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I. STAFF

Head of the Department:
Prof. Jan Mikles, PhD, DrSc.

Full Professor:
Jan Mikles, PhD, DSc;

Associate Professors:
Jan Danko, PhD; Jan Dvoran, PhD; Alojz Mészaros, PhD;

Assistant Professors:

Monika BakosSova, PhD; Miroslav Fikar, PhD; Maria KarSaiova, PhD; Jozef
Matko; PhD; Magdaléna Ondrovicova; Andrej Se¢; Anna Vasickaninova;
Anna Zemanovicova, PhD;

PhD students:

Abdouvakhob Abdoulaev; Pubos Cirka; Jozef Dzivak; Frantisek Jelenciak;
Stefan Kozka; Alica Necasovéa; Anton Rusnék;

Technical staff:
Bibiana Filova; Eva Fusekova; Diana MalejcCikova;

II. TEACHING AND RESEARCH LABORATORIES

A. Teaching Laboratories:

Laboratory of measuring instruments and techniques
Laboratory of process control

Laboratory of gas analysis

Computer laboratory (PC 386, 486, Pentium)
Computer laboratory (UNIX)

B. Research Laboratories:

Laboratory of Biochemical Process Analysis and Control
Laboratory of Chemical Reactor Analysis and Control

Laboratory of Distillation Column Analysis and Control
Laboratory of Computer Aided Design

Laboratory of Modelling and Simulation (MATLAB and toolboxes)



III. TEACHING

A. Undergraduate Study

2" semester (spring)
Informatics

5™ semester (autumn)

(1-2 h)

Computer Based Data Evaluation (0-2 h)

6™ semester (spring)

Automatic Control Fundamentals (2-0 h)

Laboratory Exercise

of Automatic Control Fundamentals

Bachelor projects

7™ semester (autumn)
Process Control

Process Dynamics

Operating Systems

Control Devices and Systems
Computer Programs
Laboratory Projects

8™ semester (spring)
Optimisation
Control Theory I
Laboratory Exercises

of Control Theory I
Experimental Identification
Laboratory Project 11
Modelling and Control

of Polymerisation Processes
Process Dynamics
Laboratory Exercise

(1-2 h)
(2-0 h)
(1-1 h)
(2-1 h)
(1-2 h)
(0-8 h)

(2-1 h)
(2-2 h)

(0-2 h)
(2-0 h)
(0-5 h)

(2-2 h)
(2-0 h)

Bakosova, Fikar, KarSaiova,

Vasickaninova

Bakosova, Cirka, Dzivak, Fikar,
JelenCiak, KarSaiova, Matko,
Ondrovicova, Se¢, Vasickaninova,

Danko, Mészaros

(0-2 h) Bakosova, Danko,
Fikar, Karsaiova, Matko,
Ondrovicova, Rusnak, Sec,

Vasickaninova, Zemanovicova

M¢észaros

BakosSova

Sec

Danko

Fikar

Bakosova, Fikar, KarSaiova,
Vasickaninova, Zemanovicova

Dvoran

Mikles, Cirka

Cirka

Fikar, Mikles

Fikar, Mészaros, Mikles

Dvoran
BakosSova



of Process Dynamics

9™ semester (autumn)
Control theory II
Intelligent Control Systems
Semestral Project

CAD Systems
Industrial Applications
of Process Control
Process Dynamics
Laboratory Exercises
of Process Dynamics

(0-1 h)

(2-0 h)
(2-0 h)
(0-10 h)
(2-0 h)

(2-0 h)
(2-0 h)

(0-1 h)

Control of Technological Processes
Control of Technological Processes

in Inorganic Industry

10™ semester (spring)
Diploma Theses

B. PhD Study

Topics in Control Theory
Intelligent Control Systems
Modelling and Simulation
of Processes
Software and Hardware
of Control Systems

(1-1h)

(2h)
(2 h)

(2h)

(2 h)

BakoSova

Mg¢észaros

Dvoran

Dvoran, KarSaiova, M¢észaros,
Mikles, Ondrovicova, Sec
KarSaiova

Mikles
Bakosova

BakoSova

(1-2 h) Bakosova

KarSaiova

Mikles
Dvoran

Mészaros

Danko

IV. CURRENT RESEARCH PROJECTS

A. Research Projects

1. Development of Control Methods (Jan Mikles)
The problem of development and application of advanced control
techniques for industrial processes is investigated. The main goals of the
project can be formulated in the following items:
a) design of a CAD system for adaptive control of multivariable

systems

b) development of a hierarchical control structure based on the neural

network approach

C) control of systems with parametric and structural uncertainties



d)  development of control methods of mechatronic systems for
multiprocessor and multicomputer control systems

e) implementation of advanced control methods in industry

In the frame of this project, several important results were obtained. A
predictive controller based on the Youla - Kucera parameterisation was
created. It is a multivariable, piece-wise linear, time-variant controller
and its predictive part is created by a finite impulse filter. A predictive
control algorithm based on using of artificial neural networks (ANN) was
developed. The algorithm uses ANN as a multistep feedforward
predictor. A method of a closed-loop identification based on a fractional
representation was developed. It is a method for the iterative
identification from experimentally obtained data in a closed-loop and for
the controller synthesis. This approach leads to a robust control system.
New approaches for control of moving and mechatronic systems were
developed. These approaches can manage also parasite properties of
individual parts of control system, nonlinearities and parameter changes.
New methods for analysis and synthesis of sensors, transmitters,
amplifiers and controllers were also developed. New sensor systems were
created for measuring of an acceleration and new propulsion systems
with alternating motors. New methods were developed for planning of a
courses in surroundings with obstacles. An original control design
method was developed for nonlinear complex systems which
mathematical models include uncertainties. The designed control
guarantees closed-coop robustness and exponential stability with a pre-
specified decay rate. The program package PREDICTOR was developed
in simulation language MATLAB for predictive control of industrial
process and technical systems. The package includes algorithms for
generalised predictive control, continuous-time control and stabilising
predictive control. They are also included recursive identification
methods in it and so the suggested algorithms are adaptive ones. The
Distributed Parameter Systems Toolbox for Matlab was also developed.
The toolbox is proper for modelling, control and synthesis of systems
with distributed parameters.

Advanced methods for control of processes with material

exchange and processes with chemical reaction (Jan MikleS)

Most units of chemical technology are described by non-linear models.

Non-linear models and techniques and robust approach to control design

are nowadays urgently developed, verified and investigated. The main

goals of the project can be formulated in the following items:

a) development of methods for derivation of simplified models of
processes with material exchange (distillation, absorption or



extraction columns), heat exchange (heat exchangers) and systems
with reactions (chemical reactors), and development of filtration
methods for filtering of measured variables

b)  design of multivariable intelligent and robust controllers for
distillation columns, chemical reactors and other plants of
chemical technology

c) investigation of control methods for systems with uncertainties,
development of adaptive and robust controllers for parametric
uncertainties

d) investigation of decentralised control methods and design of
hierarchical control structures based on modern optimising
methods

e) development of control algorithms for processes of chemical
technology based on model reference adaptive control (MRAC)

f) implementation of obtained results in laboratory conditions

In the frame of this project the predictive control based on a stochastic

approximation method was investigated. Further, adaptive control

algorithms were also developed. The algorithms are based on using of

external input-output continuous-time, discrete z and discrete delta

models. Some of these algorithms are decentralised ones, which are used

for control of multivariable chemical processes. A fuzzy controller for

control of chemical reactors was designed. Very sufficient methods for

dynamic optimisation of distillation columns were suggested. These

methods are based on iterative dynamic programming or on control

vector parameterisation.

Adaptive and Intelligent Control of Biochemical and

Chemical Processes (Alojz Mészaros)
The problem of applications of modern control techniques for industrial
biochemical processes is investigated. This effort is often hampered by
the lack of adequate mathematical models and tools as well as the
absence of on-line sensors and monitoring devices. Consequently, in
comparison with traditional chemical industrial processes the
fermentation and other biochemical processes still hold a backward
position in respect of the application of modern control techniques.

The main goals of the project can be listed as follows:

a) development of software package based on artificial neural
networks for modelling and control strategies at adaptation and
organisation layers of the hierarchical control structure

b) design, testing and comparison of intelligent and robust
controllers, non-adaptive and adaptive ones, for biochemical



reactors and other plants of biochemical technology with final aim
of their direct computer control

C) development and verification of modern integrated optimising
algorithms, suitable for the optimising layer of the hierarchical
multilayer control structure

d) implementation of principles of fuzzy control, neuro-fuzzy control
and decentralised control to control structures for biochemical and
chemical processes

e) implementation of suitable sensors and controllers on a laboratory
fermenter

f) testing and verification of implemented algorithms and methods in
real-time control of a laboratory fermenter

In the frame of this project, several important results were obtained. The

capability of self-recurrent neural networks in dynamic modelling of

continuous fermentation was investigated. Further, a constrained

predictive control strategy using artificial neural networks (ANN) was

designed. The recurrent ANN is used as a multi-step ahead predictor. The

control action is provided by the multilayer feedforward ANN.

Main Research Areas

Modelling and Simulation (M. BakoSova, M. KarSaiova, A.

Mészaros, J. Mikles, M. Ondrovicova)

Modelling and simulation play an important role in the investigation of
static and dynamic properties of chemical processes, units and systems.
Most chemical systems are strongly non-linear and their simulation is
necessary for the control design as well as for the investigation of the
overall control systems. The main aim of the research is to develop
program packages for modelling and simulation of various kinds of
models. During the last year a package for PC in Simulink and C-
language was created.

System Identification (M. Fikar, J. Mikles)

System identification deals with problem of the parameter estimation of

static or dynamic systems from observed input-output data. Among many

topics of system identification, the following areas have been

investigated in this project:

a) nonparametric methods, correlation and spectral analysis

b)  recursive identification of Z-transform discrete-time models

c) recursive identification of delta models which converge to their
continuous-time counterparts

d) identification in closed-loop



A program package IDTOOL has been developed for Simulink. This
toolbox implements recursive LS algorithm LDDIF and provides blocks
for continuous and discrete time parameter estimation.

Optimal Control Design (M. Fikar, J. Mikles)

The main aim of this area is to develop a package of algorithms and
program implementation of various known control design for a given
plant. The research interests include single input-single output systems as
well as multivariable dynamic systems. Control design covers strategies
in discrete-time and continuous-time formulation. A program package is
created in Matlab and Simulink environment.

Adaptive Controllers (M. BakoSova, M. Fikar, A. Mészaros,
J. MikleS)
Most of technological plants exhibit non-linear behaviour. To apply a
successful control design to practical problems is a substantial effort. The
processes are known to be modelled and controlled with serious
difficulties caused by their non-linear behaviour, high order dynamics,
and tendency to instability. Many of industrial processes must be
considered as multivariable systems. In a great deal of available control
design techniques it is often necessary to carry out the steps of
modelling, identification and control design. Theory and implementation
of adaptive control in technological systems have been the long-time
research topics. The activities in the adaptive control have been
concentrated to three main areas as follows:
a) self-tuning control - characterised by repeating parameter
estimation and control design
b)  model reference adaptive control based on the Lyapunov method
C) decentralised adaptive control

Neural Networks and Fuzzy Control (J. Dvoran, M. Fikar,

A. Mészaros, A. Mészaros)

The aim of this research is to investigate fuzzy controllers based on
genetic algorithms, two-layer hierarchical control structures for
biochemical systems, integrated optimising algorithms for higher layers
of hierarchical control structures, artificial neural-network models
obtained by back-propagation for specified biochemical systems, design
of a robust long-range constrained predictive control algorithms on the
basis of ANN involving a stochastic approximation training algorithm,
and development of a control system for our laboratory fermenter.



6. Predictive Control (M. Fikar)
Predictive control has been successful not only in academia but in
industrial process applications as well. Its main drawbacks are the
stability problems. The aim of this research is to enhance the basic input-
output predictive methods. The problem is solved by means of the Youla-
Kucera parameterisation of all stabilising controllers. Both finite and
infinite horizon formulations are handled.

7. Dynamic Optimisation (M. Fikar)
Increased quality requirements in chemical and petrochemical industries
call for more complicated and sophisticated control strategies. Moreover,
there is a need to know the achievable limits of performance and speed of
transient behaviour of processes. Optimal control theory is able to
provide responses to these questions. In this research, changeover
problems in multicomponent distillation are studied.

8. Modelling and control of chemical reactors, biochemical

reactors, distillation columns and heat exchangers
The research of all research groups is focused on modelling and control
of various types of chemical and biochemical processes.

V. COOPERATION

A. Cooperation in Slovakia

Department of Automatic Control Systems, Faculty of Electrical Engineering
and Informatics, Slovak University of Technology, Bratislava

Department of Automation and Control, Faculty of Electrical Engineering and
Informatics, Slovak University of Technology, Bratislava

Department of Automation and Measurement, Faculty of Mechanical
Engineering, Slovak University of Technology, Bratislava

Institute of Control Theory and Robotics, Slovak Academy of Sciences,
Bratislava

Department of Technical Cybernetics and Artificial Intelligence, Technical
University of KoSice, KoSice

Department of Management and Control Engineering, BERG Faculty,
Technical University of KoSice, KoSice

Slovnaft, Inc., Bratislava

NCHZ, Inc., Novaky

ProCS, Ltd., Sala

Fuzzy, Ltd., Diakovce



B. International Cooperation

Department of Process Control and Computer Techniques, University of
Pardubice, Pardubice, Czech Republic
- Control system design

Department of Computing and Control Engineering, Prague Institute of
Chemical Technology, Prague, Czech Republic
- Control system design

Department of Automatic Control, Faculty of Technology Zlin, Technical
University Brno, Zlin, Czech Republic
- Adaptive and robust control

Institute of Information Theory and Automation of the Academy of Sciences of
the Czech Republic, Prague, Czech Republic
- Polynomial synthesis, predictive control

Trnka Laboratory for Automatic Control, Faculty of Electrical Engineering,
Czech Technical University, Prague, Czech Republic
- Adaptive and predictive control

LSGC-CNRS, Ecole Nationale Superieure des Industries Chimiques (ENSIC),
Nancy, France
- Dynamic optimisation and control of distillation columns

Ecole Nationale Superieure des Ingénieurs de Génie Chimique- Chemin de la
Loge, Toulouse, France
- Neural networks, learning automata, predictive control

University of Bochum, Bochum, Germany
- Closed-loop identification

University of Dortmund, Dortmund, Germany
- Predictive control

Control Laboratory, Swiss Federal Institute of Technology (ETH), Zurich,
Switzerland
- Education and research in control engineering

Technical University of Budapest, Budapest, Hungary
- Modelling of chemical processes

University of Veszprem, Hungary
- Environmental engineering and bioengineering project

C. Membership in Domestic Organisations and Societies

Slovak Society of Cybernetics and Informatics, Bratislava (A. Mészaros,
J. Mikles)

Slovak Society of Chemical Engineering, Bratislava (M. BakoSova, .
Danko, J. Dvoran, M. Fikar, M. KarSaiova, J. Matko, A. Mészaros, J.
Mikles, M. Ondrovic¢ova, A. Zemanovicova)

Slovak Union of Industrial Chemistry, Science- technical Society, Bratislava
(M. BakosSova, J. Danko, J. Dvoran, M. Fikar, M. KarSaiova, D.



D.
Soci

Laznickova, J. Matko, A. Mészaros, J. Mikles, M. Ondrovicova, A, Sec,
A. Vasi¢kaninova, A. Zemanovicova, L. Cirka, J. Dzivak, F. Jelendiak, S.
Kozka, A. Rusnék)

Membership in International Organisations and

eties

International Federation of Automatic Control, Laxenburg, Austria (J. Mikles)
European Federation of Biotechnology, Brussels, Belgium (A. Mészaros)
The New York Academy of Sciences, New York, USA (A. Mészaros)

E.

1.

TEMPUS Programme

TEMPUS - S-JEP 11366-96, Flexible Learning and

Continuing Education

J. Mikle$ — coordinator at the FCT STU

Participants:

Slovak University of Technology, Faculty of Chemical Technology,
Bratislava, Slovakia

Slovak University of Technology, Faculty of Electrical Engineering and
Information, Bratislava, Slovakia

Fern Universitat, Gesamthochschule in Hagen, Germany

Universita’ di Roma Tre, Dipartimento di Informatica e Automazione,
Italy

Institut de Recherche en Cybernetique de Nantes, France

Technological Education Institute Piracus, Athens, Greece

Universidade Nova de Lisboa, Faculdade de Ciencias e Technologia,
Portugal

Dublin City University, National Distance Education Centre, Ireland

Dublin City University, School of Mech. and Manufacturing Eng.,

Ireland

Matias Bel University, Faculty of Natural Sciences, Banska Bystrica,
Slovakia

University of Transport and Communications, Faculty of Control, Zilina,
Slovakia

ZEP SR, Bratislava, Slovakia

EUPU Nova Dubnica, Slovakia

National Centre of Distance Education, Bratislava, Slovakia

Period: September 1996 - August 1998

The main aims of this JEP are: to develop a modern Continuing
Professional Development system and program for the university staff of
the participating Slovak institutions for the development of Basic
knowledge on ‘flexible learning’ and ‘distance education’, to develop



new distance education and inter/faculty courses on Mechatronics and
Industrial Engineering, to establish laboratories of multimedia and
telematics at the participating Slovak universities.

2. TEMPUS - IMG-97-SK-1017, Education in chemical process

control

A. Mészaros

Participants:

Department of Process Control, Faculty of Chemical Technology, Slovak
University of technology, Bratislava, Slovakia

Universitd Degli Studi di Roma ,,LLa Sapienzza“, Rome, Italy

Period: June 1998

F. International Scientific Programmes

1. Cooperation in Science and Research with CEEC/NIS:
Institutional Partnership (Project of Swiss National Science

Foundation)

a) 7IP 051791, Control Engineering Education and Research: A
comparison of the actual situation in CZ, SK and CH and proposals
for the future development
A. Mészaros - coordinator at the FCT STU
Participants:

Control Laboratory, Swiss Federal Institute of Technology (ETH),
Zurich, Switzerland

Institute of Information Theory and Automation of the Academy of
Sciences of the Czech Republic, Prague, Czech Republic

Trnka Laboratory for Automatic Control, Faculty of Electrical
Engineering, Czech Technical University, Prague, Czech
Republic

Department of Process Control, Faculty of Chemical Technology,
Slovak University of technology, Bratislava, Slovakia

Period: October 1997 — December 1998

2.  Project of Trilateral Cooperation Austria, Hungary and
Slovakia

a)  Regional Postgraduate Education in Environmental Engineering
and Bioengineering
V. Béles - coordinator at the FCT STU
Participants:
Faculty of Chemical Technology, Slovak University of technology,
Bratislava, Slovakia



Technical University of Graz, Graz, Austria
University of Veszprem, Veszprem, Hungary
Period: October 1998 — December 1998

3. INCO COPERNICUS

a)

CP97:7010, The European Network for Industrial Application of

Polynomial Design Methods — EUROPOLY

J. Mikle§ — coordinator at the FCT STU

Participants:

Institute of Information Theory and Automation of the Academy of
Sciences of the Czech Republic, Prague, Czech Republic

University of Twente, Twente, Netherlands

University of Glasgow, Glasgow, Great Britain

Uppsala University, Uppsala, Sweden

University of Strathclyde, Strathclyde, Great Britain

Politecnico di Milano, Milan, Italy

CNRS - LAAS, Toulouse, France

Czech University of Technology, Prague, Czech Republic

Technical University of Brno, Brno, Czech Republic

Department of Process Control, Faculty of Chemical Technology,
Slovak University of technology, Bratislava, Slovakia

Warsaw University of Technology, Warsaw, Poland

Swiss Federal Institute of Technology, Zurich, Switzerland

ProCS, Ltd., Sala, Slovakia

Compureg Plzen, Plzen, Czech Republic

Period: January 1998 — December 2000

G. Visitors from Abroad
Prof. H. Unbehauen Ruhr University Bochum, Bochum, Germany, May

1998 (6 days)

Prof. P. Dostal Faculty of Technology Zlin, Technical University

of Brno, Zlin, Czech Republic, June 1998 (1 day)

Prof. Dr. Juraj Bozicovi¢ Faculty of Chemical Engineering, University of

Zagreb, Zagreb, Croatia, July 1998 (1 day)

Slavomir Stankov DrSc ~ Faculty of Natural Science, University of Split,

Split, Croatia, July 1998 (1 day)

H. Visits of Staff Members and PhD Students to Foreign
Institutions
M. BakoSova  Institute of Information Theory and Automation of the

Academy of Sciences of the Czech Republic, Prague, Czech
Republic, February 1998 (4 days)



M. BakoSova
M. BakoSova
M. BakoSova
L. Cirka

J. Dvoran

J. Dvoran

M. Fikar

M. Fikar

M. Fikar

. Fikar

. Fikar

M
M
M. Fikar
M. Fikar
M

. Fikar

F. Jelenciak

D. Laznic¢kova
J. Matko

A. Mészaros

A. Mészaros

A. Mészaros

Conference Process Control, Kouty nad Desnou, Czech
Republic, June 1998 (4 days)

Swiss Federal Institute of Technology (ETH), Zurich,
Switzerland, June - July 1998 (19 days)

Congress CHISA, Prague, Czech Republic, August 1998 (4
days)

Conference Process Control, Kouty nad Desnou, Czech
Republic, June 1998 (4 days)

Universita Nova de Lisboa, Lisbon, Portugal, June — July
1998 (3 months)

Technical University of Ostrava, Ostrava, Czech Republic,
September 1998 (2 days)

Conference ESCAPE, Brugge, Belgium, May 1998 (6 days)
Institute of Information Theory and Automation of the
Academy of Sciences of the Czech Republic, Prague, Czech
Republic, February 1998 (4 days)

Department of Automatic Control, Faculty of Technology
Zlin, Technical M. University Brno, Zlin, Czech Republic,
June 1998 (1 day)

Conference Process Control, Kouty nad Desnou, Czech
Republic, June 1998 (4 days)

Swiss Federal Institute of Technology (ETH), Zurich,
Switzerland, June - July 1998 (19 days)

Congress CHISA, Prague, Czech Republic, August 1998 (4
days)

Swiss Federal Institute of Technology (ETH), Zurich,
Switzerland, November 1998 (7 days)

Trnka Laboratory for Automatic Control, Faculty of Electrical
Engineering, Czech Technical University, Prague, Czech
Republic, December 1998 (1 day)

HUMUSOFT, Prague, Czech Republic, November 1998 (1
day)

ENSIC, Nancy, France, July 1998 (20 days)

Technical University of Vienna, Vienna, Austria, September
1998 (1 day)

Institute of Information Theory and Automation of the
Academy of Sciences of the Czech Republic, Prague, Czech
Republic, February 1998 (4 days)

Universita Degli Studi di Roma ,,L.a Sapienzza®, Rome, Italy,
June 1998 (26 days)

Symposium ESBES, Porto, Portugal, September 1998 (7
days)



A. Mészaros

A. Mészaros

A. Mészaros

J. Mikles

J. Mikles

J. Mikles
J. Mikle§

A. Rusnak

Technical University of Ostrava, Ostrava, Czech Republic,
September 1998 (2 days)

Swiss Federal Institute of Technology (ETH), Zurich,
Switzerland, October — November 1998 (20 days)

University of Veszprem, Veszprem, Hungary, November
1998 (7 days)

Universita Nova de Lisboa, Lisbon, Portugal, April 1998 (13
days)

IFAC Symposium DYCOP, Kerkyra, Greece, June 1998 (6
days)

Magyar Cukor, Acs, Hungary, August 1998 (1 day)

Ecole Nationale Superieure des Industries Chimiques
(ENSIC), Nancy, France, September 1998 (4 days)
Conference Process Control, Kouty nad Desnou, Czech
Republic, June 1998 (4 days)

A. Zemanovicova Technical University of Vienna, Vienna, Austria, September

1998 (1 day)

VI. THESES AND DISSERTATIONS

A. Graduate Theses (MS Degree) for state examinations
after five years of study (supervisors are written in

brackets)
Dzivak J.: Computer control of a warm air heat-exchanger (J. Danko)
Grznarova G.: PC control of a tray distillation column (M. BakoSova)
Hvolka M.: Hardware and software for control of a chemical reactor (J.

Jelenciak F.:
Kolener P.:
Michaléik M.:
Préek B.:
Reficha M.

Virag R.:

Danko)

Information system of devices for automation (A.
Zemanovicova)

Data acquisition from a packed distillation column (A. Sec)
Control of a gas mixture composition (A. Zemanovicova)
Design of a control system for a real process by using of
object oriented visual systems (A. Mészaros)

Closed-loop identification of a parameterised model of a
chemical reactor (J. Mikles)

Optimal control of a biochemical process (A. Mészaros)
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