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Il. EVALUATION OF INDIVIDUAL CRITERIA

Assignment challenging
How demanding was the assigned project?
In principle, this is a standard control engineering project: a real physical system is provided to the student who should
improve the performance of the existing controller. And this is what makes the project challenging. The student had to
e get familiar with a new technology (not always perfectly documented),
e build a mathematical model (by modifying some existing one and translating to another modeling framework),
e understand the existing implementation of a simple controller and analyze its deficiencies,
e apply some advanced control design methods presented in the course, but with which he did not have hands-on
experience so far,
e and finally get his hands dirty by implementing the controller in the robot hardware, run the experiments and
analyze the results.
Apparently, it is the breadth of this realistic engineering problem that makes it rather challenging.

Fulfilment of assignment fulfilled

How well does the thesis fulfil the assigned task? Have the primary goals been achieved? Which assigned tasks have been
incompletely covered, and which parts of the thesis are overextended? Justify your answer.

I am happy to conclude that that the assignments have all been fulfilled.

Activity and independence when creating final thesis A - excellent.

Assess whether the student had a positive approach, whether the time limits were met, whether the conception was
regularly consulted and whether the student was well prepared for the consultations. Assess the student’s ability to work
independently.

I gladly confirm that the student worked independently and with initiative. He used to consult his progress regularly.
Although he was open to advice, he did not follow it blindly, but subjected it to critical consideration.

Technical level A - excellent.

Is the thesis technically sound? How well did the student employ expertise in his/her field of study? Does the student
explain clearly what he/she has done?

First, | am really impressed by the fact that the student indeed succeeded in improving the existing control system. The
reality here “proved” the correctness of the student’s work. What | particularly like about this thesis is that it offered an
opportunity to the student to apply some advanced computational control design techniques that he had learned in
courses.

Just for archival purpose | will note here that in the current form | view the two controllers (the fixed one and the gain-
scheduled one) as based on rather different control design frameworks (Hinf-optimization based vs LQR combined with
the eigenstructure assignment), which is not particularly convenient. Techniques seem to be available for formulating the
gain-scheduling control design using the Hinf framework too. For example, instead of eigenstructure assignment with all
its numerical caveats, some Hinf-based model matching could be perhaps used. The capacity of this thesis was, however,
filled completely and the proposed can thus serve as a suggestion for a future student.
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Formal level and language level, scope of thesis B - very good.

Are formalisms and notations used properly? Is the thesis organized in a logical way? Is the thesis sufficiently extensive? Is
the thesis well-presented? Is the language clear and understandable? Is the English satisfactory?

The English of the thesis is just fine, although maybe a bit clumsy in places.

Selection of sources, citation correctness C-good.

Does the thesis make adequate reference to earlier work on the topic? Was the selection of sources adequate? Is the
student’s original work clearly distinguished from earlier work in the field? Do the bibliographic citations meet the
standards?

The selection of the resources (papers, books, ...) is just fine. After all, the control design methods that were
considered/proposed to be used in the project are now commonly taught at graduate course on advanced
(optimal/robust, ...) control. Where the standard is not fully met is the way these resources are cited. References such as
[10], [11], [12], [22], ..., well, in fact most of them if not all of them, are far from fully specified. Just the name of the
author, the title of work and the publication year. This is, however, not sufficient to fully identify the resource and does
not obey the common citation styles, not to speak of standards.

A few minor issues:

e Links to documentation for Matlab products and functions do not necessarily have to be included in the
bibliography. They may be included in the text as footnotes instead. | would perhaps keep only materials such as
paper, reports, and books in the bibliography.

e |tis possible to tweek the typesetting of the bibliography so that abbreviations such as LMI are not typeset as Lmi.

Additional commentary and evaluation (optional)

Comment on the overall quality of the thesis, its novelty and its impact on the field, its strengths and weaknesses, the utility
of the solution that is presented, the theoretical/formal level, the student’s skillfulness, etc.

n/a

lll. OVERALL EVALUATION, QUESTIONS FOR THE PRESENTATION AND DEFENSE OF THE THESIS, SUGGESTED
GRADE

Summarize your opinion on the thesis and explain your final grading.

This was a complex engineering project containing all the steps such as mathematical modeling, numerical
simulation, optimization-based control design, implementation in real hardware, experimentation with a real
robot. | gladly acknowledge that the results the student delivered were functional and they performed better
than what was available (to us) previously.

Although the text of the thesis suffers from a few minor imperfections, | regard the work done by the student
very high.

The grade that | award for the thesis is A - excellent.

Date: 17.6.2024 Signature:

2/2



CVvuT POSUDEK OPONENTA
ZAVERECNE PRACE

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE

I. IDENTIFIKACNi UDAJE

Nazev prace: Robust Control for the Two-Wheeled-Legged Robot Sk8o
Jméno autora: Petr Kuchar

Typ prace: diplomova

Fakulta/ustav: Fakulta elektrotechnicka (FEL)

Katedra/uastav: Katedra fidici techniky

Oponent prace: Ing. Martin Cech, Ph.D.

Pracovisté oponenta prace: Zapadoceska univerzita v Plzni, FAV, Katedra kybernetiky

Il. HODNOCENI JEDNOTLIVYCH KRITERIi

Zadani narocné;jsi
Hodnoceni ndrocnosti zaddni zavérecné prace.
Prace pokryva cely cyklus navrhu fidiciho systému robota, od modelovani, simulaci az po navrh fizeni na zakladé

vy

Splnéni zadani splnéno

Posudte, zda predloZend zdvérecnd prdce splriuje zaddni. V komentdri pfipadné uvedte body zaddni, které nebyly zcela
splnény, nebo zda je prdce oproti zaddni rozsifena. Nebylo-li zaddni zcela spinéno, pokuste se posoudit zdvaZnost, dopady a
pripadné i priciny jednotlivych nedostatkd.

VSechny aspekty zadani byly spinény. Drobné vyhrady jsou popsany v dalSich bodech.

Zvoleny postup FeSeni spravny

Posudte, zda student zvolil spravny postup nebo metody reseni.

Clenéni préce je prehledné a spravné, od Gvodu pres tvorbu modelu a simulace a# po navrh vlastniho Fizeni a realné
simulace / experimenty. Pokryt cely tento cyklus je vzdy velmi naro¢né, ale nezbytné pro dalsi odborny rist.

Odborna uroven B - velmi dobie

Posudte troveri odbornosti zdavérecné prdce, vyuZiti znalosti ziskanych studiem a z odborné literatury, vyuZiti podkladi a
dat ziskanych z praxe.

Celkova uroven prace je velmi dobra. Vlastni kreativni pfinos autora je zfejmy. K samotnému odbornému zpracovani mam
jen par drobnych otazek, které necht jsou vnimany spiSe jako podnéty pro dalsi praci a otazky do diskuze pfi obhajobé:

1) Jaké by mohly byt findlni praktické aplikace robota Sk80?

2) Autor zminiuje implementaci anti-windup strategie, coz je pro praktickou implementaci zcela spravné. Nicméné
byly v rdmci experiment( v kapitolach 6 a 7 opravdu dosaZzeny saturacni limity? Byla funkénost zpétnovazebniho
fizeni v téchto podminkach testovana.

3) Podrobnéjsi vyznam/interpretace jednotlivych signél( na obr. 5.4 neni zcela jasny (z kontextu okolniho textu)

4) Obecnéjsi dotaz: pti vétSich zménach délky , kyvadla“ by asi bylo vhodnéjsi pouZzit zmifiované techniky gain-
scheduling, tj. rizné parametry regulatoru pro rizné pracovni body (délky ramene). Jak by slo toto prakticky
implementovat? Jak zajistit bezrazové prepinani vystupu reguldtoru pfi zméné jeho parametrd?

Formalni a jazykova uroven, rozsah prace C - dobie

Posudte spravnost pouZivani formdlnich zdpis( obsaZenych v prdci. Posudte typografickou a jazykovou stranku.

Formalni Groven textu je velmi dobra, véetné matematické sazby rovnic, Cislovani, odkaz(i, apod. Prace je psana

v anglickém jazyce, coZ velmi ocenuji. Nékteré véty a formulace by zaslouzily jazykovou revizi. Nicméné gramatickym
chybam se Ize u tak rozsahlého textu tézko vyhnout. Jazykovou revizi doporucuji zejména v pripadé, Ze na praci budou
navazovat odborné védecké publikace (konference, ¢asopisy). Clenéni prace je prehledné, logicky navazujici. Nazvy
nékterych kapitol by zaslouZily revizi. Napr. sekce 2.2.3 ,,Computers” by se mohla vystiznéji jmenovat ,,Control HW*, sekce
7.3 ,,Comparison with simulation experiments”, konzistentné s kapitolou 6. apod. Rovnéz nékteré obrazky nejsou citovany
v textu, napf. Figure 5.1. Rozsah prace je adekvatni.
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Vybér zdrojti, korektnost citaci A - vyborné

Vyjadrete se k aktivité studenta pfi ziskdavdni a vyuZivani studijnich materidl( k feseni zdvérecné prdce. Charakterizujte
vybér pramend. Posudte, zda student vyuZil vSechny relevantni zdroje. Ovérte, zda jsou vSechny prevzaté prvky radné
odliseny od vlastnich vysledk( a tvah, zda nedoslo k poruseni citacni etiky a zda jsou bibliografické citace uplné a v souladu
s citacnimi zvyklostmi a normami.

Autor uvadi seznam 26ti referenci zahrnujicich knihy, védecké clanky na konferencich i v casopisech. | kdyZz seznam jisté
neni vyCerpavajici, pro DP je zcela adekvatni. Student korektné cituje prechozi prace vzniklé na katedre a navazuje na né.
Vlastni pfinos autora je jasné odlisen. Reference nicméné mohly byt podrobnéji analyzovany a zhodnoceny (klady, zéapory)
v Uvodni ¢asti.

Dalsi komentare a hodnoceni

Vyjddrete se k urovni dosaZenych hlavnich vysledki zdvérecné prdce, napr. k drovni teoretickych vysledkd, nebo k trovni a
funkcnosti technického nebo programového vytvoreného reseni, publikacnim vystupim, experimentdini zru¢nosti apod.
Na zakladé predloZeného textu nemam k diplomové praci Zzadné dalsi komentare.

I1l. CELKOVE HODNOCENI, OTAZKY K OBHAJOBE, NAVRH KLASIFIKACE

Shrrite aspekty zdvérecné prdce, které nejvice ovlivnily Vase celkové hodnoceni. Uvedte pfipadné otdzky, které by
mél student zodpovédét pri obhajobé zdverecné prdce pred komisi.

PfedloZenou zavérecnou praci hodnotim klasifikaénim stupném B - velmi dobfre.

\
Datum: 10.6.2024 Podpis:
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