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PhD Topic
Data Based Process Control
Datovo orientované procesné riadenie

The main aim of this proposed research is to investigate and design new advanced
methods of automatic control in process industries to improve efficiency profitability,
stability, and competitiveness of process plants. We will focus on processes with heat
and mass transfer where efficiency can be improved significantly. These processes are
inherently complex, exhibit nonlinear and hybrid behavior that has consequences in
control quality and performance. The project will effectively achieve its aim by
implementing Model Predictive Control (MPC). We will focus on robust MPC design,
incorporating modern research directions utilizing data-based models. Furthermore, we
will prioritize the software implementation of proposed solutions, making them
accessible to a wider community through open-source code. Finally, the effectiveness
of the proposed methods will be rigorously verified through laboratory experiments and
collaborations with industrial partners.

Hlavnym cielom tohto navrhovaného vyskumu je skimat a navrhovat nové pokrocilé
metddy automatického riadenia v procesnom priemysle s ciefom zvysSit efektivnost
ziskovost, stabilitu a konkurencieschopnost procesnych prevadzok. Zameriame sa na
procesy s prenosom tepla a latky, pri ktorych mozno vyrazne zvysit u€innost. Tieto
procesy su vo svojej podstate zlozité, vykazuju nelinearne a hybridné spravanie, ktoré
ma dbsledky na kvalitu a vykonnost riadenia. Projekt bude efektivne dosahovat svoj
ciel implementaciou prediktivneho riadenia (MPC). Zameriame sa na robustny navrh
MPC, ktory bude zahffiat moderné smery vyskumu vyuzivajuce modely zalozené na
udajoch. Okrem toho budeme uprednostfiovat softvérova implementaciu navrhovanych
rieSeni, ¢im ich spristupnime SirSej komunite prostrednictvom otvoreného zdrojového
kodu. Napokon, ucinnost navrhovanych metéd bude désledne overena
prostrednictvom laboratérnych experimentov a spoluprace s priemyselnymi partnermi.
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PhD Topic
Development of Advanced Methods for Embedded MPC
Vyvoj pokrocilych metdd pre vnorené prediktivne riadenie

The development of methods for embedded Model Predictive Control policies focuses
on creating advanced approaches and algorithms to enable distributed or parallelizable
control for complex and embedded systems. These control strategies aim to optimize
control performance of the interconnected subsystems while ensuring computational
efficiency, closed-loop system stability, and robustness subject to uncertainties and
disturbances. The research project considers designing mathematically tractable
approaches that introduce robust control policy to enable distributed and parallel
decision-making, addressing challenges such as communication constraints,
subsystem interactions, and the demands of real-time implementation.

Vyvoj metod pre vnorené prediktivne riadenie zalozené na modeli sa zameriava na
navrh pokrocilych metod a algoritmov riadenia, ktoré umozriuju efektivne vyuzit
distribuované alebo paralelné vypocty pre zloZité alebo a vnorené systémy. Tieto
riadiace metddy maju za ciel optimalizovat kvalitu riadenia vzajomne prepojenych
systémov, pri zabezpeceni vypoctovej efektivnosti, stability uzavretého regulaéného
obvodu a robustnosti voci neurcitostiam a porucham. Vedecky projekt zahffia navrh
vhodnych matematickych pristupov, ktoré uvazuju robustné riadenie s ohfadom na
distribuované a paralelné vypoctu. Pritom sa rieSia vyzvy spojené s komunikacnymi
obmedzeniami, interakciami medzi systémami a poziadavky na implementaciu v
realnom Case.
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PhD Topic
Design of Numerically Efficient Near-Optimal Control Methods
Navrh numericky efektivnych metdd pre aproximované optimalne riadenie

This PhD thesis focuses on developing novel control strategies and numerically
efficient methods for evaluating near-optimal control laws. In particular, the research
aims to design advanced methods and mathematically tractable control algorithms that
enable real-time implementations of approximated control laws. The methods are
developed with a special focus on minimizing computational complexity, addressing
physical constraints, ensuring closed-loop system stability, and satisfying the recursive
feasibility of the control law. By addressing the challenges associated with designing
near-optimal control laws under the practical limitations of industrial implementations,
this research project aims to bridge the gap between theoretical optimal control design
methods and their real-world application in industrial plants.

Tato dizertatna téma sa zameriava na vyvoj novych metdd riadenia a numericky
efektivnych pristupov na vykonanie pribliznych zakonov riadenia bliziacich sa k
optimalnym zakonov riadenia. Vyskum sa zameriava na navrh pokrocilych metod a
vhodnych matematickych formulaciach riadiacich algoritmov, ktoré umoznuju
implementaciu aproximovanych riadiacich zakonov v redlnom ¢ase. Tieto metddy su
vyvijané s osobitnym zretefom na redukciu vypoctovej zlozitosti, zohlfadnenie fyzickych
obmedzeni, zabezpec&enie stability uzavretého regulacného obvodu a splnenie
poziadaviek na rekurzivnu realizovatelnost zakona riadenia. RieSenim vyziev
spojenych s navrhom takmer optimalnych zakonov riadenia, si tento vyskumny projekt
kladie za ciel preklenut medzeru medzi teoretickymi pristupmi k navrhu optimalneho
riadenia a ich realnou aplikaciou v priemyselnych podmienkach.
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VAIA 09101-03-V05-00002: Spolahlivé modelovanie, odhady a riadenie pre buduci
procesny priemysel pomocou mnoZzinovych nastrojov

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 riadenie patri k takymto
konceptom, kde hlavnym uc¢elom vyuzitia mnozin je najdenie vSetkych moznych
scenarov vyvoja systému v ¢ase. Ak je takato informacia dostupna v rozumnom case,
mdze byt vySetrenych vela vlastnosti systému, ako napriklad stabilita a robustnost.
Prvym ciefom prace je vytvorenie novej multi-bazovej mnozinovej aritmetiky, ktora
kombinuje intervalovu analyzu, tedriu konvexnych mnozin a teériu polynomickych
funkcii, na dosiahnutie najlepSieho pomeru presnosti a vypoctove;j sily potrebnej na
pracu. Druhou ulohou prace je vytvorit metddy na navrh riadenia pouzitefné pre
bezpecné a spolahlivé riadenie nelinearnych sustav. Praca na predkladanej téme bude
ukonc&ena experimentalnym overenim vyvinutych metdd na laboratérnom zariadeni.
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VAIA 09103-03-V04-00530: Vyvoj spolahlivych a vysvetlitelnych modelov pre
priemyselny monitoring, optimalizaciu a riadenie

PhD Topic

Development of reliable and explainable models for industrial monitoring, optimization,
and control

Vyvoj spolahlivych a vysvetlitefnych modelov pre priemyselné monitorovanie,
optimalizaciu a riadenie

Safe and sustainable process systems, which constitute the backbone of a modern,
developed society, require sensing of key process variables, estimation of unmeasured
variables, and application of actions that steer the systems towards desired goals.
Automation of human decisions in such tasks would make these decisions become
fast, reliable, and error-free. A key technology on the rise in this context is the use of
combined mathematical modelling and statistical learning to gather information through
software (soft) sensors to monitor, assess, and steer the behaviour of dynamic systems
(e.g., industrial processing plants, water, gas and energy networks, or manmade
machines and vehicles) into desired operating regimes. The delivered tools will exploit
domain knowledge — making the designed mathematical models explainable — and
assess and improve the information content of the data — making the models reliable
and fit for industrial needs.

Bezpecné a udrzatelné procesné systémy, ktoré tvoria chrbticu modernej, rozvinutej
spolo¢nosti, vyzaduju snimanie kfu€ovych procesnych premennych, odhad
nemeranych premennych a uplatfovanie ¢innosti, ktoré smeruju systémy k
pozadovanym cielom. Automatizacia fudskych rozhodnuti pri takychto ulohach umozni,
aby sa tieto rozhodnutia stali rychlymi, spolahlivymi a bezchybnymi. Kfu¢ovou
technoldgiou na vzostupe je v tomto kontexte pouzivanie kombinovaného
matematického modelovania a Statistického u€enia na zhromazdovanie informacii
prostrednictvom softvérovych senzorov na monitorovanie, hodnotenie a riadenie
spravania dynamickych systémov (napr. priemyselnych spracovatelskych zavodov,
vody, plynu a energetickych sieti alebo umelych strojov a vozidiel) do pozadovanych
prevadzkovych rezimov. Vyvinuté nastroje budu vyuzivat fyzikalne poznanie — vdaka
¢omu budu navrhnuté matematické modely vysvetlitelné — a budd schopné posudit a
zlepsit informacny obsah udajov — vdaka ¢omu budi modely spolahlivé a vhodné pre
priemyselné potreby.
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priemyselny monitoring, optimalizaciu a riadenie

PhD Topic
Modelling, Optimal Design and Optimal Operation of Membrane Processes
Modelovanie, optimalny navrh a optimalna prevadzka membranovych procesov

Membrane processes are crucial in various industrial sectors, including water
purification, pharmaceuticals, and food processing, due to their efficiency and
sustainability. This proposed research aims to develop an integrative framework that
combines advanced mathematical modeling techniques with optimization algorithms to
achieve optimal design and operation of membrane processes. The study will involve
the development of comprehensive mathematical models that capture the complex
phenomena involved in membrane processes, considering factors such as mass
transfer, fluid dynamics, and membrane fouling. Furthermore, the research will focus on
optimizing the design parameters of membrane systems to enhance performance,
minimize energy consumption, and reduce environmental impact. Finally, the proposed
framework will facilitate real-time optimization strategies for the optimal operation of
membrane processes, ensuring efficient and sustainable operation under varying
operating conditions. Overall, this research will contribute to the advancement of
membrane technology and its widespread adoption in industrial applications.

Membranoveé procesy su klucoveé v roznych priemyselnych odvetviach, vratane Cistenia
vody, farmaceutického priemyslu a spracovania potravin, vdaka ich ucinnosti a
udrzatelnosti. Navrhovany vyskum si kladie za ciel vyvinut integrativny ramec, ktory
kombinuje pokrocilé matematické modelovacie techniky s optimalizacnymi algoritmami
s ciefom dosiahnut optimalne navrhovanie a prevadzku membranovych procesov.
Studia bude zahffiat vyvoj komplexnych matematickych modelov, ktoré zachytavaju
Zlozité fenomény spojené s membranovymi procesmi, pricom sa zohladnia faktory ako
prestup latky, hydrodynamika a zana$anie membrany. Dalej sa vyskum bude
zameriavat na optimalizaciu navrhovych parametrov membranovych systémov s
cielom zlepsit vykon, minimalizovat spotrebu energie a znizit environmentalny vplyv.
Nakoniec, navrhovany ramec umozni stratégie na real-time optimalizaciu pre optimalnu
prevadzku membranovych procesov, ¢o zabezpedi efektivnu a udrzatelnu prevadzku
pri rdznych prevadzkovych podmienkach. Celkovo prispeje tento vyskum k rozvoju
membranovej technoldgie a jej rozsiahlemu pouzitiu v priemyselnych aplikaciach.
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