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Oponentsky posudok dizertacnej prace

Nézov: Robust Control of Systems with Parametric Uncertainty: An Algebraic
Approach
Autor: Ing. Radek Matusu

Charakteristika prace

PredloZend dizertand prdca sa zaoberd robustnym riadenim jednorozmerovych systémov
s parametrickymi neurcitostami. Po obsahovej strdnke prdca najprv v 2. kapitole podéava
prehl'ad sicasného stavu problematiky robustnej analyzy a syntézy systémov s neur¢itostami
a aj syntézy riadiacich systémov. Jadro teoretickej Casti price zameranej na systémy
s parametrickymi neurcitostami vo 4. kapitole tvori dokladny rozbor analyzy robustnej
stability ~ systémov s jednoparametrovymi, intervalovymi, afinnymi  linedrnymi
a multilinedrnymi neurditostami. DalSou teoretickou &astou prace je 5. kapitola, ktord
rozpraciva syntézu zaloZend na rieSeni diofantickych rovnic v okruhu rydzich a stabilnych
raciondlnych funkcii pre dcely navrhu robustnych regulatorov pre systémy 1. a2. radu
v regulacnom obvode s 1 as?2 stupfiami volnosti. V 6. kapitole je prezentovany autorom
vytvoreny program pre navrh robustnych reguldtorov, analyzu robustnej stability a simuldciu
riadenia v softvéri MATLAB. Teoretické vysledky su verifikované simula¢ne a laboratérnymi
experimentami. Simulané vysledky su prezentované priebeZne a dokumentuji spravnost
teoretickych zéaverov. Experimentdlnym vysledkom je venovana 8. kapitola prace, kde si
prezentované experimentalne vysledky riadenia teploty Ziarovky a prietoku vzduchu
v teplovzduS$nom tuneli.

Prica, ktord mé 168 stran, je napisand v anglickom jazyku, a to vel'mi dobre. Po formélne;j
strdnke je Clenend do sidhrnu v Ceskom a anglickom jazyku, obsahu, zoznamu obrazkov,
zoznamu tabuliek, zoznamu pouZitych symbolov a skratiek, 10 kapitol, zoznamu pouZitej
literatdry, zoznamu publikaénych a vyskumnych aktivit autora aje doplnena Zivotopisom
autora. Clenenie préce je logické a umoZiiuje dobre sa orientovat’ v skiimanej problematike.
Text, tabul’ky a obrdzky su spracované po formélnej stranke na vel'mi dobrej tirovni.

Aktudlnost zvolenej témy

Téma predkladane] dizertacnej préce je aktudlna a atraktivna vzhl'adom na potrebu rieSenia
problémov riadenia systémov s neurcitostami v praxi. Aktudlne je najmid vyuZitie syntézy
riadenia zaloZenej na rieSeni diofantickych rovnic v okruhu rydzich a stabilnych racionédlnych
funkcif pre syntézu robustnych regulatorov.

Splnenie cielov price a metddy zvolené na ich plnenie

Vytycené ciele dizertatnej prace uvedené v 3. kapitole boli splnené v celom rozsahu, zvolené
metddy spracovania sd v siilade s najnovS§imi poznatkami v uvedenej oblasti vyskumu a
dosiahnuté vysledky potvrdzuji spravnost’ zvoleného pristupu aj v oblasti teoretickej aj
prakticke;j.




Prinos dizertacnej price

Predkladanud dizertand pracu povaZujem za prinos pre rozvoj vednej oblasti tedria riadenia,
a to v oblasti robustného riadenia systémov s parametrickymi neurcitostami. Prinosom prace
v teoretickej oblasti je dokladné systematické spracovanie rieSenia problému analyzy
robustnej stability systémov s jednoparametrovymi, intervalovymi, afinnymi linedrnymi
a multilinedrnymi neurcitostami. Za hlavny prinos v teoretickej oblasti povaZujem syntézu
robustnych reguldtorov pre systémy 1. a2. rddu v regulaénom obvode s 1 as 2 stupfiami
volnosti. Vyznamnym praktickym vysledkom je autorom vytvoreny program pre syntézu
robustnych reguldtorov, analyzu robustnej stability a simuldciu riadenia. V stiéasnosti vidim
hlavné mozZnosti jeho vyuZitia pre pedagogické a vedeckovyskumné dcely.

Publikacné ¢innost’ doktoranda

Z prehl'adu publikanych a vyskumnych aktivit autora je zrejma jeho bohatd publikaéna
¢innost’. Ing. Matusi je autorom alebo spoluautorom 1 ucebnice, 2 ¢asopiseckych publikicii a
28 prispevkov prevaZzne na medzindrodnych konferencidch. Zaroveni predniesol 4 prednasky
na partnerskych pracoviskdch v CR a v zahraniéi.

Otézky k préci

K vecnej ndplni mdm okrem uZ uvedenej analyzy nasledovné otazky.

* Autor na potvrdenie svojich teoretickych vysledkov prebral viaceré priklady z literatiry,
napr. str. 44 polyném (4.15), str. 47 polyném (4.27), str. 62 priklad 4.8, str. 63 priklad
4.9. Bolo to nevyhnutné a pre€o autor neprezentoval vysledky na vlastnych prikladoch?

* Nie je vyuZitie autorom vytvoreného programu obmedzené (MATLAB 6.5.1, Polynomial
Toolbox 2.5)7 Ako by to bolo s jeho adapticiou pre vysSie verzie MATLAB?

e Co reprezentuje veli€ina 25% ul(t) na vertikdlnej osi v grafoch na obr. 8.7, 8.8, 8.9
a niektorych d’al§ich?

Zaverecné konStatovanie

Autor preukdazal svojou pracou spdsobilost’ tvorivo vedecky pracovat. PredloZena dizertand
préca spiiia po stranke obsahovej, odbornej i formalnej poZiadavky kladené na prace tohto
druhu. Ciele dizertacnej prace povaZujem za splnené. Dizertadni pricu hodnotim kladne a
odportiCam ju k obhajobe.

S / a5 /
V Bratislave 9.10.2007 %fmé/ MW%



Witold Gierusz Ph.D, D.Sc, (Eng). Gdynia 7.10.2007
Professor of Gdynia Maritime University
Ship Automation Department

The review of Ph.D thesis entitled
“Robust control of Systems with Parametric Uncertainty:
An Algebraic Approach”
by Ing. Radek Matusu

1. The subject and main goals

In the process of designing of a control systems one can consider two main
problems:

- analysis problem: having a regulator, determine if the system signals like
outputs, errors etc. satisfy the desired and expected properties in the
presence of noises, disturbances and model uncertainties,

- synthesis problem: design a controller so that the specified signals satisfy
the desired properties for planned or anticipated work conditions and
model uncertainties.

In my opinion the candidate for doctor's degree concentrate his work rather on
the second problem, than the first one.

The words ,model uncertainties” mean, that the real object to be controlled in
the future can differ from the model used for computation of the regulator. There are
several origins of mentioned differences:

- there are always parameters in the linear models which are known only
approximately or vary due to different work conditions and/or nonlinearities
of the object,

- at high frequencies the structure and the model order are almost always
unknown,

- the actuators have limited resolution and measurement devices are not
ideally accurate so, they cause rise of the model uncertainty.

Author focused his effort on the first kind of uncertainties and he neglected
rahter remained phenomena.

All, presented above, uncertainty sources allow to group them into two main clases:

- parametric uncertainties, when the structure of the model is known,

- and nonparametric ones related to the neglected and unmodelled
dynamics.

Parametric uncertainty is sometimes called the structured one. But one can be
careful about using this terms, beacuse nonparametric uncertainty (called often
unstructured) can be however structured especially in MIMO systems when they are
related to the particular channels. Therefore uncertainty partition presented on pages
32 and 40 are not proper.

The candidate for doctor’'s degree formulates the principal goal of the thesis as
(page 37): ,utilization proposed and improved robust control laws achieved through
the general solutions of Diophantine equations in Rps for system affected by
parametric uncertainty”. This subject of the work is defined suitably and it
corresponds with the content. It also can be expressed as a design of new control
stategy which provide - via a certain parameter denoted ,m” and called ,tuning knob”



— a convenient interface between control system and engineer. Presented system is
suser- friendly” thanks to the GUI described in the chapter 6.

Such formulated research problem needs knowledge, competence and last but
not least a lot of time time and it is, in my opinion, important and timely. The thesis is
written transparent and clear manner in an excellent language.

2. The composition of the thesis

The work consists of 10 chapters. The short descriptions of every part of the
thesis are presented on pages the 28 and 29, therefore | omit it in my review.
Bibliography contain 82 publications with 4 of them, where the candidate was one of
co-authors.

The comprehensive overview of the literature is presented in the chapters 2, 4
and 5 and author shows very good knowledge of the scientific area.

| think that the arrangement of the work is not adequate enough as it can be.
There are to many chapters. Approximately the first three chapters can be collected
together and the same concerns the last three. Chapter 4 seems to be very good
appendix. | consider that the chapters 6, 7, partially 8 and subsection 5.5.3 form the
main part of the thesis and they show that the author solved problems formulated in
the chapter 3.

Unfortunately, the last part of the work related to the discussion about results,
final remarks and further works are definitely too short. | have an impression that
author treads figures with outputs and control signals as sufficient confirmation of the
control process quality (see chapter 7).

3. The main achievments of the work
The most important contributions of the author | regard:

- classification of the mathematical models affected by different parametric
uncertainties with creation of the overview of typical tools for robust
stability analysis,

- introduction of the new robust control stategy for SISO objects with only
one ,tuning knob”,

- verification of proposed control systems via simulation runs and steering of
the simple object in real-time experiments,

- elaboration of appriopriate GUI for further users (e.g. students).

It is worth noticing that many results shown in the thesis were described in
publications presented and verified on international conferences.

4. Weaknesses and drawbacks of the thesis
| have a few main objections to the contents of the thesis and some minor. The
main remarks are as follow:

[. Objects presented in chapters 7 and 8 are steered only by proposed
algorithm and no another regulators were used to compare. Author knows
robust controllers minimized H. norm and strucured singular value u (see
page34) and it would be very instructive to show if proposed regulator is
better or no. Finally even properly adjusted PID regulator would enable to
judge the quality of presented controller. At present situation the reader
doesn’t know if the proposed regulator is really needed.

ll. No disturbances are taken into account when the synthesis process is
performed, albeit those phenomena occur in the object controlled in



chapter 8. The traces of noises one can see in figures 8.10, 8.11, 8.16 —
8.18 in both signals.

lll. The quality of the steering is analysed only for real object (chapter 8) and
only for control error (formula 8.32). It is not sufficient. The minimum range
of appreciation should include also values of control signals. Words ,less
or more aggressive control signals” are completely inadequate.

IV. The important innovation of presented algorithm is the tuning parameter
,m". It is not clear for me what is the idea of proper adjustement of its
value. The way ,trials and errors” is poor and difficult to use when the real
nonlinear object is to control, though it is very dydactic for e.g. student
laboratory. The adaptive regulators or robust controllers based on -
minimalization have constant structure and values of parameters and
therefore don’t need any adjustement performed by the users.

There are also few, not such important remarks and questions. They as

follows:

a) There are much more types of uncertainties than stated on page 32.
Besides general additive and multiplicative ones, one can recognize
(mainly in MIMO systems) input and output uncertainties and also the
feedback ones.

b) It is not clearly explained why such kind of simple objects were chosen to
research in chapter 7. It would be more instructive to apply described
controller to more complicated ones to show the power of proposed
solution.

¢) The part of the sentence ,... the parameters of nominal transfer function
are known” from page 96 is not exactly true. For real object we can often
only estimate the range of coefficient values and not the nominal values.

d) It is not clear if formulas 5.46 — 5.51 are related to Hjyy norm or to any
matrix norms.

e) The formulation of control quality criterions from page 99 is not clear.
Undershoot and overshoot can be quality criterions if we first define what
should be their values e.g. overshooting less than 5%. Additionally we
know many different criterions like the regulation time and author didn't
explain why he choose such quantities.

f) There is lack of the control signals runs related to the figures 6.10 — 6.12
therefore the sentence ,... the costs for faster regulation are much more
aggresive control signals” from page 114 is unjustified.

g) Tables 8.2, 8.3 and 8.4. show parameters values from identification
experiments. Why ranges of uncertainies in formulas 8.7, 8.8 and 8.24 are
bigger? What was the reason of such impediments for controller?

h) What does mean the sentence ,margins have to be narrowed....” from
page 134. How this operation is related to the results from identification?

i) What type of the method of the order reduction was implemented to the
object, mentioned on page 1357 It is quite important beacuse well-known
methods like truncation or residualization are not equivalent and give
different characteristics (e.g in frequency domain) of the reduced object.

j) There is a very alarming phenomenon related to the control signal in
figures 8.10 and 8.11. | mean large peaks in time 600 and 1200 s leading
to the actuators saturation in the real systems and consequently to the
decreasing of the control quality. No comments in the text on this subject.



Many of remarks presented above have deliberative character and candidate
for doctor's degree couldn’t agree with them. Even more, he should convince the
participants of the public discussion that he is able to defend his work. It will be very
profitable for all participants to know the author answers to the remarks and
objections stated above.

5. Conclusion

The thesis for doctor's degree should describe the original solution of the stated
scientific problem, to demonstrate the global knowledge of the candidate for doctor'’s
degree in appriopriate field and to prove his ability to perform scientific researches
individually. All this conditions are fulfiled by ing. Radek Matusu.

Therefore | judge the thesis positively and | recomended it for public discussion
in the Faculty of Applied Informatics, Tomas Bata University in Zlin.

Witold




onnent: Prof. Ing. Pavel Zitek, DrSc.
QVUT v Praze, Fakulta strojni,
Ustav pfistrojové a fidici techniky

Oponentsky posudek
disertacni prace Ing. Radka Matusii na téma
»Robust Control of Systems with Parametric Uncertainty:
Parametric Approach*

Charakteristika disertace a aktualnost tématu

Predlozena disertacni prace o 168 stranach je napsana v angli¢ting a zabyva se vyznamnym
aspektem syntézy fizeni spojitych soustav s jednim vstupem a jednim vystupem — respektovani
neurcitosti modelli k této syntéze pouzitych. Nejdiive je problematika neurditosti nastolena
obecnéji, vieSeni disertace je vSak jeji reprezentace uvaZovéna predevsim jako intervalova
neurcitost koeficientll charakteristického polynomu. K ovéfeni dopadu neurditosti na stabilitu
fizeni je vyuzivan Charitonoviiv teorém v kombinaci s Michajlovovym kritériem stability. Navrh
fizeni je zaloZen na Youlové-Kucerové parametrizaci stabilizujicich regulatort a splnénim
podminek navrhu pro libovolné kombinace neurlitosti je dosaZeno definované robustnosti
tohoto fizeni. Metodika ndvrhu pomoci parametrizace je propracovéana pro soustavy prvniho a
druhého fadu a pro reguldtory s jednim a dvéma stupni volnosti s pouZzitim jednoho volitelného
parametru rychlosti odezvy regulaéni smycky. K implementaci metody navrhu byl vyvinut
softwarovy produkt v prostredi MATLAB.

Zvolené metody zpracovani a teoreticky piinos

K tématu disertace autor piistupuje na zakladé dostate¢né reprezentativni kritické reSerse
pramenil v pojedndvané tématické oblasti modelll s neurcitosti a robustniho fizeni zpracované
nejen vkap. ,State of the Art“ ale vivodech kapitol dalSich. Problematika reprezentace
neurcitosti parametri modelu je zpracovana dostate¢né dikladné a hlavné vyuziti Charitonovova
teorému pro ovéfovani vlivu neurditosti na stabilitu je zdafilym pfinosem disertace. Spojenim
navrhu stabilizujicich regulatorti metodou afinni parametrizace s modely neuréitosti umoZzniuje
zajistit tomuto navrhu zajistit robustnost vicéi neurditostem pouZitého modelu, snimiZ je
nevyhnutelné kazda aplikace spojena. Parametrizace je uvazovana vzhledem k reprezentativni
casové konstanté vysledné prechodové charakteristiky fizeni.

Pripominky ke zpracovani

Pokud jde o dva zakladni pojmy textu, tj. neurcitost a robustnost, doporucil bych urcité
dislednéjsi jejich rozliSovani: parametry neuréitosti kvantifikuji objektivni omezeni stupné
poznani reality, zatimco robustnost je disledkem takového pristupu k navrhu regulatoru, aby se
s neurcitosti uspé$né vyrovnal. Napf. na str. 40 mi takové zietelné rozliSeni pon€kud chybi, obé
stranky problému se zde ponékud nejasné prolinaji. Proto v tomto piipadé nepovaZzuji za Stastné,
ze stejnym symbolem ¢ jsou oznaleny jak intervalové neurcitosti tak i koeficienty Citatele
pienosu regulatoru. Angli¢tina textu disertace je dobrd, pro Casopiseckou publikaci vSak bude
nutnd jazykova korektura. Doporuéil bych vyhnout se latinskym sloviim, napt. videlicet, ergo, id
est, supra, scilicet, apropos atd. a pfi pouziti ptikladd jinych autorG bych nepouzival terminy
jako ,,is adopted, is borrowed“ apod., jednoducha citace je vhodné&j§i. Dale uvadim dilci
ptipominky tak, jak jsem je pfi ¢teni zaznamenal.



Str. 39, 44 — misto ,,truncation ma byt napf. neglecting

Str. 40, 44— misto ,,robustness” ma byt napf. stability, jinak by vznikla tautologie.

Str. 42, 7" — formulace, Ze , koule je pii této norme kvadr asi neni nejst’astnéjsi.

Str. 47, 94 — o vlastnich hodnotach nelze predpokladat, Ze neexistuji.

Str. 48 — misto ,,extreme points* jde spiSe o boundary polynomials.

Str. 51, rovn. (4.39) — o vlivu ¢; na koeficienty se ml¢ky predpoklada, Ze je linearni, to je
tieba uvést, piip. komentovat.

Str. 52, 124 — citace [37] je v seznamu zkomolena, misto “Differential Uraven” maji byt
Diferencialnyje uravnénija.

Str. 55, 4" — pro¢ , however*, uvazovat Re i Im je snad samoziejmé. Spise je nejasné pro€ je
uvazovano a, <0, kdyZ zobrazeni p(jw) je symetrické.

Str. 65, rovn. (4.74) — az do této str. se o reguldtoru nemluvi, zde se najednou bez vysvétleni
objevuje ve specialnim odst. o afinni neurcitosti.

Str. 68, 54 — misto “holds good” spiSe holds true.

Str. 89, 34— ,,F is free in Rps™, je dost lakonické, zavést jako parametrizujici funkci.

Str. 98, 10" — citlivostni funkci by bylo vhodné specifikovat, jsou riizné.

Otazka k obhajobé

V disertaci na str. 82 je pojednéana také otdzka robustniho fizeni soustavy se zpozdénim,
jehoZ hodnota vykazuje neuréitost. Pomoci Padého aproximace je tento problém pieveden sice
na racionalni prenos, ale fakt, Ze Charitonovav teorém obecné neplati pro systémy se zpoZdénim
se presto zlstdva. Lze vyslovit néjakou podminku, kdy Padého aproximace je spolehlivym
prostiedkem k feSeni?

Vysledky a prinosy disertace

Jak patrno, uvedené piipominky se tykaji pouze formalniho podani disertace a nemaji vliv
na vécnou spravnost vysledku disertace. Naopak je tfeba vyzdvihnout, Ze vysledky disertace jiz
byly 31 krat publikovany, dv€ publikace jsou v ¢eském a slovenském Casopise, ostatni piispévky
Jsou konferenéni, aZ na &tyii Ceské jsou vSechny na mezinarodnich konferencich v zahranici.

Prakticky prinos a zavér

Pies svou teoretickou povahu ma piedlozené disertace zcela ziejmy vztah k praktickému
vyuZziti v ndvrhu regulatori pro praktické aplikace, kde neuréitost informaci o fizeném objektu
hraje téméf vzdy rozhodujici roli. Zcela mimofadny je rozsah publikaci autora k tématu
disertace.

PiedloZenéd disertace Ing. Matu$l nepochybné napliiuje kritéria zptsobilosti disertanta k
samostatné tviréi védecké praci a prinasi pavodni a autorem pozoruhodné rozsahle a
mezindrodné publikované vysledky, ¢imzZ jsou jednoznacné splnény pozadavky §47, zdkona
111/98 Sb., a proto tuto disertaci doporucuji k obhajobg.

V Praze, dne 1. fijna 2007

{\MMM, Prof. Ing. Pavel Zitek, DrSc.



