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1. HODNOCENI JEDNOTLIVYCH KRITERI{

Zadani primérné naroéné
Hodnoceni ndrolnosti zaddni zdvérecné price.

Student se seznamil s relevantni literaturou, middlewarem ROS, simulatorem pro testovani metod autonomniho
robotického prizkumu ze soutéZe DARPA Subterranean Challenge, implementoval a vyhodnotil navrzenou
metodu detekce prizkumnych cilG v bodové mapé.

Splnéni zadani spInéno s mensimi vyhradami
Posudte, zda predloZend zdvéreénd prdce spliiuje zaddni. V komentdri pfipadné uvedte body zaddni, které nebyly zcela
splnény, nebo zda je prdce oproti zaddni rozsitena. Nebylo-li zaddni zcela spinéno, pokuste se posoudit zdvaznost, dopady a

_pfipadné i pFiciny jednotlivych nedostatkd. - ]
Cast tykajici se porovnani vyhod a nevyhod detekce cildi v bodové reprezentaci namisto v objemové (voxelové)
reprezentaci mohla byt podrobnéjsi a obsahovat napf. porovnani doby béhu danych implementaci, pfipadné
nastinit rozdily ve vypocetni sloZitosti. Cast hodnoceni v simulatoru neobsahuje kvantitativni vysledky.

Aktivita a samostatnost p¥i zpracovani prace B - velmi dobfe

vy v

Posudte, zda byl student béhem FeSeni aktivni, zda dodrZoval dohodnuté terminy, jestli své feseni pribézné konzultoval a zda
byl na konzultace dostatecné pfipraven. Posudte schopnost studenta samostatné tvirdi prdce.

Student zadani resil samostatné, vysledky priibéZné konzultoval; postup ale mohl byt rychlejsi, coz by také dovolilo rozsitit
vysledkovou ¢ast.

Odborna droveii B - velmi dobfe

Posudte urover odbornosti zdvéreéné prdce, vyuZiti znalosti ziskanych studiem a z odborné literatury, vyuZiti podkladti a dat
Ziskanychzpraxe. = e e
Prace je na dobré odborné Grovni, vyuZiva znalosti ziskané studiem a z odborné literatury. N&které ¢asti jsou zbytetné
strucné (souvisejici literatura), pfipadné jim do Uplnosti néco chybi (porovnani bodové a objemové metody, kvantitativni
vysledky ze simulatoru).

Formalni a jazykova Groven, rozsah prace B - velmi dobfe
Posudte sprdvnost pouZivdni formdlnich zdpisu obsaZenych v prdci. Posudte typografickou a jazykovou strdnku.

Prace je itelna a na dobré jazykové Grovni (v angl. Jazyce), aviak obsahuje obcasné preklepy a drobné nedostatky, které
srozumitelnost sniZujl.
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Vybér zdroji, korektnost citaci C - dobie

Vyjddrete se k aktivité studenta pfi ziskdvdni a vyuZivdni studijnich materidl k feSeni zdvéreéné prdce. Charakterizujte vybér
pramentl. Posudte, zda student vyuZil viechny relevantni zdroje. Ovéfte, zda jsou viechny pFevzaté prvky Fadné odliseny od
vlastnich vysledkt a tivah, zda nedoslo k poruSeni citaéni etiky a zda jsou bibliografické citace Upiné a v souladu s citacnimi
zvyklostmi a normami. o B -
Student cituje relevantni literaturu vzhledem k Géelu prace. Uplna reserse oblasti autonomni explorace byla mimo ramec

této prace. Bibliografické Gdaje jsou GipIné, Fazeni v seznamu literatury véak neni ani abecedni ani podle vyskytu v textu.

Ill. CELKOVE HODNOCENI A NAVRH KLASIFIKACE
Shriite aspekty zdavérecné prdce, které nejvice ovlivnily Vase celkové hodnoceni.

Prace pfedstavuje metodu vybéru cilG pro autonomni roboticky prizkum neznamého prostiedi. Vyhodou
predstaveného feseni jednoduchost a vypocetni nenaroc¢nost pramenici mimo jiné z mozného vyuziti mapy
stavéné v lokalizaénim algoritmu.

PredloZzenou zavére¢nou praci hodnotim klasifikanim stupném B - velmi dobfe.

Datum: 25. srpna 2021 Podpis:
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I. IDENTIFICATION DATA

Thesis title: Autonomous Robotic Exploration of Underground Environments
Author’s name: Lars Kahlert

Type of thesis : bachelor

Facuity/Institute: Faculty of Electrical Engineering (FEE)

Department: Department of Cybernetics

Thesis reviewer: Ing. Matéj Petrlik

Reviewer's department: Multi-robot Systems Group

Il. EVALUATION OF INDIVIDUAL CRITERIA

Assignment ordinarily challenging

How demanding was the assigned project?

The task of autonomous robotic exploration should be solved in the assigned pro;ect Such a task is demandlng inits
complexity as there are many sub-problems that need to be solved. Moreover, the developed method must be general
enough to work in environments with different scale and geometry. Nevertheless, this work solves only the first step of
autonomous exploration - the detection of frontiers in the current environment map.

Fulfilment of assignment fulfilled with major objections
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. o
The thesis aims to design, implement and verify a method for solving the task of autonomous robotic exploratlon with a
focus on identifying suitable exploration goals. The result of this work is a method for finding edges of point clouds that
would probably lead to the expansion of the known space if the robot could reach these edge points. The work does not
discuss obtaining valid exploration (navigation) goals from whose positions the known space could be expanded.

Methodology partially applicable

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

The frontier is defined as the boundary between the open and unknown space at the beglnnmg of chapter 2. On the other
hand, the proposed method identifies the boundary between occupied and unknown space. This is a significant difference,
which affects other parts of autonomous exploration, most notably the exploration goals selection and planning paths to
them, This deviation from the standard definition of a frontier should have been highlighted much sooner than in the
chapter with experiments, ideally in the introduction. A discussion of the consequences of this unconventional frontier
definition for autonomous exploration should follow for the methodology to be correct.

Technical level B - very good

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 is very good. The proposed methods are first evaluated quan‘atatlvely on an artificially prepared
dataset using standard techniques for classifier evaluation. Optimal parameter values of the classifier and three methods
for the filtration of false positives are found using the same methodology. The proposed method is then compared to a
voxel-based method. This comparison is only qualitative but is supported by a discussion of pros and cons.

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?

Both formal and language levels are decent with only a few minor issues. The captions in the List of ﬁgures should be
shorter with omitted details and parameters. The tables are missing units of values. The r symbol in section 3.2 does not
represent units but a variable. Figure 3.7 (a) looks like it was generated for T=0.001 instead of 0.01 as stated in the
caption. The thesis is shorter, and especially the introductory chapter could have been more extensive with longer
motivation and related works sections.
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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? oo
The sources are cited correctly. The work contains only nine references, which | do not consider sufficient for a bachelor
thesis. The reference [7] misses spaces between words. Section 1.2 - Related works contains only one paragraph with four
citations. More detailed research of state of the art would definitely benefit this work.

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.

No additional comments.

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 thesis is less extensive with good technical and formal levels. The unconventional definition of frontiers as the
border between occupied and unknown space raises questions of suitability for autonomous exploration. The
student should answer the following questions as part of his defense:

1) How can suitable exploration goals be obtained from the frontiers? Can the sensor mode! (LIDAR, 3D camera)
be used in the process?

2) In section 3.3.1, you claim that with increasing r, the positive classification zone expands. Does this mean that
the false positive rate rises? From the ROC curves in figure 3.3, it appears that increasing r leads to a lower false
positive rate for the same true positive rate. Please explain this inconsistency.

The grade that | award for the thesis is C - good.

Date: 27.8.2021 Signature:
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