DEPARTMENT OF SYSTEMS
AND CONTROL

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 andtools to support the design and constructionof =~

controlsystems, the development of specific measurement and controlmodules, 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 2012 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 ad-
dressed the modelling and identification of nonlinear and complex dynamical systems. The research in the dynamic

systems modelling was directed towards the on-line training, analysis and application of Gaussian process models Head:

for the modelling of static and the identification of dynamic systems. The application of modelling with Gaussian Dr. Viadimir Jovan

process models of traffic, biological and environmental systems was pursued (Figure 1).

The second topic was (advanced) control. The developed methods for the implementation of the simplified
explicit predictive controller were tested in pilot applications of liquid level control in a laboratory plant and the
vertical stabilisation of the plasma position in the ITER tokamak fusion reactor model. We have shown the practical
advantages enabled by systematic handling of constraints on the process signals, and successfully demonstrated
control of the processes with fast dynamics, where a conventional predictive controller based on on-line optimisa-
tion is not useful due to the long computation time.

The third topic of interest was condition monitoring and fault diagnosis. A new robust method for bearings
prognostics based on the concepts of the Jensen-Reny entropy, divergence and the complexity of vibrational signals
is proposed. The relationships between the
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monitoring systems in 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 prognostics and health management (PHM). We have developed
a prognostics algorithm, which relies on Gaussian Process models and applied it to bearings monitoring. More
recently, we focused on the utilization of the Marginalized particle filtering framework for PHM.

We continued with the development of the prototype of a versatile low-cost platform (labelled MEMS-PHM)
for the prognostics and health management of electro-mechanical drives. It relies on cutting-edge MEMS (micro-
electromechanical sensor) technologies. The hardware and software design of the underlying smart sensor node
as well as the MEMS sensor prototype were almost completed. The first version of the MEMS-PHM platform was
successfully implemented on a milling machine in the company LitostrojPower.

A part of the work, which is also related to condition monitoring, dealt with the problem of monitoring the
water conditions inside a PEM fuel-cell stack. In 2012, we continued working on the diagnostics of flooding and
drying inside PEM fuel cells with use of electrochemical impedance spectroscopy (EIS). In-house-developed meas-
urement equipment made it possible to start dealing with the diagnostics of individual fuel cells inside a larger
fuel-cell stack, which was before this unfeasible. The mentioned equipment was used for an experimental study,
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Figure 1: Uncerfainty outcomes of the selected criterion for a given input action under input
uncertainty. (Source: Water Research, 2012, vol. 46, no. 18, pp. 6121-6131)
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which confirmed that the equipment itself is precise enough to perform the measurements the EIS requires. At the
same time, valuable data was acquired for further research (Figure 2).

The sub-area tools and building blocks for implementation also included three parts. A method for the efficient
control of under-damped systems has been developed. The method efficiently stabilizes systems in the open-loop and
in the closed-loop configurations. In the frame of research dealing with tools and methodologies for process control
software synthesis the work on a model-driven methodology for industrial process control software development

Figure 2: PEM fuel cells and measurement equipment during test
operation

named MAGICS was continued. An empirical evaluation of this methodology
was performed, which revealed an increase in productivity with savings
between 18% and 33% of the total development effort and an improvement
of the software quality due to the elimination of the code-generation errors.
A new version of the development environment for this methodology was
also developed (Figure 3).

In cooperation with the CONOT Center of Excellence Low Carbon Tech-
nologies we designed new components for fuel-cell-based power systems.
In 2012 a diagnostic module for PEM fuel-cell-stack-based power units was
developed as a low-cost solution for the on-line monitoring of each cell’s volt-
age inside a stack. Besides the monitoring, the module provides the means
for precise measurements of changes in the voltage of any individual cell
inside a stack, which further enables the performance of the diagnostics of
faults, such as cell flooding and membrane drying. The module is designed
to perform measurements and data acquisition, further signal processing
and diagnostics algorithm computation in real time (Figure 4).

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.

A numerically efficient version for signal de-noising based on an adaptive Kalman filter was implemented and
assessed on plant data. The algorithm was applied to the pressure signal in order to improve the closed-loop control
of the strip thickness in cold milling. The main idea is to manipulate the filter gain by means of the valve aperture.
The work has been carried out in the frame of the international project PROBASENSOR.

We have implemented function blocks that enable the implementation of a simplified explicit predictive
controller with constraints handling on industrial programmable-logic controllers in the IDR BLOK development
environment, and have tested them in pilot applications.

Control of wastewater treatment plants is our traditional research area. A model of the entire DomzZale-Kamnik
wastewater treatment plant (WWTP) has been built, including both the water line and the sludge line. The model
shows a relatively good agreement with the real-plant daily average measurements. It has been used for studying
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Figure 3: Two engineering levels of the MAGICS methodology

the possibilities of how to reduce the impact of the sludge line on the water
line in the DomzZale-Kamnik WWTP. Simulation results show that by properly
increasing the digested sludge flow-rate to dewatering, the amount of sludge
and ammonia that are back-cycled from the sludge line to the water line are
significantly reduced, whereas the amount of the dehydrated sludge, which
is disposed to the landfills and the amount of the biogas produced remain
almost the same.

Production control is also an important domain of our research work.
The major problems in manufacturing today still relate to unexpected break-
downs and the degradation of product quality with no obvious reasons. In
collaboration with the company Kolektor KFH, we have developed procedures
for the automatic analysis of data form the production process. From these,
the parameters that have a significant influence on the quality of the final
product are determined. Additionally, the identified mathematical models
are then used by the advanced production monitoring and control modules.

In the field of production control, we were continuing the evaluation of
a concept of model-based production control. More emphasis was given to
the modelling and production dynamics analysis, i.e., determination of the
model structure, usage of modelling tools such as neural networks, fuzzy

logic and Petri nets. We were also designing a tool for production dynamic analysis to help us implement all the
key activities necessary for holistic production control.

In recent years, a part of our work was focused on the area of fuel cells. In 2011 and 2012 we started coopera-
tion on two newly 7th European projects FCGEN-Fuel Cell Based On-board Power Generation and FluMaBack-Fluid
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Management component improvement for back-up fuel cell systems. 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 electric energy production. The goal is the substitution of
low-efficiency main engine idling for covering electrical needs. Within the
project both key components and system design will be further developed.
The role of our group is the development of power conditioning, complete
electronics and a control for all subsystems and for the integrated APU
system. In the first half of 2012 the work mainly focused on the specifica-
tion of the final process design of the APU system. Our group cooperated by
making revising stages and providing solutions from the aspects of control
and electric design. Additionally, the electrical APU layout has been designed
and the APU load study performed. In the second half of 2012 the work was
focused on determining the specifications for the APU’s electrical layout and
control system. In this context we determined the control concept, prepared
adocument with the specifications, developed part of the PLC software code
and the HMI to monitor the entire process. In the FluMaBack project our
group is responsible for improving the performance, cost efficiency and
life time of essential balance of plant (BOP) components used in fuel-cell-
based uninterruptable power back-up systems. In 2012 we started with the
development of a PHM system for the condition monitoring of an air blower.

Within the multidisciplinary project Ceracon- Integration and control of liquid fuel processor based on ceramic
micro-systems which is financed by the European Space Agency we continued the development of the prototypes
of critical components of the miniature size fuel reformer, which will serve as a source of hydrogen for miniature
fuel cells. In 2012 we studied the efficiency of the reforming process as a function of the operating conditions and
the type of catalyst.

Figure 4: Diagnostic module for monitoring the fuel voltage of
individual cells in a fuel-cell stack

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
Competence Centre for Advanced Control Technologies. In the second year of its operation, the first demonstration
systems were developed, like an intelligent motor-drive valve, produced by the Danfoss Trata company, with an
embedded system for the automatic reduction of oscillations, and a wireless
sensor network implemented for diagnostic and prognostic maintenance of
machines at the Litostroj Power company. At other application domains, like
production management with integrated models, the optimisation of energy
consumption in buildings, the optimisation of gas production in bioreactors
and the control of fusion reactors, the appropriate simulation environments
were set-up with the preliminary design of advanced control algorithms.

As described below, an important part of our activities is also devoted
to direct cooperations with various companies.

An important part of our activities in the past year was performed in
close cooperation with the INEA company. One of the activities to mention
was the development of a new version of the batch control software tool. In
the area of the development of recipe-based batch process control package
for the PLC platform (PLCbatch) the automatic generation of the phase logic
software skeleton was realized. This tool significantly reduces the amount
of the routine and repetitive development tasks and the resulting errors. A
preliminary concept of the dynamic unit allocation was also realized, aimed
at improving the flexibility of batch-control systems.

In the framework of the project for Danfoss, the hardware and the firm-
ware for “heavy-duty” motor-drives is under development. A flow-controller
has been developed, implemented and tested on a family of motor-driven
valves. The department has been involved in the promotion of intelligent motor-driven valves and in user training,

At Domel Electric Motors Suzhou Company Ltd., China, a new diagnostic system for the end quality control
of electrical motors was completed in 2012 (Figure 5). The new system is the seventh in the series of similar, very
successful diagnostic systems used in Domel.

Figure 5: Diagnostic system for end quality control on the production
line at Domel Electric Motors Suzhou Company Ltd.
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Other projects

In 2012 the department has successfully concluded the tasks within the transnational project “Promoting In-
novation in the Industrial Informatics and Embedded Systems Sector through Networking - I3E”. We have completed
the final works regarding the main project outcomes that are the Strategic Research Agenda and Methodology
Guideline for Innovation. In the final project phase our department has coordinated the final networking tasks
and was actively involved in the promotion of the key project outcomes.

Educational and training activities

Some members of the department are giving lectures and practical courses at different faculties and universi-
ties: the Faculty of Electrical Engineering, University of Ljubljana, the Faculty of Logistics, University of Maribor, the
University of Nova Gorica and the “Jozef Stefan” International Postgraduate School. They also act as supervisors
of M.Sc. and Ph.D. students.

Some outstanding publications in the past year

1. Boskoski, P, Juri¢i¢, D.: Fault detection of mechanical drives under variable operating conditions based on
wavelet packet Rényi entropy signatures. Mech. syst. signal process., 2012, vol. 31, pp. 369-381

2. Juinit-Zonta, Z., Kocijan, J., Flotats, X., Vrecko, D.: Multi-criteria analyses of wastewater treatment bio-processes
under an uncertainty and a multiplicity of steady states. Water research (Oxford). [Print ed.], 2012, vol. 46,
no. 18, pp. 6121-6131

3. Perne, M., Sarler, B., Gabrovsek, F.: Calculating transport of water from a conduit to the porous matrix by
boundary distributed source method. Eng. anal. bound. elem.. [Print ed.], 2012, vol. 36, no. 11, pp. 1649-1659

4. Gerksic, S., Pregelj, B.: Tuning of a tracking multi-parametric predictive controller using local linearan alysis.
IET control theory & applications. [Print ed.], 2012, vol. 6, no. 5, pp. 1-11

5. Glavan, M., GradiSar, D., Strmcnik, S., Music, G.: Production modelling for holistic production control. Simula-
tion modelling practice and theory, 2013, vol. 30, pp. 1-20

Awards and appointments

1. Damir Vrancic, Ales Svetek: the Puh award for 2012, which is the highest state award for development achieve-
ments issued by the Ministry of Education, Science, Culture and Sport within the Zois awards - the state highest
awards for scientific and research achievements. The Puh award was bestowed on our department members
and the partners from Danfoss Trata for the invention of intelligent motor drives for valves

2. Pavle Boskoski, Matej Gasperin, and Dejan Petelin were runners up in the IEEE PHM 2012 Prognostic Chal-
lenge (Data Challenge). They were invited to present their work at the 2012 IEEE International Conference
on Prognostics and Health Management, Denver, Golorado, USA

3. Ju$Kocijan: Best paper award during the conference Applied Mathematics, Simulation, Modelling 2012, North
Atlantic University Union NAUN with paper Dynamic GP models: an overview and recent developments,
Vougliameni, Greece

The most important achievements in the past year

1. Puh Award for 2012, the highest national award for achievements in the field of development activities, was
granted to Damir Vrancic and Ales Svetek for the invention of intelligent actuators for valves

2. Implementation of an automatic diagnostic system for end quality control of electrical motors at Domel
Electric Motors Suzhou Company Ltd., China. (Janko Petrovéic, Gregor Dolanc, Bojan Musizza, Stane Cerne,
Miroslav Strubelj)

3. Pavle BoSkoski, Matej Gasperin and Dejan Petelin were ranked in 2nd place among 20 teams on the IEEE
PHM 2012 Prognostic Challenge for their solution for bearing’s lifetime prediction. Their solutions were
also presented as an invited lecture at the International Conference 2012 IEEE International Conference on
Prognostics and Health Management, Denver, Colorado

4. Darko Vrecko and Jus Kocijan published an article in the journal Water Research, which is the most eminent
scientific journal in the field of water resources
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INTERNATIONAL PROJECTS

Completion of the Acroni controls; Project: 10AP100000-SIAC-]
Plasmait Gmbh
Dr. Gregor Dolanc
2. 7.FP-FCGEN: fuel cell based on-board power generation
European Commission
Dr. Bostjan Pregelj
3. 7.FP-FLUMABACK: Fluid management component improvement for back up fuel cell systems
European Commission
Dr. Pavle Boskoski
4. 13E- promoting innovation in the industrial informatics and embedded systems sectors
through networking
See Joint Technical Secretariat
Dr. Vladimir Jovan
5. COSTIC0702, SOFTSTAT: Combining soft computing techniques and statistical
methods to improve data analysis solutions
Cost Office
Prof. Ju$ Kocijan
6. CERACON: Integration and control of liquid fuel processor based on ceramic micro-
systems
ESA/ESTEC
Dr. Gregor Dolanc
7. COSTIC0806, IntelliCIS: Intelligent monitoring, control, and security of critical
infrastructure systems
Cost Office
Dr. Nadja Hvala

R&D GRANTS AND CONTRACTS

1. Identification and model analysis for dynamic systems control design with Gaussian
process priors
Prof. Ju§ Kocijan

Department of Systems and Control E-2

2. Integrated diagnostic system for drive assemblies
Prof. Dani Jurici¢

3. Prognostics and health management of mechanical drives based on novel MEMS sensor
networks
Prof. Dani Jurici¢

4. Modeling and control of wastewater treatment plants for improving the effluent quality
and energy effective operation
Dr. Darko Vrecko

5. Advanced model based procedures for product quality control and management in
complex production processes
Prof. Dani Juricic

6. Simplified explicit predictive controller
Prof. Stanislav Strmcnik

7. Probasensor: EUROSTARS; Probalistic bayesian soft sensor - a tool for on-line estimation
of the key process variable in cold rolling mills
Prof. Dani Juricic

8. Competence centre for advanced control technologies: CC ACT
Asst. Prof. Damir Vrancic

RESEARCH PROGRAM

1. Program systems and control
Prof. Dani Juricic

N EW CONTRACTS

Prognostics and health management of mechanical drives based on novel mems sensor
networks
Domel, d. 0. 0.
Prof. Dani Juricic

2. R&D Activities in the frame of the KC STV sub-projects No. 1.1, No. 1.2, and No. 4.2.
Inea, d. 0. 0.
Giovanni Godena, M. Sc.

VISITORS FROM ABROAD

1. Prof. Giuseppe Ambrosino, Associazione Euratom-ENEA-CREATE, Dipartimento di
Informatica e Sistemistica, Universita di Napoli Federico II, Napoli, Italy, 16.-18. 1. 2012
2. Dr. Gianmaria De Tommasi, Associazione Euratom-ENEA-CREATE, Dipartimento di
Informatica e Sistemistica, Universita di Napoli Federico II, Napoli, Italy, 16.-18. 1. 2012
Daniel Toublant, scholarship IAESTE, Swansea University, Swansea, UK, 2. 7.-15. 8. 2012
Henry Rafael Concepcion Gomez, Department of Telecommunications and Systems
Engineering, Universitat Autonoma de Barcelona, Barcelona, Spain, 1. 8.-31. 11. 2012

B

Prof. Vesna Mandic, University of Kragujevac, Kragujevac, Serbia, 23. 7. 2012

Prof. Milentije Stefanovic, University of Kragujevac, Kragujevac, Serbia, 23. 7. 2012
Prof. Dragan Milosavljevic, University of Kragujevac, Kragujevac, Serbia, 23. 7. 2012
Dr. Elisabet Capon Garcia, ETH, Zirich, Switzerland, 22. 10. 2012

Dr. Edrisi Munoz Mata, CIMAT, Zacatecas, Mexico, 22. 10. 2012

YO © W

STAFF

Researchers

Dr. Gregor Dolanc

Dr. Samo Gerksi¢

Giovanni Godena, M. Sc.

Dr. Dejan Gradisar

Dr. Nadja Hvala

Dr. Vladimir Jovan, Head
Prof. Dani Jurici¢

Dr. Gregor Kandare, left 18.06.12
Prof. Ju$ Kocijan

0. Dr.Janko Petrov¢ic

11. Prof. Stanislav Strménik

12. Asst. Prof. Damir Vranci¢

13. Dr. Darko Vrecko
Postdoctorial associates

14. Dr. Pavle Boskoski

15. Dr. Matej GaSperin
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16. Dr. Bojan Musizza

17. Dr. Marko Nerat

18. Dr. Bostjan Pregelj
Postgraduates

19. Andrej Debenjak, B. Sc.

20. Miha Glavan, B. Sc.

21. Dr. TomaZ Lukman

22. Jernej Mrovlje, M. Sc., left 01.11.12
23. Dr. Matija Perne

24. Dejan Petelin, B. Sc.

25. Ales Svetek, M. Sc.

Technical officers

26. Stanislav Cerne, B. Sc.

27. Primoz Fajdiga, B. Sc.

Technical and administrative staff
28. Maja JaneZic, B. Sc.

29. Miroslav Strubelj
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