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Il. HODNOCENI JEDNOTLIVYCH KRITERIi

Zadani mimofadné narocné

Hodnoceni ndroc¢nosti zaddni zdvérecné prdce.

Diplomova prace fesi velmi komplexni tlohu vyvoje senzorické jednotky po strance celkového konceptu, selekce vhodného
hardwarového vybaveni véetné senzor( a navrhu algoritmu fuze dat na komponentni Grovni analyzy a zprovoznéni
jednotlivych senzori i systémové integrace a testovani.

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 zdavaZnost, dopady a
pfipadné i priciny jednotlivych nedostatkd.

Student zadani splnil ve vSech bodech v plné mire

Aktivita a samostatnost pfi zpracovani prace A - vyborné

Posudte, zda byl student béhem reseni aktivni, zda dodrZoval dohodnuté terminy, jestli své reseni priibézné konzultoval a
zda byl na konzultace dostatecné pripraven. Posudte schopnost studenta samostatné tvirci prdce.

Student byl velmi aktivni, samostatné rozpracovaval a predkladal jednotliva dil¢i feSeni, na kterych jsme mohli stavét
vyvijeny systém. Na dohodnuté terminy chodil velmi dobfe pfipraven.

Odborna uroven A - vyborné

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

PfedloZzena prdce je na skvélé urovni. Kde student byl schopen pretavit aktudini teoretické vysledky a aplikovat je na redlny
problém nebojim se Fici pridmyslové Urovné.

Formalni a jazykova uroven, rozsah prace A - vyborné
Posudte sprdavnost pouZivani formdlnich zdpis( obsaZenych v prdci. Posudte typografickou a jazykovou stranku.
Predlozena prace je v anglickem jazyce a plné odpovida rozsahem a formou.

Vybér zdrojti, korektnost citaci A - vyborné

Vyjddrete se k aktivité studenta pri ziskavani a vyuZivani studijnich materidli k reseni zaverecné prdce. Charakterizujte
vybér pramend. Posudte, zda student vyuZil vSechny relevantni zdroje. Ovérte, zda jsou vsechny prevzaté prvky radné
odliseny od viastnich vysledki a uvah, zda nedoslo k poruseni citacni etiky a zda jsou bibliografické citace uplné a v souladu
s citacnimi zvyklostmi a normami.

Student prokazal schopnost pracovat s literaturou, komunikovat s priimyslovymi i akademickymi partnery.

Dalsi komentare a hodnoceni
Vyjddrete se k trovni dosaZenych hlavnich vysledki zavérecné prdce, napr. k trovni teoretickych vysledkd, nebo k drovni a
funkcnosti technického nebo programového vytvoreného reseni, publikacnim vystupim, experimentdini zru¢nosti apod.
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Student se velmi dobfe zorientoval v problematice a dodal feSeni vyuZzivajici poznatky v oblasti senzoriky a kalmanovské
filtrace, navazané na relevantni problematiku s redlnymi experimenty.

IIl. CELKOVE HODNOCENI A NAVRH KLASIFIKACE

Studen se dokazal ve velmi dobfe zorientovat v problematice urcovani polohy a orientace, nejen autonomnich, vozidel.
Proved| praktickou implementaci a analyzu fady senzorickych systémd, od absolutni D-GNSS jednotky, relativnich méreni

v podobé IMU jednotky az po odometrii a vizualni odometrii. Tomas naimplementoval EKF algoritmus pro fuzi senzorickych
dat, ktery je navrzen s ohledem na rliznorodé vzorkovaci periody jednotlivych senzorickych dat, pfipadné i senzory

s neperiodickym mérenim. Dale pripravil celkové prostiedi pro simulaci a testovani vypadk( jednotlivych zdrojl informace.
V neposledni fadé pripravil na zakladé redlnych jizdnich testl a jejich analyzy podklady pro automatickou adaptaci EKF
procesu vzhledem k proménlivé kvalité jednotlivych méreni. Prezentovana prdce je klicovy vysledek, ktery budeme dale
pouZzivat v ramci dalSich projektl v oddéleni.

PredloZzenou zavérecnou praci hodnotim klasifikaénim stupném A - vyborné.

Datum: 25.8.2022 Podpis:
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I. IDENTIFICATION DATA

Thesis title: Autonomous vehicle position data fusion
Author’s name: Bc. Tomas Twardzik

Type of thesis : master

Faculty/Institute: Faculty of Electrical Engineering (FEE)
Department: Control Engineering

Thesis reviewer: Ing. Michal Sojka, Ph.D.

Reviewer’s department: CVUT, CIIRC

Il. EVALUATION OF INDIVIDUAL CRITERIA

Assignment challenging

How demanding was the assigned project?

The project was challenging because the student has to deal with a physical platform and solve real-world engineering
problems. In addition to that, he had to understand several domains (sensors, control theory, ...) and combine the
information from them to one coherent work.

Fulfilment of assighment 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.

| consider the assignment as fulfilled. Although the student mentions, that some parts of the solutions are limited or
exhibit some problems, the amount of work done is extraordinary and the results are convincing.

Methodology outstanding

Comment on the correctness of the approach and/or the solution methods.

The student first studied the technologies of the respective sensors and described them in great detail, including
interesting facts about which sensors are currently used by key industrial players. Then he described theoretical basis of
data fusion algorithms. The practical part builds on the theoretical one and describes how the sensors and algorithms are
used on the developed platform. The author derives the mathematical model of the car and designs an Extended Kalman
Filter for it. Finally, the implementation is evaluated on the data from the real vehicle.

Technical level A - excellent.

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

The technical level corresponds to what | would expect in such a kind of work. | do not see significant problems. However,
some parts could improved:

*  For example, the author describes, that he modified operating system configuration and startup scripts, but there
are no any details what was modified and how. People working on the project in the future might benefit from
having that documented.

* Additionally, the description of system model in Chapter 8 could be improved. The state vector is first defined in a
paragraph text an subsequent sections are slightly harder to follow. For example, it is not clear how the author
“injects precise measurement of heading from HM GNSS receiver”.

* Finally, at a few places, e.g. Figs. 7.3 and 8.4, the author presents some results, without any conclusion. The
reader has to interpret the figures themselves and guess, which method provides better results.

Formal 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 thesis is written in good English and typeset with LaTeX, thus having good look. Language-wise, sometimes the author

uses informal language (“I have tossed the term”, “crudely divided”, “little to none”). The thesis is longer than is usual (156
pages), but most of the content is interesting. With some effort, the text could be shortened, without loosing any
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information; especially the Introduction chapter is unnecessarily wordy. From the typographical perspective, the author

“w n

should learn the difference between the inch character "..." and quote characters “..."”.

Selection of sources, citation correctness A - excellent.

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 thesis references over 90 sources and cites them well.

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.

| appreciate that the student has participated in writing two papers published at recognized conferences.

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. Pose questions that should be answered
during the presentation and defense of the student’s work.

The student conducted huge amount of work, from technology/literature review, over construction of mechanical
parts to designing algorithms, implementing and evaluating them. All this is well described in the thesis and the
results appear functional. The author acknowledges few limitations, perhaps the most significant is inability to run
his algorithm on the vehicle in real-time. However, the thesis will definitely allow other students to continue in
this work and complete the missing pieces.

| have the following questions for the student:

*  Your GPS antennas are equipped with circular metal plates. Can you quantify how it improves the quality
of received signals and quality of localization?

* You mention, that using a Wireguard VPN adds 30 ms of latency to RTCM data. How is the GNSS accuracy
influenced by those RTCM communication latencies? Which latencies are acceptable? Is the use of public
mobile internet (via 3G/4G/5G) sufficient w.r.t. achieved latencies?

*  What do you think is the biggest complication in implementing your EKF for use in real-time on the
vehicle platform?

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

Date: 26.8.2022 Signature:
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