An evaluation of Doctoral Thesis submitted by Ing. Tomas Vomacka

On 18 Oct, 2019, | was appointed by the University of West Bohemia, Faculty of Applied Sciences, to
evaluate a Doctoral Dissertation entitled “Construction of Geometric Models for Moving Points”,
which was submitted by Ing. Tom3a$ Vomacka under the supervision of Prof. Dr. Ing. lvana Kolingerova.
The thesis is from the scientific area Computer Science, more specifically, from Computational
Geometry. In the continuation | am giving the evaluation.

The thesis has 101 numbered pages and consists of 12 Chapters, an Appendix, and a List of References.

in the Introduction, the candidate gives the motivation for his research, explains the importance of
time-dependent monitoring of changes in geometric data (points). He explains briefly the difference
between dynamic and kinetic data structures. The Introduction continues with the problem definition,
followed by the summary of the contribution to the science. He did not, however, provide a scientific
hypothesis.

Chapter 2 consider a Voronoi diagram and its dual, Delaunay triangulation, together with their formal
definitions. The fundamental approaches for Delaunay construction algorithms are given in Chapter 3.
The title of Section 2 is somehow misleading. Namely, the phrase “spatial data structure” deals with
the organization of geometric data (e.g. quad and octrees, k-d trees, BSP-trees, R-trees and many
others) for an efficient search. The candidate should explain clearly the difference between general
understanding of the spatial data structures and the meaning in the context of his thesis.

Chapter 3 gives a brief overview of algorithms for Delaunay triangulation construction. It seems that it
would be better conceptually, to join Chapter 2 and Chapter 3 and name it, for example, “Voronoi
diagram and Delaunay triangulation” to solve the misunderstanding with the spatial data structure.

Chapter 4 introduces the kinetic data structure, certification function, kinetic events, event queus,
lifecycle of the kinetic data structure, and its general properties. The Chapter is concluded with the
combinatorial analysis, Davenport-Schienzel sequence, and Ackermann function.

Chapter 5 mentions typical examples of kinetic data structures as collision detections, crowd
simulation, mathematical simulation, and motion interpolation. This Chapter is rather short {only 2
pages), and would be joined naturally with the previous Chapter, especially as it does not bring any
new theoretical information.

The central part of the proposed Dissertation is Chapters 6 and 7. The candidate introduces Kinetic
Delaunay Triangulation (KDT) and kinetic locally minimal triangulation. The events and the general
properties are given for both considered kinetic triangulations. The most challenging part of kinetic
data structures is the calculation of the time events, i.e. when the actual data structures changes their
topology, which is considered in Chapter 7. Firstly, the event computation methods are overviewed.
Analytics and numerical methods are considered in more detail. Perhaps some very basic maths can
be omitted {such as, for example, solving the guadratic equation). An explanation of specialized
methods follows for solving polynomials. The Chapter is concluded with the event classification and
redundancy.

The last part of the Dissertation considers four very different applications of kinetic data structures.
Chapter 8 introduces a method for managing KDT, which contains a specialized method, developed by



the candidate, for polynomial roots’ finding, and an approach for reduction of the redundant events.
In my opinion, it would be better to place this Chapter into section B — Theoretical Research.

Video representation based on KDT is given in Chapter 9. Firstly, a short state-of-the-art is given for
video compression. However, although later used for the comparison (DivX), MPEG-4 AVC and H.264
are not mentioned. The approach follows the classical division of I-frames into macroblocks and then
performing the motion estimation for them. It would, however, be more interesting to try to code the
whole I-frame with DT, and then apply KDT for motion compensation. Artefacts, caused by dividing the
frame into macroblocks, would then, probably, be reduced considerably.

Chapter 10 introduces an application of KDT for an early warning system for air traffic control. The
candidate shows that using KDT has a great potential in the global control of the air traffic. For the
plain trajectories he used the simplest approach. i.e. the linear extrapolation, which gives satisfactory
results. However, it would be interesting to try more sophisticated methods for the position prediction,
for example, the Kalman filter.

Chapter 11 deals with the corridor selection for virtual pedestrian navigation, where the candidate
obtained very promising results.

Chapter 12 concludes the Thesis. Perhaps this Chapter can be extended to highlight the novelties, the
results and the potential of kinetic data structures (especially Kinetic Delaunay Triangulation) better.

The Appendix confirms that the research.done by Ing. Toma$ Vomacka is recognized internationally.
As the first author, he published the parts of the research presented in this Dissertation in the highly
recognized scientific journal The Visual Computer, with an Impact Factor. Beside this, his bibliography
includes 4 publications on Web of Science and Scopus conferences, four other international
conferences, and an unpublished manuscript.

The Dissertation is concluded with a list of references, consisting of 104 relevant entries.

The Dissertation is written very carefully in English, | have found just a few typos. The most important,
however, is on page 67, where the reference to Table 8.2 should be replaced with the reference to
Figure 8.2. In addition, | would suggest reducing the number of subsections, as some of them are
extremely short.

Summary: The submitted Doctoral Thesis of candidate Ing. Toma$ Vomda&ka represents an important
work in Kinetic Data Structures, especially on kinetic Delaunay Triangulation, and generally in
Computer Science. His work opens many new challenges for further research, and some of them are
mentioned in the Experimental section. The ideas proposed in this Thesis were presented at scientific
conferences and in a scientific journal with an Impact Factor. Therefore, | evaluate the submitted
Doctoral Dissertation, entitled “Construction of Geometric Models for Moving Points”, positively. |
do propose its defense, with the aim that the candidate, Ing. Tomas Vomddka, receivesa PhD degree
in Computer Science,

Prof. Dr. Borut Zalik, univ. dipl. ing.



Ing. Tomas Vomacka: Konstrukce geometrickych modeld pro pohgfbujici se body

Posudek oponenta disertadni prace

PredloZena prace je vénovéana algoritmickym aspekttim vybranych geometrickych dloh souvisejicich s po-
hybujicimi se body; jedna se pfedeviim o tzv. kinetickou Delaunayovu triangulaci, co% je dynamicka
verze Delaunayovy triangulace s pohyblivimi vrcholy. Téma prace je podle mého nézoru atraktivni a lze
je zafadit na pomezi vypocetni geometrie, numerické matematiky a teoretické informatiky. PouZitelnost
teoretickych vysledkd je dobfe ilustrovina pestrou §kdlou aplikaci (nap¥. kédovani videa nebo detekce
kolizi letadel).

Price vychazi z publikaci, jejichZ seznam je uveden v pfiloze A. Domnivam se, Ze pofet publikaci je
dostadujici. Témeéf ve viech pFipadech se jednéd o publikace se spoluautory, proto bych uvital informaci
o tom, jaky byl autorsky podil jednotlivich autord. '

Cést 1 se pomé&rné zediroka zabyva kinetickymi datovymi strukturami a jejich vyuZitim. Ukazuje, %e
k analyze efektivity je potfeba pfistupovat jinym zptsobem, neZ je tomu u klasickych statickych dato-
vich struktur. Cést 2 podrobné& rozebira kinetickou Delaunayovu triangulaci a souvisejici tzv. kinetic-
kou lokilné minimalni triangulaci. Pozornost je vénovana detekci udélosti, kdy dochézi k topologickym
zm&ndm triangulace. Problematika tizce souvisi i s numerickjm FeSenim algebraickych rovnic. Cést 3
pFedstavuje vybrané aplikace.

Disertace je prehledné a systematicky strukturovéna. Text je psdn piistupnou formou, nevyzaduje od
¢tenafe hlub¥i znalosti matematiky ani informatiky. Ctivost vyrazné zvySuje velké mnoZstvi ilustraci.
Angli¢tina je misty ponékud kostrbatd a mnozstvi jazykovych chyb neni zcela zanedbatelné (namétkou
nap¥. 10%: include — includes, 14¢: points of conjunction — intersection points, 23'!: simillar — si-
milar, 27'%: correctnes — correctness, 28% a na mnoha jinych mistech: topologic — topological, 281%:
perturbated — perturbed, 29°: eveluate — evaluate, 39%: requires — require, 39%: practise — practice,
40y : extraordinal — extraordinary, 51;: a more — more, 69;: relativelly — relatively, 69, algoritmus 4,
fadek 13: distinctive — distinct, 86g: prefered — preferred, 911°: asses — assess), neni to vSak na tkor
srozumnitelnosti.

Za podstatnégjdi povazuji nékteré vécné chyby a nejasnosti:

(1) 15: t¥et{ podminka v definici 3 je nesrozumitelna — co je my3leno slovem ,maximalni*?

(2) Delaunayova triangulace je na strané 15 definovana pouze v dimenzi 2. Na str. 17 v obrazku 2.3
proto nen{ jasné, co je mySleno triangulaci v dimenzi 1.

(3) 26: je zarudeno, %e rekurze v algoritmu 2 se nezacykli a vypodet skondi v koneéném &ase?

(4) 31: pii &teni algoritmu 3 Stenafe pYirozend napadne, ¥e zpracovani jedné udalosti mtZe vést
ke zméndm v datové struktufe, které zplsobi, Ze n&které dalsi plivodn& planované udilosti jiZ
nebudou aktudlni. Toto je diskutovidno na s. 43 a s. 61-63, povaZoval bych vSak za vhodné&jsi
zminit to jiZz na s. 30 v sekci ,,Lifecycle of Kinetic Data Structures®.

(5) 33: Bylo by vhodné up¥esnit, Ze v definici 8 jde o koneény systém funkei.

(6) 35, sekce 4.5.3: jak piesnd z vdty 1 plyne, Ze podet vrcholdl minimaliza¢niho diagramu je O(n?)?

(7) 365: Takto definovany izomorfismus grafii neznamend nic jiného ne# rovnost graffi. Pro¢ se zavadi
pojem izomorfismu?

(8) 407: misto odkazu na Chapter 4 asi m4a byt Chapter 7

(9) 44;: asi chybny odkaz na (6.2), ma byt (2.8)7

(10) 47, vztah (6.2): Pro¢ nebyl tento certifikdt pro testovéni konvexity uveden jiz ve vztahu (2.8) na
s. 19, kde je to ,JamysIn& chybné“? Je zjednodugend verze (2.8) za néjakych okolnosti postadujici?

(11) 53, definice 12: polynom neni rovnice, ale funkce.

(12) 54, rovnice (7.3) neplati — prava strana neni absolutni hodnota kofene, ale jeji horni odhad.

(13) 55, rovnice (7.5): co je b7

(14) 57: obrazek 7.1 se zda byt chybny, z3 by mél leZet mezi z; a z,.

(15) 58: definice Sturmovy posloupnosti je obtiZn& srozumiteln. Neni zfejmé, zda posloupnost vidy
existuje a je uréena jednoznacnd. Pro¢ nedefinovat Sturmovu posloupnost pfimo vztahy (7.8)?
V definici 15 se hovofi o SturmovE posloupnosti na intervalu, zatimco pfed vztahem (7.8) o Stur-
mové posloupnosti polynomu, aniz by bylo vysvétleno, co to znamen.

(16) 59%: M&lo by byt upfesnéno, Ze jde o podet zmén znamenék Sturmovy posloupnosti v daném
bodé& z, nikoliv v celém uvaZovaném intervalu.
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(17) 59, 2. odstavec: Zde se mluvi o koFenech, resp. lichém stupni polynomu fo,. Jak se to sluduje
s pozadavkem 1 na pfedchozi strang, Ze f,,, mé byt nenulovy? Tento poZadavek je zjevné chybny.
Stejny problém se vyskytuje v tab. 8.1 na s. 67.
(18) Na s. 59 by mohlo byt lépe vysvétleno, pro¢ lze pomoci f,, najit hodnoty a nasobnosti vicens-
sobnych kofemi — stadilo by zminit, Ze f,, je nejvétsi spoletny délitel fo, f1.
(19) 65-66: neni ¥adng vysvétleno, jak experiment s 2.5D vlnou souvisi s Delaunayovou triangulaci.
Jaky je vztah mezi modrou a zelenou triangulaci na obr. 8.17
(20} 69, algoritmus 4: Neni vysvétleno, jak se hledaji kofeny f,,. Stadilo by uvést, Ze jde o poly-
nom stupné nejvyse 2. Jak by se ale postupovalo v p¥ipads, kdy f m4 stupeil 4 nebo vyssi?
Pfedpokladam, Ze by byla pouZita vhodna numerickd metoda. Jak by byla zjisfovana nésobnost
kofent?
(21) 71, posledni véta: Nerozumim zmince o numerické nestabilits. Co je p¥icinou této nestability?
(22) 78-79: lze n&jak jednoduse vysvétlit, pro¢ XviD poskytuje vyssi kvalitu snimka?
(23) 84: Jak se odhaduje vektor rychlosti v, ve vzorci (10.1) — z diference dvou po sobé& jdoucich poloh?
(24} 86-90: Na prvni pohled se zd4, Ze kapitola 11 viibec nesouvisi s kinetickymi strukturami. Kde
jsou vyuzity — k detekei kolizi?
(25) 893: misto odkazu na obr. 11.2 (a) asi mé byt 11.2 (b).
(26) Obr. 11.4 (b) je chybny, jde o kopii obr. 11.3 (b). Ve zdroji [97] je nicmén& spravny obrézek.
(27) 91, posledni véta 3. odstavce nedéva smysl (kinetic data structures have been compared with
kinetic data structures).
Uvital bych, kdyby se autor b&hem obhajoby vyjadiil k vie zmindnym problémlm a otdzkim, zejména
k bodtm 3, 7, 10, 15, 17, 19, 20, 21, 22, 24. Dale by mé zajimalo, zda je moZné vysledky prace aplikovat
i na pfipad, kdy trajektorie bodii nejsou polynomiélni, ale jen po ¢astech polynomialni (napf. splajny).
Takové trajektorie vznikaji nap¥. pfi numerickém feSeni diferencidlnich rovnic.

Zdvér: Diserta¢ni price obsahuje nové vysledky vyuZitelné v praxi. Domnivam se, Ze jeji cile byly splnény.
Rozsah prace neni velky a vysledky p#ili§ hluboké, autor viak prokazal schopnost samostatné tviiréf prace
a orientaci v problematice, kterd propojuje nékolik disciplin teoretické informatiky a matematiky. Podle
mého nazoru lze praci uznat jako disertalni za pfedpokladu, Ze se autor b8hem obhajoby uspokojivé
vyjadif k vyge zmin&nym nedostatkiim.

V Praze dne 28, listopadu 2019 doc. RNDr. Antonin Slavik, Ph.D.
Matematicko-fyzikalni fakulta UK
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