Review of Dissertation Thesis
Sematic Segmentation in Long-term Visual Localization

submitted by Lukas Bures
at the Faculty of Applied Sciences, ZCU in Pilsen

The thesis was completed in 2022. It is written in English and has 154+ pages.
Scientific background of the thesis:

Image processing and pattern recognition is a well-established branch of modem
computational science and sematic segmentation is one of its subareas. At present, the
automatic keypoint filtering approach based on semantic segmentation information has
wide commercial use and Lukas Bured decided to focus on developing and testing methods
and algorithms which would be applicable in this task.

Main objectives of the work:

In his thesis, Luka% Bure§ focuses on five goals: 1) to select a suitable dataset for
evaluation of long-term visual localization, 2) to enhance parameter settings to achieve
better results for the selected benchmarking dataset, 3) to preprocess images for keypoint
masking in the task of long-term visual localization, 4) to make a fusion of training
information for boost performance, 5) to remove keypoints that are not valuable and helpful
for matching. '

The state-of-the art is described well in the thesis. In the introductory part (Chapter 2),
the author describes the visual features. The goals of the dissertation thesis are briefly
presented in Chapter 3. The Chapter 4 is about detectors and descripiors relevant to this
work. In chapter 5, Luké§ Bure¥ describes several datasets that could be used in the task of
sematic segmentation. Chapter 6 deals with the actual task of long-term visual localization
analysis. Parameter tuning experiments are describes in Chapter 7 and experiments with
semantic segmentation are presented in Chapter 8. Chapter 9 is focused on SuperPoint
training experiments. In Chapter 10 is presented keypoint filtering and all achieved results
are clearly summarized in Conclusion (Chapter 11). I especially appreciate that chapters
5.10 end with a scction Summary or Discussion. This division of the dissertation
significantly improves the reading of such a large work.

Methods and methodology: _

The thesis demonstrates that Luk4s Bure$ has become familiar with all the basic
concepts and algorithms used in image/signal processing and recognition. All described
methods and algorithms are well designed and it is shown from the results that they are
useful and robust for sematic segmentation.

Results and achievements:

In his thesis, Luk4$ Bures presents results from several experiments for demonstration
of his system for semantic segmentation in long-term visual localization. In my opinion,
the author of this thesis has done a lot of research work, obtained interesting results and
proposed several original methods or ideas, e.g.: 1) The newly achieved results were
obtained by carefully fine-tuning parameters of HLoc pipeline. The achieved resulis
outperform all other methods and approaches. 2) The dynamic objects generate only
unmatchable keypoints and, therefore, can be removed. 3) The new approach of dynamic
keypoints filtering is based on semantic segmentation information. The approach
outperforms the current state-of-the-art results for selected datasets. Tt can thus be said that
the stated objectives have been well addressed.




The results which are shown in tables and graphs are good enough and it appears that it
will be possible to use this system in real conditions. Otherwise the results are presented
clearly, with detailed description and discussion, and they are well illustrated by many
images, graphs and tables. The only weakness of the whole dissertation thesis is the
Bibliography section. I didn't find any single reference to the author's work. that would be
relevant to the submitted dissertation thesis.

Scientific contribution of the thesis:

The algorithms and methods for semantic segmentation (preprocessing etc.) appears
useful. The results achieved in this dissertation thesis outperform the current state-of-the-
art or they are at least comparable. The text of the thesis is clear, well organized and
contains minimum typos.

As to Lukas§ Bure§ publishing activity: So far, his list of papers (which is not a part of
the dissertation, but it was sent to me afterwards) contains 12 already published conference
or journal papers more or less relevant to his thesis and 8 other works. Six of them are
indexed in the ISI - Web of Knowledge database. Two papers are journal publications,
where Lukas Buref is the main author of one journal paper. This clearly shows that his
research has been known to the community.

Conclusion:

The author of the thesis proved to have an ability to perform research and to achieve original
scientific results. I recommend the thesis for presentation with aim of receiving the degree
of Ph.D.

Questions:

1) Page 77: Upsizing smaller images to 1600 pixels on the longer side could detect
more robust keypoints. I haven't seen the input data, but isn't it because a non-
negligible amount of the images in the dataset are larger than. (or the same as) 1600
pixels on the longer side?

2) It is written in the dissertation that the tuned HLoc pipeline with tuned parameters
yielded new state-of-the-art results and it outperforms the original HLoc by 0.1%
in the most accurate localization threshold. Ts it just a coincidence? Has any test of
statistical significance been done?
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Oponentni posudek na disertaéni praci s ndzvem: Sémanticka segmentace v dlouhodobé vizualni
lokalizaci vypracovanou Ing. Lukaem Bureem.

Disertani prace popisuje praci studenta v oblasti vizualni lokalizace obrazu. Motivace a cile prace jsou
stanoveny logicky a vychdzi z mezer vsoufasném stavu poznani. Price srozumitelng a piehledng
popisuje hlavni metody vyuZivané pro vizuéIni lokalizaci a viechny jednotlivé kroky, jako tieba detekci
klicovych bodl. Obecnym cilem price bylo aplikovdni sémantické segmentace pro detekci
dynamickych objektli {(vozidel a osob) kfiltraci kli€ovych bodé pouzitych pro samotnou lokalizaci.
Tohoto cile bylo prokazatelng dosaZeno a metody byly otestovény na standardizovanych datovych
sadach. Prace je vyznamna pro obor vizuain{ lokalizace, nebof pfinai aplikaci vlastni miyslenky, snadno
vyuZitelné v jiZ viceméné standardizovaném procesu vizualni lokalizace.

P¥inos prace vidim pfedevsim v aplikaci sémantické segmentace p¥i detekei kli€ovych bodd v obraze.
Metoda sémantické segmentace byla aplikovana jako filtrace klitovych bod, které detektor nachdzi
na dynamickych objektech ve scéné. Student prokazal, fe aplikovanim metody na obrazy, které
obsahuji vétdi mnoZstvi dynamickych objektd dojde ke statisticky vyznamnému Zlepseni vysledkd
vizudlni. lokalizace. Sougasné bylo prokazdno, ¥e na obrazcich s nizkym zastoupenim dynamickych
objekti nedochdzi pfi aplikaci metody ke zhoreni vysledka.

Ladéni parametrl implementaci jednotlivych dil&ich Fedeni (neuronovych siti) povaZuji za prlnosne ale
spiSe za standardni proces vyvoje souvisejici s implementacf hlavni mys$lenky autora.

Ly

Metodika pouZitd pro dosaZeni fe3eni vybraného problému odrad¥f aktudlni poznatky v oblasti vizualni
lokalizace. Z pohledu zpracovani dat se jednd o aplikovany piistup, kdy student vyuziva existujicich
feSeni, oviem pro dosaZeni jeho vlastni inovativni aplikace. Student prokazal znalosti ze sémantické
segmentace, detekce kliCovych bodil a samotnych hlubokych neuronovych siti.

Prace samotna je pfehledné tlenéna a popis jednotlivych &sti je dostatujici. Student zvolil logickou
strukturu a vhodnou Uroveri detailtl pfi popisu aktudlnich metod. Odstavce s diskusi, které jsou
zafazeny po kaZdé logické casti prace se zddlo byt v pogatku velmi dobré Fegeni, oviem na konci prace
bych ocenil jeden uceleny odstavec obsahujici celkovou diskusi prace. V rdmci diskuse postradam
informaci o Casové nédrotnosti metody. Autor sice uvadi, e vizualni lokalizace typicky nepracuje

v redlném Case oviem Casovou ndroénost vypottu je uréité vhodné komentovat.

V préci bohuZel neni uveden ptehled publikaéni &innosti studenta. Na WOS isem nalezl pét zaznami
pro vyhledavani Luka$ Bured. TH z nich jsou relevantni k pfedkladané disertaéni praci studenta. Ve
viech tfech je student prvnim autorem. Clanky jsou publikovany jako ptispévky na konferencich
SPECOM a ICR. Na WOS spadaji pfispévky do kategorie Q4. Dale jsem nalezl t¥#i daléi prace, na kterych
se student podilel, a které byly také publikovany jako konferenéni piispévky. Vzhledem k formdtu
publikovanych &lank( a Gcastech na zahranicnich konferencich student spliuje poZadavky kladene na
védeckou Cinnost. Bylo by vhodné uvést seznam publikaci v samotné disertaéni praci.

Student disertalni praci a ostatnimi publikacemi prokézal schopnost védecké préce, jeji prezentace a
publikovéni. Ocefiuji, Ze student nejen e otestoval svou vlastni myslenku, kterd vedla k pfekonani
vysledkil stdvajictho pozndni, ale Ze implementoval postup jako softwarové nastroje vyuiitelné
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odbornou vefejnosti. Cile disertaéni prace shledavin jako splnéné. Z tohoto divedu deporuéuji

disertacni praci k obhajobé.

Otazky:

1) Uvedte informaci o Casové narocnosti implementovaného postupu. Predeviim v porovnani
s postupem bez sémantické segmentace.

2} Pii ptipravé posudku jsem narazil na tento élanek (Erik Stenborg, Carl Toft, Lars
Hammarstrand, Long-term Visual Localization using Semantically Segmented
Imagehttps://arxiv.org/abs/1801.05269). lak prace studenta souvisi nebo se odliSuje od této

prace?

3) Za dynamické objekty jsou v praci povazovani lidé a automobily. Pokud jsem z popisu dobfe
pochopil, bylo experimentovédno i s vyuiitim detekce stromd. Z jakého divodu neni zelefi
zafazena do dynamickych objekt(?

Ceské Velenice 28.6.2022
Ing. Petr Cisaf Ph.D.
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