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Preface
Since being established in 1949, the Faculty of Electrical
Engineering and Informatics (VIK) BME has played a flagship role in the development of electronics, IT and computer
science in Hungary.
We are proud of combining engineering applications with
sound scientific results, which is the assurance of high-level
industrial collaboration leading to novel results and innovation.
The various collaborations with our industrial partners has
made it clear that the industry expects methods and results
which make their industrial processes more effective and
increase productivity and quality. Thus, participation in these
collaborations give a competitive edge and ensure the continuous development of VIK. These factors have positioned our
Faculty as a significant source of knowledge transfer and a
treasured partner in various cooperation activities.
The current paper gives a brief account of the results
achieved at the Faculty of Electrical Engineering and Informatics in the year 2016 and, at the same time, tries to encompass the research activities conducted at different departments
of the Faculty.
We believe that this survey proves to be an informative summary about our scientific and technological contributions made
in the year 2016.
László Jakab (dean, BME VIK)
János Levendovszky (vice-dean in charge of scientific
affairs, BME VIK)
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1 Department of Automation and Applied Informatics
Department of Automation and Applied Informatics (AUT)
is one of the largest and dynamically developing departments
at BME with diverse scope competences such as control theory, embedded systems, software modelling, applied software
development, Internet of Things, power electronics, mechatronics, and many others. The department’s main activities are
education, research and development. Training versatile electrical and software engineers with solid practical knowledge
is our top priority. Our profile also includes developing high
quality software and hardware solutions for industry partners.
All of our activities are backed by strong research background.
In 2016, the department organized and hosted a number
of domestic and international events. In cooperation with the
industry, AUT has organized the IoT4U conference. It was
dedicated to Internet of Things, cloud and data management as
well as the integration of IoT into various formats. RobonAUT,
the yearly domestic amateur robotics contest was organized by
the department in February 2016. The yearly contest is open to
teams of students, organized either in student projects within
the department or independent research teams.
The next sections summarize the key research results of the
department in year 2016.
1.1 Software Development Methods and Mobile
Platforms
The diversity of mobile platforms necessitates the development of the same mobile application for all major mobile platforms, what requires considerable development effort. Mobile
application developers are multiplatform developers, but they
still prioritize the platforms, therefore, not all platforms are
equally important for them. Appropriate methods, processes
and tools are required to support the development in order to
achieve better productivity.
The research on educational mobile applications that adapt
to the mental state of the user required a method for estimating the difficulty of tasks found in the serious games. There
are generated or random assignments where the effort required
from the user is not known or cannot be estimated in advance.
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A good example for such a quiz is adaptive figural abstraction
tests like Raven’s progressive matrices with generated exercises [1]. We propose a solution to this problem by presenting a
model of an algorithm for game task difficulty estimation based
on Bayesian probability theory and existing research on human
intelligence. We have also introduced a simulator which is used
to analyze the validity and efficiency of the estimation algorithm [2].
Regarding software development, we worked out a method
of platform-independent intermediate-level obfuscation that
can be used in various fields of information security. The
offered methods and approaches have been demonstrated in IL
Obfuscator tool [3].
1.2 IoT and Smart City
The Internet of Things (IoT) is transforming the surrounding
physical objects into an ecosystem of information that enriches
our everyday life. Novel application and service development
methods and frameworks are required to support the realization
of solutions covering data collection, transmission, and data
processing, analysis, reporting, and advanced querying. Our
SensorHUB framework utilizes the state-of-the-art open source
technologies and provides a unified tool chain for IoT related
application and service development. SensorHUB is both a
method and a research accelerator environment to support IoT
related application and service development [4, 5]. The framework is worked out in the context of EIT (European Institute of
Innovation & Technology) Climate-KIC [6] SOLSUN project.
The SOLSUN (Sustainable Outdoor Lighting & Sensory Urban Networks) project is about to demonstrate how
intelligent city infrastructure can be created in a cost-effective
and sustainable way by reusing existing street lighting as the
communications backbone [7]. We apply different technologies
and methods to reduce energy consumption at the same time
as turning streetlights into nodes on a scalable network that is
also expandable for other applications. Sensors capture data on
air pollution, noise pollution, and traffic density [8]; gathered
information is used to address traffic congestion, a key contributor of GHG emissions in cities.
SOLSUN project develops an integrated technology platform where several components of the SensorHUB framework and the knowledge of the SensorHUB team is utilized.
The project brings together a strong core of public, private, and
academic partners with the combined expertise to develop outcomes that can be exploited on a global scale. The project is
carried out between 2015 and 2017 by the following partners:
Select Innovations Limited (UK), British Telecommunications
Plc. (UK), Municipality of the City of Budapest (Hungary),
PANNON Pro Innovation Services Ltd. (Hungary), and Budapest University of Technology and Economics (Hungary).
Collected data is considered one of the key parameters controlling smart systems around the city. Furthermore, data is
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important for the study of the urban environment of the city. For
example, burn hours and energy consumption can be adjusted
to meet the sufficient needs of warmer areas over colder ones or
over the same areas frequently due to land use and land cover
changes; further, there obviously exist facts of reduced energy
and more rapid runoff of GHG emissions.
The challenges for this research is to choose the appropriate
statistical tool for urban data. Thus, we need to do an exploratory analysis to determine factors such as means, maxima,
and quantiles. Our results showed 32 associations between
containers and measured values. The container, located in
“Beccles Road”, measures the highest temperature and consumes the highest lamp current. Regardless of which location,
the analysis showed that there is a strong correlation between
temperature and lamp current. In other words, the higher temperature scores, the much lamp current consumed. The “Beccles Road” location also scores high reading in PSU voltage
and energy in another container.
The cv4sensorhub project aims at the extension of SensorHUB with a semi-automatic image-processing framework.
On one hand, it provides data model and operations for several
image-processing techniques, and on the other hand, it includes
customizable user interface tools. The user interface is meant
for applications where the user needs to supervise the image
processing either to check the automatic results, or to manually guide the smart tools in cases, which are too complex for
fully automatic approaches. The long-term goal of the project
is to support the development of interdisciplinary applications
related to image processing.
Currently, the framework has two applications built over it
[9]. The GrainAutLine [10] system helps experts to analyze marble thin section images for marble provenancing. The ChemoTracker application automates white blood cell migration tracking in microscopy images to support immunology research.
The research project titled Joint Design of Communication and Control for Connected Cars in 5G Communication
Systems was conducted in cooperation with the 5GLab at TU
Dresden and Nokia Bell Labs. The goal was to investigate the
capabilities of autonomous and connected cars and study the
influence of various parameters on the traffic efficiency of communicating cars. We developed a physical testbed, which was
presented at multiple exhibitions, including the Mobile World
Congress (MWC) 2016 in Barcelona and Shanghai, and the
5G Connect Congress in Munich to highlight the importance
of connected cars over autonomous cars and their role in traffic
efficiency [11].
The testbed comprises a complete architecture of a connected
car scenario, including communication-capable miniature cars
driving on a street with intersections. The testbed also includes
a traffic coordination software running as a cloud service,
ensuring that there are no crashes in the streets, especially in
the intersection even in the presence of human interaction. For
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instance, if one of the cars is manually stopped on the street
the other cars react to that “in time” preventing any accidents.
1.3 A Hypothesis Model for Vehicle Tracking
Counting traffic more and more efficiently is a major problem
of the field of urban design. The more precise knowledge, and
expected amount of traffic can be used to design more attractive, functional, and sustainable junctions, thus leading to an
environment-friendly and closer-to-optimal urban design. Since
the whole process of tracking can be separated into two mayor
steps, it is better to investigate them independently. These two
steps are detection and tracking. In detection, an object is found
and descriptors are extracted, while in tracking these detections
are linked based on physical parameters and descriptors.
Compared to general tracking methods, our architecture has
a few significant differences. The main concept is that the final
output of the tracking is a graph, where each node is generated
by the tracker, and has a probability value assigned to it.
The built graph is called hypothesis graph. The resulting
hypothesis graph is a tree, having more and more branches and
leaves with time, but no merge. Since parent chain is always
trivial, a final probability value of a hypothesis can be calculated as accumulated certainty of its nodes.
After building the whole hypothesis trees, all the obtainable
information is created to make the final decision whether it
gets in the set of counted vehicles or should be dropped. We
get rid of inviable hypotheses, which have improbable attributes, e.g., too high velocity, impossible route, etc. However,
all the remaining hypotheses are appropriate and many of them
are related to the same vehicle. The idea of duplicate filtering,
which is based on the fact that there cannot be multiple vehicles
at the same place simultaneously, could be more accurate, if
not only the rate of the covered frames were taken into consideration, but also their weight based on the reliability of their
situations. A vehicle with greater angle to the target is covered
more often, while a vehicle viewed from top view is never covered, and reveals duplicates instantly.
Our measurements and results were impressive compared to
regular tracking methods, especially in cases, when vehicles
became occluded or have been stopped for a long time. The
results are now being in the process of publication, and will be
available soon in conference proceedings and journals.
1.4 Network Coding Enhanced Data Distribution
In our work, we are investigating the possibilities to create
peer-to-peer (P2P) assisted video on demand (VoD) streaming
with network coding [12]. We propose a BitTorrent-like protocol for data dissemination. We are using only JavaScript to
create an application that can run in any browser without any
third-party plugin. The network contains a content server that
is always available like in case of any streaming services. The
clients are capable of creating browser-to-browser connections
BME VIK Annual Research Report 2016

with WebRTC, as well as caching and exchanging network
coded data. Through measurements, we show that employing
our protocols for data-streaming, average data download speed
can be significantly increased and server load can be decreased
up to 80%. To validate the scalability of our solution, we tested
our protocols in a network with more than 100 tablets to deliver
smooth video playback [13].
We also investigate the possibilities of creating a Mobile
Edge Cloud (MEC) [13-15]. To achieve sub millisecond
latency, bringing the services closer to the clients is inevitable.
The aim of MEC is to move the clouds to the edge of the network, close to the clients or even move the clouds with clients.
This technology is crucial in case of connected cars, where the
cars are connected to a cloud-based service. Keeping the service in a centralized place increases the latency that can lead to
accidents, so the services have to travel with cars. In our work,
we propose a protocol and architecture, called Agile Cloud
Migration (ACM). We also implemented a working version
of ACM in a small tron-like 2D game. The players are able
to control their in-game avatars, while the game server can be
migrated live from part of earth to another, or to the edge, close
to the players, reducing the latency to nearly zero.
A crucial problem limiting the widespread use of erasure coding in distributed storage lies in the high network cost of rebuilding lost data. A theoretical model was created and lower bounds
on this cost was introduced in [16]. This suggests that network
coding is ideal for highly dynamic, decentralized storage.
Previous research [17, 18] have shown that using online
network coding with recoding capabilities, the latency is significantly decreased. Our current aims lie in minimizing the
damage recoding does to online encoding while retaining the
gains it provides [19].
We also employ machine-learning approaches for the prediction of header compression utilities [20], which will enable
the compression to dynamically adapt to varying channel conditions. This will ensure that the compression always performs
at best efficiency.
By assuring the optimal utilization of the proposed solutions,
we enable future wireless mesh networks for the adoption of
low latency applications, such as automated vehicle steering,
surveillance, live multimedia transmission, etc. [21-24]
.
1.5 Mechatronics
With regard to mechatronics area, we can report both practical and theoretical results.
Within the framework of a cooperation between AUT and
AUDI Hungária Motor Kft. started in 2011, we have developed
a novel test method for fast and accurate measurement of iron
losses in high-speed permanent magnet synchronous machines.
In addition, a dedicated laboratory system for performing automatic measurements was designed and built. Among others,
the laboratory system is capable of measuring the iron loss vs.
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frequency as well as stator and rotor temperatures. The system
is capable to separate the iron loss into hysteresis and eddy
current components and to correct the change in the magnetic
flux density due to varying temperature of the rotor permanent
magnets. The temperature of the permanent magnets embedded into steel of the rotor is measured by a novel, contactless
method. The system has been jointly patented by Audi AG and
AUDI Hungária Motor Kft. The description of the system and
scientific results are summarized in [25].
In a theoretical work, we examined the potential realizability
of photon-coupled, photo-switchable protein-based computing
architectures [26]. We showed that photon coupling provides a
stronger, more stable and robust integration of molecules into
computing circuits than the extensively used Coulomb-coupling. The simulations suggest that circuits based on such molecules may enable the realization of nanoscale computing processors with terahertz-frequency operation.
1.6 Summary
BME AUT believes that innovation is the result of teamwork,
when scientists and engineers work together, and creativity is the
result of drawing inspiration from several sources. The real power
is the harmonized team, members from various fields with different
background and experience, working together on a specific problem. This motivates us to utilize the knowledge and capabilities of
scientists and engineers from various fields of computer sciences
(modelling, simulation, software design, development methodologies, data analyses, architecture, and others), i.e. let them work
together to inspire each other and support the innovation.
2 Department of Electron Devices
Research and development activities at the Department of
Electron Devices traditionally are connected to design of integrated circuits and novel active devices and have a special focus
on thermal & reliability issues of electronics, microelectronics,
photovoltaic devices and solid-state lighting; on MEMS and
smart system integration including practical realization of CPS
and IoT applications. In 2016, these activities were supported
by an EU FW7 project and two H2020 projects (EuroCPS, Delphi4LED – see later) and three different OTKA projects. The
following subsections provide details of the most important topics and results achieved.
2.1 Optimized RTL Design by Means of Algorithmic
Formal Languages
Nowadays the focus of digital system design seems to be
shifting towards System-on-Chips equipped with run-time
configurable, application-specific macrocells. Numerous tasks
have to be taken over from the instruction-set microprocessors
in order to cope with the ever-increasing performance requirements, while the design effort has to be kept low to handle
time-to-market pressure and reduce design cost.
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In the framework of this research novel solutions for digital
system modelling and synthesis are being investigated. The central demand placed upon the target method is to simultaneously
ensure the productivity and the possibility of detailed architectural optimizations. These somewhat conflicting requirements
are well-known by the existing approaches but they are usually handled in a mutually exclusive manner; HLS (High Level
Synthesis) tools are used when the development time is the primary objective and detailed hand-crafted RTL (Register-Transfer Level) modelling is applied in case of highly timing-sensitive and/or power-critical designs. To find a common ground
for the contradictory needs, a novel abstraction level (Algorithmic RTL) and a formal language (Algorithmic Microarchitecture Description Language, AMDL) have been introduced [41,
49]. Using the proposed technique, the designer may describe
the behaviour and define the micro-architectural details, in a
unique algorithmic language environment. An AMDL-VHDL
synthesis method has also been developed, which ensures the
compatibility with the traditional digital system design flow.
Based on the design efficiency investigations performed so far,
it may be concluded that the proposed modelling means is a
promising candidate for fulfilling the gap between HLS tools
and hand-optimized RTL.
2.2 Thermal-aware Design of Complex Digital ICs
As the dissipation density reached the limits of applied air
cooling solutions, thermal issues became bottlenecks in the
design process of VLSI and ULSI circuits. Due to the large
computational requirements, electro-thermal simulations are
not applicable methods for analyzing the temperature dependent behavior of complex digital ICs. The main goal of this
research is to develop new simulation methodologies to
co-simulate the thermal/functional behavior of the system at
different stages of the design process. Logi-thermal simulation
paradigm addresses the electro-thermal simulation’s issue and
reduces the computational overhead by raising the abstraction
level of the circuit from transistor level to gate level, RTL and
above. Previous implementation of this simulation paradigm
could accommodate exclusively standard cell descriptions of
the circuits. Our latest results targeted the logi-thermal simulation of RTL descriptions [42]. By raising the abstraction level,
and simulate only the critical path on gate level, the simulation
time could be significantly reduced, while the error of the calculated temperature dependent delay was less than 3% [42].
SoCs contain not only digital modules, but several analogue/
mixed signal and even RF circuits as well. The thermal behavior
of these system can be captured by the traditional electro-thermal simulations. Our research objective is to extend the current
logi-thermal simulation method with mixed-signal capabilities,
thus, besides plain SystemC circuit descriptions allowing the
application of SystemC-AMS.
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2.3 Design of Cyber Physical Systems and IoT
Applications
Besides development of high abstraction level modelling and
synthesis methods [41] aimed at the design of processing elements to be used in CPS and IoT applications, with the support
of the EuroCPS project (www.eurocps.org), in cooperation with
two Hungarian SMEs we have been dealing with two projects
aimed at immediate industrial applications. One targeted smart
sample labelling and sample handling in biomedical testing laboratories (the SmartLAB project) while the second industrial
project was aimed at the development of smart LED based street
lighting luminaires with advanced built-in self-diagnostics and
temperature controlled smart dimming based on an embedded
multi-domain LED model (the SmartSSL project).
2.3. 1 The SmartLAB project
High throughput medical diagnostics laboratories and biobanks have to face the growing amount of biomedical samples
processed and stored locally. The continuous quality assurance
of the even tens of thousands sample test tubes during processing, transportation and storage generates the need for comprehensive solutions. The Department of Electron Devices partnered with an innovative Hungarian SME for the SmartLAB
project to develop a novel solution which uses RFID tagged
test tubes and sample holders. The touchless and highly flexible
technology enables the reliable and secure identification of the
test tubes in the entire laboratory ecosystem, reducing the risk of
sample loss or misprocessing and shortening the time of providing results for the patients. The SmartLAB system (see Fig. 1)
utilizes coordinator modules in laboratory and refrigerated sample storage areas operated by Intel’s embedded Edison platform.

Fig. 1 Usecases of the application of the SmartLAB system
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2.3.2 The SmartSSL project
Smart systems – according to a simplistic definition – provide new qualities and new functionalities through the integration of formerly distinct functions, components and networks.
Street lighting (as other lighting applications) recently went
through a drastic change offered by “LEDification”. The easy
electronic controllability of LEDs as light sources triggered a
new change of paradigm: integration of LED based luminaires
into smart systems. Smart integration necessitates among others both adaptability to the environmental conditions and intelligent remote control that require a communications systems
based on a multi-layer data transfer protocol. In the SmartSLL
project we aim to develop a “future proof” solution which is not
restricted to lighting control but allows public lighting installations to play key roles in other smart city functions needed in
outdoor public spaces such as communications with vehicles
[28]. The result of the development is a new IoT device which
can be installed in street lighting luminaires and allows physical layer (e.g. PLC, WiFi, ZigBee or other RF transmission)
independent data transfer. The main functionality of the application layer of the protocol remains of course lighting control
which is best implemented on the basis of existing standards
(such as DALI), but the system allows the implementation of
other communications tasks based on other application layer
protocols. In this application we also used Intel’s Edison platform which provides sufficient resources also to implement a
multi-domain LED model which allows to exploit the temperature dependence of the efficiency/efficacy of LEDs. With such
a model based control we can implement a so called iso-flux
control scheme which results in constant luminous flux output
of the luminaire by adjusting the LEDs’ forward current to balance the changes of the ambient temperature [29, 30].

Fig. 2 Thermal simulation results of our new microchannel based cooling system simulated with the help of a recently developed compact thermal model
of microchannels
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2.4 Thermal Management and Reliability
2.4.1 Design and realization of integrated
microchannel based cooling solutions
In case of microscale heat sink structures which are the
integral parts of modern chip or package level cooling concepts, many fabrication steps have to be fully developed before
a successful chip-level cooling system is ready to be used.
Recently we developed and presented a refined manufacturing
technology that allows integration of microchannel based cooling solutions with IC chips, 3D stacks of chips or with solar
cells [31]. Besides the new heat sink structures we also further
developed the characterization method aimed for such cooling
devices. The method is based on thermal transient measurement followed by structure function analysis. Our recently
improved characterization method is able to account for possible non-idealities of the heat transfer processes [43]. A new
method was also introduced to create a ladder-type analytical
thermal model of different microscale channel based heat sink
structures which allows to determine the local heat the temperature distribution along the channel depending on the channel geometries (see Fig. 2), the thermal properties of the fluid
and the wall temperature(s). This model was implemented in
a conventional thermal field solver to augment the capability
of simulating the thermal impact of integrated heat sink. This
allows the study of the operation of system-on-package (SoP)
devices by electro/logi-thermal simulation [32, 42, 43].
2.4.2 Study of thermal reliability of power
semiconductor devices
Solid-State Lighting, e-mobility and high voltage DC distribution networks impose great demand for reliable power semiconductor devices such as power diodes, power LEDs, power
MOSFETs and IGBTs. As transferred energy is on a rise all
application fields, every year the challenge is getting bigger for
the manufacturers to increase the power rating and load current capability of their devices without sacrificing reliability. In
reliability testing power or temperature cycling is used as stress
method which is regularly interrupted and is followed by laboratory testing using X-ray microscopy, acoustic microscopy or
device cross-sectioning. These test methods often cannot reveal
the real root-causes of device aging manifesting in increased
thermal resistance of a given section of the junction-to-ambient heat flow path. Degraded sections of the main heat flow
path can be identified by the so-called structure function analysis of the device package in a non-destructive manner. Structure function analysis (following the thermal transient testing
method) during power cycling is the basis of the in-situ method
that was elaborated at the Department of Electron Devices
within the NANOTHERM EU FW7 project (www.project-nanotherm.com). A versatile test environment controller hardware
was designed and implemented to integrate power/temperature cycling with the non-destructive failure analysis method
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offered by the thermal transient measurements in an automated
way [33]. This test system was also successfully used for
assessing the thermal performance of newly developed Wafer
Level Fan Out packaging technology [34].
2.4.3 Thermal and multi-domain modelling of LEDs
and LED applications
In this field, we started investigating how compact thermal modelling can be applied to system level investigations
of solid-state lighting solutions. As a first step, we proposed
a methodology aimed at compact thermal modelling of LED
luminaires. Our previous multi heat-source characterization
technique was applied to LED luminaires and was combined
with our prior LED multi-domain models [35, 36]. This allows
luminaire level “hot lumens” calculations under arbitrary thermal conditions. The LED multi-domain measurement and
modelling techniques originating from our department contributed to the successful definition and launch of a new H2020
ECSEL project titled Delphi4LED (www.delphi4LED.org)
[37, 38, 45].
2.5 Realization and Characterization of Lab-on-aChip Micro-fluidic Devices
The activity of the department in the field of biomedical
devices covers a wide portfolio from model development to
device design. A novel reduced order model (ROM) was constructed for the investigation of enzymatic processes encapsulated in micro droplets. This model provides two orders of
magnitude decrement in the design loop time compared to time
required when the conventional numerical solvers are used in
the design process. BME DED and spinoff company Spinsplit
LLC develop a new microchip reactor platform for fast and
efficient investigation of biocatalytic, especially enzymatic processes. In a strong cooperation with the Department of Organic
Chemistry and Technology of BME, the biomedically relevant
PAL (EC 4.3.1.24) enzyme was successfully characterized in
chip microreactor immobilized onto magnetic nanoparticles.
The so called MagneChip platform developed recently is a
novel Lab-on-a-Chip (LoC) microreactor platform comprises
of micro-sized magnetic reaction cells capable of anchoring
biocatalyst-coated magnetic nanoparticles (MNPs) addressable and selectively. The system consists of a sensitive built-in
magnetometer to quantify the entrapped particles and an in-line
flow cell spectrophotometer to characterize the enzymatic process. In complex microfluidic systems including a plurality
of such cells, any order of cascades of differently functionalized MNPs in serial or parallel arrangement is feasible, which
allows to design highly flexible and “programmable” execution
of multi-enzyme processes. This highly flexible approach was
utilized in various measurements targeting otherwise challenging enzymatic characterizations. A summary of this work was
published in a book chapter [48].
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2.6 Measurement and Modelling of Solar Cells
As part of a long-term activity resulting in a PhD dissertation [51] we carried out investigation of CIGS solar cells with
a vibrating capacitor Kelvin probe. The high resolution (100
um) surface potential maps were acquired under illuminated
and dark conditions, thus a surface photovoltage map could also
be derived. The measurement method was able to detect invisible shunts and short-circuited cells, thus giving a contactless
detection possibility for such defects [46]. Results were verified
by photoluminescence and dark lock in thermography measurements. The surface potential map can be also used for the detection of degradation due to ageing. Such measurements complement the techniques mentioned before in Subsection 2.4.2.
2.7 Thermal Electric Logic Circuit (TELC) for
Nanoelectronics
We are proposing a new active thermal-electronic device
family. These devices operate by means of thermal (or hot
electron) coupling between adjacent domains containing heating (input) and thermally sensitive (output) elements. The
theoretical background, basic equations and comparison with
the conventional electron devices are the main subject of this
work. According to the theoretical assumptions, the realization
of the thermal-electronic device needs a very sensitive output
element (temperature sensor). Among others, the metal-insulator transition (MIT) based resistor fulfils this requirement. The
MIT resistor itself has thyristor-like I-V characteristics due
to the high electric field and/or Joule heating and extremely
strong step-like resistance drop at a given temperature. Using
thermally coupled MIT and/or other resistors one can build a
special device, namely phonsistor (=phonon transistor). This
device consists of only bulk type intrinsic domains, containing
significantly fewer regions, junctions, depleted layers, surfaces
and interfaces compared to conventional electron devices. This
kind of devices can probably be integrated together and with
CMOS forming thermal-electric integrated circuits (TELC).
Recent results of our research work are: establishing the
theoretical background of active thermal-electronic devices
in general [39], realization of different thermal-electronic
devices, successful development of a radio-frequency reactive cathode sputtering technology for VO2 deposition for MIT
resistor [47], computer modelling of MIT effect and MIT based
thermal-electronic devices [40].
3 Department of Electronics Technology
Electronics technology is one of the most rapidly progressing areas of engineering science. In this multidisciplinary field,
new materials and technological procedures emerge year by
year, immediately becoming an important and indispensable
part of the common electronics assemblies. The innovations
increasingly demand precise, fast and cheap production technologies. The Department of Electronics Technology (ETT)
BME VIK Annual Research Report 2016

would like to give a short overview of the latest basic and
applied researches in electronics applications and technologies,
which point to innovations in the near future.
The researchers of BME-ETT participate in international
R&D projects sponsored by the European Union (FP7, H2020,
Leonardo) and collaborate with numerous industrial partners
(Bosch, Flextronics, Continental, etc.). Our short overview
focuses on the following fields:
• surface characterization of material properties in the nano-level by using atomic force microscopy (AFM);
• an electrochemical method for characterising the microstructure of solder joints quantitatively;
• investigation of physical, chemical and electrochemical
processes;
• investigating the structure of cracks inside solder joints
by Computed Tomography (CT);
• characterizing of tin pest phenomenon by electrical resistance measurements;
• numerical and experimental study of Vapor Phase Soldering (VPS).
3.1 Micro- and Nano-scale Material Characterization
The main focus of the Nanotechnology Laboratory at BMEETT is the surface characterization of material properties in
the nano-level with atomic force microscopy (AFM). Cavitation is a well-known phenomenon in the field of high-speed
flows and it is generally considered undesired, sometimes even
harmful process in hydraulic systems. However, there are several scientific and industrial applications where cavitation jets
are used purposefully e.g. for jet cutting, underwater cleaning
and for the improvement of fatigue strength of materials, etc.
In the past years our department together with the Institute of
Nuclear Techniques (BUTE) and Department of Thermohydraulics, Centre for Energy Research, Hungarian Academy of
Sciences participated in a research cooperation which aimed
to study the effects of cavitation erosion on various materials
(copper, aluminum and stainless steel in particular).
We demonstrated that cavitation could be utilized as a tool to
purposefully modify the surface characteristics of these materials (in other worlds increase their surface roughness in a controllable fashion) in the micro- and nano-levels [52, 53]. The relation between the behavior of the cavitation erosion process and
the geometrical parameters of the generator (e.g. nozzle diameter and sample standoff distance) was also studied in detail in
order to maximize its efficiency [54, 55]. In connection to the
nano-level surface investigation with atomic force microscopy
(AFM), another paper was published which demonstrated and
discussed the possible application of a novel parameter called
localization factor (introduced by A. Bonyár in 2012) for the
characterization of the shape of surface structures [56].
Solder joints of an electronic product represent the mechanical, thermal and electrical interfaces between the individual
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components and the printed circuit board. Quality assessment
of the solder joints are always in the centre of interest.
We have previously developed an electrochemical method,
which is capable of characterising the microstructure of leadfree solder joints quantitatively (Fig. 3) [57]. By applying this
technique, it was shown that the average surface between the
tin-silver intermetallic compound (IMC) and the tin matrix is
varying as the function of the quenching temperature of the
solder samples. Huge tin-silver IMC plates were formed in solder samples when the liquid to solid transition occurred under
longer time. In the case of samples that were rapidly solidified
finer microstructure was formed [58]. The presence of tin-silver IMC plates is considered as a reliability concern, since the
mechanical properties of such IMCs are known as very brittle.
In the past year, the microstructure of the solder joints of
surface mounted resistors that were soldered in vapor phase
soldering machine or infrared oven was observed. It was found
that under general technological circumstances the plate-like
structures may occur inside the solder bulk although the cooling rate of the applied soldering techniques are compliant with
the corresponding recommendations.

optimization of CT measurement setup; e.g., a slightly larger
value of the sample rotational increment can provide acceptable resolution with much faster processing time. Thus, we
developed a method and performed research about optimizing
CT measurement parameters. In the experiment, cracks were
formed inside SAC (SnAgCu) solder joints intentionally by
aging the joints with TS test (-40 to +140 °C, 2 000 cycles)
[59], and CT images were captured about them with different rotational increment (1/4, 1/2 and 1°) of sample projection (Fig. 4). The length of cracks was also measured with our
method, which is based on capturing high-resolution radiography X-ray images about the cracks in two perpendicular projection planes [60]. The radiography results were compared to
the CT measurements.
The results have proven that reducing the rotational increment increases the sharpness of the captured images and the
accuracy of crack length measurements. Nevertheless, the
accuracy compared to high-resolution radiography measurements is only slightly better at 1/4° rotational increment than
in the case of 1/2° rotational increment. It should be also noted
that the 1/4° increment requires twice as much time for capturing the images as the 1/2° increment.

Fig. 4 Investigating a crack inside a SAC solder joint after 2 000 TS cycles
with CT: (a) defining the virtual sectioning plane, (b) measuring the length
in the virtual section which is parallel to the longitudinal axis of the crack
(considering the crack as a straight line in a short distance).

Fig. 3 Scanning electron microscope micrograph about a lead-free solder joint
after the application of electrochemical etching.

The electrochemical characterization method developed at
the failure analysis laboratory of the department is also suitable
for detecting the presence of such platelike structures without
expensive microscopy, therefore it is a promising tool for the
characterization of any solder joint. The method is now being
standardized in order to be applicable to every type of solder
joint in different size ranges.
A method has been developed to measure the length of
cracks inside solder joints, which enables the validation of
Computed Tomography (CT) crack length measurements.
There is a lack of information in the literature regarding the
90

Therefore, it can be concluded that 1/2° rotational increment of sample projection is the optimal setting in this investigated case for measuring crack lengths. Nevertheless, the
optimal setting of rotational increment depends on the sample dimensions and on the highest magnification. For smaller
magnifications – where the voxel (represents a value on a regular grid in three-dimensional space) size is larger – higher
rotational increment could provide the acceptable resolution.
Therefore, the optimization should be performed for different
samples, for different magnifications, utilizing our proposed
validation method.
3.2 Reliability and Quality of Electronic Assemblies
From the aspect of humidity induced failures (e.g. electrochemical corrosion), the main topics are the investigations
of physical, chemical and electrochemical processes, such
as the impact of contamination on water layer formation,
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surface finishes and solder alloys to remark a few. The humidity induced reliability investigation of lead-free solders is still
an open issue among the researchers, and many studies can be
found related to electrochemical corrosion.
In the past year, the BME-ETT department has reached a significant result about the electrochemical corrosion. The corrosion properties of different lead-free micro-alloyed solder alloys
were investigated using potentiodynamic polarization tests and
scanning electron microscopy with energy dispersive spectroscopy (SEM-EDS) methods. According to the polarization tests,
the Ag/Bi-alloyed solder alloy showed the weakest corrosion
resistance. The corrosion depth results have confirmed that the
silver-bismuth bearing (~ 3 wt%) lead-free solder alloy have
the lowest corrosion resistance compared to the other lead-free
ones with no Bi content. The lower corrosion resistance can be
explained by relevant silver and bismuth contents and volumes,
which were detected in the corroded layers by EDS. The reason
could be that the corrosion potential (Ecorr) is shifted towards
less noble values with the addition of bismuth and silver [61].
During 2016, BME-ETT joint to the research of Instutue of
Ectron Technoology (ITE – Krakow, Poland) about tin pest phenomenon. Tin pest is a spontaneous allotropic transition of ß-Sn
to α-Sn below 13.2°C. Firstly the transition starts from blemishes,
discoloration, mottling. Later these first ones are changed into
characteristic warts (Fig. 5, which originates the name “tin pest”).

Fig. 5 Image of tin pest warts on the surface of a tin finish

Finally, the sample is changed into the form of the powder
leading to the total disintegration of Sn sample. The identification and characterization of tin pest in Sn-rich solders and surface
finishes is crucial for electronic devices working in sub-zero temperatures in aeronautical, aerospace and automobile applications.
In this research, the tin pest phenomenon was characterized
by electrical resistance measurements. The aim was to compare the ability and sensitivity of the usually applied optical
observations by the electrical measurements. It was found that
the electrical resistance measurement is a much more sensitive
characterization method of tin pest growth than any kind of
optical observation [62].
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3.3 Soldering Technology
Vapor Phase Soldering (VPS) is an emerging reflow soldering method. It is considered as a promising alternative of convection and infrared heating in the electronics industry during
soldering. The heat transfer method in the VPS technology is
very different from the convection or infrared technologies.
During the VPS process, a special heat transfer fluid is evaporated in a closed tank and then the condensation phenomenon
is used for heating the assembly.
In the past year, the department has reached significant
results in the field of VPS research, the heat transfer and condensate layer formation on the top side of inclined printed circuit boards was investigated by numerical simulations. It was
found that even a moderate inclination of the printed circuit
board (>1%) has considerable effects on the formation of condensate layer and consequently on heat transfer. The thickness
differences of the condensate layer can be decreased with an
optimized inclination of the printed circuit board and it homogenizes the heat transfer during the process, enabling improved
solder joint quality, with reduced overall soldering failure count
[63]. During another research, the dependence of heat transfer
coefficient during on the substrate properties was investigated
by numerical simulations. The results presented dynamic heat
transfer coefficient values of the process for different substrate
materials. It is shown that the heat transfer coefficient can be
characterized with the thermal diffusivity of the substrate material together with the filmwise condensate layer thickness on
the substrate. While, the formation of the condensate layer is
determined by the thermal diffusivity of the substrate material
[64]. The investigations on substrate influence on the heating
were extended with measurement approach as well, where the
initial results affirm the trends found with the simulation [65].
Thermocouple attachment options were analyzed to improve
temperature measurements during the process. It was shown
that it is recommended to avoid uninsulated thermocouple wire
ends in the vapor zone, as the condensing Galden considerably
affects the measurements. The fluid layer of the condensate
also increases the uncertainty of polyimide tape attachment
method of the thermocouples, while the fluid underflows the
tape, which also reduces the quality of adhesion. It was shown
that comparing the heating factor of the given temperature profiles yields improved comparison. High temperature solder and
Alu-tape attaching methods are suggested for improved measurement repeatability [66].
Vapor Phase Soldering was also considered as a promising
alternative of heat transfer on special, heat-sensitive circuit
substrates, such as biodegradable boards. [67]
3.4 Summary
The research fields of ETT reflect the major trends and results
in modern engineering science, which are chiefly engaged
with: (i) surface characterization of material properties in the
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nano-level; (ii) application and investigation of electrochemical processes; (iii) novel characterization methods of solders
joints microstructure; (iv) reliability problems of electronic
assemblies; (v) developments in vapor phase soldering. These
topics may serve the interest of the readers of Periodica Polytechnica Electrical Engineering and Computer Science.
4 Department of Networked Systems and Services
The Department of Networked Systems and Services is
focusing on the key areas of the automated city – one that is
predictive and responsive without human intervention. Such a
city could avoid traffic congestion before it occurs and distribute resources, such as emergency services and maintenance,
without time-consuming human decision-making. Vehicular
networks are on the verge of becoming an essential part of our
increasingly connected life. However, the evolution of related
technologies is still very far from finished: autonomous/automated vehicles, heterogeneous vehicular access environments,
large scale deployment scenarios, application and service
interoperability, security and privacy still pose serious challenges just to mention a few.
In the following, we present, in somewhat more details,
selected research projects from the area of the automated city:
(i) V2X communication solutions for connected and autonomous vehicles, (ii) vulnerabilities in connected and autonomous
vehicles, (iii) Unmanned Aerial Vehicles in automated cities
and (iv) flocking of autonomous vehicles. More information on
these and other projects and on our research in general, can be
found on the department’s web site at http://www.hit.bme.hu.
4.1 V2X Communication Solutions for Connected
and Autonomous Vehicles
Our department has been deeply involved in international
V2X researches since the early days: successful EU projects
from the FP6, FP7 and CELTIC programmes employed our
expertise in ad hoc radio communication, advanced mobility
management, cross-layer optimization, protocol development
and performance evaluation. An important milestone and a leap
toward industry-motivated research was in 2016 when Commsignia Inc., a leading V2X solution provider company, and
BME-HIT took the initiative and formed Europe’s first V2X
industry-education collaboration – the Commsignia-BME
HIT Automotive Communications Research Group, operating
within the Laboratory of Multimedia Networks and Services
(MEDIANETS).
One of the main research focuses right now is on heterogeneous vehicular networks where the communication diversity covers Wi-Fi, DSRC, CALM, 3G, 4G/LTE/LTE-A, 5G,
and Satellite among others. This fact demands the design
and implementation of context-aware, resource efficient, fine
grained (i.e., flow aware), scalable, and optimized Layer 3
V2X mobility management mechanisms integrated into the
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C-ITS standards. To provide the base infrastructure for such
mechanisms, we introduced a dynamic network discovery and
selection framework relying on the tools of C-ITS standardized
Local Dynamic Map (LDM) and Cooperative Awareness Message (CAM) [68]. The proposed solution uses the geographic
position and dynamic/static context information of different
access networks to predict handover events and proactively
prepare for the required mobility management procedures
during the V2X communication. The LDM-based predictive
decision engine provides prompt and efficient vertical handover (VHO) decisions for V2X applications during different
mobility events, while the CAM-supported timely and standard
compliant transport of context information provides all the
dynamic/static data required for these VHO decisions. In this
way, we can further increase the efficiency of C-ITS services in
a standard-compliant manner.
We have proposed a possible architecture for a V2X-integrated traffic light controller systems, which is easy to implement and deploy, uses standardized C-ITS messaging techniques
(MAP, SPAT, etc.), and creates an intersection environment for
road users and operators where the widest scale of adaptive and
dynamic C-ITS applications could be implemented. Our solution was showcased within an interactive demonstration during
the Regional Digital Summit 2016 in Budapest, where we tried
to highlight the possibilities of highly adaptive and dynamic
traffic management systems of Smart Cities strongly relying on
V2X technologies.
Motivated by the fact that in-vehicle healthcare applications gain more and more attention, our group also investigates how advanced mobile healthcare (mHealth) services can
actively benefit from the advantages of heterogeneous vehicular networks and V2X communication in C-ITS architectures
by transferring various, often real-time medical data between
drivers/passengers and the designated healthcare infrastructure
or medical experts in different scenarios. Our first goal was
to propose an in-vehicle healthcare use-case, draft a possible
extension of GeoNet (GN) forwarding algorithms and to present comprehensive evaluation of mobile medical multimedia
transmission between vehicles over ITS GN GeoBroadcast
protocol. Results clearly show that medical multimedia could
be transmitted even over 802.11p using GN protocol [69, 70],
however, subjective QoE measurements evaluated by medical
personnel would also be useful for more precise assessment
of medical media quality, and enhanced security/privacy measures must be applied also in the mobility management level of
the V2X domain by techniques like [71].
4.2 Vulnerabilities in Connected and Autonomous
Vehicles
When vehicles are connected to each other and to the Internet, they become potential targets of cyber-attacks. The feasibility of such attacks have recently been demonstrated by
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many researchers: in proof-of-concept attacks, cars have been
compromised remotely via wireless interfaces and locally via
the OBD interface [72-75]. In case of autonomous vehicles,
the danger is even greater, because the physical control of the
car is entirely “in the hands” of computers that, as we have
seen, can potentially be compromised. So the bright vision of
autonomous vehicles can become reality only if we can solve
the pressing issue of cyber security; a huge challenge for the
research community, as well as for the automotive industry.
In a recent research [76], we showed that it is relatively easy
to perform dangerous modifications to the settings of different
car equipment (e.g., the airbag in the car) by simply infecting
the mechanic’s PC or laptop that runs the diagnostic software
used to manage those equipment in the car, and replacing the
software component responsible for communications between
the diagnostic software and the CAN bus with a malicious
component that implements man-in-the-middle type attacks
(e.g., replay or modification of commands). Indeed, PCs and
laptops in mechanics’ workshops are not well maintained, often
connected to the Internet, and used for various purposes, not
only for diagnostics on cars. So, while attacking cars via different wireless interfaces seems to be more exciting than attacking
cars via the mechanic’s PC or laptop, the latter can in fact be
much easier to carry out and more effective in practice.
Current research in our CrySyS Lab is concerned with developing tools and methods for finding vulnerabilities in connected
and autonomous vehicles that enable cyber-attacks, as well as
developing tools and methods for detecting cyber-attacks and
for supporting forensic analysis and incident response. Our aim
is to develop an anomaly detection system that analyses CAN
traffic and raises alarms when suspicious activities are detected.
We also work on privacy issues stemming from massive data
collection from vehicles for different purposes.
4.3 Unmanned Aerial Vehicles in Automated Cities
At our department, we have been working on UAV research
and development for several years, concentrating on the field of
radio communication between the UAV and the ground control
station and autopilot development. The UAV flight generates
several questions, how can they be safe enough to fly above
populated areas, where can they fly, can they hold cameras taking pictures about persons, etc. We had suggestions how to create safety UAV aircrafts, safety control algorithms, and safety
rules of flight.
One of our main interest is to create a safe autopilot, which
can control the UAV not just in easy, but in harsh circumstances
too. It means, that the autopilot should be able to control the
UAV in stall situation, (or prevent the stall), strange situations,
(e.g. inverted flight) and so on. The widely used linear controller based autopilots are not good at this area. The autopilot
algorithm basically consists of three main parts, the attitude
and state estimator (where we are, is there a bank, going up or
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down, what is our direction, etc.), guidance (what to do to reach
the desired track, e.g.: bank right 20 degree), and the control
loops to reach the needed bank.
The first important goal is the precise estimation of the orientation (attitude) of the flying object in the Earth coordinate
system. In one of our most important publications [77], we aim
to present a novel approach for the design and implementation
of an on-board nonlinear state estimation system for an autonomous aerial vehicle. The tasks of such a system include collection of measurement data from different navigation sensors, and
estimation of all the quantities describing the system’s state of
motion based on the system dynamics and the measurement data.
In another paper [78], we have presented a novel approach
for the design and implementation of on-board nonlinear control systems for different types of unmanned air vehicles. The
essential difficulty of creating such controllers is the inherent
nonlinearity of the dynamics of the system, which also introduces a great complexity. Our proposed approach relies on an
automatic state dependent coefficient (SDC) factorization procedure, which is capable of handling the dynamic equations of
the system on a symbolic level. The resulting linearized system
representation is solved by the state dependent Riccati equation
(SDRE) method.
Our group is also focusing on the reliable radio connection
between the UAV and the ground control station. We developed
the communication system of the BHE-MW bxap15 UAV. In
2016, we finished a further development of this radio channel, which became an automatic, adaptive, robust, proprietary
telecommunication system with increased range. For Amores
Robotics we developed a telemetry radio, which has a tested
15km range on a UAV. Now we are working on a multi redundant, failsafe telemetry radio system, which can work at high
speed in LOS, lower speed in the case of light hiding, and very
low speed via communication satellite in the case of failure of
terrestrial communication.
4.4 Flocking of Autonomous Vehicles
In autonomous vehicle infrastructures, we are focusing on
collective movement of dynamic nodes called “flocking”. We
conduct research in task allocation, area exploration or target
tracking problems where autonomous agents form a flock and
can move in a well-defined formation together [79]. However,
these agents can be utilized for other tasks as well; dispersing
the flock - they do not have to keep a strict formation – enables
them to tackle different tasks too. One of these tasks is patrolling
in closed or open spaces, such as in a building or on the roads
of a city. The challenge of this problem is the coordination of a
large number of agents and efficient patrolling on a large graph
(such as a large city). Previous solutions focused on centralized
approaches: a central entity controlling every agent, constantly
telling them where to go in order to visit all the nodes in the
graph and minimize interference between the agents. According
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to our latest results, a team of self-organizing agents without any
central supervision can solve the patrolling problem efficiently.
Agents form partitions on the graph representing the building or
city roads to be patrolled, claiming their own territory. This way
it is possible to minimize the interference between them and
they can patrol their own areas independently. This approach
performs well compared to state of the art patrolling algorithms
and does not suffer from the prohibitive computational cost that
is involved with most centralized approaches. By virtue, this
solution scales well and can handle dynamic environments,
such as failing agents or added graph nodes, with ease.
Another challenge we are focusing on is the autonomous task
allocation, when set of tasks need to be allocated to a set of heterogeneous agents while optimizing overall mission efficiency
and reducing expected costs. In recent work, we proposed solutions [80] to solve the aforementioned autonomous task allocation problem, which is an NP-hard combinatorial problem.
The proposed algorithm uses distributed actions in order to
select the optimal set of agents and does it without any central supervision, relying only on local interactions of the nodes.
The algorithm does not depend on the tasks or the requirements
directly, since it can select the optimal allocation with respect to
the criteria defined by the use case. The result indicate that the
proposed algorithm can find the optimal allocation regardless of
the network graph of the agents and does it relatively fast compared to the other examined solutions such as random walk, hill
climbing, simulated annealing and the full multicast algorithm.
5 Department of Broadband Infocommunications
and Electromagnetic Theory
The projects and research activities of 2016 at the Department
of Broadband Infocommunications and Electromagnetic Theory
(HVT) are summarized herein. Our Department is organized
in Matrix Scheme, with several cooperating laboratories
responsible for specific areas of expertise, such as space
technologies, telecommunications covering the frequencies
from radio to optical wavelengths, antenna design and
characterization, optical and microwave devices, metamaterials
and photonic crystals. In-house and commercial codes running
on workstations are available, which presents a good starting
point for several research and industrial projects. As a unique
infrastructure, anechoic chamber and antenna measurement
facilities are available at HVT in the range of radio and
microwave frequencies.
5.1 Electromagnetic Simulation and Design
Laboratory
Electromagnetic optimization and inverse problems usually
need the solution of many direct problems, which is rather time
consuming. This has been inspiring the use of surrogate models that replace the complex direct simulation: they provide
approximate results at a much lower computational cost.
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The latest developments of surrogate modelling algorithms
are related to optimal database generation methods, in order
to store pre-calculated direct problem solutions (i.e., training
data). A database generation technique using the sparse grid
approach is introduced in [81], while a metamodel-based
nested sampling strategy is reported in [82].
These results are transferred to industrial applications of
non-destructive testing (NdT), among others via the grant of the
Hungarian Scientific Research Fund (OTKA, no. K-111987:
“Optimization of a magnetic hysteresis measurement-based
non-destructive inspection method and its application in materials science”, 2015-2018) [83], the János Bolyai Research
Scholarship of the Hungarian Academy of Sciences (“Efficient solution and engineering applications of electromagnetic
inverse problems”, 2016-2019), and the project “Development
of inversion procedures based on the exploitation of database
of simulated NdT signals” of the French Commisariat á l’énergie atomique et aux énergies alternatives (CEA).
Another activity of long tradition is the numerical simulation of magnetically coupled resonant WPT configurations.
The Department is a member of the European COST Action
IC1301 “Wireless power transmission for sustainable electronics (WiPE)”. Most achievements of the Laboratory are related
to the simulation of coupled resonant coils.
The integral equation (IE) formulation developed earlier,
which was tailored for thin wire coils of loose winding embedded in homogeneous medium, has been extended for modeling
heterogeneous media [84] as well as the dense windings [85].
The IE has been coupled with the finite element method (FEM)
[86], and a specific IE formulation based on global series
expansion has been developed [87]. All these approaches result
in computationally very efficient simulation tools.
The IE modeler has been coupled with a stochastic method
that provides the Sobol’ indices, by which the sensitivity of the
WPT system on the geometry and material parameters can be
quantitatively analyzed [88]. Finally, the visualization of power
flow has been dealt with [89].
The near-field validation of the numerical models of portable wireless devices is becoming indispensable, especially
when checking specific absorption rate (SAR) compliance for
regulatory limits by computer simulation. A new method based
on comparing measured and computed one-port characteristics
of the antennas is proposed, which is much cheaper and faster
than the standard validation techniques. Moreover, a theoretical proof is provided for the feasibility of the new method [90].
The radar cross section of small-sized unmanned aerial vehicles can be extremely low, making the perception of such objects
impossible by standard radar techniques. However, the typical
propeller size of these vehicles gives rise to a resonant behavior at
some commonly used radar frequency bands. This phenomenon,
a kind of micro-Doppler-effect, is studied by means of anechoic
chamber measurements and numerical simulations [91].
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5.2 Laboratory of Antennas, EMC and Wave
Propagation
The main profile of the laboratory is the simulation, design,
fabrication and measurement of passive and active microwave
devices, electromagnetic compatibility (EMC) testing, indoor
and outdoor wave propagation simulations and measurements.
In a unique way at the BME, the laboratory has a professional
anechoic chamber, where the antenna testing and EMC measurements can be performed without any outer interference.
We have investigated the possibility to combine linear and
circular polarized antennas for indoor positioning techniques
based on signal strength measurement [92]. We have investigated the distribution of the received power by a ray-tracing
model and by the measurement of Line of Sight and Non Line
of Sight scenarios. Based on the measurements and simulations
it can be observed, that it is advantageous of using circularly
polarized antennas on the fixed base station and linearly polarized omnidirectional antennas for the mobile devices in indoor
environment. The advantage of this solution is that the fluctuations of the received power by the mobile device is reduced as
compared to the linearly polarized antennas scenario. In addition, the received power is less sensitive to changes in orientation of the mobile antenna.
The lab has a long-term collaboration with NIVELCO
Process Control Co. in the fields of radar antenna design and
characterization for tank level radar equipment. Novel planar
microstrip antenna is developed with special feeding network
and power divider elements for 25 GHz frequency band for
replacing ordinary horn and parabolic antennas.
The ESA Project No. 4000114846/15/NL/NDe “Integrated
Sentinel-1 PSI and GNSS technical facilities and procedures for
determination of 3D surface deformations caused by environmental processes” is a cooperation between Geodetic and Geophysical Institute, Sopron and HVT. The goal of the project is to
combine Sentinel IW images processed by integrated Persistent
Scatter Interferometry with additional GNSS observations on
those important areas, where the use of traditional PSI methods are limited due to complex or unstable ground coverage.
Analytical investigations and numerical simulations on corner
reflectors were made to determine the limits of truncation. Four
scaled (5:1 ratio) corner reflectors (Fig. 6) has been manufactured and measured in anechoic chamber. The measurement
data show good agreement with the theoretical results.
5.3 Laboratory of Multiscale Electromagnetic
Systems
We have conducted research in the topic of metamaterial
homogenization [93], imaging application of metamaterials
[94, 95] and magnetic hysteresis modelling [96].
Closed form expressions of the Kramers-Kronig and of the
multiply subtractive Kramers-Kronig relations are derived to
predict the real part of the refractive index from the imaginary
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part [93]. The accuracy and the convergence rate of the closed
form expressions is investigated by calculating the refractive
index of a hypothetical double negative metamaterial with
predefined parameters. It is shown that the subtractive Kramers-Kronig relation can successfully assist to retrieve the
refractive index of metamaterials even when the Kramers-Kronig relation fails. For such scenarios a two-step procedure to
extract the real part of the refractive index has been developed.
The multilayer fishnet metamaterial serves as example, and the
correct refractive index has been retrieved even when the frequency range of the simulations is insufficient or the S-parameters are not accurate enough.

Fig. 6 Scaled corner reflectors in the anechoic chamber

Procedure is developed to construct the image of an extended
object placed behind a metamaterial slab as it is seen by an
observer, which can greatly differ from the image predicted
based on the intensity map [94]. Firstly, the procedure retrieves
the dispersion relation of a periodic metamaterial slab from the
S-parameters calculated with full wave electromagnetic simulation of the unit cell. Secondly, the procedure utilizes the
retrieved dispersion relation in the Transfer Matrix Method to
calculate the image of a point source placed behind the metamaterial slab as a function of the observation angle. Knowing the
image distance of the point source for all observation angles,
the image of an extended object can be efficiently calculated.
The procedure is demonstrated with fishnet type metamaterial.
Beside its effectiveness, the method has the ability to avoid
ghost images and to deal with aberration, which is introduced
by the angle dependent properties of metamaterials.
Aberration-free flat lenses are created by introducing phase
discontinuities with hyperboloidal distribution on a metasurface
[95]. These lenses are able to focus light without aberration under
axial illumination but suffer from serious aberration in cases of
oblique incidence. Here we introduce a simple design, including
an aperture stop and a flat lens with a modified phase distribution
that has negligible aberration for incident angles in the range of
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−40° to 40°. With this design, diffraction-limited imaging systems can be created without the need for complex lens systems.
A closed form magnetic hysteresis models are developed,
which can enable the integration of the hysteresis phenomena
in circuit and electromagnetic field calculations [96]. The Preisach function is considered as a product of two special one-dimensional functions, which allows the closed form evaluation
of the Everett integral. The deduced closed form expression
is included in static and rate dependent hysteresis models and
measured hysteresis loops are simulated.
5.4 Microwave Remote Sensing Laboratory
The Department joined the international project “Multichannel Passive ISAR Imaging for Military Applications (MAPIS)”
that lasts from 2014 to 2017, with the participation of 9 institutes
from 5 countries and it is coordinated by the European Defense
Agency. The activities of the project are related to passive radars.
We conduct research and development activities in the fields of
antenna array characterization, adaptive beam forming, spacetime adaptive processing, coverage measurement and simulation
of the emitters (e.g., video broadcasting), along with target tracking and ISAR imaging algorithm. Recently developed experimental hardware supports the project: the digital adaptive beam
forming is studied via a 4-channel DVB-T band passive radar and
the ISAR imaging algorithms are tested with a wide-band active
imaging radar. ZDIS algorithms operating in the space, time and
space-time domain have been investigated. Special attention is
paid to the challenges of small-sized Unmanned Aerial Vehicles
(UAVs) detection by combining electromagnetic simulations
and anechoic chamber measurements. Consequently, a wide
range of activities related to passive radars are in progress [91,
97, 98] where the cooperation of colleagues with different competences and facilities (electromagnetic modelling, signal processing, hardware development and measurement infrastructure)
is essential to succeed in this field.
After the success of Masat-1, the qualification model of
Smog-1 satellite is developed entirely with student contributions. Our activities include the development of the electrical
power system, on-board computer, communication and spectrum monitoring system, automated and remote controlled satellite control ground stations [99].
5.5 Optical and Microwave Telecommunication
Laboratory
The research field of this laboratory is specialized in the physical level development and investigation of microwave-photonic
components and subsystems, focusing on telecommunication
applications. The lab has expertise on wireless and optical communication systems, radio over fiber (RoF) technology, wireless
modulation formats, microwave and optical circuit and system
design, construction, and test. The recent research activity of the
laboratory is relating for optical and microwave fields.
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The department has participated in the COST Action IC1101
“Optical Wireless Communications”, where the focus of OMT
lab was the application of visible light communication (VLC).
VLC based indoor localization system was developed and
investigated [100]. Hybrid Radio over multimode and free
space optic system using mode-filtering techniques was suggested and demonstrated with international partners [101].
Optical access networks related work was supported by
Hungarian Scientific Research Fund (OTKA PD 109288 Investigation of in-line and reflective semiconductor optical amplifiers for broadband optical access). It includes simulation and
measurement of semiconductor optical amplifier based colorless optical unit for wavelength division multiplexed optical
access networks [102].
The lab has long-term cooperation with Ericsson Research
in radio over fiber and design of microwave circuit fields. Efficient and optimal optical modulation method for 5G fronthaul
and backhaul systems are important open questions. Distortions
and limitation of signal transmission in Coherent-OFDM Systems
was investigated theoretically and experimentally [103]. The
optical single side band and versatile modulation can be effective
solution for the chromatic dispersion limitation. The generation
and optimization of it is supported by a Marie Skłodowska-Curie Innovative Training Network, called FIWIN5G: FIber-Wireless Integrated Networks for 5th Generation delivery [104]. The
development of novel microwave circuits optimized for RoF
applications is a priority research area [105].
Another microwave photonics research field is the millimeter
wave and terahertz radio frequency signal generation applying
photonics methods. Comparative study of system configurations
and investigation of the stability and performance of the generated signal are subjects of heightened interest [106].
A quickly developing research area of the lab is free space
optical quantum communication, where our laboratory joined in
the Hungarian quantum research group and our members work
with photon statistics determination, investigation of laser polarization state and laser sources [107].
5.6 RF Laboratory for Space Research
The present activity of the laboratory is focused mainly on
millimeter band propagation measurements and modelling
under different national and international cooperation. In the
TAMOP FIRST project (2012-14) the TV White Space was
investigated and a new model was developed for cognitive
radio applications [108]. The recent activity of the laboratory is
participation in Ka/Q band (20-40GHz) propagation and communication experiments of the ESA (European Space Agency)
Alphasat programme. To study the propagation behavior of
the Satellite-Earth radio channel a two-band satellite beacon
receiver station was developed, built and operated since 2014
[109]. The receiver station in Budapest is part of an international measurement network over Europe.
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Alphasat is also hosting a satellite communications experiment payload to study the characteristics of DVB-S2 satellite
transmission on Q/V band (Fig. 7). It is a pioneering experiment to study the adaptive modulation system of DVB-S2, the
intelligent power control and the diversity receiving opportunities on a 40GHz satellite Earth radio channel. The participation of our laboratory in the Alphasat programme is founded by
European Space Agency.

the simulated result with the measured data, and finally updating the state estimate. Thus, the efficient physical simulation of
particle transfer in heterogeneous media is essential. We have
developed a behaviorally valid model that works differently
than the real particles, but provides the same expectations and
its relevant parts can analytically be evaluated [114].

Fig. 7 The Alphasat receiver antennas at BME-HVT
Fig. 8 Control structure of the new patch model

6 Department of Control Engineering and
Information Technology
As for the summary of our results achieved during the previous years, subsections present specific contribution to our
major research fields. For further details, the reader may refer
to the proceedings of the workshop [110] specifically organized
to collect the latest results in our fields of competences.
6.1 Geometric Modeling
We investigated multi-sided surface modeling for interpolating general topology free-form curve networks, and have
formulated a new surface type that generalizes the well-known
tensor-product Bézier patches [111]. We continued our research
in digital shape reconstruction, in particular, how to detect and
enforce various geometric constraints for perfecting reconstructed CAD models [112].
6.2 Dynamic Positron Emission Tomography
In Dynamic Positron Emission Tomography, the spatio-temporal distribution of radioactive isotopes should be reconstructed from observed simultaneous photon hits that are born
as by-products of the decay. Due to the poor statistical determination of the measured data, we have to apply regularization
both in the 3D spatial and 1D temporal domains. We have investigated the possibilities for such 3+1D regularization [113].
Inverse problems are solved by iterating a physical simulation of the measurement of the current state estimate, comparing
BME VIK Annual Research Report 2016

Fig. 9 Comparsion of classical Woodcock tracking and the proposed
behaviorally valid model in single scattering simulation.

In volume visualization and tomographic reconstruction,
box splines are mainly used as reconstruction kernels. The
usual way of tailoring a box spline to a specific lattice is to span
the box spline in the principal directions of the lattice. We have
shown that this amplifies the anisotropic effects, and proposed
an isotropic retailoring of box splines to lattices [115].
We developed a method that detects anatomy regions in
three-dimensional medical images [116]. Each axial slice of the
image is labeled according to the anatomy region it belongs to.
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The core of the algorithm is based on a two-dimensional feature
extraction that is followed by a random-forest classification.
6.3 Software Quality
Within the domain of software quality, we focus on multimodel approaches. We use software quality approaches in an
integrated way considering a basic set of quality characteristics. We also research the ways of enhancing existing testing
methodologies based on the characteristics of the software.
We continued working on the development of a new methodology based on text analyses and data mining via performing
similarity analyses between international quality approaches.
Here, the target was to develop a methodology that enables
auditors and other stakeholders to perform automatic and quantitative analysis at software developing organizations in comparison to a chosen international quality approach. Such analysis and comparison require lots of engineering work by experts,
therefore resulting in inefficient human resource utilization. We
developed a new methodology, called KA-TA, which can be
used for the automatic and quantitative analysis as part of an
assessment process to identify strengths and weaknesses and
create similarity maps. This methodology can also be the basis
of a set of quantitative metrics to measure the process conformance level of an organization. Our activity was also connected
to testing and quality issues in blood sugar monitoring systems,
including the definition of continuous integration criteria, as
well as real time monitoring of the measurement data. Integrating Jbehave with the monitoring framework is a further goal.
Both development and testing methodologies were improved
in a telecommunication company based on our research results
[117, 118].
6.4 Biomedical Engineering Lab
On the field of Model Based Therapeutics, significant
results are achieved with cooperation of several international
institutions including University of Canterbury, New Zealand.
This research was part of the eTime – Engineering Technology-based Innovation in Medicine project supported by the EU
FP7 Marie Curie IRSES program (Grant No. 318943) [119].
The previous theoretical results are already introduced into
the regular medical care in form of an advisory system, STAR.
Now a retrospective analysis is published proving the safety
and efficacy of the therapy, as well as showing similarities and
differences between patient groups [120].
The methodology has been further improved by introducing
novel control strategy [121] and applying stochastic differential equation and suggesting novel methods for identification
insulin sensitivity of the patients [122, 123] that result in promising improvement in the treatment outcome.
Similar model based approach is applied for solving clinical
problems during mechanical ventilation [124]. The therapy is
currently under validation by a major clinical trial [125].
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6.5 3D Shape Recognition for Adaptive Tangible
Augmented Reality
Some interfaces combine the idea of Tangible User Interfaces
(TUIs) with Augmented Reality (AR), creating an environment
in which users touch real-world objects, while interacting with
virtual ones. This allows for intuitive user interfaces, while
removing a conflict between different senses. In most cases,
however, Tangible Augmented Reality (TAR) systems require
the preparation of the physical environment to function (markers, or special real-world objects).
Our aim is to create a TAR system that can process a previously unknown environment and find real-world objects that
are fitting placeholders for the virtual objects the application
requires. Our goal is to ensure that virtual objects are assigned
to real ones that are similar in shape. In our system, the shape
of an object or a scene is represented as a graph of primitive
shapes. The key algorithm of our system is a learning classification algorithm that uses 3D shape data to pair virtual and real
objects. Our system uses this algorithm to find a subgraph that
belongs to a fitting object in a 3D scene.
In our research [126, 127], we use node-by-node graph classification to improve accuracy, and to allow for easy alignment
of the virtual objects. For this purpose, we proposed a novel
method for embedding the local context of graph nodes into
vector spaces, which was found to improve the quality of classification. To reduce the dimensionality of the graph feature
vector, we also proposed a discriminant analysis method that
handles between class discrimination and the separation of
nodes within a single graph at the same time.
6.6 System Level Synthesis Tool for Designing Taskdependent Multiprocessing Systems
Multiprocessing can be considered the most characteristic
common property of complex digital systems. Due to the more
and more complex tasks to be solved while fulfilling often conflicting requirements (cost, speed, energy and communication
efficiency, pipelining, parallelism, the number of component
processors, etc.), the system architecture is strongly determined
by the task to be solved. The rapid development in this field
demands new system-level synthesis methods supporting the
designer in finding, optimizing and evaluating the proper solutions and eliminating the intuitive steps in the synthesis procedure as far as possible. In this research project, an experimental system level synthesis tool (called DECHLS) has been
developed relying on decomposition and high-level synthesis
algorithms. The tool DECHLS receives the to be solved written in programming language C and after performing the task
decomposition assigns the subtasks into component processors
considering the requirements and their priority order definable
by the designer.
Our current research aims at finding decomposition algorithms that are better suited to DECHLS and at developing
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more effective methods for handling loops and arrays in the
task description. The application of the DECHLS tool has been
illustrated and its various algorithms have been compared and
evaluated on practical examples [128, 129].
6.7 Robotics and Control Engineering
Research activities aimed to extend the power of modelling,
state estimation and feedback design techniques in the domain
of mechatronic systems considering especially underactuated
and car-like dynamics. A modelling approach reusing techniques from robotics has been successfully applied for realistic
car dynamics (including 21 DOFs, c.f. Fig. 10) and to design a
hierarchical control architecture [130].

Fig. 10 Degrees of Freedom of a full vehicle model

A sensor fusion technique is reported for the cooperative
localization of multiple mobile robots in indoor environment
[131]. Results show that cooperative localization provides
more accurate estimates than the precision of any of the sensors
of individual robots.
For underactuated systems subject to oscillatory behaviour
and frictions impeding its detection, a UKF based technique
is proposed to estimate the oscillation using a novel adaptive
scaling method [132]. The method is successfully applied to
crane systems where a new sensing idea is also introduced
using laser slot sensors as depicted in Fig. 11.

Fig. 11 Experimental crane system for the study of underactuated mechanisms
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7 Department of Measurement and Information
Systems
The focus of the research, development and education activities of the Department is Cyber-Physical Systems (CPSs) with
intelligent and critical applications. CPSs turn embedded systems into smart objects by tightly integrating computation,
communication and signal processing approaches with physical
processes. Our activities include foundational research to provide core insights and algorithms, as well as applied research to
develop or innovatively exploit existing technologies in several
application domains.
Our recent results contribute to different aspects of CPS:
• Core technologies at smart interconnect and data-to-information levels: Real-time networking, digital signal processing, energy-efficient high-performance computing.
• Design and analysis at CPS level: Modelling techniques
for CPS, verification approaches for critical systems,
monitoring of dynamic and adaptable CPS.
• Technologies at cognition level: Ambient intelligence,
combination of data and knowledge.
• Specific applications: Home health monitoring, medical
imaging, reconfigurable robotic systems.
These results are summarized in the next sections.
7.1 Real-Time Network Embedded Systems
In this field our research and development covers autonomous systems (including autonomous vehicles), IoT, IIoT, Industry 4.0, and CPS, with special emphasis on safety-critical and/
or real-time embedded applications. Our practical experience
includes microcontroller based and application processors based
embedded system design, embedded real-time operating systems
including Linux [136] and FreeRTOS, embedded platform virtualization, sensor fusion and actuators [137], and application/
algorithm development. Besides classic protocols, we focus on
clock and frequency synchronization in Time Sensitive Networks
(TSN) [138], and web technologies, including the modern IoT
application layer protocols, such as REST, CoAP or MQTT.
We performed research and development of real-time communication technologies such as TTEthernet, Audio Video
Bridging, and the new TSN standard, and time synchronization
technologies such as IEEE 1588 and 802.1as (Fig. 12). Our
development in these fields targeted end device and network
device firmware, and real-time applications. We are also active
in the automotive and vehicular communication field by using
CAN, LIN, and FlexRay, automotive Ethernet, and HIL testing.
7.2 Digital Signal Processing
We continued the long-term research in Analog-to-Digital
Converter testing, with new results on the achievable precision
of the estimated parameters of a sine-wave fitted on quantized
samples [141-143]. Such research allows the improvement of
the ADC test procedures defined in IEEE-STD-1241.
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We were also active in acoustic signal processing, developing
a new least squares procedure for optimization problems [144].
Recently the technological development allowed measurement data transfer in unreliable systems like sensor networks,
where data loss is inevitable. The spreading of the idea of Internet of Things has amplified the problem, which motivated new
research. The actual results are about FFT-based spectrum estimation in the case of data loss [139, 140].
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Fig. 12 Time synchronization test system of BME MIT

7.3 Energy-Efficient High-Performance Computing
In data- or communication-intensive applications, traditional multi-core CPU architectures achieve only moderate
computational performance while consuming a lot of energy.
We focus on application specific accelerators realized by
FPGAs or GPU based computational units, since this way
more efficient heterogeneous systems can be realized both in
the extreme data-center like environments and in performance
demanding embedded applications. The design methodology
for heterogeneous systems is based on the data-flow paradigm
and supported by unified software development environments.
The embedded heterogeneous computing architectures that
we develop can be used efficiently in various applications,
e.g., real time video processing systems used in autonomous
driver assistant systems (ADAS), object detection and collision
avoidance; high-precision data acquisition systems; communication packet filtering and classification. When used in supercomputing centers for large data set simulations, our approach
to heterogeneous computing systems offers one or two order of
magnitude better performance/power ratio than the traditional
homogeneous systems.
7.4 Modelling Techniques for CPS
Large-scale system development efforts require the collaboration of several engineers. Therefore, modelling tools need
to provide secure views of the model repository that contain
filtered and/or obfuscated set of artifacts. We developed a
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collaborative modelling framework with the distinguishing
features of fine-grained, rule-based model-level access control.
The synchronization between views is achieved by incremental
and bidirectional model transformations [153].
Synthesizing prototypical contexts is often needed for testing context-dependent behavior of autonomous CPS and for
validating CPS modelling tool-chains. However, the synthesis
of scalable, consistent, diverse and realistic models is a major
foundational research challenge. We proposed an iterative process for generating consistent context models by calling existing logic solvers using various approximations of metamodels
and constraints to improve overall scalability [161].
7.5 Verification Approaches for Critical Systems
Due to the heterogeneity of CPS, there is no single technique that can verify all of their aspects (e.g., hardware, software, communication). Our research aims to integrate different, abstraction-based techniques into a common, configurable
verification framework, enabling to select the most appropriate
analysis method for each aspect [157].
In case of concurrent systems, the phenomenon of state
space explosion often prevents the successful formal verification of the specified properties. We proposed a new on-the-fly,
incremental Linear Temporal Logic model checking algorithm
that scales well with the size of models [160].
Safety-critical industrial systems employ dedicated hardware, especially safety PLCs with special programming languages. We contributed to the development of a formal verification method that was validated at CERN [154].
Answering reliability, safety and performability analysis
questions for dynamic CPS can often be reduced to the solution of stochastic models. We designed a stochastic analysis
framework that supports different symbolic and numerical
algorithms to compute reward and engineering measures on
models of CPSs [159].
7.6 Monitoring of Dynamic and Adaptable CPS
CPSs typically have context-dependent (often autonomous)
behavior and complex interactions with their environment,
which makes the analysis of such systems difficult. To ensure
the safe operation of CPS, we developed run-time monitoring
techniques for verifying both high-level safety properties and
assumptions about the context [156].
Many distributed smart CPS implement the control logic
over a stream of events, which may need extreme scalability
in a distributed environment with a massive number of nodes
[158]. Complex event processing (CEP) offers well-founded
techniques to capture critical event sequences observed on the
event streams within a given time window. We developed a
CEP engine tightly integrated into the open source VIATRA
reactive and incremental transformation framework [155, 162].
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7.7 Ambient Intelligence
The focus of our research and development in the area of
ambient intelligence was on the Active Assisted Living. To support the quality of the independent personal life at home, both
the physiological (e.g., diseases, accidents) and psychological
aspects (e.g., cognitive decline) are dealt with.
Data collection and intelligent processing are the most basic
functions in an AAL system, which can be implemented with
sensors arranged in a network (Fig. 13). In this area, legal and
ethical problems should be taken into account as well, and
maximal privacy and minimal disturbance of the person should
be maintained. Therefore, we apply a camera-less approach
and simple sensors (e.g. motion and contact sensors). Inference
from the low-level information is a challenge for the intelligent
processing and inference system.

Fig. 13 AAL architecture and a room monitored using motion sensors

7.8 Combination of Data and Knowledge
New molecular measurement technologies, particularly
in genetics, fundamentally changed the way of biomedical
research by the generation of massive amount of data. The slow
clinical utilization of these information sources led to the realization that further development depends at least as much on
the fusion of data and knowledge, as on further technological
breakthroughs in data generation. Additionally, the focus has
been shifting towards the collection of real-life data in very
large populations, covering information about life style, environment and general health state, including detailed information about morbidities and drug usage.
This collection is supported by wearable electronic devices
and other supportive technologies of ambient assisted living.
This novel “big health data” provides an opportunity for a systems-based investigation of genetic, personal, environmental
and societal aspects of health, ageing and diseases. We developed new methodologies for finding biomarkers of complex
diseases [149], for predicting new targets of drug candidates
[150], and applied our Bayesian systems-based multilevel analysis in multiple biomedical domains [151, 152].
7.9 Home Health Monitoring
Non-invasive blood pressure measurement may result in
incorrect values especially for patients with cardiovascular
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diseases. We suggested considering the occlusion with the cuff
as excitation and evaluating the response of the cardiovascular
system, using the change in pulse wave transit time as extra
information [135].
Sitting in a Huple, a patented hemisphere-like tool, permanently stimulates the vestibular system thus improving the balancing ability of children with movement disorders. Our idea
is attaching x-IMU, a wireless 3D orientation sensor, to the
Huple, thus it can serve as an input peripheral for simple PC
games. Children are thus motivated to perform balance training
and participate in the game-like test. This improves the accuracy and reproducibility of the assessment [133, 134].
7.10 Medical Imaging - Digital Tomosynthesis
We contributed to the development of a whole lung diagnostic system using digital tomosynthesis (DTS, Fig. 14) [147,
148]. In a DTS system, nodule detection is based on 2D image
processing on the separated slice images (that are reconstructed
from projections), and a joint analysis of the 2D results. We
proposed efficient, domain-specific filters for the enhancement and classification of bright, rounded structures. In addition, we developed algorithms to reduce false positive findings
that come from nodule-like vessel shadows in the images. The
system was evaluated on the first DTS scans. In a database of
~2000 nodule candidates, 97% of nodules could be detected,
while producing on average 31 false positives per scan.

Fig. 14 Recording arrangement for the linear tomosynthesis

7.11 Reconfigurable Robotic Systems
Configurability is one of the essential abilities of the modern industrial, service or logistic robotic systems. It may range
from a change of parameters, through re-programming the
robots, up to being able to alter the physical structure of the
system (especially its sensors and actuators).
We developed models and algorithms to support (re)configuration [145], utilizing our experience in knowledge representation. The configuration ability can be offered to the user, or
performed by the robot itself. Unskilled users need an easy-touse natural interface to interact with the robotic system. Our
research was focused on modelling robots as cooperating and/
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or conflicting intelligent agents in a mixed-initiative human-robot task environment. We provided the operator with a flexible natural language interface [146] (Fig. 15), coupled with
multi-agent infrastructure, dynamically composed and reconfigured according to the tasks and skills of the robotic system.
The multi-agent infrastructure was fused with the ROS robotic
middleware to provide communication.

Fig. 15 Voice-controlled robot in a warehouse (ROS Gazebo simulation)

7.12 Summary
The previous sections demonstrated the key research results
of the Embedded Systems, Intelligent Systems, and Fault Tolerant Systems research groups of the Department. The research
activities focused on different aspects of CPS that reflect the
major trends in science and engineering, stipulating both educational and professional activities.
8 Department of Computer Science and Information
Theory
The members of our department perform research in several areas of mathematics and computer science, including
combinatorics, theory of graphs, hypergraphs and matroids,
algorithms and data structures, computational complexity, stochastic processes, information theory, data science etc. Special
emphasis is given to the applications of these tools in various
areas of engineering as well.
In the present survey, we concentrate on two selected topics
only. First, on a more practical one on sports elimination and on
a more theoretical one on combinatorial number theory.
8.1 The Sports Elimination Problem from a
Computational View
Consider an on-going sports competition between a set of
teams, where each participating team has currently a certain
score and still some matches to play. Can our favorite team
become a winner of the season? More precisely, given the
current scores and the set of remaining matches, is it possible
that these matches end in such a way that our team will finish with the maximum score among all teams? This question
occupies not only players, coaches and managers of teams, but
102

also many sports fans, and has lately attracted attention from
numerous mathematicians and computer scientists as well. In
our paper [165], we studied the detailed computational complexity of this problem.
To express our problem in a general way that can model
competitions for different kind of sports, we let S denote the set
of possible outcomes for a match; e.g., S={(0,3),(1,1),(3,0)} for
the European football in the FIFA scoring system: the winner
obtains 3 points, the loser gets 0, and a draw yields 1 points for
each team. Then the question of whether a given team can still
win the competition at a certain moment is called the Generalized Sports Elimination(S) problem, or GSE(S).
Kern and Paulusma [173] characterized those sets S of outcomes for which GSE(S) is computationally tractable: namely,
GSE(S) can be solved in polynomial time if S={(i,K-i) :0≤i≤K}
for some integer K (we call such sets S complete), and it is
NP-complete in all other cases.
In order to refine the computational complexity of GSE(S)
for non-complete sets S, we rephrased it as a graph labelling
problem with vertex capacities where vertices represent teams,
arcs represent the remaining matches of the competition, and
the task is to allocate a label from S to each arc in a way that
each vertex obtains a score (determined by the labels of its incident arcs) that does not exceed its capacity.
Our algorithmic approach was to identify computationally
easy special cases, and to identify certain properties of an input
that might lead to efficient algorithms for GSE(S).
We applied the framework of parameterized complexity
[170], whose basic idea is to associate with each input I of a
given problem an integer k called the parameter, and examine
the running time of a given algorithm as the function of both
the input length |I| and the parameter k. The aim is to obtain
an algorithm that runs in time f(k)|I|O(1) for some computable
function f; such an algorithm is called fixed-parameter tractable (FPT). Though the running time can depend exponentially
on the parameter, its dependence on |I| is only a polynomial of
constant degree.
We first identified certain conditions that render GSE(S)
polynomial-time solvable. Namely, we proved tractability of
the case when the (undirected version of the) input graph is
a forest, by proposing a simple linear-time dynamic programming algorithm. We also asserted polynomial-time solvability
of the cases when the input graph is a cycle or a graph with
maximum degree 2. The latter result extends the work of Bernholt et al. [164] (dealing with the European football elimination problem) and is in sharp contrast to the fact that GSE(S)
remains NP-complete even for graphs with maximum degree 3.
After identifying these easy cases, we performed a thorough
investigation on how certain parameters of the input graph modify the tractability of the problem, and how small deviations from
the tractable cases can be handled. To this end, we considered
various parameters of the input graph, which aim to measure its
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distance from a certain class of tractable instances. Namely, we
focus on three types of parameters of the input graph:
• degree parameters such as the number of vertices with
degree more than two;
• feedback parameters, describing how many vertices or
edges must be deleted from the input graph in order to
obtain a forest;
• width parameters such as treewidth and pathwidth, which
measure the ‘tree- likeness’ of the input graph in a more
elaborate way.
For degree parameters, we were able to provide efficient
FPT algorithms. Interestingly, the tractability of GSE(S) with
respect to feedback parameters differs greatly depending on
whether we deal with the size of a mini-mum feedback edge
set (in which case we proposed an FPT algorithm), or with the
size of a minimum feedback vertex set (yielding intracta-bility). Regarding width parameters, we obtained that for each
fixed integer w, GSE(S) becomes polynomial-time solvable on
graphs with treewidth at most w. However, this result cannot
be strengthened to achieve fixed-parameter tractability, since
we proved W[1]-hardness with respect to the parameter w. Furthermore, GSE(S) proved to be W[1]-hard when parameterized
by the pathwidth of the input graph.
In a subsequent article [166], we also investigated the complexity of the following generalization of GSE(S): given the
current situation in an on-going sports competition, we ask
whether it is possible for our distinguished team T to obtain
a final standing with at most r teams finishing before T. We
studied the computational complexity of this problem, addressing it both from the viewpoint of parameterized complexity
and of approximation. We focused on a special case equivalent to finding a maximal induced subgraph of a given graph G
that admits an orientation where the in-degree of each vertex
is upper-bounded by a given function. We obtained a Θ(log
|V(G)|) approximation for this problem based on an asymptotically optimal approximation we present for a certain matroid
problem in which we need to cover a base of a matroid by picking elements from a set family.
8.2 Combinatorial Results
In his influential papers Roth has shown that if a subset A of
{1, 2, …, n} does not contain a three-term arithmetic progression, then |A|=O(n/loglog n) as n grows. Since then, estimating the largest possible size of such a set has become one of
the central problems in additive combinatorics. Roth’s original
results were improved by Heath-Brown, Szemerédi, Bourgain,
Sanders, and Bloom, the current record due to Bloom being
|A|=O(n(loglog n)4/log n).
It can be easily seen that Roth’s problem is essentially
equivalent to estimating the largest possible size of a subset of
the cyclic group Zn, free of three-term arithmetic progressions.
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This makes it natural to investigate other finite abelian groups.
We say that a subset A of an (additively written) abelian
group G is progression-free, if there do not exist pairwise
distinct a, b, c elements of A with a + b = 2c, and denote by
r3(G) the largest size of a progression-free subset A of G. For
abelian groups G of odd order, Brown and Buhler and independently Frankl, Graham, and Rödl proved that r3(G)=o(|G|)
as |G| grows. Meshulam [12], following the general lines of
Roth’s argument, has shown that if G is an abelian group of odd
order, then r3(G)≤2|G|/rk(G) (where we use the standard notation rk(G) for the rank of G). Despite many efforts, no further
progress was made for over 15 years, till Bateman and Katz
[163] in their ground-breaking paper proved that r3(Z3n) = O(3n/
n1+ε ) with an absolute constant ε>0.
Abelian groups of even order were first considered by Lev
in 2004, who, as a further elaboration on the Roth-Meshulam
proof, has shown that r3(G)<2|G|/rk(2G) for any finite abelian
group G; here 2G = {2g: g is in G}. For the homocyclic groups
of exponent 4 this result was improved by Sanders, who proved
that r3(Z4n) = O(4n/n(log n)ε) with an absolute constant ε>0.
Croot, Lev and Pach [169] further improved Sanders’s result.
They showed that r3(Z4n) = O(3.62n).
We note that the exponential reduction in this theorem is the
first of its kind for problems of this sort. Starting from Roth, the
standard way to obtain quantitative estimates for r3(G) involves
a combination of the Fourier analysis and the density increment
technique. In contrast, in [169] a new variant of the polynomial
method is developed and used without resorting to the familiar
Fourier analysis-density increment strategy.
Although this paper was just published on the arXiv in May
2016, the method already has a large number of interesting
applications. Now we briefly mention some of them.
• Ellenberg and Gijswijt [171] by a modification of the argument managed to give an exponentially small upper
bound for r3(Z3n), which question is known as the “cap set
problem”. Namely, they proved that r3(Z3n)=O(2.756n).
• Tao on his blog presented a “symmetric” formulation of
this method and Petrov gave a third formulation with
group rings.
• As a corollary of the cap set result the Erdős-Szemerédi
sunflower also got proven, the best bound is obtained by
Naslund and Sawin with the help of this new variant of
the polynomial method.
• Kleinberg, Sawin and Speyer determined the growth rate
of tri-colored sumfree sets.
• Blasiak, Church, Cohn, Grochow, Naslund, Sawin and
Umans ruled out one possible approach to improving
the exponent of matrix multiplication, namely using the
simultaneous triple product property (STPP) for abelian
groups of bounded exponent
• Fox and Lovász gave a tight bound for Green’s arithmetic
triangle removal lemma.
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•

Green proved an analogue of Sárközy’s theorem in function fields.

In earlier papers [175-177] Pach studied several questions
arising in combinatorial number theory, where combinatorial
lemmas play an important role. Recently, as a continuation,
in [178] Pach and Sándor investigated how small the density
of a multiplicative basis of order h can be. While the additive
basis is a popular topic in additive number theory, much less
attention was devoted to the multiplicative basis. A subset
B of {1, 2, …, n} is called a multiplicative basis of order h, if
every element of {1, 2, …, n} can be written as a product of at
most h elements of B. Let Gh(n) be the size of the smallest multiplicative basis for {1, 2, …, n}. The authors give an asymptotically precise formula by showing that Gh(n)~π(n), where
π is the prime counting function. Moreover, the error term
Gh(n)-π(n) is also determined up to a constant factor (not
depending either on h or on n), namely, it is proved that
π(n)+0.5hn2/(h+1)/log2(n)<Gh(n)−π(n)<π(n)+151hn2/(h+1)/log2(n).
Several other estimations are given in the infinite case, as
well, where the asymptotic and logarithmic density of a multiplicative basis of order h for N was studied, improving an
earlier result of Raikov.
Furthermore, a related problem of Erdős is also examined:
How dense can a set of integers be, if none of them divides
the product of h others? Let Fh(n) denote the maximal possible
size of such a subset of {1, 2, …, n}. The case h=2, that is,
such sets of integers where none of the elements divides the
product of two others, was settled by Erdős [172]. Chan, Győri
and Sárközy [168] studied the case h=3. Furthermore, recently
Chan [167] determined the order of magnitude of Fh(n)−π(n)
for every fixed h. Pach and Sándor strengthened this result by
giving such lower and upper bounds for Fh(n)−π(n) that differ
only by a constant factor not depending either on h or on n:
π(n)+0.2n2/(h+1)/log2(n)<Fh(n)−π(n)< π(n)+443n2/(h+1)/log2(n).
They also studied the infinite version of Erdős’s question,
for instance, proved that any subset A of positive integers satisfying the condition must be thin sometimes: It cannot contain at
least π(n)+nε many elements of {1, 2, …, n} for every n.
8.3 Summary
Current research in two areas have been presented in order
to give an impression on the multifaceted research activities performed at our department. We were glad to learn that
Dr. Péter Pál Pach, the author of the results in Section 3 has
recently been awarded the prestigious Géza Grünwald Prize of
the János Bolyai Mathematical Society in December 2015 and
won the János Bolyi Research Scholarship of the Hungarian
Academy of Sciences.
Most of the research activities reported in this article are
supported by the OTKA grant 108947.
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9 Department of Telecommunications and Media
Informatics
The Department of Telecommunication and Media Informatics has been hosting activities in data science, content
technologies, Internet and cloud communications, engineering management, cognitive info-communications, Internet of
Things, speech technology and smart interactions, not only in
engineering but also in a multidisciplinary manner. In this 2016
annual research report, we commend these valuable activities
to the readers’ honorable attention.
9.1 Data Science and Content Technologies
In data science, our most recent research is about the renewable energy forecast by using distributed and privacy preserved
machine-learning methods [180, 181]. At end of the year, a successful R&D project was finished with OTP Bank, in which a
new interpretable classification method was created and implemented to increase the efficiency of prediction. Furthermore,
our collages obtained new competencies in projects by analyzing GPS tracking dataset, mining of parcel logistic databases,
processing financial transaction logs to detect fraud and analyzing process control data of an oil refinery. Most of them contained task to build Spark based big data infrastructure as well.
We elaborated a complex system [179] to detect, classify and
track objects (fishes) in underwater video by examining each
image frame of it. We used Kalman filter to track the moving
objects, and Hungarian method was used to match the pair of
the objects in consecutive time periods because of many fishes.
We categorized the detected fishes with C-SVC classifier, as an
advanced SVM (Support Vector Machine) classifier. As further
improvement, we used color histograms and discriminant training method for filtering out false detections. For whale individual recognition we elaborated another system to compare
the individuals by applying BoW (Bag of Word) model, using
Harris-Laplace detector and dense SIFT for creating low-level
features; after that GMM (Gaussian Mixture Model) based
Fisher vectors were calculated and compared to each other for
the recognition. In addition to this, we applied background segmentation as pre-processing [179]. Another research area was
active learning in multimedia mining, which solves the manual
labeling problem by reducing the number of images that are
need to labeled. It selects a subset of the whole data by iteratively querying the unlabeled instances based on their predicted
information. One way to estimate the information content of
an image is using uncertainty sampling as query strategy, and
we improved this method by balancing the distribution of the
already labeled images. In the multimedia research area, there
was another work: together with Speech Technology and Smart
Interactions Laboratory group, we worked out solutions (SVM
and convolutional neural network) for classification of plant
images to given species [202].
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9.2 Internet, Cloud Communications, IoT Analytics
and Software Defined Networking
The High Speed Networks Laboratory (HSNLab) as a strategic partner of Ericsson has been performing the following
closely Ericsson related research projects: SmartActive SquashIoT Sport Analytics, Deterministic Networks-Time Sensitive
Networking, Software based Ternary Content Addressable
Memories, Optimal Cloud, Dataplane. Furthermore, the lab
takes part in the following large EU projects: COMBO, UNIFY,
5GEx. In connection with and also beyond these projects, the
main research achievements are as follows.
For Smart Spaces (IoT) environments we designed and analyzed adaptive event-driven sampling strategies which can efficiently treat data collection, processing and transfer with physical constraints [183, 184]. We contributed to establishing and
analyzing an end-to-end multi-domain management and orchestration frameworks for software defined infrastructures [182,
185]. We further elaborated our research in digital fountain
based coding congestion handling. We created a novel transport mechanism called Digital Fountain Based Communication
Protocol and performed a detailed performance evaluation of
it [186]. In [187] we have had a curious contribution of establishing a general framework for kd trees and quad trees, which
could be a useful construction in theoretical computer science.
In 2016, we also took part in a great editorial created a special
issue of the prestigious journal of Photonic Network Communications [188]. In [189] we presented our vision of creating a
5G Exchange for enabling the orchestration of networking and
service resources in an automated way across technological and
administrative domains. We identified the necessary next steps
in terms of implementation and experimentation, and proposed
a sandbox environment where partners may experiment with
life-size multi-domain network orchestration.
In the MTA-BME Future Internet research group (part of
HSNLab) we gained the following research results. Packet classification is an important building block in many network services. We investigated the applicability of lossy compression to
create packet classifiers requiring much less memory than the
theoretical size limits of the semantically-equivalent representations, enabling significant reduction in their cost and power consumption [190]. In survivable routing diversity, coding provides
a nice trade-off between the simplicity of dedicated protection
and bandwidth-efficiency of network coding to ensure instantaneous recovery for the connections. We thoroughly investigated the optimal structure of diversity coding-based survivable
routing, identified the delays of the underlying acyclic graphs
and perform complexity analysis, exact and heuristic solutions for these delay aware survivable routing problems [191].
Together with Ericsson experts, we introduced ESWITCH, a
novel switch architecture that uses on-the-fly template-based
code generation to compile any OpenFlow pipeline into efficient machine code. We presented a proof-of-concept prototype
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and we demonstrated on illustrative use cases that ESWITCH
yields a simpler architecture, superior packet processing speed,
improved latency and CPU scalability, and predictable performance. Our prototype can easily scale beyond 100 Gbps on a
single Intel blade even with complex OpenFlow pipelines [192].
We have also taken part in organizing several international conferences, e.g. IEEE ONDM 2016 [188], IEEE EUSIPCO 2016;
we were TPC members in IEEE Infocom 2016.
9.3 Internet of Things Platforms and Applications
This year a new laboratory established in our department
with the name Smart Communications Laboratory (SmartCom
Lab) with leading activities in the following projects.
This year we retain our central role in Europe’s largest automation project, Arrowhead, which extensively relies on our
expertise in IP-based communication and in architecting collaborating platforms. We have substantial contribution to setting
up the requirements for enabling interoperability and integrability of services provided by IoT devices. The overall concept
for interoperability within Arrowhead is described in [15], providing the motivation behind IoT in industrial automation. The
benefit of choosing Arrowhead instead of other frameworks is
that it supports real-time applications, QoS-bound applications,
and applications with various security requirements by design.
Furthermore, Arrowhead is already deployed in dozens of products, and proved its capabilities in another few dozen industrial
demonstrations. We keep improving the framework in many
aspects: integrated security by ticketing and certificate-based
approaches [194], deployment support through advanced plant
descriptions, inter-cloud service orchestration [195], and complex use-case demonstrations, including the multi-stakeholder
electro-mobility domain.
Together with several industrial and academic partners we
have also worked out solutions for cloud based automation
technologies and applications. We are also active participants
in MANTIS, a large EU project for developing a Cyber Physical System (CPS) based proactive maintenance service platform architecture. This year we contributed to establish IoT
platforms for data collection and processing [196], which is an
important prerequisite of an optimized CPS based maintenance
system. These systems form part of a larger network of heterogeneous and collaborative systems (e.g. vehicle fleets or photovoltaic and windmill parks) connected via robust communication mechanisms able to operate in challenging environments.
The sponsored research agreement between SmartCom Lab
and IBM Research Zürich has started this year, based on our
results provided by our FPGA-based monitoring equipment
[197, 198]. The target of the project is data center monitoring,
with two main tracks: (i) intrusion detection and protection systems (ISD/IPS), and (ii) support for Software Defined Networking (SDN). The core idea of the concept is that the monitoring
is supported by smart mirroring capabilities of modern switch/
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routers, and the mirrored traffic is processed by hardware accelerated monitoring units. This setup allows sub-millisecond reaction time for IDS/IPS. The concept has been verified through
practical live demos on live traffic from a big Hungarian network infrastructure provider. The SDN track of the research
aims at supporting digested, structured monitoring data about
network status, even with a sub-millisecond granularity.
Furthermore, SmartCom Lab is working the definition,
design and development of a quality measurement system for
Internet users within Hungary. The system is responsible for
carrying out on-request measurements of network and service
performance, initiated from the subscriber endpoints. Measured
metrics include upload and download speed, latency, packet
delay variation, packet loss ratio, and other QoS metrics.
9.4 Speech Communication, Smart Interactions and
Deep Learning
The Speech Technology and Smart Interactions Lab
(SmartLab) has been actively participating in an international
research co-operation project led by Idiap Research Institute.
As a result, we proposed an innovative speech vocoder with
continuous parameters [199] and applied this both in Hidden
Markov-model (HMM) based and Deep Neural Network based
[200] speech synthesis. HMM-based speech synthesis has been
extended with the modeling of short and interrogative sentences
[201]. We intend to increase the quality of text-to-speech synthesis by introducing stress-labels extracted from speech waveform in statistical parametric speech synthesis [207]. SmartLab
won both NVIDIA GPU Hardware and NVIDIA GPU Education Center Grants. We used the acquired GPUs for our recent
deep learning research and education. Concerning research
speech synthesis [200], sound and image [202] processing
papers were published, as well as an overview of deep learning
based speech synthesis [203]. In education, both MSc and BSc
students work on deep learning related topics. A deep learning
class -”Deep Learning in practice with Python and LUA”- was
also initiated with more than 40 students. The largest scale
application of the Lab is the polyglot domain-optimized textto-speech system for the Hungarian Railways that has been in
operation at more than 60 railway stations and stops.
The Speech Recognition and Audio Mining Laboratory
(ASRLab) puts its focus on broadcast news and spontaneous
speech recognition of CEE languages as well. Moreover, in
cooperation with SmartLab it has broadened its portfolio with
audio fingerprint detection for monitoring television and radio
broadcasts. Our basic research aim is robust, very large vocabulary continuous speech recognition in real time - in other words
generalized speech-to-text. The sub-fields supporting this aim
are as follows: Acoustic modeling: deep neural networks for
modeling speech sounds and pronunciations, semi-supervised
techniques for cost effective acoustic model training, language independent technologies (grapheme-based acoustic
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modeling). Language modeling: morph based and very large
vocabulary word based methods for morphologically rich languages (e.g. Uralic, Turk or Slavic languages). Generative and
discriminative language models. Feature extraction and signal
processing: nonlinear and deep learning methods for acoustic
feature extraction. Speech-music separation, speech endpoint
detection, channel compensations, audio fingerprint generations. Possible applications include call-center speech transcription and analytics, voice routing, real-time closed captions
for TV broadcasts, content based indexing of large multimedia archives and dictation systems. The application of LVCSR
(Large Vocabulary Continuous Speech Recognition) technology was investigated for real-time, resource-limited broadcast
close captioning. The work focused on transcribing live broadcast conversation speech to make such programs accessible to
deaf viewers. This solution is already integrated into the TV
broadcast and Teletext system of the Hungarian Media Support
and Asset Management Fund (MTVA).
The Laboratory of Speech Acoustics (LSA) has performed
research on speech signal processing, using speech as bio signal. The aim of this research to construct different automated
medical decision support systems, which are based on speech
processing [205]. For example, a depression detection system
will be one of the potential biomarkers for the severity of depression will also serve as an indicator for the response to treatment.
A related topic is the examination of the sensitivity of acoustic-phonetic parameters of speech to hypoxia and to Seasonal
Affective Disorder and the definition of a metric that alert crews
at early stage of cognitive dysfunction (Automatic detection)
using Concordia Antarctic Station as Human Exploration Analogue. This research is financed by the European Space Agency,
ESA [206]. Now the central theme of the research, how it is possible separate the speech parameters into language-specific and
language-independent groups that is how the three above-mentioned issues can be solved in a language-independent way. The
other main research direction is a Computer-Assisted Prosody
Pronunciation Teaching System, what will teach supra-segmental parameters as intonation, stress and speech rhythm. Prosody
modelling is one of the most up to date topics in the speech
community, and our prosody modelling research is performed
in strong cooperation between the SmartLab and LSA [207].
9.5 Engineering Management and Cognitive
Info-communications
The Engineering Management Laboratory (EMLab) plays
central role in performing the 3rd Hungarian Future Internet
Conference (MJIK 2016) focused on the next generation Internet technologies and the Smart City issues. The MJIK 2016 was
organized by the EMLab and held at November 10, in Budapest. The programme of MJIK 2016 comprised presentations
from foreign and domestic speakers involving scientists from
our department. A special issue of Híradástechnika including
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selected papers of MJIK2015 was edited, too. A smart internet
ecosystem model was also elaborated; the related Digital Single Market and regulatory issues were studied.
The Cognitive Mediainformatics Laboratory, besides several conference and journal publications presented this year a
book on TP model transformation, which turned out to be a
useful fundamental tool for creating designing framework in
control systems [208].
9.6 Summary
The scientific and research activities of TMIT in 2016, since
many years as well, have been substantial, valuable and highly
influential in both domestic and international professional circles. Inevitably, this review cannot be intended to be exhaustive, for more details and deeper insight, we ask the kind readers to visit our home page: www.tmit.bme.hu.
10 Department of Electric Power Engineering
There are several projects at the department, which are the
continuation of the research activity from the previous year,
while others are new ones started in 2017.
10.1 Beyond State-of-the-art Technologies for
Re-powering AC Corridors and Multi-terminal HVDC
Systems (BEST PATHS)
“Best Paths” project is one of the latest, but highest EU
FP 7 projects. It consist of different parts (http://www.bestpaths-project.eu).
In the High Voltage Laboratory of Budapest University of
Technology and Economics, two main topics are concerned
within the confines of the BEST PATHS project, which aims to
develop novel network technologies to increase the pan-European
transmission network capacity and electricity system flexibility.
One of them is the live-line maintenance related to the
high voltage transmission overhead line, which is also a main
research area of the Laboratory for several decades. New type of
equipment such as the design of mounting chair and a conductor
car from an innovative approach is included. With the use of the
new main equipment and additional new tools, the available live
working technologies are expanded to the new type of compact
400 kV towers including the changing of insulator strings.
Another main topic is the research and development of
dynamic line rating of high voltage overhead lines. This technique can exploit the additionally available capacity of high
voltage overhead lines, which cause more efficient use of the
prepared network section. A further significant advantage of
this method is that it helps to overcome the extra load due to
icing. The project started with research and the aim of it is to
build a usable system for this task.
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10.2 Examination of Dielectric Properties of New
Type Oils
The main aim of this project is to investigate the usability
of new type of oils nevertheless the determination electrical
properties of different kind of oils – including environmentally friendly – used for a part of insulation systems. The work
includes several thousands of measurements of spark over voltage and ignition voltage of partial discharges in case of different
length of samples, the statistical processing of the values, and
the validation of the measured values, which requires special
calculation methods and the determination of the distribution
of electric field in each case functionally with the application
of finite element method.
10.3 Investigation of Gas Insulated High Voltage
Devices
At the late twentieth century, the use of special gases became
more common instead of the use of oil, high-pressure air and
vacuum in high voltage circuit breakers, such as SF6. With
the use of SF6, the decreasing of sizes of the switching and
measuring devices became possible, because of its outstanding
dielectric properties; therefore, the use of gas-insulated substations (GIS) has increased over. In order to research of further
opportunities of the possible development of this equipment
the behavior of dielectric properties was examined of GIS with
the application of special coating on the surface of electrodes
with different surface roughness was in the high voltage laboratory. The results of the research and measurement were used
for the design of a new type of gas-insulated device.
10.4 Medium Voltage Equipment on the Overhead
Lines
The 20 kV distribution system of the Hungary contains of
several ten thousands kilometer overhead line, which means
several piece of network elements such as pylons, insulators,
surge arresters, connectors, sleeves, etc. To build and hold a
sustainable grid it is essential to fit the most reliable elements.
For the selection of the most reliable equipment preliminary
examinations should be performed – which can include accelerated aging, destructive and non-destructive examinations –
with specific regard to the new types of equipment in which
cases there are no available long-term experiences. One of the
main purposes to compare the well-known standardized methods and techniques to testing each equipment and find the most
reliable way to diagnose the weaknesses.
10.5 Development of an Expert System for
Determination of Health Index
Investigation of diagnostic method of primary equipment
(such as transformers, circuit breakers, current transformers in HV/MV substations) and the development a diagnostic
strategy, guideline and the development an expert system for
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primary equipment are the main purposes of this project. The
project work has several steps:
• Based on investigated method establishing a priorization
method which will be the basis of comparison for different primary equipment (in terms of type, location, and
environment).
• Based on method development of expert system, which
will be applicable for decision making concerning substation investment proposals.
• Based on the theoretical background the development of
an expert system software.
As a result of the carried out work, with the help of health
index and the built expert system a more efficient lifetime management can be realized for primary equipment.
10.6 Development of Education of Live Line
Maintenance
Nowadays the different methods of Live-Line Maintenance
(LLM) are widely used during the operation of transmission and
distribution network due to its short and long-term advantages.
The statistics shows that during LLM less accidents happen than
in case of another techniques including de-energized work. A
significant affecting factor of that is the high degree of regulation of live line work, and the qualified workers, therefore the
training is a very important step. The High Voltage Laboratory
trains different working methods on medium and high voltage
systems co-operated with the Hungarian TSO and DSOs also.
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