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Dr. Vladimir Jovan

 The department is engaged in the analysis, control and optimization of systems and processes. 
The activities of the department are focused on the research of new methods and algorithms for 
automatic control, the development of procedures and tools to support the design and construction of 
control systems, the development of specific measurement and control modules, and the development 
and construction of complete systems for the control and supervision of machines, devices and 
industrial processes. 

Basic and applied research
The basic and applied research in 2013 was devoted to three sub-areas: methodologies for analysis and control 

systems design; tools and building blocks for implementation; and applied research in the priority problem domains.
The sub-area methodologies for analysis and control systems design included three topics.
The first topic addressed modeling and identification of nonlinear and complex dynamical systems. The 

research in the dynamic systems modelling of Gaussian process models was directed towards the on-line training 
and application of the on-line training for on-line control. The identification of Gaussian process models was used 
for the modelling of biological and environmental systems (Figure 1). A key feature of modern condition monitor-
ing systems is the ability to predict the remaining useful life of the system or its components. To achieve this, we 
focus on the development of system identification algorithms for model-based prognostics and health management 
(PHM). We have developed a prognostics algorithm, which merges a sequential Monte-Carlo approach with a clas-
sical Kalman filter. The algorithm was applied to predict failures in both mechanical and electro-chemical systems.

 The second topic was advanced control. We have continued the development and robustification of methods 
for the implementation of the simplified parametric predictive controller in practical control applications. We have 
implemented an improvement of a cascade scheme of magnetic plasma control for the Iter fusion tokomak reactor, 
where an additional feedback loop in charge of returning the vertical plasma position to the origin was introduced 
between the inner loop of vertical stabilisation and the outer loop of plasma current and shape control.

The third topic of interest was condition monitoring and fault diag-
nosis. Research in the area of condition monitoring has resulted in novel 
approaches to the robust diagnosis and prognosis of rotational machines and 
drives under incomplete information about variable operating conditions. 
The problem is notoriously difficult and relevant for practice. New results 
rely on the stochastic modelling of structural excitations that emerge from 
complex interactions between rotating and stationary parts by means of 
point processes. In addition, a new algorithm for detecting distributed faults 
in bearings from vibrational recordings has been developed. The solution to 
this nontrivial problem is applicable to the faults due to, e.g., electro-erosion 
in bearings. The most notable contribution in the area is related to the 
completed experimental prototype of a diagnostic and prognostic platform 
for rotational machines and successful implementation on three different 
industrial sites in Slovenia and abroad (Figure 2). The platform relies on an 
innovative holistic concept of the distributed sensor network, which allows 
for partial local signal processing, data fusion from different sensors, self-
tuning of decision thresholds, remote configuration as well as integration 
with other information systems in the enterprise.

In the area tools and building blocks for implementation the MAGICS 
methodology for the development and automatic generation of process control software has been further developed. 
An experimental industrial prototype of an environment for this methodology has been developed, which supports 
the industrial practice of modelling and, partly, the automatic generation of the procedural part of the software for 
demanding process control systems.

In the field of production control, we were developing a software tool named ProOpter that enables the analysis 
of production dynamics using advanced methods like data mining, data reduction, determination of relevant manipu-

Figure 1: The predicted mean value and 95% confidence interval of 
ozone concentration for 9 August 2008 from GP model
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lated variables and production performance indicators model identification 
(Figure 3). The obtained models enable the prediction and optimization of 
the production dynamics.

A reliable estimate of the remaining useful life is getting to be one of the 
most significant requirements in modern maintenance. We continued our re-
search of a class of data-driven methods that rely on stochastic models derived 
from run-to-failure experiments performed on an appropriate set of similar 
items of equipment. A method employing entropy indices calculated from 
vibrational records has been further improved. Dynamic relations between 
indices and time-to-failure are described by Gaussian Process Models with 
truncated Gausssian distributions, which results in efficient new algorithms. 

In 2013 we continued working on the diagnostics of PEM fuel cells with 
the use of impedance measurements. The main focus was on a procedure 
for collecting the impedance information. In this manner we developed a 
procedure for the estimation of the instantaneous PEM fuel-cell impedance, 
which is based on PRBS perturbation signals and the continuous wavelet 
transform. The procedure provides the means for an approximately five-times 
faster estimation of the impedance compared to conventional approaches.

In the area of fuel-cell models development the main objective was to 
build a Matlab/Simulink model of the HyPM ® HD 8-200 Fuel-cell-based 

power unit, purposed for testing control approaches and the optimization of power management. In the model, 
a combination of the use of the measured static characteristics and tuning of the physical equations that describe 
processes in the FC stack, as well as the Balance of Plant (BoP) components (blower, pumps, etc.) in the system. 
During this year the model has been extended with the stack temperature influence to internal resistance and 
output voltage. In parallel a load study and the assessment of battery choice for a FC-based APU has been made.

Applied research in the priority problem domains was the third sub-area of our interest. In this frame a 
substantial part of our activities was devoted to the development of the specific control systems described below.

In the frame of the Slovenian Research Agency’s project on energy optimisation, new dynamic models of chillers 
for the purpose of energy consumption optimisation have been developed.

Control of wastewater treatment plants is our traditional research area. In cooperation with the company 
Kolektor Sinabit d.o.o., in 2013 we have developed a feed rate control of the anaerobic reactor for organic waste 
removal and biogas production. The proposed control adjusts the feed rate of the substrate based on measurements 
of the volatile fatty acids and acetate in the reactor. The control enables stable biogas production and prevents 
acidification of the process. Control was tested on the anaerobic reactor pilot plant.

In the frame of the Eurostars project ProDISMon we started with the development of algorithms aimed to im-
prove the reliability of distributed condition monitoring systems by means of an on-line assessment of the quality 

of the acquired data as well as the fusion of data from various sensory inputs. 
In recent years, a part of our work was focused on the area of fuel cells. 

In 2011 we started cooperation on the 7th European project FCGEN-Fuel Cell 
Based On-board Power Generation.  The objective of the FCGEN project is 
the development and demonstration of an auxiliary power unit (APU) for 
trucks, which uses an auto-thermal reformer to produce hydrogen from fuel 
and a fuel-cell stack for the electric energy production. In 2013 most of the 
process reactors for diesel conversion and reformate clean-up have been built 
and tested. Our group had two main work tasks. First, was the development 
of the complete APU control system and second was the development of the 
APU power-conditioning components. For the control system first the PLC 
version and HMI were finalized, and partially tested during the reactor tests. 
During the second half of the year the focus was on the development of the 
main controller, APU ECU, and the transfer of the control code from the PLC 
to the embedded controller. Within the power-conditioning task the prototype 
of the DC/DC converter and the power supply for the BoP component has 
been developed, built and tested. 

Within the second 7th European project FluMaBack-Fluid Management 
component improvement for Back up fuel cell systems the control line for 
the final quality control of blowers for fuel-cell systems has been designed. 
It consists of two modules. The first module examines the bearing quality 

Figure 2: Scheme of the prototype of diagnostics & prognostics platform

Figure 3: Placement scheme of a software tool ProOpter



215Annual Report 2013

Department of Systems and Control E-2

by analysing the sound emissions. The second module examines the vibrational and electrical signals. The overall 
quality is estimated based on the calculated features.

R&D projects for industry and other users
A substantial part of the department’s R&D activities for industry and other users is conducted within the project 

Competence Centre for Advanced Control Technologies, which has been concluded in 2013. Within the programme 
of the Competence Centre for Advanced Control Technologies our department members developed a number of 
innovative technological solutions in cooperation with industrial partners. 
The developed control tools and building blocks include advanced control 
algorithms that were implemented within the software tools of the Inea and 
Kolektor Sinabit companies for the easy implementation of advanced control 
in industrial processes. In addition, an industrial prototype of a tool for the 
model-driven development of the process control software was developed. 
In the field of a smart factory, a ProOpter production dynamics analyser 
and optimiser was developed and tested in batch production at our partner 
Helios, while the platform for on-line condition monitoring of industrial 
assets, implemented at the company Litostroj Power, was integrated with 
the existing information system in the company. The control solutions for 
the efficient use of energy include the design of an algorithm for the opti-
mal selection of heating and cooling systems in smart buildings that was 
implemented and tested by the company Goap, while the improved control 
of the anaerobic fermenter in the production of biogas was implemented 
by Kolektor Sinabit and tested on a pilot-scale batch reactor. A particular 
challenge in the field of energy production is the control of a fusion reactor. Within the realistic demonstrator of 
controlling plasma position, which was designed by the company Cosylab, an improved control solution based on 
a predictive controller was developed for plasma position control. Finally, within this programme our department 
members are planning to submit two patent applications and two innovations as leading partners.

Another important part of our activities is also devoted to direct cooperation with various companies.
In the project for Danfoss Trata d.o.o., the hardware and the firmware for “heavy-duty” motor drives have been 

developed (Figure 4). The drives are now in a trial production phase at Danfoss Trata, d.o.o. The drives have an 
anti-oscillation function that increases the expected lifespan of the drives and decreases the energy consumption. 
In addition to the heavy-duty drives, the concept of so-called “integration drives” has been developed and tested as 
well. Integration drives are used for tighter control of the output water temperature from heat exchangers.

An online estimation of the remaining useful life of electromotors is a challenging task. In 
the company Domel d.o.o. we developed and installed a line for the long-life testing of electroni-
cally commutated motors. The installed measuring equipment allows sufficiently accurate data 
acquisition and local data processing as well as an estimation of the remaining useful life. The 
final goal is the development of an embedded module for the estimation of the remaining useful 
life that will be an integral part of the final product.

In collaboration with the Centre of Excellence Low-carbon technologies, special DC/DC 
converters have been finalised and delivered to a number of national and European customers.

Publication of the book “Case Studies in Control - Putting Theory to Work”
The book entitled “Case Studies in Control - Putting Theory to Work” appeared in 2013 in 

the Springer series “Advances in Industrial Control”. The book editors Prof. Dr. Stanko Strmčnik 
and Prof. Dr. Đani Juričić raised the topic of advanced control based on a number of case studies 
presented by our department members. The book summarizes the long-standing efforts and 
knowledge of our department in the field of the research of advanced control methods and their 
transfer to industrial practice. Case Studies in Control presents a framework to facilitate the use 
of advanced control concepts in real systems based on two decades of research and over 150 suc-
cessful applications for industrial end-users from various backgrounds.

 Educational and training activities
Some members of the department are giving lectures and practical courses at different facul-

ties and universities: the Faculty of Electrical Engineering, University of Ljubljana, the Faculty of 
Logistics, University of Maribor, the University of Nova Gorica and the “Jožef Stefan” International 
Postgraduate School. They also act as supervisors of Ph.D. students. 

Figure 5. Cover of the book Case Studies in Control - 
Putting Theory to Work

Figure 4: “Heavy-duty” valve drive for Danfoss Trata d.o.o.
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Some outstanding publications in the past year

1. Kocijan, J., Hvala, N.: Sequencing batch-reactor control using Gaussian-process models. Bioresource technol-
ogy, ISSN 0960-8524, vol. 137, 340–348

2. Hvala, N., Kukanja, D.: Modelling and simulation of semi-batch polymerisation reactor for improved reactants 
dosing control. Simulation modelling practice and theory, ISSN 1569-190X, vol. 33, no. 1, 102–114

3. Lukman, T., Godena, G., Gray, Jeffrey G., Heričko, M., Strmčnik, S.: Model-driven engineering of process control 
software beyond device-centric abstractions. Control engineering practice, ISSN 0967-0661, vol. 21, no. 8, 
1078–1096 

4. Petelin, D., Grancharova, A., Kocijan, J.: Evolving Gaussian process models for prediction of ozone concentra-
tion in the air. Simulation modelling practice and theory, ISSN 1569-190X, vol. 33, 68–80

5. Glavan, M., Gradišar, D., Atanasijević-Kunc, M., Strmčnik, S., Mušič, G.: Input variable selection for model-based 
production control and optimisation. The international journal of advanced manufacturing technology, 
ISSN 0268-3768, 2013, vol. 68, no. 9/12, 2743–2759

6. Glavan, M., Gradišar, D., Strmčnik, S., Mušič, G.: Production modelling for holistic production control. Simula-
tion modelling practice and theory, ISSN 1569-190X, jan. 2013, vol. 30, 1–20

The most important achievements in the past year

1. The book “Case Studies in Control - Putting Theory to Work” edited by Prof. Dr. Stanko Strmčnik and Prof. Dr. 
Đani Juričić was published in the Springer series “Advances in Industrial Control”.

2. The article on modelling and control of polymerization process has been ranked among the most downloaded 
articles in Computers & Chemical Engineering Journal.

3. The first dedicated DC/DC converters for fuel-cell systems have been sold on the European market.
4. Successful completion of a multi-annual project “Competence Centre for Advanced Control Technologies” 

where the department E2 was involved in several development subprojects.
5. Successful completion of a multi-annual work within the “Centre of Excellence Low-carbon technologies” 

where we were in charge for the research on the field of hydrogen technologies.

Awards and appointments

1. Nadja Hvala: The article "Modelling, simulation and control of an industrial, semi-batch, emulsion-polymer-
ization reactor" in Computers and Chemical Engineering Journal has according to Elsevier more than 500 
downloads. It has been identified as one of the most downloaded articles in this journal in the period from 
Sept. 2012 - Aug. 2013 and has received a certificate for this contribution. 

INTERNATIONAL PROJECTS
1. Production of DC/DC Converters 

PowerCell Sweden AB 
Dr. Janko Petrovčič

2. 7FP - FCGEN; Fuel Cell Based On-board Power Generation 
European Commission 
Dr. Boštjan Pregelj

3. 7FP - FLUMABACK; Fluid Management Component Improvement for Back up Fuel Cell 
Systems 
European Commission 
Dr. Pavle Boškoski

4. CERACON; Integration and Control of Liquid Fuel processor based on Ceramic Micro-
Systems 
ESA/ESTEC. 
Dr. Gregor Dolanc

5. COST IC0806, IntelliCIS; Intelligent Monitoring, Control, and Security of Critical 
Infrastructure Systems 
COST Office 
Dr. Nadja Hvala

RESEARCH PROGRAM
1. Program Systems and Control 

Prof. Đani Juričić

R&D GRANTS AND CONTRACTS
1. Prognostics and health management of mechanical drives based on novel MEMS sensor 

networks 
Prof. Đani Juričić

2. Development and implementation of a method for on-line modelling and forecasting 
of air pollution 
Prof. Juš Kocijan

3. Optimisation of energy cost for refrigeration systems in shopping malls 
Asst. Prof. Damir Vrančić

4. On-line System Identification for Model-Based Prognostics and Health Management 
Dr. Matej Gašperin

5. Competence Centre for Advanced Control Technologies: CC ACT 
Asst. Prof. Damir Vrančić

6. Probasensor: EUROSTARS; Probalistic Bayesian Soft Sensor - A Tool for On-line 
Estimation of the Key Process Variable in Cold Rolling Mills 
Prof. Đani Juričić

NEW CONTRACTS
1. Process Control Software Development Methodology 

Inea, d. o. o. 
Giovanni Godena, M. Sc.

2. Prognostics and Health Management of Mechanical Drives Based on Novel MEMS 
Sensor Networks 
Domel, d.o.o. 
Prof. Đani Juričić
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STAFF
Researchers
1. Dr. Gregor Dolanc
2. Dr. Samo Gerkšič
3. Giovanni Godena, M. Sc.
4. Dr. Dejan Gradišar
5. Dr. Nadja Hvala
6. Dr. Vladimir Jovan, Head
7. Prof. Đani Juričić
8. Prof. Juš Kocijan
9. Dr. Bojan Musizza
10. Dr. Janko Petrovčič
11. Prof. Stanislav Strmčnik
12. Asst. Prof. Damir Vrančić
13. Dr. Darko Vrečko
Postdoctoral associates
14. Dr. Pavle Boškoski
15. Dr. Matej Gašperin

16. Dr. Marko Nerat
17. Dr. Matija Perne
18. Dr. Boštjan Pregelj
Postgraduates
19. Andrej Debenjak, B. Sc.
20. Boštjan Dolenc, B. Sc.
21. Miha Glavan, B. Sc.
22. Dejan Petelin, B. Sc.
23. Martin Stepančič, B. Sc.
24. Aleš Svetek, M. Sc.
Technical officers
25. Stanislav Černe, B. Sc.
26. Primož Fajdiga, B. Sc.
Technical and administrative staff
27. Maja Janežič, B. Sc.
28. Miroslav Štrubelj

VISITORS FROM ABROAD
1. Prof. Diego Galar, Luleå University of Technology, Luleå, Sweden,  2.–6. 9. 2013 2. Asst. prof. Václav Šmídl, University of West Bohemia, Plzen, Czech Republic, 2.–4. 10. 2013

3. Development and Implementation of a Method for On-line Modelling and Forecasting 
of Air Pollution 
MEIS environmental services, d.o.o. 
Prof. Juš Kocijan

4. Optimisation of Energy Cost for Refrigeration Systems in Shopping Malls 
Entia, d.o.o. 
Asst. Prof. Damir Vrančić
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