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Dear Reader,

This is our revamped research report from the Faculty of Electrical 
Engineering and Computer Science at the University of Maribor. 
The new graphic outlook and updated bi-annual content attempts 
to follow contemporary trends, whilst still presenting the main 
focuses of our current research activities. 

 The introduction of this new biannual report also coincides with 
our celebration of an important research-related jubilee: this year 
will mark the 40th anniversary of university-level education within 
the field of electrical engineering in Maribor. In 1973 a Technical 
college was transformed into a higher education institution, which 
committed us to research work and research-based educational 
development.  In those early days, our faculty grew out of a strong 
Maribor industrial base that operated within various technical 
fields. The majority of our teaching staff also came from  industry, 
thus creating strong links between industry and the emerging 
faculty. Today, the economic environment and backgrounds of our 
staff are significantly different. In spite of this, we remain strongly 
committed and have even deepened our collaboration with 
various businesses. This commitment is clearly reflected in the 

numbers. About 1/3rd of the total research income of the faculty 
over the past two years has come directly from privately-funded 
sources, mainly as project grants from both domestic and foreign 
industrial partners. Furthermore, we are pleased by the fact that 
this collaboration is still growing in spite of the current economic 
downturn, which unfortunately has strongly affected many of our 
partners. All these facts remind us about the relevance and impor-
tance of our current research work for the business and environ-
ment within which our faculty exists. 

Aside from this traditional collaboration with our industrial part-
ners, we also remain committed to basic and applied research in 
many fields of the technical sciences. This is also reflected in the 
numbers. For example, the total research budget accounts for 
about 1/3 rd of the total faculty income. An important part of this 
research budget has been acquired as competitive financing. 

This biannual report provides a brief overview of our research 
work during the period 2011-2012 with emphasis on our more 
visible achievements.

Denis Đonlagić, Vice-Dean for research
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Research Achievements



Development of resistance spot welding transformer for 
Indramat d.o.o

  Research group P2-0115 from the Institue of Power 
Engineering has prepared a proposal for improving the 
design of a resistance spot-welding transformer based 
on a working frequency 5 kHz instead of 1 kHz.

  This device represents a newly developed product, 
which shares almost the same properties but it is at the 
same time 25% lighter. 

  Development of a winding and core design has been 
carried out using optimisation procedures, including 
various objective functions.

  The improvement was immediately introduced into the 
manufacturing process, three patent claims have been filed.

  The main contributions are less material usage, a lighter 
device, higher energy-efficiency, and low production costs.

  Indramat d.o.o is the leading manufacturer of resistance 
spot-welding transformers throughout Europe due to the 
introduction of the suggested improvement.

The two cases of improved resistance spot-welding transformers1
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Prof. Dr. Drago Dolinar, Prof. Dr. Gorazd Štumberger
Institute of Power Engineering 

web: www.feri.uni-mb.si

Comparison between 1kHz PSG6160 and the 5kHz prototype (duty ratio dr=0.6)
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1 kHz transformer PSG6160 dr=0.6:

average input power: Pin=35.894 kW

average output power:  Pout=23.128 kW

power losses:  Ploss=12.765 kW

efficiency: η=64.5 %

weight:  m=22 kg
     

5 kHz prototype dr=0.6:

average input power: Pin=32.710 kW

average output power:  Pout=21.156 kW

power losses:  Ploss=11.554 kW

efficiency: η=64.7 %

weight:  m=17kg
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  Digital controllers are used for modern power converter 
control and industrial automation.

  The functionality of the finite state machine (FSM) pro-
vides an ideal platform for building a high-frequency field 
programmable gate array (FPGA) controller for power elec-
tronics’ applications. 

  The main design specifications are robustness to load and 
electrical parameters, fast dynamical response, reduced 
switching frequency and simple hardware implementa-
tion. 

  The actual controller architecture is based on the FPGA 
Spartan 3E.

  A discrete-event type controller was proposed for meeting 
previous specifications, designed as finite-state automa-
ton, and implemented with a FPGA device. 

  The experimental results are presented using a brushless 
AC motor as the converter load. 

Development of FSM Motion Controller for Servo Drives

Continuous BLAC motor control
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Dr. Robert Horvat, Prof. Dr. Karel Jezernik, Assoc. Prof. Dr. Aleš Hace, Prof. Dr. Miro Milanovič 
Institute of robotics 

web: www.ro.feri.um.si/lab_irs

General FSM control scheme of the 
BLAC motor

2

Experimental results: Speed tracking, motor current, and active voltage 
vectors

3
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Development of a nano-precision robot system along with nano-
grippers to serve as an automatic assembly tool for micro machine 
building. 

The nanorobotic system is divided into two parts (see Figure 
below). The upper part of the figure consists of a real-time target 
application with a nanorobotic cell: a development computer ma-
chine marked as 1, a real-time controller computer card marked 
as 2, and a target computer application marked as 3. The second 
part of the application shows a man-machine interface. It consists 
of a “remote computer” marked as 4, where a virtual model of the 
micro/nanorobotic cell, marked as 5 and a haptic-device, marked 
as 6, have been installed.
The construction of the nanorobotic cell is done in such a way 
that two of the piezo-motors act as X/Y manipulators, and the 
other three are used as motion drivers for three separate serv-
ing tables within the Z axis. Positional feedback values for all axes 

are achieved using electro-magnetic linear encoders produced by 
the NANOS Instruments Company. Each encoder-set’s electronics 
are built using magnetic scale and sensor electronics. The linear 
position instrument has a resolution of 61 nm with precision of 
+/- 0.15%.
The gripping and ungripping process for nano/micro objects is 
proven to be a problematic issue. So, a one-finger gripper that 
uses a variable Van der Waals force for gripping, transporting, and 
the active releasing of a single nano/micro-sized object has been 
developed. The sizes of the used objects’ (spheres’) diametres 
differ from between 700 nm to 50 μm. Van der Waals force is a 
dominant force for such objects if the materials are not electrical-
ly-charged, or have magnetic characteristics, and if the medium 
between the object and the one-finger gripper is a vacuum or 
vacuumed air. Furthermore, Van der Waals force is several times 
greater than the gravitational force for such objects, so a two-
finger gripper becomes unreliable in the case of actively releasing 

Development of a nano-precision robot cell
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Prof. Dr. Riko Šafarič, David Lukman
Laboratory for cognitive systems in mechatronics

web: www.ro.feri.um.si/lab_csm

a nano/micro object. Usually, the nano/micro object remains glued 
onto one of the fingers at an unknown position and orientation. 
The developed one-finger gripper has neither problems with 
reliability nor unknown position and orientation for the released 
object. The Van der Waals force between the gripper and the nano/
micro object is increased by the deposition of H2O crystals on the 

gripper’s tip (gripping procedure), and decreased by sublimation 
of H2O crystals on the gripper’s tip (releasing procedure). The 
complete gripping and ungripping proces for nano/micro objects 
is shown in the Figure.

 

Figure: Snapshots of gripping/releasing procedure (closing the tip (a),  gripping - deposition (b), lifting 
the gripped object (c), moving the object (d),  releasing - sublimation (e) and tip lifting (f). 

Snapshots of the gripping/releasing procedure (closing the tip (a),  gripping - deposition (b), lifting the gripped object (c), moving the 
object (d),  releasing - sublimation (e) and tip lifting (f). ng components

1
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A maskless micromachining process was developed that can 
reform or reshape a section of an optical fiber into a complex 3D 
photonic microstructure. This proposed micromachining process 
is based on the etching rate control achieved by the introduction 
of phosphorus pentoxide into silica glass through standard fiber 
manufacturing technology.

The results show that P2O5-doping can be used for creating large 
highly preferentially-etchable (sacrificial) layers within optical-fib-
ers. Regions within a fiber cross-section doped with P2O5 can etch
up to 100 times faster than pure silica when exposed to hydrofluo-
ric acid (Fig. 1). This opens up possibilities for creating complex 
all-fiber microphotonic-devices.

An example of an all-silica microresonator is presented in the Fig. 
2. A cross-section of the special structure-forming fiber (SFF), used 
for creating of resonator, is shown in inset b, and consists of an 
inner pure silica layer, a large P2O5-doped-region, and a thin pure 
silica outer-layer. The SFF was spliced between two coreless fibers, 
with the second coreless fiber shortened to a length of about 16 
μm, as shown in inset c. After the submersion of the spliced-fiber 

structure into HF, the etchant first uniformly etched the entire 
structure, but once the pure silica outer-layer of the SFF was 
removed and HF came into contact with the P2O5-doped region, it 
preferentially removed this region entirely, leaving behind the final 
structure as shown in Fig. 2. 

Another example, obtained in a similar way as the microresona-
tor, is shown in the Fig. 3 below and presents an all- fiber-micro-
cell. Since a single customized SFF production may result in the 
manufacturing of a large number of devices, the proposed process 
potentially presents a versatile and cost-efficient way of producing 
all-fiber devices or device sub-assemblies. 

This work is collaborative effort between the Laboratory for Electro 
Optics Systems, UM-FERI and OPTACORE d.o.o. (Slovenian SME). 
Part of this technology is pat. pending.

Micromachining of optical fibers using doping with P2O5

3
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Prof. Dr. Denis Đonlagić 
Institute of Automation 

web: leoss.feri.uni-mb.si

Further references:
“Micromachining of optical fibers using selective 
etching based on phosphorus pentoxide doping”, 
IEEE photonics journal, vol. 3 , pp. 627-632 (2011). 
“All-fiber, long-active-length Fabry-Perot strain sen-
sor”, Opt. express, vol. 19, pp. 15641-15651 (2011).
“All-fiber micromachined microcell”, Opt. lett., vol. 
36, pp. 3148-3150 (2011).

2

1
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I3E: Promoting Innovation in the Industrial Informatics and
Embedded Systems Sectors through Networking

The I3E project was funded by EC from June 2009 to May 2012 un-
der the South East Europe initiative with the goal of promoting in-
novation and entrepreneurship throughout the area.

Industrial Informatics and Embedded Systems represent two sec-
tors of high importance for the SEE area. The manufacturing sector 
contributes around 22% of EU GDP, whereas 50% of top European 
industries perform research in the Embedded Systems Sector. Both 
sectors contribute significantly to the EU’s competitive advantage in 
the global market. 

In the SEE area there is significant critical mass with reference to 
research in the above sectors both from academia and industry. 
Yet, a first challenge is to align this research potential towards a 
common research agenda that could increase the overall research 
visibility of the area. On the other hand there appears to be a miss-
ing link between the research, and innovation and entrepreneur-
ship, attributing to research not being transformed into innovative 
products and services.

The main project objective is the promotion of innovation and 
entrepreneurship in the SEE area, placing emphasis on advanced 
products and services associated with the sectors of industrial in-
formatics and embedded systems. 

There were three basic specific objectives of the project. The first 
one was to identify the most important research topics. A transna-
tional strategic research agenda (SRA) in the sectors of industrial 
informatics and embedded systems was elaborated. For this, a 
number of national events were organised in order to identify the 
more important domains of interest. Furthermore, a Methodology 
Guide for Innovation (MGI) was elaborated, based on the analysis 
of international good practices for the transformation of research 
into innovation as well as the evaluation of existing financial tools 
and their applicability in the SEE area. The third objective was the 
formulation of an extensive national and transnational network of 
technology and innovation stakeholders.
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Prof. Dr. Matjaž Colnarič 
Real-Time Systems Laboratory 

web: ii.uni-mb.si/institute/laboratories/rts

The purpose of the I3E Strategic Research Agenda is to adopt, 
adjust, upgrade, and apply the basic goals and outcomes of 
Europe-wide programmes to the social, economic, and techno-
logical specifics of the SEE region in the sectors of embedded 
systems and industrial informatics. The advantages, but also 
the drawbacks of the region are identified. The time-scope is 
a midterm enhancement of transfer of the research towards 
innovation within the next 5 to 8 years.

On the one hand the SEE region has a significant mass with 
reference to research, as well as standardisation and qual-
ity activities in the areas of embedded systems and industrial 
informatics. On the other hand, a fast-growing economy and 
the EU integration processes provide the need for innovations 
within the above mentioned fields and the current level of R&D 
expenditure in the SEE area is well-below the average in the EU. 
The link from R&D towards innovation and entrepreneurship 
is weak. 

Four main domains have been identified that meet European 
research needs whilst at the same time can be used to further 
developing the region: nomadic environments, public infra-
structure, private spaces, and industrial systems. Emerging ap-
plication areas have been identified, amongst others flexible 
manufacturing, green technologies and energy markets, health 
support technologies, home appliances, smart houses, and 
public infrastructures.

The I3E project has developed a Methodology Guide on Inno-
vation out of successful experiences, mainly in the European 
arena. The partners have compiled a database of 120 Good ex-
periences that are available on the project portal and, based 
on a Best Practice Assessment Methodology, has selected 30 
of them as Best Practices. This set has been the starting-point 
for the elaboration of the MGI document that aspires to help 
its readers develop an understanding of what innovation is and 
what is the process that may be followed by a research team in 
order to proceed and launch onto the market an innovation out 
a certain research result. The Methodology Guide on Innova-
tion provides a detailed break-down of the innovation process 
into its steps and identifies the skills needed by each step. It 
could thus become a useful tool in the hands of a researcher/
would-be entrepreneur by helping towards the development 
of needed knowledge so that the transformation of research to 
innovation becomes successful.

This document first defines the phases of the innovation pro-
cess. Technical aspects that are the major focus of researchers 
should be matched by market and business aspects, for a suc-
cessful evolution into innovation. The MGI document further 
focuses on the business aspects behind the overall innovation 
process, identifying the major selections of a business model 
that a research team has to make with reference to the ex-
ploitation of their research prototype. It denotes the role of 
the Innovation Support Framework during the overall effort of 
research transformation into innovation and addresses Intel-
lectual Property Right protection issues. Several examples are 
provided throughout the document derived from Best Prac-
tices identified mainly within the European arena and helping 
improve the understanding of the prospective readers.
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In vivo investigation into the electrical activity of skeletal muscles 
provides a unique insight into the control strategies of human 
movement and their adaptations to pain, fatigue, pathologies, and 
skeletomuscular disorders. This analysis is classically performed 
by invasive needle-based muscle recordings, so called indwell-
ing electromyograms (EMG). While acceptable in clinical practice, 
indwelling EMG recordings have obvious drawbacks in neuroreha-
bilitation, ergonomics, examination of children, needle-intolerant 
patients and in many other applications.  

Muscle activity can also be recorded with non-invasive electrodes 
placed on the surface of the skin above the muscle of interest. 
However, due to their low selectivity, surface EMG electrodes 
detect the electrical activities of thousands of muscle fibres (Figure 
1). The latter are organized into hundreds of motor units (MU) that 
activate and deactivate asynchronously, producing highly inter-
ferential surface EMG. The complexity of surface EMG is also the 
main reason for the contradictory results reported in the literature 
and for the lack of standardisation within the field. In summary, 
surface EMG is easy to measure, but also very easy to misinterpret.
 

We developed a world-wide recognised Convolution Kernel Com-
pensation (CKC) computer algorithm [1] for the fully automatic 
extraction of muscle control strategies from multichannel surface 
EMG. This method is asymptotically Bayesian optimal, insensitive 
to the anatomy of skeletal muscles and identifies complete MU 
activation patterns (Figure 2), regardless of the level of muscle con-
traction and MU synchronisation. As such, it enables interpretation 
of surface EMG in terms of well-defined physiological parameters 
and, thus, eliminates controversies behind its interpretation.   

To date, the CKC method has been validated in about 25 different 
muscles of more than 500 healthy persons and patients suffer-
ing from strokes, cerebral palsy, cleft-lips, type II diabetes, and 
delivery-related muscle trauma. It is also used as a fundamental 
research tool in the EU projects TREMOR and NeuroTREMOR, 
supporting the assessment, diagnosis and suppression of Parkin-
sonian and essential tremors [2]. The latter are the most common 
movement disorders that affect about 5% of population above 60 
years of age.

Non-invasive insight into electrical activity of human 
muscles

Non-invasive and invasive EMG acquisition by surface and needle electrodes, respectively, and corresponding surface and indwell-
ing EMG signals. When compared to needles, surface electrodes detect the contributions of many more motor units. This results in 
highly interferential EMG waveforms that are difficult to interpret.

1
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Assoc. Prof. Dr. Aleš Holobar,  Prof. Dr. Damjan Zazula 
System Software Laboratory 

web: storm.uni-mb.si

This work was funded by the Commission of the European Union, within Framework 7 supported in part by European Project under 
Grant Agreement numbers ICT-2007.7.2-224051 (TREMOR: An ambulatory BCI-driven tremor suppression system based on functional 
electrical stimulation) and ICT-2011.5.1-287739, (NeuroTREMOR: A novel concept for support to diagnosis and remote management of 
tremor).

Surface EMG of wrist flexors acquired in a patient with Parkinsonian tremor and its CKC-based decomposition to contributions of 
twelve MUs. Time instants of MU activations are depicted by coloured dots; MU – motor unit

2
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ICT solutions can help improve the quality of life for everyone. In order to develop truly innovative solutions, it’s important to establish 
inter- and cross-disciplinary project teams. The @Life team consists of experts from different domains (kinesiology, psychology, medi-
cine, informatics) both from academia as well as from industry. The consortium has been organised within the scope of the Research & 
Development Center RC IKTS Savinja, which was established in 2011.  One of the first joint international R&D projects, known as @Life, is 
aimed at developing a solution to stress management.  

@Life - ICT solutions for a higher quality of life

Mobile @Life solutions run on the Android and  iOS platform 
and enable users to collect different information using built-in 

sensors as well as via Bluetooth, WiFi and other widely supported 
communication protocols. The collected data, such as GPS coordi-
nates, R-R intervals of the heart beat and blood pressure measure-
ment data are instantly processed in the smart phone to provide 
easy-to-understand feedback for the end user. Furthermore, the 
mobile application supports the presentation of different exercises 
such as adaptable video streaming, audio streaming, animations or 
rich text with graphics. 

The @life solution also leads the user through four main steps to a final goal: better well-being and health. It allows for the daily 
monitoring of physical parameters and the regular implementation of sport exercises and psychological techniques. Activities can be 

logged using a mobile phone or other device that enables you to monitor workouts and body conditions. Based on the implementation 
of the program, the system keeps a diary and simultaneously provides a graphical representation of progress, which is based on proven 
methods from psychology, medicine and kinesiology.

1

2
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Prof. Dr. Marjan Heričko 
Information Systems Laboratory 

web: ii.uni-mb.si/en

Within @Life, data is being collected and integrated for the collection, analysis and prediction of psycho-physical and psycho-socio-
logical factors that influence one’s quality of life. Since the aim of the project is to provide users with easy–to-understand informa-

tion about their physical and psychological state, as well as to encourage them to actively improve their quality of living, new visualisation 
techniques are being researched for the efficient presentation of complex data, information and knowledge. New intelligent techniques for 
visualising complex data will be addressed as well as the development of enabling approaches for a balanced overview of complex data, 
both from the point of view of scientific efficiency as well as the improvement of the user’s experience and the enabling of an adequate 
level of cognitive load.

3
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The research work performed within a research program group 
Telematics  P2-0065 has been concentrated on digital signal pro-
cessing in the field of wireless sensor networks, robust control and 
analysis  of Synthetic Aperture Radar images. 

The signal strength of received signal was used for estimation of 
direction and angle of packet arrival using a physical layer of IEEE 
802.15.4 [1]. Figures below show the signal strength of a signal is 
minimal, when antennas are in the line of a sight. 

Digital signal processing in the field of wireless sensor 
networks, robust control and analysis  of Synthetic 
Aperture Radar images

The Synthetic Aperture Radar (SAR) data, shown in Fig. 2(left), 
were characterized using a parametric texture based method, 
which adapts model’s parameters in order to estimate texture of 
the scene. These texture parameters were used for unsupervised 
classification.  Experimental results showed that the texture based 
methods can achieve accuracy of 85% [2], as shown in Fig. 2 (right). 
Fig. 3 shows the overlay of two acquisitions usin TerraSAR-X satel-
lite acquired in 2011 and 2012, where acquisition from 2011 and 

2012 were placed in red and green plains. The differences between 
both acquisitions were placed into blue plain, as shown in Fig. 3.
The ground penetrating data were used for detection of wet zones. 
The GPR profiles were characterized using spectral features. Fig. 4 
(left) shows the overlay of spectral flux with the GPR data and Fig. 
4 (right) shows the real scene, where the source of a wet zone was 
analyzed [3].

1

2

22 Biannual report 2011/2012



Assoc. Prof. Dr. Dušan Gleich 
Laboratory for Signal Processing and Remote Control

web: telematika.sparc.uni-mb.si

The purpose of a project was to design a controller for a heating 
system, shown in Fig. 5. When a boiler’s return temperature is not 
properly set or is below the critical value, the flue gas condensa-
tion occurs.  The mixing system of cold heating medium from 
accumulator output and hot heating medium from boiler output is 
built to rise the boiler return temperature. The controller algo-
rithm with mixing valve was designed such that it ensures proper 
value of the return temperature.

References:
[1] MALAJNER, Marko, PLANINŠIČ, Peter, GLEICH, Dušan. Angle of 
arrival estimation using RSSI and omnidirectional rotatable antennas. 
IEEE sens. j.. [Print ed.], Jun. 2012, vol. 12, no. 6, str. 1950-1957,
[2] ESPINOZA MOLINA, Daniela, GLEICH, Dušan, DATCU, Mihai. Gibbs 
random field models for model-based despeckling of SAR images. IEEE 
geosci. remote sens. lett. (Print). [Print ed.], jan. 2010, vol. 7, no. 1, str. 
73-77
[3] GLEICH, Dušan. Detection of wet zones within a hydro-power plant’s 
canal using SAR and GPR data. IEEE journal of select. topic. in appl. 
earth observ. and remote sensing (Print), 2012.

3 4

5
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Problem

  The advanced technologies of laser scanning (LiDAR, Light De-
tection and Ranging technology) have revolutionised the field 
of Earth observation with their speed, reliability, accuracy, and 
resolution. 

  Modelling of a bare-earth surface is recognised as the most 
important task of LiDAR data processing.  

Solution

  The first parameter-free method that does not demand user 
interaction.

  The experiments show that our method correctly determines 
DTM even in extremely difficult terrain features with an ex-
pected accuracy of over 96%. 

Advances in geometric real-world modelling and dynamic 
simulations 

1 A high-resolution DTM generated from LiDAR data where roads and paths are clearly visible despite being covered by dense 
vegetation.

Input

Output

24 Biannual report 2011/2012



Applications 

  Monitoring of mass movements (e.g. landslides or earth 
erosion), water flow simulations (e.g. floods or tsunamis), 
infrastructural design and engineering (e.g. roads or railways), 
and many more. 

  In collaboration with the Power Engineering Laboratory at the 
University of Maribor, we have developed a novel method for 
estimating the spatiotemporal solar potential of buildings in 
urban areas based on LiDAR.

  The simulation considers the long-term irradiance measure-
ments from pyranometre and multiresolution shadowing. 

  Time-variable vegetation shadowing is performed using a 
heuristic method that considers Leaf Area Index (LAI) statisti-
cal data. 

  GPGPU implementation.

  In comparison with measured ten-year average, over 97% 
accuracy is achieved.

Asst. Prof. Dr. Domen Mongus, Prof. Dr. Borut Žalik
Laboratory for Geometric Modelling and Multimedia Algorithms 

web: gemma.uni-mb.si

Visualisation of the estimated solar potential for part of Maribor city in Slovenia (right) and a comparison of the simulated and 
measured ten-year averages (left), where over 97% correlation is achieved.

2
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Data acquisition is the process of capturing and measuring physi-
cal data and converting the results into a digital form that is fur-
ther manipulated by a system. Classic instruments for data acqui-
sition systems, such as the oscilloscope, frequency analysers and 
charts recorders offer limited functionality, and non-upgradeable 
hardware/software. The problem with such measuring products is 
that end-users are often unqualified in using traditional measur-
ing instruments. Most of the programs designed to capture, store 
and analyse the acquired data do not allow end-users to build a 
customised sequence for the measuring process. 

We have developed a domain-specific modelling language called 
the Sequencer for the purpose of modelling acquired data from 
measuring systems. The Sequencer is integrated in the larger 
product DEWESoft, which is a sophisticated data acquisition soft-
ware suite for testing and measuring. 
The Sequencer has already been successfully applied for the 
automotive industry, where brake, acceleration, tyre, and fuel con-
sumption tests are specified with different calibrations in a visual 
manner that is suitable for use by domain engineers. The end-user 
can very easily, and without technical computer skills, model an 
arbitrary measurement sequence. Our preliminary observations 
have shown that end-users can develop applications faster, whilst 
the program length has been reduced in some cases by a factor 
of 20. The number of software errors has also been substantially 
decreased.

Sequencer: a domain-specific modelling language for data 
acquisition systems

 An example of a measuring sequence1

Interface during the measurement procedure2
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Prof. Dr. Marjan Mernik, 
Programming Methodologies Laboratory        
  
web: lpm.uni-mb.si/mernik  

Dr. Tomaž Kos 
DEWESoft d.o.o.

web: www.dewesoft.com
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A voice activity detection (VAD) algorithm is able to distinguish 
speech from noise. An effective VAD algorithm can differentiate 
between speech, which contains background noise, and signals 
with background noises only. A VAD algorithm is an integral part 
from amongst a variety of speech communication systems, such as 
speech recognition and speech coding in mobile phones, and IP te-
lephony. In telecommunication systems an effective VAD algorithm 
plays an important role, especially in automatic speech recognition 
(ASR) systems.
The main objective of introducing the nonlinear function based 
on minimum and maximum statistics into the frequency spec-
trum has been to improve the detection of vowels, diphthongs 
and semivowels in the speech signal. By the introduction of the 
nonlinear function into the frequency spectrum the presence of 
vowels, diphthongs and semivowels in the frequency spectrum has 

been emphasised, however, the efficiency of consonant detection 
has been reduced.
The problem of reduced consonant detection efficiency has been 
solved by implementing the hangover and hangbefore criteria. Us-
ing the hangover criterion, the problem of detecting of consonants 
that occur at the end and in the middle of words incorrectly has 
been solved. Using the hangbefore criterion, the incorrect detec-
tion of consonants that occur at the beginning and in the middle of 
words has been solved. Having introduced both criteria at the end 
of the basic VAD decision, we have managed to improve both voice 
activity detection and automatic speech recognition.
In order to obtain the earlier mentioned result improvement by 
the use of hangbefore and hangover criteria, the procedure for 
defining the optimal values for hangbefore and hangover criteria 
has been defined. This has been done by the time analysis of the 

Voice activity detection algorithm using nonlinear spectral 
weights, hangover and hangbefore criteria

phoneme duration. To analyse the phoneme duration the Aurora 
2 speech database has been used, namely only clear record-
ings from this database. For the phonemes duration analysis six 
groups of phonemes have been defined. The phonemes have been 
grouped according to their appearance in the words (at the begin-
ning, in the middle, at the end of the word). This has been done 
for the group of vowels, diphthongs and semivowels, and for the 
group of consonants. Phoneme duration analysis has helped us 
to define the constants SpeechFrame, HangOver and HangBefore. 
The constants SpeechFrame and HangOver have been used in the 
hangover criterion. The constants SpeechFrame and HangBefore 
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have been used in hangbefore criterion. The basic idea of this 
procedure has been to reduce the required number of experi-
ments which were necessary to define the optimal values for the 
constants SpeechFrame, HangOver and HangBefore. 

Comparisons between the frequency spectrums before and after the introduction of a nonlinear function within the frequency spec-
trum at different SNRs.

1
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Asst. Prof. Dr. Damjan Vlaj, Prof. Dr. Zdravko Kačič, Dr. Marko Kos
Institute of Electronics and Telecommunications 

web: ietk.feri.um.si
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of nonlinear function
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The use of hangover and hangbefore criteria 
after the introduction of the nonlinear function       

         into frequency spectrum. 

The number of repetitions over the same dura-
tion: (a) for vowels, diphthongs, and semivow-

els, as joined into one of the groups that occur at the 
beginning, in the middle, or at the end of the word, 
(b) for consonants joined into one of the groups that 
occur at the beginning, in the middle, or at the end 
of the word.

2

3
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A differential evolution algorithm was used in an approach for the 
reconstruction of procedural three-dimensional models (Figure 
1) of woody plants (trees). A procedural tree-model recursively 
computes all building parts of a threedimensional tree structure 
(Figure 2) by applying a fixed procedure on a given large set of 
numerically-coded input parametres. The parameterised proce-
dural model can later be used for computer animation (Figure 3). 
Reconstruction of a parameterised procedural model from images 
is done by the differential evolution algorithm which evolves this 
model by fitting a set of its rendered images to a set of given 

reference images. The comparison is done at the pixel level of the 
images through the integration of distances to the nearest similar 
pixels. The obtained results show that the presented approach 
is viable for modelling of woody plants for computer animation 
by evolution of the numerically-coded procedural model. This 
approach was also extended to the domain of multi-objective 
optimisation, where two different metrices were used to assess 
reconstruction fitness.

Tree model reconstruction

Rendered evolved procedural models: 6 iteratively evolved images (left) and reference image (far right).1

Procedural model examples and their construction.2

Using procedural models within an evolved ecosystem.3
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In our work, we proposed a self-adaptive evolutionary algorithm 
for 3-GCP, hybridised with: heuristic genotypephenotype
mapping (construction of solutions), a local search heuristic, and a 
neutral survivor selection operator. The graph 3-colouring problem 
(Figure 1) can be defined informally as follows: In a given undi-
rected graph G=(V,E), where V denotes a finite set of vertices and E 
a finite set of unordered pairs of vertices called edges, the vertices 
have to be coloured using 3 colours such that no two vertices con-
nected with an edge are of the same colour. Such a colouring, if it
exists, is named the proper 3-colouring (Fig. 1). The graph 3-col-
ouring problem is NP-complete and is a kind of graph colouring 
problem (GCP) that can be applied as a register allocation in com-
pilers, timetabling, frequency assignments in cellular networks, 
scheduling, printed circuit-board testing, and manufacturing. 
The results of the proposed self-adaptive evolutionary algorithm 
(HSA-EA) were compared with the results of three graph-colouring 
algorithms: Evolutionary Algorithm with Step-wise Adaptation of 
Weights (SAW-EA), Tabucol, and Hybrid Evolutionary Algorithm 
(HEA).

Extensive experiments using these algorithms were conducted 
on a collection of random 3-colourable graphs generated by the 
Culbersone graph generator. The results indicate that the per-
formance of the hybrid self-adaptive evolutionary algorithm is 
comparable with, or better than, the performance of the hybrid 
evolutionary algorithm that is one of the best graph-colouring 
algorithms today.

The major contribution of this work is that the behaviour of differ-
ent algorithms in the phase transition, where the graphs are hard 
to colour was investigated. On the other hand, the detailed analy-
sis of algorithms behaviour was performed, in which the influence 
of the structured features of randomly generated graphs on the 
performance of algorithms was analysed in detail. The knowledge 
acquired in this work can be used helpfully when developing  the 
already-mentioned practical problems.

Graph colouring

Graph colouring1

Prof. Dr. Janez Brest, Dr. Aleš Zamuda, Asst. Prof. Dr. Iztok Fister, Asst. Prof. Dr. Borko Boškovič
Computer Architecture and Languages Laboratory 

web: labraj.uni-mb.si/en
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The Digital Agenda of Europe 2020 Strategy plans to provide ultra 
fast Internet access for all citizens of the European Union. This 
will significantly increase the demand for audiovisual content. The 
questions therefore are, are European audiovisual producers able 
to satisfy this demand? What obstacles stand in the way? And what 
measures can contribute to the elimination of these obstacles. 
Digital technologies are changing the entire media landscape. For 
the future development of European national AV productions, it 
is not enough that these productions follow traditional models of 
film and AV production. This was the starting hypothesis of our 
research. We assumed that with digital technologies new uses are 
being developed, followed by new business models in the field 
of film and AV content, in which even the productions of small 
nations, such as Slovenia, can be economically sustainable and 
financially successful. 
Our research results showed that we can confirm the hypothesis. 
An already established case of such a new business model in the 
field of film production is crowdfunding, the collective financing of 
films with the help of web applications and sites such as Indie-
GoGo and Kickstarter. Websites such as YouTube, specialised in the 
publishing and exchange of audiovisual content online, enable the 
development of new content such as web series, and new business 
models are evolving here, too.
However, the hypothesis is incompletely valid for Slovenia. Slovene 
producers of AV content accept digital technologies at the level of 

production, but not at the level of distribution. A significant major-
ity started their activities after the easily-accessible digital equip-
ment became available, and at the times when internet distribu-
tion of AV content began to develop. Most of them also use digital, 
rather than film cameras. However, more than half of Slovene AV 
producers do not have a website, and only 41 percent of them 
claim that they are ready to distribute their work online. 
From the perspective of our project, this is a major problem. 
Digital distribution opens up new possibilities for added value 
creation, and also for the development of AV production as a 
competitive activity, even in the case of a smaller nation. Analysing 
the contents, we have shown that Slovene AV production might 
increase the competitiveness of the Slovene economy, because it 
offers quality creative content, and it furthers innovative mental-
ity and creative culture. For sustainable and financially successful 
Slovene AV production, however, a new approach to distribution 
needs to be developed thatv goes beyond the existing channels 
in cinemas and on broadcast television networks. New modes of 
distribution enable producers to create added value on the basis 
of the works they create. Insistence on the old business models 
is the major obstacle for the economic growth and prosperity of 
Slovene AV production.

The Implications of Digital Technologies for the 
Development of Slovene Audiovisual Production from the 
Perspective of Europe 2020 Strategy

Camera gear use by company category. Most producers choose cameras depending on the project. 1
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Asst. Prof. Dr. Melita Zajc 
Institute of Media Communications 

web: medijske.uni-mb.si

Desired price per view online (given as a range in €). It shows producers would like to charge up to as 
much as they get from ticket sales in cinemas and only half of them would allow play free of charge. 

2

Film budget as a function of producer (production house) age. There is a clear divide between new arriv-
als and established producers with regard to how much money they spend on their films.
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Student Projects



ESMO is an education satellite project of the ESA’s (European Space 
Agency) Education Office, and if successful it would be the first 
ever student-built spacecraft to leave the Earth’s orbit and achieve 
an orbit around another solar system body. ESMO was a unique 
and inspirational opportunity for university students, providing 
them with valuable and challenging hands-on space project experi-
ence in order to fully prepare a well-qualified workforce for future 
ESA missions during future decades. In addition, ESMO had a pow-
erful education outreach aspect and strong attraction for students 
across Europe, by lowering the entry-level for lunar exploration to 
attainable university project activities. The ESMO spacecraft was 
designed to be launched into Geostationary Transfer Orbit (GTO) 
as a secondary/auxiliary payload within the 2014 timeframe. SSTL 
(Surrey Satellite Technology Ltd.), as the System’s Prime Contractor 
for ESA’s Education Office, was managing the ESMO project and 
provided considerable system-level and specialist technical sup-
port to the university student teams during the implementation of 
the project.
Amongst other universities involved in ESMO project the Faculty of 
Electrical Engineering and Computer Science from the University 
of Maribor provided a student team, whose responsibility was to 
develop an on-board data handling (OBDH) subsystem for ESMO 
including hardware and software. The main tasks of the OBDH 
subsystem are data processing and control functions, where the 
subsystem represents an execution platform and environment 
for the flight software framework. The team provided an innova-
tive system on a chip approach for the dual-redundant on-board 
computer (OBC), Fault Detection, Isolation and Recovery (FDIR) 
procedures at several system levels with an additional Attitude 
Safety Module (ASM), mass memory storage unit, generic CAN 
node for on-board networking between payloads, subsystems, 
housekeeping sensors and instruments, and lastly the Telecom-
mand (TC) and Telemetry (TM) message processing via Communi-
cation subsystem.

The project concluded with a successful preliminary design review 
(PDR) as unfortunately, the total cost had increased during the 
evolution of the project to a level which substantially exceeded 
the current and projected budget constraints. However, the ESA 
confirmed that the approved preliminary design of ESMO is a valid, 
low-cost option for reaching lunar orbit or interplanetary space 
with a small payload.

European Student Moon Orbiter – ESMO

ESMO spacecraft structure Block diagram of the OBDH subsystem for ESMO spacecraft1 2
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Asst. Prof. Dr. Iztok Kramberger

web: www.esmo.uni-mb.si

P-type switches with current limiting functionality for protection against high energy single event latch-ups on electronic circuits 
developed by the OBDH team, and the LEON 3 SPARC V8 DARE processor donated by the ESA Technical Directorate

3
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Urban search and rescue robots (USARs) are intended to help 
and actively participate in rescue actions. The development of 
rescue robots is meant to help rescue teams provide faster in-
tervention and to save as many people as possible by covering 
more ground and with minimum possible risk in the case of an 
earthquake.

We have built the prototype of mobile robot that is able to 
travel over complex environments (inside buildings full of 
debris) and perform autonomous actions which can help 
rescuers in the field. The base for building the autonomous 
mobile robot was the tracked mobile platform Jaguar with two 
flippers. We chose this tracked platform because it has more 
steering options within complex environments than wheeled 
robots. Tracked flippers are used to help whilst overcoming 
obstacles such as stairs or used as a saving option if the robot 
is trapped in stationary position.  The so-called laser alignment 
system (LAS) compensates for  the pitch and yaw angles of the 
robot platform. Mapping of the non-structured environment is 
done using a SLAM (Simultaneous Localization and Mapping) 
algorithm, where LAS is used to hold the laser scan plane par-
allel to the base ground plane.  The figure shows the complete 
robot platform.

Urban search and rescue mobile robot platform
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Figures above show the testing ground used for SLAM 
algorithm testing and its map done automatically using     
our developed SLAM algorithm.

1

Asst. Prof. Dr. Suzana Uran, Peter Lepej, Prof. Dr. Riko Šafarič, Daniel Žlaus
Laboratory for cognitive systems in mechatronics

web: www.ro.feri.um.si/lab_csm
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2ndSight is a group of four students - Tine Poštuvan, Blaž Magdič, 
Luka Topolovec and Žan Markan - who were determined to change 
the world and make it more accessible for people suffering 
from visual impairments. ImagineCup 2011 made that possible. 
2ndSight made it to the ImagineCup semi-finals in New York.

Mobile technologies are becoming ubiquitous and they are rapidly 
changing the way we perceive and interact with the world around 
us. Smartphones provide new functionalities by taking advantage 
of various sensors, for example, a camera to capture pictures, and 
a GPS to establish our current location Even though they defi-
nitely made our lives easier, they are still hard to use for visually 
impaired who frequently rely on device’s physical keys which most 
of smartphones lack.

2ndSight team adapted a smartphone for use by the blind and 
other visually impaired. With the aid of the Slovenian Association 
for the Blind and Visually Impaired, they designed and implement-
ed basic user interface, and developed a set of applications that 
blind people find most useful.
The basic idea was to simplify navigation, exploit the possibility of 
using touch screen gestures for enhancing user experience and 
provide voice feedback for every action the user makes. 
Applications in 2ndSight solution vary from elementary ones such 
as clock, weather, and phonebook to more complex ones such as 
special virtual keyboard, colour recognition or navigation with re-
mote assistance. The most complex application is navigation with 
remote assistance, taking advantage of built-in GPS sensor and 
camera to guide the blind person through the city with the help of 
relative or friend at some remote location.

ImagineCup competition was not the end for the 2ndSight team. 
They cached in the experience gained in ImagineCup and entered 
the world of entrepreneurs by starting a company Drugi vid. In 
2012 they successfully entered Wayra Accelerator based in Lon-
don, UK as 2ndSight. Later they changed the name to EqualEyes. At 
this point they have one office in Tovarna podjemov (development) 
in Maribor and one in Wayra, London (business).

During this time the 2ndSight solution has evolved. The user 
interface is organized as a grid of 5x2 cells, where each cell rep-
resents an application or an application’s element. By sliding the 
finger across the screen the device names the application element 
under the fingertip. Tapping once on the screen makes the device 
pronounce the name of currently active element; tapping twice 
executes the activity bound to this element. This way a blind user 
can always check the last position in the application’s menu.

This concept of one tap and two taps is especially important for 
the virtual keyboard. Each character (e.g. letter or number) is 
added to the text field only after the user quickly taps twice on the 
screen. Without this additional step writing a phone number or a 
message could become very frustrating. User can also check what 
was written at any point during writing by taping once at the top 
row of the screen.
Improved solution also supports themes with pre-set colour com-
binations and font sizes that work best for a specific impairment.

2ndSight - a Swiss knife for visually impaired

2ndSight at the ImagineCup semi-finals in New York.

Home screen with a 5x2 grid. Buttons in the last row switch 
between screens containing more applications.

1

2
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Drugi vid razvoj informacijskih rešitev d. o. o.
Located in Tovarna podjemov

web: equaleyes.com

Numerical keyboard for entering phone numbers. When user 
slides a finger across a number, the number is pronounced.

A simple application for telling current time or current date 
when user taps on the screen.

3 4

Honestly, without ImagineCup competition, the support from 
Tovarna podjemov and ‘triple F’ (Friends, Fools, Family) we would 
not be where we are today.

“
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Faculty in Numbers



Publicly Funded Projects - Nationally

Programme

Basic project

Applied project

A post-doctoral project

Target research programme

Young researchers

Bilateral projects 2011-2012

Austria

Bosnia and Herzegovina

Montenegro

Finland

Italy

China

Hungary 

Portugal

Romania

Russia 

Slovakia

Serbia

Turkey

USA

Bilateral projects 2011-20121

Publicly Funded Projects - Nationally2
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Projects 

Publicly Funded -Nationally 

Publicly Funded - EU

Privately  Funded 

Academic and research work is conducted at the 
following Institutes:                               
              

  Institute of Automation, (3 Laboratories)

  Institute of Electronics and Telecommunications, 
(4 Laboratories)

  Institute of Power Engineering, (5 Laboratories)

  Institute of Robotics,  (4 Laboratories)

  Institute of Computer Science, (7 Laboratories)

  Institute of Informatics,  (4 Laboratories)

  Institute of Media Communications, 

  Institute of Mathematics and Physics. 

Research work at the faculty is predominantly 
organised into research programmes, which are 
non-competitively publicly funded.

  Mechatronics systems

  Computer Systems, Methodologies, and Intel-
ligent Services

  Information systems

  Telematic

  Advanced methods of interaction in telecommu-
nication

  Applied Electromagnetics

  Control of electromechanical systems

  Optical sensors and advanced interactive inter-
faces

Projects4
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