Oponentsky posudek

na disertacni préci pana Michala Smolika nazvanou

Vector field approximation methods

Diserta¢ni prace Michala Smolika obsahuje v souladu se zdkonem o vysokych
skolach €. 111/1998 Sb., ve znéni pozdé&jsich pfedpist, pivodni a uvefejnéné
vysledky nebo vysledky prijaté k uvefejnéni. Prace se zabyva vybranymi
aktudlnimi problémy aproximace a komprese vektorovych dat pomoci bezsi-
tovych technik.

Rozsahlé dilo se sklad4 z tvodniho prehledu zédkladnich poznatki a z 12
publikaci doplnénych komentéari. VSechny se tykaji vySe uvedenych technik
pouzivajicich radidlni bazové funkce.

Prace m4 167 stran a je rozdélena do péti kapitol. Prvni kapitola je struc-
nym tvodem a shrnuje také cile disertac¢ni prace. Kapitola druh4 je véno-
vana struénému a pfehlednému shrnuti zékladnich poznatkid (vektorové pole
a jeho linearizace, kritické body, radialni bazové funkce). Ve tieti kapitole jsou
stru¢né diskutovany tématicky souvisejici prace od jinych autorid. V kapitole
¢tvrté jsou pak zarazeny autorovy publikace opatfené kratkymi tvodnimi
shrnutimi. V z&véreéné kapitole jsou shrnuty ziskané poznatky a nastinény
sméry dalsiho vyzkumu v dané oblasti.

Zakladnim cilem disertaéni prace je, jak jiz bylo zminéno, studium bezsi-
tovych technik zaloZenych na aproximaci pomoci radidlnich bazovych funkei.
Prvni z praci uvedenych v disertaci (Vector field radial basis function ap-
proximation) se zabyva metodou vybéru kritickych bodd, které je vhodné
zahrnout do aproximace vektorového pole. Druhy &lanek (3D Vector Field
Approximation and Critical Points Reduction Using Radial Basis Functions)
navazuje na predchozi uvedeny text a je v ném provedeno rozsifeni na tridi-
menzionalni pfipad (na p¥ikladu dat popisujicich tornddo) za pouZiti lokal-
nich radialnich bazovych funkci. Autorem studované postupy vedou na reSeni
velkych soustav linearnich algebraickych rovnic. Treti ¢lanek (Large scatte-
red data interpolation with radial basis functions and space subdivision) se
proto zabyva technikou déleni prostoru (s prekryvanim), kterd vede k vy-
raznému zeefektivnéni postupu. Nésledujici ¢lanek (Efficient Simple Large
Scattered 3D Vector Fields Radial Basis Functions Approximation Using



Space Subdivision) vyuZiva techniky d&leni prostoru na t¥idimezionalni data
(op&t tykajicich se tornad). Paty text (Vector Field Radial Basis Functions
Approximation with Streamlines Curvature) je zamé¥fen na vyuZiti vaZenych
radidlnich bazovych funkei s cilem sniZit chybu aproximace v dtleZitych bo-
dech vektorového pole (hustota umisténi RBF je tmérné kiivosti proudnic).
Sest4 prace (Radial Basis Function and Multi-level 2D Vector Field Appro-
ximation) se zabyva vicetiroviiovym piistupem, ktery umoziuje zvysit kom-
presni pomér. Dalsi text (Classification of Critical Points Using a Second
Order Derivative) je zaméfen na klasifikaci kritickych bodd zaloZenou na
Hessové matici (nikoliv na Jacobiho matici). V pofadi osmé prace (Vector
Field Second Order Derivative Approximation and Geometrical Characteris-
tics) vyuZiva t¥idéni zaloZené na kuZelosetkach. Desaty a jedenicty text jsou
zaméreny na interpolaci na kulové ploSe. Posledni ¢lanek je vénovan srovnani
aproximaci RBF a LOWESS.

Predlozend diserta¢ni prace splnila cile uvedené v tivodu préce, spliiuje
pozadovand kritéria i po strance grafického zpracovani. Jsem toho nézoru, Ze
Michal Smolik v préci prokazal svoje znalosti jak v oblasti informatiky, tak i
v oblasti ndvrhu numerickych algoritmi a jejich efektivni implementace. Je
evidentni, Ze mé pfedpoklady k tviréi praci v oboru.

M&am nésledujici otazky:

Z textl neni vzdy zfejmé, jak je zadano ptivodni vektorové pole, které
je pak aproximovéno. (Jde napf. o po &astech linedrni aproximaci na
trojuhelnikové siti?) Neni také Gplné jasné, jak je napf. z t&chto dat
stanovovina kfivost. Je mozné tyto informace struéné doplnit?

Soucasti problému je FeSeni soustav linedrnich algebraickych rovnic
(v nékterych piipadech s fidkou matici, v nékterych p¥ipadech s pl-
nou matici). Jakym zplisobem jsou tyto soustavy feSeny? Lze shrnout
ziskané poznatky v této oblasti?

Lze (v souvislosti s pfedchozi otazkou) popsat, jaky je vliv volby ra-
didlnich bazovych funkci na ¢&islo podminénosti matice a na presnost
aproximace?

Lze porovnat ¢asovou naro¢nost studovanych postupi s jinymi uvede-
nymi v literatufe (nap¥. v pfipadé vyuZiti pro kompresi dat)?

Hlavni pfinos autora spoéivid v rozvoji metod aproximace a komprese
vektorovych dat. Autor navrhl v rdmci publikaci fadu novych postupt a rea-



lizoval fadu vypocetnich experimentt. Konstatuji, Ze autor ve své préaci splnil
stanovené cile. Vysledky, které autor ziskal, maji velky aplika¢ni potenciél a
jsou pfinosem v radé oblasti. Mezi podklady jsem obdrzel seznam publiko-
vanych praci: jde o pét texti v mezinarodnich odbornych Easopisech a 22
publikaci v rdmci mezinadrodnich odbornych konferenci. Z toho je zfejmé, Ze
autor diserta¢ni price prezentoval své vysledky také na fadé odbornych akci.
Michal Smolik se také podilel na Sesti projektech.

Zavér:

Disertacni praci doporucuji k obhajobé v ramci doktorského stu-
dijniho programu InZenyrska informatika (obor Informatika a vy-
poletni technika) na Fakult& aplikovanych v&d Zapadoc&eské uni-
verzity v Plzni. Za pFfedpokladu tispésné obhajoby diserta¢ni prace
doporucuji, aby panu Michalu Smolikovi byl ud&len akademicky
titul ,,doktor“ ve vySe uvedeném studijnim programu.

V Ploni dne 2. ledna 2020 Doc. Ing. Marek Brandner, Ph.D.



Review of PhD. thesis of Ing. Michal Smolik

This thesis deals with problems of approximation of 2D and 3D vector fields. The main contribution
of this thesis is the use of Radial basis functions for this approximation. This approach is innovative
one. This fact has been reflected in a large number of papers published by the author. These papers
were published either in the framework of good conferences or published in journals with impressive
impact factor. As these papers underwent demanding review processes before publication I should
consider this fact as an evidence of high quality of research performed by the author.

The problem investigated in thesis is very important and the solution to this problem developed in
the thesis will find application in many industrial applications (where compressed vector fields can be
used — like in various mobile applications etc.). This means that the topic investigated in thesis
(vector field approximation) is of interest in many research institutions abroad. The quality of results
achieved is demonstrated by a number of citations in citation databases (what is not always the case
in PhD thesis in general).

At the beginning of this review | should stress few moments that attracted my attention when | read
the thesis. | was really impressed by the theoretical quality of the thesis — mathematics used in
thesis. Moreover | have to stress excellent work with literature (references) — it is obvious that the
author had to study very extensive set of literature sources. | appreciate that the references
mentioned in individual chapters of his thesis are both older ones (thus representing a sort of
fundamental knowledge in the field investigated) and new ones (reflecting the current state of art).

This thesis is written as a set of papers already published. This results in the fact that the thesis is
written in English level of which is really good. Also from the aesthetic point of view this thesis fulfils
generally defined requirements for PhD thesis.

My comments to this thesis are divided into two parts: the formal comments and comments that
deal with some issues mentioned in thesis (these comments have mostly form of questions that
should be answered during the thesis defense)

From the formal point | have an objection to the fact that among papers included into thesis are also
papers that were neither published nor accepted for publication (they were only submitted). The
requirement for this sort of publication (published or accepted) is given in law dealing with university
education. And also in the Study and Examination Rules for ZCU students this requirement is given.
In accordance with interpretation of this rule at CTU | would recommend to avoid inclusion of
unpublished papers in dissertations. Personally | have not a real problem with this fact because after
potential omission of these papers that do not fulfill these requirements many other papers that
contribute to this thesis are presented (it is just a formal comment that does not influence the
quality of thesis).

Another formal aspect of thesis attracted my attention — errors and mistakes in English. In my
assessment above | appreciated good quality of thesis text in general but the number of typing errors
(mostly errors that could be identified by spellchecker) is unnecessarily high. Surprisingly also texts
published in respected journals suffer from this problem.



My comments to specific problems in thesis are both principal (I will write them on the beginning of
this text block) and comments that are of smaller importance.

I my opinion the most important issue is the approach that is based on the meshless approximation
of vector fields. In thesis a statement can be found (in different places) that this approach brings
better results (than the approach based on meshes) but on the other hand it is slower than this
“traditional” approach. | could not find in thesis any comparison that could give a clue about the time
difference between these two approaches.

Another problem | see concerns evaluation of approximated (compressed) vector field. The main
method used in thesis compares corresponding vectors in the original and in the compressed vector
field. From their difference a conclusion is made about the quality of compression (how much
information has been lost). In my opinion such an approach is of “static” nature. This evaluation
method (comparison of two images - roughly speaking) does not take into account dynamic nature of
the flow — the method used can be justified in case of steady flow. Examples of vector fields (in
general) are usually of non-steady flow type (e.g. tornado as given in thesis). Question arises if the
dynamic behavior of vector fields (both the original one and the compressed one) should not be
investigated by means of timelines or pathlines (trajectories of injected particles etc.). In such a case
behavior of both vector fields can be investigated in certain period of time (what may give insight
into dynamic of the flow — e.g. how pathlines differ).

As given above some kind of comparison between mesh based methods and meshless methods
should be done in terms of speed. Another point of view is the compression ratio. In thesis is an
example where compression ratio is about 1:80. In the paper Compression of 2D Vector Fields
Under Guaranteed Topology Preservation (Theisel et. al.) is given compression ratio for mesh based
method 1:95 (of course there are also compression ratios in thesis that are much higher —
nevertheless some comparison of results achieved with some older method is not sufficient —in my
opinion). Also in this respect some comparison of traditional methods and methods developed
should be done.

One of possible applications where the results achieved (compression of vector fields) could be used
are mobile applications where reduction of volume of transmitted data should be reduced. On the
page 93 is stated that the user usually starts with a sort of coarse preview and more and more
details are gradually added - what results in more detailed view. In many applications (including
mobile ones) we may be faced with situation when we would like to get coarser visualization (in
order to get some context). It is not quite clear whether the approach described allows such kind of
work. E.g. the approach described in H. Theisel, C. Rossl, and H. Seidel. Compression of 2d vector
fields under guaranteed topology preservation. Computer Graphics Forum (Eurographics2003),
22(3), 2003.

where mesh based technique is used may allow such an approach —the technique used is based on
edge collapsing what may lead to the use of progressive meshes method (developed by Hugues
Hoppe in the classical paper Progressive Meshes).



An interesting question may be if the RBF based methods can be used in situations where Rol (Region
of Interest) should be used. This means that different levels of compression should be used in the
investigated space where vector fields are present.

As for some minor errors — my attention has been drawn by data dealing with tornado simulation on
the page 43. The approximation error has was calculated from the average in the vector field.
Average speed (and average error) does not represent (in my opinion) the dynamics of the flow in
tornado. I read in thesis that the average speed may be something like 70 km/hour, but the
maximum speed may reach up to 450 km/hour. It may be interesting to know how this fact could be
taken into account when assessing the error. In the Fig. 5 on the page 44 no units are given (absence
of units and extent of values visualized is a more frequent lack in this thesis).

On the page 135 term “visual identity” was mentioned. It is not clear whether this type of identity
was tested by means of user tests or if some computer vison methods were used.

Because of high number of papers that constitute the thesis it was rather difficult to maintain
consistency in terminology. As an example | can give double denotation of one “phenomena”: field
line (used at the beginning of thesis) and streamline used later on.

To conclude my assessment:

This thesis represents very solid scientific work and the results achieved can be considered as
excellent. The contribution to the knowledge in the field (visualization of flow) is without any doubt
of very substantial nature (this fact can be proven by a nice number of citations). It should be
stressed that these results have large potential for practical use in industry and also in other scientific
disciplines. In my opinion the thesis fulfills all requirements for PhD thesis and that is why | do
recommend the thesis for defense (and after successful defense the award of PhD degree).

prof. ing. Pavel Slavik, CSc. —
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