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Видин

2

14

СЕВЕРЕН ЦЕНТРАЛЕН РАЙОН
Заети в сектора – 1548
• 0.6% от заетите в района
• 10.2%от заетите в сектора
Брой фирми – 137, в т.ч

СЕВЕРОЗАПАДЕН РАЙОН
Заети в сектора – 652
• 0.3% от заетите в района
• 4.5% от заетите в сектора
Брой фирми – 87, в т.ч.
1.“Аналитик” АД – 153 заети

1.”СЕТ”АД- 400 заети
2.”Момина крепост” АД – 225 заети
3.“Оргтехника” АД -164 заети
4.“Карат електроникс” АД – 100 заети
5.“Бевт” АД – 70 заети

2.”Бел тел. Фактори” ЕАД – 89 заети
3.“Елтен” ООД – 69 заети
4.”Интелигентни с-ми за сигурност” ООД – 46 заети
5.“Инкомс електр. и съобщителна техника
Милин камък” АД – 45 заети
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ЮЖЕН ЦЕНТРАЛЕН РАЙОН
Заети в сектора – 1752
• 0.4% от заетите в района
• 11.8%от заетите в сектора
Брой фирми – 174, в т.ч.

Сливен

10
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Стара Загора



Варна
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24

Велико Търново

Габрово 

1.“Оптик” АД – 350 заети
2.“Асел” ООД – 278 заети
3.”Телекабел” АД – 92 заети
4.“Роботика” ООД – 81 заети
5.”Ектрон” АД – 75 заети

Кюстендил



Разград


3

Софийска
област

1.“Соник хибрид” ООД – 14 заети
2.“Самост. мед. техн. лабор. Пегас” ЕООД -12 заети
3.“Самост. мед. техн. лабор. Фиодента” ЕООД – 11 заети
4.”Крис Бил Васко Кутев” ЕТ – 10 заети
Добрич
5.“Натурела” АД ЕАД – 10 заети




Ловеч

8

Русе



Враца
37



СЕВЕРОИЗТОЧЕН РАЙОН
Заети в сектора – 432
• 0.1% от заетите в района
• 3.1% от заетите в сектора
Брой фирми – 148, в т.ч



Ямбол

ЮГОИЗТОЧЕН РАЙОН
Заети в сектора – 893
• 0.3% от заетите в района
• 6.0%от заетите в сектора
Брой фирми – 116, в т.ч.
1.“СКАТ ТВ” ООД – 198 заети
2.“Делта” ЕООД – 56 заети
3.”Вертикал Руси Манолов” ЕТ– 54 заети
4.“Медия Систем” АД – 50 заети
5.“Екоенергия” ООД – 46 заети

Бургас



Пазарджик





Пловдив



Благоевград
ЮГОЗАПАДЕН РАЙОН
Заети в сектора – 9716
• 0.9% от заетите в района
• 64.4% от заетите в сектора
Брой фирми –386, в т.ч.
1.” EPIQ Electronic” ЕООД – 2318 заети
2.”BMV” ЕООД – 500 заети
3.” Самел 90” АД – 400 заети
4.” Аркотроникс Б-я” АД – 395 заети
5.”Датекс” ООД – 310 заети
Източник: База данни “Амадеус”, МИЕТ, 2011 г.
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2611 - Производство на електронни елементи

Хасково

Кърджали



ПРОФЕСИОНАЛНО ОБРАЗОВАНИЕ
Висше училище – (20)
Професионална гимназия – (121)
Частен колеж – (7)

2630 - Производство на радио-, телевизионна и
далекосъобщителна техника
2660 - Производство на излъчващи електромедицински
и терапевтични апарати
2620 - Производство на компютърна техника
2670 - Производство на оптични уреди и елементи и
фотографска техника
2651 - Производство на уреди и апарати за измерване,
изпитване и навигация
2680 - Производство на магнитни и оптични носители,
незаписани
Други – 2.5%
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TELECOMMUNICATIONS SCIENCE

Challenges of quality of experience management for cloud based
ambient assisted living services and applications
Georgi Balabanov
The aim of the Cloud Based Ambient Assisted Living (CBAAL) refers thus to the study and development of intelligent systems to support independent living of senior citizens, compensating for prevailing age-related physical and cognitive impairments, offering a secure conditions in daily environment preferred by user. This is done by creating a caring home environment, meaning an environment
that “senses” intuitively the wishes and needs of the person that lives in this house, providing unobtrusive daily support, notifying formal and informal caregivers when necessary and serving as a
bridge to supportive services in areas such as risk management and home safety, eHealth and lifestyle
management as well as activities of daily living. The CBAAL is a bridge between information technologies and senior citizens social environment. Quality of Experience (QoE) Management poses a
challenging task, aimed at meeting specific senior citizens user expectations and requirements
regarding reliable and cost-effective communication, access to specified services and applications,
anytime and anywhere. This paper proposes a taxonomy and models for the evaluation of the QoE
Management for CBAAL services and applications. The article presents results of performance studies
undertaken via eWall project.
Предизвикателства при управлението на качеството на възприемане при облачно базирани услуги и приложения за интелигентна заобикаляща среда. (Георги Балабанов). Концепцията за интелигентната заобикаляща среда е насочена към изучаването и разработката
на интелигентни системи, които да подпомагат възрастните хора в тяхното ежедневие,
компенсирайки преобладаващите сред тях, свързани с възрастта заболявания, предоставяйки
им желаните от тях сигурни и комфортни ежедневни условия на живот. Това се постига
чрез създаването на обгрижваща домашна среда, която „усеща“ желанията и нуждите на
потребителите и им осигурява дискретно всекидневно подпомагане, уведомява грижещите се
за тях близки и медицински лица, когато е необходимо. Чрез интелигентната заобикаляща
среда комуникационните и информационни технологии, продукти и услуги навлизат в социалното обкръжение на възрастните хора. Съществуват множество предизвикателства пред
управлението на качеството на възприемане за крайния потребител на такиви услуги и приложения. Тази статия представя класификация и модели за изследване на качетвото на възприемане на облачно базирани услуги и приложения за интелигентна заобикаляща среда. Статията представя резултати, получени от проекта eWall.

I. Introduction
Ambient Assisted Living (AAL) is an emerging
technology focused on providing of middleware of
different types of sensors, computers, mobile devices,
wireless networks and software applications for personal healthcare monitoring and tele-health systems
[1].
From a physical perspective, the overall system topology of a Cloud Based Ambient Assisted Living
(CBAAL) system is consisting of different elements,
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starting from portable or home sensors, over mobile or
embedded systems with fairly low computational
power, up to powerful computational machines and
cloud services. The major challenge for the engineering of an AAL system is to consider how this diversity
of elements can be integrated in a seamless way to
render the assistance services in a coherent way [2].
The eWALL CBAAL system (Figure 1) involves
an ecosystem of sensing devices, computing resources
and display devices. The interaction within the ele-

1

Fig.1. Cloud Based AAL architecture.

ments of that ecosystem is enabled by the central
component of the system, eWALL Platform with core
running in cloud environment and which aggregates
data coming from sensors, analyses them, transforms
them into specific formats suitable for the user who
needs them and infers new higher level of knowledge
by applying advanced reasoning on data. The objective of the ecosystem is providing added value services to the end users [3].
Quality of Experience (QoE) is an emerging term
that indicates that what ultimately matters in multimedia applications is the user’s perception of the application. This is a different approach than the previously
well-established Quality of Service (QoS) which focused on functional and technical requirements of the
system. This shift in evaluation paradigms gave the
user more abstract power from just a user to an evaluator as well. That is why users’ opinions and feedback
are even more important just as important as a design
guideline or marketing strategies are to commercial
companies.
The QoE describes user perception and satisfaction
influenced by the performance of individual service
components which finally result in the acceptability of
the service [4].
A more holistic conceptualization of QoE was proposed by [5] with the following definition: "Quality of
Experience (QoE) is the degree of delight or annoyance of the user of an application or service. It results
from the fulfilment of his/ her expectations with respect to the utility and/or enjoyment of the application
or service in the light of the user’s personality and
current state." Regarding this definition QoE is an
emotional state and evaluation of QoE must take into
account emotions of the end user. This definition
points explicitly to the possible influence of humanrelated factors, as well as of specific system and context-related factors.

2

II. Predicting QoE from QoS
Since both QoS and QoE are requested to provide
a CBAAL service to the users, they should be seamless. QoE can be practically estimated by measuring
QoS parameters (loss ratio, delay, jitter etc.). However, it is, also true that in real situation the modeling
QoE is difficult because it is subjectively evaluated
and affected by several factors. Under these circumstances, it is important to bridge the QoS and QoE
architectures.
The literature presents several patterns of relating
QoE parameters with QoS. Each pattern has its advantages and disadvantages.
Some research efforts have tried to derive particular mathematical relations between the QoS and QoE
metrics. For instance, [6] provide a logarithmic link
between the QoS parameter and user’s perception.
This can also be observed between QoS elements and
the QoE on the user side, in a given CBAAL system.
A QoS-QoE correlation model is given by [7]. The
authors suggest that QoE is a function of QoS parameters such as delay, jitter, loss rate, error rate, Bandwidth and Signal success rate. In any particular case,
QoE would be considered as the effect on the user
perception that gives certain QoS parameters values.
In [8] empirical studies the effect of QoS deterioration on QoE by the path analysis method, using a
high-precision path diagram.
The QoS and QoE requirements follow traffic patterns and applications specific features are investigated in [9]. The conclusion of the authors is that QoS is
more related to the traffic flows, the performance of
the system and the resource configuration while QoE
is more related to the perception of the service by the
AAL system user.
Another idea is to map the many-to-one relationship between QoS metrics and QoE using a radar chart
[10]. The QoE function will be composed of an almost
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infinite number of QoS metrics. As a proof of the
concept the authors measured QoE using a standard to
measure speech quality in telephony with different
QoS conditions
Although the previous references provide different
descriptions of the relationship between QoS and
QoE, they almost unanimously acknowledge that there
is a relationship between QoS and QoE. This relationship is an important one since it will determine how to
define QoE and improve it by also maintaining high
QoS values. Calculating, estimating, or predicting the
QoE from the QoS is very convenient for the developers or evaluators of the CBAAL services and application but it deviates from the uniqueness of the QoE
construct, which should not be based solely on QoS.
This might defeat the purpose of having a separate
construct. The acknowledgement is that QoS should
be a part of QoE, as it affects the experience of the
user. However, it should be one aspect of that construct among other.
III. QoE Taxonomy
To create the initial QoE model we will separate
the parameters into two groups: ones that can be
measured directly from the application such as loss
ratio, delay jitter, and the other group that has to be
deduced by user behavior. The idea is that in such a
model the taxonomy should stem from the core definition of QoE. Hence, we define two parts for the top
organization: QoS and User Experience parameters.
The User Experience is composed of four parts: Perception Measures, Rendering Quality and Physiological Measures. This higher level organization, shown in
Figure 2, reflects an apparent taxonomy for CBAAL

tired from the application, while others may feel relaxed. Some might feel the effect of collaboration
while others might need more stimuli. Each user may
have a certain set of preferences and modality choice.

Fig.3. Perception measures model.

The rendering quality relates to the quality of the
graphics and audio. Each modality is considered separately first and eventually blended and mixed modalities are considered. The rendering quality category
highlights how the users experience those different
modalities and their interaction.
The user state parameters can be divided into two
complimentary sets. The first of these sets indicates
the state of the user through biological means. Physiological measures are biological parameters measured
directly by the users' bodies while they are using the
application. These parameters indicate relevant factors
such as anxiety, stress, and brain activity (Figure 4).

Fig.4. Physiological measures model.
Fig.2. Overall QoE Model.

services and applications evaluation and at the same
time it is more customizable depending on the parameters needed for evaluation.
As depicted in Figure3, perception measures model mirror how the user perceives the CBAAL services
and applications. This is a user-centric category, and
could be unique for every user. Some users may get
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There is a continuing research effort in psychophysiology that tends to evaluate elements of the user
experience by subjective and objective measures. The
research focuses on the users’ emotions during the
interaction with an environment such as playing a
cognitive game. The subjective measures would be the
user emotions assessed via questionnaires while the
objective measures are the corresponding physiological measurements of the user.

3

IV.
Implementation
In the eWall project we have created a service
brick, which makes the QoE rating of CBAAL application using facial analysis. The service brick receives
heterogeneous data including facial expressions and
social network posts made by the primary user in the
form of text. The mood estimation is carried out by
different algorithms each one for the different kind of
data. The output of the algorithms is in the form of
Valance-Arousal (V-A). Block diagram of the module
is presented on Figure 5.

Fig.5. Mood estimation module.

Both algorithms are running asynchronously since
the input data is independent but storage of the estimated mood is done by serialization to avoid overwriting. The Valence-Arousal model is highly recognized in research communities since it can allow easy
interpretation of mood as a two dimensional diagram.
This is also the reason of selecting it as a model for
mood representation in eWALL. The model shows
that a good range of emotions and emotional states
can be estimated using only two numbers. The service
brick is delivering only these two numbers and secondary intelligence module use them to estimate the
grade of QoE for particular application.
The other algorithm “Text to Mood” is based on
mapping words to positive or negative mood. The
algorithm is only capturing the Valence component of
the V-A model. This data set consists of English
words each one with corresponding positive or negative score. A pre-processing is applied on the data,
where intersection on it with most common words in
English is done. The algorithm is implemented in
JAVA.
V. Conclusion
In this article a taxonomy and models for the evaluation of the QoE for Cloud Based Ambient Assisted
Living services and applications was proposed. An
implementation of mood estimation module for QoE
rating within Cloud Based Ambient Assisted Living
eWall Project was described.
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Network topology analysis graph properties that matter
Mircho Mirchev, Seferin Mirtchev

This article presents correlation between network metrics with graph properties, more
specifically spectral graph characteristics. This work is in the foundation of network topology analysis
based on the relevant graph representation of the network and its properties. In the beginning is made
an overview of the basic network metrics that contribute to the network quality, resilience, robustness
and performance, which in turn reflects in the satisfaction of the final user, which is usually measured
with the Quality of Experience (QoE) level. These metrics include, but are not limited to: • Link
latency and Round-trip time • Jitter • Throughput • Packet loss • Availability. The next part is focus on
topology parameters of graphs, how they are calculated and what their meaning in the context of
networks is. Focus is given on the so called spectral graph properties, because they well represent
global metrics of the topology in terms of quality and resilience. Such spectral graph properties are
the algebraic connectivity, graph spectrum and some of their products such as graph diameter,
effective resistance and network criticality. In the third part is given a view on the correlation between
the network metrics and graph properties, so the analysis of the properties of the graph that
represents the real network, can give pretty good estimation on the network quality in total. Based on
this analysis, the graph topology can be optimized, so that the network that it represents can be also
optimized to achieve better quality. Such network optimization ultimately leads to improving the QoE
level of a network.
Анализ на топологичната структура на мрежата – свойства на графите, които
имат значение (Мирчо Мирчев, Сеферин Мирчев). Тази статия представя корелация между
мрежовите показатели чрез свойства на графите и по-специално чрез спектралните
характеристики на графите. Работата е в основата на анализа на топологичната
структура на мрежата въз основа на съответното представяне на мрежата и нейните
свойства чрез графи. В началото е направен преглед на основните показатели на мрежата,
които допринасят за качеството на мрежата, гъвкавостта, устойчивостта и
производителността, което от своя страна отразява удовлетворението на крайния
потребител, което обикновено се измерва с нивото на качество на възприемане. Тези
показатели включват, но не се ограничават до: закъснения и време за изпращане и връщане на
пакета, джитер, пропускателна способност, загуба на пакети, наличност. Следващата част
се фокусира върху топологичните параметри на графите, как те се изчисляват и какъв е
техният смисъл в контекста на мрежи. Набляга се върху така наречените спектрални
свойства на графите, тъй като те добре представят глобални показатели на топологичната
структура по отношение на качество и гъвкавост. Такива свойства на спектралните графи
са алгебричната свързаност, спектър на графа и някои от техните производни като
диаметър на графа, ефективна устойчивост и критичност на мрежата. В третата част е
даден поглед върху корелацията между мрежовите показатели и свойствата на графа, така
че анализът на свойствата на графа, който представя реалната мрежа, да може да даде
доста добра оценка за качеството на мрежата като цяло. Въз основа на този анализ,
топологичната структура на графа може да бъде оптимизирана, така че мрежата, която
представлява, също да бъде оптимизирана за постигане на по-добро качество. Такава
мрежова оптимизация в крайна сметка води до подобряване на нивото на възприемане на
мрежата.
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I. Introduction
The quick expansion of networks worldwide, leads
to number of question regarding their topology. In the
initial planning and further optimizations the network
topology is a key factor. The dynamic routing
protocols give the ability to have global networks
implementing a variety of complex topologies.
Usually there are constrains for choosing a network
topology, which are geographical, economical and
technical. However often disregarded questions is
about now to choose a topology – Which one to
choose initially?, How the ensure the needed
redundancy and resilience of the network?, etc.
Choosing the “right” topology has direct effect on the
overall network performance and quality and it
contributes to the end-user experience. This in turn
corresponds to the satisfaction of the final user, which
is usually measured with the Quality of Experience
(QoE) level.[1] Although QoE parameters are usually
based on subjective measures that rely on human
opinion, most of the network and Quality of Service
(QoS) metrics, which are strictly related to technical
measurement over the network, affect the QoE
parameters. Several approaches are taken to measure
and optimize the QoE of networks [1]–[7]. Some, like
[4], propose deploying an overlay layer to the physical
network that can cope with link failures and
congestion. But again stays the question about the
topology of these networks.
On the other hand every network can be
represented as a graph, where network nodes are the
vertices and links – edges. As there are a lot of studies
on graph properties, these can be easily evaluated and
measured [8]–[11].
Most of the graph studies focus on the graph
properties per se, and don't relate them to the network
metrics. This paper presents correlation between
network metrics with graph properties, more
specifically spectral graph characteristics [8], [11]–
[17]. This correlation is important because there are
very strong analytical methods for graph analysis and
optimization and having this correlation can give
possibility to optimize the network metrics by
optimizing the graph properties [18].
II. Network metrics
Today’s networks are almost all packet based,
more specifically IP based. Therefore for all further
references to network we will assume a packet based
IP network [19].
Delay / Latency
Let’s start with the network metrics that can be
technically measured. The most obvious one is the end
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to end packet delay when traversing a network. It is
usually noted as round-trip time, measured in seconds
or milliseconds (for clarity) and can be viewed as a
double of the sum of then link latencies of links along
the path of the packet plus the packet processing time
at each node, considering the node/link capacity is
infinite. In real networks, it is also affected by the
node and link utilization [20]. It is usually considered
that nodes and links capacity and utilization can be
represented as M/M/1 queue, but recent studies on IP
networks that delay is usually worse than the
calculated by the Erlang C formula assuming the
Poisson arrival process [21]. The flow and packet
arrivals are anything but Poisson, on the other hand,
and even exhibit the extreme correlation of selfsimilar processes [22] or having peak factors, that
influence the queue waiting time[23].
For evaluation of a network, the average delay
parameter is used. This can be considered as the mean
of round-trip delays of all paths of the network [24],
[25].
Jitter
By definition jitter is the deviation from true
periodicity of a presumably periodic signal. In the
context of packet based IP networks, jitter is the
variation in latency as measured in the variability over
time of the packet latency across a network. A
network with constant latency has no variation (or
jitter). Packet jitter is expressed as an average of the
deviation from the network mean latency. However,
for this use, the term is imprecise. The standardsbased term is "packet delay variation" (PDV).
However, for simplicity we can consider jitter is a
change in end-to-end latency with respect to time in
packet-based IP networks.
Packets arriving at a destination at a constant rate
exhibit zero jitter, while packets from same flow,
which are routed through different paths throughout
the network, can experience very heavy jitter. [1]
Throughput
Throughput or network throughput is defined as
the rate of successful message delivery over a
communication channel. It is usually measured in bits
per second (bit/s or bps), and sometimes in data
packets per second (p/s or pps), depending of the
purpose. For a network, the total throughput is the
maximum rate of information transfer between each
two nodes. For each discrete link the maximum
throughput is limited by a huge number of factors.
Some of these are described below:
Analog limitations - The maximum achievable
throughput (the channel capacity) is affected by the
bandwidth in hertz and SNR of the analogue physical
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medium. Despite the conceptual simplicity of digital
information, all electrical signals traveling over wires
are analogue. The analogue limitations of wires or
wireless systems inevitably provide an upper bound
on the amount of information that can be sent. The
dominant equation here is the Shannon-Hartley
theorem, and analogue limitations of this type can be
understood as factors that affect either the analogue
bandwidth of a signal or as factors that affect the
signal to noise ratio [26].
Link latency and jitter - as of now, IP networks
primarily carry TCP traffic [27], the link latency and
the jitter limit the TCP throughput and it can be
significantly affected due to reassembly of packets in
a timely manner at the receiving end. So important to
ensure that a particular TCP session is not drastically
affected if packets for this session take two different
paths through a network - note that these paths can
conceivably have different latency even if both paths
are marked as ECMP paths in the routing table. Thus,
in most router implementations, packets that belong to
a particular TCP session (i.e., going to a specific
destination in terms of IP address of the end node) are
routed on a specific shortest-path when multiple
shortest paths are available. Packets for another TCP
session, which may have the same pair of origindestination routers as the first TCP session, can take a
different shortest path than the first one (when
multiple shortest paths are available). Thus the ECMP
split may be decided based on per session, rather than
on a packet-by-packet basis. This usually is achieved
by hashing the packet headers and taking decisions
based on the calculated hash. [20]
Packet loss due to Network congestion. Packets
may be dropped in switches and routers when the
packet queues are full due to congestion [28].
Packet loss due to bit errors. [26], [29]
Scheduling algorithms in routers and switches. If
fair queuing is not provided, users that send large
packets will get higher bandwidth. Some users may be
prioritized in a weighted fair queuing (WFQ)
algorithm if differentiated or guaranteed quality of
service (QoS) is provided. [20], [30], [31]
So besides the purely physical constrains for the
throughput, the link latency, the jitter and also the
network utilization affect the overall throughput of the
network.
Availability
By definition, availability is an expected average
time in which a single device or the entire network
operates properly. It usually measured as the
probability that the system is working properly in the
given moment of time. [32]
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The availability of a network is a very wide term,
which includes both topological aspects from the core
of the network to the end users, and OSI model
aspects from the physical layer to the application layer
(as service availability). It is a KPI of networks and
usually is directly connected to the QoE of services.
As such, availability is in the ETSI QoS model and it
is defined for each type of services [7].
As a rule of thumb, a network is reliable as its least
reliable component, so measures to maximize the
reliability of different components should be taken.
Such measures include redundancy of links, nodes,
ensuring there are several paths between each nodes,
etc.
III.
Graph properties
Graph theory has always been used for solving a
number
of
problems
in
the
field
of
Telecommunications. As each network can be
represented as graph – either weighted or unweighted,
either undirected, or directed – the graph theory can
be used to find paths in the network, to calculate the
shortest one or to search for critical edges (bridges) or
critical nodes – called articulation points. Until
recently most of these tasks were accomplished
algorithmically. In the recent decades a new branch of
graph theory has emerged – Spectral graph theory [33]
[15]. Its foundations lie on the idea of representing the
graph in matrix form – either adjacency matrix, or
other type – and calculating the parameters of the
graph based on the parameters of the matrices.
Usually these parameters give a lot of information on
the graph structure and its properties [34], both local
and global.
Spectral graph theory is a mathematical theory in
which linear algebra and graph theory meet. For any
graph matrix M we can build a spectral graph theory
in which graphs are studied by means of eigenvalues
of the matrix M. Frequently used graph matrices are
the adjacency matrix A, the Laplacian L = D − A and
the normalized Laplacian ℒ =
, where D is a
diagonal matrix of vertex degrees. The Spectral graph
theory includes all particular theories together with
interaction tools.
Diameter
The diameter is not a specific spectral parameter of
a graph, but is used a lot in spectral theory. The
diameter of a graph is defined as the longest shortestpath between any two graph vertices (i,j), where i∈ V
and j ∈ V of a graph G(V,E):
=

,

,

(1)
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This implies the use of BFS algorithm to travel
through the graph to find all paths [35].
It also can be defined as the maximum eccentricity
among the vertices of G, as follows:
=

( )

∈

(2)

The diameter of graph is fundamental parameter of
the networks, as it gives quick estimation of the size
and worst case of paths through the network.
Average shortest-path length
The average shortest-path is also not a spectral
specific parameter of graphs, but is very significant in
the network graph analysis. It is defined as:
=
, ∈

( , )
( − 1)

(3)

where is the set of nodes in , ( , ) is the shortest
path from to , and is the number of nodes in .
The average shortest path length of a network is an
important property, since it is directly correlated with
how different parts of the network communicate, and
exchange information. A small average distance is a
prerequisite for improved synchronizability, efficient
computation and signal propagation across the
network [36], [37].
Spectrum of a graph
The spectrum of finite graph
is by definition the
spectrum of the adjacency matrix A, its set of
eigenvalues together with their multiplicities. The
Laplace spectrum of finite graph
is the spectrum of
the Laplace matrix L [33].
Since A is real and symmetric, all its eigenvalues
are real. Also, for each eigenvalue , its algebraic
multiplicity coincides with its geometric multiplicity.
Since A has zero diagonal, its trace tr(A), and hence
the sum of the eigenvalues is zero.
Similarly, L is real and symmetric, so that the
Laplace spectrum is real. Moreover, L is positive semi
definite and singular, so we can denote the
eigenvalues by:
≥⋯≥

≥

=0

(4)

Where for connected graph with single component
is:
≥⋯≥

>

=0

(5)

Actually the number of eigenvalues for which
= 0, gives the number of connected components of
a graph [38].

The sum of these eigenvalues is tr(L), which is
twice the number of edges of . Finally, also ℒ has
real spectrum and nonnegative eigenvalues (but not
necessarily singular) and tr(ℒ)=tr(L).
From the spectrum of graph the most used thing is
the Fiedler vector. According to [39], [40] this vector
is the eigenvector associated with λ2. This vector gives
the spectral partitioning of the graph, from which we
can derive the subcomponents by their relative
connectivity. Also in [41] is introduced the symmetry
ratio of a network, which metric is defined to be the
ratio of the number of distinct eigenvalues of the
network to the diameter. This metric is used to study
the robustness of a network topology in the face of
targeted attacks.
Algebraic connectivity
In [42] the algebraic connectivity ( ) of a
(connected) graph is defined as the second smallest
eigenvalue ( ) of the Laplacian matrix of a graph
with n vertices.
This parameter is used as a generalized measure of
“how well is the graph connected”[43], [44]. It has
values between 0 and n (a fully-connected graph Cn
has n). This eigenvalue is greater than 0 if and only if
G is a connected graph. This is a corollary to the fact
that the number of times 0 appears as an eigenvalue in
the eigenvector of the Laplacian is the number of
connected components in the graph. Therefore, the
farther λ is from zero, the more difficult it is to
separate a graph into independent components.
However, the algebraic connectivity is equal to zero
for all disconnected networks. Therefore, as soon as
the connectedness is lost, due to failures for example,
this measure becomes less useful by being too coarse.
For comparison of the connectivity of graphs with
different number of nodes, it is useful to use the
normalized Laplacian matrix of graphs and its
spectrum [45], [15].
Node degree and number of edges
These are the most basic properties of any graph,
which even define the graph itself. The node degree
describes the number of neighbours a node has. The
node degree distribution is the probability Pr(k) that a
randomly selected node has a given degree k. The
number of links that on average connect to a node is
called the average node degree. The average node
degree can be easily obtained from the degree
distribution through
=

( )

(6)

where Dmax is the maximum degree in a given graph.

8

“Е+Е”, 3-4/2017

For graph representing real communication
networks, the node degree maps to the number of
interfaces on the routers/switches, while the number
of edges are the connections (both real and virtual,
depending on the OSI layer on which the graph
representation is made). The main goal of network
optimization is keeping the number of edges small
(keeping the graph sparse), while improving the
overall network metrics. On the other hand the graph
with the best possible network metrics is the full graph
– Cn. So optimizing the number of links requires
balancing the trade-off between high performance and
redundancy vs. lower cost, power, and less inter-node
links.
Network criticality
The term network criticality is introduced in [25].
It is a graph-theoretic metric that quantifies network
robustness, and that was originally designed to capture
the effect of environmental changes in core networks.
It is defined as the average random-walk betweenness
of a link (node) normalized by its weight. This
quantity is independent of link (node) location and it
is a decreasing and strictly convex function of link
weights. Network criticality can be written in terms of
the components of the undirected Moore-Penrose
Laplacian matrix:
2
(7)
( )
−1
There is a useful interpretation of network
criticality in terms of electrical circuits: network
criticality is the unweighted average of the equivalent
resistances [46]. Therefore optimizing criticality is
equivalent to minimizing the average resistance or
maximizing the average conductance of a network,
which explains why network criticality can be
considered also as a global robustness metric [47].
Effective Network resistance
Another good measure for network robustness is
the effective resistance. The normalized total effective
resistance is proportional to the inverse total effective
resistance, which is defined as the sum of the pair
wise effective resistances over all pairs of vertices
[48]. The total effective resistance Rtot is the sum of
the effective resistances over all pairs of vertices,
where the effective resistance of the edges is defined
as:
−
(8)
=
̂=

(9)

=

In the literature the total effective resistance is also
called Kirchhoff index. As a result of Klein and
Randić work[19], it can be written as a function of the
non-zero Laplacian (weighted) eigenvalues (for single
component connected graphs):
=

1

(10)

For network robustness index the value of
normalized effective resistance is used. The advantage
of this is that values lie in the interval [0;1] and a
large value indicates a robust network. It is zero for
unconnected graphs and maximal (one) for complete
graphs – similar to the algebraic connectivity:
−
(11)
=
IV. Correlation between the network metrics
and graph properties
From the reviewed so far network metrics and
graph properties, it is obvious that each one has its
role in the network analysis. Moreover most these
metrics and properties and bound to each other and
there are correlations between them. Let’s take as
example the graph property algebraic connectivity – it
is considered as a general indicator of how “wellconnected” a graph is. Being “well-connected”
implies good average path lengths as well as an
abundance of loops to ensure good reliability and
overall connectivity. Thus, graphs with high algebraic
connectivity generally indicate efficient placement of
links with many redundant paths between nodes, as
well as good distribution of traffic (depending on the
routing algorithm used). In figure 1 is shown the
distribution of the average shortest path (Y-axis) and
algebraic connectivity (X-axis) for 1000 random
connected graphs – G(n,p), described with Erdős–
Rényi model with n>100 and n<300, and 0<p<1,
with beta distribution of random values of p with α=1
and β=50, so it focuses more on sparse graphs to get
better abstraction of networks [49]. The algebraic
connectivity is normalized as per [50], so graphs with
different number of nodes can be compared in terms
of algebraic connectivity.

And the total effective resistance is:
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where T(u) is the number of triangle through node u
and deg(u) is the degree of u. And the average
clustering coefficient of graph G is:
=

1

(13)
∈

where n is the number of nodes in G.

Fig.1. Average SP length vs. Algebraic connectivity
for 1000 random graphs – G(n,p).

From the figure, it can be concluded that increase
of the algebraic connectivity leads to shorten average
shortest-path in a graph in almost linear fashion. The
average shortest-path is in direct relation to the
average delay of the network due to lower number of
links and nodes that traffic pass through the network.
It is almost the same in regards to the diameter of
graphs, as shown on figure 2 where the initial data are
the same as above.

Fig.3. Average clustering coefficient vs. Algebraic
connectivity for 1000 random graphs – G(n,p).

From the figure is seen that graphs with high
algebraic connectivity also have higher average
clustering coefficient, which means there are little
weakly connected clusters and the graph edges are
uniformly distributed between nodes. This leads to the
exploration of the correlation between the clustering
coefficient and the average path length, shown on
figure 4.

Fig.2. Diameter vs. Algebraic connectivity
for 1000 random graphs – G(n,p).

Another interesting relation is between the average
clustering coefficient of a graph and its algebraic
connectivity, shown on figure 3. For unweighted
graphs, the clustering of a node is the fraction of
possible triangles through that node that exist:
=

10

2 ( )
( ) −)
( )(

(12)

Fig.4. Average SP length vs. Average clustering
coefficient for 1000 random graphs – G(n,p).
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So if a network has both a high average clustering
coefficient, and a small average distance, it is called a
“small world” network [51]. This architecture have
other desired properties, like enhanced signal
propagation
speed,
synchronizability
and
computational power [37], [51]. As it turns out, the
networks with the largest average clustering are
“small world” networks, since they also have the
smallest possible average distance [36]. This is also
seen from figure 3, where the “best” algebraic
connectivity leads to highest average clustering
coefficient.
The last, but not least significant, is the network
criticality property of graphs. It is bounded by the
reciprocal of algebraic connectivity. More precisely:
2
( − 1)

≤ ̂≤

2

(14)

This means that increasing the connectivity of a
network, decreases the upper bound of network
criticality, which potentially means more robustness
[52].
V. Conclusion and future works
In this paper are reviewed the basic network
metrics, the graph properties and some correlations
between each. As all these parameters are correlated
between each other, the further works are on the more
in-depth study of all the relationships between these
parameters and finding optimal topologies by
optimizing the graph spectral characteristics in given
bounds. Also a future work is in the field of the
solving the linear programming problem of achieving
predefined spectral characteristics and creating a
topology upon them.
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ELECTRONICS

Analysis and investigations on a digitally controlled LED buck
driver for automotive LED applications
Emil N. Kovatchev, Nadezhda L. Evstatieva
This article presents a configurable constant current LED driver with DSP digital control. A novel,
cost-effective high-side current sensing circuit provides feedback signal, proportional to the average
LED current. A fast PID controller is implemented on a microcontroller with DSP core. The PID
controller drives a fully integrated half-bridge IC in a synchronous step-down configuration. A
prototype PCB has been designed and thoroughly investigated. The PID parameters have been adjusted
according to the Takahashi PID tuning method. The performance of the tuned LED controller has been
evaluated in terms of stability, steady-state precision, transient response and efficiency.
Анализ и изследване на светодиоден (LED) драйвер с понижаващ преобразувател на
напрежение за автомобилни приложения (Емил Н. Ковачев, Надежда Л. Евстатиева). Тази
статия представя светодиоден (LED) драйвер с DSP-микроконтролерно управление.
Иновационна, икономически ефективна схема на токов монитор предоставя сигнал,
пропорционален на светодиодния ток. Бърз пропорционално-интегрално-диференциален (ПИД)
- регулатор е реализиран цифрово чрез микроконтролер с DSP-копроцесор. ПИД - регулаторът
управлява два MOSFET транзистора, конфигурирани като синхронен понижаващ
преобразувател (syncronous buck converter). Прототип на предложения светодиоден драйвер е
реализиран и обстойно изследван. ПИД - параметрите са оптимирани по метода на Takahashi.
Настроеният ПИД – регулатор е изследван по отношение на стабилност, точност в
стационарен работен режим, импулсен отговор и ефективност.

Introduction
The automotive power LED light applications – e.g.
high and low beam, fog lights, positioning light, tail
lights, brake lights - are gaining momentum due to their
undisputed advantages – long life expectation, high
efficiency, compact solid state construction and elegant
design.
A properly designed LED driver acts as a constant
current source which raises its output voltage until the
desired LED current target is met and maintains
regulation, compensating for possible LED forward
voltage fluctuations by engaging a fast current
regulation loop.
The closed loop control is commonly based on the
proportional-integral-derivative (PID) control law. In
purely analog LED controllers, the P, I and D terms are
adjusted by resistors and capacitors, placed properly in
the feedback of the error amplifier in order to define
poles and zeroes and shape the closed loop transfer
function in the desired manner. Examples include the
integrated LED drivers TL5098 by Infineon [1],
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LT3755 by Linear Technology [2], MAX16833 by
Maxim [3]. These ICs feature a transconductance
amplifier in the feedback loop. The output of this
amplifier acts as a current source, the RC compensation
network can thus be placed between output and ground.
The analog solutions do not allow for flexible
feedback loop shaping due to the need for component
value modifications. The discrete component values do
not allow for exact definition of the PID-coefficient,
thus an iterative approach is required. The aging and
the tolerances of the power plant components cannot be
compensated for.
With the advance of the digital signal processing,
discrete PID control algorithms have been
implemented on a fast digital core [4]. The advantages
of the digital solutions include the easy loop response
tuning, the adaptive control algorithms depending on
actual operation point (e.g. using individual PID
coefficient sets for start-up with minimum overshoot,
steady state with precise set-point regulation, fast load
step and transient response, shut-down with no
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oscillations), the auto tuning ability, which enables
automatic compensation for aging components.
Goals and tasks
The objective of the present paper is the design,
analysis and experimental verification of a precise,
highly integrated, digitally controlled LED driver for
automotive applications. Special attention is given to
the PID coefficient tuning procedure, the transient- and
stability analysis.
The advantages of the proposed solution include:
- a novel, cost-effective and precise high - side
current measurement circuit, thoroughly described in
[5], used for LED average current sensing and closing
the feedback loop;
- a simple and fast discrete PID algorithm with
integral anti-windup, which enables the use of low-cost
microcontrollers;
- the use of highly integrated power driver stage
DRV8412 which allows for high switching frequency,
low switching losses, simple single-ended PWM
control for a half-bridge, on-chip LED overcurrent
protection and diagnostics;
Design goals are output power of 30W, LED current
0.2A…1A, supply voltage <50V, steady state error of
<5%, phase margin >45%, transient response <50µs,
overshoot <10%, efficiency >86%.
Presentation
A synchronous step-down converter topology has
been selected for the LED controller, due to the
following considerations:
- regulated 42…45V link voltage (which is also the
input voltage for the LED driver presented here) is
already available in the conceptual LED control
module by employing a multi-phase boost converter;
- the high LED current needed in front lighting
application, but also the lightweight construction of
modern cars, demand for high efficiency and low
weight, which implies a low-loss synchronous
rectification for the power converters.
PID controller basics
The
proportional-integral-differential
(PID)
controller has been well established and investigated
for decades and is widely used in the electrical
engineering. It combines a robust control theory
fundament with the somehow intuitive tuning approach
[6]. The sum of three corrective terms - proportional,
integral and differential - determines the
output of the controller:
P-term – the proportional response determines the
magnitude of the output response as a function of the
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error. Higher proportional gains increase the speed of
the control system, but also produce overshoots and –
eventually - control loop oscillations which may even
destroy the control system;
I-term – the integral term sums up the errors over
time. It stores the error information from the past - the
magnitude of the integral increases even with small
deviations from the set point. The PID controller needs
this information in order to drive the steady state error
to zero. Setting the integral term too high slows down
the response of the control loop;
D-term – the differential term is proportional to the
rate of change of the output. It will force the system to
react faster to changes in the error signal and increase
the response speed of the system. Care must be taken
when using the derivative term since it is highly
sensitive to noise.
Depending on the control system demands, partial
variations of the full-featured PID controller are also
possible, e.g.: PD controllers are used for power plants
with integrator behavior (motors, heating elements); PI
controllers are used for cost efficient regulation where
no tight control or fast transient response is required.
The LED automotive driver presented in this work
has to comply with rigorous transient test pulses
specified in standardized automotive regulations
(superimposed sinus sweeps, inductive transient
spikes, load-dump, jump start pulses) and also maintain
tight LED current regulation of typically +/-5% over
automotive temperature and battery supply range.
Therefore a full-featured, fast and precise PID
controller has to be designed.
PID controller design
As a starting point, the actual error, i.e. the
difference between the desired set-point and the actual
value of the control variable, has to be determined. For
the LED driver presented in Figure 1, the error signal
is the difference between the targeted LED current I set
and the actual LED current I out . Since the PID
controller samples the output voltage of the high-side
current monitor Vsense (t) , which is directly proportional
to the LED current, as stated in [5], a virtual reference
Vset , proportional to the setpoint current I set is fed into
the PID controller:
(1)

Vset ∝ I set ,Vsense ∝ I out ,

The error signal then becomes:
(2)

e(t) = Vset - Vsense (t) ,

“Е+Е”, 3-4/2017

Fig. 1. Schematic of the proposed digital PID-controller for LED applications.

Considering the fact, that the output variable of our
LED controller is represented by the duty cycle of the
buck FET, the PID control law in the time domain can
be expressed by the following equation:
(3)

t

duty(t)=K p e(t) + K I  e(τ )dτ + K D
0

de(τ ) ,
dt

In alternative notation, related to the time constants of
the integral and differential blocks:
(4)

t

1
de(τ )  ,
duty(t)=K p e(t) +  e(τ )dτ + TD

TI 0
dt 


where K p is proportional gain, KI is the integral gain,
KD is the derivative gain, TI is the integral time
constant, TD is the derivative time constant, τ is an
integration variable.
For a digital PID controller implementation the
equation (4) has to be transformed in the discrete time
domain using the forward (rectangular) Euler
integration method [7]:


(5) duty(n) = K p e(n) +


TS
TI

n -1



T

 e(i ) + TD (e(n ) − e(n − 1)) ,
i =0

S



where n is the discrete time sampling instant, TS is the
sampling time.
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In equation (5), the products K p

TS
T
, K p D , as
TI
TS

well as K p are constants (provided the sampling
intervals are also constant) and shall be tuned properly
for fast response and stability.
Care must be taken to limit the output variable (the
duty cycle of the power FETs) to safe value and also
prevent a potential runaway of the integral error sum by
implementing an “anti-windup” limit check.
A detailed signal flow diagram of the proposed
digital PID controller, including integral anti-windup,
is depicted on Figure 2, whereas v_set denotes the LED
current setpoint, v_sense[n] is the discretized LED
current monitor signal, e[n] is the discrete error signal,
ε is the dead-band region, d[n] stands for the updated
duty cycle after the PID-controller execution.
PID controller tuning
The purely analytical P, I, D coefficient calculation
of the digital controller requires a thorough knowledge
of the power plant and regulation loop characteristics,
which is often unavailable.
Therefore, PID control tuning procedures based on
experiments and simplified calculations have been
developed, e.g. by Ziegler-Nichols (ZN) [8], Takahashi
[9] and others [10]. These methods rely partially on
experiments with the closed loop system, in which the
control output is brought to oscillations by setting the
integral and derivative term to zero and increasing
slowly the proportional gain only until instability
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Fig.2. Block diagram of the digital PID controller with anti-windup algorithm.

occur. Obviously, these methods are only applicable
for control systems where the oscillations do not
overstress or damage the control loop- and power plant
components.
The Ziegler-Nichols tuning method results in a
rather aggressive gain and overshoot prediction and
also requires knowledge of the oscillation frequency,
whereas the Takahashi method only requires the
knowledge of the minimum gain, K OSC , at which the
oscillation starts.
For the purposes of this paper we will use the
Takahashi PID tuning method due to the moderate
stress it poses on the control system.
For discrete PID controller, [11] states that the
sampling time TS of the control process shall comply
with the condition
(6)

TS ≈

Tsettling
5 ÷ 15

A sampling time of 4µsec allows the FET duty cycle to
be updated in the next switching cycle. Setting TS to
4µsec fulfils condition (6) well. A longer sampling time
will degrade the phase margin (thus the stability) of the
system.
According to [9], for known K OSC and TS the
PID-coefficients can be calculated in following manner
(Table 1).
To determine the critical K P gain, the buck output
is brought to oscillations by observing the converter
output voltage with an oscilloscope, setting the integral
and derivative term to zero and slowly increasing the
proportional gain until output voltage instability
occurs. The experimentally determined minimum gain
K OSC at which the oscillations on output of the PID
controller occur, is
(7)

,

where Tsettling represents the settling time of the output
within 95% of its nominal value. Tsettling has been
measured to be approximately 50µsec, the switching
frequency of the buck converter is set in the range
210kHz … 250kHz.

K OSC = 1.041 .

The initial coefficients for the digital PID controller
have been calculated according to the equations in
Table 1, considering the sampling time TS = 4μs and
the measured value for K OSC :
(8)

K P ≈ 0.499,

TS
T
= 0.250, D = 0.015
TI
TS

Table 1
Experimental tuning with stability limit experiments. Takahashi [9]
Controller Type

KP

TS
TI

TD
TS

P

0.5K osc

n.a.

n.a.

PI


T 
K osc  0.45 − 0.27 S 
Tosc 



T 
K osc  0.45 − 0.27 S 
Tosc 


PID
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T 
0.6K osc 1 − S 
 Tosc 

1.2

K oscTS
K PTosc

n.a.

3.0

K oscTS
40 K PTosc
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For a discrete PID controller, [12] states that the
integral time TI shall be
(9)

TS
TI ≈
0.1 ÷ 0.3

This requirement is easily met by the values
calculated in (8).

further investigation with focus on transient and
stability performance promises good results.
Prototype PCB
A prototype printed circuit board has been designed
and assembled according the schematic in Figure 1.
Care has been taken to keep the loop area small in the
discontinuous current paths in order to minimize the
EMI and prevent noise coupling issues.

Digital PID controller software implementation
The digital implementation of the PID controller
based on equation (5) is straight forward once the P, I,
D coefficients have been determined in (8).
Following C-code excerpt outlines the software
implementation of the PID algorithm:
//define a dead-band for the error
#define epsilon 0.01
//anti wind-up for the integral sum
#define I_MAX 1000
#define I_MIN -1000
//limit the output duty cycle
#define D_MAX 95
#define D_MIN 0
#define Kp 0.499
#define Kd 0.25
#define Ki 0.015
floatPIDcal(float v_set, float v_sense)
{
static float pre_error = 0;
static float integral = 0;
float error;
float derivative;
float dutycycle;
//calculate the error
error = v_set – v_sense;
//stop integration if error smaller than epsilon
if (abs(error) > epsilon) {integral = integral + error;}
//anti-wind-up fort the integral sum
if (integral > I_MAX) {integral = I_MAX};
else if (integral < I_MIN) {integral = I_MIN};
//calculate the derivative term
derivative = (error - pre_error);
//caculate PID output, duty cycle for the buck controller
dutycycle = Kp*error+ Ki*integral+ Kd*derivative;
//prevent output saturation
if (dutycycle > MAX) {dutycycle = MAX;}
else if (dutycycle < MIN) {dutycycle = MIN;}
//update error sum
pre_error = error;
return dutycycle;
}

Experimental investigations
Based on the theoretical analysis of the discrete PID
controller and the software structure considered in the
previous chapters, a practical implementation and
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Fig.3. Prototype PCB, top view.

Buck converter components
For the investigation purposes of this paper the
DRV8412 integrated circuit by Texas Instruments has
been used for the buck switch and synchronous rectification. DRV8412 is a highly sophisticated, fully
featured fast half-bridge driver, containing all the
needed function blocks, including control logic, diagnostics, protection circuitry and power MOSFETs on a
single chip with large exposed thermal pad [13].
The logic inputs of DRV8412 are TTL- and 3.3Vcompatible and can be driven directly by a low-voltage
microcontroller without the use of level shifters. Four
PWM inputs accept PWM frequency of up to 500kHz,
making this driver very well suited for DC/DC
converter experiments with high switching frequencies.
Moreover, a built-in dead-time timer prevents the highand low side FETs from shout-through pulses. Four
completely independent and fully featured half-bridge
power stages are accommodated on a single chip.
The microcontroller used is a dsPIC33F derivative
by Microchip. It has following important feature set:
• DSP core with 120Mhz clock; 2Msps 10-bit
ADC; four high-speed, high resolution (up to
1.04ns) PWM generators with dead-time;
• Adjustable overcurrent protection for each
PWM channel.
Fault condition behavior
An adjustable, fast over-current protection for the
integrated FETs is also available on chip in DRV8412.
This is a very important, system safety related feature.
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In case of LED output short to ground or LED overcurrent condition the inductor current will rise above
the set overcurrent limit. Then, the built-in overcurrent
protection of DRV8412 instantly shuts down both
outputs and sets its diagnostic output pin to low in order
to signal a fault condition to the microcontroller. The
µC can be programmed to employ a hiccup protection
mode, trying to restart the buck for certain number of
cycles and eventually shutting down DRV8412, if the
overload condition still persists. In this application, the
overcurrent threshold is set to approx. 3.5A.
Steady state operation
In steady state operation (Figure 4) the average LED
current is regulated to 1000mA. A measurement
indicates a negligible -0.2% error (red trace), thus
confirming the properly chosen gain and integral coefficients. The execution time of the PID software, including the ADC sampling time and the threefold
multiplication routines is 1.13µsec (yellow trace) – an
indication that the PID control routines can be easily
executed within one switching cycle of the buck converter for high regulation speed and stability. The FET
switching frequency has been initially set to 217kHz
(green trace).

The overshoot of the LED current during load transients is also an important issue, related to the maximum current limitations of modern high power LEDs.
Due to the small thermal mass of the LED junction
structures, even overshoots of short duration can increase the LED junction temperature above the acceptable limits.
The initially calculated parameter set in (8) results
in a fast rise time of approx. 20µsec but also in underdamped control behavior with 19% LED current overshoot above the set-point. This might be an issue in the
real-life application, since the LEDs allow for certain,
relatively small current overshoot, typically in the
range of 20-30%. A slight increase of K D ܭ from
0.015 to 0.022 reduces the overshoot to acceptable 4%
(Figure 5).

Fig.4. Steady state operation of the LED driver (red – LED
current, yellow – PID controller execution time, green –
PID controller output PWM).

Dynamic characteristics
The load step response of the LED controller is an
important measure of its quality. The light intensity of
the LEDs is usually controlled by applying a dimming
PWM, typically in the frequency range 200Hz…2kHz.
PWM resolution of 10 bits and more is often required.
The pulse response of the LED driver must therefore
be fast enough to meet the minimum pulse width
requirements which result from the PWM period divided by the number of steps for the corresponding
PWM resolution.
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Fig.5. LED current overshoot tuning (red - LED current).

Figure 5 also indicates the physical limitations of
the reaction speed of the control system, posed by the
natural time constant of the buck stage LC-tank:
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Fig. 6. Relation between transient response and phase margin according to Basso [17].

(10)

τ = LC = 90μH .4,7μF ≈ 20μs

It becomes evident that the rising and falling edges
of the LED current cannot be shorter than 20µs if the
energy in the inductor and the capacitor is fully depleted in the off phase. In cases where faster response
times are required, e.g. in high-resolution dimming
applications, an additional FET connected in parallel to
the LEDs can provide very steep rising and falling
times of couple of micro- or even nanoseconds [14].
Stability
The stability criteria for a closed loop control system are well established in the control theory [15], [16].
Design target is usually a phase margin close to 45°. By

definition, the phase margin is the difference between
the actual phase (i.e. as depicted in the Bode diagram)
and -180° at the frequency, where the gain of the closed
loop becomes unitary (or 0dB). This frequency
determines the bandwidth of the closed control loop.
The physical explanation of this requirement is that at
the point where the gain of the negative feedback
becomes one and noises or distortions cannot be
suppressed anymore there still shall be enough phase
margin to prevent a rapid phase shift to -180°. Is this
condition does not hold true, the system might become
instable and even start oscillating. A quick and efficient
approach to investigate the stability of the closed loop
controller without the use of an expensive network
analyzer is to look at the load step response of the
converter. For a buck converter, a relation between the

Fig.7. Closed loop stability measurement setup with vector network analyzer (VNA).
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damping factor Q, the pulse shape and the phase margin
can be derived [17]. A comparison of the measured
LED current shape during a load step of the PID
controller, tuned according to Table 1, to the diagram
depicted in [17], predicts a phase margin of slightly
more than 36°. This value will be compared to the
phase margin measured with a vector network analyzer
(Figure 6).
The classic stability investigation is based on the
Bode plot of the closed loop transfer characteristic
(gain and phase). A vector network analyzer (VNA)
injects small-signal (mostly in the mV-range) sinus
perturbations into a high impedance node of the feedback network. The excitations travel all the way along
the feedback loop, two VNA measurement ports receive the incident and the reflecting wave, a DSP engine performs fast FFT and calculates the gain und
phase of the closed loop response of the device-undertest (DUT).
For the experiments in this paper an Omicron Bode
100 VNA [18] has been used in following configuration (Figure 7).
The Bode plot of the tuned PID controller indicates
a good phase margin of 40° at 4.5kHz crossover frequency (Figure 8).

The measured phase margin of 40° complies very
well with the predicted value of slightly more than 36°
according to [13]. Further improvement of the phase
margin is possible on the expense of reduced controller
bandwidth.
Efficiency
Efficiency measurements for different LED string
lengths and currents are summarized in Table 2. The
The LEDs are mounted on a large heatsink und cooled
by pressurized air, the supply voltage of the buck converter is held constant at 45V level. Efficiency measurements are carried out with various number of LEDs
and LED currents (Table 2).
Table 2.
Buck Converter Efficiency

Buck Converter Efficiency [%]
# of LEDs
LED current [mA]
200
500
1000
89.1
92.4
91.4
4
90.9
93.3
92.9
5
91.6
94.6
93.4
6
92.2
95.7
94.1
7

Fig.8. Bode plot of the tuned LED driver.
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The graphical representation of the efficiency
numbers is shown on Figure 9.

Fig.9. Efficiency plot of the tuned LED driver.

Conclusion
The digital LED driver presented in this paper
performs excellently “straight of the box”. It meets
easily most of the design goals, stated at the beginning
of this work: the steady state error is negligible, the
impulse response is fast and the stability of the control
system nearly meets the design target.
Further work can expand the performance of the
system in following aspects:
- improvement of the phase margin by reducing the
gain of the closed loop by 3…4dB. Doing so will push
the phase margin to app. 55° and meet our design
target, on the expense of reduced bandwidth of the
controller down to approx. 4kHz;
- design of an adaptive PID controller with multiple
parameter sets for start-up, shutdown and steady state.
Then, the comprehensive PID algorithm only engages
during start-up phase to obtain a fast transient response.
In the steady-state operation, a PI controller without Dterm reduces the jitter of the duty cycle and improves
stability and noise suppression;
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Model-based optimization of electron beam welding
for obtaining defect-free welds
Elena G. Koleva, Lilyana S. Koleva, Georgi M. Mladenov
The optimization of welds obtained by electron beam welding is a multi-criterial task, involving
the requirements for the geometrical characteristics of the welds, together with the fulfilment of the
requirements for lack of defects. This complex task can be solved through estimation of adequate
models for the dependencies of the quality characteristics on the process parameters and finding
optimal solutions that fulfil simultaneously all criteria.
In this paper, only the appearance of critical defects at certain regime conditions is considered,
without taking into account of the type or the number of the defects. The modelling is done by
implementation of two approaches – statistical approach based on regression analysis and
discriminant analysis for defining the areas of the process parameters, where the appearance of
defects is or is not expected. Different modelling approaches are compared and their applicability is
discussed. Experimental data are used for the investigation of the influence of the variation of different
electron beam welding regime conditions - electron beam power, welding velocity, the distances from
the main surface of the magnetic lens of the electron gun to the beam focusing plane and to the sample
surface on the considered performance characteristics.
Моделно базирана оптимизация на процеса електроннолъчево заваряване за
получаване на бездефектни заваръчни шевове. (Елена Г. Колева, Лиляна С. Колева, Георги
М. Младенов). Оптимизацията на заваръчните шевове, получени чрез заваряване с електронен
лъч, е многокритериална задача, включваща изисквания за геометричните характеристики на
заваръчните шевове, както и изпълнението на изискването за липса на дефекти. Тази сложна
задача може да бъде решена чрез оценка на адекватни модели за зависимостта на
качествените характеристики от параметрите на процеса и намиране на оптимални
решения, които изпълняват едновременно всички критерии. В тази статия се разглежда само
появата на критични дефекти при определени режимни условия, без да се взема предвид вида
или броя на дефектите. Моделирането се осъществява чрез прилагане на два подхода статистически подход, базиран на регресионен анализ и дискриминационен анализ за
определяне на областите на параметрите на процеса, при които се наблюдава или не се
наблюдава появата на дефекти. Различните подходи за моделиране са сравнени и се обсъжда
тяхната приложимост. Експериментални данни се използват за изследване на влиянието на
вариацията на различните режимни условия при електроннолъчево заваряване - мощност на
електронния лъч, скорост на заваряване, разстоянията от главната повърхност на
магнитната леща на електронната пушка до фокуса на лъча и до повърхността на
заварявания образец върху изследваните изходни характеристики.

Introduction
The electron beam has developed over the years
into a flexible and economic manufacturing tool.
Electron beams are finding numerous applications in
research and industry as a concentrated energy
thermal source. Electron beam deep penetration
welding of materials in vacuum is the most widely
used method of non-conventional technologies for
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joining machine parts. Due to the deep penetration in
the work-piece, the electron beam is able to generate
narrow weld with minimal thermal affected zone and
without the usage of welding consumables. The high
vacuum required by the method prevents the heated
and melted material from oxidizing and affecting by
atmosphere’s pollutions. The quality of the welds has,
so far, shown to be enough adequate in the most cases
in spite of the fact that the optimization of the welding
process and effects of non-controlled process
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parameters are still uncompleted. The quality control
in electron beam welding is similar to that in other
welding processes, where the primary goal is to
consistently produce defect-free and structurally
sound welds. Existing process controls in EB welding
typically are directed at controlling the essential
machine settings, which include the accelerating
voltage, beam current, focus coil current, vacuum
level, travel speed, and work distance. Additional
quality-control checks are performed after the
completion of the weld, with non-destructive
evaluation techniques to detect any potential defects in
the components. In the case of critical applications
preliminary destructive tests of welded samples to
adjust welding regime to consumer requirements at
real time equipment conditions are typical.
Prognoses and optimization of the weld parameters
in an integrated intelligent process support system for
operator assistance and automatic control of electron
beam welding (EBW) with deep penetrating beam in
vacuum can be done by implementation of different
modelling approaches that take into account the values
of different process parameters. Despite of the strong
effort in developing complex and sophisticated
physical and thermal models of the electron beam
welding [1], the acceptance of computer simulations
for practical applications in this field is still limited to
approximated evaluation of order of the expected weld
geometry parameters. The weld depth, mean half
width, thermal efficiency and number of defects for
various beam powers, welding speeds and various
positions of beam focus towards the sample surface
plane for the investigated electron beam welding
machine are investigated and analyzed [2-7] by
implementation of statistical approaches – response
surface methodology and neural networks. The
estimation of regression and neural models based on
experimental observations gives good and accurate
engineering solutions for any process optimization.
The discriminant analysis [8] is conducted for
predictive and classification purposes. When it is
conducted for predictive purposes, it formulates a
linear discriminant function describing the importance
of the independent variables in differentiating
observations of known group membership.
Discriminant analysis conducted for classification
purposes validates the predictive discriminant function
as means of classifying fresh observations of unknown
group membership sampled from the same
populations. The first stage, discriminant predictive
analysis, is used to optimize the predictive functions.
The second stage, discriminant classification analysis,
uses the predictive functions derived in the first stage
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to either classify new sets of data of known group
membership, thereby validating the predictive
function; or if the function has previously been
validated, to classify new sets of observations of
unknown group membership.
Discriminant analysis is based on the linear model:
Dt = λt0+λt1x1+λt2x2+λt3x3+…+λtpxp,
where Dt is the predicted discriminant score, t – the
number of differentiated by t discriminant functions,
xi the measured values of p independent variables.
The derived discriminant coefficients may be
interpreted as indicative of the importance of the
respective p independent variables entered into the
discriminant analysis. Although these coefficients
indicate importance, they are not appropriate for
assessing the relative importance or discriminatory
power of the variables, i.e., the proportion of total
discriminating power attributable to a specific
variable. The importance of the m independent
variables that entered in the predictive function is
defined in part by:
Ip=|λp (x p1 − x p 2 ) |,
where Ip is the importance of the p-th variable, λp is
the unstandardized discriminant coefficient for the pth variable and x pt is the mean of the p-th variable for
the t-th group. The relative importance of the variables
can be calculated by:
Rp =

Ip

.

m

I

p

p =1

In this paper, only the appearance of critical
defects at certain regime conditions is considered,
without taking into account of the type or the number
of the defects. The modelling is done by
implementation of two approaches – statistical
approach based on regression analysis and
discriminant analysis (binary logistic regression) for
defining the areas of the process parameters, where
the appearance of defects is or is not expected.
Different modelling approaches are compared and
their applicability is discussed. Experimental data are
used for the investigation of the influence of the
variation of different electron beam welding regime
conditions - electron beam power, welding velocity,
the distances from the main surface of the magnetic
lens of the electron gun to the beam focusing plane
and to the sample surface on the considered
performance characteristics.
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Weld geometry characteristics
The experiment, considered in this paper, is the
electron beam welding of samples of austenitic
stainless steel, type 1H18NT. The following operating
parameters are varied: electron beam power (P) - 4.2,
6.3 and 8.4 kW; welding velocity (v) - v=80 cm/min,
20 cm/min and 40 cm/min, distance between the main
surface of the magnetic lens of the electron gun and
the beam focusing plane (zo) - 176 mm, 226 mm and
276 mm; and different distances between the main
surface of the magnetic lens of the electron gun and
the sample surface (zp) in the region 126 mm and 326
mm. The accelerating voltage is 70 kV. 81
experimental weld cross-sections are investigated. In
Table 1 are presented the regions of variation of the
process parameters (zi) during the performed
experiments.
Table 1
EBW process parameters variation region
Parameter
P [kW]
v [cm/min]
z0 [mm]
zp [mm]

Signature,
coded
х1
х2
х3
х4

z0

zmin

zmax

6.3
50
226
226

4.2
20
176
126

8.4
80
276
326

The following quality characteristics describing the
geometry of the obtained welded joints are considered
here: weld depth H and mean weld width B.
The data are separated into two groups: 69
experiments are used for regression model estimation
and 12 experiments are used for model validation by
the root mean square error RSME:
n

RMSE =

 (ŷ
i =1

i

− yi )
n

xi = (2zi – zi,max – zi,min)/( zi,max – zi,min),
where zi,min/zi,max are the corresponding values of the
minimum and the maximum of the process parameters
during the experiment (Table 1). The model
verification results (RSME values) are shown in Table
2.
Defectiveness
For the experimentally obtained weld crosssections the number of defects (experimentally
obtained data are 0, 1 or 2) is counted. Two
approaches are applied for the prediction of the
process parameter regions, where the probability for
appearance of defects is smaller: discriminant analysis
and regression analysis.
In order to apply the discriminant analysis for
prediction and classification the experimental
observations are separated into two groups (classes): 1
– with defects and 2 – without defects. The type of the
defects is not taken into account. The discriminant
functions for the two groups are estimated and on the
base of the obtained values for the squared distance
functions and the corresponding posterior probabilities
the observations are classified and new results can be
predicted. The squared distance value is that value
from observation to the group centroid, or the mean
vector. Observations are assigned to the group with
the highest posterior probability. For a given
observation (process parameter values), the group
with the smallest squared distance has the largest
value of the linear discriminant function:
• for group 1 (without defects):
D1 = -27.9791+2.7578 P+0.0951v+0.0888 zo+
+0.0585 zp;

2

,

where ŷi and yi are the predicted and the
experimental values and n is the number of data.
The estimated regression models, together with the
square of the multiple correlation coefficient R2 and
the square of the adjusted multiple correlation
coefficient R2adj are presented in Table 2. The values
of both coefficients are high and the estimated models
for the weld depth and mean width can be considered
as good enough for prediction and parameter
optimization.
The natural levels of the parameters (zi) are coded
in the region [-1÷1] and the relation between the
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coded (xi) and the natural values (zi) is given by:

•

for group 2 (with defects):
D2 = -23.2625+2.2976 P+0.0867 v+0.1023 zo+
+0.0366 zp.

The percentage of the correctly predicted
observations is 79.7% (76.5% - group 1, 88.9% group 2).
The relative importance of the process parameters
for the classification is estimated and presented in
Table 3 for groups 1 (without defects) and 2 (with
defects).
The most influential process parameters, which
should be considered, in order to avoid the defect
appearance, are electron beam power and the distance
to the surface of the sample.
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Table 2
Regression models of the geometrical characteristics of the welds.
Parameter

R2

Regression model

R2adj

RSME

H

22.543402+3.0600233x1-6.1054893x2+6.4516174x314.991258x4-1.8782424x12+3.0634013x22-2.5851823x3219.000408x42-2.644216x1x2+16.014092x3x4-3.5085771x12x3+
6.3731112x12x4+3.6245613x1x32-10.980193x1x3x4+
12.332458x1x42-1.5648706x1x4-1.4669825x12x2

0.95153

0.93537

2.9848

B

1.9481327-0.58997133x2-0.93012607x3+2.6799217x4+
0.4981557x22+ 0.29162612x32+2.4010783x42+0.21615508x1x32.3838706x3x4-0.88752918x12x4+0.2790095x1x220.80178036x3x42+0.26854894x12x3

0.81156

0.77118

0.2953

Table 3
Relative importance of process parameters
Parameter
P [kW]
v [cm/min]
z0 [mm]
zp [mm]

Means
Group 1 (p1) Group 2 (p2)
6.5059
5.4833
47.059
45.556
227.96
223.22
227.57
195.11

In order to apply the regression analysis a
regression model for the defects D, considered as
continuous variable, is estimated:
D = 0.2109-0.1215x1+0.2799x2+0.4249x3-1.0284x4
-0.1413x12+0.1682 x22-0.1411x1x3+0.7325x2x3x4
+0.3750x1x4-0.3208x12x2-0.5553x12x3
+0.8828x12x4-0.3042x1x2x4-1.0112x1x3x4
+1.0028x1 x42-1.1492889x2x42.
In these model the process parameters (x1 – beam
power, x2 – welding velocity, x3 – distance to the
beam focus and x4 – distance to the sample surface)
are coded in the region [-1÷1].
The values of the multiple correlation coefficient
R2 and the square of the adjusted multiple correlation
coefficient R2adj are: R2 =0.76318 and R2adj =0.67706.
Both coefficients are comparatively high and the
estimated models for the defects can be considered as
good enough for prediction and parameter
optimization.
The value of Dl=0.5 is accepted as a conditional
limit between the regions with (D>0.5) and without
(D<0.5) defects.
Some better results are obtained by applying the
regression analysis – 88.41% of the observations are
predicted correctly (92.16% - group 1, 77.78% - group
2).
If the aim is to make more correct predictions for
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Group 1 (p1)
Ip
Rp, %
2.82015
53.40
0.14289
2.70
0.42082
7.97
1.89766
35.93

Group 2 (p2)
Ip
Rp, %
2.34957
56.58
0.13034
3.14
0.48493
11.68
1.18761
28.60

classification for the group 2 - less mistakes of the
type that the process parameters will produce welds
without defects, while the truth is that there are
defects, the limit between the 2 regions should be set
to a smaller value of the limit Dl (for example, if
Dl=0.3, then the overall percentage of the correctly
predicted observations will be 85.5%, but for group 1
– 84.31% and for group 2 – 89.89%).
For validation of the regression model 12
experiments are used. The predicted correctly
observations are 75% and all misclassified
observations are with true observation with no defects
and estimated appearance of defects.
Electron beam welding product optimization
The optimization of welds obtained by electron
beam welding is a multi-criterial task, involving the
requirements for the geometrical characteristics of the
welds, together with the fulfilment of the requirements
for lack of defects.
The estimated and validated models can be
implemented for parameter optimization of the quality
characteristics of the steel welding joints obtained by
electron beam process. The requirements are set to
obtaining welds with depth H between 20 and 22 mm,
mean width below 2 mm and without defects.
There are many multi-criterial optimization
methods, the implementation of which depends on the
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optimization task formulation. Here it is applied the
graphical optimization method, which applies the
superimposing of the estimated quality characteristic
values, depending on the process parameter variation.
On Fig. 1 - Fig. 4 are presented the results from the
graphical optimization and the implementation of
discriminant functions and regression models.
Fig. 1 and Fig. 2 represent the contour lines of the
constrains for the weld depth and width (H = 20 mm,
H = 22 mm and B = 2 mm). The limit value Dl = 0.5,
separating the regions with defect and defect-free
welds, is calculated by the corresponding regression
model and is also presented. Fig. 1 shows the
dependence of these characteristics as a function of
the variation of electron beam power P and the
welding velocity v at constant values of the distances
to the beam focus and to the sample surface z0 = zp =
226 mm. On Fig. 2 are presented the dependencies of
the quality characteristics on the distances to the beam
focus z0 and to the sample surface zp at constant
values of the beam power P and the welding velocity
v (P = 6.3 kW, v = 50 cm/min).
The colored areas present the zones where all the
set requirements are fulfilled.

Fig. 1. Graphical optimisation – regression model for
defects D and distances z0 = zp = 226 mm.

Fig. 3 and fig. 4 represent the contour lines of the
constrains for the weld depth and width, together with
the classified by estimated discriminant functions
defect and defect-free regions (‘’ for region without
defects and ‘*’ for the region with defects).
It can be seen that both approaches give estimation
for the process parameters in areas without defects.
The areas with and without defects are identical for
both cases (Fig. 2 and Fig. 4) of the dependencies of
the quality characteristics on the distances to the beam
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focus z0 and to the sample surface zp at constant
values of the beam power P and the welding velocity
v (P = 6.3 kW, v = 50 cm/min).

Fig. 2. Graphical optimisation – regression model for
defects D and P = 6.3 kW, v = 50 cm/min.

Fig. 3. Graphical optimisation – discriminant functions for
defects D and distances z0 = zp = 226 mm (‘’ for region
without defects and ‘*’ for the region with defects).

There is a difference in the estimation of the zones
with and without defects in the cases for the
dependence of the quality characteristics as a function
of the variation of electron beam power P and the
welding velocity v at constant values of the distances
to the beam focus and to the sample surface z0 = zp =
226 mm. The reason for this difference is the accuracy
of the estimated regression model for D and the
discriminant functions.
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Fig. 4. Graphical optimisation – discriminant functions for
defects D and P = 6.3 kW, v = 50 cm/min (‘’ for region
without defects and ‘*’ for the region with defects).

Fig. 5. Contour plot of the defects (regression model) as a
function of electron beam power P and the welding velocity
v at distances z0 = zp = 226 mm.

Fig. 5 shows the contour plot of the defects,
estimated by the regression model, as a function of
electron beam power P and the welding velocity v at
distances z0 = zp = 226 mm. It can be seen that
lowering the limit value between the defect and
defect-free zones to Dl = 0.2 will combine the two
estimations in favor of the guarantee for the increase
of the accuracy of the correct predictions for
classification for the group 2 - less mistakes of the
type that the process parameters will produce welds
without defects, while the truth is that there are
defects.
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Conclusion
In this paper, a new systematic methodology based
on models, being able to predict the geometry
characteristics of the obtained through EBW joints, as
well as the defectiveness, has been proposed.
The results obtained have shown that the proposed
approach can be implemented for parameter
optimization at specific requirements for the geometry
of the welds and is applicable to industrial EBW
processes.
The beneficial implementation of statistical models
in the computer operator-aided or process control
systems will compensate the lack of precise
knowledge about the physics of the involved complex
processes, the uncertainties of the thermo-physical
properties of the processing material etc. In such way
the quality of the product and the process could be
improved and, at the same time, the cost of destructive
trial runs and the losses due to non-optimum operation
of the process will decrease.
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E-LEARNING

Conceptualising of smart education
Elena Shoikova, Roumen Nikolov, Eugenia Kovatcheva
Smart education, a concept that describes learning in digital age, has gained increased attention.
Broadly defined, smart learning environments represent a new wave of educational systems, involving
an effective and efficient interplay of pedagogy, technology and their fusion towards the betterment of
learning processes. Smart learning environments involve context-awareness that can combine a
physical classroom with many virtual learning environments. The development of new technologies
enables learners to learn more effectively, efficiently, flexibly and comfortably. Learners utilize smart
devices to access digital resources through wireless network and to immerse in both personalised and
seamless learning. This paper discusses the main characteristics of smart education and smart
learning environments and sustains the relevance of taking the participation of future users into
account during the design process to increase knowledge of the design and the implementation of new
pedagogical approaches in smart learning environments.
Концептуално моделиране на интелигентни образователни системи (Елена
Шойкова, Румен Николов, Евгения Ковачева). Интелигентното образование, концепция,
която описва ученето в дигиталната ера, придобива все по-голямо внимание. Широко
дефинирани, умните учебни среди представляват нова вълна в образователните системи,
включваща ефективно и ефикасно взаимодействие на педагогиката, технологиите и техния
синтез с цел подобряване на учебните процеси. Приложението на новите технологии в
синергия с иновативните образователни подходи позволява на учащите се да учат поефективно, ефикасно, гъвкаво и комфортно. Те използват интелигентни устройства за
достъп до цифрови ресурси чрез безжични мрежи за осъществяване на персонализирано и
безпрепятствено обучение. Настоящата статия, обсъжда концептуалната основа и
основните характеристики на системите за интелигентно образование въз основа на богат
анализ на постиженията в тази област.

Introduction
With the exponential technological advances, anything could be instrumented, interconnected, and infused with intelligent design, so is education. Smart
education has gained significance attention in recent
years. Educational projects focused on smart education have been performed globally in recent years [1],
[2], [3], [4], [5], [6]. In 1997, Malaysia first carried
out a smart education project, Malaysian Smart
School Implementation Plan. Smart schools, which
are supported by government, aim to improve the
educational system in order to achieve the National
Philosophy of Education and to prepare work force
that meets the challenges of the 21st century. Singapore has implemented the Intelligent Nation (iN2015)
Master plan since 2006, in which technology-
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supported education is an important part. In the plan,
eight Future Schools that focus on creating diverse
learning environments are established. Australia collaborated with IBM and designed a smart, multidisciplinary student-centric education system. Their
system links schools, tertiary institutions and workforce training. South Korea had the SMART education project, the major tasks of which are reforming
the educational system and improving educational
infrastructures. New York’ Smart School program
emphasizes the role of technology integrated into the
classroom. They focus on enhancing student achievement and prepare students to participate in
21st century economy. Finland also realized a smart
education project that is on-going systemic learning
solutions (SysTech) in 2011. The project aims at promoting 21st century learning with user-driven and
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motivational learning solutions. UAE began to invest
a smart learning program in 2012, which aims to
shape new learning environment and culture in their
national schools through the launch of smart classes.
Overall, the smart education focus and developments
has become a new trend in the global educational
field.
Change and innovation in teaching and learning
Modern and sophisticated smart devices, smart
systems, and smart technologies create unique and
unprecedented opportunities for academic and training
organizations in terms of new approaches to education, learning and teaching strategies, services to oncampus and remote/online students, set-up of modern
classrooms and labs.
The coming together of several historical factors
highlights the urgent need to engage in a step-change
in education by developing new paradigms for learning and supporting these in a systematic way. The
first, most widely acknowledged factor is the significant level of change occurring in the world, including:
the shift from industrial to information-based
knowledge economies; the globalisation of products,
markets and companies; changing patterns of life,
including greater life expectancy; significant advances
in technologies requiring new kinds of literacy. The
second factor is the changing nature of work. The shift
towards technology-rich smart workplace environments requires multidisciplinary teamwork and greater
levels of innovation and creativity. Manual labour and
routine skills are increasingly being automated or sent
offshore. The development of successful learners,
confident and creative individuals, and active and
informed citizens requires the deployment of new
learning paradigms. Featuring innovative learning
environments designed to support students' development of 21st century capabilities, the new learning
paradigm builds capacity to: adapt to a rapidly changing world; operate successfully in changing work environments; work towards solving difficult, ill-defined
problems/develop a proactive approach to solving illdefined problems; be creative and innovative; learn
and work collaboratively; develop local and global
citizenship responsibilities; create and publish content. The adoption of new pedagogies to transform
practice at scale requires connections between pedagogy and technology, underpinned by knowledge of
how to bring about change.
Improved learning outcomes from high quality
learning environments
Although there is evidence of significant integra-
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tion of digital technologies in education, they are still
regarded as optional in many cases. Better articulation
of how digital technologies can support improved
learning outcomes is required. Improved learning
outcomes require high quality learning environments.
There are three general principles about high quality
learning environments, all of which can be enhanced
through the good use of digital technologies.
Principle 1. There is a direct relationship between
what students learn and how they learn. Students are
more likely to achieve high quality learning outcomes
when they have the opportunity to learn content within a meaningful context.
Principle 2. Developments in personalising learning make it possible for every student to learn.
Personalising learning has been explained as every
student should, within their university, have excellent
teaching that suits them; building on what they know,
fitting them for what they aspire to, and helping them
reach their full potential. Thus every student can learn.
Principle 3. All learning should be student centred.
Digital technologies make it possible for learners to
engage in learning that is tailored to their particular
situation.
Conceptual framework for opportunity to leverage the technology base
A strategic framework that both fits within existing
educational systems and curricula and provides a
roadmap for achieving significant innovative and lasting change is the Education Innovation Grid [7]. The
Grid outlines four kinds of change: improving
schools; supplementing schools; reinventing schools;
and new paradigms. Achieving each change depends
on re-thinking the way formal education engages with
the world outside school to provide relevance, engagement and motivation (Fig. 1) [7].

Fig.1. The Education Innovation Grid.
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This framework acknowledges that learning no
longer takes place solely within formal learning environments such as schools, but increasingly occurs
within the home, community and other informal learning environments. Access to digital technologies has
accelerated this shift, providing opportunities to connect the learning that takes place in informal settings,
to learning within existing formal school settings. The
most meaningful impact on learning occurs at the
intersection of the two axes of the Grid: that is, where
learners are deeply engaged with, and actively building, their knowledge from traditional and nontraditional sources using digital technologies to bridge
their learning in formal and informal settings. Digital
technologies have the biggest impact on teaching and
learning when they combine formal and informal
learning structures and result in improvements in, and
supplements to, learning. Learning is also reinvented
and new paradigms created when these technologies
are used in partnership with new providers. Learning
in such environments is more relevant, engaging and
motivating.
There is a need to create and sustain knowledgebuilding environments where the focus is on the support of students’ skills development. When used in
support of contemporary, knowledge-building strategies, new and emergent technologies such as Internet
of things, personal learning environments and augmented reality, mobile devices, will realise the meaningful impact on learning needed to equip students for
the future and thereby support innovation in learning.
One such group of strategies is referred to collectively
as inquiry-based learning and includes project-based
learning, problem-based learning, and design-based
learning. These strategies engage students in completion of authentic tasks, investigation of meaningful
problems, and the design or creation of a product respectively. Students work on these tasks and problems
collaboratively in small groups, making it an even
more powerful learning experience. It demonstrates
significant learning benefits for: (1) student learning
outcomes in terms of deeper learning and enhanced
performance on complex tasks when engaged in such
authentic learning, and significantly higher
achievement on intellectually challenging tasks; (2) all
students working on collaborative learning activities
benefit; (3) students from low-income backgrounds
and ethnic minorities, who benefit more than those
from high-income, non-minority backgrounds. Design
thinking as a more sophisticated approach where
designing is seen as playing the key role in innovation
(described as ‘about finding creative solutions to
problems’) is increasingly being extolled by industry
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and educational institutions alike. The value of design
thinking approach is in promoting abstract thinking
and problem solving. These new approaches requires
the development of new forms of assessment to
support future planning (formative assessment for
learning)
and
reporting
against
students’
developmental progressions of these knowledgebuilding strategies.
Evolution of “smart classroom systems”
The concept of smart classroom was introduced
several years ago and it is in permanent evolution and
improvement since that time. Smart classroom
represents a focus on reorienting our educational
structures and business process around individual
students and their learning needs. It is a transformative
strategy to transition from traditional to a digital way
of working that is meaningful, engaging and
connected. The performed research clearly shows that
smart education market, in general, and market of
software and hardware for smart classrooms and smart
universities, in particular, will exponentially grow in
upcoming years [8].
The first (2001-2007) generations of smart
classroom systems implementations were primarily
focused on synchronous delivery of learning content
to local and remote/online students as well as
synchronous teacher-students and local student-toremote student communications.
The second (2008-current) generation of smart
classroom systems implementations is mainly based
on active use of Internet of things, mobile technology,
user/student/learner mobile devices and automatic
communications
between
them
and
smart
environment. Combining the Internet of things
technology with social and behavioral analysis, an
ordinary educational environment can be transform
into a smart environment that actively listens and
analyses voices, conversations, movements, behavior,
etc., in order to reach a conclusion about the lecturers’
presentation and listeners’ satisfaction. For example,
the Samsung Smart School solution [9] has three core
components: (1) the interactive management solution,
(2) the learning management system, and (3) the
student information system (Fig. 2) [9].
Its multiple unique features and functions are
targeted at smart school impact on education and
benefits, including (1) increased interactivity, (2)
personalized learning, (3) efficient classroom
management, and (4) better student monitoring. We
believe that the next generation of smart educational
systems should significantly emphasize the smart
features and functionality of smart systems (Table 1).
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Enterprise architecture of a smart city presents how
the ICT would break ‘silos’ between different industry
sectors including education system. (Fig.3).

Fig.2. Samsung Smart School solution structure.

Table 1
Smartness levels
Smartness
levels (i.e.
ability to)
Adapt
Sense
Infer

Learn

Anticipate
Self-organize

Details
Ability to modify physical or behavioral
characteristics to fit the environment or
better survive in it.
Ability to identify, recognize,
understand and/or become aware of
phenomenon, event, object, impact, etc.
Ability to make logical conclusion(s) on
the basis of raw data, processed
information, observations, evidence,
assumptions, rules and logic reasoning.
Ability to acquire new or modify
existing knowledge, experience,
behavior to improve performance,
effectiveness, skills, etc.
Ability of thinking or reasoning to
predict what is going to happen or what
to do next.
Ability of a system to change its
internal structure (components), selfregenerate and self-sustain in purposeful
(non-random) manner under appropriate
conditions but without an external
agent/entity.

Therefore, next generation of smart classrooms
should pay more attention to implementation of
smartness maturity levels or intelligence levels, and
abilities of various smart technologies [10]. The
performed analysis shows it is expected that in near
future (in upcoming 5….10 years) smart classroom
concept and hardware/software solutions will have a
significant role and be actively deployed by leading
academic institutions – smart universities – in the
world.
Smart education framework
There’s no better time to start building a smarter
education system – a student-centric, digital,
collaborative approach to education that prepares the
next generation to participate in the digital economy.
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Fig.3. An enterprise architecture view of smart city.

Schools and universities can’t do the hard work of
educating students on their own. We must reach
outside the traditional boundaries of our educational
institutions and form learning networks with the
businesses that will employ our future workforce. We
need to move towards student-centred learning, where
school data is provided in real time to teachers to
guide, improve and individualise instruction and
resources. Currently, the challenge ahead is to design
learning ecosystems that integrate smart learning to
personalise and self-regulate learning. According to
Zhu, et al. [11], “the objective of smart education is to
improve learners’ quality of lifelong learning. It
focuses on contextual, personalised and seamless
learning to promote learners’ emerging intelligence
and facilitate their problem-solving ability in smart
environments”. Similarly, Kim, [12] consider that
smart education is a learner-centric and serviceoriented educational paradigm. In [13] Middleton also
believes that smart education must be developed based
on learner-centric aspects. In MESTRK [14] the
features of smart learning defined as self-directed,
motivated,
adaptive,
resource-enriched
and
technology-embedded are presented, while Lee, [15]
proposed that the features of smart learning include
formal and informal learning, social and collaborative
learning, personalised and situated learning, and
application and content focus. According to Gros [16],
the smart learning is founded on two different types of
technology:
smart
devices
and
intelligent
technologies.
Smart devices refer to artefacts that exhibit some
properties of ubiquitous computing, including
artificial intelligence. The use of intelligent
technologies, such as the Internet of things, wearable
technology in the form of an accessory such as
glasses, a backpack, or even clothing, cloud
computing, Big data analytics (learning analytics)
focuses on how data can be captured, analysed and
directed towards improving learning and teaching
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[17],[18],[19]. While the Internet of things is about
collecting data and turning it into information,
augmented reality is about providing people doing the
work with that information in a form that allows them
to do more with it. Augmented reality services enable
a wide swath of users to see real-time, contextual
information about their smart, connected products
[20].
Despite the distinction between smart devices and
intelligent technologies, the two are in fact related,
because neither type of technology is independent. For
instance, the Internet of things and most wearable
technology require big data to generate personal
information and provide the user with feedback.
Besides the technical characteristics, it is useful to
analyse the characteristics that outline smart
education. Along these lines, Zhu [11] describes ten
key features that define smart education:
• Location-aware: in smart learning the location in
real time is important data that the systems need
in order to adapt the content and situation to the
learner;
• Context-aware: exploring different activity
scenarios and information;
• Socially-aware: sensing social relationships;
• Interoperable: setting standards for different
resources, services and platforms;
• Seamless connection: providing continuous
service when any device connects;
• Adaptable: pushing learning resources according
to access, preference and demand;
• Ubiquitous: predicting learner demands until
clearly expressed, providing visual and
transparent access to learning resources and
services;
• Whole record: recording learning path data to
mine and analyse in depth, then providing
reasonable assessment, suggestions and pushing
on-demand service;
• Natural interaction: transferring the senses of
multimodal interaction, including position and
facial expression recognition;
• High engagement: immersion in multidirectional
interactive learning experiences in technologyenriched environments.
In summary, in smart learning, location in real time
can be important to adapt the content and situation to
the learner. However, location is not always a
necessary condition in smart learning. The most
important characteristic is that the system will be able
to advise and predict learner needs. Smart learning is a
learning system that provides advising learners to
learn in the real world. The goal of a smart learning

“Е+Е”, 3-4/2017

environment is to provide self-learning, self-motivated
and personalised services.
According to Spector [21], it is also highly
desirable for the design of smart learning
environments to provide motivation for a variety of
learners, recognising learners’ competencies, learning
styles and interests. Moreover, the learning
environment must provide personalised assignments
and/or formative feedback, and should include
pedagogical strategies that support:
• Conversation: the learning environment can
engage the learner in a dialogue or facilitate a
group dialogue on a relevant topic or problem;
• Reflection: the learning environment can
generate self-assessment based on student
progress and performance, preferably suggesting
activities and attributes in the learning
environment that can be adjusted to improve
overall effectiveness;
• Innovation: the learning environment uses new
and emerging technologies and leverages
innovative technologies in creative ways to
support learning and instruction;
• Self-organisation: the learning environment can
rearrange resources and control mechanisms to
improve its performance over time based on data
that are automatically collected and used to
refine how the environment interacts with
learners in various circumstances.
According to Hwang [22], a smart learning
environment must:
• Detect and take into account the real-world
contexts.
• Situate learners in real-world scenarios.
• Adapt learning interfaces for individual learners.
• Adapt learning tasks for individual learners.
• Provide personalised feedback or guidance.
• Provide learning guidance or support across
disciplines.
• Provide learning guidance or support across
contexts.
• Recommend learning tools or strategies.
• Consider learners’ online learning status.
• Consider learners’ real-world learning status.
• Facilitate both formal and informal learning.
• Take multiple personal and environmental
factors into account.
• Interact with users via multiple channels.
• Provide learners with support in advance, across
real and virtual contexts.
Smart pedagogies must take into account the
knowledge creation metaphor of learning that
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highlights competencies in producing knowledge.
“The knowledge-pull approach to learning is based on
providing learners with access to a plethora of
tacit/explicit knowledge nodes and handing over
control to them to select and aggregate the nodes in
the way they deem fit, to enrich their personal
knowledge networks”[23]. These skills are
increasingly related to the use of digital technology
which provides a flexible way to support modelling,
sketching, testing and social interactions.
The ubiquity of technology calls for a shift away
from low-level use of technology, such as drilling,
practice and looking up information. Rather, smart
education encourages a ‘high-level’ use of technology,
utilising it as a ‘mind tool’ or ‘intellectual partner’ for
creativity, collaboration and multimedia productivity.
Technology must enable and accelerate learning
relationships between teachers and students and
between students and other learning partners, such as
peers, mentors and others with similar learning
interests.
Deep learning tasks re-structure learning activities
from a singular focus on content mastery to the
explicit development of students’ capacities to learn,
create and proactively implement their learning. In
their most effective instances, deep learning tasks are
guided by clear and appropriately challenging learning
goals, which ideally incorporate both curricular
content and students’ interests or aspirations; include
specific and precise success criteria that help both
teacher and student know how well the goals are being
achieved; and, incorporate feedback and formative
evaluation cycles into the learning and doing
processes, building students’ self-confidence and
proactive dispositions.
The development of smart learning technologies
provides great potential for the enhancement of
automated assessments. According to Kopainsky [24]
learning analytics systems can be used to balance
evidence-based, real-time assessment (especially selfassessment) with intelligent digital systems designed
to foster critical thinking and problem solving. Data
from tracking and managing learning activities can
inform learning design by providing evidence to
support the choice of media and sequence of activities.
Such analytical feedback for students can be
continuous during a course and enable learners to
focus on areas of weakness.
Besides the use of technology, new pedagogies
emphasise the active engagement of students in their
own learning, learner responsibility, metacognitive
skills and a dialogical, collaborative model of teaching
and learning. For this reason, self-assessment and
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peer-assessment are also very important. Andrade [25]
provides a helpful definition of self-assessment that
focuses on the formative learning that it can promote:
“Self-assessment is a process of formative assessment
during which students reflect on and evaluate the
quality of their work and their learning, judge the
degree to which they reflect explicitly stated goals or
criteria, identify strengths and weaknesses in their
work, and revise accordingly”.
Peer assessment involves students taking
responsibility for assessing the work of their peers.
They can therefore be engaged in providing feedback
for their peers. It is a powerful way for students to
gain a better understanding of assessment criteria and
can also transfer some ownership of the assessment
process to them, thereby potentially increasing their
motivation and engagement.
Some considerations about the design of smart
learning environments
The International Association for Smart Learning
Environments [26] embraces a broad interpretation of
what constitutes a smart learning environment: A
learning environment can be considered smart when it
makes use of adaptive technologies or when it is
designed to include innovative features and
capabilities that improve understanding and
performance. In a general sense, a smart learning
environment is one that is effective, efficient and
engaging.
Broadly
defined,
smart
learning
environments represent a new wave of educational
systems, involving an effective and efficient interplay
of pedagogy, technology and their fusion towards the
betterment of learning processes (Fig. 4) [26].

Fig.4. Smart learning environments - an effective and
efficient interplay of pedagogy, technology and their fusion
towards.

There are two key issues that must be taken into
account when designing smart learning environments:
a) user participation in the design, and, b) the
provision of useful support to offer users appropriate
feedback.
Participatory design. The potential for smart
learning depends on the design of the learning
environment and it is important to design the
ecosystems of learning using participatory processes.
Smart learning must emphasise the idea of
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transparently immersive experiences - transparency
between people, businesses and devices - ever more
adaptable, contextual and unimpeded at work, at
university and at home, interacting with business and
other people (Fig. 5).
Richer
I/O
Models

Emotionally
Impactful

UserDriven

PeopleCentric
Fig. 5. The user experience
in a hyper connected world.

The field of learning experience design has
developed in recent years and now offers a set of
methods, tools, systems and models [27] that can
empower educators in the design of scenarios that
provide richer learning experiences (Fig.6).

Fig.6. Design-thinking principles drive “learner experience
design (LX).”(Adopted from iDesign/LX).

The design should articulate and orchestrate the
disciplinary content, pedagogical theory, experience
based on practice and the use of increasingly diverse
and sophisticated technological resources. Design is,
by nature, iterative and collaborative. It requires
discussion, reflection, critique and implementation.
Designing for complex assemblages of humans and
things requires an epistemic fluency that is rare,
indeed sometimes frowned upon, in educational
practice. In the design of smart learning environments,
it is necessary to take into account that the user will
interact with heterogeneous devices that must be
successfully integrated and interconnected. According
to Pons [28], “it is unlikely that developers can come
up with systems capable of discovering the user’s
contextual preferences with a high degree of accuracy
in all cases without any input from users themselves.
The user’s preferences should therefore form the key
knowledge to be identified during the initial stages of
the configuration.”
Participatory design is being used to increase the
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knowledge of smart device design. For instance, Pons
et al. [28] applied participatory methodologies to
design a visual language and tool to be used when
creating future tangible tabletop-based editors for
personalising smart environments. The design has
served to identify the characteristics of visualisation,
taking into account differences in the learners’
knowledge. Durall [29] applied participatory design to
develop Feeler, a prototype created to help people
develop an awareness of how different habits and
mental states have an impact on their learning. Thus,
Feeler aims to foster an awareness of and reflection on
study activity. Feeler’s design is based on the
assumption that learning technology built on
monitoring physiological data should aim to empower
students by helping them understand the different
aspects that have an impact on their learning
performance. Therefore, Feeler explores several
strategies for supporting reflection in the prototype
design such as the creation of time, asking reflective
questions and leaving some aspects incomplete in
order to encourage users to enquire into the meaning.
Visualisation of data. Feedback has been
considered a key tool for helping students to improve
performance. Traditional feedback usually relates to
learners’ mechanisms of communication with their
teachers and colleagues. As mentioned in the previous
section, the use of technology adds new possibilities
for tracking learners’ activity and offers them more
immediate feedback about their learning performance.
However, most efforts to use learning analytics focus
on providing information for instructors in order to
refine their pedagogical strategies [30]. Very rarely
are students considered the main receivers of learning
analytics data or given the opportunity to use the
information to reflect on their learning activity and
self-regulate their learning more efficiently. Learning
analytics could actually disempower learners by
making them reliant on institutional feedback [31].
Most analytics studies have drawn on historical data
to identify patterns in students’ learning behaviour
which are then related to academic performance
and/or retention. Essentially there is a knowledge gap
for teachers attempting to bridge the divide between
the information provided by learning analytics and the
types of pedagogical actions designed by teachers to
support learning. In response to the use of learning
analytics as a tool at the service of the institution, a
growing number of scholars have begun to advocate
student-centred analytics [32]. In line with these
authors, we consider that learning analytics can and
should be used as a tool for reflection and
metacognition to support selfregulated learning [33].
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It is vital to identify the main challenges in the design
of learning environments that make use of learning
analytics to foster reflection. The most urgent
challenges to be faced fall into two categories: data
and visualisation. What sort of data is most
meaningful for learners? What types of visualisation
can foster reflection most successfully? Transforming
data into knowledge is a cognitive process that can be
supported by the way in which data is made available.
Information visualisation has been recognised as a
tool for sense-making, since it helps synthesise
complex information and facilitates comparisons and
inferences [34]. Therefore, in order to truly use
analytics to help students become autonomous
learners, it is necessary to adopt a student-centred
approach. There is a need to rethink how learning
indicators are selected and to what extent they
contribute to conceiving learning as a process instead
of in terms of outcomes. In this regard, allowing
students to decide what aspects they are going to
monitor and analyse could help make learning
analytics a tool for reflection on smart learning
environments.
Conclusion
Learning anytime anywhere is not a novel concept.
However, where such processes are considered a
common activity during life, it is important to
explicitly design and intentionally support them. As
mentioned above, smart learning environments must
integrate formal and informal learning in order to
create autonomous adaptive learning environments to
support individual learners. These environments need
to use big data and learning analytics techniques to
integrate real-time information about learners’
location and historical data to identify meaningful
learning patterns. Smart learning environments
involve context-awareness that can combine a
physical classroom with many virtual learning
environments. A new concept of ‘Education as a
Service’ is emerging as an approach to deal with the
challenges of global and open markets. Educational
resources in this approach are made easily accessible
to global learners by delivering them as a service.
From this perspective, we can expect traditional
education organisational structures and teaching
processes to undergo great changes. For example,
lectures may be separated from the course itself. Some
of the lectures may be given by a teacher other than
the teacher responsible for the course. Assessments
may be separated too, where a third party may
conduct the tests instead of the course teacher.
Services must consider the learners’ viewpoint and
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learning experience. In a smart learning environment,
learners would have different service choices at
different learning stages, where these services are
provided by different educational facilities, either
online or physically. Knowing more about students’
learning performance and perceptions is vital for
researchers to be able to develop more effective smart
learning environments. An evaluation can be
conducted using various aspects, such as learning
achievement, problem-solving ability, self-efficacy
and self-regulation. In the meantime, it is worth
investigating the effects of smart learning
environments on the learning performance and
perceptions of students with different learning styles,
cognitive styles, or other personal characteristics.
Having an in-depth understanding of learners’
behaviours and learning patterns will be very
important to researchers and educators in developing
more effective learning tools and strategies.
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SUMMARY
Bulgaria as part of the EU is facing serious economic challenges that require the implementation of an
ambitious economic policy. By the Innovation Strategy for Smart Specialisation (IS3, ISSS, the Strategy)
Bulgaria declares its vision for a policy change and overcoming of the existing socio-economic challenges:





Low labour productivity;
Low share of high-tech production;
Demographic crisis – aging of population;
Providing high quality and healthy life;

The development and implementation of the Strategy should be understood as a dynamic process of
adopting the most appropriate areas to focus intervention on.
An effective partnership is needed to implement the Vision and objectives of the Strategy. The central and
local government, industry and academia, NGOs and all stakeholders need to be involved in an on-going
dialogue to reach a common understanding on the ways and means of achieving economic growth. This
version of IS3 is part of a process that will continue during the years of the new budgetary period of the
Operational Programmes. The strategy includes conclusions, views, and proposals, experience – positive
and not only positive – from the implementation of past measures and actions; it is a summary of good
examples of successful policies of other countries to determine the focus of the policy in the next
programming period. Based on tradition, industrial and research capacity and potential, based on the
competitive advantages it is necessary to plan and implement measures to address the major challenges
facing the society. The Strategy should be implemented by means of a well-functioning monitoring and
evaluation mechanism, and in partnership with all stakeholders, realising effectively the “process of
entrepreneurial discovery” and if necessary changing the interventions for implementing the Strategy. It is
necessary to ensure a relationship between smart specialisation and the objective of strengthening the
orientation of public funds towards the results as a whole.
IS3 is based on the concept of a broader understanding of innovation 1 going beyond investment only in
research or only in the manufacturing sector; it is also based on building competitiveness through design

1

„Innovation is putting into use a new or significantly improved product (good or service) or a production process, a new
marketing method or a new organisational method in business practice, workplace organisation or external relations that create
market advantages and increase the competitiveness of companies at that – according to Manuel d'Oslo 3e édition©
OECD/EUROPEAN COMMUNITIES 2005).
Innovation is often defined as a new idea which proved successful in practice. The new idea may be a new product, practice, service,
production process or a new method of organisation. This new idea can be established as an innovation only if it becomes more or
less basic application or proves its usefulness in practice. Transformation into basic application does not always depend only on the
strength of the creative idea. It also depends on market opportunities, the willingness of the industry to accept it, economic
efficiency, presentation and perception, random external factors, etc. Before the new idea can actually become a basic application, we
cannot evaluate these factors and say whether the idea will find a market or whether it will be frequently applied/used. It is
therefore not possible to be sure in advance whether the idea will become an innovation: one can only determine subsequently
whether a new idea has led to true innovation.
Oftentimes it is not possible to define “innovation” in advance and identify certain activities as “innovative”. The familiar innovation
concepts include unidirectional (“linear”) and interactive (“systems”) innovations. Linear innovation is based on a research approach
where the new ideas are the result of research and have been put into practice by unidirectional (linear) transfer of knowledge.
Change and innovation are expected to be designed and organized, predictable and rationally planned.
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and creative industries, innovation in the social sector and services, new business models and innovation
based on practice.
Smart specialisation is “smart” for two reasons:
• Identifying the priorities by politicians in close partnership with the industry (not addressing
them at the regional level because of the strong centralisation in the governance of the country);
• This process is taking global trends into consideration, stimulating the businesses to be
ambitious but realistic in terms of what can be achieved if they will combine their capabilities in
clusters and networks.
The first two parts of the Strategy cover the issues of the socio-economic analysis and capacity for
research and innovation performance.
The challenges facing the industry are as follows:
• Bulgarian exports include mainly low-tech products;
• Internationalisation of Bulgarian enterprises is low;
• Contribution of foreign direct investment in technology transfer is limited;
• Industrial production is extremely energy intensive, energy inefficient;
• Labour productivity is low – as a result of the above factors.
Change can be made if in the identified thematic areas of the Strategy the following is stimulated:
•

Attracting leading investors in high-tech industries and services, who can invest in the
research units in the priority areas of the Strategy;

•

Developing research and innovation infrastructure, including electronic infrastructure;

•

Improving the quality of workforce – training of personnel necessary for the industry;
increasing the number of students studying engineering, computer science; retaining and
attracting talent; introducing the dual system;

In interactive “systems” innovations, the base is also a result of research, but also of practice and intermediaries, consulting services,
non-governmental organisations, researchers, etc. as participants in a “bottom-up” process. Interactive innovation includes existing
(sometimes tacit) knowledge, which is not always purely scientific. Innovations created by an interactive approach often provide
better targeted solutions that are easier to apply, as the process is favourable for accelerating the deployment and adoption of new
ideas.
Both approaches to innovation are equally valid, but the consequences for programming are different. The linear approach is based
on information activities, and linear methods for consulting and training. The interactive model relies mainly on collaboration,
sharing of knowledge and mediation methods of consultation. This approach helps to develop the initial research results into
practical applications and create new ideas through mutual enrichment of the participants
Innovation activities are carried out by entrepreneurs using existing knowledge and technology to develop and distribute new
products and practices. An ecosystem that encourages entrepreneurship creates conditions for identifying business opportunities
and facilitates access to 'raw materials', necessary for their development. State intervention in this process is intended to remove
barriers to entrepreneurs’ activities by providing appropriate incentives and legal and regulatory framework. However, even with
existing stable institutional framework, innovation is often hampered by market failures. Given the uncertain outcome of innovation,
companies are often reluctant to make sufficient investments in applied research. Especially in Europe, fear of failure is the main
obstacle to innovation, although the knowledge generated in this way can be of great public value. In an environment where failure is
stigmatized and has its business and social cost, government intervention to stimulate innovation and entrepreneurship is
mandatory.
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•

Implementing technological modernisation in the manufacturing sector by using resourceefficient/waste-free technologies reducing pollution at the source, and reducing carbon
emissions;

•

Raising intra-firm productivity by improvements based on new techniques of management
of new business models;

•

Introducing high-tech components and knowledge-intensive business services in traditional
industries and services;

•

Promoting internationalisation of enterprises so that they can enter the international
markets;

•

Reduce bureaucracy through more effective e-government.

The strategy consists of the following main parts:
•

Analytical part which covers the socio-economic analysis, analysis of the capacity for
innovation and research performance, and analysis of ICT and ICT potential. The SWOT
analysis summarises the conclusions of the analyses;

•

Strategic part, which formulates the vision, strategic and operational objectives for realising
the vision; the proposed main activities associated with the achievement of the strategic
objective, and an indicative financial plan;

•

Proposal for effective and coordinated management of IS3 with an elaborated mechanism for
monitoring and evaluation.

The analytical part summarises data and conclusions set out in many materials prepared specifically for
the Strategy and in connection with the new programming period for the Structural Funds.
Based on a quantitative analysis (p. 1.7) and a qualitative analysis (p. 2.15) an intersection point is sought
in the cross analysis (p. 2.16) where the quantitative and the qualitative evaluation of the potential of each
economic activity is set out. Quantitative evaluation highlights the strengths of the economy. Qualitative
analysis summarizes the state support to the economic activities through the National Innovation Fund,
OPC, NSRF and other public instruments. Cross analysis gives a full evaluation of how quantitative
advantages are complemented by qualitative ones, which determines the future potential for accelerated
technological development. The logic of identification is to locate the intersection point between the group
of economic activities and services and the research areas, where the expenditures of the business and the
state for R&D are concentrated. Based on this analysis, the following technology areas have been defined:
•
•
•
•
•
•
•

Mechatronics and clean technologies;
Information and Communication Technology;
Biotechnology;
Nanotechnology;
Creative industries, including cultural ones;
Pharmacy;
Food industry;

On the basis of proposals from businesses, and the established and declared interest of the academia to
participate in international projects, including Horizon 2020 2, and on the basis of the assessment of

Bulgarian research organizations and enterprises will be entiteled to participate in EU programs, if the joint project
is in accordance with the national thematic areas identified in the Strategy

2
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international trends and market potential, four thematic areas have been identified and certain product
and technology niches, services and productions have been specified:
•
•
•
•

Information and communication technology;
Mechatronics and clean technologies;
Industries for healthy life and biotechnology (including food);
New technologies in creative and recreation industries;

Vision: (about which all agreed) By 2020 Bulgaria must make a qualitative leap in its innovation
performance at EU level to tackle public challenges in the field of demography (reverse brain drain
and youth entrepreneurship), sustainable development, intellectual capital and the nation's
health.
Strategic Goal: By 2020, Bulgaria will move from the group of “modest innovators” into the group of
“moderate innovators”3.
In practice, this change in the indicators will be implemented through an effective policy for promoting:
•

Innovation, research and development of human capital;

•

Investment in high-tech areas in which Bulgaria has traditions, has created professionals and
successfully competes on the international market;

•

Export-oriented industries;

The strategic objective will be realised by achieving two operational objectives:
Objective 1: Focus the investment for the development of innovation potential in the smart thematic
areas (for creation and development of new technologies leading to competitive advantages and increase
in the added value of domestic products and services).
Objective 2: Support for accelerated implementation of technologies, methods, etc. which improve
resource efficiency and application of ICT in the enterprises in all industries.
Objective 1 will be implemented by two types of measures: vertical and horizontal.
Vertical measures are aimed at the development of the respective research and industrial areas;
horizontal measures will stimulate the links between research and businesses, the attracting and retaining
of quality human resources in the respective areas and the functioning of a favourable innovation
environment.
For each of the four areas, the global trends, the situation in Bulgaria, and the challenges and upcoming
activities have been summarised. This will allow under the OP to propose appropriate measures to
address the identified challenges.
To improve the partnership between research institutes and businesses, it will be necessary to apply a
combination of approaches for “active demand” and “high quality (research) supply". Good cooperation
requires also a relevant infrastructure. Research infrastructure is part of the knowledge triangle. The
Centres of Excellence will create serious preconditions for the development of advanced technologies,
where we have created scientific potential.
The Bulgarian research system is still isolated from the industry. A small part of the research results are
aimed at improving the technological level of the industry and can hardly be implemented. It is
encouraging that its structure is changing, due to focusing on new dynamic areas – quality of life, use of

3

IU Scoreboard
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alternative energy sources, use of biodiversity as a source of resources, use of natural resources as a
source of raw material for improving the nation’s health. The development of sectors having a high level of
knowledge will attract and retain young people in the country and will reduce the “brain drain”.
To encourage the recruitment of highly qualified staff in the enterprises will be also a prerequisite for the
development of their research units, which is the foundation for the creation of new knowledge. The
quality of research in universities will play a significant role in the rapid penetration of innovation into the
market. For this purpose restructuring of teaching hours will be needed in order to provide more time for
research that is particularly necessary for the career development of young scholars.
An important part of the research infrastructure is the electronic research infrastructure. E-infrastructure
is an essential prerequisite for the successful participation of Bulgarian research laboratories in the EU
research programmes.
For the needs of the industry it is also necessary to reform vocational education and training. To keep the
workforce moving in pace with the time it will be necessary to continue to apply the incentive measure for
“lifelong learning”.
Bulgaria’s lagging behind in the field of “green markets” (energy efficiency technologies, waste treatment
and recycling technologies, mobility and transport technologies, water supply and sewerage technologies,
environmental and systems engineering, life sciences, nanotechnology, eco design, etc.) must be assessed
as an opportunity for participation on a relatively “broad” market. Because of the huge gap in this field, a
fast and efficient utilisation of technology and knowledge is required in order to achieve a degree of
integration in this market. A key role is played by the state, which should, especially through public
procurement under OPRD and OPE 2014-2020, provide opportunities for the businesses to implement
innovative solutions in the sectors of waste, water, energy efficiency and energy technologies.
Stimulation of resource efficiency would improve energy independence and independence from
increasingly expensive raw materials for industrial production. Implementation of modern technologies
will be essential to increasing productivity and competitiveness of production.
The extensive use of ICT in the industry includes activities related to the optimisation of management and
production processes, e-commerce and e-business, provision of affordable interactive on-line services
(and digital inclusion for disadvantaged people and groups, the elderly and people with impaired
mobility) plus opportunities for flexible, distance and part-time work (including mothers), expanded use
of ICT in the resource management activities, energy management, tracing of environmental
characteristics and effects on climate change, environmental protection and monitoring in general,
participation in international platforms, distance and on-line trainings for companies and employees,
environmentally-friendly and energy-efficient transport and improved mobility by implementing smart
transport systems, etc. The areas for application of ICT are unlimited and lead directly to improved
business performance. It is therefore necessary to encourage the use of ICT in all spheres of the industry.
IS3 will be implemented through the instruments of OPIC and OPSESG/Grand the national budget within
the three-year budget forecast, NSRF, NIF.
Measures for implementation of ISSS will be secured financially mainly by the Operational programmes
OPIC and OPSEIG, and the part remaining for the account of state budget will be at the amount not
exceeding the allocated resources for innovation within the frame of the laws for the state budget for
every year of the planning period till 2020.
Achieving National Objective 2 of the National Programme for Reforms – so that investment in R & D can
reach 1.5 % of the GDP by 2020 – is not an end in itself. It is a guarantee that the state encourages the
development of technology, new products and the development of the existing ones, promotes the
improvement of education, and promotes the building of the necessary research and innovation
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infrastructure. The role of the Strategy is to identify the areas with the greatest potential for growth and
direct the support thereto.
The process of defining product and technology niches will continue throughout the whole programming
period on the based on an on-going dialogue with representatives of industry, academia, and all
stakeholders with an annual monitoring to track the implementation of the necessary actions to achieve
the objectives formulated in the Strategy. The results of monitoring will impact the decisions of the
Council for Smart Growth on changing the interventions, if necessary. Evaluation of the results will be
regularly made by an independent assessor, external for the system. Based on the knowledge gained from
impact evaluation, the future interventions will be more effective in terms of the development of the
country.
The strategy proposes a mechanism for coordinating and implementing the performance of the
Innovation Strategy for Smart Specialisation. Drawing from the experience of successful countries in
terms of innovation, following the recommendations of the European Commission, taking into account the
general understanding of high level management of the policy for growth, the Strategy proposes to
establish a Council for Smart Growth with the Council of Ministers, chaired by the Prime Minister.
Members of this Council from the central government are 4 ministers – those of MEE, MES, MTITC and
MAF, 4 academics – renowned scholars scientists and researchers, 4 business representatives – successful
businessmen of high reputation in the community. The Council will have the task and responsibility to
determine the trend of development of the thematic areas of the economy for which there is public
consent that these areas are leading and promising for the country.

This information is available online:
Ministry of Economy, Republic of Bulgaria
INNOVATION STRATEGY FOR SMART SPECIALISATION OF THE REPUBLIC
OF BULGARIA 2014-2020. Summary, Version 26.10.2015. Last access: 28 April 2017:
https://www.mi.government.bg/files/useruploads/files/innovations/ris3_26.10.2015_en.pdf
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...I want Europe to emerge stronger from the economic
and financial crisis....
Jose Manuel Barroso
President of the European Commission

The National Research Development Strategy of the Republic of Bulgaria pursues the
government's policy as part of its responsibilities for the country’s strategic development. The
Strategy aims to promote the development of science in Bulgaria in order to advance it as
a factor for development of the economy based on knowledge and innovation. The target
audience of this Strategy includes scientific organisations – universities, research institutes
and other organisations involved in research.
The National Research Strategy reflects the government’s position that education,
research, technological development and innovation serve as a basis for achieving dynamic
and sustainable economic growth.
At EU level, the headline 2020 targets have been defined as follows 1:
1. 75 % of the population aged 20-64 should be employed;
2. 3% of the GDP should be invested in Research and Development (R&D);
3. The “20/20/20” climate and energy targets should be met including up to 30%
emissions reduction compared to the current emission values;
4. The share of early school leavers should be under 10 % and at least 40 % of the
younger generation should have a tertiary degree;
5. 20 million less people should be at risk of poverty.
To meet these targets, research and innovation are becoming now more than ever a
key competitive edge in the global economic competition. A number of analysts suggest that
the so-called BRIC countries (Brazil, Russia, India and China) as well as emerging economies
such as Japan, Singapore and Korea, which have considerable human and material resources,
will gradually overtake by 2050 G-6 countries (the USA, Japan, Germany, France, the UK
and Italy) in terms of GDP. Above all, these countries allocate a sizeable percentage of their
GDP for research and innovation (Figure 1 and Figure 2).

1
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Figure 1
Dynamics of GDP in billion USD of the BRIC countries and G-6
GDP (bln $))
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Figure 2
R&D intensity (expenditure as a percentage of GDP) 2008

Source: Eurostat, 2009
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The countries which register high levels of R&D investments also mark strong
economic growth and an increasing share in the knowledge and innovation global market.
Bulgaria is lagging behind leading world economies and many other Central and
Eastern European countries, which are EU Member States, in terms of investment in research
and development (R&D). Figure 3, however, shows a fast growth in the R&D expenditure of
the private sector in absolute terms (over 20% annual growth) and as a percentage of GDP.
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Figure 3 Private investments in science in Bulgaria
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This Research Development Strategy aims to:
• formulate the national science policy which will create conditions and outline
prospects for achieving the tasks laid down in the EU’s 2020 strategy;
• launch and encourage an overall process of modernisation of research bodies. This is
a necessary prerequisite for a considerable increase in the public funding for science;
• further develop the analysis of problems that entrepreneurs face in developing
innovation and provide for problem-solving measures;
• contribute to the transformation of Bulgaria into a knowledge-based society;
• encourage the growth in the share of green technology in the national economy.
The Strategy sets objectives and details measures to ensure higher quality of research
and innovation, including creation of suitable environment and incentives for the business to
invest in research projects. It sets out target values to be achieved as a result of
implementation of the measures defined therein. It also puts forward indicators to enable the
analysis as to how the measures have been implemented and the effectiveness level of the
science policy pursued.
The Strategy provides a stable framework for the development of research institutions
and science and innovation in Bulgaria over the next ten years. The Strategy will serve as a
50
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basis for action plans to detail measures for its implementation. Independent external experts
will assess the effectiveness of the implementation of the set targets and measures on a threeyear basis.
The understanding that research, technological development and innovation are
drivers of contemporary economy in modern societies underpins the National Research
Strategy. It is consistent with the objectives of the National Innovation Strategy of the
Republic of Bulgaria and its implementation measures aimed at enhancing the
competitiveness of Bulgarian industry by strengthening scientific capacity; joint
financial instruments for support of science and innovation and establishment of
competence centres in priority economic areas.
At national level the Strategy provides universities, scientific organisations and the
whole research community with the necessary framework to formulate their views and plans
for participation in national research activities, by prioritising programme-based funding.
Furthermore, the Strategy provides society and law-makers with information on the
government’s efforts to guarantee the effective use of public funds for R&D.
At international level, the National Strategy reflects Bulgaria's efforts to increase
investments in science and technological development to 3 % of the EU's GDP in line with
the goals set out in Europe 2020 by achieving accelerated use of the outcome of research and
innovation, modernising the scientific process and implementing efficient European models
and practices.
The Strategy takes into account the EU priorities for establishment of a European
research and innovation area:
•

concentration of public resources and investments in scientific organisations
whose existing capacity covers priority scientific areas and which have potential
for further modernisation;

•

support for scientific infrastructure and sustainable development of research
organisations which have the necessary capacity and development potential;

•

involvement of the private sector in research and innovation processes;

•

better coordination of education, research and innovation policies;

•

incentive for the free movement of people, knowledge and technology.

The National Research Strategy contains several important components to guarantee
its effectiveness:
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I. Priority areas for science and innovation development.
These have been defined on the basis of:
• priorities set out in the Programme of the Government of European Development of
Bulgaria;
• thematic priorities laid down in European research programmes and initiatives (Sixth
and Seventh Framework Programmes; COST Programme for European Cooperation
in Science and Technology, the European Roadmap for Research Infrastructures, the
Joint Research Centre and the Joint Technology Initiatives);
• existing analyses and assessments of the scientific system and institutions in the
country 2.
The national research priorities cannot exist isolated from world trends. They require
allocation of more and more effective investments in areas relating to: energy sources and
energy-saving technology; addressing and control over harmful and hazardous household and
industrial waste; new raw materials and resources; information and communication
technology, biotechnology, food and health, etc.
The national research priorities give evidence for the political will and commitment
to the country's strategic development in the coming years. The allocation of investment for
priority areas will come in response to the major challenges and will ensure the correlation of
research and innovation outputs and the needs of the economy.
II. Instruments for achieving the Strategy's tasks, which introduce joint financing
schemes, accumulated resources from different financial sources and a set of incentives that
create a favourable environment for promotion of research and innovation activities;
III. Assessment of the achievement of the Strategy's objectives, which provides
continuous monitoring and feedback during the implementation of specific measures. The
assessment will quantify the effectiveness and efficiency of the Strategy's implementation and
will serve as a corrective measure for future actions.

This information is available online:
Ministry of Education and Science, Republic of Bulgaria
NATIONAL RESEARCH DEVELOPMENT STRATEGY 2020. Introduction. Last
access: 28 April 2017: http://www.mon.bg/?h=downloadFile&fileId=1975
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APPLICATION FOR PARTICIPATION
To take part in the InfoTech-2017 you should send by the email before May 30th, 2017, the following:
 Application Form (enclosed in this 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
(210mmx297mm) 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 contents by two
independent reviewers and authors will be notified (by Second
Form) of acceptance or rejection by June 30th. Ac-ceptance
will be based on quality, relevance and originality. The revised
and final versions of accepted papers must arrive in cameraready form before July 20th.
All accepted papers with participation fee payment which are
nominated after the on-line discussion by positive conclusion
will be published in the PROCEEDINGS.
The Proceedings (ISSN 1314-1023) 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
30.05.2017
30.06.2017

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-2017 will be organized as a virtual event based on
remote access to accepted reports (after preliminary reviewing)
and on-line discussion. All positive nominated reports will be
published in Proceedings.

TOPICS
We invite submissions of papers presenting original re-searches
in the following topics (but not limited):

1.
2.
3.
4.
5.
6.

Information Technologies
Information Security
Networking and Communication Technologies
Intelligent Systems and Applications
Technologies for System Design & Investigation
Technological Aspects of e-Governance & Privacy

WORKING LANGUAGE
The Conference Language is English.

20.07.2017

10.08.2017

20.09.2017
21.09.2017

Application Form sending with full
paper in English.
Reviewing and recommendations
(comments) to the authors by the
reviewers
 Sending revised papers;
 Sending Registration Form;
 Fee payment.
 Publishing papers with positive
reviews on the web site;
 Starting distance discussion.
E-conference opening and final online discussion.
Final decision about acceptance of
the proposed papers and their
publishing in Proceedings

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

