Review of the doctoral thesis
Parameterization methods of algebraic varieties

by Mgr. Marek Byrtus,
Faculty of Applied Sciences, University of West Bohemia, Plzefi

The submitted doctoral thesis deals with interpolation techniques of planar
and spatial data. This subject is a very up to date research field in contemporary
computer geometry and results in this field have very often very useful
application in various branches of industry or information technologies.

The thesis starts with introduction, where the main points are explained,
specially the concept of an algebraic curve with Pythagorean hodograph and its
usefulness for applications. _

Chapter 2 presents historical remarks on the development of the computer
aided geometric design. Here the author explains the origins of all contemporary
tools and techniques used for representation, approximation, interpolation and
modeling of geometric objects.

Chapter 3 is devoted to the introduction to the main problem discussed in the
thesis and this is the question how to use Pythagorean hodograph curves for the
purposes of computer aided geometry. The offset curve or surface is an
important notion in the industry, and because all contemporary techniques in
CAGD use NURBS curves, it makes sense to look for curves and surfaces,
which have rational parameterization of the offset curve. This problem has been
solved approximately 20 years ago by PH curves and the author gives a clear
description of the result.

Chapter 4 deals with Hermite interpolation by PH curves. In spite of the fact
that the class of PH curves is very small, it can be used for interpolation. Author
gives necessary and sufficient conditions for the existence of a Hermite
interpolation by a PH cubic. Moreover, for applications it is necessary to know
if the interpolating arc has a loop. This problem is also discussed and solved.
The result is illustrated by figures.

In chapter 5 the author shows that there always exist at most two
interpolants with match the given G1 Hermite interpolation data. Although it is
clear from the context, the author could explain in more detail what is the



Hermite interpolation and what is the difference between G1 and C1
interpolations.

The connection to Blaschke cylinder is also mentioned and one example is
presented.

Chapter 6 is devoted to interpolation of surfaces. Here the concept of a
bubble patch needs a more detailed explanation. The role of the associated
implicitly defined algebraic surface is not clear. Moreover, it cannot be given by
its truncated Taylor expansion, if the Taylor expansion is truncated, it describes
a different surface. The same is true for the remark 24. The definition 25 is
independent of the previous explanation and its applications are described in the
following parts of this chapter. 6.5 yields the construction of bubble function
on a quadrilateral given by bilinear interpolants.

Some of the new results obtained in the thesis can be summarized as
follows:

Detailed discussion of G1 Hermite interpolation by PH cubics, results
have been already published by the author in CAGD. The author also formulated
a conjecture about data for which we have PH interpolation without loop.

The results concerning development of new techniques for interpolation of
quadrilateral meshes with associated normals are submitted for publication in
the same journal.

The Thesis of Mgr. Byrtus is devoted to contemporary problems of
computer aided geometry and it contains new results which he already published
or which are submitted for publication. The author has a very good knowledge
of the work which already has been done in the subject and uses up to day
methods. The Thesis is clearly written, all notions are clearly explained
(up to the exception mentioned above). It can be expected that the author will
be able to continue his research on this subject also in the future. The list of
references is more then satisfactory, figures have excellent quality.

In view of the presented facts I have the pleasure to recommend the
presented thesis for defense. After it will be successfully defended, I
recommend to grant to Mgr. Marek Byrtus the degree of Ph. D.
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Oponentsky posudek doktorské disertadni prace

METODY PARAMETRIZACE ALGEBRAICKYCH VARIET
Marka Byrtuse

Piedlo?ena doktorska disertatni prace se zabyva problematikou interpolace rovinnych
a prostorovych geometrickych dat. Disertace svym zaméfenim spadd do oblasti geomet-
rického modelovani a pfinadi fadu novych a zajimavych vysledkf.

Price je tematicky rozdélena do &tyt ¢isti. Kapitoly prvni €asti jsou v&noviny za-
¢lenéni vysledki prace do kontextu geometrického modelovéni. Po pfehledném historickém
iivodu se autor vénuje popisu soufasnych trendd v oblasti geometrického modelovéni
v souvislosti s PH kfivkami a interpolaci geometrickych dat pomoci této specialni tfidy
kfivek. Autor také velmi dobfe vystihuje souvislosti mezi PH kiivkami a racionalnimi
parametrizacemi offseti.

Druh4 &ast pfedstavuje autorovu préici v oblasti interpolace rovinnych dat pomoei PH
kfivek tfetiho stupné, tzv. TC interpolantii. Tato &ast je dile rozdélena na dvé kapitoly.
Prvni z nich, kapitola ¢tvrta, se zabjva G* interpolaci hermitovskych dat pomoci obloukd
kubiky maji interpolovat C* hermitovska data v roving. V obou pfipadech je studovana
existence a kvalita interpolantt a oba problémy jsou vyfeSeny véetné otdzky samopriniku
jednotlivych obloulki.

Tteti ¢ast price, kapitola Sestd, je vénovana interpolaci prostorovych geometrickych
dat v podobé gtyFihelnikovych siti 5 asociovanymi normélami pomoci tzv. "bubble pat-
ches". Tyto plity jsou napojeny s libovolnou, pfedem zvolenou G™ spojitosti, a to dokonce
i v oblastech s valenci jinou nez &tyTi.

Z&véretna Cast potom pFehledné shrnuje hlavni mySlenky a vysledky celé prace.

V préci, zejména v kapitole paté, jsem nalezl nékolik nedostatkil (popf. zalezZitosti ke
zvaZenf), které jsou formulované v néasledujicich poznamkach a dotazech:

e Jak zvoleny ndzev priace "Metody parametrizace algebraickych variet" koresponduje
s jejim obsahem?

e str. 20: Véta 6 ma zahrnovat vSechna data, kterd lze interpolovat pomoci PH
kubiky. Jak je to tedy s daty v Tabulce 4.1 na téZe strang?

e str. 30, odst. 1: MnoZina FeSeni je zde velmi omezena, Jak je to s obecnym feSenim?

e Jak je mySlen odstavec pfed pfikladem 4 na strané 327

e Pro¢ se v podkapitole 5.2.1 fe&{ problém samopriiniku oblouku PH kubiky jinak neZ
v podkapitole 4.27

» Kapitola 5 neobsahuje porovnani s vysledky jinych autord, kiefi Fesili stejny [18,63]
nebo podobny problém [116].

e V pfikladu 5 jsou nékteré prvky PH kfivky poéitany v desetinnych &islech. Je
vysledna kiivka interpolaéni (nebo pouze aproximaéni) a spliiuje PH podminku?



e Podkapitola 5.4 obsahuje pojednani o aproximanim stupni. Je-li dana kfivka, kterd
m4 byt pfevedena na C! TC-spline, pro€ se autor zabyva odhadem tefnych vektori?

e V prvaf kapitole prace se hovofi 0 CAGD a dvou oddélenych technologiich: NURBS
a "subdivision". Jaké maji ob& tyto reprezentace kfivek a ploch vyhody a nevyhody
a jaky je jejich vztah k studované problematice?

e V podkapitole 6.6.1 je pouZit tav. Catmull-Clark subdivision algoritmus. Jaky je
jeho vztah k bubble patches a jak byla sestavena pomocnd sit v obr. 6.4 na str. 717

Déle jsem v praci nalezl fadu nepfesnosti a pieklepd, které fasto méni vyznam vét,
coZ potom znesnadfimje jejich pochopeni. Nékteré z nich zahrnuji napf.

e str. 29, odst. 1, 2: "...there exist at most two TC-interpolants which match such
data". Jedna se o zavidgjici tvrzeni, které nevystihuje FeSeny problém. Toto tvrzeni
se nese celou disertaci od Gvodu; pfes patou kapitolu a aZ po zdvér prace.

¢ str. 10, odst. 2: "Because all CAD and CAM systems use NURBS ...". Existuje
fada systémi zaloZenych na jinych reprezentacich (subdivision, G-code, B-rep, ...)

e str. 29, . -3: v textu je "intersection", ale znafen{ odpovida sjednoceni

e str. 29, dikaz véty 14, . 1: "(of Theorem 14)" zde nemé4 byt; ¥. 2: co je vektor t 7

e str. 19, ¥. -2: "not non-negative”

o od str. 35 se najednou mén{ znagen{ danych G* dat.

e v nazvu podkapitoly 5.2.1: "T'C-interpolaTNs"

o str. 59, F. 5: "F," m4 zfejmé byt "F,".

e str. 64, F. -3: "beighboring"

e str. 86: "List of authoR'S publications”

A7 na vy%e zmin&né nedostatky je prace psiana srozumitelné a pfehledné, pouZité vys-
ledky jsou citoviny, odkazy na literaturu jsou dostateéné, formalni a tiskové chyby se
vyskytuji v akceptovatelném rozsahu. Velmi ocefiuji Sasté zafazovan{ kvalitnich obrazki,
je# vyznamné piispivaji ke snadnému pochopeni studovanych situact & k prezentaci vys-
ledkfi. Stanoveny cil disertace byl splnén, pouZité metody odpovidaji studovanému prob-
lému a TeSeni obsahuje vlastni pfinos. Cast vysledki prace, konkrétné material z kapitoly
&tvrté, jiz byla publikovina v Computer Aided Geometric Design, coz je impalktovany
a vysoce uzndvany mezinirodni Gasopis. Vysledky Zesté lapitoly jiZ byly talké zasliany
k publikaci. :

Zaveér:

Autor pfedloZenou praci dokazuje, Ze zvlada metodiku védecké ¢innosti. Disertaén{
préace spliiuje viechny poZadavky na ni kladené k ziskdni akademického titulu doktor.
I pfes vyse uvedené nedostatky proto navrhuji, aby prace Marka Byrtuse byla pfijata
k obhajobé jako disertaCni.

RNDr. Jiff Kosinka, Ph.D.

Cambridge, UK, April 26, 2011



