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I. IDENTIFICATION DATA 

Thesis title:  Machine Learning for Robotic Exploration 
Author’s name: Jáchym Staněk 
Type of thesis : bachelor 
Faculty/Institute: Faculty of Electrical Engineering (FEE) 
Department: Department of Cybernetics 
Thesis reviewer: Ruslan Agishev 
Reviewer’s department: Department of Cybernetics 

 
II. EVALUATION OF INDIVIDUAL CRITERIA 

Assignment challenging 
How demanding was the assigned project? 
The work on the thesis assignment required from the student to have knowledge in such fields as neural networks and 
dense SLAM (in robotics). The student should not only to have general theoretical background in the topics, but also to 
apply them to real engineering tasks. The following main skills were needed: processing of noisy sensory data (RGB-D and 
point clouds), usage of deep learning frameworks to train neural networks for depth image completion, applying 
coordinate transformations, usage of ROS (robotics framework) for sensory and coordinate data propagation and 
visualization. 

 

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. 

The primary goal (development of the Depth Completion module) of the assignment was completed. The module was 
implemented as a depth completion neural network. The proper data set was chosen (KITTI depth completion) and the 
network was trained with the help of the target differentiable SLAM pipeline. In addition, a desired loss function was used 
(for the calculation of reconstruction error, we utilized Chamfer loss). The localization error function was also 
implemented and required experiments with it were conducted. However, it didn’t give promising results. That’s why only 
the reconstruction loss was chosen in the final implementation. 
The last task that was studied in the work is effect of the designed Depth Completion module on SLAM performance. 
Mapping part (reconstruction) was improved as a result. Localization was not improved, and this result was explained in 
the thesis and supported by necessary experiments. 

 

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. 

From the beginning of the work on the thesis, regular weekly meetings were established to monitor the progress as well as 
to discuss next steps to achieve long- and short-term goals. The student was prepared for each meeting and had relevant 
questions. The work was done gradually without major delays or problems. 

 

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? 
Although before completion of the thesis several topics related to the project were new for the student (dense SLAM, 
working with ROS), he was able to learn the necessary theory and apply the expertise to the assignment. Additional tools 
for progress tracking and documentation were used during the work on the project (like the version control system 
GitHub). This turned out to be a good practice for the student to communicate intermediate progress. 



THESIS SUPERVISOR’S REPORT 

 

2/2 

 

 

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 student proved to have reasonable English writing skills with minor issues. The necessary technical terms were used in 
correct way and in proper context. All required components and conducted experiments were described, as well as a 
description of SOTA works and motivation to tackle the problem were given in the thesis. 
However, due to involvement of several components and tools (depth completion network, differentiable SLAM, noisy 
sensory data processing, etc.) required to solve the assignment, the overall description of the system in the thesis is 
slightly difficult to understand for a reader. 

 

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 relevant works were cited for each sub-topic involved in the project. In general, the bibliographic citations meet the 
standards. However, works describing a general pipeline to approach the assignment were not described In the thesis. This 
could be considered as the supervisor’s mistake. 

 

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. 
The student showed to have proper personal motivation and dedication to work on the project. Possible future work on 
the project was discussed, and a publication target was established. 

 
 
 

 

 

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

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

The grade that I award for the thesis is A - excellent.   
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Náročnost zadáńı

Zadáńı popisuje problém korekce hloubkových dat jakožto podproblém přesné lokalizace a mapováńı při ro-
botické exploraci. Zadáńı navrhuje detailńı postup k metodologickému př́ıstupu k řešeńı problému. Zadáńı
neobsahuje požadavek na rešerši odborné literatury a hodnot́ım jej i proto jako pr̊uměrně náročné.

Splněńı zadáńı

Zadáńı hodnot́ım jako splněné.

Zvolený postup řešeńı

Postup řešeńı byl již velmi detailně specifikován v zadáńı práce. Studentovo řešeńı tento postup velmi úzce
sledovalo a považuji jej tak za správný, avšak dle mého názoru mohlo obsahovat v́ıce vlastńı realizace
studenta. Prostor pro takovou realizaci by se našel např́ıklad v rozš́ı̌reńı modelu o penalizaci paprskových
artefakt̊u v hloubkových datech, jejichž filtrace je velmi krátce zmı́něna v kapitole C.1 a je vyhodnocena
jako hlavńı faktor zhoršuj́ıćı přesnost lokalizace při využit́ı modelu k doplněńı dat.

Formálńı a jazyková úroveň, rozsah práce

Práce je psána čitelnou angličtinou, avšak obsahuje velký počet chyb, které mı́stami bráńı porozuměńı
textu. Anglicky psaný text obsahuje systematické chyby. Př́ıkladem je psańı ”e.g. text” a ”i.e. text”, jež
se správně ṕı̌se s čárkou jako ”e.g., text” a ”i.e., text”.

Všechny rovnice jsou psány špatně. Nejsou psány jako součást́ı věty a neobsahuj́ı č́ıslováńı. Většina
obrázk̊u je formálně sazena správně, avšak některé nesprávně obsahuj́ı redundantńı titul (Obr. 1.1, Obr.
2.3, Obr. 4.2, všechny obrázky v Dop. B), často s výrazně nepasuj́ıćı velikost́ı použitého fontu. Tabulky s
výsledky v Kap. 5 mi přijdou nešt’astné a velmi matoućı. Doporučil bych tabulky rozdělit na jednotlivé
části a tyto části lépe popsat v popisku i v textu. Data v grafech v Dop. B bych doporučil oř́ıznout pouze
na jejich doménu bez zbytečného přesahu vně.

Referencováńı obrázk̊u, tabulek a sekćı je nekonzistentńı a ve většině části práce špatně. Jedńım z
mnoha př́ıklad̊u je referencováńı obrázk̊u na str. 14 (”from the pictures C.6A and C.6b” namı́sto ”in
Figure C.6” př́ıpadně ”in Fig. C.6”). Daľśım př́ıkladem jsou chyběj́ıćı názvy reference na str. 15 (”using
the MSE loss (see 4.2.1)” namı́sto ”using the MSE loss (see Section 4.2.1)”) a nebo na str. 17 (”in the
pipeline C.2” namı́sto ”in the pipeline shown in Figure C.2”). Obrázek 4.3 neńı v textu referencován
v̊ubec.

Struktura práce je mı́stami matoućı. Kapitola 4. obsahuje jak popis dataset̊u, použité metriky a baĺıčky
třet́ıch stran, tak ale i popis navržených experiment̊u a parametr̊u použitých metod. Navržeńı experiment̊u



pasuje mimo tuto kapitolu a zasloužilo by si vlastńı kapitolu, jelikož se takto velmi dobře schovalo mezi
zbytek textu. Zbytek kapitoly by pak patřil do úvodu pod kapitolu běžně známou jako Preliminaries.
Sazeńı graf̊u do Doplňkových kapitol mi přijde taktéž nešt’astné. Za lepš́ı řešeńı bych považoval jejich
přesun do př́ıslušných kapitol a jejich patřičné referencováńı a komentováńı.

Rozsah práce je pro bakalářskou práci v pořádku. Kritérium formálńı a jazykové úrovně hodnot́ım
stupněm D - uspokojivě.

Odborná úroveň

Student naimplementoval jak specifikovalo zadáńı. Práce využ́ıvá publikovaný model pro doplňováńı
hloubkových dat a tento model trénuje na veřejně př́ıstupném datasetu pomoćı dvou ztrátových funkćı, z
nichž Chamfer loss je pravděpodobně pro tuto úlohu použita poprvé. Výstup modelu poté student využ́ıvá
jako vstup do vedoućım-poskytnutého SLAM př́ıstupu a porovnává jeho výstup s ground truth daty. Z
kódu ani z historie veřejného git repozitáře však neńı přesně jasné, kterou část práce udělal student sám
a co je praćı vedoućıho práce. K odborné úrovni vyč́ısluji své poznámky ńıže.

1. Popis algoritmu ICP na straně 7 ukazuje na nepochopeńı algoritmu samotného. Takto psáno nemůže
algoritmus fungovat, jelikož je popsána pouze jedna iterace a popis na řádćıch 2-5 (nav́ıc s neinici-
alizovanými R′ a t′ uvnitř sumace na řádku 4.) nedokonverguje, pokud se tedy optimum nenacháźı
v nulovém posunu a jednotkové rotaci, kde pak ale využit́ı ICP postrádá smysl. V návaznosti na
špatný popis chyb́ı pro ICP typické ukončovaćı kritérium konvergence.

2. Práce debatuje nad využit́ım strojové učeńı v doplněńı hloubkových dat a jejich následné využit́ı
v úloze SLAM. Dosažené výsledky v Kap. 5.2 ukazuj́ı, že implementované řešeńı dosahuje horš́ıch
výsledk̊u, nežli využit́ı pouze ř́ıdkých dat. V Kap. 6 je diskutováno, že tento výsledek je pravděpodobně
zp̊usoben modelem generuj́ıćım nedeterministické paprsky (viz. Obr. C.4), jež lze považovat za šum.
Pokus o jejich filtraci pomoćı bilaterálńıho filtru a nebo oř́ıznut́ı vzhledem ke vzdálenosti od zdroje
paprsku je neúčinné. Na základě Obr. C.4 však pochybuji o správnosti využit́ı bilaterálńıho filtru při
filtraci. I přesto, že pravá část obrázku je nezarovnána a chyb́ı popis barevného schéma (domýšĺım
si, že zbarveńı naznačuje vzdálenost od zdroje ve vertikálńı ose), je v pravé části obrázku jasně
vidět, že použitý filtr data přidává, namı́sto aby je odeb́ıral nebo vyhlazoval. Tato skutečnost mi
napov́ıdá o špatné aplikaci/implementaci filtru jako takového. Jako specifikovaný zdroj špatných
výsledk̊u bych čekal širš́ı analýzu řešeńı tohoto problému, např́ıklad pomoćı lokálńıho pr̊uměrováńı
a nebo využit́ı minmax filtrace.

3. V práci mi chyb́ı porovnáńı metody založené na strojovém učeńı s dobře prostudovanými metodami
pro interpolaci dat. Velkým př́ınosem práce by bylo využit́ı interpolačńıch technik (lineárńı, kvad-
ratické, atd.) pro doplněńı dat a jejich porovnáńı s navrženým př́ıstupem. Obzvlášt’, když výstup
generativńıho modelu je zašuměný, jak je prezentováno.

4. Délka učeńı v Dop. B je krátká a z graf̊u lze vyč́ıst, že hodnota trénovaćı ztrátové funkce v př́ıpadě
Chamfer loss ještě nedokonvergovala. Jaký byl d̊uvod k zastaveńı učeńı?

5. V č́ıslem nespecifikované rovnici na straně 22 je definována chyba lokalizace jako L = d + αx, kde
d je posun v pozici a αx je jakýsi úhel rotace. Jednotky nejsou specifikovány a domýšĺım si tak, že
se v rámci této metriky sč́ıtaj́ı metry a radiány. Taktéž neńı definováno o jaký úhel rotace se jedná.
Velmi pochybuji o správnosti této funkce při zpětném učeńı modelu strojového učeńı.

6. Dosažené výsledky v Kap. 5.2 vykazuj́ı velké rozd́ıly při využit́ı plných a ř́ıdkých dat. Doporučil bych
navržeńı experiment̊u a nebo využit́ı normalizačńıch technik tak, aby šly použité metody porovnat. V
prezentovaném kontextu jsou výsledky př́ıstup̊u neporovnatelné, jelikož produkuj́ı podezřele stejnou
localization accuracy (viz. mé pochybnosti v předchoźım bodě) při velmi rozd́ılných MAE a RMSE.



Porovnáńı s publikovanými daty v Tab. 5.3 je irelevantńı, jelikož proběhlo na jiných datech, jak je
zmı́něno v textu.

Odbornou úroveň práce hodnot́ım stupněm D - uspokojivě.

Výběr zdroj̊u, korektnost citaćı

Relevantńı práce v oblasti jsou citovány a výběr zdroj̊u je korektńı. Vı́ce než polovina referenćı je však
citováno špatně — 8 referenćı v̊ubec neobsahuje informaci o tom, kde byl článek publikován. Některé
časopisecké citace obsahuj́ı stránky, jiné zase ne. Stejně tak u konferenčńıch př́ıspěvk̊u. Online reference
neobsahuj́ı informaci o tom, že jsou online a ani o datu návštěvy webu. Výběr zdroj̊u a korektnost citaćı
hodnot́ım stupněm E - dostatečně.

CELKOVÉ HODNOCENÍ, OTÁZKY K OBHAJOBĚ, NÁVRH KLASIFIKACE

Předloženou práci hodnot́ım stupněm D - uspokojivě.

Doplňuj́ıćı otázky

1. Vysvětlete rozd́ıly a př́ınosy metod differential SLAM oproti běžným př́ıstup̊um k problému SLAM.

2. Popǐste princip algoritmu Adam Optimizer a vysvětlete rozd́ıl varianty AdamW Optimizer oproti
variantě Adam. Variantu AdamW jste použil ve svém navrženém řešeńı. Jakým zp̊usobem jste volil
hodnoty hyperparametr̊u learning rate a weight decay?

3. Popǐstě princip základńı verze algoritmu Iterative Closest Point.

V Praze 30. května 2022

Pavel Petráček


