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Il. EVALUATION OF INDIVIDUAL CRITERIA

Assignment challenging

How demanding was the assigned project?

The work on the thesis assighment 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 fu |f| | |ed

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 assighment 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 _ excel Ient

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.
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Formal level and language level, scope of thesis B - ve ry 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 _ eXCGI Ient

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.

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.

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

Date: 24.5.2022 Signature:
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Katedra: Katedra kybernetiky
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Narocnost zadani

Zadani popisuje problém korekce hloubkovych dat jakozto podproblém piesné lokalizace a mapovani pii ro-
botické exploraci. Zadani navrhuje detailni postup k metodologickému pristupu k feseni problému. Zadani
neobsahuje pozadavek na resersi odborné literatury a hodnotim jej i proto jako pramérné narocné.

Splnéni zadani

Zadani hodnotim jako splnéné.

Zvoleny postup reseni

Postup feseni byl jiz velmi detailné specifikovan v zadani prace. Studentovo feseni tento postup velmi tzce
sledovalo a povazuji jej tak za spravny, avSak dle mého nazoru mohlo obsahovat vice vlastni realizace
studenta. Prostor pro takovou realizaci by se naSel naptiklad v rozsifeni modelu o penalizaci paprskovych
artefakt v hloubkovych datech, jejichz filtrace je velmi kratce zminéna v kapitole C.1 a je vyhodnocena
jako hlavni faktor zhorsujici piresnost lokalizace pii vyuziti modelu k doplnéni dat.

Formalni a jazykova droven, rozsah prace

Prace je psana citelnou angli¢tinou, avsak obsahuje velky pocet chyb, které mistami brani porozumeéni
textu. Anglicky psany text obsahuje systematické chyby. Piikladem je psani “e.g. text” a ”i.e. text”, jez
se spravné piSe s ¢arkou jako “e.g., text” a 7i.e., text”.

VsSechny rovnice jsou psany Spatné. Nejsou psany jako soucasti véty a neobsahuji ¢islovani. Vétsina
obrazku je formdlné sazena spravné, avsak nékteré nespravné obsahuji redundantni titul (Obr. 1.1, Obr.
2.3, Obr. 4.2, vsechny obrézky v Dop. B), ¢asto s vyrazné nepasujici velikosti pouzitého fontu. Tabulky s
vysledky v Kap. 5 mi pfijdou nesfastné a velmi matouci. Doporucil bych tabulky rozdélit na jednotlivé
Casti a tyto ¢asti 1épe popsat v popisku i v textu. Data v grafech v Dop. B bych doporuéil ofiznout pouze
na jejich doménu bez zbyteéného presahu vné.

Referencovani obrazku, tabulek a sekci je nekonzistentni a ve vétsiné ¢asti prace Spatné. Jednim z
mnoha piikladu je referencovani obrazku na str. 14 (”from the pictures C.6A and C.6b” namisto "in
Figure C.6” piipadné ”in Fig. C.6”). Dalsim piikladem jsou chybéjici nazvy reference na str. 15 ("using
the MSE loss (see 4.2.1)” namisto "using the MSE loss (see Section 4.2.1)”) a nebo na str. 17 (”in the
pipeline C.2”7 namisto “in the pipeline shown in Figure C.2”). Obrazek 4.3 neni v textu referencovan
vubec.

Struktura préce je mistami matouci. Kapitola 4. obsahuje jak popis datasetu, pouzité metriky a balicky
tfetich stran, tak ale i popis navrzenych experimentu a parametru pouzitych metod. Navrzeni experimentu



pasuje mimo tuto kapitolu a zaslouzilo by si vlastni kapitolu, jelikoz se takto velmi dobfe schovalo mezi
zbytek textu. Zbytek kapitoly by pak patiil do tvodu pod kapitolu bézné znamou jako Preliminaries.
Sazeni grafi do Dopliikovych kapitol mi piijde taktéz nestastné. Za lepsi feseni bych povazoval jejich
presun do ptislusnych kapitol a jejich patfiéné referencovani a komentovani.

Rozsah préce je pro bakalaiskou praci v porddku. Kritérium formélni a jazykové drovné hodnotim
stupném D - uspokojiveé.

Odborna troven

Student naimplementoval jak specifikovalo zadani. Prace vyuziva publikovany model pro dopliovani
hloubkovych dat a tento model trénuje na verejné piistupném datasetu pomoci dvou ztratovych funkci, z
nichz Chamfer loss je pravdépodobné pro tuto tlohu pouzita poprvé. Vystup modelu poté student vyuziva
jako vstup do vedoucim-poskytnutého SLAM piistupu a porovnava jeho vystup s ground truth daty. Z
kédu ani z historie vefejného git repozitafe vSak neni pfesné jasné, kterou ¢ast prace udélal student sam
a co je praci vedouciho prace. K odborné urovni vyc¢isluji své poznamky nize.

1. Popis algoritmu ICP na strané 7 ukazuje na nepochopeni algoritmu samotného. Takto psano nemuze
algoritmus fungovat, jelikoz je popsdna pouze jedna iterace a popis na Fadcich 2-5 (navic s neinici-
alizovanymi R’ a t' uvniti sumace na fddku 4.) nedokonverguje, pokud se tedy optimum nenachdzi
v nulovém posunu a jednotkové rotaci, kde pak ale vyuziti ICP postrdda smysl. V navaznosti na
Spatny popis chybi pro ICP typické ukoncovaci kritérium konvergence.

2. Préace debatuje nad vyuzitim strojové uceni v doplnéni hloubkovych dat a jejich néasledné vyuziti
v uloze SLAM. Dosazené vysledky v Kap. 5.2 ukazuji, ze implementované feseni dosahuje horsich
vysledku, nezli vyuziti pouze fidkych dat. V Kap. 6 je diskutovano, ze tento vysledek je pravdépodobné
zpusoben modelem generujicim nedeterministické paprsky (viz. Obr. C.4), jez lze povazovat za Sum.
Pokus o jejich filtraci pomoci bilaterdlniho filtru a nebo ofiznuti vzhledem ke vzdalenosti od zdroje
paprsku je neiucinné. Na zakladé Obr. C.4 vSak pochybuji o spravnosti vyuziti bilateralniho filtru pii
filtraci. I pfesto, ze prava ¢dst obrazku je nezarovnana a chybi popis barevného schéma (domyslim
si, ze zbarveni naznacuje vzdalenost od zdroje ve vertikdlni ose), je v pravé ¢asti obrazku jasné
vidét, ze pouzity filtr data pfiddva, namisto aby je odebiral nebo vyhlazoval. Tato skutetnost mi
napovida o Spatné aplikaci/implementaci filtru jako takového. Jako specifikovany zdroj $patnych
vysledku bych ¢ekal §irsi analyzu feSeni tohoto problému, napiiklad pomoci lokalniho primérovani
a nebo vyuziti minmax filtrace.

3. V préci mi chybi porovnani metody zalozené na strojovém uceni s dobie prostudovanymi metodami
pro interpolaci dat. Velkym piinosem prace by bylo vyuziti interpola¢nich technik (linedrni, kvad-
ratické, atd.) pro doplnéni dat a jejich porovndni s navrzenym pristupem. Obzvlast, kdyz vystup
generativniho modelu je zasumény, jak je prezentovano.

4. Délka uceni v Dop. B je kratka a z grafu lze vycist, ze hodnota trénovaci ztratové funkce v pripadé
Chamfer loss jesté nedokonvergovala. Jaky byl divod k zastaveni uceni?

5. V cislem nespecifikované rovnici na strané 22 je definovana chyba lokalizace jako L = d + «,, kde
d je posun v pozici a «, je jakysi thel rotace. Jednotky nejsou specifikovany a domyslim si tak, ze
se v ramci této metriky scitaji metry a radiany. Taktéz neni definovano o jaky thel rotace se jedna.
Velmi pochybuji o spravnosti této funkce pii zpétném uceni modelu strojového uceni.

6. Dosazené vysledky v Kap. 5.2 vykazuji velké rozdily pii vyuziti plnych a fidkych dat. Doporucil bych
navrzeni experimentu a nebo vyuziti normaliza¢nich technik tak, aby §ly pouzité metody porovnat. V
prezentovaném kontextu jsou vysledky piistupti neporovnatelné, jelikoz produkuji podeziele stejnou
localization accuracy (viz. mé pochybnosti v piedchozim bodé) pfi velmi rozdilnych MAE a RMSE.



Porovnani s publikovanymi daty v Tab. 5.3 je irelevantni, jelikoz probéhlo na jinych datech, jak je
zminéno v textu.

Odbornou troven prace hodnotim stupném D - uspokojivé.

Vybér zdroju, korektnost citaci

Relevantni prace v oblasti jsou citovany a vybér zdroju je korektni. Vice nez polovina referenci je vsak
citovano Spatné — 8 referenci vibec neobsahuje informaci o tom, kde byl ¢lanek publikovan. Nékteré
casopisecké citace obsahuji stranky, jiné zase ne. Stejné tak u konferenénich ptispévki. Online reference
neobsahuji informaci o tom, ze jsou online a ani o datu navstévy webu. Vybér zdroju a korektnost citaci
hodnotim stupném E - dostatecné.

CELKOVE HODNOCENI, OTAZKY K OBHAJOBE, NAVRH KLASIFIKACE

Predlozenou praci hodnotim stupném D - uspokojivé.

Doplnujici otazky
1. Vysvétlete rozdily a pfinosy metod differential SLAM oproti béznym piistuptum k problému SLAM.

2. Popiste princip algoritmu Adam Optimizer a vysvétlete rozdil varianty AdamW Optimizer oproti
varianté Adam. Variantu AdamW jste pouzil ve svém navrzeném FeSeni. Jakym zpusobem jste volil
hodnoty hyperparametru learning rate a weight decay?

3. Popisteé princip zakladni verze algoritmu Iterative Closest Point.

V Praze 30. kvétna 2022

Pavel Petracek



