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TELECOMMUNICATIONS SCIENCE 

Cooperative spectrum sensing - overview 
Zdravka Tchobanova 

Cognitive radio is a technology that meets the growing needs of wireless communications, 
providing more opportunities to access the radio spectrum. The licensed users do not use the spectrum 
continuously. In order for the unlicensed users to realize their transmission, they need to find free 
space in the spectrum, without interfering the communication of licensed users. This is not always 
possible due to channel imperfections, shadowing, multipath and the hidden terminal problem. 
Cooperative spectrum sensing contributes to more accurate and reliable detection of the licensed 
users signal. The article reviews most of the existing cooperative spectrum sensing techniques and 
notes their advantages and disadvantages. Hard and soft combining data sharing algorithms are 
considered. The optimization problems and reliability of detecting are discussed as different hybrid 
schemes, increasing the sensing efficiency, while maintaining or reducing energy costs are presented. 
Various strategies to increase security by reducing the impact of attacks by malicious users are also 
included in the review.  

Съвместно наблюдение на спектъра - общ преглед (Здравка Чобанова). Когнитивното 
радио е технология, отговаряща на нарастващите нужди на безжичните комуникации, като 
осигурява повече възможности за достъп до радиочестотния спектър. Лицензираните 
потребители не използват спектъра непрекъснато. За да може нелицензираните 
потребители да реализират своето предаване, е необходимо да намерят свободно 
пространство в спектъра, без да внасят смущения в комуникацията на лицензираните 
потребители. Това не винаги е възможно поради несъвършенствата на каналите, засенчване, 
многопосочно излъчване и проблема със скрития терминал. Съвместното наблюдение на 
спектъра допринася за по-точното и надеждно откриване на сигналите на лицензираните 
потребители. Направен е преглед на повечето от съществуващите техники за съвместно 
наблюдение на спектъра, като са посочени предимствата и недостатъците им. Разгледани са 
алгоритми с твърдо и меко комбиниране при споделяне на данните. Дискутирани са 
проблемите с оптимизацията и надеждността на откриването, като са представени 
различни хибридни схеми, увеличаващи ефективността, при запазване или намаляване на 
енергийните разходи. В обзора са включени и различни стратегии за увеличаване на 
сигурността, като се намали ефекта от атаките на злонамерени потребители. 

Introduction 
In recent years, there has been a tremendous 

growth in mobile communications. But spectrum is a 
scarce resource and its use cannot be extended 
indefinitely. At the same time, it is used irrationally, 
as licensed users having the permit to access the 
spectrum, called primary users (PU), do not realize 
their transmissions continuously. The cognitive radio 
comes help making spectrum usage more efficient. 
Users without permit to access, called secondary users 
(SU) or cognitive users (CU), also want to realize 
their transmission. For this purpose, they are 
constantly spectrum sensing, looking for free spaces 

where they can carry out their transmission, without 
interfering with the PU and when the PU appears to 
stop their transmission and immediately leave the 
bandwidth.  

SUs may experience the hidden terminal problem, 
shadow fading, multipath, or receiver uncertainty, 
thereby impairing the spectrum sensing efficiency in a 
highly urbanized environment. Fig. 1 shows SUs with 
various problems [1]. For example, the SU4 is outside 
of the PU transmitter range, and it also experiences 
the receiver uncertainty, because it does not know 
about PU and does not suspect the PU Rx existence. 
SU2 is shadowed - there is no direct visibility with PU 
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Tx; and SU1 is subjected to multipath fading because 
it receives many and different attenuating copies of 
the transmitted signal. 

Cooperative Spectrum Sensing (CSS) contributes 
to more accurate detection of the PU signal, using 
spatial diversity of spatially located SUs. Several SUs 
share their own spectrum sensing information to make 
a more accurate combined solution for the presence of 
a PU signal in the channel.  

Fig. 1. Receiver uncertanty, multipath, shadow fading [1]. 

Classification of cooperative sensing 

The main types of CSS, depending on how SUs 
share their information from local sensing, are 
centralized, distributed, and relay-assisted. Fig. 2 
shows a model of a cognitive network with centralized 
CSS. Such a network model is studied in 
[2],[3],[4],[5],[6]. 

Fig. 2. Centralized cooperative spectrum sensing [3]. 

Centralized CSS has a common Fusion Center 
(FC). Connection between the PU transmitter and SUs 
in cooperation to observe the primary signal is called a 
sensing channel. For reporting data, all SUs are set for 
control channel. The point-to-point physical link 
between each SU and (FC) is called a reporting 

channel, and it sends the detection results. The FC 
controls and manages the CSS process in three steps. 
First, FC selects a channel or bandwidth of interest for 
detection and instructs all cooperating SUs to make 
individual local detection. Second, all cooperating 
SUs report their detection results through the control 
channel. Third, FC combines received information 
from local detection, selects SU, determines the 
presence of PU, and distributes the decision back to 
the SUs in cooperation. 

Fig. 3. Distributed cooperative spectrum sensing [1]. 

There is no FC in the distributed CSS, and each SU 
shares the local detection information with their 
neighbors to make a combined decision [7],[8]. A 
decentralized CSS network model is shown in fig. 3. 

In relay-assisted CSS, as shown in fig. 4, SUs 
cooperate to improve cooperative efficiency, as 
reporting and monitoring channels are not ideal 
[7],[9],[10],[11],[12].  

Fig. 4. Relay-assisted cooperative spectrum sensing [9]. 

Different strategies can be used for joint actions: 
decode and forward (DF) or amplify and forward 
(AF). The AF relay receives the signal and sends its 
amplified version at the same time interval. In the DF, 
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the relay decodes the output message in one block and 
transmits the encoded message back to the next block 
or respectively in an odd and even time interval. The 
receiver can decode the data if there are no damaged 
or lost blocks. 

Cooperation model 
For CSS, different cooperative action models of 

SUs can be used. In [1] a classification of the main 
cooperative models is made. They are parallel fusion 
model [13] shown in fig. 5 and model based on game 
theory. 

Fig. 5. Parallel cooperation model [1]. 

In the parallel cooperative model, a group of 
spatially distributed SUs make their local detections. 
They report their statistics testing or decisions to the 
FC, which combines the reported data and takes the 
global decision via the binary hypothesis testing. 

In topology, based on game theory [14], there is a 
coalitional and an evolutionary model. A CSS 
coalition model is displayed in fig. 6. SUs can form or 
split a coalition if the detection efficiency in the 
coalition is greater than the probability of local 
detection. An example of an evolutionary model is the 
distributed CSS.  

Fig. 6. Coalition cooperation model [1]. 

Each SU chooses their actions whether to 
participate or not in the collaboration. The most 
commonly used cooperative model is a parallel pattern 
in distributed detection and data fusion. 

Detection Techniques 
Regardless of the CSS model, at first all SUs make 

a local detection. There are different spectrum sensing 
techniques with different computational complexity.  

Matched Filter 

Block diagram of an implementation on matched 
filter based spectrum sensing is shown in fig. 7. 

Fig. 7. Matched Filter block diagram [15]. 

The received signal is passed through a filter that 
increases the output signal-to-noise ratio (SNR) by 
reducing the output noise power. A matched filter 
generates a peak signal value and suppresses the noise 
amplitude. The disadvantage of this detector is that the 
signal should be demodulated in advance, but 
synchronization is required for this purpose. This 
means that before the sensing it is necessary to have 
preliminary information about the PU signal, such as 
type modulation, packet format, etc. Most PUs have 
pilot signals, distribution codes, or preambles that can 
be used. Another significant disadvantage is that for 
each type of PU is needed a particular receiver. 

The main advantage of this technique is that less 
time for signal processing is required due to 
coordination - only samples are needed. 

Cyclostationarity-based spectrum sensing 

Sine wave modulation, pulse sequences, wide-area 
codes, cyclic prefixes, or hoping sequences are used to 
modulate signals, resulting in built-in periodicity. 
They are characterized as cyclostationary because 
their statistics, mean value and autocorrelation are 
periodic. The cyclostationary signals transmitted by 
PUs have a spectral correlation that is not present at 
stationary noise or interference. A cyclostationary 
detector block diagram is shown in fig. 8. 

Fig. 8. Cyclostationarity-based detector block diagram [15]. 
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Cyclostationarity-based detector works very well 
at low SNR, resists noise uncertainty and 
distinguishes transmissions from different types of PU 
signals. The main disadvantage is the length of 
spectrum sensing time to find a PU signal. Other 
disadvantages are the need for a prior knowledge of 
PU signal characteristics and high computational 
complexity.  

Energy detection 

The energy detection is based on the fact, that if 
there is a PU signal, the energy in the channel will be 
significantly more than if there is no signal. The 
energy detection method of spectrum sensing includes 
pre-filtering to separate the bandwidth, digitalizing the 
signal, collecting the energy for each channel, 
comparing this energy with a threshold that is used to 
decide if there is a signal in channel or not. An energy 
detector block diagram is shown in fig. 9. 

Fig. 9. Energy detector block diagram [15]. 

The energy detection advantages are easy 
realization, which does not lead to complex 
mathematical calculations, and that the receiver does 
not need a priori information about the PUs signal 
parameters. Therefore, the energy detector is used 
very often in studies [2], [16], [17]. As a disadvantage, 
should be noted its poor performance at low SNR. 

In [15] and [18], a cyclostationarity-based detector, 
an energy detector and a matched filter detector are 
compared at the local detection and CSS [2], [19]. 

Eigenvalues-Based Spectrum Sensing  

The spectral holes are detected by eigenvalues-
based spectrum sensing, using test statistics, based on 
the covariance matrix eigenvalues of the received 
signal Y. All eigenvalues-based methods rely on the 
fact that the covariance matrix is a diagonal matrix 
only in the noise presence and all its elements are 
equal to σ2, therefore have one eigenvalue, also equal 
to σ2. In the presence of a PU, this is no longer true 
[20]. There are different algorithms based on the 
eigenvalues of the covariance matrix, such as the 
generalized likelihood ratio test (GLRT); the 
maximum-minimum eigenvalue detection (MMED), 
also known as the eigenvalue ratio detection ERD; 
maximum eigenvalue detection (MED), also known as 
the Roy's Largest Root Test (RLRT); and energy 
detection (ED).  

In [21], two spectrum sensing algorithms based on 

the eigenvalues distribution in the random matrices 
with large dimensions theory are discussed: MMED 
and ED with the Minimum Eigenvalue (EME), in a 
local spectrum sensing scheme. Authors in [5] have 
submitted a CSS scheme using the RLRT algorithm. 

The advantage of detecting the eigenvalues of the 
covariance matrix is that there is no need for a prior 
information about the PU signal characteristics. This 
detection is called blind. A significant disadvantage is 
the complex mathematical calculations. 

Primary signal detection 
The most commonly used system consists of one 

PU and one or more SUs. SUs spectrum sense for the 
PU signal. Thus, the system can be modeled as a 
binary hypothesis testing of the PU state: 

H0: y[n] = w[n]    - signal absent  
H1: y[n] = w[n] +s[n]  - signal present 
n = 1, …, N 
y[n] – Receiver signal samples, 
w[n] – Noise samples,  
s[n] – PU signal samples, 
N – The interval of the interest length 

corresponding to the number of samples. 
Detector performance is characterized by metrics 

based on test statistics in the binary hypothesis: 
• Probability of detection - Pd: This is the

probability that there is a signal in the channel
when the hypothesis H1 is true.

• Probability of false alarm - Pfa:  The probability
of having a signal with a valid hypothesis H0.
These are the undiscovered holes in the spectrum
- a missed opportunity.

• Probability of miss detection - Pmd: The
probability that a signal is not present when H1
is true. If there is a signal in the channel, SUs
indicate that the channel is free. These are free
channel messages when it is busy.

Pmd = 1 - Pd 

Data fusion 
An important point of CSS is the data fusion from 

the local SUs detection when deciding on the presence 
of a PU signal in the channel. Local detection results 
may be of a different type, size, form, depending on 
the control channel bandwidth. Data sharing can be 
done in two ways: Soft Combining [22],[23] and Hard 
Combining [24],[25],[26],[27]. 

Soft Combining 

SUs transmit to the control center the complete 
statistics from the local observation or all samples 
without any decision at the local detection. Various 
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consolidation techniques can be applied in the FC, 
such as Maximal Ratio Combining (MRC) [28], Equal 
Gain Combining (EGC) [29], Square Law Combining 
(SLC) [30], Selection Combining (SC) [31]. 

Fusion with the soft combination provides better 
performance than hard, but it requires more control 
channel bandwidth, and generates more costs than the 
fusion with the hard combination [23]. 

Hard combining 

The [26] has considered the hard combining policy 
efficiency when making decision on AWGN channels. 
Each SU takes a binary decision for the PU activity, 
show equation 1, and the local decisions are reported 
in FC through the reporting channel. 

(1) 
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where Δk is the local decision, Ek is a channel energy 
and λk is a threshold. 

FC takes the final decision on either the OR, AND 
or the MAJORITY fusion rule, which can be 
summarized as a "k-out-of-n" dropping rule. 

 The OR function determines that the PU signal is 
present when at least one SU reports "1". 
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The AND function determines that the PU signal is 
present when all SUs report a "1" decision. 
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In the voting rule, if at least N of K users have 
detected a signal 1 ≦ N ≦ K. The test is formulated 
as: 

(4) 
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Rules AND and OR are a private case for N = K 
and N = 1. 

For simplification two assumptions were made: 
• the reporting channel is error-free;

• the SU has information about the SNR statistics
of the received PU signals.

These assumptions are practically not real in the 
cognitive network.  

The probability of CSS Qd and the common 
probability of a false alarm Qfa are defined as: 

(5) }|Pr{}|1Pr{ 1
1

1 HMHQ
K

i
kd ≥Δ==Δ= 

=
 

(6) }|Pr{}|1Pr{ 0
1

0 HMHQ
K

i
kfa ≥Δ==Δ= 

=
, 

where Δ is the final decision. 

Energy efficiency and detection reliability 
Conventional detection methods and schemes are 

not effective enough, especially for low SNR or for 
noise uncertainty in the channel [32]. Therefore, many 
studies have proposed new, optimized schemes to 
increase detector efficiency, while reducing detection 
costs. In [33] authors calculate the optimal number of 
SUs to obtain maximum energy efficiency. Similarly, 
[34] has introduced an effective optimization factor-
number of SUs to minimize the probability of a 
complete error. The optimization of the number of 
collaborative SUs and the sensing time is done by 
increasing the size of the network [35].  In [36], a fast 
differential development algorithm is proposed to 
optimize CSS energy consumption, considering a 
sleep scheme and a censoring mechanism.  

In [37]a decision censoring scheme is proposed 
that leads to better results than the conventional fusion 
rule “k-out-of-n”. The message "No solution" sent to 
FC by some sensor node leads to improved CSS. By 
censoring the collected local decisions, only users 
with sufficient information are sending their decisions 
to the common receiver [38]. 

Fig.10. Two-Stage Detectors with Multiple Energy 
Detectors and Adaptive Double Threshold [40]. 

For a more reliable detection in [39], a hybrid CSS 
is proposed that utilizes the diversity of reporting 
channels. SUs with good quality reporting channels 
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carry the quantized statistics for local detection in FC, 
and the other SUs report their local decisions. FC 
takes the final decision by performing a hybrid com-
bination. [16] is proposed a two-step scheme giving a 
two-bit decision. In [40], two-stage spectrum sensing 
detectors are proposed. The first stage consists of a 
multiple energy detectors (MED) where each energy 
detector (ED) has a single antenna with fixed thresh-
old (MED_FT) for making a local binary decision and 
if necessary, includes the second stage consisting of 
an ED with an adaptive double threshold (ED_ADT). 
The scheme is shown in fig. 10. 

To improve the energy efficiency of detection in 
[3], a two-step CSS scheme using a one-bit decision, 
as shown in fig. 11, is proposed. If the SNR is high or 
no PU transmission is detected, only one coarse detec-
tion step is required to reduce the energy and detection 
time. When there is a PU signal, fine detection is per-
formed to increase the precision. The authors also 
propose a second algorithm to improve energy effi-
ciency at the same time of observation. It uses the 
local decision for coarse detection. These two algo-
rithms are further developed in [41]. 

Fig.11. Two-stage one-bit CSS scheme [3]. 

In [23], a softened two-bit scheme is introduced for 
hard combining, as soft combining schemes require 
monitoring resources and feedback for each SU. In 
conventional hard data combining schemes, a thresh-
old dividing the range of observed energy into two 
regions is introduced, and SUs fall into them even if 
they carry different energy values. A two-bit scheme 
is proposed, including three thresholds, dividing the 
range of four regions where SUs have energy with 
different weights. FC determines the presence of a 
signal using the following equation: 

(7)    
=

≥
3

0i
ii NNw

where N is the number of observed energies falling in 
region i and wi is the weight of region i. In [25], the 
idea is further developed and a three-bit scheme, in-
cluding 7 thresholds, is proposed. This scheme has the 
benefits of both soft and hard combining, achieving a 
compromise between costs and detecting results. A 
modified double-threshold energy detection 
(MDTED) for each cluster, location, and channel in-

formation is used to improve the detection algorithm 
in wireless sensor networks [42]. Due to the large 
amount of data, the algorithm is optimized by reduc-
ing the number of nodes in one cluster. 

Security 
An important part of the common decision is the 

accuracy of the SUs decisions. Incorrect data can lead 
to a generally wrong decision. Errors may be of a 
malfunction or due to intentional actions of some SUs, 
called malicious users. Fig. 12 shows a graph of the 
probability detection according to the SNR. One of the 
SUs gives the wrong solution for the presence of a PU 
signal in the channel [43]. 

Fig. 12.  Pd(SNR) curves for 4 SUs [43]. 

The malicious users are classified into three 
groups, depending on the result of the observation in 
[44]: always Yes, always No and the opposite result. 
Secure spectrum cooperation, based on a goodness-of-
fit (GOF) test that summarizes the discrepancy be-
tween observed samples with theoretical distributions 
or empirical distributions and reference distribution is 
proposed. The concept of smart primary user emula-
tion attacker (PUEA) is introduced in [45]. They imi-
tate the PU signal to deceive SUs and not allow them 
to the free bands. CSS rules, working in the presence 
of such attackers are presented. The problem with the 
suppression of multiple malicious users, performing 
spectrum sensing data falsification (SSDF) attacks in 
cognitive radio network with CSS is studied in [46]. 
An algorithm to suppress these malicious users is used 
in FC. It may be an adaptive weighting algorithm, a 
Tietjen-Moore test, or Peirce's criterion.  

Conclusions 
CSS is an important part of the process of the spec-

trums rational utilization. This article reviews the 
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spectrum sensing techniques and notes their ad-
vantages and disadvantages. Conventional CSS 
schemes using soft and hard data combining, as well 
as the benefits they bring, when there are fading, 
shadowing, and multipath in the channels, are shown. 
The optimization problems and reliability of detecting 
are discussed as different hybrid schemes, increasing 
the sensing efficiency, while maintaining or reducing 
energy costs are presented. Various strategies to in-
crease security by reducing the impact of attacks by 
malicious users are also included in the review. 

This paper is an extension of work originally re-
ported in the XXV National conference with interna-
tional participation TELECOM, Sofia, Bulgaria, 2017. 
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Simulation study and analysis in transmitting RZ and NRZ coded 
signals into 10 Gbps optical line with optical amplifying sections  

Stanimir Sadinov 

The topic is associated with linear coding and modulation in optical transmission channels in 
terms of ensuring maximum distance transmission, high Q-factor, lower BER, good spectral 
characteristics and energy budget of the system, considering the main limiting factors transitional 
characteristics and limitations of the dispersion and the fiber attenuation, nonlinear effects and the 
number of amplifying sections. In the publication are presented and compared simulation results of 
realized model in transmitting RZ and NRZ coded signals in 10Gbps optical line with optical 
amplifying sections, using the software - OptiSystem with length of the optical fiber line 100 km and 
200 km. The signals are distributed via a single mode optical fiber (SMF) and with optical 
amplification, considering the dispersion of the group distribution speed, self-phase modulation 
(SPM), line losses and periodic amplification by adding the noise of increased amplified spontaneous 
emission (ASE). 

Симулационно изследване и анализ при предаване на RZ и NRZ кодирани сигнали в 10 
Gbps оптична линия с оптични усилвателни участъци (Станимир Садинов). Темата е 
свързана с линейното кодиране и модулация в оптични канали за пренос от гледна точка на 
осигуряването на максимална дистанция на предаване, висок Q-фактор, респективно по-ниска 
стойност на BER, добри спектрални характеристики и енергиен бюджет на системата, 
отчитайки основните ограничаващи фактори преходните характеристики и ограниченията 
от дисперсията и затихването по влакното, нелинейните ефекти и броя усилвателни 
участъци. В публикацията са представени и сравнени симулационни резултати от реализиран 
модел при предаване на RZ и NRZ кодирани сигнали в 10Gbps оптична линия с оптични 
усилвателни участъци, като е използван програмен продукт OptiSystem при дължина на 
оптичната линия  100 km и 200 km. Сигналите се разпространяват по едномодово оптично 
влакно (SMF) и с оптично усилване, като се вземат под внимание дисперсията от груповата 
скорост на разпространение, фазовата самомодулация (SPM), линейните загуби и 
периодичното усилване с добавяне на шумът от усилено спонтанно излъчване (ASE). 

Introduction 
Present day application of optical communication 

lines varies from corporate networks to inter-
continental communication lines. A number of 
advantages that are inherent to fiber optic elements 
and equipment have allowed their use on such 
massive scale. By means of proper transceiver 
modules signals can be transferred in their original 
shape with no need of frequency conversion or 
digitalization for the transmission section of the 
system [2], [3], [5], [6], [7]. Along with the 
development of optical communications, there comes 
the issue of how to achieve greater high-speed action, 
steady and stable operation of devices [1]. This 
necessitates extensive use of digital signals and the 

respective systems for their processing. Digitalization 
replaces the infinite quantity of symbols that are 
received from a certain source with a finite set of 
symbols – binary code [3], [5], [6]. Thus in the 
process of signal transmission it is necessary that they 
be presented as different binary codes or received 
from other similar ones.  

In optical communications the terms RZ (Return to 
Zero) and NRZ (Non - Return to Zero) are used in a 
different way. Since there is no negative light, NRZ 
will mean that a bit with logical value of “1” (one 
optical pulse) changes its value (from light to a lack of 
light or vice versa) within the limits of the period of 
bits. On the other hand, RZ indicates that the optical 
pulse is narrower than the period of bits.  

This publication presents the implementation of a 
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simulation model of optical transmission line with 
carrying capacity of 10 Gbps along single-mode 
optical fiber and optical amplification using RZ and 
NRZ coding. Simulation and modeling have been 
done with OptiSystem software, a product of 
Optiwave [4]. 

The simulation model aims at optimizing input 
optical power and length of DCF fiber that will ensure 
maximum Q-factor (respectively minimum BER) in 
the receiver. 

Implementation of simulation model of 
transmitting RZ and NRZ coded signals in 10Gbps 
optical line with optical amplified sections 

For the purpose there are developed two simulation 
models, which are graphically represented on: 
 Fig. 1 – optical transmission line with RZ-coded 

signal; 
 Fig. 2 – optical transmission line with NRZ-

coded signal.  
The basic parameters of the model are as follows: 
 Bit transfer rate: 10Gbps; 
 Binary sequence length: 128 bits; 
 Number of samples per bit: 128. 
There is no difference between both models (with 

RZ and with NRZ coding) in the PRBS generator 
binary sequence settings: 
 Pulse shape: Gaussian; 
 Pulse ratio: 0,5 bit; 
 Time for pulse front growth: 0,15 bit; 
 Falling edge time: 0,25 bit. 
External modulation laser (block CW Laser) with 

carrier frequency λ = 1550 nm and frequency band of 

0,1 MHz is used as an optical source . 
The length of each amplifying section is set in the 

Optical Fiber Block: 
− optical fiber length: 25 km; 
− dispersion coefficient : D = 17 ps/(nm.km); 
− dispersion slope: ∂D/∂λ= 0,08 ps/(nm2.km); 
− Nonlinearity coefficient: γ = 1,31 (1/(km.W)); 
− kilometer attenuation of fiber: α = 0,2 dB/km. 
Loop Control Block (on figures 1 and 2), simulates 

the amplifying sections of optical transmission line. 
Therefore the total optical line length will be 
determined by the number of amplified sections 
multiplied by their length (25 km): 
 For Fig. 1 – 8 sections x 25 km = 200 km; 
 For Fig. 2 – 4 sections x 25 km = 100 km. 
The EDFA Amplifier Block in each section is with 

the following settings: 
 Amplification coefficient: 5 dB; 
 Amplifier noise number: 6 dB; 
 Noise frequency band: 13 THz; 
 Dispersion: 16 ps/(nm.km); 
 Dispersion slope: 0,08 ps/(nm2.km); 
 Differential group delay time: 0,2 ps/km; 
 PMD coefficient: 0,5 ps/km. 
Properties of Bessel band-pass optical filter (block 

Bessel Optical Filter) are: 
 Wavelength: 1550 nm; 
 Frequency bandwidth: 4 х Bit rate. 
Properties of Low Pass Bessel Filter: 
 Cut-off frequency: 0,75 x Bit rate; 
 Maximum attenuation: 100 dB; 
 Filter order: 4. 

 

 
 

Fig.1. Model of 10 Gbps optical transmission line with amplifier and RZ coding of signal. 

10 “Е+Е”, 9-10/2017



 

 

 
Fig 2. Model of 10 Gbps optical transmission line and NRZ coding of signal. 

Study and analysis of transmitting RZ and NRZ 
coded signals in 10Gbps optical line with optical 
amplification sections 

Based on the studied model for transmission of RZ 
and NRZ coded signals in 10Gbps optical line, here 

are presented the results from different simulations, 
comparisons and analyses.  

The results in transmission of RZ coded signals are 
shown on Fig. 3 and the results for NRZ coded signals 
– on Fig. 4. 

  

   а)  b) 

 c)     d) 
 

Fig.3. Transmission of RZ coded optical signals along 10 Gbps optical line with length of 100 km: 
а) Time diagram of transmitted optical signal, b) Time diagram of received optical signal, c) Q-factor and d) optical spectrum. 
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  a)        b) 
 
 

  c)   d) 
 
 

Fig.4. Transmission of NRZ coded optical signals along 10 Gbpsoptical line with length of 100 km: а) time diagram of 
transmitted optical signal ,(b) time diagram of received optical signal, (c) Q-factor and, (d) optical spectrum. 

Comparative analysis 
All results obtained from simulation and presented 

in here are related by way of comparing their behavior 
in the system during transmission of RZ and of NRZ 
coded signals. The comparison is made under the 
following conditions:  
 Concerning the case of RZ coding, the pulse 

ratio  is equal to 0,5, whereas the optical source 
power is 87,5 mW; 
 Optical source power is 15mW in the case of 

NRZ coding.  
Fig. 5 presents the eye patterns for optical signals, 

modulated by two ways of coding for 100 km optical 
line length (4 amplification sections) at 10 Gbps 
transmission rate along single-mode optical fiber. 

 Fig. 6 presents eye patterns for optical signals, 
modulated by two ways of coding for 200 km optical 
line length (8 amplification sections) at 10 Gbps 
transmission rate along single mode optical fiber. 

When comparing figures 5 and 6 it is evident that 
in the case of doubled number of amplification 
sections: 
 Q-factor in RZ-coding of optical signals 

deteriorates from 42,9 with 100 km length 
(errorless transmission of optical signals, i.e. 
optimal case) to 6,8 with 200 km optical line 
length (BER = 3,22.10-12

 - approximately equal; 
 Q-factor in  NRZ-coding of optical signals is  7,8 

with line length of 100 km (BER = 1,41.10-14 – 
lower than the maximum permissible value), 
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whereas with line length of 200 km nonlinear 
effects and attenuation cause quite a lot of errors 
in the authorization unit making communication 
impossible. 

In addition to the presentation of results it is worth 
to mention that the selected optical source power 
during RZ coding is 87,5 mW whereas with NRZ 

coding the selected power is 15 mW, which is based 
on power optimization aiming at maximum Q-factor. 
For all other values of power there will be obtained a 
poorer Q-factor due to the great impact of attenuation 
at low input power and also because of the great 
impact of nonlinearities at higher input power. 

 
 

     
а)         b) 

Fig.5. Eye patterns of received optical signals for 10 Gbps optical line with length of 100 km during  
(а) RZ coding and (b) NRZ coding. 

 

      
а)         b) 

 
Fig.6. Eye patterns of received optical signals for 10 Gbps in optical line of 200 km of length during  

(a) RZ coding and (b) NRZ coding. 
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Conclusion 
With optical line lengths of 200 km and over and 

concerning the instance of RZ coding, the maximum 
Q-factor becomes less than its minimum permissible 
value, i.e less than 6. This implies that BER deterio-
rates intensively which is why this appears to be the 
maximum distance with good value for Q-factor. In the 
instance of NRZ coding it is evident a minimum per-
missible Q-factor is obtained with line lengths of up to 
100 km. 

By comparing both cases of  modulation  with RZ 
and NRZ coded signals it becomes evident that RZ 
coding presents a better option since it ensures opera-
tion at  much higher input power and with almost two 
times longer optical lines. 

Based on the simulated studies of models it is pos-
sible to draw the following major conclusions: 
 The optical receiver in the optical communication 

channel is characterized by a certain sensitivity 
threshold, which in turn assures minimum value of 
BER. When the level of received optical power is 
below that threshold value, the aperture of the eye 
pattern is minimal, in other words, the authorizing 
device cannot make the right decision, which will 
result in lower BER (too many errors). In practice, 
this means that there will be no communication.  
 Provision of higher input power will not necessari-

ly ensure better results. With too high levels of the 
power received by the optical receiver, the photo-
detector may become saturated which in turn may 
lead to restriction mode, nonlinear deviations and 
deterioration of BER. This problem can be solved 
by inclusion of optical attenuator at the optical re-
ceiver input and by tuning received optical power 
within the required limits. 
 Obtained results also prove that RZ coded signals 

provide better basic sensitivity of the receiver 
when the average power within the fiber is sus-
tained at a constant level. 
 RZ coded signals are affected to a greater extent 

by dispersion and dispersion slope. For 10-20-
Gbps-systems, in which dispersion and its slope 
are well compensated in most of the cases RZ cod-
ed signals perform better than NRZ signals. An 
exception is the mode of zero dispersion inside the 
fibers with zero dispersion offset wherein nonline-
ar effects will dominate. Since 40-Gbps-systems 
are restricted by both dispersion and dispersion 
slope, NRZ could be a better option for a system 
with a large number of channels. 
 The application of RZ circuit for modulation re-

quires higher speed driver in the receiver. This cir-
cuit could also be affected by means of two optical 

modulators, which is a more costly solution. Inside 
the receiver, the optimum frequency band of the 
filter for RZ coding could be the same as that of 
NRZ coding. 

It is possible, by means of presented simulation 
models, to solve optimization tasks that aim to deter-
mine optical power insert plus the length of the disper-
sion compensation fiber, the governing criterion being 
maximum Q-factor and accomplishment of some ex-
pected value of BER. Proposed approaches can be 
applied in new interactive and electronic forms of dis-
tant and web-based learning. 

This paper is reported in the National forum with 
international participation ELECTRONICA, Sofia, 
Bulgaria, 2017. 
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ELECTRONICS 

Plasma sterilization – special features and new approaches  
in medical applications 

Kiril Ivanov  

 
An overview of the process of sterilization and disinfection is described in this article. Special 

attention is turn to the currently used technologies, their advantages and disadvantages. Another 
subject of the topic is the plasma and its basic principles. It is crucial to understand the process of 
forming plasma, and all particles that are created. Only after understanding the process of creating 
plasma, we will be able to understand the plasma-based disinfection and sterilization. The main 
emphasis of this article is the status of plasma sterilizations technology and the future of it. At the end, 
the best approaches for moving the plasma sterilization to the next level are discussed. 

Keywords – Disinfection, Plasma, Sterilization. 

Стерилизация с плазма – особености, медицински приложения и нови подходи (Кирил 
Иванов). В настоящата статия е направен обзор на процесите на стерилизация и 
дезинфекция. Специално внимание е обърнато на съществуващите технологии, техните 
предимства и недостатъци. Разгледано е физичното явление плазма и неговите основни 
принципи. Описани са процеса на генериране на плазмата и различните частици, които се 
получават при него. Разяснени са процесите на дезинфекция и стерилизация чрез плазма. 
Основна цел на настоящата статия е запознаване и оценка на съществуващите плазмените 
стерилизатори. В края на темата са обсъдени и възможните подходи за бъдещо развитие на 
тези устройства. 

 

Disinfection and sterilization are both 
decontamination processes. While disinfection is the 
process of eliminating or reducing harmful 
microorganisms from inanimate objects and surfaces, 
sterilization is the process of killing all 
microorganisms. Sterilization also destroys the spores 
of various organisms present on surfaces, in liquids, in 
medication, or in compounds such as biological 
culture media. Such "extreme" forms of 
decontamination are needed during surgery, or in 
environments like industrial, laboratory or hospital. It 
is more practical to use disinfection in everyday life. 

Methods of sterilization and disinfection. 
Disinfection is usually carried out by usage of 

disinfectants (chemicals). Some of them may be very 
effective and have a wide spectrum while others may 
have a narrow spectrum but, they may be easy to use, 
be non toxic or inexpensive. 

Sterilization can be done by three main methods: 
physical, chemical and physiochemical. Physical 
method includes heat, radiation, and filtration. 
Chemical methods involve usage of liquid and 

gaseous chemicals. Physiochemical is a combination 
of physical and chemical method. 

There are few types of disinfection processes: 
• Air disinfectants – disinfectant is dispersed as 

either an aerosol or vapor at a sufficient 
concentration in the air. 

• Alcohols – high-concentration can effectively 
inactivate viruses such as HIV, hepatitis B, and 
hepatitis C. 

• Aldehydes – are somewhat effective on spores 
and fungus also. 

• Oxidizing agents – cause the microorganisms to 
collapse. Chlorine and oxygen are strong 
oxidizers, so their compounds are used for e.g. 
common household bleach. 

• High-intensity shortwave ultraviolet light are 
used to disinfect smooth, opaque materials. 

There are five main methods for sterilization: 
• Steam – used in machines called autoclaves. 

Autoclaves use steam heated to 121 - 134℃ (250 
- 273℉) for predefined amount of time. 

• Heating – under heating flaming, incineration, 
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boiling in water, tindalization, dry heat. These 
methods inactivate and kill microorganisms in 
objects like glass, metal. 

• Chemical sterilization - Chemicals like Ethylene 
oxide, Ozone, Bleach, Glutaraldehyde and 
Formaldehyde, Phthalaldehyde, Hydrogen 
Peroxide, Peracetic acid and Silver are used in 
varying degrees. Products that can get damaged 
due to heat are subjected to chemical sterilization 
for e.g. biological materials, fiber optics, 
electronics, and plastics. 

• Radiation sterilization - Electron beams, X-rays, 
gamma rays, or subatomic particles are used for 
sterilizing disposable medical equipment. 

• Sterile filtration - Clear liquids that would be 
damaged by heat, irradiation or chemical 
sterilization can be sterilized by mechanical 
filtration [1]. 

Functional parameters of sterilizers 
Many different sterilizers are present on the market 

today. Most common of these sterilizers are using 
moist or heat sterilization. Moist heat may be used in 
three forms to achieve microbial inactivation: 

• Dry saturated steam – Autoclaving; 
• Boiling water / steam at atmospheric pressure; 
• Hot water below boiling point. 
Moist heat sterilization involves the use of steam in 

the range of 121-134°C. Steam under pressure is used 
to generate high temperature needed for sterilization. 
Saturated steam acts as an effective sterilizing agent. 

Most common device is the autoclave. Model of an 
autoclave is shown on the figure below (Figure 1). 

 

 
Figure 1. An Autoclave. 

Autoclaves use pressurized steam to destroy 
microorganisms, and are one of the most dependable 

systems available for the decontamination of 
laboratory waste and the sterilization of laboratory 
glassware, media, and reagents. For efficient heat 
transfer, steam must flush the air out of the autoclave 
chamber. This method of sterilization works well for 
many metal and glass items but is not acceptable for 
rubber, plastics, and equipment that can be damaged 
by high temperatures.  

All of the autoclaves have the same operation 
process. For porous loads (dressings) sterilizers are 
generally operated at a minimum temperature of 
134°C for one hour, and for bottled fluid, sterilizers 
employing a minimum temperature of 121°C are used. 
The stages of operation of autoclaves include air 
removal, steam admission and sterilization cycle 
(includes heating up, holding/exposure, and cooling 
stages) [2]. 

Another type of sterilizer is the microwave 
sterilizer. Microwave sterilizer machine use 
temperature from 70°C to 105°C, period is from 90 to 
180 seconds. Microwave sterilization equipment 
thermal effects change the bacterial protein and make 
it lose nutrition, reproduction and survival conditions 
and death. Microwave electromagnetic field can make 
normal growth and stability of the genetic breeding of 
bacteria nucleic acid [RNA] and deoxyribonucleic 
acid [DNA] number of hydrogen bonds slack, 
breakage and recombination, thereby inducing genetic 
mutations, chromosomal aberrations and even rupture. 
Microwave sterilization machine can fast sterilize 
under low temperature sterilization. It is used for 
sterilize rice, spices, snack and different food material. 

Next method is by ultraviolet germicidal 
irradiation (UVGI). UVGI is a disinfection method 
that uses short-wavelength ultraviolet (UV-C) light to 
kill or inactivate microorganisms by destroying 
nucleic acids and disrupting their DNA, leaving them 
unable to perform vital cellular functions. UVGI is 
used in a variety of applications, such as food, air, and 
water purification. UV offers a reliable, cost effective, 
environmental friendly alternative to chemicals and 
their resulting bi-products. The effectiveness of 
germicidal UV depends on the length of time a 
microorganism is exposed to UV, the intensity and 
wavelength of the UV radiation, the presence of 
particles that can protect the microorganisms from 
UV, and a microorganism’s ability to withstand UV 
during its exposure. 

There are manufactures of UV sterilizers for 
medical facilities, pharmaceutical production, 
municipal reclaimed water, aquaculture and drinking 
water. One of the main reasons for usage of UV 
sterilization, especially for water, is that the 
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sterilization is fully chemical free.  
One of the newest and most interesting methods 

for sterilization and disinfection is by using plasma. 
For understanding of the plasma sterilization method, 
first it is needed to be understood the plasma itself.  

Basics of the plasma 
Plasma is often called the "Fourth State of Matter". 

Although found in virtually every home and business, 
gas plasma is not well known. In fact, plasma is quite 
common - it is estimated that 99% of the visible 
universe consists of plasma. The term plasma was first 
introduced by chemist Irving Langmuir in the 1920s. 
He proposed the following description: “A plasma is a 
quasi-neutral gas consisting of positively and 
negatively charged particles (usually ions and 
electrons) which are subject to electric, magnetic and 
other forces, and which exhibit collective behavior”. 

Plasma can be simply considered a gas of charged 
particles. Taken as it is, this definition is not 
especially useful and, in many cases proves to be 
wrong. Yet, necessary properties come from it: (a) 
presence of freely moving charged particles, and (b) 
large number of these particles. These charged 
particles are negatively charged electrons and highly 
charged positive ions, being created by heating a gas 
or by subjecting gas to a strong electromagnetic field. 
However, true plasma production is from the distinct 
separation of these ions and electrons that produces an 
electric field, which in turn, produces electric currents 
and magnetic fields [4]. 

Stripping away electrons from atomic nuclei 
achieve the positive charge in ions. The number of 
electrons removed is related to either the increase in 
temperature or the local density of other ionized 
matter. This also can be accompanied by the 
dissociation of molecular bonds, though this 
fundamental process is distinctly different from 
chemical processes of ion interactions in liquids or the 
behavior of ions existing in metals. A significant 
number of highly charged particles together make 
plasma electrically conductive so that it responds 
strongly to electromagnetic fields [5]. 

Three factors are listed in the definition of a 
plasma stream: 

• The plasma approximation: Charged particles 
must be close enough together that each of them 
influences many nearby charged particles, rather 
than just interacting with the closest ones (these 
collective effects are a distinguishing feature of 
plasma). 

• Bulk interactions: The Debye screening length 
(number of charge carriers within the sphere of 

influence, called the Debye sphere whose radius 
is the Debye screening length) is short compared 
to the physical size of the plasma. 

• Plasma frequency: The electron plasma 
frequency (measuring plasma oscillations of the 
electrons) is large compared to the electron-
neutral collision frequency (measuring frequency 
of collisions between electrons and neutral 
particles). 

Depending of the temperature, there are two types 
of plasma – high and low temperature plasma. High 
temperature plasma is more often on the Earth. 
Typical representative in the nature are lightning. The 
sudden electrical discharge causes ionization of the 
atmospheric gas, creating plasma (lightning). High 
temperature plasma is easy to create artificially by 
using very high voltages. This is also the base of the 
corona effect and the plasma torches, used for etching 
and deposition. 

Low temperature plasma is used for surface 
etching, disinfection, sterilization etc. It is mostly 
created by ionization of gases in vacuum or low 
pressure environment, inside chambers with 
controlled environment in them – atmospheric gases 
are absent or have very low concentration. The 
absence of other gases, allow the particles accelerated 
by the plasma creation to have very long collision free 
trajectory inside the chamber. Since the temperature 
of these particles is equal to the environmental 
temperature, and the rate of collisions is very low, this 
allows the achievement of low temperature plasma.  

Recently low temperature, high pressure, non-
equilibrium plasmas are used in several material 
processing applications, and in some cases are 
competing with low pressure plasmas in areas where 
these have historically been dominant. Amongst the 
novel applications of non-equilibrium plasmas, 
biomedical applications such as electrosurgery, 
surface modification of biocompatible materials, and 
the sterilization of heat-sensitive medical tools are 
particularly interesting. A brief overview of recent 
research plasma-based sterilization/decontamination 
methods is given [3,6]. 

Biological materials can be exposed to plasma in 
two different methods: “Direct exposure” is when the 
sample to be treated is in direct contact with the 
plasma. All plasma-generated agents, including 
charged particles, come in contact with the sample. 
The second method is “remote exposure”. In this case 
the sample is placed at a distance from the plasma 
volume or in an adjacent chamber. In this 
configuration, the amount of heat transmitted to the 
sample is reduced, the charged particles do not play a 
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role since they recombine before reaching the sample, 
and many of the short-lived neutral reactive species 
also do not reach the sample. In the following section 
contribution of the four main inactivation factors of 
non-equilibrium high-pressure air plasma are 
reviewed. 

Heat: heat-based sterilization methods use either 
moist heat or dry heat. In the case of moist heat, such 
as autoclave (its operation was described above) a 
high temperature and high pressure is used. Dry heat 
sterilization requires temperatures close to 170°C and 
treatment times of about 1h. 

To assess the inactivation role of heat from high 
pressure non-equilibrium air plasma, some researches 
have been done. The gas temperature in the discharge 
was determined, by comparing experimentally 
measured rotational bands structure of the 0–0 
transition of the 2nd positive system of nitrogen with 
simulated spectra at different temperatures. By using a 
thermocouple probe, it was also measured the 
temperature in a sample, placed 2 cm away from the 
discharge.  

 

 
Figure 2. Measured and calculated rotational bands of 0-0 

transition of the second positive system of nitrogen. The 
spectra are intentionally shifted vertically for better 

comparison [7]. 

Figure 2 shows the measured and calculated 
rotational bands of the 0–0 transition of the 2nd 
positive system of N2, for a power of 10 W. It 
indicates that the gas temperature remains close to 
room temperature. A variation in power from 2W to 
15W showed no variation in the temperature. An air 
flow rate of 10 l/ min was used in these experiments. 
The gas temperature for various gas flow rates at a 
power level of 10W was also investigated. The results 
are shown in Figure 3.  

Increasing the airflow causes the gas temperature 
to approach room temperature (300 K). Figure 4 shows 

the increase in the temperature of the biological 
sample under treatment for various dissipated power 
levels, as measured by a thermocouple. A maximum 
increase of 21K was observed. Therefore, based on 
these measurements no substantial thermal effects on 
bacterial cells are expected [3], [6]. 

 

 
Figure 3.  Gas temperature versus gas flow rate for 

power of 10W [7]. 

 
Figure 4.  Increase of sample temperature versus plasma 

dissipated power. 

UV Radiation: UV radiation in the 200-300nm 
wavelength range with doses of several mW∙s/cm2 
causes lethal damage to cells. Amongst UV effects on 
cells of bacteria is the dimerization of thymine bases 
in their DNA strands. This inhibits the ability of the 
bacteria to replicate properly [9]. 

To evaluate the UV contribution to the inactivation 
process of non-equilibrium air plasma, spectroscopic 
and absolute power measurement was conducted. This 
research showed that no significant UV emissions 
occur below 285nm. This is illustrated on Figure 5. 
Power measurement with calibrated UV detector in 
the 200-300nm wavelength region revealed that the 
power density of the emitted UV radiation does not 
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play a significant direct role in the sterilization 
process by low temperature air plasmas [3], [6]. 

 

 
Figure 5. UV spectrum of a DBD in air in the 200-300nm 

wavelength range [7]. 

Charged particles: Charged particles play a very 
significant role in the rupture of the outer membrane 
of bacterial cells. Electrostatic force caused by charge 
accumulation of the outer surface of the cell 
membrane could overcome the tensile strength of the 
membrane and cause its rupture.  

When charged, a body of the size of a bacterial cell 
(in the µm range) experiences an outward electrostatic 
force because each charge is subjected to the repulsive 
forces of all the similar changes accumulated on the 
cell surface. This force is proportional to the square of 
the charging potential, Φ, and inversely proportional 
to the square of the radius of the curvature of the 
surface, r. Therefore, the smaller the radius of 
curvature the stronger the electrostatic force. The 
charging potential Φ depends on the ratio of the ion 
mass to the electron mass. So gases with larger atomic 
mass lead to higher electrostatic forces [10]. Based on 
this the condition for membrane disruption is: 

(1)         | | > 0.2 ∙ ∙ ∆ / ∙ / , 

where r is the radius of the curvature, Δ is the 
thickness of the membrane, and Ft its tensile strength 
[8]. 

The scenario described above is more likely to 
occur for gram-negative bacteria, the membrane of 
which possesses an irregular surface. These 
irregularities offer small radii of curvatures that cause 
localized high outward electrostatic forces [3,6]. 

Reactive Species: In high-pressure non-equilibrium 
plasma discharges, reactive species are generated 
through various collisional pathways, such as electron 
impact excitation and dissociation. Reactive species 
play an important role in all plasma-surface 

interactions. Air plasmas, for example, are excellent 
sources of reactive oxygen-based and nitrogen-based 
species, such as O, O2, O3, OH•, NO, NO2, etc. 

Oxygen-based and nitrogen-based reactive species 
have strong oxidative effects on the outer structures of 
cells. Cell membranes are made of lipid bilayers, an 
important component of which is unsaturated fatty 
acids. The unsaturated fatty acids give the membrane 
a gel-like nature. This allows the transport of the 
biochemical by-products across the membrane. Since 
unsaturated fatty acids are susceptible to attacks by 
hydroxyl radical (OH•), the presence of this radical 
can therefore compromise the function of the 
membrane lipids whose role is to act as a barrier 
against the transport of ions and polar compounds in 
and out of the cells. Protein molecules are susceptible 
to oxidation by atomic oxygen or metastable oxygen 
molecules. Proteins also play the role of gateways that 
control the passage of various macromolecules in and 
out of cells. In the case when bacteria are of the gram-
positive type, they are able to form spores, which are 
highly resistive states of cells. Spores are made of 
several coats surrounding a genetic core. These coats 
are also made of proteins susceptible to chemical 
attack. Therefore, the reactive species generated by air 
plasmas are expected to greatly compromise the 
integrity of the walls, coats, and membranes of the 
cells of microorganisms.  

Low-pressure plasmas have been considered for 
biological sterilization for some time. Some of the 
systems developed in the 1970s and 1980s were not 
really “plasma-based” sterilization systems. This is 
due to the use of gas mixtures that contain 
components with germicidal properties (such as H2O2 
and aldehydes) before the plasma is ignited. These are 
more correctly termed as “plasma-assisted” 
sterilization systems. Plasma-based sterilization uses 
gases that possess no germicidal property on their 
own. They become biocidal only when a plasma is 
ignited. Example of such gases or mixtures of gases 
are air, helium/air or helium/O2, and N2/O2 [3], [6]. 

Most recently, many studies on the effects of low-
pressure plasma on biological matter in plasma-based 
systems were conducted for various gas mixtures. 
Examples are low-pressure oxygen plasmas and O2/ 
N2 plasmas. RF and microwave driven low-pressure 
plasmas were mostly used in these studies. Recently a 
detailed study of the effects of RF oxygen plasma at 
reduced pressure on bacteria was published. The study 
was carried out for two modes of operation, the 
inductively coupled mode and the capacitively 
coupled mode. The inductive mode was found to offer 
a better efficiency in destroying biological matter. 
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This was due to higher electron and ion densities in 
this mode, which resulted in an enhancement of 
electron-impact processes. High densities of atomic 
oxygen and perhaps O2• in synergy with UV photons 
induced chemical degradation of the biological 
materials followed by volatilization of the 
decomposition products (CO2, CO, N2 etc.). Plasmid 
DNA degradation was evaluated for both the inductive 
mode and the capacitive mode. It was found that at the 
same power the inductively coupled plasma destroyed 
over 70% of supercoiled DNA in 5 s while only 50% 
was destroyed by the capacitively coupled plasma. 
Characterization of the decomposition of the by-
products was carried out during plasma exposure by 
emission spectroscopy. CO, N2, N2

+, OH, Na, K etc. 
were amongst the detected species [11]. 

In the early studies on the inactivation of Bacillus 
subtilis spores by low-pressure plasmas, it was 
reported that survivor curves exhibited three 
inactivation phases. First phase, which exhibited the 
shortest D-value (Decimal value is the time required 
to reduce an original concentration of microorganisms 
by 90%), was mainly due to the action of UV 
radiation on isolated spores or on the first layer of 
stacked spores. The second phase, which had the 
slowest kinetics, was attributed to a slow erosion 
process by active species (such as atomic oxygen, O). 
Finally, the third phase was initiated after spores and 
debris had been cleared during phase 2, hence 
allowing UV to hit the genetic material of the still 
living spores. The D-value of this phase was observed 
to be close to the D-value of the first phase. However, 
in a more recent study, the same research group 
examined the inactivation process of B. subtilis spores 
exposed to the flowing afterglows of an N2/O2 mixture 
and of pure argon, and reported that UV radiation, not 
the radicals, played the dominant role. The survivor 
curves were biphasic and consistent with UV 
inactivation. The second phase represented spores that 
were shielded by others and that needed more 
irradiation time to accumulate a lethal UV dose. This 
observation was further supported by the fact that at 
low UV intensity a lag time existed before 
inactivation. This was due to the requirement that a 
minimum UV dose had to be achieved before 
irreversible damage to the DNA strands occurred. 
Since in pure argon, which would not contain oxygen 
radicals, inactivation was achieved for similar lengths 
of time, it was concluded that the role of oxygen in the 
N2/O2 plasma was mainly to provide oxygen atoms to 
form NO, which was the main source of the UV 
photons [3], [6]. 

Further development of plasma sterilizers 
Considering all research results described in the 

topic, plasma-based sterilizer would have positive 
impact on decontamination process. Such sterilizer 
shall have features as: 

• Small size – the sterilizer or its accessory need to 
be small and mobile. This will contribute for the 
easy use during operation on everyday basis; 

• Fast decontamination effect – decontamination 
effect shall be achieved very fast (around 1min); 

• Easy to use – it is very important for the sterilizer 
to be easy operated by the end user. 

There are two main options that need to be 
considered before beginning with the design: (1) the 
plasma will be in contact with the object and (2) the 
plasma will not be in contact with the sterilized object. 
Most of the researches show that the main sterilization 
is done by the UV light and the radicals, but not by the 
heat of the plasma.  

Most of the requirements of the sterilizer are 
related to the source of the output signal and the signal 
itself. This signal will be responsible for the plasma 
generation, so its parameters need to be very well 
selected. First thing need to be specified is the output 
signal frequency. RF signal with frequency above 
500kHz, should offer high effectiveness. Output 
generator may be designed to work with frequencies 
up to 4MHz, but the germicidal effect of the plasma 
has to be examined. Next should select the waveform 
of the signal. All experiments conducted until now 
shows that the higher the selected duty cycle is, the 
higher the temperature of the plasma will be. If the 
duty cycle is 100% or close to it, the ionized gas 
(plasma) have no time to cool down, so the 
temperature gets high, and vice versa. Another thing 
that depends on the waveform of the signal is the 
output signal peak voltage. If the selected waveform is 
with low duty cycle, then the peak voltage has to be 
very high. This is necessary to sustain the plasma.  

After defining all output signal parameters next is 
to select the appropriate gas that will be used. Gas will 
be medium for creating plasma and shall be carefully 
selected. Intensity of the UV light will depend on the 
molecules of the gas. Also the radical created by the 
plasma will vary according to the gas. Best option is 
to select gas that is not flammable and create a lot of 
radicals that can affect both gram-positive and gram-
negative bacteria.  

Designing sterilizer that meets all of the 
requirements described above will have big effect on 
the decontamination process in general. Such device 
will solve many of the issues that the surgeons have 
today. 
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INNOVATIVE TECHNOLOGIES  

Best practices for designing user experience for Internet of Things 
and virtual reality 

Elena Shoikova, Anatoly Peshev 

 
This paper is focused on the principles of designing user experience (UX) for Internet of Things 

(loT) and virtual reality (VR) and creating effective user interfaces(UI) that incorporate wearable 
technology and rapid prototyping tools. New lean models will help to develop and cultivate new 
design processes and solve problems for products. It will emphasize product coherence among 
multiple devices including future UI design trends such as augmented reality, virtual reality and 
emotional design. Conventional interfaces are no longer adequate means for interaction and the 
traditional computing paradigm will be replaced or complemented by new forms of interaction. This 
paper aims to conceptualize the foundations of design and implementation of 21st century interactive 
technologies and make an overview of the best practices. Designing in such context requires expertise 
in a large and diverse set of domains ranging from hardware-level sensor design all the way to user 
experience aspects. This paper addresses the vision that these requirements go largely beyond 
traditional UI design techniques, calling for next generation tools that can integrate all of them in a 
unified manner. Our research is based on the literature exploring various solutions in different fields 
like education, research, industry and gaming.  

Най-добри практики за проектиране на потребителски опит за интернет на нещата 
и виртуална реалност. (Елена Шойкова, Анатоли Пешев). Тази статия се фокусира върху 
принципите на проектиране на потребителски опит (UX) за интернет на нещата (loT) и 
виртуална реалност (VR) и създаване на ефективни потребителски интерфейси(UI), които 
включват технологиите подходящи за носене и инструменти за бързо създаване на 
прототипи. Новите модели ще помогнат да се развият и култивират нови дизайнерски 
процеси и да се решават проблеми за продуктите, подчертавайки съгласуваността между 
множество устройства, тенденциите в дизайна на бъдещите потребителски интерфейси, 
като добавената реалност, виртуалната реалност и емоционалния дизайн. Конвенционалните 
интерфейси вече не са подходящи средства за взаимодействие и традиционната компютърна 
парадигма ще бъде заменена или допълнена от нови форми на взаимодействие. Целта на тази 
статия е да концептуализира основите на проектирането и реализацията на съвременните 
интерактивни технологии и да направи преглед на най-добри практики. Проектирането в 
този контекст изисква експертен опит в различни области, вариращи от проектиране на 
хардуерно ниво на сензорите до всички аспекти на потребителския опит и изживявания. 
Статията се фокусира върху визията, че тези изисквания до голяма степен надхвърлят 
традиционните техники за дизайн на UI, като насочва вниманието към инструменти от 
следващо поколение, които да могат да интегрират всичко по един и същ начин. Нашето 
изследване се основава на литературни източници за различни решения в области като 
образование, научни изследвания, индустрия и игри. 

 

Introduction 
Internet of things and virtual reality are both 

emerging technologies, and combining the two into a 
fluid and seamless experience can be a real challenge. 
In both cases, designers need to overturn many 

longstanding ideas that have served them well for 
traditional PC setups. It’s also an incredible 
opportunity – the chance to experiment and create in 
ways that previously existed only in the pages of 
science fiction. This paper is focused on the principles 
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of designing user experience (UX) for Internet of 
Things (loT) and virtual reality (VR) and creating 
effective user interfaces that incorporate wearable 
technology and rapid prototyping tools. Conventional 
interfaces are no longer adequate means for 
interaction and the traditional computing paradigm 
will be replaced or complemented by new forms of 
interaction. 

Best Practices in VR 
Daily interfaces follow a common pattern that 

allows engagement, cultivation of identities, 
accomplishment of goals, and disengagement. These 
may be deep, prolonged sessions or momentary fly-
bys. Some interfaces help users to adapt to the 
surrounding world. Some interfaces require adaptation. 
Immersive experiences share the same core 
components as the interfaces users can encounter every 
day - naturally and directly. 

Immersive experiences naturally lend themselves to 
longer, deeper sessions. This prolonged period is 
essential to achieve flow, where the user is no longer 
concerned with self and is fully engaged with the story 
and space. The sensory details of experience can serve 
to immerse the user further or pull them up and out of 
it. Both may be desirable as designers transform from 
interface experts to world creators and storytellers. In 
this section five key areas of design insight that will 
boost engagement with immersive experience are 
described. 

Bring the World to Life 

World-building is the foundation for developing 
successful VR interactions and interfaces. Letting the 
user step into a complete and believable environment 
allows them to suspend disbelief and engage freely 
with their surroundings. Creating this type of 
immersive world is about more than just ambient 
sound and scannable scenery. The physics of the world 
must be established as well. The more a user buys into 
the world they are in, and the rules it adheres too, the 
more immersive and enjoyable the experience has the 
potential to be. It is the creation of a deep and 
purposeful environment that is key in building trust 
with the user, as it allows the environment to grow and 
change as the user exists within the virtual space. 

While many VR experiences are reliant on 
storytelling and from-scratch world creation, this is not 
always the case. Medical and engineering applications, 
for example, are likely to not contain any narrative 
element. They will, however, still require their own 
worlds built on rules, architecture, and navigational 
means to be successful. 

A world experienced in virtual reality does not have 
to be complex to be convincing. Even the simplest of 
spaces is capable of evoking emotion and having a 
strong impact on the user. It is worth keeping this in 
mind when creating content for the VR space, and to 
carefully consider the effect of these experiences on a 
user’s vulnerability, focus, and expectations. 

Enrich with the Right Senses 

A VR designer is a director orchestrating the 
senses. When a user has the freedom to look in any 
direction within a large world with seemingly limitless 
options, being able to focus the user’s attention 
towards the next objective or narrative moment is key. 
Providing this focus imbues the user with a sense of 
purpose (to explore, to act, to witness, etc), which 
leads to greater immersion and a more seamless 
experience. 

One challenge with design for virtual reality today 
is the variety of input options that must be considered 
when creating a virtual experience. Some hardware 
solutions rely on sight alone, others allow for hand 
movement or game controllers, and others take 
advantage of a free range of motion. Virtual 
experience designers must consider a “responsive” 
solution to gracefully downgrade for user’s available 
sensory inputs and outputs. 

In designing responsive experiences, the goal 
should be to keep a user’s look movement free and not 
rely on head movement to navigate or select. For 
varying hardware configurations, the pairing of sight, 
audio and voice as a minimal requirement would still 
make for a very compelling experience. 

When thinking about touch, haptic feedback serves 
to orient the user, alerting them of changes in the 
environment. In addition, thermoception (temperature) 
or mechanoreception (vibration) should be considered. 
Paired with in-experience visuals, the smell of 
something burning in the air may lead participants 
forward if such were a relevant clue in the narrative. 
Vestibular senses (balance) and proprioceptive senses 
(the orientation of body position and movement of 
limbs) should also be considered. When experiences 
fail to consider these, the user experience greatly 
suffers. 

As a best practice, the experience should be 
oriented to the user when beginning a VR experience. 
They should never put on the headset and realize 
they’re looking at the wrong field of view and have to 
move their chair/body position to make the experience 
work. Physical comfort is key. For seated experiences, 
placement of story points and objectives should be 
within a comfortable angle to a user’s field of view. 
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This also becomes a useful tool in creating meaningful 
moments pushing a user to look behind them or to feel 
lost in a space. 

With all of these options available to VR designers 
as methods for directing users through their 
experience, the art is really in the combination and 
composition (even exclusion) of these senses to 
seamlessly move the user through the experience and 
evoke the desired response. 

User’s Avatar is the UI 

The user’s avatar is an important reflection of who 
they are and their capabilities. It is used to teach the 
user, always aligning those with available hardware 
inputs and outputs. Tools and menus should be 
considered as part of the user avatar. Of all parts of the 
avatar, the hands are the most important and can still 
prove valuable even if disconnected from an avatar 
body. 

There will be a moment in the virtual experience 
where your user will look down. Whether motivated 
by curiosity or seeking to better understand their role 
in this virtual world, looking down and finding no 
avatar body can be disorienting and unsettling for 
many. If possible, user should be able to customize 
their avatar to improve immersion. Gender, body type 
and skin color may be profoundly personal.  For some 
users, having a virtual body that is different than one’s 
own can be liberating. It may allow a user to shed their 
inhibitions, instilling a sense of bravery and adventure 
that they otherwise would not have felt. It may allow 
them to disconnect from real-world limitations or 
maladies. Virtual experiences have the opportunity to 
be better than reality. 

Allowing users to look around without attached UI 
elements and to instead use their hands to interact with 
the virtual world is the most important aspect in 
developing presence. A user needs to inhabit their 
avatar to feel empowered to take action. Users need the 
freedom to physically look in any direction without 
unnatural consequences. The now common practice of 
doing away with traditional HUDs allows the user to 
focus on the experience and frees designers to create 
new modes of interaction. Nothing should be attached 
to a users look control unless carefully placed into a 
narrative. Some experiences that have a reticle in the 
center of the screen should only have it available when 
it’s most needed. 

Selection, movement, and aim should shift from 
head movement to a user’s hands. Ideally, hands act 
independently and are not tethered to a single 
controller. They should be visible within the virtual 
space at natural angles to head movement. Hand and 

tool actions in virtual space are mapped directly to user 
movements in the physical world. Showing the 
controllers, tools or available UI elements rendered 
with (or instead of) hands can orient a user to their 
abilities. Using gestures to show options is effective 
way to reveal menus and tools but still feels part of the 
experience. 

Design for Personal Space with Social 
Connections 

As users gain agency in a virtual environment, 
social connections are a natural step to sharing worlds 
and experiences. As a spatial medium, the feeling of 
loneliness may become pronounced. If this feeling is 
undesirable for your narrative, populating the space 
with other characters, or potentially, other participants 
should be considered. 

With a greater sense of presence inside a virtual 
body there is also an increased awareness of personal 
space. Proximity to others becomes more affecting and 
directional sound makes ‘face to face’ conversations 
quite compelling. This becomes a powerful tool for 
enhancing game and social experiences, however, a 
user can also feel vulnerable. Allowing a user to 
control their distance in relation to others is key for 
comfort and security. 

Personal space also extends to perceived 
“ownership” of virtual territory. Allow users to build 
their home environment and dictate terms of social 
engagement. Establish trust between users with clear 
spaces for different levels of engagement and 
vulnerability. For example, a group that often games 
together may have a common space where they meet 
and share in addition to public spaces or personal 
spaces. 

Design for Multitasking 
Acknowledging a user’s tech-centered life in a VR 

environment allows for a more seamless integration 
into a user’s life. Having access to phone calls, text 
messages and other forms of communication is 
important not only for convenience, but to maintain 
immersion in the VR space. Having to pause an 
experience to answer a call or quickly return a text 
from within the environment is less immersion-
breaking than having to remove the headset and 
headphones to find phone or desktop. If a colleague or 
coworker needs to get user’s attention while in VR, 
VR experiences should demonstrate awareness of the 
“outside” world and provide meaningful feedback to 
the user. Users should be able to virtually “lift the 
visor” while still in the VR headset by using the 
forward facing camera to project an image of what is 
directly in front of them. The headset can adjust 
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lighting and use augmented reality elements to orient 
the user and ease the transition between virtual and 
physical worlds. This allows a user to pause an 
experience without removing or adjusting hardware. 
This could be triggered by a gesture as an easy shortcut 
to blend the worlds. 

When someone is done with a VR experience and 
returns to the physical world, there is often a few 
seconds to a few minutes of re-acclimation after they 
remove the headset. This resurfacing should be 
considered in the development of experiences and use 
a combination of “lifting the visor”, reintroducing 
sound and orientating a user as to where they are in the 
room. The currently cumbersome nature of the 
hardware should be redesigned to anticipate a user’s 
intent and smooth the transition back to the physical 
world. 

Best Practices in IoT 
What the IoT unites is data, interactions, and the 

physical world. Connected devices and infrastructures 
introduce their own unique complexities that often 
create new friction to user experience. Many 
manufacturers have struggled to bring connected 
products to market because of just how complicated 
development and management are, never mind the 
risks of botching customer relationships as a result. 

Connected products are not singular objects, but 
inherently require a system to function. They tend to 
exist within much larger networks of devices, many of 
which originate from different manufacturers. In 
consumer contexts, this might be a connected door 
lock interacting with other in-home products like 
lightbulbs, a security system, and smart thermostats. In 
industrial or municipal environments, this could 
include thousands of streetlamps which need to be 
integrated with parking meters, environmental sensors, 
traffic systems, and so on. Even at the most basic level, 
most IoT services include one more devices, a gateway 
device, an associated cloud service, and some range of 
applications running on other devices in order to 
function as intended. When each part of the system is 
working, the system is invisible, but even when one 
part falters, the laps can significantly impact UX. The 
design of these systems is now synonymous with the 
design of the connected product. 

The simultaneous proliferation of form factors, 
interaction modalities, software and hardware 
intelligence - particularly when juxtaposed against 
consumers’ increased expectations, apprehensions, and 
waning attention spans - means that businesses of 
every type must embrace UX as a fundamental 
strategic component across any digital initiative.  

User Interface 

The role of interface is no longer exclusive to the 
aesthetic, touch, or feel of a physical product. In a 
world in which data are generated by interactions, 
interface becomes the interactive and tangible part of a 
far deeper and intangible whole. Interface becomes the 
means through which companies aggregate and deliver 
value. When poorly configured, it undermines the 
interaction, convenience, even trust users have in the 
brand delivering the experience. 

As a result, businesses must begin by re-defining 
user interface in the context of their product or service. 
‘Tip of the iceberg’ a useful metaphor for 
conceptualizing the function and future of user 
interface. What is visible, tangible, perceivable is the 
user interface, experienced through the five senses. Yet 
what sits below the waterline are a range of elements 
that develop and deliver the user experience of any 
connected object. These elements fall into the 
following eight categories:  

• Hardware & Firmware: The physical 
technology (hardware, firmware, sensors) 
embedded in the object that power its function  

• Services & Transactions: A company’s 
ability to deliver service interactions and/or 
enact transactions by interacting with the 
device  

• Updates & Configurability: Software used 
to deliver new features to the device’s 
experience, security, mobile app, or power 
consumption.  

• Connectivity: The protocol(s) and hardware 
(e.g. gateway, router, etc.) required for the 
device to connect to the Internet or other 
network(s)  

• Integration & Interoperability: How and to 
what extent data and functionality from the 
device are shared or accessed via other 
devices or third parties, and vice versa (i.e. 
how third party device data are used by the 
device)  

• Identity & Privacy: The object’s ability to 
recognize individual user personas/avatars 
and associate interactions with their unique 
profiles, preferences, protections, and 
individual context  

• Security: What safeguards hardware, 
firmware, software, code, or otherwise  
comprise the security of the device itself  

• Data & Content: Data generated by 
interacting with the device and/or its 
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associated mobile app; this also includes the 
resulting content that data trigger or generate  

These eight core elements underlie user experiences 
and interactions any connected product. They define 
the parameters of any user experience development, 
whether a manufacturer designing a wearable, an 
automotive brand developing an in-car experience, or 
anything else. Furthermore, the sum of these tangible 
and intangible parts - hardware, software, firmware, 
code, integrations, services, and content - is dynamic, 
and dictates the evolution of the experience over time. 

User Centricity 

In design, everything starts and finishes with the 
user. As more devices, software applications, and data 
comprise a greater portion of the services to which 
consumers allocate their attention, ensuring true user-
centric experience at every touch point is essential. 
Companies that fail to meticulously design for users’ 
ever changing needs risk overwhelming or annoying 
customers, or altogether abandonment. In an age when 
customers expect personalized and (near) real time 
service, designers at every level simply must account 
for more contexts.  

User experience may begin, include, or end with 
product, but it also includes all touch points connected 
and otherwise experience at every touch point is 
essential. Companies that fail to meticulously design 
for users’ ever-changing needs risk overwhelming or 
annoying customers, or altogether abandonment. In an 
age when customers expect personalized and (near) 
real time service, designers at every level simply must 
account for more contexts.  

User experience may begin, include, or end with 
product, but it also includes all touch points connected 
and otherwise. 

Context includes traditional ‘customer journey’ 
mapping characterizations, but also requires companies 
anticipate contexts from the user lens - that is, what 
users want and need to satisfy their context-specific 
objectives. 

If connected products, environments, and channels 
are designed as vehicles for interactions, content and 
integrations become the elements of dynamic service 
design. Designers must work with multiple teams (e.g. 
marketing, creative, sales) to ensure consistency in 
look, feel, terminology, and tone in messaging, as well 
as product aesthetics. For example, if a physical 
product has red and green buttons and a blue dial, the 
mobile app may mirror such features to foster 
familiarity and usability across channels. When 
considering UX across touch points, designers must 

also think about which touch points support which 
capabilities. Product designers will, for instance, 
prioritize certain features for a mobile app and instead 
of designing them into the connected product in order 
to keep hardware costs down. Orchestration of content, 
integrations, technology, and systems architecture 
requires product and service designers work together 
in lock-step to surface technological opportunities and 
constraints while preserving user-centricity.  

Understanding and building for such an integrated 
context is no easy task, but designing connected 
products and environments to support ‘right-time’ 
service delivery is an essential to any UX strategy. 

Decreasing Steps between User & Objective  

As connected form factors and interaction 
modalities grow more diverse, designers must 
constantly assess how they can ensure interaction is as 
simple as possible. Some environments are simply ill-
suited for robust lists or feature sets. A smart watch is 
no place for extensive scrolling or search; driving in a 
car is no time for cumbersome selections or branded 
promotions; watching a movie is not the time for in-ear 
alerts. Many product companies make the grave 
mistake of over-complicating connected versions of 
their products. Too many buttons on a screen, too 
many levels to tap through to accomplish a task, too 
many features in an app, too much computation 
required, too many sensors (and not enough value) to 
justify a low battery life…  

While companies should be applauded for 
progressively embracing (not ignoring) emerging 
technologies, they should only incorporate them into 
product design to support greater simplicity and 
superior ease of use. Innovation for innovation’s sake 
risks adding more friction to usability.  

The best designs coordinate technologies to drive 
simplicity. The objective is to harness complexity to 
deliver ease, even intuition. Prioritize interoperability 
and, where appropriate, machine learning techniques to 
reduce the mental overhead of dealing with more 
technology.  

More options do not equal more intelligence. More 
bells and whistles do not always mean more value. Use 
these tools not for the sake of their luster or cool-
factor, but to drive the simplest, most seamless user 
experiences possible. Incidentally, fewer steps (to 
move or tap through a workflow) typically drive 
greater conversion and success rates. Although 
simplicity seems obvious, it is often difficult to 
preserve when orchestrating software, mobile apps, 
integrations, and human-centric inputs.  
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For example, while driving, phones are a dangerous 
and terrible option for interaction. While the stakes for 
mobile phone use are lower at home, most people 
consider the home the environment for socializing with 
family, entertainment, preparing meals, recharging 
themselves — objectives for which phones are not 
ideal. Voice has, thus, emerged as an optimal interface 
in the home, where heads-up, hands-free, more social 
interaction is just easier. The same environmental cues 
can also inform software and graphical user interface 
decisions. Connected in-home products must, for 
example, prioritize data privacy controls, defaults, 
sharing, lighting, and child-safety given their inherent 
context. While in public, voice interaction is less ideal 
and in-ear or on-screen interaction may make more 
sense. Wearable alerts sent while users are not moving 
may serve different needs than those delivered while 
walking or running.  

Keeping the user’s context central to the design 
process forces companies to de-prioritize technology 
for technology’s sake. Embrace emerging technologies 
to simplify user experience, not overcomplicate it. 

Customer Support Programs Alongside Products 
& Services  

Although products and services are trending toward 
ever more autonomy, the reality is connected devices 
and services will require significant support from 
providers for the foreseeable future. Companies that 
have deployed connected products point to ongoing 
support and service as one of the top challenges they 
face. It’s not just that connected products are prone to 
various quirks, connectivity hiccups, or other bugs, it’s 
that new features and data-driven use case evoke new 
questions. For many, interacting with a connected 
object introduces friction that is absent in ‘the old way’ 
of doing things, thereby undermining other shiny 
features in the process.  

While design can help streamline usability, 
machines rarely work perfectly all of the time, and 
issues are sure to arise that require human intervention 
and training. Connected product initiatives can fall flat 
if proper support structures, including people, budget, 
training, and incentives, are not in place. A connected 
hot tub manufacturer, for instance, found that its 
product’s ability to delight users sank when it forgot to 
train and equip field service teams with the appropriate 
protocols and communications when the product 
failed.  

Our research found this a common theme across 
product lines and industries, not only at the customer 
level, but across business partnerships as well. 

Finally, some organizations and IoT platform 
providers recommend developing ‘relationship maps.’ 
These are akin to technology stacks and may even 
include technical and systems architecture, but also 
map relationships to devices in integration, support, 
administrators, etc. During both development and 
ongoing management, these can be valuable tools for 
partners to understand who has access to what 
information, permissions, devices, applications, and 
who makes changes when it comes to the most critical 
phase of IoT product management: data management. 

Problem-Solve  

In a world of ‘smart’ products and connected 
environments, businesses must view design as a useful 
vehicle for insights and problem solving. Alongside 
connected products, businesses must harness software 
intelligence and integrations to improve assets over 
time.  

One way to think about this is to consider every 
data stream a voice. Through interactions, users are 
communicating their preferences, signaling intent, 
even expressing needs through action, inaction, or 
abandonment. Compared to traditional market research 
modalities like solicited focus groups or surveys, this 
real-time and ‘in-the-wild’ information is gold for 
companies committed to serving and anticipating their 
customers’ needs. 

The key is connecting how data transmitted through 
interactions offer solutions for core product, service, 
and business challenges. By monitoring sensors 
attached to products, environments, or customers, and 
analyzing interdependencies across data sets, 
companies can ascertain ideas for improvement. One 
place to start is to look for current ‘blind spots’ when it 
comes to users, such as their great pain points during 
product set-up, where troubleshooting fails, or how 
users dispose of their products. 

Testing 

It is of critical importance to test products ‘in the 
wild.’ Critical nuances in UX only surface when 
designers take the time to consider them. It is in both 
user and businesses’ best interests for product 
designers to immerse themselves deeply in the end-
user experience to see, think, feel, and discover the 
way their users do. For devices without a screen, this is 
even more important to avoid abandonment. Usability 
testing and meticulous analysis of every aspect of user 
interaction from the perspective of the end-user is the 
only way to evaluate the designer’s own assumptions 
and adapt the solution.  
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What manufactures and product designers must 
continuously remember is that they think differently 
than their users, indeed users themselves think 
differently than other users. Avatars, or user 
archetypes remain an essential framework used to 
inform product, service, and content designs. Many of 
those interviewed assert the importance of segmenting 
and testing each avatar’s interaction with products and 
using insights to inform avatar-specific R&D. 

Users think differently at different phases of the 
product’s lifecycle. For example, the moment of 
ripping into the packaging to set up a product for the 
first time has an entirely distinct emotional backdrop 
and tolerance level than does the moment when the 
product fails.  

The following tips for testing connected product’s 
UX should be considered:  

• Test hypotheses  
• Test different aesthetics and surfaces  
• Test different patterns in workflows  
• Test product use with and without mobile app  
• Provide prompts to some user groups and no 

prompts to others; compare findings  
• Ask users their assumptions after product 

testing  
• Observe user tendencies for problem-solving 
• Test different testing methods  
• Use both online and offline channels for 

testing  
• Solicit feedback from users as much as 

possible  
• Integrated Context & Interoperability  
What designers must understand is that interaction 

with connected products and infrastructure will 
inevitably be a fraction of contextual signals across a 
far deeper ecosystem of events and interactions. 
Imagine a world of no technological, no brand, and no 
interoperability barriers. Removing the barriers of 
interoperability multiplies the value any one device (or 
brand) can achieve, but it’s not easy. Designers will 
have less control over the broader experiences they 
enable as interfaces will manifest over an increasingly 
vast ecosystem of touch points and channels. 
What businesses must overcome is the temptation to 
design connected products as a product, and instead re-
imagine and re-calibrate what value they offer within a 
broader system. When designing for systems, the goal 
is coherence across all touch points. Think of 
coherence as an umbrella, under which consistency, 
composition, and continuity fall.  
At the most basic aesthetic level, UIs across all 
devices, platforms, and content should feel consistent, 
not identical per say, yet intuitively familiar and 

resembling of fellow touch points. Composition 
accounts for which devices or UI are best suited for 
which functionality. For instance, a wearable may be 
packed with sensors, but minimal in form factor and 
altogether screenless. More complex interactions or 
customizations might be handled on the device’s 
associated mobile app. Continuity is the flow of 
interactions and data in a coherent sequence across 
devices. This is essential for UX design in IoT because 
connected products will rarely be the singular endpoint 
for interaction. This is about handling interstitial states 
gracefully; designing for the spaces between devices.  
For example, if a user requests a transaction or change 
of state via one device, designers must consider how to 
convey the verification of the command versus the 
execution of the task on another device while 
accounting for variables like:  

• Network connectivity  
• Latency  
• Gateways and routers  
• Multiple devices working together to complete 

the request  
• Classic usability (e.g. reflecting/responding to 

request)  
• Critical vs. trivial nature of use case  
• Data ownerships and proprietary limitations  
The longer-term goal for UX design is less about 

each connected objects, device, home, car, or 
otherwise, rather it is about coordinating intelligent 
assistants and integrated contexts. Interactivity 
delivered so seamlessly and intuitively, it is all but 
invisible. At the time of this report’s publication, there 
is still a dire need for adequate standards, connectivity 
speed, and device reliability to truly deliver this level 
of experience, although a variety of companies are 
advancing rapidly towards this objective.  

To illustrate what this does not look like, consider 
the current state of the so-called ‘Smart’ Home. Wi-fi 
or Bluetooth enabled door locks, coffee-makers, light 
bulbs, and hundreds of other appliances barely provide 
more value than their analogue counterparts. What 
‘wow’ factors do exist are all too often undermined by 
the lack of interoperability between all these smart 
appliances. Each of these ‘parts’ hardly constitutes a 
better UX whole.  

Instead, consider how all businesses in this scenario 
must re-imagine their value in a systems context to 
deliver a superior user experience, to achieve a whole, 
coherent experience that is greater than the sum of the 
parts. Integrations between all in-home devices, 
systems, mobile, and environmental data help the 
home itself anticipate user needs. Using voice, motion 
detection, and gestures, the user enjoys, confirms, or 

28 “Е+Е”, 9-10/2017



 

corrects prompts the home offers (e.g. lighting, 
airflow, and temperature based on weather, season, 
time of day; music, audio, news based on preferences; 
greater security; services only as desired. Through 
voice or a tap or two on a smart watch, a user could 
control locks, security system, and communications 
with family. Such orchestration of contextually 
integrated, sensitive, and personalized experience 
delivery is only possible through interoperability, 
scenario design and recognition, and ecosystem 
integration. 

Conclusion 
In this article, the best practices of VR and IoT UX 

design have been presented. Even if seemingly apart, 
VR and IoT are getting closer and closer thanks to 
developments in both areas. In the following years 
increasing integration of smart things within virtual 
simulations, for uses ranging from education, industry 
or entertainment are expected. The vast amount of data 
being generated by sensors around the world, 
connected to virtual worlds and simulations, will be 
the basis of a new understanding of our surroundings. 
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APPLICATION IN PRACTICE 

From electrica to invariant automatica 
(Or how to use the knowledge about Theory of electricity for enter into  

Theory of invariant automatic control). 
Part two: Electromechanical dualism. Universality of energetic equations. 

Milan Stankov 

 

От електрика към инвариантна автоматика (или как да използваме познанията си 
по „Теоретична eлектротехника“ за да вникнем в управлението на технологичните 
процеси), Втора част. Електромеханична двойственост. Универсалност на енергийните 
равенства (Милан Станков). 

 

A. Electromechanical dualism. 
1. Movement of a material point in resistive 

medium. 

Axiom A2.1. The full energy mE that a material 
point with constant mass m consumes from its 
operating source presents the scalar product: 

(2.1)   StVFtVFdtE
t

m === 
0

, where 

V is effective value of the velocity v of the point 
[m/s],  F – effective value of the – resistive force f  of 
the medium [N] in that moves the point, S – 
consumed by the point full power.  

Axiom 2.2. The resistive force f presents the 
vector sum: 

(2.2)   sav ffff ++= , where:   

(2.3)   vfv η=  is the resistive force [N] of the 
friction in the medium, 

(2.4)   η – the coefficient of the friction [Ns/m] or 
[Ps.m],  

(2.5)  
dt
dvmfa =  - mass inertia force [N] of the 

point, 

(2.6)    m – mass of the point [kg], 

(2.7)   =
t

s vdt
k

f
0

1
- resistive elastic force [N] of 

the medium, 

(2.8)  
c

k 1=  - coefficient of antielasticity 

(rigidness) of the medium [m/N],  
(2.9)  c – coefficient of elasticity of the medium 

[N/m], from that follows the trivial proved: 
Theorem T2.1. The resistive force from equation 

(2.2) will have the description: 

(2.10)  ++=
t

vdt
kdt

dvmvf
0

1η . 

Axiom 2.3. Velocity of the point v is repeatedly 
lower than the velocity cS of the light.  

Axiom 2.4. Time t is measured in absolute 
calendar mode from that follows the trivial proved: 

Theorem T2.2. Movement of the point is 
described in the time t in immovable three-
dimensional co-ordinate system (0, x, y, z) or in 
movable three-dimensional co-ordinate system (0′, 
x′,y′, z′), that moves along the axis x of the 
immovable system with the velocity v0 = const. 

Consequence C2.1. (without proof). Energetic 
equations described in both systems are invariant 
about the transformation ns of Galilee: 

(2.11)  x′=x-v0t, y′=y, z′=z, 

that presents the principle of the relativity of 
Galilee. 

Theorem T2.3. Between electrical energetic 
equation (1.2) from the first part of this article and 
mechanical energetic equation (2.1) exists a class of 
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functions Ф, transforming dual the first equation in 
the second. 

Proof: On the diagram of figure 2.1 are 
described like composite functions the consecutive 
analytical transformations leading to the equations 
(1.2) and (2.1). The algebraic structures formed from 
these transformations are known under the name 
functors. Electrical functor is dual similar of the 
mechanical, that is in evidence in the comparison 
between mechanical equation (2.1) and electrical 
(1.2), mechanical equation (2.2) and electrical (1.1) 
and the elements of mechanical vector sum (2.10) 
between electrical vector sum (1.1). 

 

 
Figure 2.1. Dual similar functions. 

The algebraic dual similarity is full. That is 
described in the comparative table on the figure 2.2 
(see below). And it means that the class of functions 
Ф exists.  

 
SYSTEM 

ELECTRICAL MECHANICAL 

Value Symbol Symbol Value 

Current i v Velocity 

Voltage u f Force 

Resistance R η Friction 

Inductivity L m Mass 

Capacity C k Anti-elasticity 

Figure 2.2. Dual electromechanical similarity. 

On the basis of this similarity is composed the 
international measuring system SI (see its basic and 
electrical measures on figures below). 
 

BASIC MEASURES ACCORDING SI 

 Value Symbol Name Measure 

1 Length m meter m 

2 Mass kg kilogram kg 

3 Time s second s 

4 Current A Ampere A 

Figure 2.3. Basic measures according SI 

ELECTRICAL MEASURES ACCORDING SI 

No. Value Symbol Name Measure 

1 Current A Ampere A 

2 Voltage V Volt 22 / Askgm  

3 Resistance R Ohm 322 / sAkgm

4 Inductivity L Henry 222 / sAkgm

5 Capacity C Farad kgmsA 242 /

Figure 2.4. Electrical measures according SI 

All electrical measures are according SI composed 
by the basic measures (see above figure 2.4).  

The value Ampere has also a mechanic measure. 
According SI Ampere (A) is an unchangeable current 
that passing through two interminable wires in 
vacuum with ignorable round section and to a 
distance one meter between them, will provoke 
between same wires a force 2.10-7 N/m.  

Theorem is proved. 
Theorem T2.4. Mechanical energetic equation 

(2.1) is dual similar of all possible invariant physical 
energetic equations whose action and contra-action, 
respectively – productivity and quality are function of 
the absolute calendar time t (see axiom A2.4). 

Proof: System SI contains mechanical measures 
for all physical values. 

 
2. Energetic dual technologic equipments and 

process. 

2.1. Thermal (calorific) exchanger  
Energy TE  that is radiated by a thermal 

exchanger (radiator, air-heater etc.) is defined by the 
equation: 

(2.11)   QdtTTcE
t

TT )( 21
0

−=  , where 

cT is coefficient of the thermal exchange [Ws/kg. 0C],  
T1 – temperature on the input of the exchanger [0C], 
T2 – temperature on the output of the exchanger  [0C],  
Q – mass flow of the thermal carrier [kg/s]. 

2.2 Hydraulic turbine. 

“Е+Е”, 9-10/2017 31



 

Energy HE  that the hydraulic stream transfers to 
the blades to a hydraulic turbine is defined by the 
equation: 

(2.12)   =
t

H gHQdtE
0

γ ,  

where γ is density of the water [kg/m3], g – Earth 
acceleration [m/s2], H – geodesic high of the 
hydraulic column [m], Q – hydraulic flow [m3/s].   

 
B. Disturbance of the invariability. Automatic 

control. 
Definition D2.1. System described on figure 2.5 

by that the output value x is compared through 
reverse connection (loop) with the input set point x0 
to be achieved equality with him, is named closed 
(closed controlled or automatic controlled) system.  

Theorem T2.5. Linear change of impedance of 
the system or the energy ES toward him saves in 
contra-phase consumed by the object O energy ESO in 
relation to energy ES. 

Proof: Linear change of the energetic vectors ES 
and ESO save orthogonal active, reactive and 
deformed components one in relation to other. And 
that is possible when the three components of the 
impedance of the system - active, inductive and 
capacitive changes linear, saving its correlations. In 
this way two energies ES and ESO according theorem 
T1.2 are in contra-phase one in relation to other and 
the system pass from a stable state before the change 
to other after him.  

Theorem T2.6. By disturbance of invariability of 
the system through linear change of impedance of the 
system or the energy ES toward him it is necessary 
and sufficiently the system to be closed controlled 
(automatic controlled) by the scheme on figure 2.5. 

Proof: Signal x on the output of the controlled 
object O is feed to set point device to PID controller 
P+I+D that compares it with the signal x0 of the 
programmed set point trough subtraction of x0 from x. 
If the difference Δ x0= x0–x is zero the dynamic 
equilibrium of the system is not changed. 
The PID controller P+I+D don’t changes its output 
signal. Object O receives the energy )( 0xEE SS =  
and characteristic signal x of the output product of 
object O is equal to x0. 

If, however, it is not just so to the input of PID 
controller P+I+D will be generated the signal: 

(2.13)   000 xxy Δ±= ,  

that will be transformed according PID law in 
the signal:   

(2.14)  ++=
t

I
DP dty

Tdt
dyTykz

0

0
0

00 1
 

where 000 xxy Δ=  .    
Signal z0 will forces source ES to change 

energetic flow ES just so that it to be present like the 
contra-function: 

(2.15)   )( 00 xzEE SS →=   

and by this way the changed signal 00 xx Δ± to 
return its primary value 0x . There pass the transition: 

(2.16)   ∞→→Δ± txxx ,)lim( 000  

Transition (2.16) is possible by linear changes of 
the energetic flow ES or of impedance multitude of 
the object O: 

 
Figure 2.5. Closed controlled system. 
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(2.17)   }1,,{:
IO

DOPOHO T
TkZ . 

Then according theorem T2.5 the system pass 
from one stable state before the change to other after 
him saving the value x0 on the output of the object O.  

Theorem is proved.  
Theorem T2.7. (whitout proof). By non linear 

change of impedance of the system or the energy ES 
toward him the process must be stop. A diagnostic of 
the state of system must be made and after that must 
be made the necessary tunings for a new 
linearization.    

C. Stability of the system. 
Definition D2.2. State by that the output signal x 

of the system obtains only final values trough all its 
period of exploitation T, preserving its characteristic 
in the time t dual similar of the characteristic of the 
set point x0, independently of purposive or accidental, 
external or internal influences is named stability. 

According definition D2.2 a system to be stable 
there must to be valid the next: 

Theorem T2.8. (necessary condition): An open 
system (see figure 1.5) to be stable it is necessary: 

(2.18)  ,)lim( 0 III →Δ±   
by ∞→∞≠ tI , . 

Proof: System on the figure 1.5 is invariant by 
saving the conditions according axiom A1.5. One 
from them is parameters R, L and C to be constant 
trough all working period of the system. It leads 
trivial to the conclusion that the invariant system is 
infinitely stable, because its output signal I obtains 
only finite values in infinite intervals of the time t. If 
the invariability be disturbed in finite values, i. e., 
impedance multitude },,{: CLRZ  obtains the 
description: 

(2.19)   },,{: CCLLRRZ Δ±Δ±Δ±  and also 
is respected the condition: 

(2.20)   ∞≠ΔR , ∞≠ΔL , ∞≠ΔC ,   

there will be new invariants and the system also 
will be infinitely stable. 

Theorem T2.9. (necessary condition): A 
closed system (see figure 2.5) to be stable it is 
necessary to be valid condition (2.16). 

Proof: The closed system on figure 2.5 is 
invariant by same conditions as the open system on 
the figure 1.5. If its invariability is disturbed trough a 

linear change to the impedance multitude HOZ of the 
object O according the rule: 

(2.21)   HOHOHO ZZZ Δ±=  or  

}1,,{:
IOIO

DODOPOPOHO TT
TTkkZ

Δ±
Δ±Δ± ,  

and by that is valid the condition: 

(2.22)   ,∞≠Δ POk ∞≠Δ DOT  and ,∞≠Δ DIT   

the system will be also infinitely stable. 
Theorem T2.10. (Criterion of Lagrange): 

Stable is every system that consumes energy Еm 
whose variation mEδ : 

(2.23)   ∞→→ tEm ,0δ   

Remark: Criterion refers to distributed in the 
space energy that is also function of the time t. It is 
used in geology, seismology, designing of 
construction elements and activities etc., everywhere 
is valid space factor. Proof of the criterion is very 
complex and it is not necessary to apply, because 
discussed here systems are with concentrated 
parameters and the energy SE  is function only of the 
time t.    

Definition D2.3. Variation of the concept 
energy SE  is the derivative dtdS /  of the power S(t) 
with that is supplied the object O.  

Theorem T2.2. (sufficient condition): An open 
or closed system (see figure 1.5 or 2.5) it is 
sufficiently variation dS/dt of the energy SE  toward 
the object O to incline to zero trough all time t of the 
transitive process (mode), i. e., 

(2.24)   ∞→→ t
dt
dS ,0       

Proof: Energetic equation (2.1) describes the 
stable movement of the point with mass m. 
According first law of dynamics reactive force f of 
the point is equal of the active force of the energetic 
source fG with effective value FG, that presents the 
constant quality of action of the source. It is the 
reason that makes the point to move in stable state 
with the velocity v(t), whose effective value V is 
constant. Therefore consumed by the point full 
energy  

(2.25)   StVFtEm ==  

is consumed by S=const. Then dS/dt=0.  
Final result from the transformation (2.25) 

requires according the transitions (2.23) and (2.24) 
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the variation )0(mEδ of the consumed by the point 
transitive energy )0(mE to be subordinate of the rule: 

(2.26)  ,0)0(lim)0( →=
dt

dSEmδ  by .∞→t  

Then the point will pass from one stable state to 
other. 

Theorem is proved.  

D. Conclusions. 
And so, it was proved that the energetic 

equations of every invariant system can be achieved 
with a universal method of approach by a dual 
similarity of the energetic equation (2.1) by invariant 
movement in resistive medium. The point is whit a 
constant mass m. If the mass is not constant as by 
movement of vehicle with proper energetic source 
(automobile, aeroplane, rocket etc.) system will be 
invariant by a constant linear momentum mv, but 
the invariability will be nonlinear. The method of 
approach to him will be dependent on properties of 
the non- invariability. A common method of 
approach is impossible.    

Except to here describe classic (Newton’s) 
invariability there exists: 

1. Relativistic (Einstein’s) invariability by that 
energy E necessary for acceleration of an elementary 
particle (material point) with mass by repose  
m0 = const. to velocity v near by the velocity of the 
light c = const. is described by the equation: 

(2.27)   ,2mcE =   

where: )/(1/ 22
0 cvmm −= . 

2. Quantum invariability. 
Energy E of a radiated quantum (photon) by an 

elementary particle is defined by equation: 

(2.28)   νπ )2/(hE = ,  
where: h is constant of Plank [Js], ν - frequency of 
the radiated photon [s-1]. 

Equations (2.27) and (2.28) don’t possess dual 
similarity between them as and with the equation 
(2.1) from classic invariability. 

Axiom A2.5. Human controls a system by 
information perceived by his senses. 

Axiom A2.6. Human senses can perceive 
information with velocities very lower toward the 
velocity c of the light. 

Theorem T2.12. System for that the energetic 
information is not described dual through evident or 
not evident equations of classic (Newton’s) 
mechanics is not controlled by the human. 

Proof: In Newton’s mechanics the functional 
dependence is described in absolute time t that 
requires every movement to be with velocities very 
lower toward the velocity c of the light. And 
according axioms A2.5 and A2.6 it is the unique 
condition by that is possible movement of the 
information about  the process to be perceived by 
human to exercise a controlling action on him. 

Theorem is proved.  
And with that was proved and described the 

conditions by that the knowledge about Theory of 
Electricity can be successful leader of every specialist 
(engineer, physicist, chemist etc.) in the world of the 
invariant systems and their control as in control of 
material process from every nature. 
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Table 5. Planned consolidated fiscal programme, excluding the expenditure from ESIF, on R&D 
as a percentage of GDP 

Year 2018 2019 2020 2021 2022 2023 2024 2025 

%  of GDP 0.38 0.45 0.50 0.60 0.70 0.80 0.90 1.00 
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Scheme of the state authorities, that perform management of the scientific researches and their 
involvement for the execution of the strategy, reporting and control. 

In red – main authorities for execution of the strategy. 
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Specific objective 1. Provision of high qualification and effective career development of the 
scientists, based on high level scientific researches. 
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Specific objective 2. Increasing the lifestyle standard and the social status of the scientists and 
specialists engaged with scientific and research activity, through securing of adequate and 
conformed to the achieved results payment, as well as good work conditions 
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Specific objective 3. Increase of the number of scientists up to the levels characteristic for the EU 
and their balanced distribution according to age, gender, science fields and regions. 
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This information is available online: 
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Appendix №5: PROFILE OF THE RI IN THE NATIONAL ROADMAP IN THE REPUBLIC OF 
BULGARIA,  

 

National interdisciplinary research e-Infrastructure 
for resources and technologies for the Bulgarian language 

and cultural heritage, integrated within the European 
infrastructures CLARIN  

 

Coordinator: 
Institute of Information and 
Communication Technologies, 
Bulgarian Academy of Sciences 
(IICT-BAS), Sofia, Bulgaria  
 
Infrastructure location: The 
infrastructure is virtual and 
distributed in several regions of 
the country 
 
 
Bulgarian consortium: 
Financial coordinator: 
The Ministry of Education and 
Science 
 
Scientific coordinator:  
Institute of Information and 
Communication Technologies, 
Bulgarian Academy of Sciences 
(IICT-BAS); 
Consortium members: 

o Members of the consortium: 
o Institute for Mathematics and 

Informatics, Bulgarian 
Academy of Sciences (IMI-
BAS); 

o Sofia University "St. Kliment 
Ohridski" (SU); 

o New Bulgarian University 
(NBU); 

o Konstantin Preslavsky 
University of Shumen; 

o Bulgariana - non-profit 
organization for the protection 
of cultural heritage 
(Bulgariana); 

o South-West University "Neofit 
Rilski" 

o Sirma Media (SМ) 
o Cyril and Methodius Research 

Center, Bulgarian Academy of 
Sciences (CMRC-BAS); 

o Institute for Balkan Studies 
with Center of Thracology, 

Description of infrastructure: 
 

The main objective of CLaDA-BG infrastructure is to create a national 
technological infrastructure for resources and technology for the linguistic, 
cultural and historical heritage. CLaDA-BG will provide public access to 
language learning resources and digital presentations, software tools and 
services for the listed areas. 
The infrastructure will support solving different tasks aimed at a professional 
and broader audience. 
This objective will be achieved through: 
1. Adaptation of Bulgarian conditions to European achievements in the field of 
language technologies through close integration with the European 
infrastructure CLARIN ERIC and in the field of cultural and historical 
technology through integration with the European infrastructure DARIAH 
ERIC. 
2. Complementing the existing language resources and technologies, and 
creating new ones as the necessary minimum for the functioning of the national 
infrastructure for word processing of texts in Bulgarian. 
3. Further development of the existing technologies in cultural and historical 
heritage (mainly 3D technology and semantic technologies) and digitalization 
of databases for cultural and historical heritage to support the functioning of the 
national infrastructure in the arts and humanities. 
 
Computer linguistics: development of software tools for creation and 
management of bilingual resources (bilingual online dictionaries and bilingual 
aligned corpora of Bulgarian language), compatible with TEI morpho-
syntactical specifications for Bulgarian language (coding and annotation of 
Bulgarian language corpora and lexicons) and creating language resources. 
 
Theoretical and contrastive linguistics: evaluative morphology; semantics 
(formal modelling of semantic phenomena); aspectology; writing systems, their 
history and typology. 
The main scientific and practical results, achieved by collaborators of the 
section in the field of technologies for knowledge processing and multimedia 
technologies, are digital libraries, representation and processing of electronic 
content for cultural and historical heritage, interactive platforms for e-learning 
and their content development, applications in information security and the 
Semantic Web. 
 

Scientific and technical team of the research infrastructure: 
 
Over 50 
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Bulgarian Academy of 
Sciences (IBSCT-BAS); 

o Institute of Ethnology and 
Folklore Studies with 
Ethnographic Museum, 
Bulgarian Academy of 
Sciences (IEFSEM-BAS); 

o Burgas Free University (BFU); 
o National Library "Ivan Vazov" 

- Plovdiv (NLIV-Plovdiv); 
o Historical Museum – Sofia 
o Ontotext (in Sirma Group – 

leading Bulgarian software 
company) 

o  
Filed of activity: 
Social and cultural innovations 
 
Type of infrastructure: 
CLaDA-BG is a Bulgarian virtual 
distributed research 
infrastructure, achieved 
connected related centers that use 
the services and resources of the 
infrastructure and provides a link 
with other centers and consumers 
as well. It provides access to 
resources and services 
electronically. 
 
Draft budget for the 2016-2020 
period:  
Total: 7.7 million BGN. 
 
Participation in European 
infrastructure:  
The National infrastructure 
CLaDA-BG (at BAS) has been a 
member of CLARIN ERIC.  
Year of inclusion: 2012 
Membership in DARIAH ERIC is 
envisaged in the future. 

 
Impact / benefits: 
 

1. Linguistic and other humanities studies that require work with a huge 
amount of texts or specific types of texts 

2. Training in Bulgarian language and literature, in studies of texts oriented 
towards education 

3. Systems for training in other disciplines, through semantic annotation 
and search for documents, and the introduction of personalized / adaptive 
learning 

4. Studying Bulgarian language as a foreign language by developing 
specialized software for automation of typical processing activities of 
text 

5. Studying foreign languages by Bulgarians using graded resources in 
accordance with the European Framework 

6. Creation of software for automatic processing of Bulgarian language 
both for research purposes and in a variety of useful applications - for 
example, automating text processing polls and more.  

7. E-Government, by analysing administrative documents and their 
indexation and more flexible information search, hidden facts and 
interactions etc.  

8. Supporting the activities of cultural institutions through the creation of 
software for managing the collections of cultural institutions that allows 
cataloguing, digital storage and presentation of collections in every size 
and type 

9. Development of “Bulgarian linked open data”, through increased 
participation in Wikidata, DBpedia, GeoNames and others, which will 
increase access to information for consumers in the Web. 

 

 
 

European Social Survey for Bulgaria (ESS) 
 

 

Coordinator:  
University of National and World 
Economy  
 
Infrastructure location: http://www.ess-
bulgaria.org/ 
 
Bulgarian consortium: 
Financial coordinator: 

Description of infrastructure: 
 

Distributed research infrastructure ESS ERIC-Bulgaria was established 
to ensure full and equal participation of Bulgaria in the pan-European 
infrastructure ESS ERIC, which with a decision of the European 
Commission is a transformed version of the hitherto functioning project 
of EC and ESF - (European Social Survey - ESS), in which Bulgaria 
has almost 10 years of successful participation by the Agency for Social 
Analyses (ASA). 
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Ministry of Education and Science 
 
Scientific coordinator:  
University of National and World 
Economy  
 
Consortium members: 

o Society and Knowledge Research 
Institute at the Bulgarian 
Academy of Sciences (BAS)  

o Agency for Social Analyses 
(АSА)  

o Union of Economists in Bulgaria 
  

Field of activity: 
Social and Cultural Innovations 
 
Type of infrastructure: 
ESS is the type of fundamental research 
projects and according to the 
specifications of the European research 
infrastructure ESS ERIC for full 
participation for necessary government 
financial guarantees.  
 
Draft budget for the 2016-2020 period:  
Total: 1,5 million BGN 
 
Participation in European 
infrastructure:  
By ESS ERIC-Bulgaria is provided 
collaboration with ESS ERIC  of the 
European infrastructure consortium -  
European Research Infrastructure 
Consortium for the European Social 
Survey Research Infrastructure - ESS 
ERIC, established  under a European 
Commission decision from  22 November 
2013 (2013/700 / EU) Coordinator of the 
ESS ERIC is the City University, 
London, UK   
  
Year of inclusion in the European 
infrastructure:  
2005 
 

The global goal of the infrastructure is for both Bulgaria and Europe to 
have reliable data every two years on the social climate at national, 
regional and European level, in order to reveal the dynamics of the 
attitudes, values and concerns of European citizens. 
The organization of the functioning of the ESS in Bulgaria is subjected 
to the general idea that the results from the ESS shall bring multiple 
benefits not only for the academic and research community at home and 
abroad, but also they shall be useful for the widest possible range of 
individuals and institutions - politicians, governmental and non-
governmental organizations, students, journalists, university professors, 
graduate students, young and experienced scientists, researchers – i.e. 
all who are interested in the fact where Bulgaria is on the social map of 
Europe and why it is there. 
 

Scientific and technical team of the research infrastructure:  
Over 20 
 

Impact / benefits: 
The benefits for Bulgaria to maintain the research infrastructure 
ESS ERIC-Bulgaria and from participation in ESS ERIC can be 
grouped in the following general areas: 

o Thanks to its participation in the ESS, Bulgaria has 
reliable, up to date, and comparable geographic and 
prompt information with a wide range of application: it 
may be used for scientific, educational, political, 
diplomatic and other purposes. 

o ESS covers an extremely broad spectrum of social, 
economic and political problematic topics, trends and 
attitudes towards them in dynamics, which provides a 
unique opportunity for comparability over time and 
between countries. 

o ESS provides an opportunity for the academic 
community, state and business to not only have 
information about the dynamics of the social climate in 
the country and in Europe updated every two years, but 
also with a special innovative training program ESS 
EduNet, which allows synchronization of higher 
education in Bulgaria with the European and the world 
one, and to train students and young scientists of modern 
research methods and techniques. 

o ESS provides journalists with a rich set of "news" in 
comparisons between Bulgarians and other Europeans, 
which serve not only to inform the public "Where are 
we?", but to provoke civil activity in search of answers 
and questions like "What are we? "," Why are we like 
this? ", and many others. 

o ESS provides rich material for organizing scientific 
discussions, seminars and public debates on topics and 
problem areas that provoke interest in people, institutions, 
businesses;   
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National Cyclotron Center   
 
 

 
 

Coordinator: 
stitute for Nuclear Research and Nuclear 
Energy – BAS  
 
Infrastructure location: 
Sofia and Varna 
http://www.inrne.bas.bg/ 
 
Bulgarian consortium: 
Financial coordinator: 
Ministry of Education and Science 
  
Scientific coordinator:  
nstitute for Nuclear Research and Nuclear 
Energy – BAS 
 
Consortium members: 

o Medical University – Sofia; 
o Medical University – Varna. 

 
Field of activity: 
Natural and engineering sciences 
 
Type of infrastructure: 
National cyclotron center (NCC) is a 
start-up scientific and business 
cooperation in research and development. 
Essentially NCC will constitute a 
conglomerate between a Research Institute 
(INRNE) and a starting social company. 
 
Draft budget for the 2016-2020 period:  
51.9 million BGN 
Note: Donation from the Department of 
Energy of the US and Kozloduy NPP Fund 
amounts to 5 million USD in 2016 
 
Revenues: 
24.8 million BGN 
 
Participation in European infrastructure:  
The cyclotron in Multidisciplinary Institute 
Hubert Curie in Strasbourg, France (Le 
cyclotron Cyrcé l’IPHC), the Cyclotron at the 
European Joint Research Centre in Ispra, Italy 

Description of infrastructure: 
 

The Cyclotron center, as a large-scale research infrastructure, will 
consist of a building in which to accommodate the cyclotron 
accelerator, laboratories for research in radiochemistry and 
radiopharmacy, a laboratory for applied research. 
The basic building block of the setting is the cyclotron, as it 
includes the accompanying equipment (vacuum pumps, power 
supplies, transmission lines for the beam of accelerated particles, 
etc.). 
The premises for synthesis and related equipment will be 
positioned as hot cells with modules for synthesis of 
radiopharmaceuticals; systems for gas, liquid and thin layer 
chromatography as part of the laboratory for quality control; 
apparatus for measuring the purity of finished pharmaceuticals; 
equipment for microbiological control of waste products, etc.. 

Scientific and technical team of the research 
infrastructure:  
 

Over 20 
 

Impact / benefits: 
 

 Improved healthcare through timely and precise making 
of medical diagnosis and access provided to 
radiopharmaceuticals on the Bulgarian market at 
affordable prices for all patients in need of medical 
research 

 The construction and operation of NCC and of the 
specialized laboratories will have direct economic and 
social impact, which will result in reduction of costs for 
end-users when purchasing highly specialized isotopes 
for diagnosis and treatment of various types of cancer 
and neurological diseases. At the moment, the country 
spends 10 million euros a year for the purchase of 
isotopes from other countries, without considering 
transportation costs. 

 The production of radiopharmaceuticals for internal and 
external market worth several million levs a year 

 Provided support to socially vulnerable groups of 
societies - in this case oncology and other patients 

 Providing new, modern facilities for research through 
the creation of three laboratories - radiochemical, 
microbiological and one for quality control - and 
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(JRC Cyclotron, IHCP Ispra), the National 
Laboratory for Nuclear Research in Lenyaro, 
Italy , PET-Center Dresden-Rossendorf in 
Germany (PET Center Dresden-Rossendorf), 
the Bronowice Cyclotron Center in Krakow, 
Poland, Jülich Research Centre, Germany and 
others. Some of these centers have already 
expressed interest in cooperation and are now 
looking for the way to conduct these 
collaborations. 

purchase of equipment with an innovative character 
necessary to conduct research 

 Training of highly qualified specialists and inspiring a 
new generation of scientists and engineers. 
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Distributed infrastructure of centers for 
production and study of new materials and their 

applications, as well as conservation, access and e-
store of artefacts (archeological and folklore) –

INFRAMAT 
 

Coordinator: 
Institute of Physical Chemistry, Bulgarian 
Academy of Sciences 
 
Infrastructure location: 
The major part of resources for Module 1 is 
located on the campus of the Bulgarian 
Academy of Sciences at the 4th km in Sofia. 
Infrastructure laboratories for Module 1 can 
be found in the two faculties of Sofia 
University "St. Kliment Ohridski", located 
on the University campus on "James 
Bourchier" street, Sofia (Faculty of 
Chemistry and Pharmacy, Faculty of 
Physics). Some resources are available 
within the UCTM, Sofia, and Central 
Laboratory for Applied Physics in Plovdiv. 
Resources for Module 2 are located in the 
building of NAIM, BAS in Sofia at No2 
Saborna Str. Infrastructure laboratories 
associated with Module 2 can also be found 
in the Faculty of Chemistry and in the 
Centre for Archaeometry of Sofia 
University "St. Kliment Ohridski". 
http://ipc.bas.bg/page/bg/ 
dogovori/obschoinstitutski-infrastrukturni-
proekti/proekti/inframat.php 
 
Bulgarian consortium 
Financial coordinator: 
The Ministry of Education and Science 
 
Scientific coordinator: 
1. Module 1 

1. Institute of Physical Chemistry – BAS 
2. "St. Kliment Ohridski" (Faculty of 

Chemistry and Pharmacy and Faculty of 
Physics) 

3. Institute of Organic Chemistry with Centre 
of Phytochemistry, BAS 

4. Institute of General and Inorganic 
Chemistry, BAS 

5. Institute of Electrochemistry and Energy 
Systems, BAS 

6. Institute of Polymers, BAS 
7. Institute of Catalysis, BAS 
8. Institute of Optical Materials and 

Technology, BAS 
9. University of Chemical Technology and 

Metallurgy, Sofia 

Description of infrastructure: 
 

INFRAMAT (Module 1) offers unique opportunities for 
comprehensive characterization of materials with a variety of 
applications. Instrumental units of Module 1 cover basic 
methods in modern materials science and a multitude of new, 
modern and unique to the Republic of Bulgaria devices such 
as electron microscopes, X-ray diffractometers, 
spectrometers of various types, laboratory complex for 
nuclear magnetic resonance, microtomography scanner, 
nanoindenter and many others. INFRAMAT laboratories 
provide expert assistance to many Bulgarian industrial 
companies to control the quality of their products and to 
support their innovation and development. INFRAMAT 
(Module 2) includes basic scientific and educational 
institutions working in the field of archaeometry research, 
diagnostics and conservation of movable cultural heritage of 
archaeological and ethnographic nature. Module 2 
laboratories carry out activities in diagnostics, restoration 
and conservation of artefacts for the purpose of their research 
and prevention from destruction and further impact on 
environment. The interaction between the two INFRAMAT 
modules gives an opportunity for fruitful implementation of 
additional techniques in the study of archaeological and 
ethnographic artefacts.  

Scientific and technical team of research infrastructure:  
 

Over 50 
 

Impact / benefits: 
 

1. Improving the quality and competitiveness of research in 
the field of materials science and nanotechnology, green, 
purification and non-waste technologies, utilization of 
raw materials and bio-resources, and national identity 
in accordance with the priorities of the National Strategy 
for Development of Research 2025 

2. Ensuring broad access to unique in its complexity and level 
of technical capabilities unified infrastructure for all 
interested users of the research, public and private sector of 
the Republic of Bulgaria 

3. Ensuring the conditions for sustainable development of 
scientific research and innovation in the Republic of 
Bulgaria in sectors structurally important for the industrial 
development of the country 
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10. Central Laboratory of Applied Physics,
BAS, Plovdiv

2. Module 2
11. National Institute of Archaeology with

Museum, BAS
12. Sofia University "St. Kliment Ohridski"

(Faculty of Chemistry and Pharmacy)
13. National History Museum, Sofia
14. National Academy of Art, Sofia
15. New Bulgarian University, Sofia
16. Institute of Balkan Studies and Centre of

Thracology, BAS
17. Institute of Organic Chemistry with Centre

of Phytochemistry, BAS
18. Institute of Ethnology and Folklore Studies

with Ethnographic Museum, BAS.

Field of activity: 
Natural and engineering sciences. 

Type of infrastructure: 
FRAMAT is distributed infrastructure 
(para 6.2.) with a high concentration of 
resources. 

Draft budget for the 2016-2020 period:  
Total: 23 million BGN 

Revenues 
Total: 23.5 million BGN 

Participation in European 
infrastructure:  
INFRAMAT (Module 1) has made a 
formal request for inclusion in the 
European distributed research 
infrastructure CERIC (Central European 
Research Infrastructure Consortium). 
There is a principle agreement on 
participation and currently the means and 
scope of this inclusion are being specified. 
Module 2 – Since 2012 the National 
Archaeological Institute with Museum has 
been part of the European infrastructure for 
electronic exchange and electronic storage 
in the cultural EUROPEANA through the 
electronic network CARARE for the 
conservation of cultural heritage. 

Year of inclusion in the European 
infrastructure: 
Module 2 – 2012 - EUROPEANA 

4. Presence of the Republic of Bulgaria on the map of the
European roadmap for research infrastructures in the fields
of materials science and opportunity for reciprocal use of
European research infrastructure units.

5. Providing capacity for conservation, restoration and study
of existing museum collections and cultural values

6. Creating a critical mass of young researchers and
practitioners through specializations in leading
laboratories abroad to ensure sustainability of conservation,
restoration and study of national cultural heritage in the
next two decades at least

7. Connecting conservation and restoration work with a
research subjects

8. Development of research on ancient technologies and
sources of raw materials

9. Creating conditions for the construction of Balkan Centre
for Conservation, Restoration, Archaeometry and its
integration with education in the region and Bulgaria

“Е+Е”, 9-10/2017 57



 

Regional astronomical center for research and 
education (RACRE) 

Coordinator: 
Institute of Astronomy with 
the National Astronomical 
Observatory (IANAO) 
Situated in one place – 
National Astronomical 
Observatory (NAO) – Rozhen 

Infrastructure location: 
Rozhen 
http://nao-rozhen.org/ 

Bulgarian consortium: 
Financial coordinator: 
Ministry of Education and 
Science 

Scientific coordinator:  
Institute of Astronomy with the 
National Astronomical 
Observatory  

Consortium member: 
o Astronomical Observatory,

Belogradchik,
o Department of Astronomy of

the Sofia University "St.
Kliment Ohridski";

o Astronomical Center of
Shumen University
"Konstantin Preslavski"

Area of activity: 
Natural and engineering sciences. 

Type of the infrastructure: 
concentrated, virtual 

Budget project for the period 
2016-2020:  
45.6 million BGN 

Revenues: 
0.5 million BGN 

Description of the infrastructure: 

RACRE is an association of research and educational institutions in 
the field of astronomy in Bulgaria. In the National Observatory - 
Rozhen concentrated are specialized resources for astronomical 
observations, where students and doctoral students are training. With 
its unique infrastructure and surveillance technique, as well as with 
the available basic infrastructure, the National Astronomical 
Observatory is the largest functioning observatory in Southeastern 
Europe. The main components of the specialized infrastructure are 
four telescopes: 

 200 cm. Ritchey-Chretien-Coude telescope
 60 cm. Cassegrain telescope
 50/70/172 сm. Schmidt telescope
 15 сm. Bio coronagraph

The construction of an observatory of Shumen Plateau is currently 
in progress with a 40-cm telescope that will allow teachers and 
students to do research. 

Scientific and technical team of the research infrastructure:  

96 

Impact / benefits: 

The telescopes of NAO – Rozhen are used to obtain a unique 
observational material that serves to research a wide range of 
activities of modern astrophysics. The results of these studies are 
published in many prestigious international astronomical journals. 
NAO works closely with several universities such as Sofia 
University (SU) and Shumen University who have accreditation for 
training in astronomy. Many studies are conducted in collaboration 
with scientists from almost all European countries, USA, Canada, 
Chile and other countries with highly developed astronomy. IA's 
founder and an active participant in a sub-regional astronomical 
Committee for Southeast Europe. 
Expected benefits shall be pointed: 
o Retention of the status of the biggest astronomical

observatory in Southeast Europe;
o Improving the quality of education and strengthening the links

between education and research sector through practical
training of students in astronomy in real terms;

o Applying innovative methods of observation to study the
processes occurring in inaccessible for terrestrial laboratories
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Participation in European 
infrastructure:  
Participation in ASTRONET 
and OPTICON. 
A preliminary study for 
participation in the European 
Southern Observatory was 
made. 

conditions: powerful gravitational and magnetic fields, huge 
densities and temperatures, nearly absolute vacuum and 
temperatures close to absolute zero, relativistic speeds; 

o Studying physical processes in celestial bodies to develop 
areas of practical application, such as nuclear physics, plasma 
physics, neutrino physics and magneto-hydrodynamics;  

o Detection and tracking through astronomical observations of 
passing dangerously close to our planet asteroids and comets. 
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National Geo-Information Centre   
 
 
 

 
Coordinator: 
National Institute of Geophysics, Geodesy and 
Geography (NIGGG) 
 
Infrastructure location: 
Located all over the country 
http://www.niggg.bas.bg/ 
 
Bulgarian consortium: 
Coordinator: 

- National Institute of Geophysics, 
Geodesy and Geography (NIGGG) 
 

Участници в консорциума: 
- National Institute of Geophysics, 

Geodesy and Geography (NIGGG) 
- National Institute of Meteorology and 

Hydrology (NIMH) 
- Institute of Oceanology (IO) 
- Geological Institute (GI) 
- Institute of Mathematics and Informatics 

(IMI) 
- Institute of Information and 

Communication Technology (IICT) 
 

Field of activity: 
Environment 
 
Type of infrastructure: 
NGIC is a new research infrastructure with 
national coverage.  
 
Draft budget for the 2016-2020 period:  
Total: 44.5 million BGN 
 
Revenues: 
Total: 9.5 million BGN 
 
Participation in European infrastructure:  
EPOS (European Plate Observing System), 
DANUBIUS (Danube International Centre for 
Advanced Studies for River-Delta-Sea-
Systems), EURO-ARGO (European 
‘infrastructure’ for Argo international program), 
ICOS (Unraveling Earth’s greenhouse gas 
balance with measurements), ACTRIS 

Description of infrastructure: 
 

National Geo-information Centre (NGIC) is a newly 
established research infrastructure for collaboration and 
integration of human resources and information products 
of ICT-based systems (monitoring networks and 
observatories), their complex (integrated) and broad 
analysis and creation of mathematical models. 
 

Scientific and technical team of the research 
infrastructure:  
 

Over 50 
 

Impact / benefits: 
 
o Responding to natural and anthropogenic 

disasters and emergencies and establishing 
prevention plans, including hazardous weather 
conditions (hot waves, cold, hurricanes, etc.) and 
related health issues; 

o Overall, 98% of Bulgaria's territory can be 
subjected to seismic impact of 7th and higher 
degree intensity, of which with a magnitude of 7th 
degree - 51%, 8th degree - 28%, 9th and a greater 
degree - 19%. 

o For sustainable urban development; land use; 
designing and implementation of large 
infrastructure projects (pipelines, highways, water 
supply, etc.); 

o Improving water resource management 
through better understanding of the water cycle, 
improving the management and conservation of 
terrestrial, coastal and marine ecosystems; 

o IGIP will contribute for clarification of the 
environmental factors affecting human health and 
welfare, as well as assessment, forecasting, 
mitigation and adaptation to climate change; 

o NGIC will raise public awareness on natural 
disasters and industrial accidents through new 
interactive products; 

o The new IGIP of NGIC will serve not only state 
institutions but also the private sector, which will 
lead to commercialization of research results 
and interaction with various business entities; 
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(Aerosols, Clouds, and Trace gases Research 
Infrastructure Network). 

Year of inclusion in the European 
infrastructure: 
2012 DANUBIUS 

o The activity of NGIC will encourage and
facilitate the transfer of research results into
operational technology by fostering the
cooperation and collaboration between research
communities;

o NGIC information products will support research
and development in key areas of Earth Sciences,
contributing to progress in science and
technology.
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Infrastructure for sustainable development in the field 
of marine research, bound and with the participation 

of Bulgaria in the European infrastructure  
(Euro-Argo) 

 
 

Coordinator: 
Institute of Oceanology 
 
Location of the infrastructure: 
Varna 
http://www.io-bas.bg/ 
 
Bulgarian consortium: 
Financial coordinator: 
Ministry of Education and Science 
 
Scientific coordinator:  
Institute of Oceanology – Bulgarian Academy of 
Sciences 
 
Consortium members: 
- Sofia University “St. Kliment Ohridski”; 
- National Institute of Meteorology and 

Hydrology, BAS 
- Center for hydro- and aerodynamics, Varna, 

to the Institute of Metal science, equipment 
and technologies, BAS 

- Institute for fishery resources, Agricultural 
Academy 

- Higher Naval School “N. Y. Vaptsarov”, 
Varna 

- Technical University – Varna;  
- Medical University - Varna; 

 
Area of activity: 
Environment. 
 
Type of the infrastructure: 
Distributed – organized as a network of resources 
The research infrastructure combines the efforts 
of all participants of the project, who have their 
units, as well as both along the entire Black Sea 
coast of Republic of Bulgaria and research 
centers in its interior (NIMH, IMST). Through 
the implementation of project activities an 
opportunity will be created, which will enable 
the pooling of these resources, their 
optimization and subsequent activity as an 
organized network of resources. 
Draft budget for the period 2016-2020:  

Description of the infrastructure: 
 
It is consist of four thematically unified scientific modules:: 
1. Research fleet; 
2. National Operational Marine observational system; 
3. High Performance Computing; 
4. Research laboratory complex. 
Each module represents a differentiated part of functional 
basis of the research infrastructure and consists of separate 
elements, physically distributed in various scientific 
organizations in Varna. The modules include: scientific 
equipment, facilities, databases, specialized scientific 
laboratories and centers connected on a computer network and 
needed to the scientific community to conduct modern, high 
quality and competitive research, transfer, exchange and 
protection of scientific knowledge. 

The main areas of research are summarized in the following 
groups: 
- Hydrodynamics of coastal zone (wind waves in deep and 

shallow water, wind-wave climate, modeling of wind 
waves), litho- and morphodynamics of the coastal zone 
(sediment transport, recent changes in the profile of the 
underwater coastal slope, dynamics of beaches and 
cadaster) and management of the coastal zone; 

- Marine Physics (marine hydrology, water circulation, 
currents, modeling the processes of half-closed and closed 
basins - Black Sea, Caspian Sea, Aegean Sea); 

- Marine Biology and Ecology (phytoplankton and 
zooplankton, microphytobenthos and zoo benthos, assess 
the state of fishery resources, biodiversity); 

- Marine Chemistry (monitoring and analysis of hydro-
chemical components of marine, river and lake 
environment, indicators of environmental status of the 
marine environment: nutrients, oxygen, heavy metals in 
water and sediments); 

- Marine geology and archeology (geological, geophysical 
and geochemical surveys, geological mapping, 
geomorphological and tectonic processes, ancient 
seashores); 

- Ocean Technology (development, maintenance and 
servicing of ocean instrumentation, specialized and 
precise devices and systems) 
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Total: 66 million BGN  
 
Revenues:  
33.2 million BGN 
 
Participation in European infrastructure:  
MASRI is developed in line with major 
European initiatives and infrastructures: 
‐ Euro-Argo Infrastructure,  
‐ WATERBORNE – The European 

Technology Platform,  
‐ ECMAR - European Council for Maritime 

Applied R&D,  
‐ ITTC – International Towing Tank 

Conference,  
‐ EUROFLEETS network,  
‐ SEADATANET network, 
‐ ESONET - European Seas Observatory 

Network,  
‐ GeoSeas,  
‐ BLACK SEA SCIENTIFIC NETWORK,  
‐ Mediterranean and Black Sea Technology 

Platform for Maritime and Marine Research 
Innovation and Training, 

‐ JERICO, 
‐ DANUBIUS-RI, 
‐ Fix03, 
‐ EMSO, 
‐ Copernicus/MyOcean 
 
Year of inclusion in the European 
infrastructure: 

- Oceanographic Data Centre (collection, quality control, 
processing, storage, archiving and dissemination of 
oceanographic data and information). 

 
Scientific and technical team of the research 
infrastructure:  
 

Over 50 
 

Impact / benefits: 
 

The oceans and seas are the key to climate change and weather, 
influenced by the currents and temperature changes in large 
basins. 
The ARGO system is a unique development, through which it 
is possible to measure the changes in salinity and temperature 
and their storage, the changes in currents and the possibility of 
oceans and seas to absorb excess carbon dioxide from the 
atmosphere. 
ARGO is an essential component of the Global Monitoring for 
Environment and Security (GMES) and in particular, the 
section on marine research. GMES is an initiative for Earth 
observation, led by the European Community and carried out 
in partnership with the Member States. Earth observation 
allows the collection of information on physical, chemical and 
biological systems of the planet or the so called Monitoring of 
the environment. 
The benefits for Bulgaria's participation in EURO-ARGO 
can be grouped in the following areas: 
o Construction of a center for studying of various factors 

affecting the marine environment and its preservation; 
o Databases and monitoring of industrially significant 

fish species in order to determine their stocks and in 
view of their rational exploitation as well as the 
conservation of biodiversity; 

o Developing the competencies and the infrastructure in 
the field of marine technology and in particular the use 
in maritime and coastal engineering, aerodynamics and 
water transport; 

o Improving existing technologies to prevent pollution 
from shipping and oil spills;  

o Development of equipment and technologies for 
collecting oil spills, petroleum and other pollutants 
from incidents above and below the water; 

o Participation in various European networks and 
technology platforms for data exchange and joint 
research programs; 

o Improving the methods of scientific training and 
qualification of young people in the field of marine 
science and technology; 

o Construction of modern laboratories and centers for 
competitive presence in European networks and 
programs in marine research and technology; 

o Development of preoperational and weather numerical 
models of physicochemical and environmental 
parameters in the coastal and open-sea areas; 
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 Energy storage and hydrogen energy (ESHE) 
 

Coordinator: 
Institute of Electrochemistry and Energy Systems – 
BAS 
 
Infrastructure location: 
istributed Infrastructure: Sofia (BAS, UMG, 
UCTM), Blagoevgrad, Plovdiv 
http://iees.bas.bg/bg 
 
Bulgarian consortium: 
Finanancial coordinator: 
Ministry of Education and Science  
 
Scientific coordinator:  
Institute of Electrochemistry and Energy Systems – 
BAS  
 
Consortium members: 
‐ Joint Innovation Centre, BAS 
‐ Institute of Polymers, BAS 
‐ University of Mining and Geology “St. Ivan 

Rilski” (UMG) 
‐ Plovdiv University “Paisii Hilendarski” - 

Laboratory for bio-electrochemistry (PU) 
‐ University of Chemical Technology and 

Metallurgy -  Center for Hydrogen Technology 
(UCTM)  

‐ Central Laboratory of Solar Energy and New 
Energy Sources (CLSENES - BAS) 

‐ South-West University "Neofit Rilski" - 
Innovative Centre for Eco-Energy Technologies 
(ICEET-SWU) 
 

Field of activity: 
New energy and energy efficient technologies. 
 
 
Type of infrastructure: 
„Energy storage and hydrogen energetics” is 
distributed national research infrastructure (NI 
ESHE), which unites 9 structural units - 5 research 
institutes and the Center for Innovation in 
Bulgarian Academy of Sciences and 3 universities 
(in Sofia, Plovdiv and Blagoevgrad). It has an 
emphasized interdisciplinary character of scientific 
and applied competence in several scientific fields 
- electrochemistry, physical chemistry, physics, 
materials science, organic chemistry, corrosion 
science, bio-electrochemistry, and engineering 
sciences. 

 
Description of infrastructure: 
 

The Infrastructure fully covers the priorities of the 2020 
Strategy and provides conditions for the integration of 
Bulgaria in the implementation of the European strategic 
plan for low-carbon energy technologies (SET-Plan). It 
brings together the active Bulgarian research centers 
working in the defined area with their existing base 
(scientific equipment, expertise, research and innovation 
potential, international cooperation), for joint scientific and 
applied activity in a highly relevant for both the European 
and the Bulgarian economy area - production, storage and 
use of renewable energy sources and rapid penetration of 
hydrogen technologies in various areas of economy. 
Coordinated targeted modernization will be provided, 
consistent with the principles of smart specialization and 
specificity of the different geographical areas of the 
country, which will include:  

o gradual modernization and expansion of 4 
distributed thematic laboratories (constructed on 
the basis of the existing 15 laboratories), thereby 
establishing an electronic infrastructure to 
digitize the experimental processes (VRIMS);  

o establishing a laboratory for the certification of 
batteries for filling a vacant niche at national and 
regional level;  

o establishing a common laboratory for testing of 
batteries and fuel cells (components and 
systems) for electric vehicles and energy storage, 
thereby their inclusion in the network or 
renewable energy sources.  

The thematic orientation of the infrastructure will ensure an 
environment for public-private partnership, for closer 
cooperation with the stable national battery industry, and 
expert support for the introduction and effective 
implementation of the new hydrogen technologies. It will 
create a new generation of experts in this field and will 
contribute to the promotion of innovative technologies. 
 

Scientific and technical team of the research 
infrastructure:  
 

Over 20 
 

Impact / benefits: 
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Draft budget for the 2016-2020 period:  
Total: 33.1 million BGN 
 
Revenues: 
20 million BGN 
 
Participation in European infrastructure:  
‐ Network communications in the area Central 

and East European Polymer Network - CEEPN 
‐ European Internet Centre for Impedance 

Spectroscopy - EICIS 
‐ EERA Joint Programs "Fuel cells and hydrogen 

technologies" and "Energy storage". Active 
participation in this structure aims to stimulate 
support from the European Commission for 
fundamental research as well as creating a 
common European science policy at national 
level, i.e. assisting in developing a national 
strategy consistent with both European 
priorities and the national interests. 

‐ NI ESHE is in synergy with other European 
programs and infrastructures: Intelligent Cities 
and Communities, Smart, Green and Intelligent 
Transport, TEN-T, ECCSEL, EU-SOLARIS. 

 
Year of inclusion in the European 
infrastructure: 
2008 
 
 
 

o Methods, equipment and technology for replacing 
non-renewable raw materials and fossil fuels with 
renewable ones based on waste biomass 

o Hybrid Lithium-ion and Sodium-ion batteries with 
cheaper electrode materials 

o New bioelectrochemical systems and transfer of 
know-how to potential users 

o Algorithm and preparation of digital database for 
management and coordination of the experiments 
conducted in a distributed research infrastructure 

o Creation and improvement of processes, equipment 
and technologies for increasing raw material and 
energy efficiency of existing and newly created 
enterprises  

o Hybrid system (battery/fuel cell) for non-road 
transport (electric, water) 

o Databases for storage and transport of data, images 
and other information products (Web Library) 

o Platform for e-learning 
o A device for additional energy independent power 

supply for transport vehicles 
o Technology for integrated waste management 

(municipal, industrial, hazardous), combined with 
their use as renewable raw materials and energy 
source 

o Technology for lead batteries to power bicycles and 
scooters (in Iskra factory - Pazardzhik) 

o Technology for hydrogen production through 
electrolysis or reforming to hydrogen fuel 
station (Adenchar, Samel) 

 
 
 
 
 
 
 
 
 
 
 

“Е+Е”, 9-10/2017 65



 

 

 

 
Eco and energy-efficient technologies 

 
 

Coordinator: 
Technical University – Gabrovo   
 
Location of the infrastructure: 
Gabrovo 
 
Bulgarian consortium: 
Potential participants in a future consortium 
are scientific partner organizations such as the 
Technical University – Sofia, Technical 
University - Varna, Bulgarian Academy of 
Sciences, Ruse University “Angel Kanchev” 
 
Field of activity: 
Energy 
Type of the infrastructure: 
Concentrated – focused at one place 
 
Budget project for the period 2016-2020:  
Total: 11.9 million BGN 
Revenues 
0.5 million BGN 
 
Participation in European infrastructure:  
Technical University - Gabrovo is a member 
of the European University Association / 
EUA. It is a candidate member of the 
University Energy Cluster, founded in 2015, 
in order to make Europe-wide mapping of 
university teaching and research activities in 
the field of energy. 
TU – Gabrovo is a member of IEEE – 
Bulgaria (a professor at the Technical 
University of Gabrovo is the first IEEE 
Senior member from Bulgaria). 
The research infrastructure "Eco and energy-
saving technologies" will allow integration in 
research networks and in European 
technology platforms such as: the European 
Network for Cooperation in Science and 
Technology (COST); the scientific networks 
of the European Science Foundation; 
ENTREE - European Network for Training 
and Research in the field of electrical 
engineering and others. 
 
Year of inclusion in European 
infrastructure: 
2015 

Description of the infrastructure: 
The research infrastructure focuses on (?) Eco and energy efficient 
technologies, Mechanical and Instrument Engineering, CAD / 
CAM / CAE, laser technologies, recognition of materials and 
environments systems, electronics and automation, electric 
vehicles, photovoltaic systems, energy efficient lighting systems, 
solar-thermal, wind and hybrid systems, accredited measurements 
and tests in the fields of activity. 
The research infrastructure will create an innovative environment 
that will enable the application of “know-how” of TU-Gabrovo 
and the partner organizations in the creation of eco and energy-
saving technologies, machinery and equipment, specialized parts 
and assemblies, recognition environments and materials  systems, 
laser systems, accredited measurements, testing and expertises. 
 
Scientific and technical team of the research infrastructure:  
Over 100 
 
Impact / benefits: 
The research and applied research results of the research 
infrastructure’s wok will find application in the industrial 
enterprises of manufacturing industry sectors covering the 
thematic area of ISIS “Mechatronics and clean technologies” such 
as:  
engineering, electronics, automation and robotics, precision 
engineering, electrical engineering, electric, energy and renewable 
energy sources. 
The geographic al location of Gabrovo allows for quick access of 
industrial enterprises from the region and across the country to the 
research results, including consultations at place, overview of 
models and prototypes, measurements, testing and expertise. The 
research infrastructure will enable the production of unique and 
precision components, parts, assemblies, systems, including 
replacement parts, and it will be able to perform precise 
measurements and tests. This will enable companies to not invest 
in the precision engineering that cannot load technologically. In 
many cases, the rapid problem solving in production makes 
companies more competitive. 
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National infrastructure for research and innovation in 
agriculture and food  

RINA 
 
 

 
Coordinator: 
Agricultural Academy  
 
Location of the infrastructure: 
1080 Sofia 
“Schosse Bankya” 7 Str. 
  
Bulgarian consortium: 
Consortium members: 

1. Agricultural Academy – 
Coordinator 

2. Sofia University 
3. Faculty of Biology 
4. Genomic Center 
5. Bulgarian Agency for Food 

Safety 
6. National Agricultural 

Scientific Information 
Complex (NASICo) 

7. Central Agricultural 
Library – ССА 

8. Agricultural University 
Plovdiv 

9. Trakia University – Stara 
Zagora 

10. University of Forestry – 
Sofia 

 
Area of activity: 
Health and food. 
 
Type of the infrastructure: 
Union of five scientific 
complexes, which has the 
necessary modern material-
technical base – laboratories, 
experimental stations, 
demonstration farms, information 
systems and databases, etc., as 
well as the necessary financial 
resources for conducting 
numerous trials and tests, the 
results of which will be deployed 
in the economy. 

Description of the infrastructure: 
 

The National Infrastructure for Research and Innovation in Agriculture and 
Food – (RINA, Research, Innovation, Agriculture) is a consortium of 
research institutes, which will upgrade the currently existing scientific and 
servicing units and will put them together in 5 research complexes in the 
main thematic areas of agricultural science. 

1. Scientific Complex for sustainable soil resources management, 
water efficiency and defining the environmental risks and threats. 

2. Scientific complex for genetic research and plant selection 
3. Scientific research complex for food and beverage 
4. Scientific research complex for livestock breeding, fisheries and 

aquacultures 
5. Scientific Complex for agricultural information, agricultural 

management and Rural Development. 
 

RINA aims to create a modern national research infrastructure for 
achieving significant scientific and applicable results, transfer of 
knowledge and technology in the fields of agriculture, food and 
conserving the natural resources. NI will work for integrating modern 
fundamental and applicable research and educational activities to 
achieve an economically viable and stable industry in terms of adaptation 
to climate changes, ensuring the quality of life of the population. The  
unification of resources of scientific complexes - laboratories and 
laboratory equipment, genetic resources, existing and newly created 
information systems and databases, demonstration farms and research 
capacity in various thematic areas in order to create complex scientific 
solutions which will in result lead to – from technologies for sustainable 
production of important economic crops and animals through appropriate 
high-yielding and quality varieties and certified seeds for them to 
technologies for processing into a final product with high nutritional and 
health qualities. Providing an open access to the scientific results, to big 
data bases and genetic resources by creating e-platforms will reflect on 
the results of the infrastructure activity. The purpose of the NI RINA is 
conversion of research infrastructure into a preferred partner for 
international research and the creation of clusters between science, 
agriculture and processing business. 

Scientific and technical team of the research infrastructure:  
 

Over 500 
 

Impact / benefits: 
 

1. Innovative approaches for obtaining ecologically clean, functional 
foods and beverages of plant and animal origin 
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Budget project for the period 
2016-2020:  
Total: 52.5 million BGN 
 
Revenues  
21.8 million BGN  
 
Participation in European 
infrastructure:  
In the Strategic Report on 
Research Infrastructures – a 
Roadmap of the European 
Commission from 2010 as an 
omission and weakness is given 
the lack of specialized European 
research infrastructure for 
Researches in agriculture that 
should bring together the key 
thematic areas. Working group 
"Research in Agriculture" at 
SCAR suggests the creation of 
new research facilities, consisting 
of integrated infrastructures for 
research and development, to be 
designed as a limited number of 
interdependent infrastructures 
with modern technological 
equipment. 
At this stage, the proposed 
research infrastructure is still 
not involved in such European 
infrastructure. 

2. Forecasts and strategies for sustainable and rational use of soil 
resources of the country 

3. Improving the sustainability of the sector by introducing new 
Bulgarian varieties and breeds that are better adapted to the specific 
soil and climatic conditions. 

4. Increasing the variety of foods for special target groups with chronic 
diseases – diabetes, overweight, obesity, cardiovascular diseases 

5. Direct importance in the production of materials, substrates, pure 
cultures for pharmaceutical industry 

6. Direct significance for development of a competitive niche for the 
production of a child and student clinically tested new generation of 
foods 

7. Distribution of new technologies in the food business and increasing 
its competitiveness in the production of foods and beverages 

8. Breeding programs, technologies, forecasts and strategies for 
sustainable and rational use of national resources for the 
development of livestock 

9. Technology transfer to SMEs of new special foods with high added 
value, suitable for realization of expensive food markets 

10. Increasing the scientific and creative potential and the experience of 
staff of the Centre, which will provide continuity of knowledge and 
experience for the sake of future prosperity. Transfer of knowledge 
and increased awareness of farms and agribusiness on innovation 
and potential to improve competitiveness 

11. Improving the policy for supporting young scientists; introducing 
demonstration and practical modules 

12. Improving the quality and efficiency of services in support of 
agribusiness and rural areas 

13. The deployment of capacity for research and innovation will provide 
an opportunity for new partnerships with businesses and 
establishing new enterprises in the agricultural sector 

14. Easier use of agricultural information and ordering analyzes and 
developments from state institutions, NGOs and businesses 

15. Increasing the accessibility of research results and acceleration of their 
practical application 
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National university complex for biomedical and applied 
research 

Coordinator: 
Medical University – Sofia by the 
Center for Molecular Medicine 
(CMM) 

Location of the infrastructure: 
Medical University – Sofia and 
Medical University – Plovdiv 
http://mmcbg.org/bg/index.php 

Financial coordinator: 
Ministry of Education and Science 

Scientific coordinator:  
Medical University – Sofia 

Consortium members: 
o Center for Molecular

Medicine;
o Medical Faculty
o Faculty of Pharmacy
o National Genetic

Laboratory, Specialized
Hospital for Active
Treatment in Obstetrics and
Gynecology (SHATOG)
“Maichin Dom”;

o University Hospital for
Active Treatment
„Alexandrovska“,

o University Hospital for
Active Treatment and
Emergency Medicine
„Pirogov“;

o University Specialized
Hospital for Active
Treatment of
Endocrinology

Медицински университет – 
Пловдив: 

o Medical Faculty
o Research Center of

Immunology
o Center for medical

molecular biology research

Medical University - Varna: 
Center of Nutrigenomics 

Potential partners: 

Description of the infrastructure: 
The national university complex for biomedical and applied research is a 
distributed infrastructure, organized as a network of resources (biobank, 
scientific equipment and research units) of two of the largest medical 
universities in Bulgaria – Medical University – Sofia and Medical University – 
Plovdiv. 

Scientific and technical team of the research infrastructure:  

Over 20 

Impact / benefits: 

The role of the Consortium is to link the existing resources, achieving 
critical mass of expertise and technological capability to boost the 
research in molecular medicine, genetics and epidemiology areas in 
Bulgaria in the post-genomic era. The aim is to accelerate the transition 
between fundamental research and the clinical practice in order to 
improve prevention, diagnosis and treatment of the most significant for 
the society diseases. 

1. Development of the biobanking in Bulgaria and the inclusion of
the national infrastructure into the European initiative BBMRI-
ERIC

2. Improving the level of biomedical sciences and education by
creating, expanding and maintaining a modern infrastructure
for genomics, proteomics, metabolomics and translational
researches

3. Stimulation of applied researches in the field of genomic
medicine to create approaches for personalized therapy in order
to improve the diagnosis, prevention and treatment of
socially significant diseases such as cancer, cardiovascular,
neuropsychiatric, metabolic and rare genetic diseases

4. Development of biomedical research, promotion of the
applied knowledge transfer and innovation – This will
encourage the establishment of public-private partnership based
on providing services in the field of biomedical research and
applying of “omics” technologies, will launch and boost the
development of spin-off companies based on innovation with
undoubted social and economic impact, and will attract partners
and customers from research and health organizations from the
Balkan region and the EU countries.

5. Enable important issues in science, education and health areas –
technological development of the national infrastructure will
give the necessary boost to the work of researchers in these
biomedicine fields, ensuring the easy access to modern
equipment, opportunities for further staff training and the basis
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MU-Varna, MU-Pleven, Trakya 
University and more than 10 
institutions  
 
Area of activity  
Health and food  
 
Type of the infrastructure: 
Distributed 
 
 
Budget project for the period 
2016-2020:  
Total: 39.6 million BGN 
 
Revenues: 
1 million BGN  
 
Participation in European 
infrastructure  

 
Scientific and technical team of 
the research infrastructure 
 
Year of inclusion in the European 
infrastructure: 
BBMRI – 2011 (memorandum 
signed) 
EATRIS – 2013 an invitation to join 
BioImaging – plan to join; no 
action taken to join 

for building collaborations for knowledge sharing and 
transfer of scientific results and achievements in practice 

6. Rare Diseases – significant social and economic impact, a fact 
that gave reason for recommendations from the European 
Commission and the Council of Europe and reflected in the 
National Program for Rare Diseases of the Republic of Bulgaria 
and the National Health Strategy 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This information is available online: 
Ministry of Education and Science Republic of Bulgaria 
Bulgaria national roadmap for research infrastructure 2017-2023.  
Appendix №5: Profile of the RI in the national roadmap in the republic of Bulgaria, pp. 44-64. 
Last access: 29 November 2017: 
https://ec.europa.eu/research/infrastructures/pdf/roadmaps/bulgaria_national_roadmap_2017_en.pdf 

 

70 “Е+Е”, 9-10/2017



ЕЛЕКТРОТЕХНИКА И ЕЛЕКТРОНИКА E+E 
52 год. 9-10/2017  
Научно-техническо списание  
Издание на: Съюза по електроника, електротехника и съобщения /CEEC/ 

Главен редактор: 
Проф. дтн Иван Ячев, България 

Зам. гл. редактор: 
Доц. дтн Сеферин Мирчев, България 
Редакционна колегия: 
Проф. д-р Анатолий Александров, България 
Проф. д-р Венцислав Вълчев, България 
Д-р Владимир Шелягин, Украйна 
Проф. д-р Георги Стоянов, България 
Доц. д-р Евдокия Сотирова, България 
Доц. д-р Захари Зарков, България 
Проф. Кристиан Магеле, Австрия 
Проф. Маурицио Репето, Италия 
Проф. д-р Марин Христов, България 
Проф. дтн Михаил Анчев, България 
Проф. д-р Никола Михайлов, България 
Проф. дтн Ради Романски, България 
Проф. д-р Росен Василев, България 
Проф. Такеши Танака, Япония 
Проф. Ханес Топфер, Германия 
Д-р Хартмут Брауер, Германия 
Акад. проф. дтн Чавдар Руменин, България 
Акад. проф. Юрий Якименко, Украйна 
Проф. Юън Ричи, Дания 
Консултативен съвет: 
Чл. кор. проф. дфн Георги Младенов, България 
Проф. д-р Димитър Рачев, България 
Проф. дтн Емил Соколов, България 
Проф. д-р Жечо Костов, България 
Доц. д-р Иван Василев, България 
Проф. дтн Иван Доцински, България 
Доц. Иван Шишков, България 
Проф. дтн Людмил Даковски, България 
Проф. дтн Минчо Минчев, България 
Проф. дфн Николай Велчев, България 
Доц. д-р Петър Попов, България 
Проф. дтн Румяна Станчева, България 
Проф. д-р Стефан Табаков, България 
Проф. дтн Сава Папазов, България 

Технически  редактор: Захари Зарков 
Адрес: 
ул. “Раковски” № 108 
ет. 5, стая 506 
София 1000  
тел.: +359 2 987 97 67 
e-mail: epluse@mail.bg 
http://epluse.fnts.bg 

ISSN 0861-4717 

С Ъ Д Ъ Р Ж А Н И Е 
ТЕЛЕКОМУНИКАЦИИ  
Здравка Чобанова  
Съвместно наблюдение на спектъра - общ преглед 1 

Станимир Садинов 
Симулационно изследване и анализ при предаване  
на RZ и NRZ кодирани сигнали в 10 Gbps оптична  
линия с оптични усилвателни участъци 9 

ЕЛЕКТРОНИКА  
Кирил Иванов 
Стерилизация с плазма – особености,  
медицински приложения и нови подходи 15 

ИНОВАТИВНИ ТЕХНОЛОГИИ  
Елена Шойкова, Анатоли Пешев 
Най-добри практики за проектиране на потребителски 
опит за интернет на нещата и виртуална реалност 22 

ПРИЛОЖЕНИЕ В ПРАКТИКАТА 
Милан Станков 
От електрика към инвариантна автоматика  
(или как да използваме познанията си по „Теоретична 
eлектротехника“ за да вникнем в управлението на 
технологичните процеси).  
Втора част. Електромеханична двойственост. 
Универсалност на енергийните равенства. 30 

АКТУАЛНА ИНФОРМАЦИЯ ЗА НАУКАТА 
В БЪЛГАРИЯ  
Министерство на образованието и науката,  
Република България 
Национална стратегия за развитие на научните 
изследвания 2017 – 2030 
(По-добра наука за по-добра България) 
4. Политики, действия и мерки за тяхното прилагане 35

Министерство на образованието и науката,  
Република България 
Национална пътна карта за научна  
инфраструктура 2017-2023 
Приложение №5: Профил на научноизследователските 
инфраструктури в НПК на Република България 50 



A
dd

re
ss

 fo
r 

C
or

re
sp

on
de

nc
e

SI
EL

A
 2

01
8 

U
ni

on
 o

f E
le

ct
ro

ni
cs

, E
le

ct
ric

al
 E

ng
in

ee
rin

g 
an

d 
Te

le
co

m
m

un
ic

at
io

ns
 (C

EE
C

) 
10

8,
 R

ak
ov

sk
i S

tr.
 

10
00

 S
of

ia
 

Bu
lg

ar
ia

 

Ph
on

es
: 

(+
35

9 
2)

 9
87

 9
76

7 
(+

35
9 

2)
 9

65
 3

87
3 

(+
35

9 
2)

 9
65

 3
63

9 
 

Fa
x:

 
(+

35
9 

2)
 9

87
 9

36
0 

(+
35

9 
2)

 9
62

 4
19

6

E-
m

ai
l: 

si
el

a@
tu

-s
of

ia
.b

g 
ht

tp
://

si
el

a.
tu

-s
of

ia
.b

g

U
ni

on
 o

f E
le

ct
ro

ni
cs

, E
le

ct
ri

ca
l E

ng
in

ee
ri

ng
 a

nd
 

T
el

ec
om

m
un

ic
at

io
ns

 (C
E

E
C

) 
IE

E
E

 B
ul

ga
ri

a 
Se

ct
io

n 
wi

th
 th

e 
su

pp
or

t o
f 

Te
ch

ni
ca

l U
ni

ve
rs

iti
es

 o
f S

of
ia

, V
ar

na
 a

nd
 G

ab
ro

vo
 

Fe
de

ra
tio

n 
of

 S
ci

en
tif

ic
 a

nd
 T

ec
hn

ic
al

 U
ni

on
s 

U
ni

ve
rs

ity
 o

f R
us

e 
"A

ng
el

 K
an

ch
ev

" 
 

H
ou

se
 o

f S
ci

en
ce

 a
nd

 T
ec

hn
ol

og
y 

– 
Pl

ov
di

v 
R

eg
io

na
l O

rg
an

iz
at

io
n 

of
 S

TU
 –

 B
ou

rg
as

 
C

en
tre

 o
f I

nf
or

m
at

ic
s a

nd
 T

ec
hn

ic
al

 S
ci

en
ce

s a
t B

FU
 

V
D

E 
– 

G
er

m
an

y 
 

X
X

-t
h 

In
te

rn
at

io
na

l S
ym

po
si

um
on

 E
le

ct
ri

ca
l A

pp
ar

at
us

 a
nd

 
T

ec
hn

ol
og

ie
s  

SI
EL
A 
20
18

3 
– 

6 
Ju

ne
 2

01
8 

B
ou

rg
as

 

Bu
lg

ar
ia

 



A
im

s o
f t

he
 sy

m
po

si
um

 
Th

e 
ai

m
 o

f 
th

e 
sy

m
po

si
um

 i
s 

to
 p

ro
vi

de
 e

xc
ha

ng
e 

of
 

in
fo

rm
at

io
n 

an
d 

ex
pe

rie
nc

es
 o

n 
th

e 
ne

w
 d

ev
el

op
m

en
ts

, 
tre

nd
s 

an
d 

ap
pl

ic
at

io
ns

 u
nd

er
 in

du
st

ria
l a

nd
 a

ca
de

m
ic

 v
ie

w
 

po
in

ts
 in

 th
e 

fie
ld

 o
f e

le
ct

ric
al

 a
pp

ar
at

us
 a

nd
 te

ch
no

lo
gi

es
, 

as
 w

el
l 

as
 t

o 
st

im
ul

at
e 

pe
rs

on
al

 c
on

ta
ct

s 
an

d 
fru

itf
ul

 
co

op
er

at
io

n,
 e

sp
ec

ia
lly

 b
et

w
ee

n 
in

du
st

ria
l 

an
d 

ac
ad

em
ic

 
in

st
itu

tio
ns

. 

H
on

or
ar

y 
Ch

ai
rm

en
:  

Ili
a 

C
H

A
LA

K
O

V
, C

EE
C

 
M

in
tc

ho
 M

IN
TC

H
EV

, T
U

-S
of

ia
 

Sy
m

po
siu

m
 C

ha
irm

an
: 

Iv
an

 Y
A

TC
H

EV
, T

U
-S

of
ia

 

Sc
ie

nt
ifi

c 
Se

cr
et

ar
y:

  
Ili

an
a M

A
RI

N
O

V
A

, T
U

-S
of

ia 

L
oc

al
 O

rg
an

iz
in

g 
C

om
m

itt
ee

 
Iv

an
 V

AS
IL

EV
, C

EE
C 

St
efa

n P
AT

CH
ED

JIE
V

, C
EE

C 
Ru

m
en

 A
TA

N
AS

O
V

, B
AS

SE
L 

K
ali

o M
O

SH
EK

O
V

, C
EE

C 
Pe

ter
 D

AR
JA

N
O

V
, T

U
-S

of
ia 

Ra
in

a T
ZE

N
EV

A,
 T

U
-S

of
ia 

K
ra

sti
o H

IN
O

V
, T

U
-S

of
ia 

V
ale

nt
in

 M
AT

EE
V

, T
U

-S
of

ia 
M

ich
ae

la 
SL

AV
K

O
V

A,
 T

U
-S

of
ia 

D
ily

an
a G

O
SP

O
D

IN
O

V
A,

 T
U

-S
of

ia 
K

os
tad

in
 M

IL
AN

O
V

, T
U

-S
of

ia 
V

ul
tch

an
 G

U
EO

RG
IE

V
, T

U
-S

of
ia 

Ge
or

gi
 T

O
D

O
RO

V
, T

U
-S

of
ia 

St
efa

n T
AB

AK
O

V
, T

U
-S

of
ia 

Se
fer

in
 M

IR
TC

H
EV

, T
U

-S
of

ia 
Za

ha
ry

 Z
AR

K
O

V
, T

U
-S

of
ia 

Iv
an

 M
IL

EN
O

V
, V

TU
-S

of
ia 

N
ik

ol
ay

 M
IH

AI
LO

V
, R

U
-R

ou
ss

e 
Ra

yc
ho

 IL
AR

IO
N

O
V

, T
U

-G
ab

ro
vo

 
M

ar
in

 M
AR

IN
O

V
, T

U
-V

ar
na

 
M

ar
ia 

M
AR

IN
O

V
A,

 T
U

-V
ar

na
 

Bo
ho

s A
PR

AH
AM

IA
N

, T
U

-V
ar

na
 

So
tir

 S
O

TI
RO

V
, P

ro
f. 

A.
 Z

lat
ar

ov
 U

ni
ve

rsi
ty,

 B
ou

rg
as

   
D

an
iel

a O
RO

ZO
V

A,
 B

FU
-B

ou
rg

as
 

Pr
og

ra
m

m
e 

C
om

m
itt

ee
 

Sl
av

ol
ju

b 
A

LE
K

SI
C

, S
er

bi
a 

A
le

xa
nd

er
 A

LE
X

A
N

D
R

O
V

, 
B

ul
ga

ria
 

C
ha

vd
ar

 A
LE

X
A

N
D

R
O

V
,  

   
   

   
   

   
  B

ul
ga

ria
 

A
nt

er
o 

A
R

K
K

IO
, F

in
la

nd
 

D
im

ita
r A

R
N

A
U

D
O

V
,  

B
ul

ga
ria

 

G
an

ch
o 

B
O

JI
LO

V
, B

ul
ga

ria
 

H
ar

tm
ut

 B
R

A
U

ER
, G

er
m

an
y 

G
rig

or
e 

C
IV

ID
JI

A
N

, R
om

an
ia

 

D
im

ita
r D

IM
IT

R
O

V
, B

ul
ga

ria
 

Pe
te

r D
IN

EF
F,

 B
ul

ga
ria

 

B
ul

en
t E

R
TA

N
, T

ur
ke

y 

B
er

nd
 F

R
A

N
K

E,
 G

er
m

an
y 

M
ic

o 
G

A
C

A
N

O
V

IC
, B

os
ni

a 
an

d 
H

er
ze

go
vi

na
 

La
ur

en
t G

ER
B

A
U

D
, F

ra
nc

e 

Le
on

id
 G

R
C

EV
, F

Y
R

 o
f  

   
   

   
   

 M
ac

ed
on

ia
 

Ze
ljk

o 
H

ED
ER

IC
, C

ro
at

ia
 

N
at

ha
n 

ID
A

, U
SA

 

Ta
pa

ni
 JO

K
IN

EN
, F

in
la

nd
 

Y
as

us
hi

 K
A

N
A

I, 
Ja

pa
n 

A
nt

on
io

s K
LA

D
A

S,
 G

re
ec

e 

V
la

di
m

ir 
LA

ZA
R

O
V

, B
ul

ga
ria

 

D
av

id
 L

O
W

TH
ER

, C
an

ad
a 

C
hr

is
tia

n 
M

A
G

EL
E,

 A
us

tri
a 

 

Ili
an

a 
M

A
R

IN
O

V
A

, B
ul

ga
ria

  

Iv
an

 M
A

SL
A

R
O

V
, B

ul
ga

ria
 

B
og

da
n 

M
IE

D
ZI

N
SK

I, 
Po

la
nd

 

G
eo

rg
i M

LA
D

EN
O

V
, B

ul
ga

ria
 

Io
an

 P
O

PA
, R

om
an

ia
 

M
au

riz
io

 R
EP

ET
TO

, I
ta

ly
 

Ew
en

 R
IT

C
H

IE
, D

en
m

ar
k 

Y
ur

i R
O

ZA
N

O
V

, R
us

si
a 

Se
rg

ey
 R

Y
V

K
IN

, R
us

sia
 

Y
os

hi
fu

ru
 S

A
IT

O
, J

ap
an

  

Em
il 

SO
K

O
LO

V
, B

ul
ga

ria
 

Ja
n 

SY
K

U
LS

K
I, 

En
gl

an
d 

H
an

ne
s T

Ö
PF

ER
, G

er
m

an
y 

Iv
an

 Y
A

TC
H

EV
, B

ul
ga

ria
 

D
im

ita
r Y

U
D

O
V

, B
ul

ga
ria

 

Se
rg

ey
 Z

IR
K

A
, U

kr
ai

ne
 

T
op

ic
s 

1.
Fi

el
d 

pr
ob

le
m

s, 
st

ud
y,

 d
es

ig
n 

an
d 

op
tim

is
at

io
n.

2.
M

at
er

ia
ls

 a
nd

 te
ch

no
lo

gi
es

.
3.

Lo
w

-v
ol

ta
ge

 a
pp

ar
at

us
.

4.
H

ig
h-

vo
lta

ge
 a

pp
ar

at
us

.
5.

A
ct

ua
to

rs
 a

nd
 se

ns
or

s.
6.

Po
w

er
 e

le
ct

ro
ni

cs
.

7.
Tr

an
sf

or
m

er
s, 

el
ec

tri
ca

l m
ac

hi
ne

s a
nd

 d
riv

es
.

8.
El

ec
tro

te
ch

no
lo

gi
ca

l p
ro

ce
ss

es
 a

nd
 a

pp
ar

at
us

.
9.

R
en

ew
ab

le
 e

ne
rg

y 
an

d 
po

w
er

 q
ua

lit
y.

10
.I

nf
or

m
at

ic
s, 

C
om

pu
te

r S
ci

en
ce

 a
nd

 C
om

m
un

ic
at

io
ns

.

C
al

l f
or

 P
ap

er
s 

Pr
os

pe
ct

iv
e 

au
th

or
s 

ar
e 

in
vi

te
d 

to
 s

ub
m

it 
pa

pe
rs

 o
n 

th
e 

ab
ov

e 
lis

te
d 

to
pi

cs
. E

ac
h 

au
th

or
 c

an
 p

ar
tic

ip
at

e 
in

 a
t m

os
t 

th
re

e 
pa

pe
rs

. A
 t

w
o-

pa
ge

 d
ig

es
t 

fo
r 

ea
ch

 p
ap

er
 s

ho
ul

d 
be

 
su

bm
itt

ed
 v

ia
 t

he
 c

on
fe

re
nc

e 
m

an
ag

em
en

t 
sy

st
em

. 
Ea

ch
 

di
ge

st
 w

ill
 b

e 
re

vi
ew

ed
 b

y 
at

 le
as

t t
w

o 
re

vi
ew

er
s. 

 

IE
E

E
 P

ub
lic

at
io

n 
SI

EL
A

 
is

 
an

 
IE

EE
 

co
nf

er
en

ce
 

an
d 

IE
EE

 
ho

ld
s 

th
e 

co
py

rig
ht

 o
f t

he
 S

ym
po

si
um

 P
ro

ce
ed

in
gs

. A
ll 

ac
ce

pt
ed

 a
nd

 
pr

es
en

te
d 

pa
pe

rs
 w

ill
 b

e 
pu

bl
is

he
d 

in
 t

he
 S

ym
po

si
um

 
Pr

oc
ee

di
ng

s 
an

d 
su

bm
itt

ed
 to

 IE
EE

 X
pl

or
e 

D
ig

ita
l L

ib
ra

ry
, 

Sc
op

us
 a

nd
 W

eb
 o

f S
ci

en
ce

 d
at

ab
as

es
. 

L
an

gu
ag

e 
Th

e 
w

or
ki

ng
 la

ng
ua

ge
 o

f t
he

 sy
m

po
si

um
 is

 E
ng

lis
h.

 

E
xh

ib
iti

on
 

Ex
hi

bi
tio

n 
w

ill
 b

e 
or

ga
ni

se
d 

du
rin

g 
th

e 
Sy

m
po

si
um

. 

V
en

ue
 

Th
e 

sy
m

po
si

um
 w

ill
 b

e 
he

ld
 in

 h
ot

el
 B

ul
ga

ria
, i

n 
th

e 
to

w
n 

of
 B

ou
rg

as
, s

itu
at

ed
 o

n 
th

e 
co

as
t o

f t
he

 B
la

ck
 S

ea
.  

R
eg

is
tr

at
io

n 
Fe

e 
Th

e 
re

gi
st

ra
tio

n 
fe

e 
is

 2
40

 E
U

R
. I

t i
nc

lu
de

s 
ad

m
is

si
on

 to
 

Sy
m

po
si

um
 s

es
si

on
s, 

a 
co

py
 o

f 
Sy

m
po

si
um

 P
ro

ce
ed

in
gs

, 
C

of
fe

e 
B

re
ak

s 
an

d 
B

an
qu

et
. T

he
re

 w
ill

 b
e 

re
du

ce
d 

fe
es

 fo
r 

st
ud

en
ts

 a
nd

 f
or

 m
em

be
rs

 o
f 

C
EE

C
 a

nd
 I

EE
E.

 E
ar

ly
 

re
gi

st
ra

tio
n 

fe
e 

is
 2

00
 E

U
R

. P
ay

m
en

t h
av

e 
to

 b
e 

re
ce

iv
ed

 
no

 la
te

r t
ha

n 
th

e 
ea

rly
 re

gi
st

ra
tio

n 
fe

e 
de

ad
lin

e.
  

D
ea

dl
in

es
 

D
ig

es
t s

ub
m

is
si

on
  

15
.0

2.
20

18
 

N
ot

ifi
ca

tio
n 

of
 a

cc
ep

ta
nc

e 
   

15
.0

4.
20

18
 

Ea
rly

 re
gi

st
ra

tio
n 

fe
e 

de
ad

lin
e 

30
.0

4.
20

18
 

R
ec

ei
pt

 o
f f

ul
l p

ap
er

s  
  

15
.0

5.
20

18
 

R
ec

ei
pt

 o
f e

xh
ib

iti
on

 in
te

nt
io

n 
 

15
.0

5.
20

18
 



31nd International Conference 
on Information Technologies 

20-21 September 2018 
St. St. Constantine and Elena resort 

BULGARIA  

 

 ORGANIZATION 
 

The International Conference on Information Technologies 
(InfoTech) is a successor of the International Conference on 
Systems for Automation of Engineering and Research (SAER), 
established in 1987. 
InfoTech-2018 will be organized as a combined format:  
[1] Preliminary discussion on submitted reports by using virtual 
e-forum on the web site; 
[2] Presentation on site (conference sessions) of all reports 
accepted to be published in Conference Proceedings. 

 

TOPICS 
 

We invite submissions of papers presenting original re-searches 
in the following topics (but not limited): 
1. Information Technologies
2. Information Security 
3. Networking and Communication Technologies 
4. Intelligent Systems and Applications 
5. Technologies for System Design & Investigation 
6. Technological Aspects of e-Governance & Privacy 

 

APPLICATION FOR PARTICIPATION 
 

To take part in the InfoTech-2018 you should send by the e-
mail before April 30th, 2018, the following:  

 Application Form;
 Full-length paper (complete manuscript in English)

The paper should be prepared in one column format (justified) 
using Times New Roman 14pt typeface on A4 sheet without a 
pagination. Margins: top – 30mm, bottom, left and right – 20mm. 
The guide for paper preparation (TEMPLATE) is available on 
the conference web site.  
Electronic versions of the Application Form and of the 
TEMPLATE for paper preparation could be downloaded from 
the conference web site:  
http://infotech-bg.com 
For all submissions please, use e-mail address:  
rrom@tu-sofia.bg 
For more information about conference history, procedures and 
photo gallery you could visit the Conference web site. 

 

PUBLISHING 
 

The papers will be reviewed for their scientific content by the 
members of the Int’l Program Committee and authors will be 
notified (by Second Form) of acceptance or rejection. 
Acceptance will be based on quality, relevance and originality. 
The revised and final versions of accepted papers must be 
submitted in camera-ready form before June 30th, 2018. 

All accepted papers with participation fee payment will be 
published in the virtual e-forum on the conference web site for 
preliminary discussion (15 July – 15 August) and will be 
included in the Conference Program for presentation on site in 
report/poster conference sessions. 

The papers nominated after the on-line discussion by positive 
conclusion will be published in the PROCEEDINGS (ISSN 
1314-1023) which will be spread over 20 libraries in all over the 
World. The electronic version of the publications will be 
included in the scientific databases of the EBSCOHost (USA). 

 

MAIN DEADLINES 
 

till 30.04.2018 Application Form sending with full 
paper in English.  

till 30.05.2018 Reports reviewing and acceptance 
confirmation by sending Second 
Form and Reviewer’s Reports. 

till 30.06.2018 Registration for participation by  
Fee payment, fill in the Registration 
Form and Revised paper 
submission. 

15.07 – 15.08.2018 Virtual e-Forum organization with 
distance discussion. 

20 – 21.09.2018 Conference opening and reports 
presentation in sessions. 

 

 INFORMATION  
 

Prof. R. Romansky, D. Sc.  
Technical University – Sofia  

8, Kliment Ohridski Blvd.,  
1000 Sofia, BULGARIA  

E-mail: rrom@tu-sofia.bg  
WEB Site: http://infotech-bg.com  

Tel.: (+359 2) 965-32-95 / 965-25-30 
Fax (office): (+359 2) 962-45-77 




