¢vuT POSUDEK VEDOUCIHO
ZAVERECNE PRACE

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE

I. IDENTIFIKACNi UDAJE

Nazev prace: Dynamic Control of Collaborative Robot KUKA LBR iiwa - Demonstrator
System

Jméno autora: Maros Mester

Typ prace: bakalarska

Fakulta/astav: Fakulta elektrotechnicka (FEL)

Katedra/ustav: Katedra fidici techniky

Vedouci prace: Ing. JitiZemanek, Ph.D.

Pracovisté vedouciho prace:  Katedra fidici techniky

1. HODNOCENI JEDNOTLIVYCH KRITERIi

Zadani naro¢néjsi

Hodnoceni ndroc¢nosti zaddni zdvérecné prdce.

Zadani bylo narocnéjsi svym rozsahem. VyZadovalo praci s fidicim systémem kolaborativniho robota KUKA LBR
iiwa, porovnani riznych zplsob( jeho fizeni a vytvoreni demonstracniho systému. To zahrnovalo navrh
hardwaru, matematické modelovani a navrh regulatord.

SpInéni zadani splnéno s mensimi vyhradami
Posudte, zda predloZend zdvérecnd prdce splfiuje zaddni. V komentadri pripadné uvedte body zaddni, které nebyly zcela
splnény, nebo zda je prdce oproti zaddni rozsitena. Nebylo-li zaddni zcela splnéno, pokuste se posoudit zdvaZnost, dopady a
pripadné i priciny jednotlivych nedostatkd.

Student prozkoumal fizeni robotické ruky a vyzkousel rizné demonstracni tlohy. Hra Kendama a stabilizace
inverzniho kyvadla nejsou zatim pIné funkcni, ale vzhledem ke sloZitosti systému a technickym komplikacim,
tento nedostatek nehodnotim negativné.

Aktivita a samostatnost pfi zpracovani prace A - vyborné

Posudte, zda byl student behem reseni aktivni, zda dodrZoval dohodnuté terminy, jestli své reseni pribézné konzultoval a zda
byl na konzultace dostatecné pripraven. Posudte schopnost studenta samostatné tvurci prdce.

Student pracoval aktivné a pravidelné konzultoval postup i problémy. Na konzultace byl vidy dobte pfipraven.

Samostatné resil technické komplikace, jako je méreni polohy zatéZze pomoci kamery a senzor( natoceni s
prfenosem dat do Fidici aplikace.

Odborna uroven A - vyborné

Posudte uroveri odbornosti zdvérecné prdce, vyulZiti znalosti ziskanych studiem a z odborné literatury, vyuZiti podkladi a dat
ziskanych z praxe.

Student prokdzal znalosti v oblasti automatického fizeni, robotiky a modelovani dynamickych systému. Musel se
samostatné zorientovat v komplexnim systému fizeni kolaborativniho robota KUKA LBR iiwa a rfesit modelovani
hybridnich systému.

Formalni a jazykova uroven, rozsah prace A - vyborné
Posudte sprdvnost pouZivdni formdlnich zdpis obsaZenych v prdci. Posudte typografickou a jazykovou stranku.
Sazba textu je kvalitni. Text je doplnén vhodnymi obrazky a ilustracemi. Struktura prdace je logicka a pfehledna.
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Vybér zdroju, korektnost citaci A - vyborné

Vyjdadrete se k aktivité studenta pfi ziskavdani a vyuZivdni studijnich materidl( k reseni zdvérecné prdce. Charakterizujte vybér
pramend. Posudte, zda student vyuZil vSechny relevantni zdroje. Ovérte, zda jsou vsechny prevzaté prvky radné odliseny od
vlastnich vysledki a uvah, zda nedoslo k poruseni citacni etiky a zda jsou bibliografické citace uplné a v souladu s citacnim i
zvyklostmi a normami.

Student vyuZil védecké c¢lanky a dalSi odborné texty, véetné materiall z kurzu Underactuated Robotics a
technickych manuadl(l. Zdroje jsou citovany korektné a prevzaté ¢astijsou fadné odliSeny. Odkazy na manualy
mohly byt oddéleny od jiné literatury.

Il. CELKOVE HODNOCENI A NAVRH KLASIFIKACE

Shrrite aspekty zdvérecné prdce, které nejvice ovlivnily Vase celkové hodnoceni.

Zadani prace bylo ambiciézni, vyZzadovalo zorientovanise v systému fizeni primyslového robota a jeho vyuziti pro
demonstrace dynamického fizeni. To zahrnovalo feSenimnoha dil¢ich problém, véetné komunikace jednotlivych
komponent, konstrukce mechanické ¢asti, matematického modelovani, navrhu regulatord a reseni kinematickych

uloh.

PredloZzenou zavérecnou praci hodnotim klasifikacnim stupném A - vyborné.

Datum: 4.6.2024 Podpis:
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1 IDENTIFICATION DATA

Thesis title: Dynamic Control of Collaborative Robot KUKA LBR iiwa - Demonstrator
System

Author’s name:  Maro§ Mester

Type of thesis: bachelor

Faculty/Institute: Faculty of Electrical Engineering

Department: Department of Control Engineering

Thesis reviewer: Ing. Vladimir Petrik, Ph.D.
Reviewer’s department: IMPACT, CIIRC, CVUT

2 EVALUATION OF INDIVIDUAL CRITERIA

Assignment challenging

The goal of the thesis was to control the KUKA LBR ITWA robot dynamically and to design a suitable hardware
setup. The combination of hardware design and robot control makes the assignment challenging.

Fulfilment of assignment fulfilled with minor objections

All main goals of the thesis were fulfilled. However, no feedback control was evaluated in the thesis - the
assignment states that both the feedforward and feedback control should be investigated.

Methodology correct

The methodology is correct. The possible solutions how to control the robot were studied and two of them were
selected for the demonstrator. Three tasks were defined for the demonstrator. The first task was completed
successfully; the second task was evaluated but did not work as expected, the extension of the formulation was
proposed but was not evaluated; the hardware for the third task was prepared but the control part was not
finished.

Technical level A - excellent

From the technical point of view, the thesis is well prepared. The safety mechanism was setuped for the robot
and the open-loop control was evaluated.
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Formal and language level, scope of thesis B - very good

e The thesis is well-organized and the language is clear.
e There are a few minor typos (”sends the the desired”, ”opne-control”).

e The ReadMe of the supplementary contains only the text: "read me file”. It should contain a description
of the supplementary.

e In Sec. 4.4, it is said that moving on straight line is without any open-loop control. Sending commands to
move robot on a straight line is an open-loop control. ”Without control shaping” would be better term
here.

e Before I read the conclusion, the meaning of the Sec. 5.5 was not clear to me. It would be beneficial to
emphasize directly in the section that the extension is outside the scope of the thesis.

Selection of sources, citation correctness A - excellent

Citations are correct and the sources are relevant.

3 OVERALL EVALUATION

Questions:

e Inverse kinematics is used in the Chapter 5 to compute the path in joint angles. How was it assured that the
path in joint space is continuous? Was there any mechanism that selects the suitable solution of the inverse
kinematics?

e In Fig. 5.6, there are some outlier measurements (orange) that do not follow the sinusoidal shape. What caused
them?

Overall, the thesis is well written and a lot of work was done. What is missing is the feedback control for which the
hardware was prepared, however, control software was not finished.
The grade that I award for the thesis is B - very good.

Date: June 3, 2024 Signature:
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