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01 ON THE TRANSITION FROM
STATISTICAL TO NEURAL MACHINE
TRANSLATION FOR THE HIGHLY
INFLECTIVE SLOVENE LANGUAGE

WHAT:
Machine Translation (MT) from the highly inflective 
Slovene language to the English language and vice 
versa for the general domain.

PROBLEM:
High-quality translation systems have been 
developed for certain language pairs, but they still 
have issues with a large number of other 
languages. We address Slovene, a language with a 
rich, inflectional morphology. There is a big 
difference between translation from a 
morphologically rich language and translation to a 
morphologically rich language. If we are 
translating from a morphologically rich language, 
the idea is to reduce the sparsity caused by the 
rich morphology of the source language through 
some form of morphology reduction. However, if 
we are translating to a morphologically rich 
language, the procedure is more complicated: 
After morphology reduction, some morphology 
generation needs to be applied.

GOALS:

1. 

2. 

 

3.

4. 

5. 

SOLUTION:
Our first solution was a phrase-based statistical 
Machine Translation system. Its idea originates 
from the noisy channel model. We added the 
morphological information in terms of 
Morpho-Syntactic Description (MSD) tags that 
were attached to words in a pre-processing step. 
An MSD tag includes all morpho-syntactic 
information in position-dependent attributes. 
MSD tags were used in factored translation, where 
three factors were used: Word form, lemma, and 
MSD tag. Different factored configurations were 
tested, and the results have shown that using all 
three factors on both sides (source and translation 
sides) brings the best results. Operation Sequence 
Models (OSMs) were added to capture 
long-distance dependencies in languages. An OSM 
models translations by linear sequences of 
operations. The operation generates translation, 
performs reordering, jumps forward and 
backward, etc. The translation system uses three 
different language models: A language model 
based on surface forms, a language model based 
on MSD tags and a language model based 
on lemmas.  

Assoc. Prof. Dr. Mirjam Sepesy Maučec, Dr. Gregor Donaj

Laboratory for Digital Signal Processing      

To understand the morpho-syntactic
characteristics of the Slovene language.

To develop a stand-alone Machine Translation 
system for the Slovene-English language pair.

To use the most advanced methods for
modeling translation.

To develop an MT system for the general 
domain.

To integrate morpho-syntactic information into 
the MT training process.
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In 2018, we replaced the noisy channel model with a recurrent neural network. The neural machine translation 
system is a single neural network trained to optimize translation performance. When comparing the obtained 
results with the phrase-based statistical machine translation, it seems to be a promising direction for future 
research. 

Figure 1: Statistical Machine Translation system using a language model based on surface forms, a
language model based on MSD tags, a language model based on lemmas, and three OSMs.

Figure 2: Neural machine translation system using the encoder-decoder topology.
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02 CYBERSECURITY COMPETENCE 
NETWORKS

WHAT:
Cybersecurity is a vital part of modern I(C)T
solutions and services. The European Commission 
has identified cybersecurity as one of the pillars of 
the information society, and has launched four 
Cybersecurity pilot projects in the Horizon 2020 
program to prepare a European Cybersecurity 
Competence Network and contribute to the 
European cybersecurity industrial strategy. The 
Institute of Informatics, Faculty of Electrical 
Engineering and Computer Science is a participant 
in two of the four selected projects. 

PROBLEM:
The EU has recognized that cybersecurity 
research, competencies and investments are 
spread across Europe with too little alignment. 
Additionally, it was identified that there is an 
urgent need to step up investment in 
technological advancements that could make the 
Digital Single Market more cyber secure and 
overcome the fragmentation of the EU research 
capacities. 

GOALS:

The Institute of Informatics is involved in several 
work packages in the scope of the project. Firstly, 
we are leading a task related to regulatory sources 
for citizen-friendly goals and providing linkage to 
adaptive and usable security. 

Prof. Dr. Tatjana Welzer, Asst. Prof. Dr. Marko Hölbl, Asst. Prof. Dr. Muhamed
Turkanović, Asst. Dr. Lili Nemec Zlatolas, Sen. Lect. Dr. Boštjan Kežmah, Marko 
Kompara, Blaž Podgorelec

Laboratory for Data Technologies,
Laboratory for Communication Technology, 
Laboratory for Information Systems

Partners: 46
EU Member States involved: 14
Keywords:
   • SME & startup ecosystem
   • Ecosystem for education
   • Socio-economic aspects of security
   • Virtual labs and services
   • Threat Intelligence for Europe
   • DDoS Clearing House for EuropeAI 
     for cybersecurity
   • Post-Quantum cryptography

1. 

 

Establish and operate a pilot for a Cybersecurity 
Competence Network with the aim to 
strengthen research and deepen cooperation in 
the field of Cybersecurity in the EU.

2.

3.  

 

Boost the effectiveness of the Security Union; 
the EU wishes to ensure that it retains and 
develops essential capacities to secure its 
digital economy, infrastructures, society and 
democracy.

Pilot and demonstrate the possibilities of 
operating and managing a network of 
competence centres using good practices 
resulting from the expertise of the project
partners.
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We are also involved in the preparation of a 
research and development roadmap for 
cybersecurity in Europe that is directing 
cybersecurity research and development in 
Europe. Finally, we are also involved in developing 
a map of university education, professional 
training and workforce assessment for the 
Cybersecurity field.

SOLUTION:
The project identifies key demonstration cases in 
different industrial domains, including Finance, 
Healthcare, Transportation, etc. These address 
prominent research areas in both the public and 
private sectors that correspond closely with 
real-world issues, cyber threats and security 
problems. 

In the CONCORDIA project the Institute of 
Informatics is responsible for research in the fields 
of Effective Visualization of forensic data in order 
to raise awareness of the gravity of cybersecurity 
incidents, analyze the general public’s 

understanding of the online security and privacy, 
and find ways to improve it, and, finally, research 
newer mechanisms in the field of Cybersecurity, 
such as Blockchain technology.

With the latter, we are specifically investigating the 
possibilities of (D)DoS attacks on to the distributed 
and decentralized networks, including the 
associated decentralized applications. The goal is 
to analyze how the attack affects the network, 
what are the consequences and how can they be 
prevented. Additionally, the possibility of using the 
Blockchain technology and smart contracts for the 
purpose of safe digital identity management, and 
a secure and, at the same time, investigating a 
decentralized way of sharing data. We are also 
investigating how some recent legislation and 
regulation for the field of Cybersecurity has 
affected businesses (promoting the inclusion of 
privacy and security into the organizational 
culture). In the scope of the projects, workforce 
diversity in the field of Cybersecurity is promoted, 
which incentivizes women to join the field of 
Cybersecurity. Lastly, we are also working on new 
and effective education for the field of 
Cybersecurity, and are involved in establishing a 
European educational ecosystem for 
Cybersecurity.

As part of the CyberSec4Europe project, the 
Institute of Informatics is addressing a number of 
cybersecurity topics, which include the study of 
the usefulness of Blockchain technology, the 
design of guidelines and recommendations with 
the goal of increased usage and improved 
cybersecurity, and formulation of good practices 
and guidelines that will provide an easy to 
understand model for GDPR-compliant user 
experience. We will also explore aspects of the 
cross-border interoperability of technologies 
related to eIDAS, ePrivacy, etc. In particular, the 
emphasis is on the problems of ensuring 
compliance with the EU regulations in the field of 
data protection due to the different environments 
they apply to. Additionally, the project is 
addressing issues in formal and informal 
education for the field of Cybersecurity.

Partners: 43
EU Member States involved: 20
Keywords:
   • Cybersecurity for citizens
   • Application cases
   • Research Governance
   • Cyber Range
   • Cybersecurity certification
   • Training in security
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03 EDUCTX – AN AWARD-WINNING 
BLOCKCHAIN-BASED PLATFORM 
FOR DIGITAL MICRO-CREDENTIALS 

WHAT:
EduCTX is a decentralized digital platform based 
on Blockchain technology, Smart Contracts (SC), 
cryptography and decentralized applications 
(dApp)  for assigning, storing, sharing, presenting 
and verifying digital micro-certificates (diploma, 
certificate, etc.). Certificates serve as evidence of 
acquired knowledge and skills, where certificate 
issuers are participating (educational) 
organizations. 

EduCTX received the 2019 eAward from the 
Slovenian Society Informatika as the best 
Computer Science and Informatics project. The 
platform integrates the results of research on 
distributed ledger technologies, innovative 
decentralized use-case approaches, methods for 
upgradability and changeability of SC, scalability of 
Blockchain solutions, security analysis of SCs, as 
well as a patented method for GDPR Blockchain 
compliance.

Asst. Prof. Dr. Muhamed Turkanović, Asst. Prof. Dr. Aida Kmišalić Latifić,
Asst. Prof. Dr. Marko Hölbl, Blaž Podgorelec, Patrik Rek,
Prof. Dr. Marjan Heričko

Blockchain Lab:UM, Institute of Informatics 
blockchain-lab.um.si, eductx.org, platform.eductx.org, ii.feri.um.si     

Figure 1: Decentralized and distributed network of participating international university Blockchain nodes. 
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GOALS:
The platform’s goal is to bring benefits to: 

 

   

Furthermore, the platform’s goal is to enable 
existing information systems to integrate with it 
easily, and develop new innovative services based 
on the platform data. Lastly, the goal of the 
EduCTX ecosystem is to present a good practice 
for using decentralized technologies like 
Blockchain, SCs and dApps, while being GDPR 
compliant.

 
SOLUTION:
The solution was developed on a consortium 
Ethereum network, based on the Parity client and 
set up to use the Proof-of-Authority consensus 
mechanism, which does not consume any 
valuable energy. Furthermore, the scalability 
model was proposed introducing a second 
consortium network, i.e., an IPFS (InterPlanetary 
File System), used for the decentralized and 
distributed file storage. Novel methodology was 
introduced for platform business logic, which 
resulted in a fully SC based business logic, 
representing the backend of the platform, while 
also enabling a fully decentralized platform usage 
and management through dApps. Additionally, a 
method was implemented for upgradable and 
changeable SCs. The EduCTX ecosystem also 
includes an Application Programming Interface 
(API), enabling the integration of existing 
information systems with the platform itself.     

PROBLEM:
Sharing individual’s certificates between various 
(international) institutions in an easy and secure 
digital manner, while also providing the 
mechanism to verify the integrity and legitimacy of 
issued certificates. It also solves the problem of 
having a centralized application server, which is 
prone to a single point of failures. 

1.

2.

3.  

 

Institutions and organizations that organize 
various formal or informal lectures, workshops 
and/or trainings, and wish to provide the 
participants with a digital certificate for the 
acquired knowledge, while sharing and 
verifying the credibility of certificates already 
issued by other similar institutions (e.g., 
Erasmus, Joint-programs, etc.);

Individuals/students in a user-centric manner, 
who are in possession of their skills and 
knowledge certificates in a secure digital wallet, 
enabling them to share and prove the integrity 
and legitimacy of chosen certificates easily 
to any organization or institution;

Any institution, organization or individual, 
which/who can verify that the digital 
certificates received by an individual/student 
are legitimate.   

Figure 2: Platform's dashboard.
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04 FAST DIVISION-LESS MT-TYPE
VELOCITY ESTIMATION ALGORITHM
FOR A LOW-COST FPGA 

WHAT:
The algorithm for smooth velocity measurement 
with digital incremental encoders suitable for 
implementation on low-cost FPGAs.

PROBLEM:
Advanced motion control applications of modern 
mechatronics systems require smooth and highly 
accurate high-bandwidth velocity feedback, which 
is usually provided by an incremental Encoder (IE). 
Furthermore, high sampling rates are also 
demanded in order to achieve cutting-edge 
system performance. Such control system 
performance with high accuracy can be achieved 
easily by FPGA-based controllers. On the other 
hand, the well-known MT-method for velocity 
estimation has been well proven in practice. 

Assoc. Prof. Dr. Aleš Hace, Dr. Milan Čurkovič, Mitja Golob

Laboratory for Industrial Robotics              https://iro.feri.um.si/

1.

2.

3.

4. 

 

To develop a simplified algorithm for smooth 
velocity estimation with a standard industrial 
digital Incremental Encoder.

To design an optimal computation scheme of 
the algorithm suitable for low-cost FPGAs.

To implement the algorithm on an 
experimental FPGA-based control system.

To show the efficiency of the algorithm in a 
practical application.mental FPGA-based 
control system.

Figure 1: Smooth velocity estimation from a digital IE by an FPGA.
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However, its complexity, related to the inherent 
arithmetic division involved in the calculus part of 
the method, prevents its holistic implementation 
as a single chip solution on small size low-cost 
FPGAs suitable for practical optimized control 
systems.

GOALS:



SOLUTION:
•

•

•

•
 

 

a novel MT-type method algorithm, which 
eliminates the arithmetic division, while 
preserving the utmost accuracy of the 
conventional MT-method,

the recursive algorithm ensures stability and 
convergence in a wide-speed range,

high-accuracy smooth estimation at high speed, 
as well as at low speed, even below 1 encoder 
pulse per sampling period, 

the simplicity of the algorithm enables a holistic 
single chip velocity measurement solution,

•

•

•

 

 

the algorithm is simple and fast for computation 
and, thus, it is convenient for an efficient 
implementation on small size cost-optimized 
FPGAs,

the FPGA-based application of the algorithm 
enables the high-sampling rates required in 
high-performance motion control applications,

FPGA implementation towards smart 
Incremental Encoders with a position output 
along with a smooth velocity output is possible. 

Figure 2: The experimental system.

Figure 3: The experimental system.
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05 EVA4GREEN - ECOLOGICAL SAFE
VEHICLE FOR GREEN MOBILITY 

WHAT:
Design of the controller board and software for 
the ISO/IEC 26262 ASIL A integrity level for a 48V 
electric propulsion system with permanent 
magnets and bidirectional DC/DC converter 
HV/LV. 

PROBLEM:
Electric and hybrid vehicles are driven by the 
electric machine or its combination with the ICE.  A 
battery is used as either the main or auxiliary 
power source. In the automotive industry 48V is 
considered a promising voltage level. However, in 
the future higher voltages will also be used. 
IPMSM is usually used in the drivetrains of the 
modern designs. It enables operation in a wide 
speed area, with the possibility of optimization for 
reaching the maximum torque with minimum 
current. The system will be used in safety critical 
automotive applications, which require 
considering of the functional Safety Standard 
ISO/IEC 26262.  This introduces special 
requirements to the system and its development 
and testing process. 

The energy source in electric vehicles is, in many 
cases, an HV battery, whereas many of the used 
systems in the vehicle require lower voltages for 
their operation. For this purpose, bidirectional 
DC/DC converters are used. 

GOALS:
EVA4green had a goal to improve the technical 
and competitive position of partners in several 
fields of the automotive industry significantly. New 
electric drive systems with supporting power 
electronics converters were among the developed 
solutions.

Asst. Prof. Dr. Miran Rodič, Prof. Dr. Miro Milanovič, Dr. Primož Šlibar, 
Asst. Prof. Dr. Mitja Truntič, Marko Marguč, Jernej Zabavnik, Benjamin Ošlaj

Laboratory for Industrial Robotics                             https://iro.feri.um.si/en/lir/
Laboratory for Power Electronics                             https://iro.feri.um.si/en/lee/

Figure 1: 48V electric propulsion system - 
Laboratory functional model. 
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SOLUTION:
Consortium
Industrial companies Kolektor Group, Hidria, TPV, 
RLS, NELA, Podkrižnik, Cosylab, Sieva, and the 
Slovenian National Building and Civil Engineering 
Institute were joined by the four academic 
institutions: The Faculties of Mechanical and 
Electrical Engineering from the University of 
Ljubljana, Faculty of Electrical Engineering and 
Computer Science from the University of Maribor, 
and FINI from Novo Mesto.  The project was 
coordinated by Sieva. 

48V electric propulsion system with 
permanent magnets
An electric drive was designed for power of 12 kW, 
with a short-time overload up to 20 kW. It is able to 
develop a torque of 40 Nm at 3000 rpm, with a 
short-time overload up to 64 Nm. The Power 
Electronics Laboratory model circuit was 
developed, consisting of three boards: A capacitor 
board, three power boards and a control board. 
Power boards are built based on DIE MOSFET 
transistors on a ceramic substrate, which enables 
very good thermal dissipation to the cooler. The 
controller board is designed for the ISO/IEC 26262 
ASIL A integrity level. It is designed around the 
microcontroller MPC5744P (ASIL D integrity level) 
and also contains several safety circuits, like the  
MC33908 SBC. The design of the software and 
hardware was performed based on the 
automotive system development Standards, using 
an ALM Polarion tool. 

Laboratory model control software was created 
using a Matlab/Simulink tool. The design was 
performed together with the Kolektor Group, 
Sieva, and the University of Ljubljana, Faculty of 
Electrical Engineering. 

LLC Bidirectional DC/DC converter HV/LV
High voltage batteries (400 V to 600 V) are, in many 
cases, a part of electric or hybrid propulsion 
systems, but there are many low-voltage (12 V) 
devices present in the vehicles. 

A laboratory functional model was developed of a  
bidirectional HV/LV DC/DC converter. LLC 
resonant converter topology was chosen for 
realization, where control is performed with 
frequency modulation. Primary side MOSFETs turn 
on resonantly (Zero Voltage Switching), resulting in 
full recycling of the energy contained in the 
MOSFETs’ parasitic output capacitance, and 
secondary side switches turn off resonantly (Zero 
Current Switching) to minimize switching losses 
normally associated with hard switching. 
Resonant operation of switching devices in the LLC 
converter results in minimized dynamic loss and, 
thus, overall efficiency is increased, particularly at 
higher operating frequencies in the hundreds of 
kHz to MHz range. A four-layer PCB was designed 
and a laboratory model of the converter was built. 
The testing procedures were also developed and 
performed. The design was performed together 
with Cosylab and Letrikasol.

Figure 2: 3D Altium design and  Laboratory functional model of the HV LLC DC-DC converter.
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06 MAHEPA - MODULAR APPROACH
TO HYBRID ELECTRIC PROPULSION
ARCHITECTURE

WHAT:
VR/AR framework for interactive presentation of 
the developed hybrid propulsion technology.

PROBLEM:
Low emission propulsion technology is not only 
the future of the automotive industry, but it is also 
the desirable goal in aviation.  MAHEPA is a 
Horizon 2020 research project aimed at the 
development of low emission propulsion 
technology for aviation. In order to showcase the 
possibilities for zero-emission long distance flight, 
two four-passenger hybrid electric airplanes will 
be developed and are scheduled to fly in 2020. The 
first will be equipped with a hybrid powertrain 
utilizing an internal combustion engine, and the 
second will be a fuel cell hybrid-powered aircraft. 

H2020 MG-1.1-2016 723368
Asst. Prof. Dr. Simon Kolmanič, Prof. Dr. Borut Žalik, Assoc. Prof. Dr. Domen Mongus 

Laboratory for Geometric Modelling and Multimedia Algorithms 

GOAL:
The goal of our research was to develop a new 
concept for the design and efficient dissemination 
of the new technological achievements. Virtual 
and augmented reality technologies were used for 
these purposes, since they allow for interactive 
and unobtrusive mediation of technical concepts. 
Each user in a virtual environment can adjust  the 
level of information individually to his/her interest, 
knowledge, and needs. In this way, the same 
presentation can be used successfully by experts 
or by laypersons and, at the end of the day, 
interested public at fairs and presentations. It is 
not restricted to the users' age, and can be used 
equally well either by children or adults.
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Figure 1: Examples from the multimedia presentation about the MAHEPA project aimed for mobile devices.



The Laboratory for Geometric Modelling and Multimedia Algorithms developed a VR/AR framework that 
provides an attractive presentation of the developed propulsion technology, as it includes: 

•

•

 

 

An augmented reality presentation of the 
airplanes’ exterior parts and propulsion systems 
by utilizing the HoloLens AR technology. 

A realistic 3D presentation of the aircraft cockpit 
and cabin by utilizing an HTC Vive virtual reality 
headset. Since the cockpit of a new plane does 
not yet exist, a 360° image of an actual Panthera 
cockpit has been used as a background on 
which a 3D element has been added, linked with 
the new propulsion system. 

•

 

 

A Multimedia presentation of the airplanes’ 
technical data and generally about the MAHEPA 
project, displayed on a smartphone, and 
controlled interactively through QR codes on a 
physical model of one of the two developed 
aircraft.  
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Figure 3: Examples from the multimedia presentation about the MAHEPA project aimed for mobile devices.

Figure 2: VR presentation of a cockpit with
panels for battery status, propulsion

schematics, and energy levels.

SOLUTION:



07 MY LANGUAGE IN THE DIGITAL 
WORLD

WHAT: 
The Slovene language as a school course plays an 
important role in the educational system and at 
the transition to the labour market, where people 
often lose connection with the contents of 
grammar, vocabulary and spelling. In recent years, 
several important language resources and 
technological applications have emerged, 
providing convenient digital access to printed 
language manuals. Although the promotion of 
such language tools has been taking place, 
recognition of their existence and potential for use 
in the widerpopulation is still extremely low.

PROBLEM:
In the first part of the project, we focused on the 
in-depth exploration of existing online language 
manuals and web pages, which was the basis for 
the plan of project activities (website, workshops, 
advertising … ). We have also focused on how the 
target public are aware of existing language 
manuals, language resources and technologies. 
A survey was conducted to estimate the impact of 
the approaches and project activities used in the 
first two sections of project on the level of public 
awareness of existing language manuals. We have 
prepared an online and a printed survey, identical 
in content, and conducted control interviews with 
the participants of the workshops. 

Assoc. Prof. Dr. Suzana Žilič Fišer, Peter Čakš, Msc, Jani Pavlič, 
Assoc. Prof. Dr. Darinka Verdonik, Asst. Prof. Dr. Ines Kožuh, Mitja Cvetko, MSc

Institute of Media Communications, Faculty of Electrical Engineering and
Computer Science, University of Maribor

A research report on public awareness of existing 
language manuals, other language resources and 
technologies, and a plan of sustainable use of 
results will be prepared by the end of the project. 
The digital resources for the mother tongue were 
established, but, they were not used due to the 
low awareness.
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SOLUTION:
Through the DITKO project, various users groups 
of the language are acquainted through various 
activities and through several communication 
channels about the existing language manuals, 
resources and technologies of the Slovene 
language and the possibilities of their usage. With 
the research, we measured the perception of 
awareness of digital resources for post-institution-
al training of the Slovene language. Accordingly, 
an active awareness campaign was needed.
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With the active approach of interpersonal 
communication, we reached out to all target 
audiences of the project: The student population, 
working and inactive citizens, as well as seniors. 
We approached the target group of students at 
various Study Programs of Slovenian universities, 
the working and inactive population in the 
meeting spots of local communities, and the 
retired population through a network of the third 
age period educational institutions.  

Through project tools, the set of media and communication promotional activities was designed, with the aim 
of increasing the visibility of the project, its supporters (Ministry of Culture), and raising awareness of the 
importance of adequate use of the Slovenian language. A website www.ditko.si and a profile on the social 
networks Facebook and Instagram were created as part of the set.

 

GOALS:
The purpose of the Ditko project is to disseminate 
knowledge about new-era language manuals, 
developed in the digital environment, as well as 
the convenience of their use in everyday 
communication, among a population that no 
longer has access to language content through a  
formal or informal educational system.



08 A NOVEL METHOD FOR ASSESSMENT
OF CORTICOMUSCULAR COUPLING
IN HUMANS

WHAT: 
A novel method for highly accurate and efficient 
assessment of synchronized electrical activities of 
the cortical centers and skeletal muscles in 
humans. 

PROBLEM:
Skeletal muscles are driven electrically by 
commands from motor cortex. These commands 
illuminate neural mechanisms in the healthy 
population and in patients suffering from various 
neurodegenerative disorders. Therefore, they are 
a highly important source of information in the 
fields of Neurophysiology and Clinical Neurology. 
For the last two decades we have been developing 
advanced computer algorithms for extraction of 
neural codes from noninvasively recorded surface 
electromyograms (EMGs) of skeletal muscles. 
Much less research has been conducted in the 
field of direct identification of neural commands 
from the brain centers. 

On the level of the cortex, neural commands may 
be identified from noninvasively recorded 
electroencephalograms (EEGs) or magnetoen-
cephalograms (MEGs). However, due to the low 
selectivity of their electrodes, EEG and MEG signals 
reflect the activity of many cortical centers that are 
difficult to separate. To overcome this limitation, 
the activity of a motor cortex is traditionally 
assessed by computing the coherence between 
the EEG/MEG and a concurrently recorded EMG. 

However, this methodology yields a very rough 
estimation of corticomuscluar coupling, and does 
not extract the motor commands. Moreover, this 
methodology is limited to offline analysis, requires 
relatively long signal recordings, and suffers from 
high sensitivity to EEG/MEG artefacts.

GOALS: 
Our goal was to design and validate a novel 
computer algorithm that extracts the activity of 
skeletal muscles from high-density surface EMG 
(HDEMG) highly accurately, and uses this activity 
to design the optimal filter of neural commands in 
concurrently recorded EEG or MEG signals (Figure 
1). Once identified, this EEG/MEG filter may be 
used to track the activity of a motor cortex in real 
time.
 

SOLUTION:
We tested the proposed methodology in both 
synthetic and experimental conditions. In the 
experimental condition, we recorded data from 
nine Essential Tremor (ET) patients (age, mean ± 
SD: 70 ± 6 years, range 61–79 years) and nine 
Parkinson Disease (PD) patients (age, mean ± SD: 
64 ± 14 years, range 44–88 years). The study was 
conducted in accordance with the principles of the 
Helsinki Declaration, and was approved by the 
Ethical Standards Committee on human 
experimentation at the University Hospital “12 de 
Octubre” (Madrid, Spain). 

Prof. Dr. Aleš Holobar

System Software Laboratory               lspo.feri.um.si
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We measured EEG, HDEMG and wrist kinematics 
during three repetitions of a 30 s long postural 
task, during which patients kept their arms 
outstretched. EEG was recorded with 32 
electrodes, wrist kinematics with Inertial 
Measurement Units (IMUs), whereas the HDEMG 
of wrist flexors and extensors were measured by 
two arrays of 5 × 13 electrodes (Figure 1).  

Results of tests on synthetic signals confirmed the 
high robustness of our methodology to noise and 
the variability of muscle activations. In 
experimental conditions, we were able to extract 
the tremor-related component from all tested ET 
and PD patients. When compared to the 
traditional coherence analysis, the results of ET 
and PD patients demonstrated the two-fold 
increase of coherence between the extracted 
cortical component and muscle activity. A 
representative example of the extracted EEG 
component is depicted in Figure 1. 
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The developed method requires HDEMG 
recordings, but is computationally highly efficient. 
Moreover, it is fully automatized, and requires no 
signal preprocessing or artefact removal. It can be 
applied to relatively short signals, and supports 
highly accurate estimation of electrical activity in 
the motor cortex. 

A. Holobar, J.A. Gallego, J. Kranjec, E. Rocon, J.P. 
Romero, J. Benito-León, J.L. Pons, V. Glaser. Motor 
unit-driven identification of pathological tremor in 
electroencephalograms. Frontiers in Neurology, 
2018, vol. 9, article 879, pp. 1-15.

Figure 1: Schema of the 
proposed procedure and the 
results of its application to EMG 
and EEG signals of a
PD patient. Both HDEMG and 
EEG are recorded concurrently. 
HDEMG is decomposed by a 
computer algorithm into
individual neural codes
governing the muscle 
activation. Extracted neural 
codes are used to optimize the 
EEG filter that extracts the EEG 
component from EEG signals.  



09 A WEARABLE DEVICE AND SYSTEM
FOR MOVEMENT AND BIOMETRIC 
DATA ACQUISITION FOR SPORTS 
APPLICATIONS

WHAT:
A miniature wearable device and a system for 
detecting and recording the movement and 
biometric information of a user during sport 
activities.

PROBLEM:
Several approaches exist for monitoring the 
progress of athletes. Recently, miniature 
wearables have gained popularity in various sport 
disciplines. They can be positioned on the athlete’s 
body, or, in some cases, miniature devices are 
incorporated into tennis racquet handles, balls, 
baseball bats, etc. Their purpose is to monitor the 
performance of an athlete by gathering essential 
information during a match or training. In our 
case, we focused on one sport, which is tennis. The 
device is also appropriate for usage in other 
swing-based sports, like golf, cricket, etc.

GOALS:
The following guidelines were followed during the 
device and system’s design:

Asst. Prof. Dr. Marko Kos, Asst. Prof. Dr. Iztok Kramberger

Laboratory for Electronic and Information Systems                            www.leis.um.si
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Figure 1: Architecture of the wearable device and 
system for movement and biometric data acquisition.

Figure 2: Wearable motion and biometric data 
acquisition device position and axes’ orientation. 
The device is attached on the player’s hand right 

above the ulnar head.

1.

2.

3.

 

 

The wearable device must be miniature and 
lightweight, so it does not influence the 
athlete’s performance.

The device is battery-powered and, therefore, 
it must have small energy consumption, so it 
can last through the entire match (at least 5h).

Basic signal processing should be performed 
by the miniature wearable device (like stroke 
detection and basic stroke recognition), while 
more complex performance analysis will be 
performed by cloud-based services.



SOLUTION:
A miniature wearable device was designed for arm 
movement tracking and heart rate monitoring. 
The device is recording movement during active 
game phases. The device has internal memory 
storage for storing the recorded data. Basic signal 
processing is performed on the wearable device, 
whereas more sophisticated performance 
analyses and inter-match/training comparisons 
are performed by cloud-based services.
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The miniature device and the overall system 
proved to be reliable and had solid performance. 
Initially we performed classification of only the 
three most-common tennis strokes, which are 
forehand, backhand and serve. Results show 
relatively high stroke classification accuracy, 
taking into account that the classification method 
is relatively simple. 

•

•

•

•

 

The proposed device is miniature (20mmx-
29.5mmx7.2mm) and lightweight (5.8g), and it is 
positioned on the player’s wrist (above the ulnar 
head). 

The device can detect the strokes and record 
only the active parts of the game. This way, the 
memory of the device is used more efficiently, 
and it can hold 1.5h of continuous activity 
recordings, which is enough for approx. 6 hours 
of an average tennis match. 

A 6DOF MEMS IMU (Inertial Measurement Unit) 
is used for detecting the movement and 
recording the strokes. It detects accelerations in 
the range of ±16G, and angular acceleration in 
the rage of ±2000 dps. The strokes are sampled 
with 1000 sps. 

The device is powered by a miniature LiPo 
battery with 155mAh charge capacity. With one 
charge and the average current consumption of 
25mA the device can operate continuously over 
6h.

•

•

•

 

The miniature device can also monitor the 
athlete’s skin temperature. A contactless infrared 
thermopile sensor is used for this purpose.  
A tennis stroke database was recorded to 
evaluate the performance of the device and the 
system itself. The database contains recordings 
of seven different tennis players with different 
tennis knowledge, which were recorded during 
competitive training sessions indoors and 
outdoors. 

A simple unsupervised method was proposed 
for tennis stroke classification.

Figure 3: Physical implementation of the
wearable device with individual sensor

and sub-circuit position labels on the PCB.

Figure 4: Graphical representation of the
accelerometer and gyroscope data

(x-axis = red, y-axis=green, z-axis=blue).
The last sub-plot represents the average
derivative of accelerometer data with a

predefined threshold for tennis stroke detection.



10 SYNTHETIC APERTURE RADAR
AND GROUND PENETRATING 
RADAR
Prof. Dr.Dušan Gleich, Asst. Prof. Dr. Andrej Sarjaš, Dr. Marko Malajner,
Dr. Peter Planinšič, Blaž Pongrac, Danijel Šipoš

Laboratory for Signal Processing and Remote Control 
https://au.feri.um.si/losdv/
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WHAT:
Synthetic Aperture Radar (SAR) processing 
techniques have been developed over the last 20 
years. Recent advances in microelectronics
enable us to develop low cost and short range 
radars using frequency bands from 500MHz to 
2THz, which are used in Ground Penetrating 
Radars (GPR), Synthetic Aperture Radars and Terra 
Hertz radars. 

PROBLEM:
Radars enable us to observe any object or a scene 
from space and the ground in all weather 
conditions, night and day. The understanding of 
radar data requires knowledge of data generation, 
receiving of radar echoes and data processing. 
This knowledge can used for radar development 
and radar applications. Radar data can be 
classified to extract data information from object 
reflections. The research work is strongly 
supported by real life applications as security 
applications for landmine detection, radar 
interferometry for estimation of landslides, and 
material classification using THz radars and 
modern principles of deep structured neural 
networks.

GOALS:

 SOLUTION:
Air-coupled Stepped Frequency Continuous Wave 
(SFCW) Ground Penetrating Radar (GPR) was 
developed, which belongs to the frequency 
domain radars. The working principle is straight 
forward, as continuous wave signals are 
transmitted with discrete frequency steps over a 
given bandwidth. The whole system is integrated 
on a small sized PCB substrate with dimensions 
only 100 x 50 mm, and is shown in Figure 1. 
Depths up to 6 m can be measured with 40 Hz 
acquisition frequency. Because of the light weight 
of only 50 g and power consumption of 300 mW, 
the developed GPR is suitable for Unmanned 
Aerial Vehicles (UAVs) as well as other battery 
powered systems. The GPR was tested for 
detecting buried plastic and metal landmines in 
soil.The landmines were under the ground soil 
from 5 up to 20 cm. Measurements are shown in 
Figure 2, where a landmine signature can be a 
recognized parabola.  

1.

2.

3.

4. 

To develop a ground penetrating radar based 
on the steeped frequency principle.

To develop a pulse based Ground Penetrating 
Radar.

To develop a Terra-Hertz radar.

Develop new algorithms based on Deep 
Learning for data information extraction. 



Figure 1

Figure 2
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The developed GPR opens many possibilities of 
use for different systems where low power
consumption, weight and size play an important 
role.

Fig. 2 is an Ultra-Wide Band (UWB) pulse radar 
based on a picosecond pulse generator. 
Ultra-short pulses can be achieved with 
Step-Recovery Diodes (SRD). Amplified pulses with 
a duration of approx. 160 ps travel to the 
transmitting antenna. The bandwidth of radar is 
around 8 GHz, and it is limited by an amplifier. The 
receiving antenna receives reflected RF signal 
from obstacles and sends a signal to a signal 
sampler which extend signal for 10,000 times. The 
stretched signal is then sampled with a Redpitaya 
AD card. All data are real-time represented with 
the developed GUI in Fig. 3.

A basic research project, Tera-Hertz Radar 
(2018-2021), has been developed within the 
Framework of the Research Agency of Slovenia. 
The research is oriented to generating THz waves 
and material classification using deep 
convolutional networks. There are three main 
methods of generating terahertz waves. The 
current state-of-the-art research is using
opto-electrical methods of generating THz waves, 
which is based on photoconductive antennas. 
Terahertz spectroscopy is divided into a 
time-domain and frequency domain. The time 
domain uses a femtosecond laser to generate an 
optical pulse with a THz bandwidth, while the 
frequency-domain uses two DFB lasers and  an 
optical mixer. The latter is presented in Figure 1, 
while Figure 2 presents a commercially available 
system, TeraScan, from Toptica Photonics. 

Data processing for terahertz spectroscopy is 
based on identification and quantization methods. 
Identification methods are based on measuring 
absorbance and reflectance. Quantization 
methods are based on chemometrics methods. 
Two of the most common are principal 
component analysis and partial least squares 
regression. 

Terahertz technology for spectroscopy and 
imaging is not fully developed yet. Right now,
technology is limited to laboratory environments, 
because the systems are expensive and complex. 
With the development of new and cheaper 
methods for generating THz waves, technology 
would become accessible for use in industry.

Figure 3: GUI for representation of radar data.

Figure 4: Frequency-domain or continuous-wave
spectrometer design.
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01 FEATURE SELECTION FOR
CLASSIFICATION USING PARTICLE
SWARM OPTIMIZATION

WHAT:
The proposed method tackles the problem of 
finding informative attributes in high-dimensional 
data, and can reduce the number of attributes 
significantly, thus achieving better classification 
results on complex data sets.

PROBLEM:
We live in an era of big data, where the data 
explosion has become ubiquitous. The reason for 
this is due primarily to increasingly easier data 
acquisition with automated data collection tools, 
and databases/repositories with practically no 
space limits. Because of that, researchers deal 
with data which are rich, but information poor. 
Such data consist typically of a vast number of 
features (attributes). One might expect that the 
analysis of such high-dimensional data constitutes 
an advantage, but, in practice, it turns out that this 
is far from the case. The manual identification and 
exhaustive search for an optimal subset of 
informative features in a given dataset is nearly 
impossible. 

Due to the continuous growth of databases and 
capacity of storage devices, data processing is 
struggling to keep up with data acquisition. 
Supervised Machine Learning is required in most 
classification problems from the real world. The 
association between instances and classes is well 
known, but we do not have information about 
which attributes of instances are necessary and 
which are not. Thus, for a better presentation of a 
given domain more attributes are used, resulting 
in the presence of irrelevant and redundant 
attributes of the target concept. Therefore, their 
elimination is essential.

The solution for the high-dimensional data 
problem is currently tackled with Artificial 
Intelligence methods. The proposed method falls 
within the scope of Swarm Intelligence and 
extends it with feature selection. The use of the 
latter has many advantages, primarily improved 
classification accuracy within high-dimensional 
data problems, decreased dimensionality of the 
data and, therefore, reduced computational time 
and the elimination of unnecessary features. 

Lucija Brezočnik – Winner of IEEE Region 8 Student Paper Contest 2017

Laboratory of Information Systems                          ii.feri.um.si/en

Figure 1: The general scheme of the proposed method.
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GOALS:

 

SOLUTION:
The proposed method offers a solution for the 
well-known problem of classifying high-dimen-
sional data. The results were obtained in the form 
of an experimental research method, and were 
analyzed statistically. 

1.

2.

3.

4. 

 

To develop a method for the problem of 
processing high-dimensional data.

To achieve efficient feature selection in 
datasets with thousands of features.

To improve accuracy in the before mentioned 
datasets.

To validate the method statistically . 

Unlike genetic algorithms, the proposed method 
requires neither a large number of iterations, nor a 
large initial population of particles.  The method 
performs well in both the low and high-dimensional 
data. The use of C4.5 in the fitness function was 
selected based on the high classification accuracy 
of the classification method and its presentation of 
the results. The resulting structure of the decision 
tree is simple and comprehensible, because of the 
removed irrelevant features. Therefore, it offers a 
better understanding of the relationship between 
features. Because of that, a specialist in the Dataset 
domain can interpret the results easily.

Figure 2: Classification accuracy comparisson.

Figure 3: Scatter plot of AUC and F-measure results of four compared methods.
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02 CASH ON DELIVERY WITH
HYPERLEDGER FABRIC 

WHAT:
An innovative Blockchain-based approach for the 
process of the postal Cash on Delivery scenario, 
developed with the Hyperledger Fabric 
framework. 

PROBLEM:
More than 80 % of online purchases are still 
ordered with the Cash on Delivery option, and the 
current process of such payment method is flawed 
in more than one way. Business transactions are 
slow, and sometimes take up to a few days, while 
the transaction fees are high. 

Domen Hohler, Jure Sreš
Winners of UM FERI Blockchain Winter School 2018 (Pošta Slovenije, Nova KBM)
Best Student Project 2018 (Slovene Society Informatika)

Blockchain Lab:UM, Inštitut za informatiko           blockchain-lab.um.si, ii.feri.um.si

Figure 1: Transactions, processed by the Blockchain network.
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Another issue is handling the physical currency 
due to the high chance of mistakes by the 
postman, as well as the returning of the change 
itself. In many cases, when handing over a pack-
age, the identification is simplified to form signing 
only, which can be highly inadequate and easily 
counterfeited. The data are stored in multiple 
locations, and are not easily accessible by the
participants.
 



GOALS:
To create a decentralized, secure and user-friendly 
platform that will:

 1.

2.

3.

4. 

 

Be able to process all the process-related data 
and store the complete audit trail.

Eliminate handling of the physical currency.

Ensure safety, traceability, integrity, 
immnutability and automation of the 
processes.

Support in person delivery and picking up the 
package from the dedicated machines.

Developed as a permissioned network using a 
Proof of Authority consensus, it doesn’t require 
mining and expensive computations to assure 
confidential transactions. Its processing is also 
based on programmed logic and smart contracts to 
automate business processes.

When the buyer places an order, the webstore 
requests the authorization from the bank through 
the smart contract (Hyperledger Chaincode). The 
bank approves or denies the purchase, based on 
the history and the account balance. If approved, 
the buyer can complete the order. When the 
purchase is completed, the webstore sends a
shipping request to the Delivery Service. The 
Delivery Service scans the package, equipped with 
a QR code to start the delivery process. On each 
location update, the QR code is scanned and an 
event is triggered. Every action is stored in the 
Blockchain network, so the users can monitor the 
progress for each location update. Upon delivery, 
the recipient is identified with another unique QR 
code, and the package is handed over. If everything 
went as planned, the payment is executed 
automatically by the smart contract.

Figure 2: Best Student Project 2018 (Slovene Society 
Informatika).
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SOLUTION:
A Blockchain-based platform that takes care of the 
online order payments, shipments and data 
storing/processing. The solution is based on the 
Hyperledger Fabric framework, implemented and 
designed for organizations to build and run 
industry-specific Blockchain applications, 
platforms, and hardware systems that support 
their own business transactions. Intended for 
solutions with a modular architecture, 
Hyperledger Fabric allows components, such as 
consensus and membership services, to be 
plug-and-play. 

Figure 3: Prototype demonstration.



03 SMART HOME ASSISTANT

WHAT:
Smart Home Assistant is a system comprising of 
IoT devices, a web service and mobile app for 
managing devices. It supports multiple device 
types, such as a light dimmer, touch switch, 
environmental monitor, movement sensor and 
wall power sockets. Smart Home Assistant 
received an award for the best student project at a 
Conference, Days of Slovenian Informatics DSI 
2017, in Portorož.

PROBLEM:
Conventional systems for managing smart homes 
commonly need custom wiring, which presents a 
high cost for existing home owners. There are 
some wireless device options available, but not for 
the European market. These devices communicate 
over ZigBee or Z-wave wireless standards, and 
require an expensive gateway to reach the 
Internet. 

Nejc Vidrih and Patrik Ahej
Best student project award at DSI 2017
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GOALS:

 

1.

2.

3.

 

 

To make low cost IoT WIFI devices supporting 
multiple types of sensors and actuators

To develop a highly-available and scalable 
backend system

To develop an intuitive mobile app for 
managing smart devices

Some of these gateways also require special 
configuration on the router, such as port 
forwarding, which makes the system vulnerable to 
attackers. 



We used Arduino IDE and its libraries for sensors 
and actuators. The demo was done using a demo 
board simulating a wall installation. The presented 
sensors and actuators were:
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SOLUTION:

 

The mobile application for iOS offers device management, control, and reading and plotting live sensor data. It 
is protected with a fingerprint or PIN code. Communication with IoT devices is done using the lightweight 
protocol MQTT. Authentication and automation data are stored in the NoSQL database Cassandra. Supporting 
microservices are written in NodeJS, and are running in Docker Swarm cluster. The IoT device is based on a low 
cost (2$) ESP8266 SOC with embedded WIFI module. 

•

•

•

•

•

 

A touch sensor simulating a simple switch

A PIR for movement detection

A BME280 humidity, temperature and pressure 
environmental monitor

A PWM RGB LED strip controller

A wall power plug with relay
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