Posudek na doktorskou praci Ing. Lukase Hrudy

Symmetry detections in Geometric Models

PredloZena doktorské prace se zabyva pfibliznymi a numerickymi metodami
pro hledani symetrii v rozmanitych souborech geometrickych dat. Znalost
symetrie vySetfovaného objektu ma fadu praktickych aplikaci v pocitadove
grafice, umoZfiuje napf. rekonstrukci netplnych plivodné symetrickych objektd,
kompresi dat &i symetrickou editaci. Ing. Luka§ Hruda vyvinul zejména takové
numerické algoritmy, které hledaji pfedpokladanou symetrii. Témata, jimiZ se
doktorskd prace zabyva, rozhodné patii mezi aktualni problémy soucasné
aplikované matematiky a informatiky. Vytéeny cil byl jednoznacné splnén.

Vlastni dizertace je dosti obsahld. Ma 184 stran, které jsou rozdéleny do
deviti kapitol. Jejich obsah lze velice struéné charakterizovat takto:

Na zadatku doktorské prace je podrobny tivod do vySetfovane problematiky a
té7 jsou zde popsény jeji rozliéné technické aplikace. Druha kapitola je
vénovéna predevsim definicim riznych typl symetrii (napf. translacni symetrie
a jeji kombinace s dal3imi symetriemi). T¥eti kapitola se zabyva zrcadlovou a
rotaéni symetrii a jejich zobecnénimi. Ctvrta kapitola pojednava o metodach pro
hledani symetrii povrchu vySetfovanych objekt. V paté kapitole se Ing. Hruda
zabyva mj. dudlnimi reprezentacemi v trojrozmémém eukleidovském prostoru.
Sesta kapitola je v&novana velice dileZitym otdzkdm miry symetrie, tj. jak
odchylky od pfesné symetrie méfit. Sedma kapitola se zabyva detekei rotacni
symetrie pomoci t&lesa kvaterniond a zrcadlové symetrie. Tato kapitola obsahuje
nejvice piivodnich vysledkl a povaZuji ji za nejzdarilejsi. V osme kapitole se
probiraji nékterd specidlni témata, jako napfiklad detekce lokélni zrcadlové
symetrie. Devata kapitola je vénovana zaveérim.

Néasleduji pfilohy zaméfené na zhodnoceni vlastniho pfinosu ke téem
publikacim ptisp&vkél z mezindrodnich konferenci a tfem publikacim
v impaktovanych &asopisech. Na né dizertant ziskal jiZ nékolik citaci (bez
autocitaci spoluautori). Déle je popséna ucast ve veédeckych projektech,
prednaskova &innost na konferencich, je uveden A-index 2 aj.

V americké databazi Mathematical Reviews je evidovéan ¢lanek Ing. Hrudy
publikovany se tfemi spoluautory v prestiZnim <Casopise Computer Aided
Geometric Design z roku 2022. Eviduje jej i evropska databdze Zentralblatt fiir
Mathematik a databaze Scopus.

Efektivita navrhovanych metod je v dizertaci ilustrovana na fadé numerickych
testl, které jsou doplnény ndzornymi grafy, tabulkami a obrazky. Sestaveni
pfislusnych programil si jist¢ vyzadalo obrovské usili a svédei o vyborné
programatorské zruénosti Ing. Hrudy.




Doktorskd prdace je napséna velice srozumitelné, mimofadné peclivé a ma
logické fazeni. Piekvapilo mé vsak, Ze jsem v ni nenalezl pojem grupa, protoze
symetrie ve fyzice, v pfirodé i matematice jsou popsany pravé pomoci teorie
grup. Na str. 38 se pfesto objevuje symbol Lieovy grupy SE(3), ale neni zde
feCeno, co tento symbol znamend. Dizertaéni price je napsana velice dobrou
angliétinou a neobjevil jsem v ni Zadné pieklepy.

Mam jen nékolik drobnych a terminologickych pfipominek. Namisto ,,whole
number” (viz str. 6) by bylo vhodnéjsi pouzit termin ,,integer number*. Pro
transpozici matice R na str. 44 by se mél pouzivat zavedeny pfikaz \top misto
horniho indexu 7, aby nedochdzelo ke kolizi znadeni s transformaci 7. Funkce
sin, cos, arccos, min, diag,... se standardné pisi stojatym fontem (srov. napf. str.
80 a 131). Cisla se obvykle pi3i stojaté (antikvou) a proménné kurzivou. Proto je
vhodné&jsi psat imaginarni jednotku i na str. 128 stojaté, aby se odliSila od
scitacich indexd 7. Totéz plati i pro dalsi jednotky v télese kvaterniont. Tyto
viceméne technické pfipominky ale nemaji Zadny vliv na kvalitu posuzované
prace.

Velice bych uvital, kdyby Ing. Hruda mohl béhem obhajoby doktorské prace
zodpove&det nasledujici tii dotazy:

a) Jaky postup zvolit pro detekci jinych symetrii, napriklad Sroubovicovou
symetrii i urceni vSech symetrii péti platonskych pravidelnych
mnohosténii?

b) Jaky je viastni prinos dizertanta k definici miry symetrie probirané
v podkapitole 6.17

¢) Podrobnéji uvést podil dizertanta na élanku (viz str. 162): L. Hruda,
I. Kolingerova, M. Lavicka, M. Marak, Rotational symmetry detection in
3D using reflectional symmetry candidates and quaternion-based rotation
parametrization, Comput. Aided Geom. Design 98 (2022), Article ID
102138.

Ing. Hruda je vyhranénou védeckou osobnosti. Ma vyborny piehled o
existujici literatufe k vySetfované problematice a jeho prace mé skutecné
vynikajici uroveil. Dizertant jednozna¢né prokazal, Ze je erudovanou osobnosti
a je schopen vlastni védecké prace.

Na zakladé vySe uvedenych skuteénosti doporucuji, aby Ing. Lukas
Hruda byl pripustén k obhajobé své doktorské dizertace a byla mu udélena
védecka hodnost PhD,

V Praze dne 26. dubna 2023 prof. RNDr. Michal K¥iZek, DrSc.
Matematicky stav AV CR
Zitn4 25, 115 67 Praha 1
tel. 222 090 712
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Dissertation thesis review
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Work identification

The English text (with a Czech Abstract at page v) of the dissertation consists of 8 introductory
pages (i-viii, pagination not given), and (at numbered pages) 1 Introduction, pp. 1-5, 2
Background, pp. 6n, 3 Related Work, pp. 15n, 4 Consensus Evaluation in RANSAC Surface
Registration, pp. 36n, 5 Plane Space Representation in Mode-based Symmetry Plane
Detection, pp. 70n, 6 Symmetry Plane Detection Using Differentiable Symmetry Measure,
pp. 89n, 7 Rotational Symmetry Detection Using Reflectional Symmetries and Quaternions,
pp. 122n, 8 Additional Contributions, pp. 147n, 9 Conclusion, pp. 158n, A Activities, pp. 161n,
Bibliography, pp. 165n (130 items). The reference software implementation is referenced in Ref.
52. The text is illustrated by 68 figures and 16 tables.

a) Thesis importance

In visual computing, there are stili many problems open, especially the automated geometry
processing. Let us quote from the project Abstract (p. v) ,Most importantly, we present our own
contribution in these fields, namely in rigid surface registrafion, reflectional and rotational
symmetry detection and plane space representation.” These contributions taken as problem types
belong to hot research topics, what is supported by an excellent bibliography (130 items) and
publishing of the results.

The meaning of the doctoral thesis theme and its subproblems solved is very important
and highly actual not only for scientists but for practical use, as well. (In one case the
solution helped to win another project and multiple direct applications are mentioned by
the author, e.g. in Chapter 8.)

b) Methodology, used methods and goal(s) fulfilment

The author — under the supervision of prof. Ing. lvana Kolingerova, PhD. within the PhD study
program Applied Informatics — focuses on the following research goal, page 2: ,The main goal of
this work is to enrich the field of symmetry detection by designing new more reliable and efficient
methods or improving the existing ones to tackle the challenges of detecting weak or partial
symmetries efficiently and reliably and to make symmetry detection an easier task to solve in
general. In some parts of this text we will also talk about the problem of registration which is
strongly related to symmetry detection as it con be simply described as the problem of finding
symmetry between two objects. Symmetry detection can also be perceived as the process of
registering an object onto itself, i.e. symmetry detection can be seen as special case of registration




in a way. Therefore, the registration problem aiso fits well into the symmetry detection topic.”
Based on the literature review and own original ideas, the methodology enriches the standard
algorithmic paradigm Prune and Search by another step, named Best. The proposed methods
include the classic RANSAC framework, modified by the novel quality measure (Chapter 4),
theoretical comparison of Plane Space Representation (Chapter 5), Differentiable Symmetry
Measure, which aliows for informed search in parametric space of solutions (Chapter 6), with
alternative application (6.5), Rotational Symmetry Detection Using Reflectional Symmetries and
Quaternions (Chapter 7) and some additional contributions.

The goals of the dissertation are fulfilled, in my opinion.

c) Contribution evaluation

The research and written work is completed in a professional quality. Following weli proposed
testing scenarios, all novel methods are carefully compared against state-of-the art. (Below are
listed some minor possible improvements.)

Quality measurement was systematically identified to compare against the closest competing
state-of-the-art projects. The author analyzed, so to say, four approaches by processing huge
volume of relevant datasets. He discusses several sub-problems in many pages, which resulted
In extraordinary length of the dissertation (doubling the usual page count). The novelty | see in
better mathematical models and using excellent discussion of model properties and implemented
methods.

These contributions led to international recognition of a creative research personality and
valuable publications and citations. The dissertation project fulfills the level, noveity and
extent expectations at Central European universities. All stated hypotheses were
practically verified and seem promising for (future) research community and for practice,
as weli,

d) Evaluation of systematics, structuring, formal layout and language of the dissertation

The methodology of this research project combines several advantages of well-studied and
understood areas: computational mathematics and applied computational geometry. The written
presentation of submitted dissertation can eventually profit from separating explicitly the real
world, mathematic model, computer representation, and a particular implementation (four
universes in Computational Mathematics).

However, the computational geometry approach could be improved slightly more. The Introduction
in p. 1 states three general problems, symmetry detection, how much symmetry there is and
approximating symmetry, but these three are not identified in terms of input, output, numbered
steps, lower bound (if known), known upper bounds using Knuth notation for asymptotic time and
memory consumption estimations. This applies for ali problems and algorithms in the following
chapters. Even the explicit List of Algorithms (Figures, Tables, Notation...) is missing. The only
systematic complexity evaluation documents the observed time measurements, the number of
operations can be eventually found and counted by an interested reader in software, ref. 52 points
to meshcompression.org. The first occurence of O(N) is in page 20, in page 33 “computational
complexity is high”.

"An intrinsic property of a mathematical object which causes it to remain invariant under certain
classes of transformations (such as rotation, reflection, inversion, or more abstract operaltions).
The mathematical study of symmetry is systematized and formalized in the extremely powerful



and beautiful area of mathematics called “group theory” [Wolfram]. At least, group of rotations
SO(3}, symmetry group of an object X denoted usually G = Sym(X) etc. would be desirable to
define explicitly, e.g. in parts 3.1, 3.2. An alternative offers the paper by Ovsjanikov et al., SGP
2008. :

As already said, the work is done and written in a professional quality. This holds for the global
level and the majority of text. However, there occured minor typographic or stylistic problems.

In References, there are missing certain standard metadata (year, pages) in Refs. 5, 6, 9, 43, 63,
64, 66, 85, 101,.116, 118 or there are typos in the names of doc. Vasa and prof. Lavicka, ,ed ed.”,
.1.. T., and Rieke-Zapp, D.%, missing capital letters in multiple qualification theses from Czech
universities. Ref. 116 paper seems not being published online or it is withdrawn.

The five key chapters could be enriched by the visual abstracts or schematized workflows.

Rarely the formulations are too strong, e.g. in page 2: ,No method exists...” >> In given literature,
no method exists. SE(3) is undefined in page 38, sending the reader to consult ref. 8.

These remarks do not decrease the valuable research contribution of the work.
In the discussion, it wotild be desirable to discuss the following two questions:
¢ Can you imagine a systematic theory for the measures of quality in symmetry detection?

» How the computational complexity is evaluated in the field in general?

e) Evaluation of candidate’s publications

The author published 3 conference papers at ICCS, ASPAT and GRAPP with 80, 10, and 90
percent of coauthoring. Another 3 papers appeared in impacted journals CGF, Visual Computer
and CAGD with 50, 80 and 80 percentage of contributing. In addition, there are 2 topic-ralated
publications and 2 non-related ones. A part of these 10 papers were supported by 3 projects.
There are 5 oral presentations (two in Czech), second place in IT SPY 2018, GRAPP best paper
award and h-index 2 achievements. The impacted journal papers were cited four times up to now
at WoS/Scopus level. Within DBLP, there are seven papers included in the years 2018-2023. In
the meantime, Scopus (and ORCID) documents 6 papers and 17 citations. Google Scholar
displays 12 items, 41 citations and h-index 4. WoS reports on 3 papers and 9 citations.

The quality and quantity of publications is clearly over the typical requirements at multiple
Central Europe universities. '

Conciusion

The author of the Dissertation thesis Symmeiry Detection in Geometric Modeis Ing.
Lukas HRUDA presented the excellent ability to perform research and to achieve
scientific results and superb feedback at international level. In accordance with the law
111/98 Sb., | do recommend the project for the defense (and | propose the A level of
evaluation, if this is relevant). Moreover, | propose to honor the dissertation by rector's
award for extraordinary citations and publish it in appropriate form, e.g. in Springer briefs
(shortened to 125 pages) as a valuable compact scientific monograph.

Bratislava, June 15, 2023

(W]







