Posudek na disertacni prici LuboSe Spacka ,,Robotické systémy pro rychié a nestabilni procesy”

Disertacni prace Lubo3e Spacka pojednava o moznostech stabilizace a Fizenf inherentné nestabilnich
systémi s vyuzitim prumyslovych robotd (manipulatori). Z mého pohledu jde o zajimavou, komplexni
a dobfe odvedenou praci. Souhlasim s autorem, Ze vyuiiti standardnich a ¢im dal rozsifenéjsich
pramyslovych robotl pro dynamicky netrividini problémy zahrnujici nestabilni soustavy nenf
dostatetné prozkoumand oblast, s velkym aplikaénim potencidlem. Jde tedy o aktuaini a relevantni
vyzkumné téma a stoji za to se jim zabyvat,

Stanovené cile autor price splnil bezezbytku. Jako use case je mnavriena, zrealizovana a
zdokumentovana experimentaini soustava Fizeni kuliky na plode sestavajici z primyslového robota
YuMi coby manipuldtoru a dotykového displeje poutitého pro sniméni polohy kulicky. Jsou zkoumdny
vhodné metodiky ndvrhu fidicich zdkond, jednak klasickych PID a stavovych regulatoru, a zejména
polynomidiné navrZenych kvadraticky optimainich algoritm( Fzeni se dvéma stupni volnosti. Vedle
kiasickych ukazatel( jako je velikost pfekmitu nebo doba ustaleni je vzhledem k vyuZiti primyslového
manipulatoru kladen diiraz na redukci akénich zésah(, jejich velikosti a rychlosti zmé&ny. Prace obsahuje
analyzu vysledkd numerickych simulaci i experiment( na redlném zafizeni,

Postup fedeni z pohledu navrhu zdkont fizeni hodnotim jako standardni a spravny. Prvnim krokem je
sestaveni simulatniho modelu, zde autor vyuil Lagrange-Eulerdlv formalismus, ktery se pro multibody
soustavy nabizi. Nasleduje identifikace parametri a redukce a zjednodugeni modelu, na ném# je navrh
Fidicich algoritm{l zaloZeny. Z mého pohledu je otazka, zda komplexni lagrangeovské rovnice bylo nutné
viibec sestavovat, kdyZ dynamika pohybu robota byla nahrazena systémem prvniho #adu a pohyb
kulitky v jednotlivych osach v reakei na ndklon ploginy je zFejmy (dvojity integrator, pokud neuvaZujeme
disipativni sily). Dale nevim, proé autor tolik Ipi na aproximaci dynamiky néklonu ploginy systémem
prvnitio fadu, kdy? je zfejmé — a autor sém to pfipousti — %e by se druhy Fad jevil jako vhodné;i.
Autorem polynomidiné navrzeny kvadraticky optiméini reguldtor se dvéma stupni volnosti pracuje
velmi dobie, jak autor doklddd srovndnim se standardnimi PID a stavovymi Fefenimi. Validace a
verifikace navrieného Fizeni je pfesvédciva, vysledky simulaci i experimentl vychdze]i dobfe a jsou ve
shodé.

Aplikaci vysledkl vidim, stejné jako autor, ve vysokoSkolské vyuce dynamickych systémii a jejich ffizent
a v akademickém vyzkumu. Experiment miZe pfedstavovat atraktivni validaini platformu novych
wyzkumnych vysledk( v oblasti metod navrhu fidicich algoritm{. Ostatné i autorem pouZitd metodika
navrhu Fizeni pro reguldtor se dvéma stupni volnosti, pochazejici od vyzkumného tymu z pracoviité
autora, se ukazuje jako velmi efektivni pravé diky demonstraci na tomto experimentu.

Formaini dpravu disertacni prace a jeji jazykovou Groven hodnotim jako velmi dobrou. Prace je psana
kvalitni angliétinou s minimem pfeklepd a lingvistickych nesrovnalostf. Kdybych mél jednu nectnost
vytknout, bylo by to pouiiti souslovi "more optinial" na nékolika mistech. Prace je dobfe a logicky
¢lenénd a rozsahové pfiméfend. Jenom nékteré vysvétlujici sekce, kde se autor pokousi vysvétlit ve
zkratce vybrané detaily z teorie fizeni {napfiklad spektralni faktorizaci nebo navrh LQ fizeni pomoci
polynomidiniho pFistupu) osobng nepovaZuji za Gplné povedené: myslim, fe étenak, ktery tyto koncepty
neznd, je z vykladu stejné nepochopi. Vice na misté by podle mé bylo napfiklad pouhé uvedeni postupu
feseni ve formé tabulky, pseudokadu nebo algoritmu, se specifickymi odkazy na vhodné tutoridly nebo
ugebnice napfikiad od Vladimira Kucery.
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Diserta¢ni praci doporucuji k obhajobé. |

Dotazy na uchazece:

1. Prosim vyjadfete se k mym vyhradam v odstavci vénovanému postupu fedeni.

2. Prosim vysvétlete ,rotacni” clen v rovnici (4.7), kde se pfimo séitaji momenty setrvacnosti plochy a

kulicky.

nich zdsahtl, pfipadné jejich zmén, nabizi se vyuZiti MPC
k této moznosti a diskutujte vyhody a nevyhody MPC
u kvadraticky optimalniho regulatoru.

3. Pokud je tfeba brat ohled na velikost ak¢
(Model Predictive Control). Prosim vyjadfete se
ve srovnani s Vami vybranou polynomialni metodou nédvrh

V Praze dne 21.5.2023
Deéc. Ing.Martin-Hromcik, Ph.D.
FEL.EVUT v Praze



doc. Ing. Alexander HoSovsky, PhD., Technical University of KoSice, Faculty of Manufacturing
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OPPONENT’S EVALUATION
of doctoral thesis

Author of doctoral thesis:  Ing. Lubo$ Spadek

The title of doctoral thesis: Robotic Systems in Fast and Unstable Processes

a) Topicality

The topic itself, as presented in the title of the thesis {,Robotic Systems in Fast and Unstable
Processes”), can be considered topical and worth research in the area of robotics. This topic should
have important implications for various scenarios in the use of robots within their typical (or less
typical) work. settings and solutions offered in this area could be helpful for adapting particular
implementations to specific conditions.

b} Thesis objectives

Student presents 6 objectives in total: these objectives include choosing suitable type of robot,
performing simulfations and experimental validation, choosing suitable type of sensor for BP system
and deriving appropriate control law. it can be safely concluded that all of these stated objectives were
successfully fulfilled in the work. More particularly, it was decided to use ABB Yumi cobot as a'suitable
work platform to work with, 2-DOF LOR as a main controller and a resistive touchscreen used as a plate
for BP system. | am of the opinion that all the objectives were set appropriately and can be considered
well aligned with the main focus of the thesis.

¢} Methods

Author uses traditional model-based control design approach, where at first the analytical model of
BP setup is derived. Using Lagrange formalism, a system of four nonlinear differential equations is
derived which is subsequently linearized for the controller design. In addition to that, identification of
transfer functions of certain order is carried out in other cases. As a main controller, 2-DOF LOR method
is chosen — the selection of methods is standard -and their use is logical and appropriate. For a
controller, method of spectral factorization is chosen over Riccati equation solving. Regarding the
hardware selected for experimental part, two devices are most prominent, i.e. selection of a robot as
well as the selection of a plate. ABB Yumi cobot is an interesting option, which offers a perspective
type of a collaborative robot that is suitable for special tasks in e,g.HRI — it has to be said that
considering the condition of BP problem, it appears that many other robots could be used. The
selection of a plate was probably done with accessibility and affordability in mind and while it could
be treated in a greater detail, this was not the focal point of the thesis.

The resuits can be divided into two main parts, i.e. simulation part and experimentai part. In these
parts, doctoral student carried out simulations with different types of controllers ahd -comparéd
control performance. These simulations were based on the simplified transfer function models




obtained from the system identification process. Taking this as a whole design process of a particular
problem at hand, this can be seen as the most important contribution of doctoral student.

d) Contributions

It is undeniable that generally speaking the thesis represents a contribution to the field. Looking at this
more specifically, | see the area of robotics education as being most likely candidate to benefit from
this work. It offers the solution to a well-known problem in an interesting and systematically
established way. It is actually valuable and multidisciplinary work, which includes concrete solutions in
several fields like automatic control, robotics and system identification. As such, it can be helpful for
other students trying to get hands-on experience with particular hardware and using effective software
approaches.

e} Presentation

Regarding the presentation, use of language and overall appearance, the thesis is prepared very well.
| have not observed any serious language problems and also the number of typical typographical errors
is kept at the minimum. Equally, the use of language in terms of its technical quality is appropriate and,
more or less correspond to scientific standards set in typical research papers. Graphical quality of the
thesis is very good — all figures have sufficient resolution and graphs showing responses or function
relationships are transparent and well readable. In addition to that, the work is structured logically and
contains theoretical introduction, simulation part and experimental part followed by various
implications of the work and conclusion.

f) Publication record

During his study the student published 15 research works in total, 14 of which appear to be published
in conference proceedings and/or books and one in WoS journal. The number of works itself is above
average for a PhD student but the proportion of conference/journal papers could be higher in favor of
journal articles. Nevertheless, the publication record as whole is respectable and attests to a good level
of research maturity.

g) Remarks and questions

As was gently implied in the contributions section, | see the area education as being most likely to be
affected by this thesis. On the other hand, my major concern regarding this work would be its scientific
{and not educational) contribution. Considering the title of the work, which is in itself quite general, I
see the idea of generalizing the implications of solving BP problem handled by a cobot to fast and
unstable processes {(which might be of very miscellanous natuire in practice) as quite far-fetched. There
is-an attempt to reconcile the idea of this in the last sections of the work, but | did not see them as
very convincing. In spite of this, once this first obstacle is somewhat overcome, further development

of the work is commendable and nicely done.

| also see certain parts of experimental section of the thesis to be somewhat confusing in its
presentation and/or description. In some cases the experiments (especially in terms of presented
responses) should have been described betier so that itis clear what they actually represent or to what
excitation they were actually obtained (e.g.Figs 6.8 and 6.18).

The work contains 51 cited references — this number of works is not particularly high and | would
maybe expect a little more detailed literature review to be a part of this thesis. Moreover,.only some
20works-are actually from years after 2015 — again, somewhat higher proportion of more recent warks
in the field would be.expected.




Questions:

1.

What is actually meant by the word expression “pseudo identification”? Its explanation in the
text is somewhat lacking and could not see a reason for using it.

In section 6.1.5 student tested the sensitivity of the controller to uncertainties in parameters.
It is not explicitly stated in this section if it applies to 2-DOF LQR controller (but I suppose it
does) ~ what about the sensitivity of other compared controllers? Were they tested as well? If
not, why?

In a section where hardware setup is described it is mentioned that capacitive piate could also
he used. What would be the pros and cons of using capacitive plate and why you decided to
use a resistive plate?

The end part of the experimental section shows tests with harmonic excitation. Clearly; the
gains had to be modified in order to obtain acceptable control performance. This, expectedly,
would reduce control performance for the step-fike reference signal. Would you see adaptive
control as suitable way of addressing this and did you consider it when working on your thesis?

Based on the overall evaluation it can be safely stated that the author of the thesis proved to
be knowledgable in the field and submitted a work, which is valuable and of good guality.
Multidisciplinary character of his work attests to his ability to work in several areas and
contributes to its further development. Therefore |

recommend work to be defended

in Presov 15.5.2023

doc. Ing. Alexander Ho$ovsky, PhD.

opponent
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Oponentsky posudek disertaéni praci:

Robotic Systems in Fast and Unstable Processes

Autor prace: Ing. Lubo$ Spadek
Univerzita Toma$e Bati ve Zliné
Fakulta aplikované informatiky
Posudek vypracoval: Prof. Ing. Ludék Zalud, Ph.D.,

Vysoké uéeni technické v Brné, FEKT

Tematem dizertaéni prace jsou fidici systémy primyslovych manipulatort pro fizeni rychlych a nestabilnich
proces(. Konkrétné se autor zabyva praktickou aplikaci stabilizace laboratorniho modelu kuliéky na ploginé

na které ukazuje postupy pro jeji stabilizaci pomoci sedmiosého primyslového manipulatoru.

Konstatuji, Ze zvolené téma je aktualni a dostateéné slozité pro dizertaéni praci na technické univerzité,

zejmeéna s pfihlédnutim na mozné vyuziti ve vyuce.

Stylisticka podoba prace je na velmi dobré Urovni. Prace je psana v angli¢ting, text je velmi dobfe &itelny a
srozumitelny. V textu je pfimérené mnozZstvi pfeklept a chyb.

Graficka droven prace je pomérné dobra, moje kopie prace je véak v pfipadé nékterych grafd na hranici
Citelnosti — to pricitam spiSe kombinaci velikosti stranek a kvality tisku. Ke grafim v praci mam nékolik
pfipominek. Jednak ne vZdy jsou dobfe popsany osy grafu (napf. 6.23, 6.24, 6.26, 6.27). Dale bych prosil o
vysvétleni pro¢ osy grafli se zobrazenim polohy kuli¢ky (napf. 6.25) maji uvedenu bezrozmérnou veliginu,

kdyz poloha dle mého nazoru jednoznacné odpovida fyzikalné poloze kulicky v metrech. Dale bych doporuéil
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uvadét jednoznacnéji popisky obrazkl — napf. 6.26 a 6.29 maji stejné popisky. Pro pochopeni prace by bylo
vhodnéj$i uvést rozdilovy parametr u kazdého z graf(.

Prace je zpracovana celkové na 85 stranach, coz povaZuji za spodni pfijatelnou hranici pro podobné
komplexni téma. Ocenil bych podstatné obsahlejsi teoreticky uvod prace. Clené&ni prace na kapitoly a
podkapitoly je udélano pfehledné a logicky. Cile prace jsou zminény v kapitole 3 a jsou spinény.

Student dobfe pracuje s literaturou, coz dokazuiji relevantni odkazy v textu.

Vyznam prace spatfuji zejména v oblasti vyuky, zajimavym vysledkem je také srovnani dvou pfistupl pfi
implementaci — tj. zasilani pozadovanych Ghli do planovaée manipulatoru a jeho obeijiti zasilanim

pozadovanych Uhli pfimo do regulatort manipulatoru.

Na zakladé pfedchoziho textu konstatuji, Ze i pres vytky jsem presvédéen, Ze prace dokazuje studentovy
schopnosti samostatné védecké prace i prace ve védeckém tymu, nese véechny prvky kvalitni dizertaéni

prace a praci

DOPORUCUJI K OBHAJOBE.
Otazky:

1. Srovnejte pfedpokladanou kvalitu regulace v pfipadé pouziti v brimyslu b&zné pouzivanychj
Sestiosych manipulator( s tfidou nosnosti pfiblizné 6 kg.

2. Planujete pokracovat v projektu s tim, Ze by takto vznikla laboratorni tloha pro vyuku robotického
prfedmétu na univerzité?

V Brné dne 26. 5. 2023

Prof. Ing. Ludék Zalud, Ph.D.




