The second part describes advance solutions 
suitable for special cases, where the common used technics do not work, or have low performance. 
The comparison of all frequency compensations presented in the paper is summarized together with 
some advises for their use. 

 
Обзор на честотните компенсации в CMOS операционни усилватели, Част първа – 

Основни принципи (Георги Панов). Статията представя обзор на най-често използваните 
честотни компенсации в операционните усилватели направени с CMOS технология. 
Предимствата и недостатъците на всяка една една от тях са показани като резултат от 
математически анализ. Дадени са също така практически примери на реализацията им. 
Работата е разделена на две части. Първата обяснявя нуждата от честотна компенсация 
на операционните усилватели и представя основните схеми. Във втората част са показани 
решения подходящи за определени случаи, в които класическите методи не работят или дават 
незадоволителни резултати. Статията завършва със сравнение на разгледаните честотни 
компенсации и съвети за тяхното използване.  

 

Introduction 
The operational amplifiers (OpAmps) are widely 

used in applications like analog signal processing, 
continues-time SD ADCs, reference- and supply 
voltage generators. In general, an OpAmp is a DC 
high gain amplifier with differential input, which is 
used in circuits with negative feedback. It is well 
known, the stability of a system with negative 
feedback must be assured. This stability depends on 
both the feedback and the amplifier. The feedback can 
improve or degrade it. We assume for simplicity in 
this paper, that the feedback loop has a unity-gain 
transfer function (Fig.1) and do not impact the 
stability of the system. 
 

 
Fig.1. OpAmp in unity gain feedback loop. 

 

 
Fig.2. Operational transconductance amplifier. 

The operational transconductance amplifier 
(OTA), whose basic implementation and symbol are 
shown in Fig.2, is a DC high gain amplifier with 
differential input. It has only one dominant pole (at its 
output) and therefore can be used in circuits with 
negative feedback without concerns about the stability 
of the system. But the OTA cannot drive resistive load 
and is suitable only for circuits with capacitive 
feedback: gm-C filters, switch-capacitor circuits, 
integrators. 
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Fig.3. Two-stage amplifier. 

When a second stage in common source 
configuration is added after an OTA, the new circuit 
can already drive resistive loads. It is a DC high gain 
amplifier with differential input. The question now is, 
if it is possible to use this circuit in a close loop 
system guarantying its stability. To answer it, the 
location of the poles of the transfer function has to be 
considered. Let’s see Fig.3, where Rload and Cload 
are the resistance and the capacitance of the load, 
r_out1 and Cout1 are the output resistance and 
capacitance of the OTA, and Cin2 is the input 
capacitance of the second stage. Usually Rload << 
r_out1 and Cload >> (Cout1+Cin2) . Therefore, the 
both poles -1/(Rload*Cload) and -
1/[r_out1*(Cout1+Cin2)] are comparable. Let’s take 
an example: the ratio of the pole frequencies is 10, the 
first stage has DC gain 60dB and the second stage has 
DC gain 20dB. The Bode magnitude plot is shown in 
Fig.4. This amplifier has a phase margin (PM) of 
about 2 degrees. No high-frequency poles and positive 
zeros are taken in to account, which are always 
present and decrease the PM additionally.  
 

 
Fig.4. Bode magnitude plot of two-stage amplifier. 

To use the circuit in Fig.3 as an OpAmp, an extra 
circuit called frequency compensation must be added 
inside. The frequency compensations change the poles 
locations and some of them add negative zeros in the 
transfer function of the OpAmp. The goal is to obtain 
one dominant pole system like an OTA, or system 
with N poles and N-1 negative zeros in the gain-
bandwidth (GBW) of the amplifier (Fig.5). 
 

 
Fig.5. Bode magnitude plots of OpAmps. 

There are two additional requirements for the 
OpAmps besides the already mentioned: to have high 
input- and low output resistance. The high input 
resistance is achieved easily for CMOS OpAmps by 
using input differential stage in common source 
configuration. The low output resistance of amplifier 
with a feedback can be achieved either by building an 
amplifier with low output resistance or using the fact, 
that the high open-loop gain lowers the output 
impedance. The CMOS OpAmps with second stage in 
common source configuration uses this property at 
low frequency and most of them have local AC 
feedback, which reduces the output resistance at high 
frequencies. 

Two-stage OpAmp with Miller frequency 
compensation 

The idea of the Miller frequency compensation 
(MFC) is to make the transfer function of the OpAmp 
like this one of the OTA, with only one pole in its 
GBW. 
 

 
Fig.6. Miller frequency compensation. 

OpAmp with MFC is shown in Fig.6. А capacitor 
Cc (called compensation- or Miller capacitor) is 
connected between the input and the output of the 
second stage. Cgs2 presents the sum of the gate-
source capacitance of the output transistor and the 
output capacitance of the OTA. The gate-drain 
capacitance of the output transistor is neglected, 
because it is much smaller than Cc. If an OTA like 
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this one in Fig.2 is used here, it creates a pole and a 
zero at two times the pole frequency in the transfer 
function of the OpAmp. This is caused by the current 
mirror serving as an active load and can decrease the 
PM. Nevertheless, we will neglect these pole and zero 
and represent the OTA with a simple transfer function 
gm1, where gm1 is the gm of the input transistors of 
the OTA. We do so, because first this issue does not 
exist in full-differential implementations, which 
dominate in the low-voltage CMOS circuits. Second, 
it is usually possible to move the pole (and the zero) 
away enough from the unity-GBW of the OpAmp in 
the single-ended applications. The transfer function of 
the circuit in Fig.6 is: 

Vout/Vin = gm1*r_out1*(gm2-s*Cc)*Rload /  
[1 + s*(gm2*Rload*Cc*r_out1+Cc*r_out1+ 
Cgs2*r_out1+Cload*Rload) + 
s²*r_out1*Rload*(Cload*Cc+Cload*Cgs2+ 
Cc*Cgs2)]  

Commonly, we can choose gm1, gm2 and Cc such, 
that the both poles are very different. Then:  

the dominant pole = -1/ (gm2*Rload*Cc*r_out1+ 
Cc*r_out1+Cgs2*r_out1+Cload*Rload) 
the non-dominant pole = -(gm2*Rload*Cc*r_out1+ 
Cc*r_out1+Cgs2*r_out1+Cload*Rload) / 
[r_out1*Rload*(Cload*Cc+Cload*Cgs2+ Cc*Cgs2)] 

Usually, the gain in the second stage is > 1 and if 
Cload is not an external capacitor in µF range or 
larger, the expressions for the poles can be simplified 
to: 

the dominant pole = -1/(gm2*Rload*Cc*r_out1) 
the non-dominant pole = -
gm2*Cc/[Cload*(Cc+Cgs2)] 

The non-dominant pole has to be at higher 
frequency than the unity-GBW. The stability 
improves, when this pole frequency increases. 
Therefore, MFC operates better when Cc > Cgs2. In 
this case the non-dominant pole = -gm2/Cload 
 

 
Fig.7. Pole splitting 

a At the output of the first stage 
b At the output of the second stage 

MFC makes the frequency of the pole at the output 
of the first stage lower, and the frequency of the pole 
at the output of the second stage higher (pole 
splitting). The capacitance at the output of the first 
stage is increased with Cc*gain of the second stage 
(Miller effect), which lowers the frequency of the pole 
there (Fig.7a). The compensation capacitor shorts the 
gate and the drain of the transistor in the second stage 
at high frequencies. This diode-connected transistor 
decreases the output resistance and the pole at the 
output moves to higher frequencies (Fig.7b). Last but 
not least, interesting property of the MFC is, that if the 
gain of the second stage drops below 1, the unity-
GBW of the OpAmp drops too, which improves its 
stability. Fig.8 shows the desired Bode magnitude plot 
of OpAmp with MFC. 
 

 
Fig.8. Bode magnitude plot of OpAmp with MFC. 

Two-stage OpAmp with MFC and gm boosting 
Major limit of the MFC is the output pole -

gm2/Cload. It has to be at higher frequency than the 
unity-GBW. This demands small Cload, which is not 
always possible, or big gm2, which means high 
current consumption.  
 

 
Fig.9. Two-stage OpAmp with MFC and gm boosting. 

The idea of this frequency compensation is to 
improve the MFC by increase the gm of the output 
stage without additional current through the output 
transistor. Theoretically very attractive, it is difficult 
to achieve significant increase of gm (usually < 5). 
This practical limitation is caused by the requirement 
the inner loop (Fig.9) to be stable. Important 
disadvantage of this frequency compensation 
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compared to the MFC is that Cc is not connected 
directly to the gate of the output transistor. This 
causes high output resistance at high frequencies, 
because of the slow local feedback.  

Two-stage OpAmp with Miller frequency 
compensation and nulling resistor 

A zero = gm2/Cc appears in the transfer function 
of OpAmp with MFC, because there are two signal 
paths of different types (resistive and capacitive) from 
the output of the first stage to the output of the second 
stage. They are with opposite signs and therefore the 
zero is positive. The path with negative sign is 
through the output transistor and the path with 
positive sign is through Cc (Fig.6). If gm2 > 10*gm1, 
then the effect of the positive zero on the transfer 
function can be neglected. Else, the impact of the 
positive zero has to be reduced or removed to avoid 
decrease of the stability. One very simple and 
effective solution is the additional resistor Rz (Fig.10). 
Now, the frequency of the zero is  

gm2/[(1-gm2*Rz)*Cc]  
and can be made negative with a big enough Rz. 
 

 
Fig.10. Miller frequency compensation with nulling 

resistor. 

An additional pole = -(Cc+Cgs2)/(Rz*Cc*Cgs2) 
appears in the transfer function of the circuit. 
However, this frequency is usually very high 
compared to the unity-GBW of the OpAmp and its 
impact is negligible. 

If Rload and Cload do not change and are known, 
then a non-dominant pole at lower frequency than the 
unity-GBW of the OpAmp can be canceled with this 
zero (Fig.11). Thus, it is possible to save current in the 
output stage. If Rz is too large, then the inner loop 
could become unstable (Fig.12a). Adding a small 
capacitor as shown in Fig.12b [1] improves its 
stability. If Cload does not change and is known, the 
zero can still be used to cancel the non-dominant pole. 
In this case the frequency of the zero has to track the 

changes of the gm of the output stage. It can be 
achieved with the circuit in Fig.13 [2].  
 

 
Fig.11. Bode magnitude plot of OpAmp with MFC and non-

dominant pole inside the GBW 
a Without nulling resistor 
b With nulling resistor and negative zero equal to the non-
dominant pole. 

 

 
Fig.12. Improving stability of the inner loop in the MFC. 

 

 
Fig.13. Using a transistor as a variable resistor depending 

on the current through the output stage. 

The compensation capacitor has usually a bigger 
parasitic capacitance to the substrate than the nulling 
resistor. Additionally, this parasitic capacitance is 
quite different on both terminals, especially if MOS 
capacitors are used. The parasitic capacitor Cp affects 
less the stability ot the OpAmp, when the nulling 
resistor and the compensation capacitor are connected 
like in Fig.14a. The PM decreases more for the 
implementations in Fig.14b,c,d. 
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Fig.14. possible connections of Cc and Rz 

Using MOS transistor instead of resistor like in 
Fig.13 demands the same positioning too. 

The Miller frequency compensation with a nulling 
resistor is used much more often than the MFC, 
because of the possibility to improve the stability of 
the OpAmp by the negative zero. Therefore, it is 
usually called MFC as well.  

Two-stage OpAmp with parallel frequency 
compensation 

The idea of the parallel frequency compensation 
(PFC) is to create a zero, which cancels the dominant 
pole of the second stage. The dominant pole of the 
first stage moves thereby to lower frequency.  
 

 
Fig.15. Parallel frequency compensation. 

An OpAmp with PFC (Fig.15) has the same DC 
gain like an OpAmp with MFC, dominant pole of the 
first stage = -1/[r_out1*(Ccomp+Cgs2)] ,  
zero = -1/(Rcomp*Ccomp) , non-dominant pole = -
1/[Rcomp*Ccomp*Cgs2/(Ccomp+Cgs2)] and 
dominant pole of the second stage = -1/(Rload*Cload)  

If the dominant pole of the second stage and the 
zero are equal (Rload*Cload = Rcomp*Ccomp) , then 
the unity-GBW = gm1*(gm2*Rload)/(Ccomp+Cgs2). 

 If the pole frequency is lower, the unity-GBW 
decreases. If the pole frequency is higher, the unity-
GBW increases. The PFC needs a gain of the second 
stage times bigger compensation capacitor for the 
same GBW compared to the MFC. A solution 
allowing reduction of Ccomp is the active capacitor 
multiplier [3]. It is often difficult to track 
Rcomp*Ccomp and Rload*Cload especially for extern 
loads. Additional disadvantage of the PFC is, that the 

unity-GBW depends on the gain of the output stage. 
Because of all these reasons, the PFC is seldom used 
in the two-stage OpAmps.  
 

 
Fig.16. Two-stage OpAmp with source follower second 
stage 
a Parallel frequency compensation 
b Using a transistor as a variable resistor depending on the 
current through the second stage 

It has to be mentioned, the PFC is exclusively 
implemented in the two-stage OpAmps with source 
follower (common drain) second stage. Here 
(Fig.16a), the gain of the second stage is about 1 and 
thus the unity-GBW = gm1/Ccomp , the pole of the 
second stage = -gm2/Cload and the  

zero = -1/(Rcomp*Ccomp).  
Compared with the OpAmp in Fig.15, the 

frequency compensation is much more robust, because 
the unity-GBW does not depend on the load 
resistance. Additionally, the frequency of the zero can 
be made to track the changes of the gm of the output 
stage, which is shown in Fig.16b. However, the two-
stage OpAmp with source follower second stage is not 
suitable for the new low-voltage CMOS technologies, 
due to its limited output voltage range.  

Conclusion 
The frequency compensation ensures the stable 

operation of an operational amplifier with negative 
feedback. There are many different ways to make a 
frequency compensation for a CMOS OpAmp. The 
Miller frequency compensation with a nulling resistor 
is very simple one and needs only two relatively small 
additional components. Nevertheless, it is very robust 
and very effective in many cases. 
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TELECOMMUNICATIONS SCIENCE 

Traffic investigation of priority services in IP networks  
Dimitar Atamian, Seferin Mirtchev, Rossitza Goleva  

 
The paper presents an investigation of the quality of service of IP traffic flows, using different 

queueing disciplines. The main goal is to model the possibility of using a priority scheme, which is 
optimal for both the priority and non-priority served traffic flows. In case of priority queues, the model 
covers both cases: preemptive and non-preemptive services. Another schema is modeled, in which the 
preemptiveness might occur with a predefined or dynamically changed probability. A software 
platform to simulate the traffic flows and the store-and-forward service is created. Arriving process is 
modeled by exponential or Pareto distribution. The results show the possibility to use such p-
preemptive serving in case of different IP traffic flows. The packet length is modeled with a fixed size, 
random value with exponential distribution, and bimodal distribution. The model is with infinite queue 
length and results are given for the packet mean waiting time for both traffic flows – low and high 
priority. 

Трафично изследване на приоритетното обслужване в IP мрежи (Димитър Атамян, 
Сеферин Мирчев, Росица Голева). Статията представя изследване на качеството на 
обслужване на трафичните потоци в IP мрежи при прилагане на различни дисциплини на 
обслужване. Основната цел е да се изследва възможността за въвеждане на приоритетни 
дисциплини, които да дават оптимални резултати при използване на приоритети за 
различните видове трафични потоци. В случай на приоритетно обслужване моделът обхваща 
двата случая: относителен приоритет (non-preemptive) - без прекъсване, и абсолютен 
приоритет (preemptive) - с прекъсване на обслужването на текущата заявка. Изследва се и 
дисциплина на обслужване, при която прекъсването на текущата заявка се извършва с 
предварително зададена или динамично променяща се вероятност. Създадена е софтуерна 
платформа за симулационно моделиране на реални потоци, както и за моделиране на реалния 
процес на записване и предаване на пакетите при обслужването им. Изследването е 
направено при експоненциално разпределение на потока от постъпващи пакети, както и с 
разпределение на Парето. Резултатите показват възможността за използване на абсолютен 
приоритет с определена вероятност в случаите на различни IP потоци. В изследването са 
моделирани различни разпределения на дължината на пакетите – фиксирана дължина, 
експоненциално разпределена случайна величина, бимодално разпределение. Моделирана е 
едноканална система без ограничение на дължината на опашката и са дадени резултати за 
средното време за чакане за два трафични потока – с нисък и висок приоритет.  

 

1. Introduction 
Recent IP based networks require different quality 

of service (QoS). This is based on the fact that these 
networks provide different applications, which need 
their specific QoS parameters. From the very begin-
ning of the Internet, the infrastructure and the proto-
cols are prepared to be shared by the different applica-
tions with their specific needs. Through the years the 
IP networks evolved in order to provide the desired 
QoS in different manner. The common technique is 

priority serving. Any violation of the natural way of 
service, namely on a first-come, first-served basis 
might be considered as priority activation. In priority 
systems, the customers with higher priority are chosen 
for service ahead of those with lower priority no mater 
of their arrival time. On the level of IP packets, the 
protocols and the hardware provide non-preemptive 
priority. Preemptive priority techniques are used in IP 
networks, but on other layers of the traffic [1]. For 
example, in the MPLS networks, preemptive priorities 
are used on a call-setup level [2], 4G also assumes that 
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there might be traffic flows which might interrupt 
(preempt) the current flows served in order to provide 
the desired QoS. Some techniques which provide Cir-
cuit Emulation Services – CES, using preemptive 
priority are known [3]. As the nature of the IP devices 
changes, it is important to be able to evaluate the pos-
sibilities of using the preemptive priority on the IP 
level and to try new priority techniques on this level. 
Because of the variety of traffic sources and the totally 
different traffic characteristics it is not so easy to ob-
tain results. That is the reason to use the simulation 
modeling and to present some results and ideas in this 
paper.  

The paper is organized in three sections, introduc-
tion and conclusion. The first section presents traffic 
priorities analysis in IP networks. The simulation 
model is shown in section two. Third section demon-
strates analysis of the main results from traffic mod-
els. The paper concludes with comments on the im-
pact of priority application and future work plan.  

2. IP traffic flows priority 
If we consider preemptive priority, the packets 

with this priority level are served immediately, inter-
rupting the current lower priority packet (if any) [4]. 
Because of the nature of the Internet Protocol and the 
organization of the other TCP/IP related protocols, it 
is possible to implement this preemptive priority, i.e. 
interrupting the transmission (servicing) of the current 
packet and starting of the transmission of another high 
priority packet. This technique may be used also on 
lower layers like MPLS or LAN/Ethernet. With all 
these technologies, it is not possible to continue the 
transmission of the interrupted packet / frame after the 
completion of the higher priority one. The interrupted 
packet shall be retransmitted, or simply lost. Thus we 
can provide a minimum delay for the high priority 
service, but lower priority flows suffer significant 
delays or loses.  

We propose here to implement the preemption, i.e. 
interruption of the lower priority flow, to occur with 
certain probability. This would give the chance to 
serve the high priority packet with less delay, and to 
shorten the service time for the lower priority packets.  

Due to the increase of streaming and messaging 
services in Internet it is very important to use proper 
model for the simulated traffic flows [5]. Exponential 
distribution of the duration between the arrival mo-
ments (interarrival time) is used in classical teletraffic 
systems. Also exponential distribution of the service 
time is often used for some services. This is not a 
good model for all IP traffic flows, but is good in 
order to obtain reference results and to verify the 

model and the simulation techniques used. If we look 
closely on the IP packets, the Internet is full of 
applications, which use the maximum allowed packet 
length like file transfer, electronic mail, updates, 
backups. Also a lot of applications use the same 
packet length for all the packets in the session like 
some of the VoIP codecs. This allows us to model the 
service time with fixed packet size too. Much more 
precise and close to the reality is the model with 
bimodal distribution of the service time. We can 
assume the existence of packets with their maximum 
length, and the shortest possible packets for TCP flow 
control [6] like acknowledgements. Pareto distribution 
is proven to be more accurate for the interarrival 
process modelling. The results here also can be used 
to compare the influence of the distribution on the 
performance parameters of the channels. In such way, 
we can prove the usage of the different priority 
scheme. 

3. Simulation model 
The simulation is used to obtain some results and 

to compare the results with different interarrival and 
service time distribution. The arrival process in a sin-
gle server queue is modeled with both distributions – 
exponential and Pareto, i.e. M/M/1/∞/p, M/D/1/∞/p, 
M/MM/1/∞/p, Pareto/M/1/∞/p, Pareto /D/1/∞/p, Pare-
to /MM/1/∞/p teletraffic systems according to Ken-
dall’s notation. The service time (packet length) is 
modeled as a random value with exponential distribu-
tion, as a fixed value or as bimodal distribution with 
different probability for the short and long size 
packets.  

Two traffic flows are modeled – Fig. 1. One of 
them, assuming to be the main traffic flow, is 
considered to be “low priority”, i.e. general Internet 
traffic, providing different multimedia or data 
services. The second one, “high priority” flow, is 
assumed to be something that needs to be served with 
minimum delay.  

3 2 1 ∞

High priority queue 

3 2 1 ∞

Low priority queue 

Server
λ0, τ0

λ1, τ1

A

 

Fig.1. Priority queue model. 

We assume the system to be loaded at about 80% 
of its capacity (A in all figures) – in such case we 
avoid overloading but still evaluate and expect 
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significant result of applying the priority schema. 
Among all possible combination of traffic flows, we 
assume that for the low priority flow Pareto arrival 
process and bimodal departure process are enough to 
cover the Internet traffic behavior. For the high 
priority flow, we consider exponential and Pareto 
distributed inter-arrival times and fixed or bimodal 
distributed packet size.  

The service of the high priority flow is modeled as 
non-preemptive, preemptive, and p-preemptive – in-
terrupting the current low priority packet (if any) with 
a certain probability. p = 0 covers the case with non-
preemptive priority, p = 1 is the case with preemptive 
priority. Other values between 0 and 1 cover the new 
suggested p-preemptive priority discipline.  

Simulation software is written as a C++ applica-
tion. Thus we can model exactly the store-and-
forward process in nowadays IP nodes. The simula-
tion is performed with a series of 20000 packets. First 
20% of the simulated packets are used to put the mod-
el in a stationary state and avoid the errors from the 
initial process. The presented simulation results in this 
paper show the mean waiting time with acceptable 
precision because of the high number of generated 
packets. 

4. Simulation results 
An example results are shown on Fig.2. Two traf-

fic flows are modeled. High priority traffic is modeled 
as about 20% of the total load. Packet interarrival 
times are exponentially distributed random values. For 
the results on Fig.2 we assume exponential distribu-
tion of the packet lengths. Results with other distribu-
tions are given later. The figure shows the expected 
waiting time W, measured in milliseconds [ms]. The 
results are “normalized” based on the standard IP 
packets and a line with 2 Mbps capacity. The two 
lines show the mean waiting time for the high priority 
traffic flow (Fig. 2a) for a total load of A=0.72 Erl, 
resp. A=0.82 Erl in function of the probability for the 
preemptive service p. The expected waiting time for 
the same total traffic load for the low priority packets 
is shown on Fig. 2b. Those results are truncated to 
reasonable values.  

Using the same traffic flows with no priority the 
corresponding values are 10.6 ms and 20.9 ms for the 
“high” priority flow and two values of the total traffic, 
and 13.8 и 25.1 ms for the “low” priority traffic flow. 
Although we use a no priority scheme, the parameters 
of the two traffic flows are different: mean packet 
length of 200 bytes for the “high” priority and 1000 
bytes for the “low” priority flow. These values are 
chosen for convenience to compare the results from 

this model with the results from the next two models. 
These simulation models are the exact store-and-

forward serving of the packets. Thus if we have a 
certain distribution of the interarrival times of the 
packets, these packets are ready to be served not on 
their arrival, but on the time of their complete store, 
which also depends on the distribution of the packet 
lengths. These packet lengths move, or add an offset 
to the arrival time for the purpose of the model of the 
serving device. In some cases like Wi-Fi interface the 
protocol adds also additional delay in packet 
processing depending on the configuration and load of 
the interface.  

As explained, the priority system results significant 
decrease of the packets’ mean waiting time with 
exponential distributed interarrival times and packets 
size as shown in Fig. 2a. First, it is true for the high 
priority traffic flow. The priority system results in 
significant increase of the mean waiting times when it 
concerns the low priority flows shown in Fig. 2b. 
Those results are obtained with parameters of the 
model which are more convenient to be directly 
compared. 

  

  
Fig.2a. Mean waiting time for high priority traffic in 

M/M/1/∞/p teletraffic system. 

 
Fig.2b. Mean waiting time for low priority traffic in 

M/M/1/∞/p teletraffic system. 
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The same parameters of the traffic flows and the 
service are used to model the same priority discipline, 
but using fixed packet lengths 200 and 1000 bytes 
instead of randomly distributed exponential length, i.e. 
M/D/1/∞/p teletraffic system. The results are shown in 
Fig. 3a and Fig. 3b respectively for the two traffic 
flows. The model without priorities gives 4.34 ms and 
4.54 ms for a total traffic load of 0.72 Erl, and 11.3 ms 
and 13.0 ms with a A=0.82 Erl for both flows. 

  

 
Fig.3a. Mean waiting time for high priority traffic in 

M/D/1/∞/p teletraffic system. 

 
Fig.3b. – Mean waiting time for low priority traffic in 

M/D/1/∞/p teletraffic system. 

As we mentioned in the beginning real Internet 
traffic is more closely to a bimodal distribution of the 
packet lengths. So more precise results are shown in 
Fig. 4 for M/MM/1/∞/p teletraffic system with the 
same exponential distribution of the arrival packets 
and bimodal distribution of packet lengths – 48 bytes 
for short packets and 1500 bytes for long packets. It is 
closer to real internet traffic. Again the probability of 
the preemptive service is in the same range from 0 to 
1. Without priorities, the mean waiting times are 8.73 
ms and 13.23 ms for the high priority flow and 9.74 
and 14.9 ms for the low priority flow. Here we assume 
that we may expect long packets in the high priority 

flow also, for example as in the real TCP traffic. Thus 
we see slightly higher values for the high priority flow 
compared to the previous model. From the results we 
see that the mean waiting time is not so “sensitive”, 
i.e. it changes more smoothly with the change of the 
probability of the pre-emptive serving of the high 
priority flow. 

Common nowadays IP traffic is most closely 
modeled as a generalized Pareto distribution of the 
interarrival times of the packets. Bi-modal distribution 
of the packet lengths is also close to real assumptions. 
For the following results we use 50% of the packets to 
be short (64 bytes) and the remaining to be long (1500 
bytes). In this environment we want to evaluate what 
is the influence and what is the possibility to serve 
“high” priority traffic, using pre-emptive queue with 
probability of this pre-emptiveness.  

 

  
Fig.4a. – Mean waiting time for high priority traffic in 

M/MM/1/∞/p teletraffic system 

 
Fig.4b. – Mean waiting time for low priority traffic in 

M/MM/1/∞/p teletraffic system 

We model three different cases for priority 
queueing. The first case is exponential distribution of 
the packets, but fixed packet length of 200 bytes, i.e. 
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M/D/1/∞/p teletraffic system. Such scenario might be 
close to devices, which need to transmit vital 
information using UDP packets, and expects almost 
no delays in the queues. The second case uses the 
same packet lengths, but interarrival times of the 
packets are modeled with Pareto distribution, i.e. 
Pareto/D/1/∞/p teletraffic system. In the third case we 
use again Pareto distribution for the arriving process, 
but the packet lengths are modeled as bi-modal 
distribution with the two values – 64 and 1500 bytes 
with 0.5 probability, i.e. Pareto/MM/1/∞/p teletraffic 
system. The selected teletraffic systems are applied 
for the high priority traffic. The low priority traffic is 
modelled using M/D/1/∞/p teletraffic system in all 
three cases.  

All the results are obtained with a model with high 
priority traffic equal to 25% of the total load. Traffic 
load is changed by changing only the rate of the 
packets with the distribution and packet lengths that 
we already explained. The results show again the 
mean waiting time, normalized in ms, but with four 
different values of the total traffic A: 0.63, 0.72, 0.8 
and 0.88 Erl. First we show the results for the high 
priority traffic in Fig. 5a with exponential interarrival 
process and fixed packet length of 200 bytes, in 
Fig. 5b with Pareto interarrival process and the same 
fixed packet lengths, and in Fig. 5c with Pareto 
interarrival process and bi-modal packet length 
distribution. We see different behavior in the last case 
as we have long packets for the bi-modal distribution. 

The mean waiting time without priority is also 
evaluated but is not shown here, as the purpose of the 
results is to compare and to evaluate the possibility to 
use different probability of pre-emptivness. 

 

 
Fig.5a. – Mean waiting time for high priority traffic with 
exponential interarrival process and fixed packet length. 

 
Fig.5b. – Mean waiting time for high priority traffic with 

Pareto interarrival process and fixed packet length. 

 
Fig.5c. – Mean waiting time for high priority traffic with 
Pareto interarrival process and bi-modal packet lengths. 

As a separate graph in Fig. 6 we show the mean 
waiting time for the low priority traffic flow. The 
parameters of the low priority traffic flow are the 
same in all three cases, but the high priority flow is 
different, that’s why on the figures we notate the 
parameters of the high priority flow, which makes the 
service of the low priority flow different. 

 

 
Fig.6a. – Mean waiting time for low priority traffic with 
exponential interarrival process and fixed packet length. 
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Fig.6b. – Mean waiting time for low priority traffic with 
exponential interarrival process and fixed packet length. 

 
Fig.6c. – Mean waiting time for low priority traffic with 
exponential interarrival process and fixed packet length 
when the high priority traffic is with Pareto interarrival 

process and bi-modal packet length. 

Conclusion 
This paper presents an investigation of the quality 

of service of IP traffic flows, using different queuing 
discipline. We modeled two priority schemas – 
preemptive and non-preemptive priority, and we 
propose a new priority schema – preemptive for the 
low priority flows with a probability, named here  
p-preemtive priority. Exact store-and-forward IP 
packet service is modeled. Different IP packet 
distribution is modeled to compare the behavior of 
such system. Packets interarrival process analyzed 
uses exponential distribution or Pareto distribution. 
Packet lengths are modeled using exponential 
distribution, fixed packet length and bi-modal 
distribution.  

The results show the area in which the proposed 
priority service might be applicable. Also the results 
show the influence of the packet distribution over the 
mean time delay in different cases. Thus we may 
conclude that such p-probability for the pre-emptive 

priority is applicable, but should be used carefully for 
the specific type of high priority applications and 
packet distributions due to the high delays in low 
priority flows. The aim of the authors is to continue 
analysis of the complex teletraffic systems with p-
preemption using simulation due to the high 
theoretical complexity of the problem [8].  
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E-LEARNING 

Ergonomic criteria for evaluating the quality of e-learning 
Maria Todorova, Dimitrina. Karamanska, Elena Koleva, Lilyana Koleva 

 
The term “quality” is a wide-ranging concept for which each person or professional sector has 

its own definition. The most progressive quality point of view is that it is entirely determined by the 
customer or the end user and is based on the assessment of customer experience with the product or 
service. The quality of use or ergonomic quality actually shifts the focus from specific product quality 
in isolation to specific products, their users, the tasks and the context in which they are used. The aim 
is to achieve excellent results, but not at the expense of health (physical and mental exhaustion), safety 
or deprivation. Performance requirements rather than product requirements are needed when using a 
product. In order to ensure design flexibility, it is necessary to define performance levels for product 
use rather than simply the technical attributes needed to achieve results or perform activities.In this 
paper, a summative assessment of the ergonomic quality of technologically supported training by 
lecturers and studentsis presented as well as conclusions and recommendations for its optimization at 
this stage of its implementation. 

Ергономични критерии за оценка на качеството на електронното обучение (Мария 
Тодорова, Димитрина Караманска, Елена Колева, Лиляна Колева). Терминът "качество" е 
широкообхватна концепция, за която всеки човек или професионален сектор има свое 
определение. Най-прогресивната гледна точка за качеството е, че то се определя изцяло от 
клиента или крайния потребител и се основава на оценката на опита на клиента с продукта 
или услугата. Качеството на използване или ергономичното качество всъщност премества 
фокуса от качество на продукта в изолация към конкретни продукти, техните потребители, 
задачите и контекста, в който се използват. Целта е да се постигнат отлични резултати, но 
не за сметка на здравето (физическо и психическо изтощение), безопасността или лишения. 
Необходими са изисквания за производителност, а не изисквания към продукта, когато се 
използва даден продукт. За да се осигури гъвкавост на дизайна, е необходимо да се определят 
нивата на производителност при използване на продуктите, а не просто наличие на 
технически атрибути, необходими за постигане на резултати или извършване на дейности. В 
тази статия е представена обобщена оценка на ергономичното качество на технологично 
подпомогнатото обучение от преподаватели и студенти, както и изводи и препоръки за 
неговата оптимизация на този етап от реализирането му. 

 

Introduction 
The ergonomic quality of interactive products and 

systems encompasses all software aspects that have an 
impact on the user's performance of the task: it covers 
usability in the broadest sense: ease of use, the extent 
to which users can easily interact with the system 
(usually refers to aspects of mode representation, 
interface characteristics, dialogue principles, etc.) to 
the degree of utility, i.e., the extent to which users can 
achieve the objectives of the task or, in other words, 
complete it [1], [2]. 

The ergonomic criteria should not be limited to a 

"product-oriented" approach. Such an approach is 
limited to exploring and evaluating different interface 
functions, often without the need for user involve-
ment. The product-oriented approach typically refers 
to different ergonomic measurements, heuristics, 
checklists, recommendations, and means to consider 
the interactive system (generally limited to the inter-
face) only as a product (after being manufactured). 
Design processes for interactive human-centered 
systems promote a "process-oriented" approach. 

The quality of use, which broadens the concept of 
ergonomic quality [3], [4], is the user's point of view 
regarding the quality of the system and is measured in 
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terms of system performance rather than the 
characteristics of the system itself. Thus, the quality of 
use is the combined effect of all the quality 
characteristics of the system with which it interacts, 
tested by the end user [5]. A product meets the 
requirements of a particular user if it allows the user 
to be effective and productive in terms of time and 
resources and satisfied regardless of the specific 
attributes that the product has. 

Understanding the factors that are deemed critical 
for effective e-Learning in the context of adult 
learning can enable learning professionals to reflect on 
their priorities regarding learning design and to ensure 
that the factors relevant to specific e-Learning 
participants, contexts and solutions are taken into 
account [6]. 

Methodology 
The study of ergonomic quality of technologically 

supported training is a specific aspect of the overall 
assessment of the quality of university education [7]. 
It is a continuous process involving evaluation, with 
subsequent optimization according to the criteria - 
effectiveness, efficiency, and satisfaction [3], [8]. It 
was done with the help of a specially designed 
Ergonomic Control Card containing 26 questions 
(with options for students and for faculty – Appendix 
1). The assessment of ergonomic quality is an 
assessment made by students and lecturers at the 
University of Chemical Technology and Metallurgy 
(UCTM) as direct users of e-learning. 

In order to complete the survey, respondents use a 
five-step assessment scale: Yes; Rather yes; Neither 
Yes or No; Rather not; No. In the inquiry, 74 valid 
student ergonomic cards and 30 teacher ergonomic 
cards were collected for the purpose of the report. The 
estimates obtained are the basis for evaluating: 

1. The effectiveness of using electronic 
technologies in different forms of education 
(lectures, seminars, laboratory exercises), self-
study and self-control, control of acquired 
knowledge - assessed by questions 1.1, 1.2, 1.3, 
1.4, 1.5 and 1.6; 

2. The efficiency of using electronic technologies, 
which is to reduce both material costs (transport 
costs, teaching aids, xerox) and intangible 
resources (reducing the mental load while 
studying and reducing the loss of contact time 
with teachers, feedback and active learning) - 
assessed by questions 2.1, 2.2, 2.3, 2.4 and 2.5; 

3. Satisfaction with the use of electronic 
technologies is seen as a combination of the 
availability of good facilities (computers and 

networks, multimedia projectors) and software 
(electronic platforms, electronic libraries, self-
study and self-control programs, engineering 
analysis software and design software) as well as 
lecturers with experience in e-learning - assessed 
by questions 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.7, 3.8, 
3.9, 3.10 and 3.11; 

4. Additional indicators related to the self-
assessment and motivation of students to work in 
electronic environment on the one hand as well 
as for lecturers' motivations to work in electronic 
environment, to use ready-made electronic 
materials or to design their own on the other 
hand  are assessed by questions 4.1, 4.2, 4.3, 4.4. 

The assessment values are estimated according the 
score correspondence table (Table 1), according to 
which the five-step assessment scale answers from % 
(Appendix 1) can be transformed to assessment scores 
(AS): 

AS1 = (% Yes)*(Score ‘Yes’)/100 
AS2 = (% Rather Yes)*(Score ‘Rather Yes’)/100 
AS3 = (% Neither Yes, nor No)*(Score ‘Neither 

Yes, nor No’)/100 
AS4 = (% Rather No)*(Score ‘Rather No’)/100 
AS5 = (% No)*(Score ‘No’)/100 

and the summary assessment score (SAS) can be cal-
culated by: 

SAS = AS1 + AS2 + AS3 + AS4 + AS5. 
The summary assessment score has maximum 

value SASmax = 5 (when 100% of the respondents give 
answer ‘Yes’) and minimum value SASmin = 1 (when 
100% of the respondents give answer ‘No’). 

Table 1 
Score correspondence table 

Answer Yes Rather 
Yes 

Neither Yes, 
nor No 

Rather 
No No 

Score 5 4 3 2 1 

Results and discussion 
After processing the ergonomic control cards, the 

following hypotheses were made: 
Hypotheses: Is there a statistically significant 

correlation between the ergonomic assessments of the 
quality of e-Learning and its criteria for the two 
investigated groups in terms of: 

• Effectiveness (Questions 1.1 to 1.6); 
• Efficiency (Questions 2.1 to 2.5); 
• Satisfaction (Questions 3.1 to 3.11); 
• Quality of e-learning (all questions). 
Pearson linear correlation coefficientis were 

calculated for each case by: 
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where  and ̅ are the estimated mathematical 
expectations of the assessment scores for the students 
and the lecturers and sy and sz are the corresponding 
standard deviations and n is the number of questions. 
For each case a hypothesis was tested:  
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by calculation of the value: 
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The calculated t-value is compared with the critical 
value of Student’s distribution ( )να ,ttТ = , where 
α=0.05 is the significance level and ν = n-2 are the 
corresponding degrees of freedom. If t ≤ tT the 
correlation coefficient ryz is considered insignificant 
and if t > tT the correlation coefficient ryz is accepted 
to be significant. 

Calculations were made, which are presented in 
Table 2, as well as the conclusions that follow. The 
Pearson linear correlation coefficient, the calculated 
and critical value of Student for Efficiency, 
Efficiency, and Satisfaction distribution, as well as for 
the ergonomic quality as a whole are presented. 

 
Table 2 

Correlation coefficients for ergonomic assessments by 
students and lecturers 

Criteria for the 
ergonomic 
quality of 
e-learning 

 t  Conclusion 

Effectiveness 0.8905 3.9153 2.7764 
: ≠ 0 

significant

Efficiency -0.0468 -0.0812 3.1824 
: = 0 

insignificant

Satisfaction 0.6193 2.3664 2.2622 
: ≠ 0 

significant
Summative 
Ergonomic 

Quality 
0.7257 5.1679 2.0639 

: ≠ 0 
significant

 
From the values of the obtained linear correlation 

coefficients, it can be seen that: 
• for the effectiveness criterion there is a 

significant positive linear correlation between the 
assessments of the students and the faculty. High 

faculty ratings correspond to high marks given 
by students as well, and similarly the low marks 
given by the group of the students parallel the 
ones given by the faculty. 

• for the efficiency criterion, the correlation 
coefficient is insignificant. There is no 
correlation between the assessments given by the 
lecturers and the students. There is a reason to 
conclude that the two investigated groups have a 
different view and consequently a different 
assessment of the efficiency indicators. For 
example, the possibilities for self-study is an 
advantage for the students, but for the faculty, it 
is related to spending time and other resources to 
create appropriate electronic products or 
materials. 

• for the satisfaction criterion there is a significant 
positive linear dependence between the 
assessments of the students and the faculty. 
There is a tendency for the lecturers' high marks 
to correspond to high marks given by the 
students, but there are also deviations (e.g. in 
terms of self-study). 

• for the summative quality criterion, a significant 
positive linear correlation between the students 
'and lecturers' assessments was obtained. 
Additional questions were included in the 
evaluation. Again, the trend is that lecturers' high 
scores correspond to high ratings given by 
students, with deviations being due to the 
inclusion of the efficiency criterion. 

For all the indicators related to the effectiveness of 
the technologically supported training, the faculty give 
higher marks than the students (Fig. 1). The difference 
regarding the 1.3 indicator - use of electronic 
technologies for laboratory exercises is significant.  

 

 
Fig.1. Summary assessment scores SAS of effectiveness (for 

questions Q.1.1 to Q.1.6) of e-learning by students and 
lecturers. 

3
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4
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Faculty give a much higher rating, indicating that they 
see and appreciate the benefits of e-learning more 
convincingly. Based on their experience, lecturers are 
aware that technology-assisted learning is not a 
process of passive content consumption. Essentially, it 
is a process based on activities taking place in 
interactive environments and work situations. Thus, 
learners are actively involved in jointly solving 
specific tasks and influence their behavior through 
bidirectional communication. 

For three of the efficiency indicators (reducing 
mental tension, increasing the time for discussion and 
quick feedback), the assessments of both faculty and 
students are almost identical. For two of the 
indicators, the marks are diametrically opposed (Fig. 
2). In terms of time for individual work, lecturers 
believe that electronic technologies are a prerequisite 
for its increase while students have lower grades than 
teachers. (The probable cause is the increased 
communication opportunities between colleagues, 
which is not individual work; this indicator is subject 
to further research). Students are convinced that 
electronic technologies help reduce some material 
costs (purchasing textbooks, teaching aids, designing 
projects, writing and preparing theses). The viewpoint 
of the teachers differs, probably (this should be 
studied separately) because of the calculation of 
professional and organizational efforts and the low 
payment for designing electronic materials for the 
training. 

 
Fig.2. Summary assessment scores SAS of efficiency (for 
questions Q.2.1 to Q.2.5) of e-learning by students and 

lecturers.  

It is obvious that a differentiated approach and 
a selection of specific indicators relating 

differently to the groups of students and faculty 
should be used to assess the efficiency. 

Overall, the ergonomic assessment of the 
efficiency of e-learning shows the need for an in-
depth study of the factors that determine it, as 
well as an accelerated development of the real 
attributes of efficiency, namely time, material and 
psychological savings. 

The graphical representation of the ergonomic 
assessments of the criterion “satisfaction with e-
learning” shows less coincidencesand more 
discrepancies (not statistically significant) in the 
opinion of students and faculty (Fig. 3). Students and 
lecturers provide close but low scores on indicators 
such as: available free-access to computers, e-learning 
platforms, extended database access, lecturers with 
experience in electronic technology. The 
discrepancies in the estimates are due to indicators 
such as: enough multimedia devices in the halls 
(teachers are not fully satisfied); free internet access 
(students are not satisfied); the availability of a 
software base for engineering analysis and design 
(both groups are dissatisfied, the faculty providing a 
fairly low score of 2.73). 

 
Fig.3. Summary assessment scores SAS of satisfaction (for 
questions Q.3.1 to Q.3.11) of e-learning by students and 

lecturers.  

For each of the ergonomic quality criteria the 
average grade given by students and lecturers was 
calculated. Estimates of the summative ergonomic 
quality of e-learning based on the criteria of 
effectiveness, efficiency and satisfaction for the two 
groups of surveyed persons and for all respondents are 
presented in Table 3. 

The ergonomic quality of e-learning based on the 
factors discussed on the basis of the assessments given 
by lecturers is 4.00, for the students, the value is 3.92 
and the summative ergonomic quality evaluation 
obtained as the arithmetic mean of the scores of the 
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two groups is 3.96 (Fig. 4). According to the proposed 
methodology, this indicator 4 ("rather yes") 
corresponds to a good estimate. 

 
Table 3 

Average ergonomic assessments of the ergonomic quality of 
e-learning (by the three criteria) by students (S) and faculty 

(F) 

Criteria for 
ergonomic quality 

of E-learning: 
S F Summative

Effectiveness 4.05 4.44 4.25 

Efficiency 3.95 3.92 3.94 

Satisfaction 3.76 3.65 3.7 

Summative 
ergonomic quality 3.92 4 3.96 

 
 

 
Fig. 4. Average assessment scores of the ergonomic quality 

and of its constituents: effectiveness, efficiency, and 
satisfaction 

Conclusions 
For the first evaluated criterion - effectiveness, for 

the faculty, the calculated value is 4.44; as for the 
students, it is 4.05 and the summative effectiveness 
for the two studied groups is 4.25. These assessments 
indicate that the surveyed groups believe that E-
learning results in high learning outcomes. Combining 
the good teaching methodology in blended learning 
with the attractive possibilities for computer modeling 
and visualization provides for more effective training. 

The learning content in electronic form gives good 
opportunities for visualization and perception. E-
learning creates the conditions for faster 
communications, high mobility, easy access to 
information of a various kind. 

Under the current conditions, not only the lecturer 
teaches, but also learners (and the lecturers) learn by 
themselves. Students not only learn the system of 
knowledge, skills, and habits but also develop their 
creative abilities. As we can see, the burden of work 
in educational institutions is gradually shifting from 
lecturers to learners, encouraging their initiative and 
autonomy. 

A high assessment of the summative effectiveness 
is a factor for the deployment and accelerated 
penetration of E-learning and intensive work in an 
electronic environment. 

Regarding the second criterion- efficiency, the 
values for the two investigated groups are very 
similar: 3.95 for the students and 3.92 for the faculty, 
and the summative efficiency assessment is 3.94. 
There is no correlation between the two studied 
groups, which in practice means that efficiency is 
assessed quite differently. 

Whether efficiency will be low or high, depends on 
the material studied and the methods of its 
presentation and organization, that is, in relation to 
educational institutions, if they and in particular the 
teachers have prepared and organized the e-learning, 
this will lead to greater efficiency for the trainees - 
less material costs and less waste of time and mental 
energy, but also a greater burden on teachers. 

For the third criterion - satisfaction in an electronic 
environment, the values are the lowest - a rating of 
3.76 given by the students and a rating of 3.65 given 
by the faculty. The summative assessment of the two 
groups is 3.70. There is a correlation between the 
answers given by students and teachers, which in fact 
mean that the high marks given by the teachers 
generally correspond to the assessments given by the 
students and vice versa. 

More and more the requirements of modern 
learners and their satisfaction will shape the 
educational process. Parallel with them, the teaching 
staff with its specific characteristics is the other 
critical factor. The average satisfaction score is 
slightly below 4 (3.70), which is an important signal 
for intensive work towards optimizing e-learning on 
the indicators discussed. 

Regarding the assessment of the ergonomic quality 
of e-learning, the values are: 3.92 of the students, 4.00 
of the lecturers and a summative assessment for the 
ergonomic quality for the two groups is 3.96. 
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Ergonomic quality is measured by criteria: 
effectiveness, efficiency, and satisfaction of the 
technologically supported training and its 
implementation. This assessment is not low, according 
to the methodology used, but serious work needs to be 
done on the satisfaction criterion regarding both 
groups. The lower values of the satisfaction criterion 
are still compensated by the high marks for 
effectiveness which is highly appreciated by both 
groups. 

Training, like all other human activities, is subject 
to optimization - design, assessment,and redesign so 
that it adapts to all changes arising from the 
environment and people and the development of 
technology. The process of continuous improvement 
is the one that aims at improving the process of work 
and satisfying the consumer and thus leads to a higher 
quality of the activities performed and hence to a 
higher quality of life at all. 

Educational institutions do not function for 
themselves but for students and society as a whole, 
providing quality education and good opportunities 
for future professional realization. Based on good 
European and world practices, higher education 
institutions should place the satisfaction of the 
students in their educational service as a key factor in 
their actions in the context of the new information 
environment. 
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Appendix 1  
Ergonomic Control Card (scores – S and F are given  in % correspondingly from the 74 student ergonomic cards and 30 

teacher ergonomic cards) 

№ Questions 
Yes Rather 

Yes 

Neither 
Yes, 
nor No 

Rather 
No No 

S F S F S F S F S F 

1.1 Is the use of electronic technology appropriate for lectures? 65 94 25 3 7 3 0 0 3 0 
1.2 Is the use of electronic technology appropriate for seminars?  57 70 31 23 5 7 3 0 4 0 
1.3 Is the use of electronic technology appropriate for laboratory 

exercises?  35 70 30 14 15 3 9 10 11 3 

1.4 Is the use of electronic technology appropriate for self-study?  58 80 26 17 4 3 4 0 8 0 
1.5 Is the use of electronic technology appropriate for self-control?  44.5 57 32.5 26 8 14 7 3 8 0 
1.6 Is the use of electronic technology appropriate for examination? 34 30 28 33 11 13 13.5 17 13.5 7 

 If the electronic materials/platforms/technology  for a given 
discipline is well organized would that affect the work of 
students (S) / faculty (F) in the following aspects: 

          

2.1 -reduction of the mental load  39 43 34 27 11 10 8 13 8 7 
2.2 -more time for questions and discussions  38 37 34 37 11 6 6 10 11 10 
2.3 -more time for individul work 31 43 35 40 11 10 13.5 3 9.5 4 
2.4 -cost reduction   62 33 12 30 7 10 12 13.5 7 13.5
2.5 - fast communications and feedback 63.5 47 16 37 11 10 5.5 3 4 3 

 To what extent is the university tready to use eTechnology in 
learning in the following aspects:           

3.1 -computers and networks  39 30 26 47 19 7 13 13 3 3 
3.2 -multimedia projectors in the classrooms  38 23 42 30 9 23 9 21 2 3 
3.3 -free Internet access  39 53 22 27 22 17 11 3 6 0 
3.4 -free access to computers  34 33 24 33 13.5 23 20 7 8.5 4 
3.5 -software for engineering analysis and design  7 7 27 27 20 23 23 20 23 23 
3.6 -electronic platforms  23 30 24 30 22 27 18 3 13 10 
3.7 -electronic libraries 50 43 28 37 12 10 5.5 10 4.5 0 
3.8 -programs for self-study  30 3 19 14 28 33 11 27 12 23 
3.9 - tests for self-control  24 11 18 23 24 23 18 30 16 13 

3.10 -access to database 31 27 27 39 19 20 16.5 7 6.5 7 
3.11 -enough teachers with experience with electronic technology  40.5 27 23 43 17 27 5 3 9.5 0 
4.1 Do you use electronic technologies in learning (S) / Is your 

motivation to use electronic technology intrinsic (F) 53 60 20 20 12 17 10 3 5 0 

4.2 Are you satisfied with the electronic technologies at the 
university (S) / Are there any external requirements or 
incentives for using electronic technologies in training (F)  

38 10 17 23 22 27 8 13 15 27 

4.3 Do you use electronic technologies for learning outside the 
university (S) / Do you design electronic learning materials (F) 50 30 28 47 10 20 8 3 4 0 

4.4 Would you like more extensive use of electronic technology in 
training (S) / Do you use ready computer training materials (F)  59 30 16 27 9 13 10 20 6 10 
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1. Preamble 
The National strategy for the development of scientific research in the Republic of Bulgaria determines 

the targets and the relevant measures and actions that are required by the state for the development 
of the scientific research in the period 2017 – 2030. It is one of the required conditions for the achievement 
of the targets set in the Partnership agreement between the Republic of Bulgaria and the EC during the 
programming period 2014 – 2020 and in the Innovation strategy for smart specialization 2014 – 2020. The 
strategy is consistent also with: 

National documents: 
• National development program: Bulgaria 20201; ; 
• National reform program, 2016 update2;  
• Innovation strategy for smart specialization of the Republic of Bulgaria 2014-2020 and a 

process of smart specialization3;  
• National strategy for the development of scientific research 20204;  
• Higher education development strategy in the Republic of Bulgaria for  

the period 2014-2020. 
• Statement on the problems of the technological development of Bulgaria5.   

EU documents: 
• Europe 2020: Strategy for intelligent, sustainable and associative growth; 
• Framework program of the EC for scientific research and innovations; 
• Roadmap of the European research area6.  
• Partnership agreement of the Republic of Bulgaria for the European structural and 

investment funds 2014 – 20207; 
• European Commission (2015d), Peer Review of the Bulgarian Research and Innovation 

system8;  
• Recommendation of the Council, dated 12 July 2016 about the National reform program of 

Bulgaria for 2016 and containing statement of the Council about the Bulgaria’s convergence 
program for 20169;  

• Working document of the Commission’s services: Report for Bulgaria for 201610;  
 

        The present strategy goes outside the frames of the above mentioned documents, both in relation to 
the time-frame to which it is related and in relation to its purposes and the scope of the results for the country 
and the society which are foreseen to be achieved. The strategy has the ambitious purpose through quick, 
large-scale and long-term development of the scientific research system to transform Bulgaria into attractive 
center for advanced scientific research and new technologies` development, to keep young talents in 
Bulgaria, to strenghten the integration of the Bulgarian science in society, to increase the international 
reputation of the country in the science sector and as a finalresult, to achieve economic growth and 
significant improvement of the quality of life in the country. In that sense, a beneficiary of the strategy is 
the Bulgarian society. 
                                                            
1 Adopted by decision of the Council of Ministers No. 1057, dated 20.12.2012 
2 Adopted by decision of the Council of Ministers No. 284, dated 19.04.2016 
3 The project is approved by Decision No. 761/06.11.2014 of the Council of Ministers 
4 Decision of the National Assembly, dated 28.07.2011, Published in SG, issue 62, dated 12.08.2011 
5  V. Sgurev et al. Statement on the problems of the technological development of Bulgaria, Sofia, 2014, 
http://bas.bg/images/banners/Stanovishte_po_problemite_na_tehnologichnoto_razvite_na_Bulgaria_17.04.2 
014g.pdf 
6 ERA Roadmap 2015-2020, ERAC 1208/15, Brussels, 2015 
7 http://www.government.bg/cgi-bin/e-cms/vis/vis.pl?s=001&p=0212&n=3099&g= 
8 European Commission (2015d), Peer Review of the Bulgarian Research and Innovation system, available at: 
https://rio.jrc.ec.europa.eu/en/policy-support-facility/peer-review-bulgarian-research-and-innovation- system 
9 Official Journal of the European Union, dated 18.8.2016. 
10 SWD(2016) 72 final 
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       The document presents a short analysis of the dynamics of the national system for scientific research 
during the recent years. The analysis takes into account a number of documents from national and 
international reviews, inspections and analyses as well as information from statistical sources and official 
data bases. The steady decline in the scientific development of the country is shown. The lack of consistent 
state policy (incl. funding) for  support of the scientific research as well as the unsatisfactory performance of 
the previous National strategy for development of scientific research in the Republic of Bulgaria (2012-2020) 
and the commitments to EU are counted among the main reasons for that decline. 
      The vision set in the foundation of the present strategy represents the main targets set by the State for 
the development of the scientific research in Bulgaria. Specific policies as well as concrete measures and 
tools for their realization are defined based on these targets. Individual components of these policies are 
directly related and targeted to the support of the performance of the priorities of the Innovation strategy for 
smart specialization and the National higher education strategy as well as the performance of Operational 
program “Science and education for intelligent growth” and the European framework program. The 
innovations, although being organically connected to the scientific research and are logical continuation of 
some of them, are not reviewed in the current strategy, because they are subject of a separate document – 
the Innovation strategy for smart specialization. 
      The strategy implementation plan is organized, based on the specific targets, ensuring the achievement 
of the main target of the strategy, the relevant activities and the required concrete measures. 
     Three stages are provided for the strategy's implementation: recovery stage (2017 – 2022), accelerated 
development stage (2023 – 2026) and scientific research at world level (2027 – 2030). The time frame of the 
first stage is up to 2022. The implementation of the main mechanisms and activities for the recovery and 
modernization of the scientific research system in Bulgaria is foreseen for that period. Tangible results of the 
implementation of the strategy are expected towards the end of the stage. The second stage (4 years) 
foresees accelerated development of the scientific research which should drive Bulgaria close to the average 
European level. The funding provided by OP “Science and education for intelligent growth” completes during 
that stage. Based on the successful implementation of the previous two stages, the third one – four years 
stage, would ensure stable and balanced development of the scientific research and their rising to world 
class. 
     This is the reason why the implementation of the strategy would result in the successful development of 
Bulgaria as a prosperous European country, although the main responsibilities of its realization lie within the 
hands of the Ministry of education and science and the scientific organizations and higher schools, its 
success must be a mission of all state authorities – from the National Assembly and the Council of Ministers 
to the Regional administrations and municipalities. Taking into consideration the absence of accountability 
and control of the implementation of the previous strategy as one of the main reasons for the unsatisfactory 
results of its implementation, the current document provides accounting mechanisms and update of the 
strategy as well as the establishment of International control council for its implementation, with clear 
functions and impact capabilities. 

2. Analysis of the state of the scientific research activities in Bulgaria 

2.1. Review of the implementation of the National  strategy for the 
development of scientific research 2012-2020 

       The currentNational strategy for the development of  scientific research 2012-2020 is adopted by a 
decision of the National assembly, dated 28.07.2011 (Published in SG, issue 62, dated 12.08.2011) and is 
updated by the government in October 2014. Its main strategic purpose is to support the science 
development in Bulgaria in order to turn it into a factor, contributing to the development of knowledge based 
economy, and innovation activities. A review of the strategy's implementation is performed by the Audit 
Office in July 2015. The results are summarized in audit report about the Implementation of the National 
strategy for the development of scientific research for the period from 01.08.2011 to 31.12.2014. A lot of 
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problems with the strategy’s implementation are noted. The general conclusion is: “With the omissions and 
shortcomings in its operations, the structures within the system of the Ministry of education and 
science do not ensure the effective implementation of the National strategy for the development of 
scientific research and do not guarantee the achievement of the strategic target of turning the 
Bulgarian science to a factor for the development of knowledge based economy and the innovation 
activities.” 11 An indirect criticism towards the results from the implementation of the previous national 
strategy is contained in the report of the peer review as well. The severe consequences for the science in 
Bulgaria from the failure of the strategy and its inefficiency are also set out in the two documents and are 
apparent from the analyses presented below. 
    Most of the obligations of Bulgaria, as a member state of the EU, in the research and development sector 
are not performed. They are mainly related to our participation in the establishment of the European research 
area, the provision of adequate support to the Bulgarian participants in the EU framework program for 
scientific research and innovations, intensification of the trans-border scientific programs and the absence of 
concrete measures for the attraction of researchers to work in Bulgaria. 

 
2.2. Dynamics of the scientific results 

        Essentially, the science is international and its state/development must be followed based on 
internationally recognized indicators. According to the most authoritative database - Web of Science (WoS): 
during the last decades Bulgaria has been continuously and steadily losing positions in relation to the 
number of the internationally recognizable scientific publications (Fig. 1). From 35th position occupied by our 
country in 1990, it drops to 44th place in 2000, and as a EU member it reaches 51st position in 2007 and 
59th position in 2016. The higher positions in the chart are occupied by a number of countries (Algeria, 
Tunis, Columbia, Nigeria and Vietnam), considered as the so called “third world” countries and countries that 
recently were subject to military conflicts. Similar is the trend in the chart of the number of citations, which is 
related to the quality of the scientific activities. 
        More careful analysis (Fig. 2) shows that during the last years the activity of publications of the country 
stays at the same level (about 3,500 documents per year in WoS and up to 2,500 referenced scientific works 
per year), which contrasts to the world tendencies for accelerated increase of the scientific production. 
 

 
Figure 1: Place among the countries in the world as per number of scientific articles referenced in WoS 
during the years for Bulgaria and some other countries. Source: In Sites, Web of Science. 

                                                            
11 Audit Office, Audit report No. 0700010614, Sofia, July, 2015. 
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Figure 2: Distribution of documents, related to Bulgaria, per years in WoS database. Total number of 
documents (blue) and scientific articles, announcements and books (green). 
Source: Web of Science. 

According to the report "Science, Research and Innovation of EU, 2016", the percentage of scientific 
publications in top 10% of the total number of publications for most of the EU countries grows from year 2000 
towards year 2010 and the intensity of research and development funding is also rising (Fig. 3). Contrary to 
them, the direction for Bulgaria is the opposite – towards reduction of the intensity of funding.  

Based on data of the European Innovation Scoreboard, 2016, the share of scientific publications from 
Bulgaria, included in the top 10% of the most cited works has dropped by more than one-third from year 
2008 to year 2015, respectively from 6.5% to 3.5%. As per this indicator, which is one of the main indicators 
used for the evaluation of the quality of the scientific production, Bulgaria is behind Romania and Serbia, 
while in 2008 Bulgaria was before these countries (Fig. 4). 

 

 

Figure 3: Change in the percentage of scientific publications in top 10% of the total number of publications 
and intensity of the public funding of research and development for EU countries for year 2000 and for year 
2010. Source: Science, Research and Innovation of EU, 2016. Based on data from Eurostat, Science- Metrix 
(Canada), based on Scopus database 

Assessment of the participation of Bulgarian scientists in international scientific cooperation can be 
done, based on internationally visible scientific publications with foreign co-authors (Fig. 4b). For Bulgaria, 
this number, referred to 1 mil. residents is almost constant for the period 2008-2015 – 160-180 per year with 
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increase below 10%12.  For EU countries and for neighboring countries, like Romania and Serbia, this 
number increases, respectively by 55%, 81% and 126%, where for Serbia the absolute value goes above 
300. These results show that the Bulgarian scientists gradually lose positions in the International scientific 
community. 

 
а) 

 

б) 

Figure 4: a) Percentage of the scientific publications in top 10% of the most cited publications out of the total 
number of publications; b) Number of scientific publications with foreign co-authors per 1 mil. residents 
Source: European Innovation Scoreboard 2016, data from Web of Science. 

The reduction in the field of scientific research is clearly seen also in the participation of Bulgaria in the 
EU framework programs. Bulgaria has received 12.8 Euro per person of the population from the 7th 
Framework program, while the average value for EU is six times higher - 78.9 Euro13.  The success of the 
projects with Bulgarian participation is also lower, compared to the average success for EU, respectively 
15.4% and 20.4%. The tendency during the first two years of the “Horizon 2020” framework program is even 
more negative. The funds received by the Bulgarian participants are 1.55 Euro per person of the population, 
while the average value for EU is almost ten times higher - 14.60 Euro14.  For 2015, the success of the 
projects with Bulgarian participation is 5.6%, and the average value for the program is 11.6% (Figure 5). 
 

 

                                                            
12 European Innovation Scoreboard 2016, data from Web of Science 
13 European Commission, JRC-IPTS (2015), Stairway to Excellence Facts and Figures: Bulgaria 
14 Report Horizon 2020 Two years on, 2016 
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Figure 5: a) Funds received per person of the population for the first two years of the “Horizon 2020” 
functioning. b) Success of projects with participants from different EU member states. Source: Report 
Horizon 2020 Two years on, 2016. 

The negative conclusions about the falling behind of the country in the research and development field 
arealso confirmed by the analysis from other databases and by many other indicators. 
 

 

 

 

 

This information is available online: 
Republic of Bulgaria 
NATIONAL STRATEGY FOR DEVELOPMENT OF SCIENTIFIC RESEARCH IN THE REPUBLIC OF 
BULGARIA 2017 – 2030 (BETTER SCIENCE FOR BETTER BULGARIA). 
Last access: 09 November 2017: http://horizon2020.mon.bg/?h=downloadFile&fileId=436 

 

Success of projects with participants from various EU member states in 
“Horizon 2020” program 

Intermediate results for the first two years of the participation of EU member 
states in “Horizon 2020” program 
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 ABBREVIATIONS AND ACRONYMS 

 
BAS Bulgarian Academy of Sciences 
CoE Centre of Excellence 
CoC Centre of Competence 
ERA European Research Area 
ERIC European Research Infrastructure Consortium 
ESIF European Structural and Investment Funds 
ESFRI European Strategy Forum for Research Infrastructures 
EU European Union 
IS3 Innovation Strategy for Smart Specialization 
GDP Gross Domestic Product 
HEI Higher Education Institution 
ME Ministry of Economy 
MES 
MF 

Ministry of Education and Science 
Ministry of Finances 

NIF National Innovation Fund 
NRRI National Roadmap for Research Infrastructures 
NSRD National Strategy for Research Development 
OPIC Operational Programme “Innovation and Competitiveness” 
OPSESG 
 

Operational Programme Science and Education for Smart 
Growth 

R&D Research and Development 
RRC Regional Research Centre 
SC Standing Committee 
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DEFINITIONS 

 

Research Infrastructure – facilities, resources, and related services, used by the scientific community to 
conduct high-level scientific research in the relevant areas, and cover large-scale research facilities, 
integrated small research facilities, and high-speed communication networks with high capacity, distributed 
high-performance computing systems such as Grid, computing systems networks, etc.; knowledge-based 
resources such as collections, databases, archives, and other types of structured scientific information; 
Centres of Competence that provide services to the wider research community, as well as every other object 
with a unique nature of great significance for achieving excellence in research. 

Unique Research Infrastructure – facilities, research centres, and integrated complexes which have highly 
specialized equipment and instrumentation, offer specialized scientific service, are without analogue on a 
national level, and/or are a partnership structure of infrastructures, identified by the European Strategy 
Forum on Research Infrastructures and included in the European Roadmap for Research Infrastructure.  

E-Infrastructure for scientific research –provides computing services for the scientific community.  

Roadmap – a national strategic document, by which conditions are created to solve a specific problem, 
which outlines a vision for development in the science and innovation area. It contains specific objectives 
that must be achieved based on already implemented measures and instruments, provided in European 
documents and strategies to support the development of research infrastructure. 

Research complex – a network of RI in similar areas, which may be concentrated in one campus or 
territorially distributed.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

40 “Е+Е”, 1-2/2016



 

EXECUTIVE SUMMARY  

 

Bulgarian researchers need access to state-of-the-art scientific facilities to conduct 
competitive research at international level. The access to modern infrastructure is an 
important factor in attacting and retaining the best students, PhDs, and researchers. 
Research infrastructures serve also as centers for knowledge, innovation and technology 
transfer from research organizations to industry. Improving the research infrastructure 
should lead to a significant increase of the capacity of Bulgarian scientists for conducting 
high quality scientific research and will directly impact the development of high tech 
industry in Bulgaria. 

National Roadmaps for development of research infrastructure are the key 
instruments for implementing the national research strategies and they also reflect 
upon the priorities of European Union. Large research infrastructures are subject to 
special attention at EU level because their construction and maintenance require significant 
financial and human resources. It often takes years before the infrastructure starts to 
provide benefits to the public society. This is why the European Strategic Forum for 
Research Infrastructures (ESFRI) was set up in 2002 to bring together and coordinate 
efforts to build and use research infrastructures within the EU, including identification of 
priorities for excellence with European and international impact.  

The first National Roadmap for Research Infrastructure (NRRI) of the Republic of 
Bulgaria was adopted in 2010 by Council of Ministers’ Decision No.692 and it defined the 
national needs in the field of research infrastructure (RI). It is linked to the ESFRI 
priorities. With Council of Ministers’ Decision No.569 on 31 July 2014 the NRRI was 
updated by reviewing and evaluating existing and new RIs, as well as identifying those 
that are in line with the European priorities and outlining priorities for modernization 
and/or construction of new scientific facilities. Overall, several Pan-European projects 
were accessible to Bulgarian researchers, listed in the following table.  

Bulgarian participation in Pan-European RI  

2008 2010 2016 
Landmarks 

2016 
Projects 

CLARIN CLARIN CLARIN (ERIC) Actris 

EURO ARGO 
 

EURO ARGO  EURO ARGO 
(ERIC) 

Danubius 

ESS ESS  CTA 

PRACE PRACE  PRACE E-RIHS 

  HL-LHC EuroBioImaging 

EPOS EPOS  EPOS 

DARIAH   

The government has provided access of Bulgarian research teams to several 
international and European RIs through various instruments. For example, Bulgaria is a 
full member of the Joint Institute for Nuclear Research – Dubna since 1956; associate 
member of the International Centre for Theoretical Physics – Italy (1985-2015); member 
of the European Organization for Nuclear Research since 1999. In fact, Bulgaria has 
delivered its financial commitments to certain RIs under the NRRI, which amount to over 
30 million BGN between 2014 and 2017. 
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The current challenges, which Bulgarian scientists face, are related to the 
sustainable development of local RIs, given the strategic national and EU financing, and 
their access to Pan-European infrastructures, as well as to more efficient use and promotion 
of benefits to society. 

The present update of the NRRI 2017-2023 introduces the main research 
complexes in the country and their respective prioritization at EU and national level in 
accordance with the priorities under the National Research Strategy, the Innovation 
Strategy for Smart Specialization and the ESFRI agenda. The update has the following 
main goals: 

 Support the policies defined in the National Research Strategy “Better Science for 
Better Bulgaria 2017-2030”; address the priorities under the Innovation Strategy for 
Smart Specialization; and reflect upon the ESFRI agenda for creation of Pan-
European infrastructures; 

 Define priorities for sustainable development of RIs up to 2023, by building upon 
the Diagnostic Review of RI and Equipment outcomes, which identified the gaps 
but also the potentials for smart specialization of Bulgaria through research and 
innovation policies; 

 Identify the methodology and procedure for evaluation of all existing and future RIs 
which seek access to the National Roadmap; 

 Develop a Plan of tasks, procedures and deadlines for maintaining RIs in the 
National Roadmap up to year 2023.  
 
Diagnostic Review of RI and Equipment in Bulgaria was completed in 2017 to 

provide a basis for the update of the NRRI and for preparation of the call for Regional 
Research Centres (RRC) under OP SESG. The main conclusions in terms of gaps and 
potential for smart specialization in Bulgaria at the regional level are as follows: 

 North-West has a huge gap compared to all other regions as research 
infrastructure is available only in the healthy life industries and biotechnologies. It is 
crucial that this region is supported through European and national funding in the areas 
that have already demonstrated research and business potential. Yet, government policies 
need to incentivize businesses and researchers to cooperate in areas which are new to the 
region. 
 North-Central does have a potential to specialize more in ICT, but the potential 
of using and further strengthening the research infrastructure in healthy life industries and 
biotechnologies is there. Therefore, there is a need to channel funding for new equipment 
in all three priority areas. 
 North-Eastern does have a high specialization in the mechatronics and clean 
technologies areas but it could strengthen its potential also in the healthy life industries 
and biotech, as well as in the creative and recreational industries, where there is a priority 
under Bulgaria’s IS 3. 
 South-Western stands far ahead of the other regions in terms of presence of 
research infrastructure in all four IS 3 priority areas. Moreover, Bulgarian research 
infrastructures which are integrated in Pan-European partnerships are exclusively 
coordinated by research institutes and universities, which are located in the capital of 
Bulgaria.  
 South-Central faces the highest gap in terms of available research infrastructure 
and priorities under Bulgaria’s IS 3. There is a strong research infrastructure in the field 
of social sciences and humanities. Moreover, there is no research capacity in e-
infrastructures, whereas the ICT industry is a priority area for IS3. Finally, there is a 
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limited research infrastructure in mechatronics and clean technologies area, although it 
will be supported by OP Innovation and Competitiveness  
 South-Eastern does have available strong research infrastructure in the 
mechatronics and clean technologies, as well as in the healthy life industries and biotech 
areas, which are also priorities in the IS 3. Limited research infrastructure in the creative 
and recreational industries would need to be improved. 
 

Overall, out of the 161 research infrastructures in Bulgaria, 12 have European 
significance (7%), 84 have national significance (52%) and 65 have a regional significance 
(40%).  

The long-term sustainable development of the research infrastructure will be 
supported in accordance with the priorities defined in the National Research Strategy 
2017-2030 and Innovation Strategy for Smart Specialisation. This strategic frame is 
composed of three complementary strands. First, applied research will be stimulated 
through investments in research infrastructure, focusing their research activities in the four 
thematic areas that have emerged from IS3. This will be the main focus of EU funding 
distributed through competitive calls under OP SESG. Second, areas of fundamental 
research where there are traditions and successes (e.g., natural sciences and mathematics, 
medical sciences, materials science, etc.), national and public interests (e.g. national 
security and defense, demographic challenges, etc.), will also be targeted so as to ensure 
the necessary scientific balance and to increase the demand for inter-disciplinary research. 
The RIs and equipment for fundamental research that are not included in IS3, will be 
financed by other funding instruments outside ESIF (for instance, under the National 
Science Fund or the future Executive Agency to the Ministry of Education and Science). 
A third, horizontal priority, will be to further improve Bulgaria's participation to Pan 
European Research Infrastructures and the overall contribution to international scientific 
community.         

 

In the light of the diagnostic review and Bulgaria's strategic priorities, a total of 23 
research infrastructure complexes (14 after the last update in 2014 and 9 new projects) 
were selected and included in NRRI 2017-2023.  

The Centres of Excellence and Centres of Competence, which will be selected after 
competitive process under Operational Program Science and Education for Smart Growth 
(OP SESG) in 2017, and the successful projects under Horizon 2020, shall automatically 
enter the National Roadmap, as the European Structural and Investment Funds investments 
are strategic and they should be supported by state funding in a sustainable manner. Тhe 
Regional Research Centers to be funded under OP SESG may enter the National Roadmap, 
but not necessarily, as they will rather have a regional impact for the domestic economy. 
Yet, their sustainability will be ensured with additional financing from national sources 
(e.g. National Innovation Fund and the National Science Fund).  

NRRI is in line with the policies and instruments, enshrined in the National 
Strategy for Development of Scientific Research in the Republic of Bulgaria 2030. As a 
result, the implementation of the NRRI is planned in three stages as follows: 

First stage: Synchronization (2017-2018) Emphasizes on the maintenance of 
existing complexes. During this stage, the project proposal calls for establishing Centres 
of Excellence (CoE), Centres of Competence (CoC), and Regional Research Centres 
(RRC) under the OP SESG are to be successfully completed. At European level, the list of 
research complexes in ESFRI will be updated. Based on this, an in-depth assessment of all 
existing and other applying for inclusion in the NRRI projects will be carried out by the 
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end of 2018, using an identified methodology in line with the ESFRI criteria and socio-
economic evaluation, to update the list of RIs to be supported, and approve a financial plan 
for their maintenance and development. The CoE and CoC will automatically enter the 
National Roadmap.   

Second stage: Building (2019-2020) Based on the 2018 update, the construction 
will be supported and financial support will be provided for all significant RIs, included in 
the updated NRRI. 

Third stage: Development (2021-2023) Existing infrastructures are further 
developed and a regular assessment of their efficiency and effectiveness is conducted from 
the viewpoint of exploitation of their research results and potential for commercialization. 
By 2023 a new update of the NRRI will be made, which coincides with the update of the 
National Research Strategy and predefines a next cycle of prioritizing the important RIs in 
Bulgaria, in the context of the new priorities for research development in the country and 
in accordance with the EU policies.  

 

All significant research complexes, included in the NRRI, have a commitment to 
develop a Management Plan, incl. clearly defined access conditions to research 
infrastructures, application forms for providing specialized services to citizens and 
business, where applicable. 

The implementation of the Roadmap and the construction of research complexes 
will be subject to a permanent international monitoring and evaluation, regarding the 
effectiveness of their participation in the European Roadmap, their research and 
technological programs, and their activities. The monitoring of the NRRI implementation 
envisions the establishment of a Standing Committee of NRRI as a consultative body to 
the Minister of Education and Science.  

The long-term funding and sustainability of the National Roadmap requires that it 
is included in the medium-term budget forecast of the Ministry of Finances, as part of the 
planned public expenditure for the development of science in Bulgaria, and in line with 
the planned funds under the National Research Strategy. 

The total funds allocated for the construction, development and maintenance of the 
NRRI by 2023 amounts to 986.5 million BGN, incl. the financing of CoE, CoC and RRC 
on a competitive basis, under the OP SESG. Total ESIF funding for RIs is estimated at 
55%, thus providing a balance between the state and EU financing. 

 

 

 

 

 

 

 

 

 

 

 

This information is available online: 
Ministry of Education and Science Republic of Bulgaria 
BULGARIA NATIONAL ROADMAP FOR RESEARCH INFRASTRUCTURE  

2017-2023.  
Last access: 09 November 2017: 

https://ec.europa.eu/research/infrastructures/pdf/roadmaps/bulgaria_national_ 
roadmap_2017_en.pdf 
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