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M. Kaluz — J. Garcia-Zubia — M. Fikar — L. Cirka: A Flexible and Configurable
Architecture for Automatic Control Remote Laboratories. IEEE Transactions on
Learning Technologies, €. 3, zv. 8, str. 299-310, 2015.

[2017 - 2020] Energeticky efektivne procesné riadenie, VEGA

PhD Topic
Research and Educational Remote Laboratories for Process Control
Vyskumno-vzdelavacie vzdialené laboratéria pre riadenie technologickych procesov

This work deals with the research and development of full-featured remote laboratories,
which replace traditional approaches to laboratory experimentation by an approach of
remote operation, using appropriate hardware, software, and networking. The work is
primarily focused on the research of two classes of control schemes for remote
experiments. The first class considers the scheme of a controller in the near vicinity of
the controlled process. Such a controller is designed locally by a user and transferred
to a place of execution. This scheme requires the design of methods for secure
algorithm deployment, along with the mechanism of a remote parameter tuning. The
second class of schemes considers a complete design and execution of control
algorithms on the side of a user. In such a case, it is necessary to ensure an effective
transfer of measurements and control actions between process and controller using
computer networks, in which transient times are non-deterministic.

Tato praca sa zaobera vyskumom a vyvojom plnohodnotnych vzdialenych laboratérii,
ktoré dokazu nahradit tradiCny pristup vykonavania laboratérnej experimenalnej
¢innosti vzdialenym pristupom, sprostredkovanym prostrednictvom vhodného hardvéru,
softvéru a pocitaCovych sieti. Primarne sa zameriava na vyskum navrhu a
implementacie dvoch tried riadiacich schém pre vzdialené experimenty. Prva trieda
uvazuje schému lokalneho regulatora v bezprostrednej blizkosti riadeného procesu,
ktory bude vzdialenym pouzivatelom navrhnuty a preneseny na miesto vykonavania.
Takato schéma vyzaduje navrh metdd na bezpecné zavedenie algoritmov, ako aj
zabezpecenie nastavovania parametrov riadenia na dialku. Druha trieda schém
uvazuje kompletny navrh aj vykonavanie riadiacich algoritmov na strane pouzivatela. U
tejto schémy je nevyhnutné zabezpecit vhodnymi metédami prenos merani a akénych
zasahov medzi procesom a regulatorom cez pocitacovu siet, ktorej prenosové €asy su
nedeterministické.
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J. Oravec — M. BakoSova — L. Gal¢ikova — M. Slavik — M. Horvathova — A. Mészaros:
Soft-constrained robust model predictive control of a plate heat exchanger:
Experimental analysis. Energy, zv. 180, str. 303-314, 2019.

A. Vasitkaninova — M. Bako$ova — L. Cirka — M. Kaltiz — J. Oravec: Robust Controller
Design for a Laboratory Heat Exchanger. Applied Thermal Engineering, zv. 128, str.
1297-1309, 2018.

probably VEGA 2020-2023

PhD Topic
Robust Predictive Control of Chemical and Biochemical Processes
Robustné prediktivne riadenie chemickych a biochemickych procesov

The aim of the thesis is to develop systematic approach to the synthesis of an efficient
robust predictive control for constrained nonlinear systems. Research will be oriented
on decomposition of a nonlinear control problem into a sequence of linear control
problems, when a nonlinear non-convex optimization problem is reduced to a convex
optimization problem. The robust predictive control methods will be developed with the
aim to reduce the conservativeness and the designed algorithms will be based on the
solution of linear matrix inequalities. Designed methods and algorithms will be
implemented on specific chemical and biochemical processes.

Cielom dizerta¢nej prace je rozpracovat systematicky pristup k syntéze efektivheho
robustného prediktivneho riadenia pre nelinearne systémy s neurcitostami a s
obmedzeniami veli¢in. Vyskum sa zameria na rozlozenie nelinearneho problému
riadenia na postupnost linearnych problémov, kedy sa problém nekonvexnej
optimalizacie zredukuje na problém konvexnej optimalizacie. Budu sa vyvijat metody
zamerané na zniZenie konzervativizmu a algoritmy robustného prediktivneho riadenia
zalozené na rieSeni linearnych maticovych nerovnosti. Navrhnuté metody a algoritmy
sa aplikuju na riadenie vybranych typov chemickych a biochemickych procesov.
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M. Klau€o — M. Kaluz — M. Kvasnica: Machine learning-based warm starting of active
set methods in embedded model predictive control. Engineering Applications of
Artificial Intelligence, vol. 77, pp. 1-8, 2019.

A. Beccuti — M. Kvasnica — G. Papafotiou — M. Morari: A Decentralized Explicit
Predictive Control Paradigm for Parallelized DC-DC Circuits. IEEE Transactions on
Control Systems Technology, no. 1, vol. 21, pp. 136-148, 2013.

Decent, Neurocast

PhD Topic
Distributed and decentralized optimal control and machine learning
Distribuované a decentralizované optimalne riadenie a strojové ucenie

The aim of the thesis is to develop, implement and verify in experimental conditions
novel methods, approaches, and algorithms for distributed and decentralized optimal
control and machine learning based on solving optimization problems. The thesis will
focus on decomposing a complex optimization problem into smaller parts, which will
then be solved separately at numerous computational nodes. By doing so, the task will
be parallelized by splitting one big optimization problem into several tasks of smaller
size. To converge to the globally optimal solution, the thesis will investigate various
centralized coordination schemes such as ADMM, ALADIN, or the dual decomposition
algorithm. Existing approaches will be improved as to take dynamically changing
computational capacities into account. Moreover, the coordination mechanism must be
robust against adversary effects in terms of network communication and must take
factors like speed, quality, and security of the communication into account. An another
aim of the the thesis is to develop a fully decentralized coordination mechanism based
on the peer-to-peer principle based on decentralized averaging. The developed
methods, approaches and algorithms will be applied to synthesize optimization-based
control systems and to perform machine learning that accounts for privacy of the
training data. The results will be experimentally verified on processes of chemical and
food technologies.

Cielom dizerta¢nej prace je vyskum, vyvoj, implementacia a experimentalne overenie
metod, postupov a algoritmov na distribuované a decentralizované optimalne riadenie a
strojové u€enie zalozené na rieSeni optimalizacnych problémov. Vyskum a vyvoj sa
zameraju na rozlozenie komplexného optimalizaéného problému na mensSie Casti, ktoré
sa budu rieSit separatne na viacerych vypoctovych uzloch. Tym sa uloha paralelizuje
jej rozdelenim na viaceré lokalne ulohy mensej velkosti. Na dosiahnutie globalne
optimalneho rieSenia sa vyuzije centralizovana koordinacia pomocou metéd ADMM,
ALADIN a dualnej dekomponzicie. Délezitym aspektom je pritom vyvinutie takej
koordina¢nej schémy, ktora umozni vyuzit dynamicky v ¢ase sa meniacu dostupnost
vypoctovych kapacit uréenych na rieSenie jednotlivych lokalnych optimalizanych
problémov. Pri vyvoji koordinaéného mechanizmu je taktiez potrebné uvazovat s
prvkami sietovej komunikacie medzi jednotlivymi lok&lnymi uzlami z pohfadu rychlosti,
kvality a bezpe&nosti komunikacie. Dal$im cielom je vyskum a vyvoj pine
decentralizovaného pristupu v zmysle peer-to-peer, ktory si nebude vyZadovat’
centralnu koordinaciu pomocou technik decentralizovaného priemerovania. Navrhnuté
metddy, postupy a algoritmy sa aplikuju na ziskanie optimalnych riadiacich algoritmov a
na strojové ucenie so zachovanim privatnosti u€iacich dat. Vysledky budu
experimentalne verifikované na procesoch chemickej a potravinarskej technolégie.
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Title Optimization-based scheduling and control of large-scale systems
Title in Slovak Planovanie a riadenie rozlahlych systémov zalozené na optimalizacii

The aim of the thesis is to develop and to implement novel and unique methods,
approaches, and algorithms that will employ optimization to schedule and to control
large-scale systems where numerous dynamical systems interact with each other. The
research will be focused on an effective modeling of large-scale systems that are
subject to long-term contractual constraints (such as the minimal and maximal
up/down-times) and short-term dynamical limits (e.g., minimal and maximal rise time).
To arrive at an efficient long-term planning, the thesis will investigate various ways of
modeling the contractual constraints using a combination of binary and continuous
variables with the aim of minimizing the time required to solve the resulting optimization
problem. To dynamical control large-scale systems, the project will employ model
predictive control that is based on repetitively solving an optimization problem at each
sampling instant. Here, the student will investigate various approaches to solving such
problems in real time, including explicit model predictive control and approximations of
the optimal solution by artificial intelligence/machine learning methods. All developed
methods, approaches, and algorithms will be applied to schedule and to control power
Abstract producing sources in the concept of virtual power plants.

Cielom dizertacnej prace je vyskum, vyvoj a implementacia metéd, postupov a
algoritmov vyuzivajucich optimalizaciu na planovanie aktivit a riadenie rozlahlych
systémoyv, v ktorych dochadza k interakciam medzi viacerymi dynamickymi systémami.
Vyskum sa zameria na efektivne modelovanie rozhlahlych systémov podliehajtcich
dlhodobym konkraktualnym ohrani¢eniam (napr. ohrani¢enie na minimalnu a
maximalnu dobu ¢innosti a odstavky) a kratkodobym dynamickym limitom (napr.
minimalna a maximalna doba nabehu). Na vyrieSenie ulohy dlhodobého planovania sa
preskumaju r6zne moznosti vyjadrenia kontraktualnych ohrani¢eni pomocou spojitych a
binarnych premennych s cielom minimalizovat' ¢as potrebny na vyrieSenie vysledného
optimalizaéného problému. Na riadenie rozlahlych systémov sa pouzije technika
prediktivneho riadenia zaloZzena na opakovanom rieSeni optimalizaéného problému v
kazdej peridde vzorkovania. Praca pritom preskima rézne moznosti rieSenia
optimalizaéného problému zaloZené na principoch explicitného pristupu a vyuzitia
umelej inteligencie a strojového u¢enia na aproximaciu optimalneho rieSenia. Vyvinuté
metody, postupy a algoritmy budd aplikované na planovanie a riadenie zdrojov
Abstract in Slovak elektrickej energie v koncepte virtualnych elektrarni.
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M. Kvasnica — J. L6fberg — M. Fikar: Stabilizing polynomial approximation of explicit
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PhD Topic
Title Predictive controllers with a low implementation footprint
Title in Slovak Prediktivne regulatory s nizkou implementacnou zlozitostou

The aim of the thesis is to develop of methods based on Sum-of-Squares for synthesis
of controllers that respect process constraints, maximize performance, and feature a
low implementation footprint in terms of required memory and computing power using
polynomial approximation techniques to replace optimal feedback laws generated by
model predictive control. The student will design, develop, and implement a novel code-
generation software tool to allow to execute the controllers on low-cost commodity
hardware platforms. The objective is to allow for a dissemination of the developed
algorithms to a broad class of real-life applications. The results of the project will be
Abstract experimentally tested on various processes of chemical and food technologies.
Cielom prace je vyvinut metddy a algoritmy zalozené na sum-of-squares metédach na
syntézu regulatorov, ktoré budu reSpektovat procesné ohranienia, maximalizovat
vykonnost a predovSetkym sa budi vyznacovat nizkou implementacnou zlozitostou.
Ta bude vyjadrena velkostou pamatoveého odtlacku takychto regulatorov ako aj
mnozstvom vypoctového ¢asu potrebného na ich implementaciu v prostredi realneho
Casu. Nizka implementacna zlozitost sa dosiahne nahradenim optimalneho zakona
riadenia jeho vhodnou aproximaciou v podobe polynémov. Student navrhne a
implementuje nové nastroje umoznujuce priame generovanie spustitefného kodu pre
takéto regulatory, aby sa umoznilo ich nasadenie na nizkonakladovych riadiacich
platformach. Cielom je tak podstatne rozsirit moznosti nasadenia pokro€ilych riadiacich
algoritmov v praxi. Vysledky ziskané pocas prace budu experimentalne overené na
Abstract in Slovak procesoch chemickych a potravinarskych technologii.
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C. E. Valero — R. Paulen: Set-Theoretic State Estimation for Multi-output Systems using
Block and Sequential Approaches. Editor(i): M. Fikar and M. Kvasnica, V Proceedings
of the 22nd International Conference on Process Control, Slovak Chemical Library,
Strbské Pleso, Slovakia, str. 268-273, 2019.

A. R. Gottu Mukkula — R. Paulen: Optimal experiment design in nonlinear parameter
estimation with exact confidence regions. Journal of Process Control, zv. 83, str. 187—
195, 2019.

PhD Topic
Set-based control of nonlinear systems
Mnozinové riadenie nelinearnych systémov

As the computers and algorithms get generally faster, many new control concepts
become tractable and can be developed. Set-based control is one of these, where the
primary use of sets is in enveloping a space of possible evolutions of variables of a
system over time. If these envelopes can be obtained in reasonable time, many
properties of dynamic systems such as stability or robustness can be reasoned about.
The first goal of the thesis is to build a novel type of multi-base set arithmetics that
combines elements such as interval analysis, convex-set theory, and polynomial-
functions theory to achieve the best trade-off between accuracy of representation and
the burden associated with the underlying calculations to obtain the envelopes. The
second goal of the thesis is to develop methods of synthesis of controllers that can be
used for safe and reliable control of nonlinear systems. The project of the thesis will be
finished with a successful demonstration of the developed techniques on a laboratory
plant.

Ako sa pocitaCe a algoritmy stavaju rychlejSimi, viaceré prelomové koncepty riadenia
sa stavaju dostupnymi a mézu byt rozvijané. Mnozinové patri k takymto konceptom,
kde hlavnym u¢elom vyuzitia mnozin je najdenie v8etkych moznych scenarov vyvoja
systému v Case. Ak je takato informacia dostupna v rozumnom €ase, méze byt
vySetrenych vela vlastnosti systému, ako napriklad stabilita a robustnost. Prvym ciefom
prace je vytvorenie novej multi-bazovej mnozinovej aritmetiky, ktora kombinuje
intervalovu analyzu, teériu konvexnych mnozin a teériu polynomickych funkcii, na
dosiahnutie najlepSieho pomeru presnosti a vypoctovej sily potrebnej na pracu. Druhou
ulohou prace je vytvorit metddy na navrh riadenia pouzitelné pre bezpecné a
spolahlivé riadenie nelinearnych sustav. Praca na predkladanej téme bude ukoncena
experimentalnym overenim vyvinutych metod na laboratornom zariadeni.
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PhD Topic
Hybrid modeling and real-time optimization of processes
Hybridné modelovanie a pouzitie neurcitych modelov pre optimalizaciu procesov

Modern control architectures comprise elements designed to identify an optimal
operating regime of the system, to reduce the uncertainty in key system variables by
estimation using measurements (usually corrupted by noise), and to steer the system to
the optimal operation regime by dynamic adjustment of available degrees of freedom.
Despite these technologies being well understood, there are challenges to be
addressed e.g., increased level of system complexity. One way of addressing the
challenges is to combine first-principles and data-based modeling, i.e. to use hybrid
modeling. As the data-based parts of models bear a significant level of uncertainty,
which propagates through the whole control system and, thus, must be considered in
the control design. Using the set-based methods, control values can be found to steer
the system into an optimal regime in robust fashion while avoiding any violation of
restrictions imposed by production quality or safety. The goal of the thesis is thus to
innovate control system architecture such that the elements of the control system can
exchange information about levels of uncertainty in the signals at their output and the
acceptable level of uncertainty in the input signals. The project of the thesis will be
finished with a successful demonstration of the developed techniques on a laboratory
plant.

Moderné riadiace systémy pozostéavaju z prvkov navrhnutych na uréenie optimalnych
prevadzkovych rezimov, prvkov na redukciu neurcitosti v kfu¢ovych premenych
systému na zaklade odhadovania z nameranych dat (va¢sinou zatazenych chybou
merania) a prvkov na uvedenie systému do optimalneho prevadzkového rezimu
pomocou vhodného nastavenia dynamickych stupfiov volnosti. Hoci existuje dobré
porozumenie o funk&nosti tychto technoldgii, existuju viaceré vyzvy ako napriklad
zvySujuca sa zlozitost' systémov. Jednym zo spdsobov, ako na tieto vyzvy odpovedat,
je pouzitie hybridného modelovania, t.j. kombinacia mechanistického a databazového
pristupu k modelovaniu. KedZe pouzitie databazovych modelov so sebou prinasa
znaénu mieru neurditosti, ktora sa potom Siri celym riadiacim systémom, tato musi byt
brana do avahy pri navrhu riadenia. PouZzitim mnozinovych operacii je mozné voviest
systém robustne do optimalneho prevadzkového rezimu a vyhnut sa pritom poruseniu
obmedzeni na kvalitu produktov ¢i na bezpeénost. Ciefom prace je inovovat riadiace
systémy tak aby si jednotlivé prvky riadiaceho systému navzajom vymienali informacie
o neurcitosti vstupno-vystupnych signalov a o akceptovatelnej miere ich neurcitosti.
Praca na predkladanej téme bude ukon&ena experimentalnym overenim vyvinutych
metod na laboratérnom zariadeni.
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