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Cast 1: Zakladni informace k pFihlaeni do programu VyLeT 2022

Tento dokument obsahuje soupis vyzkumnych témat vypsanych v ramci programu
VyLeT pro rok 2022.

Podrobné informace k programu VylLeT 2022 a pravidla programu jsou uvedeny
v samostatném dokumentu ,Vyzkumné léto na FIT 2022 (VyLeT 2022): Program
podpory letniho studentského vyzkumu na FIT CVUT - PROPOZICE” zverejnéném na
strance programu na webovych strankach FIT CVUT.

Kdo se muze prihlasit?

1.

Prihldsit do programu se mUze student bakalafského nebo navazujiciho
magisterského programu na CVUT, a to v obdobi stanoveném v harmonogramu.

Témata se déli na volna a rezervovand. Rezervovana témata jsou urcena pro konkrétni
studenty vybrané mentorem. Zvolit si rezervované téma mize pouze student, pro
kterého je téma rezervovdno. Pokud nejste studentem, pro kterého je téma
rezervovadno, a mate vazny zajem o oblast védy, do které dané téma spadda , kontaktujte
mentora s dotazem, zda je mozné vypsat dalsi zaddni z dané oblasti.

Kterykoliv student, ktery je studentem dle bodu (1) tohoto odstavce se mize pfrihlasit
na jakékoliv volné téma.

Jeden student se muUze prihlasit na vice témat, vlastni prirazeni zadjemct k tématlm
probéhne az ve vybérovém fizeni.

Student se muUze prihlasit a nasledné resit vyzkumné téma, které je v prekryvu s
tématem jeho zdvérec¢né prace.

Student se mize prihlasit a nasledné resit vyzkumné téma, a posléze si toto téma zvolit
jako téma zavérecné prace.

Béhem doby, kdy je program otevren pro pfijem prihldsek od studentll, se student
muze prihldsit s vlastnim tématem, a to za néasledujicich podminek: student si najde
mentora, ktery bude ochoten studenta vést pri praci na daném tématu, mentor zpracuje
zadani navrzené studentem a pfrihldsi jej do programu pres formuldr pro mentory pro
zadavani témat, student se posléze na toto téma prihlasi.

Béhem doby, kdy je program otevren pro prijem prihlasek od studentll, je mozné
pridavat témata pouze podle bodu (7) Neni mozné pridavat témata volna, neurcena pro
zadného studenta.

Jak se prihlasit?

Prinladseni probihd odesldnim elektronického formuladre. Odkaz na formuldr je uveden na webu
FIT na strdnce programu VylLet 2022. Tento zpUsob prihldseni je jediny mozny a jediny platny.
Prinlaseni prostrednictvim jiného komunika¢niho kanalu nebude povazovano za platné.

Do kdy je tfreba se prihlasit?

Je tfeba se pfrihlasit v IhGté uréené pro prihlasovani studentd. Tato Ihata konéi 8. 5. 2022.



Cast 2: Vypsana vyzkumna témata

Nazev zadani: Zvysovani interoperability konceptualnich modelti pomoci
technologii RDF
Increasing the interoperability of conceptual models using RDF
technologies

Mentor: Ing. Marek Suchanek

Existuje velké mnozstvi jazykl pro konceptualni modelovani. Rlzné jazyky se hodi v rozdilnych
situacich a umoznuji zaméreni se na specifické aspekty problémové domény v potrebné mire
detailu. Problém nastdva kdyz je potreba znalosti zachycené v rliznych modelech integrovat.
Nékteré modelovaci jazyky dokonce ani nemaji podporu standardizovanych formatd pro jejich
reprezentaci. Cilem tohoto projektu je navrhnout OWL ontologii pro metamodel vybraného
modelovaciho jazyka a prevod modell z klicovych formatd do RDF. Soucasti vystupld by méla
byt také demonstrace pouziti v rdmci sémantické integrace ¢i analyzy model pomoci SPARQL.

There are many languages for conceptual modeling. Different languages are useful in different
situations and allow you to focus on specific aspects of the problem domain in the necessary
level of detail. The problem arises when the knowledge captured in different models needs to
be integrated. Some modeling languages do not even have support for standardized formats
for their representation. The aim of this project is to design an OWL ontology for the
metamodel of a selected modeling language and to convert models from key formats to RDF.
The outputs should also include a demonstration of the use in semantic integration or analysis
of models using SPARQL.

Pldnované vystupy (konference a ¢asopisy):

Applied Ontology
IOS Press

International Joint Conference on Knowledge Discovery, Knowledge Engineering and Knowledge
Management (KEOD)
INSTICC



Nazev zadani: Vysvétlitelnost doporuéovacich systému
Explainability of recommender systems

Mentor: doc. Ing. Pavel Kordik, Ph.D.

Increase trust of EU citizens in established media houses by researching and developing
trustworthy and explainable recommender systems with explainable user interfaces to both
content producers and consumers.

Pldnované vystupy (konference a ¢asopisy):

ECML PKDD 2023



Nazev zadani: Porovnani adversarial learning technik pro detekci malware
A Comparison of Adversarial Learning Techniques for Malware
Detection

Mentor: Mgr. Martin Jurecek, Ph.D.

Cilem adversarial learning technik je zdmérnad modifikace vstupnich dat, kterd zplsobi snizeni
presnosti klasifikace. State-of-the-art metody pro vytvareni adversaridlnich vzorkd patfi do
rlznych oblasti, jako napr. reinforcement learning, genetické algoritmy nebo gradientni metody.
Cilem této prace bude aplikovat nékteré existujici metody z oblasti adversarial learning na
vybrané detekéni systémy Skodlivého kdédu a porovnat je z hlediska Uspésnosti a vyuzitelnosti v
praxi.

The aim of the adversarial learning technique is the deliberate modification of input data, which
causes a reduction in the accuracy of classification. State-of-the-art methods for creating
adversarial examples fall into various areas, such as reinforcement learning, genetic
algorithms, or gradient-based techniques. The contribution of this work would be to apply some
existing methods in the field of adversarial learning to selected malware detection systems and
compare them in terms of accuracy and usability in practice.

Pldnované vystupy (konference a ¢asopisy):

International Conference on Security and Cryptography (SECRYPT)
Institute for Systems and Technologies of Information, Control and Communication (INSTICC)

International Conference on Artificial Intelligence Applications and Innovations (AlAl)
International Federation for Information Processing (IFIP)

IEEE Access
IEEE

Téma je rezervovano konkrétnimu studentovi.



Nazev zadani: Algebraicka kryptoanalyza proudové Sifry EO
Algebraic Cryptanalysis of Stream Cipher EO

Mentor: Mgr. Martin Jurecek, Ph.D.

Proudové Sifra EQ se pouziva k zabezpeceni komunikace v protokolu Bluetooth. Mezi State-of-
the-art Utoky patfi techniky z oblasti linearni kryptoanalyzy a také korelac¢ni Gtoky. V poslednich
letech si také ¢im dal vice nasla uplatnéni algebraickd kryptoanalyza, kterd prevadi Sifru na
soustavu polynomialnich rovnic vice proménnych nad kone¢nym télesem, jejimz reSenim je
tajny kli¢ Sifry. Cilem této préce bude aplikace standardnich technik z oblasti algebraické
kryptoanalyzy a pokus o prolomeni Sifry EO, pfipadné jeji zjednodusené verze.

The EO stream cipher is used to secure Bluetooth communication. State-of-the-art attacks
include linear cryptanalysis techniques as well as correlation attacks. In recent years, algebraic
cryptanalysis, which converts a cipher into a set of polynomial equations of several variables
over a finite field, whose solution is a secret key, has also found increasing use. The
contribution of this work will be the application of standard techniques in the field of algebraic
cryptanalysis and try to break the EO cipher or its simplified version.

Planované vystupy (konference a ¢asopisy):

International Conference on Security and Cryptography (SECRYPT)
Institute for Systems and Technologies of Information, Control and Communication (INSTICC)

Applied Cryptography and Network Security (ACNS)
Springer

IEEE Access
IEEE

Téma je rezervovano konkrétnimu studentovi.



Nazev zadani: Velmi lina kompilace pro multi-agentni hledani cest
Very Lazy Compilation for Multi-agent Path Finding

Mentor: doc. RNDr. Pavel Surynek, Ph.D.

Pri liné kompilaci multi-agentniho hledani cest do jiného formalismu, jako je napriklad vyrokova
splnitelnost, urcitd omezeni zakédujeme, zatimco jind ponechame, aby se je reSi¢ naucil sam,
tj. jsme pri kédovani lini. Co kdybychom byli jeSté linéjsi, tj. nezakddovali nic, a nechali resi¢, at
se kédovani problému nauci Uplné sam.

When lazily compiling a multi-agent search for paths to another formalism, such as
propositional satisfiability, we encode certain constraints, while we leave others to be learned
by the solver himself, ie we are lazy in coding. What if we were even lazier, ie we didn't encode
anything, and let the solver learn to encode the problem himself.

Pldnované vystupy (konference a ¢asopisy):

ICAART 2023
INSTICC

ICAPS 2023
ICAPS

ICTAI 2023
IEEE



Nazev zadani: Resilientni multi-agetni hledani cest s realnymi roboty
Resilient Multi-agent Path Finding with Real Robots

Mentor: doc. RNDr. Pavel Surynek, Ph.D.

Predstavme si vykonavani planl pro multi-agentni hledani cest se skute¢nymi roboty, jako jsou
roboti, které mame v laboratofi RoboAgelab, tj. Ozoboti, ePucky a drony Crazyflie. Pri
vykonavani planu se obc¢as néco nepovede. Chtéli bychom se zabyvat otdzkou, jak na nezdar
ve vykonavani planu reagovat zménou planu, resp. jak zajistit, aby uz plvodni plan byl na
takové zmény pfipraven.

Consider execution of multi-agent path finding plans with real robots, such as the robots we
have in the RoboAgelLab lab, ie Ozobots, ePucks and Crazyflie UAVs. Sometimes things go
wrong with the plan. We would like to address the question of how to respond to a failure in the
execution of the plan by changing the plan or how to ensure that the original plan is ready for
such changes.

Planované vystupy (konference a ¢asopisy):

ICAART 2023
INSTICC

ICAPS 2023 (+demo)
ICAPS

ICTAI 2023
IEEE



Nazev zadani: Hledani cesty s omezenimi pomoci smiSeného celoc¢iselného
linearniho programovani
Constrained Path Finding Using Mixed Integer Linear
Programming

Mentor: doc. RNDr. Pavel Surynek, Ph.D.

Zabyvejme se otdzkou nalezeni cesty, ne Uplné obycejné, napriklad takové, kterd se bude
vyhybat pohybujicim se prekdzkam. Prozkoumame moznosti formulace problému ve
formalismu smiSeného celoliselného linedrniho programovaéni. Pfipadné Ize vymyslet néjakou
zajimavou interakci resic¢e a hlavniho algoritmy, tj. otdzka na existenci cesty se mUze skladat z
mnoha postupné se upresnujicich otdzek na resic.

Let us deal with the question of finding a way, not entirely ordinary, such as one that avoids
moving obstacles. We will explore the possibilities of problem formulation in the formalism of
mixed integer linear programming. Alternatively, some interesting interaction between the
solver and the main algorithm can be devised, ie the question of the existence of the path can
consist of many iteratively refined questions to the solver.

Planované vystupy (konference a ¢asopisy):

ICAART 2023
INSTICC

ICAPS 2023
ICAPS

ICTAI 2023
IEEE



Nazev zadani: Rozsifené modely spolehlivosti
Advanced Dependability Models

Mentor: prof. Ing. Hana Kubatova, CSc.

Vyuziti rlznych formdlnich i prakticky pouzivanych modell pro jejich zahrnuti do naseho
soucCasného "Heterogeneous Dependability Model" (napf. vyuziti znalosti UML) a zhodnoceni
vyhod a nevyhod jejich vyuzivani pro modelovani a vypocty spolehlivostnich parametrd.

Utilization of various formal and practically used models for their inclusion in our current
"Heterogeneous Dependability Model" (eg use of UML knowledge) and evaluation of
advantages and disadvantages of their use for modeling and calculation of reliability
parameters.

Pldnované vystupy (konference a ¢asopisy):

Euromicro DSD/SEAA
EUROMICRO

DDECS
IEEE

MICPRO journal
ELSEVIER
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Nazev zadani: Anonymizing User Data: A Parameterized Perspective

Mentor: doc. RNDr. Dusan Knop, Ph.D.

The input to the clustering problems we are about to investigate contains a (multi-)set of n
points in D € R d , where d is a constant fixed in advance. The dimension d is selected to
represent d different features of the agents (i.e., the entities we focus on such as, e.g., human
users). The task is to group these data into groups, that is, the output consists of groups
(multisets) C1,C2, ..., C ell possibly together with their representativesr1,r2,...,r ell
for some ell. A common practice is to select the representatives to be the central point (usually
in the geometric sense; indeed, one could also aim for a representative being a member of its
cluster). There are many practically motivated desirable properties of the groups one could
measure: the minimum size of a cluster, the difference between the sizes of a largest and a
smallest cluster, the number of clusters—to name just a few. The goal is

usually some global measure of the quality of the groups, e.qg., the sum of isrepresentations of
the points or the maximum misrepresentation; see, e.qg., [AB09, BA08] for examples of these
measures and their properties (axioms).Our aim is to design algorithms for specific problems of
interest that. The central mission of the work will be aimed at designing new fixed-parameter
algorithms, that is, algorithms that are well-scalable to large data as long as certain quantities
of the input remain small (which is often the case in real-world instances). Let us mention a few
new parameters we would like to propose for the initial study along with the study of clustering.
This can shed new light on already established results in this field. We would like to investigate
structural parameters based on (unit) circle graph of the given points. The vertex set of such
graph is the set of data points. There is an edge between two points if and only if their distance
is at most some constant r. It is straightforward that r should be at least the smallest distance
in the dataset. The closer the points are in the global meaning, the denser the graph is (and
the easier it should be to partition the dataset in reasonable clusters). What if r is set based on
the smallest distance in the dataset (e.g., twice that value)? What if r is set based on the
maximum distance between a data point and its cluster representative in the output?

Our aim is to design algorithms for specific problems of interest that are captured by the
general framework outlined above. The central mission of the work will be aimed at designing
new fixed-parameter algorithms, that is, algorithms that are well-scalable to large data as long
as certain quantities of the input remain small (which is often the case in real-world instances).
Let us mention a few new parameters we would like to propose for the initial study along with
the study of clustering. This can shed new light on already established results in this field. We
would like to investigate structural parameters based on (unit) circle graph of the given points.
The vertex set of such graph is the set of data points. There is an edge between two points if
and only if their distance is at most some constant r. It is straightforward that r should be at
least the smallest distance in the dataset. The closer the points are in the global meaning, the
denser the graph is (and

the easier it should be to partition the dataset in reasonable clusters). What if r is set based on
the

smallest distance in the dataset (e.g., twice that value)? What if r is set based on the maximum
distance between a data point and its cluster representative in the output?

Planované vystupy (konference a ¢asopisy):

IWOCA
poradatel pro rok 2023 zatim nebyl urcen

WG
poradatel pro rok 2023 zatim nebyl urcen

arXiv
online

Téma je rezervovdno konkrétnimu studentovi.
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Nazev zadani: Dvojjazycny Word2Vec model
Bilingual Word2Vec model

Mentor: Ing. David Bernhauer

Bezkontextové word embeddingy se staly populdrni pro svoji jednoduchost a akceptovatelnou
presnost. Nékteré metody prichdzi s moznosti natrénovani vice modeld v rlznych jazycich,
které jsou nasledné zarovnany s vyuzitim slovnikového pristupu. Cilem tohoto projektu je
ovérit, zda by bylo mozné vyuzit zdroje jako jsou nafizeni evropského parlamentu nebo jiné
zdroje ovérenych prekladd pro vytvoreni vicejazy¢ného word embeddingu bez vyuziti
zarovnavaci metody. Vystupem by méla byt reSerSe aktudlnich pristupl k problému a proof-of-
concept, zda je mozné s vyuzitim takovych dat natrénovat jednoduchy dvojjazyény Word2Vec
model.

Context-free word embeddings have become popular for their simplicity and acceptable
accuracy. Some methods come with the ability to train multiple models in different languages,
which are then aligned using a dictionary approach. The aim of this project is to test whether it
would be possible to use resources such as European Parliament regulations or other sources of
validated translations to create multilingual word embeddings without using the alignment
method. The output should be a survey of current approaches to the problem and a proof-of-
concept of whether a simple bilingual Word2Vec model can be trained using such data.

Pldnované vystupy (konference a ¢asopisy):

International Conference on Database and Expert Systems Applications
Letosni je (Vienna University of Economics and Business), cilime spiSe na pfisti rok.

2022 IEEE International Conference on Big Data
IEEE, hostujici univerzitu se mi nepodarilo dohledat

Téma je rezervovadno konkrétnimu studentovi.
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Nazev zadani: Kernelizace problému Target Set Selection

Mentor: doc. RNDr. Dusan Knop, Ph.D.

Budeme zkoumat problém Target Set Selection, ktery popisuje pfirozeny model Sifeni nazoru
(ndzort) na socialnich sitich. V nav rzeném projektu se hodlame soustredit na ridké strukturaini

parametry a jejich vyznam pro existenci tzv. polynomialniho kernelu (pfripadné aproximac¢niho
kernelu/algoritmu).

Pldnované vystupy (konference a ¢asopisy):

INTERNATIONAL WORKSHOP ON GRAPH-THEORETIC CONCEPTS IN COMPUTER SCIENCE (WG)
International Workshop on Combinatorial Algorithms (IWOCA)

Information Processing Letters (IPL)

Elsevier

Téma je rezervovano konkrétnimu studentovi.
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Nazev zadani: Stabilita 3D kauzalnich autoregresnich modelu v aplikacich
modelovani multispektralnich textur
3D causal autoregressive models stability in multispectral texture
modeling

Mentor: Prof. Ing. Michal Haindl, DrSc.

Vypracujte prehled metod ovéreni stability 3D kauzadlnich autoregresnich modeld.
Naprogramujte algoritmus pro ovéreni a vizualizaci stability 3D kauzalniho autoregresniho
modelu v Zzdvislosti na bayesovsky odhadnutych parametrech modelu. Ovérte
naprogramovany algoritmus na zadanych modelech barevnych textur. Ukazte vliv stabilizace
modelu na vizudlni vlastnosti jim generovanych textur.

Develop an overview of methods for verifying the stability of 3D causal autoregressive models.
Program an algorithm to verify and visualize the stability of a 3D causal autoregressive model
depending on the Bayesian estimated model parameters. Verify the programmed algorithm on
the specified color texture models. Show the effect of model stabilization on the visual
properties of the textures generated by it.

Planované vystupy (konference a ¢asopisy):
European Conference on Computer Vision ECCV / IEEE International Conference on Image
Processing ICIP / IAPR International Conference on Pattern Recognition ICPR / IEEE

International Conference on Computer Vision ICCV
SPRINGER / IEEE / IAPR
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Nazev zadani: Multispektralni texturni benchmark
Multispectral texture benchmark

Mentor: Prof. Ing. Michal Haindl, DrSc.

Vypracujte prehled metod texturnich priznakd vcéetné jejich vlastnosti a zobecnéte je do
multispektralniho datového prostoru. Ovérte jejich informaclni hodnotu a robustnost na
zadanych méfenich s proménlivymi Uhly osvétleni a pozorovani a pfi zméné méfitka.
Naprogramujte vhodny priznakovy online benchmark, ktery spoji dodané generatory priznakl s
nékterymi nové naprogramovanymi. Ovérte naprogramované algoritmy generovani priznak{
pomoci alternativnich programovych zdrojd (openCV, Matlab) na zadanych barevnych
texturach.

Develop an overview of textural features, including their properties, and generalize them to a
multispectral data space. . Verify their information value and robustness on specified
measurements with variable lighting and observation angles and when scaling. Program a
suitable online feature benchmark that combines the supplied feature generators with some of
the newly programmed ones. Verify the programmed algorithms for generating features using
alternative program sources (openCV, Matlab) on the specified color textures.

Pldnované vystupy (konference a ¢asopisy):
European Conference on Computer Vision ECCV / IEEE International Conference on Image
Processing ICIP / IAPR International Conference on Pattern Recognition ICPR / IEEE

International Conference on Computer Vision ICCV
SPRINGER / IEEE / IAPR
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Nazev zadani: Aproximace viceméritkovych MRF modelu
Approximation of multi-resolution MRF models

Mentor: Prof. Ing. Michal Haindl, DrSc.

Ovérte moznost aproximace vice méritkového MRF modelu pomoci pyramidové faktorizace,
kumulantni nebo bond-moving aproximace. Ovérte informacni hodnotu jednotlivych moznych
aproximaci a jejich robustnost na zadanych mérenich s proménlivym méritkem.

Verify the possibility of approximating a multi-scale MRF model using pyramid factorization,
cumulant or bond-moving approximation. Verify the information value of individual possible
approximations and their robustness on the given measurements with a variable scale.

Pldnované vystupy (konference a ¢asopisy):
European Conference on Computer Vision ECCV / IEEE International Conference on Image
Processing ICIP / IAPR International Conference on Pattern Recognition ICPR / IEEE

International Conference on Computer Vision ICCV
SPRINGER / IEEE / IAPR
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Nazev zadani: Méreni BRDF materialt z dronu
Material BRDF measurement from dron observation

Mentor: Prof. Ing. Michal Haindl, DrSc.

Navrhnéte a realizujte vhodny zplsob méreni BRDF prirodnich materidld z méreni dronem.
Prace predstavuje naprogramovani vhodné letové drahy, registraci a geometrickou korekci
snimkd a aproximaci nemoznosti ménit Uhel a spektrum osvétleni.

Design and implement a suitable method for measuring BRDF natural materials from drone
measurements. The work presents the programming of a suitable flight path, registration and
geometric correction of images and the approximation of the impossibility of changing the
angle and spectrum of lighting.

Pldnované vystupy (konference a ¢asopisy):
European Conference on Computer Vision ECCV / IEEE International Conference on Image
Processing ICIP / IAPR International Conference on Pattern Recognition ICPR / IEEE

International Conference on Computer Vision ICCV
SPRINGER / IEEE / IAPR
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Nazev zadani: Finding spatial patterns in recommender systems

Mentor: Rodrigo Augusto da Silva Alves, Ph.D.

Regionalization is a classification technique that groups spatial items having areal
representations into homogenous continuous regions. A reasonable assumption in
recommender systems (RSs) is that the rows (users) and columns (items) of the rating matrix
can be regionalized into spatial communities (clusters). Such a task can assist providers in a
variety of complex problems, such as picking warehouse locations, producing effective geo-
marketing campaigns and produce fair geo-based recommendation. In this project, we aim to
investigate methods that take into account location of users and (or) items, regionalize them
and use the spatial information to improve recommender systems. The main outcome here is a
research article that should be submitted for a qualified conference or journal.

Pldnované vystupy (konference a ¢asopisy):

ACM Recommender System Conference
ACM

ACM Transactions on Knowledge Discovery from Data (TKDD)
ACM

Téma je rezervovano konkrétnimu studentovi.
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Nazev zadani: Perl-kompatibilni reguldrni vyrazy
Perl-compatible regular expressions

Mentor: Ing. Ondrej Guth, Ph.D.

Klasické reguldrni vyrazy, popisujici pravé reguldrni jazyky, jsou teoreticky velmi dobre
popsané. To vSak neplati pro vsechny syntaxe vyraz(l pouzivané v nastrojich a knihovnach a
zejména pro jejich nadregularni rozsifeni. V navrhovaném projektu se zamérime na PCRE (Perl-
compatible regular expressions), jaké tridy jazykl dokdazi popsat, pripadné na vylepseni
algoritma, které s nimi pracuji.

Classical regular expressions (those describing regular languages) have long established
theoretical background. Unlike RE, expressions used in real-world tools are usually theoretically
examined after their implementation. This project focuses on PCRE (Perl-compatible regular
expressions), their expressive power (equivalence to some language class) or improvement of
algorithms used for their compilation or matching.

Planované vystupy (konference a ¢asopisy):

International Conference on Implementation and Application of Automata (CIAA)

Annual Symposium on Combinatorial Pattern Matching (CPM)

International Workshop on Combinatorial Algorithms (IWOCA)
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Nazev zadani: Strukturdlni parametry pro barveni bez monochromatickych cykli

Mentor: RNDr. Ondrej Suchy, Ph.D.

Budeme zkoumat barveni bez monochromatickych cykld vzhledem ke strukturdlnim
parametrdm vstupniho grafu, zejména v pripadé, Zze délka zakdzanych cykld je soulasti vstupu.
Zaroven budeme zkoumat kernelizace problému.

Pldnované vystupy (konference a ¢asopisy):

International Workshop on Combinatorial Algorithms (IWOCA)

International Conference and Workshops on Algorithms and Computing (WALCOM)
Information Processing Letters

Elsevier

Téma je rezervovano konkrétnimu studentovi.
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Nazev zadani: Analyza TPM komunikace za pomoci FPGA
Analysis of TPM Communication Using FPGA

Mentor: Ing. Martin Darhel, Ph.D.

Trusted Platform Module (TPM) is a HW solution that allows to increase the security level of a
computing system (for example used in Windows 11). Analyze TPM behavior on LPC bus (Intel
Low Pin Count). Design and implement an FPGA solution that will return values of LPC-TPM
transactions over serial line. Create sufficient test cases of the implementation. Capture the
LPC communication using the solution and interpret it according to the analysis.

The aim of the research is to analyze the behavior of TMP on LPC using FPGA in order to obtain
(sensitive) information.

The expected output of this assignment is usable designed HW (with possibility of further
extension) and interpretation of the obtained data for further research.

Planované vystupy (konference a ¢asopisy):

MECO: Mediterranean Conference on Embedded Computing
MECO: https://mecoconference.me/meco2022/

DSD: Euromicro Conference on Digital System Design
Euromicro: https://www.euromicro.org/cms/

MICPRO: Microprocessors and Microsystems Embedded Hardware Design
Elsevier

Téma je rezervovano konkrétnimu studentovi.
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Nazev zadani: Odbérova analyza kryptografického procesoru CEC 1702
Power Analysis of Cryptographic Processor CEC 1702

Mentor: Dr.-Ing. Martin Novotny

Make the firmware development flow of Microchip CEC 1702 cryptographic processor
functional. Use either the Clicker2 development kit by Mikroelektronika or the ChipWhisperer kit
by NewAE, compare the two systems, and choose one for further work.

Implement the AES cipher on the CEC 1702. Examine the resistance of the CEC 1702 to power
analysis attacks. The research goal is to compare the resistance of the software version of the
AES cipher and the hardware version of the AES cipher using the built-in hardware accelerator.
The other research goal is to compare the resistance of the Microchip CEC 1702 cryptographic
processor and the STM32 processor. Research results will be published at international
conference or in journal.

Pldnované vystupy (konference a ¢asopisy):

Design and Diagnostics of Electronic Circuits and Systems 2023
IEEE

Digital Systems Design 2023
Euromicro

Mediterranean Conference on Embedded Computing 2023
MANT

Téma je rezervovdno konkrétnimu studentovi.
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Nazev zadani: Implementace Paillierova kryptosystému a utok injekci chyb na
procesoru CEC 1702

Mentor: Dr.-Ing. Martin Novotny

Implementujte Paillierlv kryptosystém na procesoru Microchip CEC 1702. Pouzijte knihovnu
»bigi“ uréenou pro implementaci kryptografickych algoritm® na mikrokontrolérech a provedte
nezbytné Upravy. Pfi implementaci Paillierova kryptosystému vyjdéte z jeho stavajici
implementace pro CEC 1302 a provedte nezbytné Upravy. Vytvorte Cisté softwarovou variantu
firmware a variantu vyuZzivajici vestavény hardwarovy akcelerdtor RSA. Firmware ma
podporovat rdzné sirky kli¢a.

Déle s pomoci knihovny ,bigi“ vytvorte pro procesor CEC 1702 cCisté softwarovou variantu RSA-
CRT a variantu RSA-CRT vyuzivajici jeho vestavény hardwarovy akcelerator. Vyzkumnym cilem
je s pomoci téchto variant prozkoumat moznosti provedeni Gtoku injekci chyb (fault-injection
attack) prostfednictvim soupravy ChipWhisperer. DalSim vyzkumnym cilem je porovndani Utoku
na procesor CEC1702 s uUtokem na procesor STM32. Vyzkumné vysledky prezentujte na
mezinarodni konferenci nebo v ¢asopise.

Pldnované vystupy (konference a ¢asopisy):

Design and Diagnostics of Electronic Circuits and Systems 2023
IEEE

Digital System Design 2023
Euromicro

Mediterranean Conference on Embedded Computing 2023
MANT

Téma je rezervovano konkrétnimu studentovi.
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Nazev zadani: Pravidelnosti a kvazipravidelnosti na retézcich
Regularities and Quasiperiodicities on Strings

Mentor: prof. Ing. Jan Holub, Ph.D.

Cilem prace je prozkoumat a rozsifit algoritmy na vyhledavani kvaziregularit v retézcich,
specialné pak prozkoumat a vylepsit algoritmy pro vyhledavani enhanced seedl, enhanced
restricted seedl a k-aproximacni varianty téchto problémU jako6 i prozkoumat algoritmy pro
hledani kvaziregularit z indexovanych textd.

Druhym cilem je pak prozkoumat moznosti aplikace teorie parametrizované slozitosti na NP
tézké problémy v oblasti pravidelnosti retézcg.

Téma navazuje na ¢lanky:

Kedzierski, A., Radoszewski, J. k-Approximate Quasiperiodicity Under Hamming
and Edit Distance. Algorithmica 84, 566-589 (2022).
https://doi.org/10.1007/s00453-021-00842-7,

Tomds Flouri, Costas S. lliopoulos, Tomasz Kociumaka, Solon P. Pissis, Simon J.
Puglisi, W.F. Smyth, Wojciech Tyczynski, Enhanced string covering,
Theoretical Computer Science 506, 102-114 (2013).
https://doi.org/10.1016/j.tcs.2013.08.013.

Ocekavanym vystupem je publikace na mezinarodni konferenci nebo v Casopise.

The goal of the work is to study and extend the algorithms seaching for quasiregularities in
strings; especially to study and extend the algorithms for enhanced seeds, enhanced restricted
seeds, and k-approximate variants of the problems. We would like also to study algorithms for
searching for quasiperiodicities in indexed texts.

The second goal is to explore the possibility to apply parameterized complexity on NP-hard
problems in the area of string regularities.

The topics extend the following papers:

Kedzierski, A., Radoszewski, J. k-Approximate Quasiperiodicity Under Hamming
and Edit Distance. Algorithmica 84, 566-589 (2022).
https://doi.org/10.1007/s00453-021-00842-7,

Tomas Flouri, Costas S. lliopoulos, Tomasz Kociumaka, Solon P. Pissis, Simon ).
Puglisi, W.F. Smyth, Wojciech Tyczynhski, Enhanced string covering,

Theoretical Computer Science 506, 102-114 (2013).
https://doi.org/10.1016/j.tcs.2013.08.013.

An expected result will be a publication in international conference or in journal.
Pldnované vystupy (konference a ¢asopisy):

Combinatorial Pattern Matching

Theoretical Computer Science - Elsevier

Discrete Applied Mathematics - Elsevier

Téma je rezervovano konkrétnimu studentovi.
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Nazev zadani: Identifikace sledovaného Sifrovaného videostreamu
prostrednictvim sond sitového provozu
Identification of the monitored encrypted video stream via
network traffic probes

Mentor: Ing. Jan Fesl, Ph.D.

Sifrovani sitového provozu zasadni mérou dovoluje na jedné stran& uZivateli zachovavat
anonymitu resp. nemoznost detekce jeho konkrétnich aktivit, na druhou stranu umozhuje i
relativné beztrestné pachat nelegdini cinnosti. V tomto pripadé se nelegéini ¢innosti mysli
sledovani nelegalnich (napf. retransmise videostream@ placenych sportovnich prenost, novych
filmG, atd.) ¢i Skodlivych (napf. détska pornografie, terorismus, atd.) videi, kterou je vhodné
omezit. Ukolem navrZzeného projektu je zapojit se do vyzkumného tymu v rdmci grantu
feseného ve spoluprace se sdruzenim CESNET a prispét k ndvrhu spolehlivé detekéni metody.

Encryption of network traffic to a large extent allows the user to maintain anonymity or the
impossibility of detecting its specific activities, on the other hand, allows it to commit illegal
activities relatively with impunity. In this case, illegal activity means watching illegal (eg
retransmission of video streams of paid sports, new films, etc.) or harmful (eg child
pornography, terrorism, etc.) videos, which should be limited. The task of the proposed project
is to join the research team within the grant solved in cooperation with the CESNET association
and to contribute to the design of a reliable detection method.

Pldnované vystupy (konference a Casopisy):

IEEE-ISNCC , International Symposium on Networks, Computers and Communications
IEEE

Future Internet
MDPI
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Nazev zadani: Inteligentni detekce aktivnich IPv6 adres
Intelligent detection of active IPv6 addresses

Mentor: Ing. Jan Fesl, Ph.D.

o4

Protokol IPv6 prinasi radu vyhod a novych mechanismd, které jednoznacné zlepSuji moznosti
dorucovani dat na sitové vrstvé - dostatek verejnych adres, mobilita, Sifrovani atd. Vzhledem k
ohromnému poctu adres, které mohou byt pfridélovany klientskym stanicim (typicky prefix /64)
neni ovsem bez znalosti prislusné pouze lokadlnim smérovaclim snadné vzdalené monitorovat
aktivni IPv6 adresy. Tento problém je mozné Casteclné vyfesit pomoci zndmych heuristik (napf.
bézné zvyklosti spravct siti, prfibuznost MAC adres rozhrani v rdmci jedné organizace, rozlozeni
MAC adres dle vyrobcl atd.) a hrubé sily. Ukolem projektu bude prakticky implementovat dané
heuristiky, vyhodnotit jejich pfinos a pokusit se navrhnout nové. Redeni bude finalné
otestovano nad autonomnim systémem CVUT.

The IPv6 protocol brings a number of advantages and new mechanisms that clearly improve
the possibilities of data delivery at the network layer - sufficient public addresses, mobility,
encryption, etc. However, due to the huge number of addresses that can be assigned to client
stations (typically prefix / 64) appropriate only for local routers easy to remotely monitor active
IPv6 addresses. This problem can be partially solved using known heuristics (eg common
practices of network administrators, affinity of MAC addresses of interfaces within one
organization, distribution of MAC addresses according to manufacturers, etc.) and brute force.
The task of the project will be to practically implement the given heuristics, evaluate their
contribution and try to design new ones. The solution will finally be tested on the CTU
autonomous system.

Planované vystupy (konference a ¢asopisy):

IEEE International Conference on Computer Communications (INFOCOM)
IEEE

Future Internet
MDPI
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Nazev zadani: Automatické vyhodnoceni testl manualni zruénosti podle
videozaznamu
Automatic evaluation of manual dexterity tests from video
recording

Mentor: Ing. Tomas Vondra, Ph.D.

Na Klinice rehabilita¢niho lékarstvi 1.LF UK a VFN v Praze probihd vyzkum zaméreny na
standardizované testy hodnotici funkci hornich koncetin. Jednim z nich je Box and Block Test,
kterym se hodnoti obratnost rukou pacientll. Test spocivd v co nejrychlejSim premistovani
kostek z krabice pres prepazku do druhé krabice tak, aby se pacient konecky prstd drzicich
premistovanou kostku dostal za prepazku, nez kostku upusti. Vysledkem je pocet kostek
jednotlivé premisténych véasovém limitu za dodrzeni instrukci. Druhy test je Purdue Pegboard,
ktery spociva v zasouvani koli¢kl do direk v desce, opét dle presnych instrukci.

Vyhodnocovani se v sou¢asné dobé provadi v redlném case s pacientem, s kontrolou druhym
hodnotitelem podle videa. Vyhodnoceni je velmi naro¢né na pozornost hodnotitell a nachylné
na chyby. Navrhnéte zpUsob, jak automaticky vyhodnocovat jeden z téchto testl pomoci
technik strojového vidéni. Srovnejte vysledky s lidskymi hodnotiteli. Prace je interdisciplinarnf;
vysledek je mozné uplatnit jak na konferencich na téma umélé inteligence, tak téch
rehabilitacnich. Vysledny program by se mohl vyuzivat v klinické praxi rehabilita¢nich zafizeni,
kterd tento test bézné pouzivaji, a odstranil by potfebu druhého hodnotitele. Na téma se
mohou prihlasit az 4 studenti.

The Department of Rehabilitation Medicine of the First Faculty of Medicine, Charles University
and the General Hospital in Prague is conducting research focused on standardized tests
evaluating the function of the upper limbs. One of them is the Box and Block Test, which
assesses the dexterity of patients' hands. The test consists of moving the dice from the box
across the partition to the second box as quickly as possible so that the patient must get over
the partition with the fingertips holding the moved dice before dropping the dice. The result is
the number of dice individually moved within the time limit while following the instructions. The
second test is Purdue Pegboard which consists in inserting pegs into holes in the board, also
according to strict instructions.

The evaluation is currently performed in real time with the patient, with the reevaluation of a
second evaluator using video. The evaluation is very demanding on the attention of evaluators
and prone to errors. Suggest a way to automatically evaluate one of the tests using machine
vision techniques. Compare the results with human evaluators. The work is interdisciplinary;
the result can be applied both at conferences on the topic of artificial intelligence and
rehabilitation ones. The resulting program could be used in the clinical practice of rehabilitation
facilities that commonly use this test, and would remove the need of the second evaluator. The
topic can accomodate up to 4 students.

Planované vystupy (konference a ¢asopisy):

European Conference on Machine Learning and Principles and Practice of Knowledge Discovery
in Database ECML PKDD 2023

Nezavislad konference / Springer

IEEE Congress on Evolutionary Computation CEC 2023
IEEE

Rehabilitace a fyzikalni Iékarstvi
Ceska |ékarska spolecnost J. E. Purkyné
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Nazev zadani: Rozpoznani textu pro neziskovou TV
Text recognition for a non-profit TV

Mentor: Ing. Tomas Vondra, Ph.D.

Czech-American TV, neziskova televize Ceskych krajani v USA, nas pozadala o vylepSeni
webové prezentace www.catvusa.com pro americany o Ceské Republice nebo stranky
www.americantravelshow.com pro ¢echy o Americe. Slovy zadavatele:

Konkrétné bychom chtéli rozsifit nas WP plugin Genealogy na nasem webu tim, ze by tam byla
dalsi funkce, kterd by dokdzala prepsat némecky text tistény ve fontu Kurent a Schwabach do
latinky a pokud to bude mozné i prelozit do angli¢tiny za pouziti napriklad Google translate.
Prosté Ze by nekdo oscanoval text v kurentu (tfeba staré noviny) a pak by pres nés plugin ziskal
tento text v latince a popfipadé prelozeny do anglictiny.

Tento plugin chceme rozsifit o vySe uvedenou funkci se ¢tenim scanu a s prekladem
https://catvusa.com/genealogy/german-czech/

Predpokladédme, Zze by se zadani dalo resit zabudovanim open-source OCR enginu a jeho
naucenim na archaické znakové sady.

Czech-American TV, a non-profit television of Czech compatriots in the USA, asked us to
improve the website www.catvusa.com for Americans about the Czech Republic or
www.americantravelshow.com for Czechs about America. In the words of the requester:

We'd like to extend our WP plugin genealogy on our website with the fact that there would be
another function that could transcribe the German text printed in the Kurent and Schwabach
fonts into Latin and, if possible, translate it into English using, for example, Google Translate.
Simply, someone would scan the text in Kurent (for example, an old newspaper) and then
through us the plugin would get this text in Latin and possibly translated into English.

We want to extend this plugin with the above function with scan reading and translation
https://catvusa.com/genealogy/german-czech/

We presume that the solution would be to embed an open-source OCR engine and teach it the
archaic fonts.

Pldnované vystupy (konference a ¢asopisy):

European Conference on Machine Learning and Principles and Practice of Knowledge Discovery
in Database ECML PKDD 2023

Nezavisld konference / Springer

Proinflow
Kabinet informacnich studii a knihovnictvi Filozofické fakulty Masarykovy univerzity v Brné
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Nazev zadani: Testovani Markovskych modeli pomoci Monte Carlo simulace
na grafické karté
Testing of Markov models using Monte Carlo simulation on GPU

Mentor: Ing. Martin Kohlik, Ph.D.

V ramci projektu bude vytvoren algoritmus pro testovani Markovskych model& pomoci Monte
Carlo simulace, ktery pobéZzi v paralelnim prostredi na grafické karté. Vysledkem prace budou
nasimulovana data, kterd budou pouzita pro publikaci ¢lankl na konferencich a/nebo casopise.
Tento vyzkum navazuje na téma disertacni prace mentora specialisty a také na vyzkum, kterym
se zabyva Laboratof spolehlivosti.

An algorithm for testing Markov models using Monte Carlo simulation, which will run in a
parallel environment on a GPU, will be created within the project. The result of the work will be
simulation data, which will be used for the publication of the article at the conferences and/or
journal. This research follows up on the topic of the dissertation of a Mentor specialist and also
on the research dealt with by the SafetyLab.

Pldnované vystupy (konference a ¢asopisy):

The International Symposium on Design and Diagnostics of Electronic Circuits and Systems
(DDECS)

IEEE

Digital System Design (DSD)
Euromicro

Microprocessors and Microsystems (MICPRO)
Elsevier
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Nazev zadani: Evakuace vlaku - citlivostni analyza multi-agentnich modelu
Train Evacuation - Sensitivity Analysis of Multi-Agent Models

Mentor: Ing. Pavel Hrabak, Ph.D.

Multiagentni modely evakuace mohou slouzit jako uziteCny nastroj pro posouzeni bezpecnosti
prostredkl verejné dopravy, jako je napriklad osobni vlak. Pomoci simulaci je mozné analyzovat
bezpeclnost prostfedku bez nutnosti ndkladnych evakuacnich cviceni. Ve srovnani s evakuaci
budov je prostredi vlaku typické uzavienym prostorem s Gzkymi ulickami, omezenym poctem
vychodl a nestandardnimi Unikovymi cestami. Klasické postupy a simula¢ni nastroje pro

evakuaci budov tak neni mozné bez blizsi analyzy pro simulaci evakuace takového prostoru
vyuzit.

Cilem tohoto projektu je prozkoumat moznosti vybranych evakuaénich modell pro pouziti k
simulaci evakuace osobniho vlaku a pomoci nastrojd variac¢ni citlivostni analyzy kvantifikovat
vliv jednotlivych parametrd modell na pozorovatelné veli¢iny jako je totalIni evakuacni Cas a
tok hlavnim vychodem. Vystupy simulaci budou porovnény s daty z experimentalni evakuace
zelezni¢niho vozu elektrické jednotky 471 (CityElefant), kterd se uskutecnila v roce 2018.

V soucasné dobé existuje model vyse zminéného experimentu evakuace zelezni¢niho vozu
vytvoreny v softwaru Pathfinder (https://www.thunderheadeng.com/pathfinder/) validovany
proti experimentalnim datdm.

Dil¢i ulohy projektu jsou:

* Vytvorit skript, ktery bude pousStét a zaznamenavat vysledky simulaci Pathfinderu
opakované a to tak, aby bylo mozné strojové ménit parametry modelu vcéetné dilcich
parametr( jednotlivych agentd.

« Pomoci citlivostni analyzy kvantifikovat vliv jednotlivych parametrd modelu na kli¢ové
veli¢iny, nastudovat za timto Ulelem vhodné vzorkovani parametrického prostoru.
Porovnat zavéry s citlivostni analyzou evakuace budov. Napf. pouzitim balicku
https://salib.readthedocs.io/.

* Pokusit se vytvorit model tohoto experimentu v néjakém open-source simulatoru (napf.
https://www.jupedsim.org/ nebo http://www.vadere.org/), provést citlivostni analyzu a
porovnat s predchozimi vysledky.

Projekt bude zpracovdvadn ve spolupraci s Ing. Hankou Najmanovou (FSv) a Ing. Danielem
Vasatou, Ph.D. (FIT). Kromé vyse zminéné analyzy bude aplikovatelnym vystupem doporucent,
které parametry agentl v modelu Pathfinder hraji pro evakuaci vlaku klicovou roli a je jim tedy
potreba vénovat dostate¢nou pozornost pri kalibraci modelu.

Vystupy projektu by méli byt prezentovdny na  konferenci FEMTC 2022
(https://www.femtc.com/events/2022), pfipadné i do uvedeného Casopisu.

Pldnované vystupy (konference a ¢asopisy):
Fire and Evacuation Modeling Technical Conference - Thunderhead Engineering

Simulation Modelling Practice and Theory, SIMUL MODEL PRACT TH - Elsevier

Téma je rezervovano konkrétnimu studentovi.
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Nazev zadani: Klasifikace Windows malware zalozena na samoorganizacnich
mapach
Windows Malware Classification Based on Self-Organizing Maps

Mentor: Mgr. Olha Jureckova

Samoorganiza¢ni mapy si uz nasli uplatnéni v systémech pro odhaleni prdnikl, které monitoruji
sitovy provoz, avsak jejich vyuziti pro klasifikaci Skodlivych binarnich souborl neni jesté
dostatecné prozkoumdno. Cilem prace je prozkoumat moznosti uziti samoorganizacnich map i
pro problém klasifikace malware, konkrétné pod operaénim systémem Windows. Vystupem
prace bude porovndni dosazenych vysledku zalozenych na samoorganiza¢nich mapach s
vysledky ziskanymi ze state-of-the-art technik zaloZzenych na strojovém uceni.

Pldnované vystupy (konference a ¢asopisy):

International Conference on Security and Cryptography (SECRYPT)
Institute for Systems and Technologies of Information, Control and Communication (INSTICC)

International Conference on Knowledge Based and Intelligent information and Engineering
Systems (KES)
KES International

IEEE Access
IEEE
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Nazev zadani: Obejit nebo se protlacit davem? Strategie v CA popsané smési
rozdéleni
Bypassing or pushing through the crowd? Distribution mixture
describing strategies in CA

Mentor: Ing. Pavel Hrabak, Ph.D.

Celuldrni modely pohybu chodcl se stale tési velké oblibé pro svou jednoduchost a schopnost
postihnout dllezité fenomény evakuace a pohybu chodcl. Student v rdmci své bakalarské
prace prozkoumal jednoduchy celuldrni model umoznujici simulovat heterogenni strategie
pohybu v davu pred Uzkym hrdlem: obchazeni a protlacovdni se. Cilem projektu je detailné
prozkoumat tyto strategie a jejich dlsledek v simulaci evakuace, tj. dopad na pozorovatelné
veli¢iny jako totaIni evakuacni ¢as a tok. Projekt cili predevsim na heterogenitu agentd, kterd je
reprezentovand nehomogennim rozdélenim odpovidajicich parametrg.

Vysledky projektu bychom radi prezentovali v ramci Complex collective systems workshopu
conference PPAM 2022 a v pripadé Uspéchu se uchazeli o special issue casopisu Journal of
Computational Science.

Pldnované vystupy (konference a ¢asopisy):

14th INTERNATIONAL CONFERENCE ON PARALLEL PROCESSING AND APPLIED MATHEMATICS
prof. Roman Wyrzykowski, Czestochowa University of Technology

Journal of Computational Science
Elsevier

Téma je rezervovano konkrétnimu studentovi.
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Nazev zadani: Implementace algoritmu pro vyzkum pohyblivych grafi
Implementation of algorithms for studying flexible frameworks

Mentor: Dr. techn. Ing. Jan Legersky

Umisténi vrcholl grafu v roviné se nazyva pohyblivé, pokud jej Ize spojité deformovat pfi
zachovani vzdalenosti sousednich vrcholl. Existence takovéhoto umisténi pro dany graf je
charakterizovana existenci jistého obarveni hran zvaného NAC-obarveni (Grasegger, L.,
Schicho. 2019). Mentor spolu s Georgem Graseggerem vytvorili SageMath bali¢ek FlexRiLoG za
Gcelem zkoumani pohyblivych umisténi grafl pomoci NAC-obarveni. Dalsi vysledky rozsirujici
teorii NAC-obarveni na pohyblivd symetrickd a obdélnikovd umisténi byly publikovany a
¢astec¢né implementovany v tomto balicku, ale kéd potrebuje revizi a doplnéni. Cilem tohoto
vyzkumu je tudiz bali¢ek optimalizovat a otestovat, doplnit chybéjici ¢asti a implementovat
také dalsi algoritmy z teorie pohyblivosti/pevnosti. Clanek popisujici kompletni bali¢ek bude
odeslan do ¢asopisu zaméreného na software.

A realization of a graph, i.e., the placement of the vertices in the plane, is called flexible if it
can be continuously deformed while preserving the distances between adjacent vertices. The
existence of a flexible realization for a given graph is characterized by the existence of a
certain edge coloring, called NAC-coloring (Grasegger, L., Schicho. 2019). The mentor together
with Georg Grasegger have implemented the SageMath package FlexRiLoG for studying flexible
realizations using NAC-colorings. Futher results extending the theory of NAC-colorings to
symmetric and parallelogram realizations have been published and partially implemented in
the package, but the code needs to be revised and completed. Hence, the goal is to optimize
and test the package, add the missing parts and to implement also other algorithms from
rigidity/flexibility theory. A paper describing the package will be submitted to a journal
publishing software.

Planované vystupy (konference a Casopisy):

SoftwareX
Elsevier

The Journal of Open Source Software (JOSS)
Journal of Open Source Software, United States
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Nazev zadani: Detekce nezadouciho chovani v grafovych reprezentacich dat
s vyuzitim ¢asové dimenze

Mentor: Ing. Jaroslav Kuchar, Ph.D.

Grafové reprezentace dat maji oproti jinym reprezentacim velkou vyhodu ve své schopnosti
popisovat situace, ve kterych dochazi k Casté interakci mezi uréenymi entitami. Za tyto entity
Ize v fadé problém{ spojenych s aktivitou na internetu povazovat uZivatele, pripadné objekty
jejich zajmu jako jsou webové stranky, produkty, jejich recenze a dalsi. V mnoha oblastech vsak
dochézi k nezddoucimu chovani uzivatell. Typickym prikladem jsou stranky obsahujici recenze
produktl a sluzeb - ¢astym jevem je podvodné chovani, kdy osoby zakladaji falesné Gcty a pisi
smyslené recenze (cilem je budto zlepSeni hodnoceni vlastniho produktu nebo ocernéni
konkurencniho).

Takové a podobné situace Ize odhalit pomoci technik detekce anomdlii v grafovych
reprezentacich. Jejich vyuZiti je tématem této prace. Velmi dlleZitou a méné pouzivanou
sloZzkou je Casova dimenze - prace by méla cilit na jeji vyuziti. Casovou dimenzi se typicky mysli
Udaje o case interakci, pripadné posloupnost téchto interakci. Zpracovavat dynamicky se

Vv

Uspésnost. Pozornost by méla byt vénovana srovnani dostupnych metod, pfipadné navrhu
vlastnich. Uspésnost téchto metod by méla byt vyhodnocena nad redlnymi daty. V Uvahu

YT

Pldnované vystupy (konference a ¢asopisy):

CIKM: International Conference on Information and Knowledge Management
ACM

WCIDM: International Workshop on Computational Intelligence and Data Mining
ITAT
Pfipadné CIKM, WSDM, KDD, ICML, WWW a jejich workshopy

Téma je rezervovano konkrétnimu studentovi.

34



Nazev zadani: Trvale udrzitelny cloud
Sustainable cloud

Mentor: Ing. Jan Fesl, Ph.D.

Svét virtualiza¢nich infrastruktur a cloudd je velice rozmanity, avsak technologicky se rychle
ménici a zastaravajici. Uc¢elem projektu je navrhnout obecné pozadavky na fyzickou
infrastrukturu (virtualizéry, rdzni vyrobci CPU, datova Ulozisté) a virtualizacni software
(moznosti orchestrace, ukladani dat napojeni na technologie), na zakladé kterych bude mozné
plvodni zastaralé reSeni postupné obménovat, elasticky rozsifovat a doplhovat dlouhou
(idedlné nekonec¢nou) dobu resp. postupné transformovat na zcela nové reseni.

The world of virtualization infrastructures and clouds is very diverse, but technologically rapidly
changing and obsolete. The purpose of the project is to design general requirements for
physical infrastructure (virtualizers, various CPU vendors, data storage) and virtualization
software (orchestration options, data storing, technology connection), based on which it will be
possible to gradually change the original obsolete solution, elastically extend and add long
( ideally infinite) time resp. gradually transform into a completely new solution.

Planované vystupy (konference a ¢asopisy):

International Conference on Future Internet of Things and Cloud, www.ficloud.org
IEEE
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Nazev zadani: Experimentdlni porovnani implementaci protokolti PTP a
WhiteRabbit
Experimental evaluation of PTP and White Rabbit protocal
implementations

Mentor: RNDr. Ing. Vladimir Smotlacha, Ph.D.

Experimentalni porovnani implementaci protokold PTP a WhiteRabbit

Protokol PTP (Precise Time Protocol) slouzi pro distribuci presného c¢asu sitovym zarizenim s
vyuzitim Ethernetu, tedy na linkové vrstvé ISO/OSI. Nejvétsi fluktuace ve zpozdéni rdmcl
vznika ve frontach sitovych prepinacl. Protokol predpoklada podporu primo v prepinacich, kdy
je doba zpozdéni zmérena a predana cilovému zafizeni. Existuji rlzné implementace
jednotlivych vyrobcl, je proto potfebné znat jejich presnost a kompatibilitu. Pro porovnani jsou
k dispozici Ethernetové prepinace tfi vyrobcl a dale software implementace v Linuxu. Méreni se
bude provadét v laboratornich podminkach i v redlné optické siti mezi uzly vzdalenymi nékolik
set kilometrl. Do provadénych experimentl bude déale zahrnut i systém WR (White Rabbit),
ktery z PTP také vychazi, ale dosahuje radové lepsi presnosti.

Ovérte interoperabilitu dostupnych zarizeni, zmérte a vyhodnotte dosazenou presnost prenosu
c¢asu. Vysledky zpracujte do podoby, kterd umozni jejich prezentaci na konferenci spolu s
¢lankem ve sborniku. Kone¢nym cilem, po doplnéni dalSich méfeni navrzenych na zakladé
zjisténych vlastnosti, je ¢ldnek v odborném casopise.

The Precise Time Protocol (PTP) is used to distribute accurate time to network devices using
Ethernet, i.e. at the ISO/OSI link layer. The greatest fluctuations in the frame delay occur in
network switch queues. The protocol assumes support directly in the switches, when the delay
time is evaluated and reported to the target device. There are different implementations of
individual manufacturers, so it is necessary to know their performance and compatibility.
Subject of the evaluation will be Ethernet switches from three manufacturers and also the
software implementations in Linux. The measurement will be performed in laboratory
conditions and in a real optical network between nodes several hundred kilometers away. The
WR (White Rabbit) system, based on PTP but providing much better accuracy, will also be
included in the performed experiments.

Verify the interoperability of all available devices, measure and evaluate the achieved
parameters of time transfer accuracy. Process the results into a form that will allow their
presentation at a conference and an article in conference proceedings. After extending by other
measurements designed on the basis of the identified performance, the ultimate goal is an
article in a scientific journal.

Planované vystupy (konference a ¢asopisy):

IMEKO TC10 - Measurement for Diagnostics, Optimization & Control
poradatel pro rok 2023 neni dosud zndm

IEEE Transactions on Ultrasonics, Ferroelectrics, and Frequency Control
IEEE

Téma je rezervovano konkrétnimu studentovi.
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Nazev zadani: Paralelni vicecestny quicksort algoritmus pro OpenMP
Parallel multiway quicksort algorithm in OpenMP

Mentor: doc. Ing. lvan Simecek, Ph.D.

Predmétem vyzkumu bude ndvrh a implementace paralelniho vicecestného quicksort algoritmu
pro HPC. Navzeny algoritmus by mél byt bud' in-place nebo konstatni mnoZzstvi pomocnych
datovych blokl. Nasledné by implementace méla byt porovnana s ostatnimi implementacemi

A new multi-threaded variant of the parallel multiway quicksort algorithm and its C++4/OpenMP
implementation are presented. Designed sorting algorithm should operate either in place or
with a constant amount of auxiliary data blocks. It is primarily designed for high-performance
computing (HPC) runtime environments. We evaluate AQsort experimentally and compare its
performance with modern multi-threaded implementations of in-place and out-of-place sorting
algorithms.

Pldnované vystupy (konference a ¢asopisy):

Concurrency and Computation: Practice and Experience,
Wiley Online Library

WWW.scpe.org
https://www.scpe.org/index.php/scpe/about

International Journal of Parallel Programming
Springer
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Nazev zadani: Cold-start items based recommendation

Mentor: Rodrigo Augusto da Silva Alves

We want to investigate algorithms that handle the recommendation of new items (or for new
users) in a comprehensive approach. To accomplish this, we intend to look for methods that
exploit and transfer the multiple properties of items (or users) with recognized behavior to
recently introduced ones.

Pldnované vystupy (konference a ¢asopisy):

ACM Recommender Systems Conference - RECSYS
ACM

ACM Transactions on Knowledge Discovery from Data (TKDD)
ACM
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Nazev zadani: Temporalni interpretace Stable Marriage problému
Temporal Interpretations of the Stable Marriage Problem

Mentor: Ing. Simon Schierreich

Stable Marriage je fundamentdlni problém teorie stabilnich parovani. Vstupem problému jsou
dvé stejné velké mnoziny agentu M a F. Kazdy z agentl md preference vyjadrené jako linearni
usporadani na vsech agentech z opac¢né mnoziny. Cilem je najit takové parovani mezi agenty,
ze nebude existovat dvojice m\in M a f\in F takova, ze m preferuje f pfed aktualné pfifazenym
parem a to samé pro f. Pro tento problém existuje slavny polynomidlni algoritmus, se kterym
prisli v roce 1962 Gale a Shapley. Shapley za vyzkum v oblasti stabilnich parovani dokonce
ziskal Nobelovu cenu.

Cilem projektu je podivat se na problém z hlediska temporalnich grafd, které velice dobre
zachycuji dynamicky se ménici svét. Spole¢né tak budeme pracovat na nékolika temporalnich
interpretacich tohoto problému, zajimat nas budou zejména nové algoritmy a tézkostni dikazy.

Stable Marriage is a fundamental problem in the stable matchings area. The input of the
problem is two sets M and F of agents. Every agent has a preference relation (linear order, in
fact) overall agents from the second set. Our goal is to find matching between agents from
different sets such that there is no pair of agents m\in M and f\in F such that m preferers f over
the currently assigned agent and f prefers m over the currently assigned agent. There is a
famous polynomial-time algorithm by Gale and Shapley solving this problem. It is worth
mentioning that Shapley obtained a Nobel prize for his research in stable matchings.

The goal of this project is to study the Stable Marriage problem from the viewpoint of temporal
graphs which captures very naturally the dynamics of the real world. | would like to study
algorithmic upper bounds and complexity lower bounds of at least three different natural
interpretations of the Stable Marriage problem in temporal graphs.

Pldnované vystupy (konference a Casopisy):

Symposium on Algorithmic Foundations of Dynamic Networks (SAND)

International Conference on Algorithmic Decision Theory (ADT)

EURO WG - Preference Handling

European Conference on Multi-Agent Systems
European Association for Multi-Agent Systems
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Nazev zadani: Neuralni celularni automat pro (NCA) pro modelovani fyzikalnich
déju
Neural cellular automata for modeling of physics

Mentor: Mgr. Petr Siméanek

Neuralni celularni automat NCA (https://distill.pub/2020/growing-ca/) je jednoduchy, ale velmi
zajimavy pfistup k reseni rlznych problémd. Vyuzivd koletivnich vypoctl zaloZzenych na
komunikaci malych neuralnich bunék (malé neuronové sité), jejichz chovani je nau¢ené pomoci
gradient descentu. Mezi zndmé aplikace patii morfogeneze, vytvareni pohyblivych textur nebo
jednoduché kontrolni problémy. NCA umozfuji velmi robustni (samo-opravné) vypocty. Tato
vlastnost a nékteré dalsi vlastnosti NCA mohou byt velmi uzite¢né pfi simulaci proudéni
tekutiny.

Ukolem je aplikovat, adaptovat a vylepsit stavajici implementaci NCA a vyfesit benchmarkovy
problém v dynamice tekutin (proudéni v doméné s pobyujicim se vikem). Cilem je ukdzat, ze
NCA takové vypocty umozniuji a Ze NCA dokdaze generalizovat a resit rlizné varianty podobného
problému. Poslednim Gkolem je analyza vysledkad.

Neural cellular automata NCA (https://distill.pub/2020/growing-ca/) is a simple but a very
interesting approach to solve various problems by distributed collective calculation done
multiple simple neural cells that learn by gradient descent. The known applications are
morphogenesis, creation of moving textures or simple control protocols. NCA allow very robust
(self-repairing) computation. Some properties of NCA may be helpful in simulation of fluid flow.

The task is to apply, adapt and improve NCA to solve a simple benchmark problem in fluid
dynamics (moving lid). We want to show that NCA allow this computation and that NCA also
truly learn how to solve the fluid flow. The latter would be tested by various perturbations of
the original problem. The last task is to provide some analysis of the results.

Pldnované vystupy (konference a Casopisy):

Alife
International Society for Artificial Life

PARALLEL PROBLEM SOLVING FROM NATURE - PPSN

International Joint Conference on Neural Network IJCNN
International Neural Network Society
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Nazev zadani: Using Neural Cellular Automata to create Turing patterns

Mentor: Mgr. Petr Siméanek

Neural Cellular Automata (NCA) (https://distill.pub/2020/growing-ca/) were recently introduced.
The idea of NCA is to use a small CNN to learn the transition rule of a 2D cellular automata with
a continuous and multi-dimensional state space, which they interpret as an image. In
particular, they trained the NCA to converge to a specific image. They showed that, with proper
training, NCA could reconstruct missing patches of the target image and were resilient to many
classes of state perturbations. Randazzo et al. also showed that NCA can be used to classify
MNIST digits. This is an example of local behaviour leading to a global agreement about the
overall structure of the system.

This collective behavior is very interesting and could in principle explain some very difficult
natural effects. One of the problems that appear in nature is a creating of Turing Patterns.
These patterns could be found in nature as jaguar/cheetah/tiger/zebras spots or stripes. The
development of these patterns is usually modeled by differential equations.

We believe that these spots and stripes are created by a different mechanism, which is much
more local and works on cellular level. NCA can be the way forward. The task is apply, adapt

and improve implementation of NCA for the Turing patterns, evolve some of these patterns and
compare the resulting behavior to recent literature.

Pldnované vystupy (konference a ¢asopisy):

Alife
ISAL
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Nazev zadani: Integration of a test-case reducer into an application-level fuzzer

Mentor: Prof. Ing. Pavel Tvrdik, CSc.

V tomto projektu se zamérime na techniky redukce testovacich pripadd a jejich pouziti ve
fuzzeru na aplika¢ni drovni. V minulosti jsme vyvinuli fuzzer na aplikacni Grovni, ktery je
schopen najit chyby v produkénim softwaru. Pro spravce i penetracniho testera je vSak klicové
identifikovat zdroje chyb a néasledné je opravit. Nicméné se ukdzalo, Ze identifikace zdroje
chyby je v modernich vicevrstvych komplexnich softwarovych systémech obtizna. Proto se
snazime o minimalni vstupy, které presto zpUlsobuji chybné chovani softwaru. Tuto minimalizaci
mUze zkuSeny tester provést ru¢né, je vsak ¢asové narocna. Nékolik nedavnych studii navrhlo
zapojit techniky redukce testovacich pripadd. Jednd se o aktivni oblast vyzkumu a v tomto
projektu se na tyto techniky zamérime. Ackoli se ukazalo, ze techniky minimalizace testovacich
pripadd jsou uzite¢né v nékolika scénarich, nebyly dosud zkoumany v kontextu fuzzingu na
aplika¢ni drovni. Nasim cilem je integrovat nas fuzzer na aplika¢ni Urovni s takovymi
technikami redukce testovacich pripad tak, aby systém byl schopen nejen najit chyby v
softwaru, ale také vytvofit minimalni vstup, ktery chybu spusti. Vystupem projektu by méla byt
prototypovd implementace nového fuzzeru na aplikac¢ni Urovni s integrovanymi technikami
redukce testovacich pripadd.

In this project, we will focus on test case reduction and its use in an application-level fuzzer. In
the past, we have developed an application-level fuzzer that is able to find bugs in production-
grade software. However, it is crucial for the maintainer, as well as the penetration tester, to
identify the source of the bugs and subsequently fix them. Nevertheless, the identification of
source of a bug has been proven to be difficult in modern multilayer complex software systems.
Therefore, we strive for minimal input that still causes the software to misbehave. This
minimization can be done manually by an experienced tester, but it is time-consuming.
Several recent studies proposed to engage test case reduction technigues. This is an active
area of research and in this project we will focus on these techniques. Though test case
minimization techniques have been shown to be useful in several scenarios, they have not
been explored in the context of application-level fuzzing. Our goal is to integrate our
application-level fuzzer with such test case reduction techniques so that the system will not
only be able to find bugs in the software but to produce a minimal input that triggers the bug
too. The output of the project should be a prototype implementation of novel application-level
fuzzer with test case reduction techniques.

Pldnované vystupy (konference a ¢asopisy):

ACM SIGSOFT International Symposium on Software Testing and Analysis
ACM

International Joint Conference on SoftwareTechnologies
INSTICC

Téma je rezervovano konkrétnimu studentovi.
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Nazev zadani: Vyzkum v oblasti hyperheuristik a rozsireni frameworku SEAGE
Mentor: Mgr. Ing. Ladislava Smitkova Jankd, Ph.D.

Vyzkum v oblasti hyper-heuristik a rozsifeni frameworku SEAGE. V navaznosti na zhodnoceni
optimaliza¢niho frameworku SEAGE z pohledu aktualniho stavu vyzkumu v oblasti hyper-
heuristik, se zamérte na vyvoj metodiky pro evaluaci hyper-heuristiky/meta-heuristik, dale se

vénujte problematice vylepsSeni hyper-heuristik, implementujte toto/ tato vylepSeni a otestujte
ho.

Pldnované vystupy (konference a ¢asopisy):

European Conference on Artificial Intelligence
[JCAI

International Joint Conference on Artificial Intelligence
[JCAl

International Journal of Operational Research
ELSEVIER

Téma je rezervovano konkrétnimu studentovi.
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Nazev zadani: Podpora prace s bioinformatickmi ontologiemi na platformé
OpenPonk
Supporting Bioinformatic Ontologies on the OpenPonk Platform

Mentor: doc. Ing. Robert Pergl, Ph.D.

Cilem projektu je vyvoj a ovéreni podpory pro modelovani bioinformatickych ontologii ve
formatu RDF/OWL pro platformu https://openponk.org. Vyvinuty ndastroj by mél umét nacitat a
zobrazovat ontologie a poskytovat moZznosti dotazovani a manipulaci pomoci jazyka Pharo.
Vystupem budou:

1. Vlastni implementace + testy + dokumentace

2. Ovéreni na vhodné ukazkové studii

2. Védecky ¢lanek popisujici dosazené vysledky a jejich prinos pro bioinformatickou komunitu.

The aim of the project is to develop and verify support for modeling bioinformatic ontologies in
RDF / OWL for the https://openponk.org platform. The developed tool should be able to load
and display ontologies and provide functions for manipulating and querying them using the
Pharo language. The outputs will be:

1. The implementation + tests + documentation

2. Verification on a suitable case study

2. Scientific article describing the results achieved and their contribution to the bioinformatic
community.

Pldnované vystupy (konference a Casopisy):

Vysledek bude uplatnén v ramci mezinarodni infrastruktury ELIXIR CZ a publikovan na
bioinformatické konferenci / ¢asopise

Téma je rezervovadno konkrétnimu studentovi.
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Nazev zadani: Fyzicky neklonovatelné funkce
Physical Unclonable Functions
Mentor: Ing. Filip Kodytek, PhD.

Navrh novych pfipadné implementace jiz existujicich feSeni PUF (fyzicky neklonovatelné
funkce) a analyza jejich chovani.

Pldnované vystupy (konference a ¢asopisy):
Digital System Design (DSD)

Design and Diagnostics of Electronic Circuits and Systems (DDECS)

Materidly pro vyuku v predmétech BI-HWB/NI-HWB
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Nazev zadani: Generovani klicu pomoci fyzicky neklonovatelnych funkci

Mentor: Ing. Filip Kodytek, PhD.

Cilem bude implementace vybrané fyzicky neklonovatelné funkce (PUF) a jeji nasledné vyuziti
pro generovani kli¢d. To zahrnuje vybér Gcelu, pro jaky kli¢ bude slouzit a nasledné navrh
zpracovani vystupu PUF tak, aby jej Slo pro generovani kli¢d vyuzit.

Pldnované vystupy (konference a ¢asopisy):
Design and Diagnostics of Electronic Circuits and Systems (DDECS)

Digital System Design (DSD)

Materidly pro vyuku predmétd BI-HWB/NI-HWB
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Nazev zadani: Generatory skute¢né nahodnych cisel

Mentor: Ing. Filip Kodytek, PhD.

Implementace jiz existujici (pfipadné navrh nové) architektury skutecné nahodného generatoru
(TRNG). Analyza vlastnosti implementovaného TRNG a vyhodnoceni jeho ndhodnosti.

Pldnované vystupy (konference a ¢asopisy):

Vystupem budou primarné materidly pro vyuku predmétd BI-HWB/NI-HWB. Eventuelné bude
snaha o publikaci, pokud bude dostate¢nd inovace.
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Nazev zadani: Vyuziti generativnich neuronovych siti

Mentor: Ing. Jaroslav Kuchaf, Ph.D.

V soucasné dobé existuje velké mnozstvi generativnich modell jako jsou napf. variatonal
autoencoders (VA), generative adversarial nets (GAN) a dalsi. Jejich aplikaci nalezneme v
mnoha oblastech. V pripadé GAN se jedna zejména o oblasti spojené se zpracovanim obrazu
(computer vision apod.).

Cilem tohoto tématu je zamérit se na vyuziti GAN i v jinych oblastech nez je prfimo préce s
obrazovymi daty, ale mlze v téchto situacich existovat analogie. Jednim z prikladdi mze byt
napr. dvojrozmérnd data reprezentujici pozice hry, rozlozeni prvkd aplikace, grafy a jejich
maticové reprezentace a dalsi. Olekdvanym vystupem je provést reSerSi, vyuzit GAN a
vyhodnotit jejich vhodnost v takovychto pripadech.

- Seznamte se s problematikou generativnich model(

- Provedte resersi pristupl se zamérenim na GAN

- Navrhnéte vhodné oblasti vyuziti GAN mimo zpracovani obrazu
- Navrhnéte vhodné metody reSeni pro zvolené oblasti

- Provedte experimenty
- Vyhodnotte kvalitu navrzenych pfistup(

Pldnované vystupy (konference a ¢asopisy):

CIKM: International Conference on Information and Knowledge Management
ACM

WCIDM: International Workshop on Computational Intelligence and Data Mining
ITAT
Pfipadné CIKM, WSDM, KDD, ICML, WWW a jejich workshopy

Téma je rezervovano konkrétnimu studentovi.
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Nazev zadani: Improving time integration in Meshraphnets

Mentor: Mgr. Vojtéch Rybar

Meshgraphnets [1] is powerful approach to modelling complex physical systems with graph
neural networks for mesh-based simulations.

Right now, it uses simple forward Euler rule for time stepping. The goal of this project is to
improve time integration in meshgraphnets by introducing adaptive time stepping and/or
different approach to time integration, e.g. [2].

[1] Pfaff, T., Fortunato, M., Sanchez-Gonzalez, A., & Battaglia, P. W. Learning mesh-based
simulation with graph networks. ICLR 2021

[2] Chen, Ricky TQ, et al. "Neural ordinary differential equations." Advances in neural
information processing systems 31 (2018).

Pldnované vystupy (konference a ¢asopisy):

International Joint Conference on Neural Networks (IJCNN)
IEEE

AISTATS: International Conference on Artificial Intelligence and Statistics

Téma je rezervovano konkrétnimu studentovi.
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Nazev zadani: Srovndvaci studie ruznych typu rekurentnich a konvoluénich
neuronovych siti pro predikci vyvoje cen akcii v case

Mentor: Mgr. Ing. Ladislava Smitkova Jankd, Ph.D.
Vypracujte resersi pouziti rlznych typl neuronovych siti (rizné typy RNN, CNN) aplikovanych
na problém predikce cen akcii. Navrhnéte sérii experimentl umoznujicich provést srovnani

jednotlivych pristupl. Algoritmy implementujte a provedte experimenty, vysledky srovnavaci
studie zpracujte formou ¢lanku na konferenci nebo do ¢asopisu.

Pldnované vystupy (konference a ¢asopisy):

European Symposium on Neural Networks
ENNS

European Conference on Artificial Intelligence
[JCAl

Téma je rezervovdno konkrétnimu studentovi.
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Nazev zadani: Hierarchicky model pro rozpoznavani textu v ru¢né psanych
zaznamech v matrikach ze 17., 18. a 19. stoleti

Mentor: Mgr. Ing. Ladislava Smitkova Jankd, Ph.D.

Vyzkum zaméreny na kombinaci metod statistické relani umélé inteligence, metod pro
zpracovani obrazu a neuronovych siti realizovany na datech ziskanych z ru¢né psanych
zdznam{ z matrik ze 17., 18. a 19. stoleti. Student by se mél zamérit na tvorbu hierarchického
modelu, kde na nejvySSi drovni pracuje s pravdépodobnostnimi modely zohlediujicimi

rv Vs

pomoci neuronovych siti. Pfedpoklddanym vystupem je ¢lanek na konferenci nebo do ¢asopisu.

Pldnované vystupy (konference a ¢asopisy):

European Symposium on Neural Networks
ENNS

European Conference on Artificial Intelligence
[JCAI
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Nazev zadani: Automatizovana extrakce vzorku pneumatiky vozidia
Automated vehicle tyre treads extraction

Mentor: doc. RNDr. Ing. Marcel Jifina, Ph.D.

Vzorky pneumatik jsou velmi rlznorodé a do znacné miry identifikujici konkrétni vozidlo nebo
alespon jeho typ. Srovnani vzorku pneumatiky s nezndmym otiskem pneumatiky tak muize
vyznamné zUzit skupinu aut, které maiji stejny vzorek.

Cile projektu vychazi a navazuji na bakalafskou praci studenta, ktery v ni navrhl,
implementoval o ovéfil kamerovy systém pro snimdni pneumatik vozidel v redlném prostredi.
Projekt vyzkumného léta se zaméri na navrh a ovéreni metod zpracovani obrazu, které umozni
snimky prevést do definované podoby a vyuziti je pro dalsi analyzy. Vzhledem k tomu, Ze
méreni v redlném externim prostredi je obtizné, kvili zajisténi konstantnich podminek méreni
(pocasi, osvétleni, poloha vozidla, jeho vzdalenost, geometrické zkresleni...), bude cilem
vyzkumu béhem léta ndvrh robustnich metod, které umozni eliminovat nebo aspori vyrazné
snizit tyto externi vlivy a automatizované poskytnout extrahovany vzorek pneumatiky v
jednotné podobé jako rozvinuty pés (rastrovy Sedoténovy snimek) pro dalsi zpracovani.

Student se zaméri zejména na tyto aktivity a vyzkumné cile:

1) geometrické a jasové transformace snimkd,

2) identifikaci (vybér) vhodného snimku (zejm. nejostiejsi a s pritomnou pneumatikou),
3) automatizovanou lokalizaci pneumatiky ve snimku,

4) sestaveni modelu a nalezeni vhodné geometrické transformace (transformace 3D
valce/kuzelu na 2D obdélnik se vzorkem pneumatiky),

5) identifikaci parametrl modelu pro konkrétni pneumatiku a

6) jasové transformace navazujici na geometrické transformace extrahovaného vzorku.
Vystupem projektu bude

1) soubor implementovanych a ovéfenych metod pro extrakci vzorku pneumatiky,

2) soubor vzorovych ukdzek extrahovanych vzorkl pneumatik z redlnych méreni a

3) pfipravend publikace do ¢asopisu/na konferenci.

The tyre treads are very diverse and to a large extent identify a particular vehicle or at least its
type. Thus, comparing a tyre treads with an unknown tyre print can significantly narrow the
group of cars that have the same treads.

The objectives of the project are based on and build upon the student's bachelor thesis, in
which he designed, implemented, and verified a camera system for capturing vehicle tires in a
real-world environment.

The research summer project will focus on the design and validation of image processing
methods that will allow the images to be converted into a defined form and used for further
analysis. Since measurements in real external environments are difficult due to the provision of
constant measurement conditions (weather, illumination, vehicle position, vehicle distance,
geometric distortion...), the aim of the research during the summer will be to design robust
methods to eliminate or at least significantly reduce these external influences and to provide
the extracted tire treads in a uniform form as a developed strip (raster grayscale image) for
further processing in an automated way.

In particular, the student will focus on the following activities and research objectives:

1) geometric and luminance transformations of images,

2) identification (selection) of an appropriate image (especially the sharpest one and with the
tire present in the image),

3) automated localization of the tyre in the image,

4) model design and finding a suitable geometric transformation (transformation of a 3D
cylinder/cone into a 2D rectangle with a tire treads),

5) identification of the model parameters for a specific tire and

6) the brightness transformations related to the geometric transformations of the extracted
sample.

The output of the project will be

1) a set of implemented and validated methods for tire sample extraction,

2) a set of sample tire samples extracted from real measurements; and
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3) a prepared journal/conference publication.
Pldnované vystupy (konference a ¢asopisy):
International Journal of Computer Vision
Computer Vision and Image Understanding

International Machine Vision and Image Processing Conference (ICMV 2022)

Téma je rezervovano konkrétnimu studentovi.
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