N

FAKULTA APLIKOVANYCH VED
ZAPADOCESKE UNIVERZITY
V PLZNI

=
-—
o
-
en




veoecxh iowrenence 2025

Magisterské a doktorské studijni
programy

Sbornik rozsirenych abstraktu



Nazev: SVK FAV 2025 — magisterské a doktorské studijni programy
Editor: Jan Rendl

Ilustrace na obdlce: Jana Travnickova

Vydavatel: Zapadoceska univerzita v Plzni, Univerzitni 8, 306 14 Plzen
Datum vydani: kvéten 2025

ISBN 978-80-261-1302-7

Tato publikace neprosla redakéni ani jazykovou tpravou.



Sponzor1 konference

;’:-'7,‘?0., 5
{43 UNICORN

#< EUROSOFTWARE



Obsah

Sekce — Fyzika, matematika, geomatika, mechanika

Reduced-order modelling of blood flow in the human arterial tree
Augustindk Tomas

Modelovani kmitani rotoru s pasivnimi hlti¢i kmita
Bares FrantiSek

Global gravitational field modelling for spheroidal planetary bodies: non-singular
expressions
Belinger Jifi

Globalni modelovani gravitacnich poli sféroidalnich planetarnich téles: studium
Legendreovych funkci
Dohnalova Veronika

Strongly thermochromic W-doped VO2 films with large temperature coefficient of
electrical resistance near room temperature
Farrukh Sadoon

Ultra-low-resistivity nitrogen—doped Cu,O thin films fabricated by reactive
high—power impulse magnetron sputtering (HiPIMS)
Koloros Jan

Deposition of Cu-Doped TiO2 using Helium—-Assisted DC Magnetron Sputtering
for Conductometric Hydrogen Sensing
Kumar Akash

Advancing Cu20 Films for PEC Water Splitting Using Reactive HIPIMS: Enhanced
Crystallinity and Photocurrent Performance
Vosejpka Jan

Synthesis and characterization of HiPIMS-deposited Zr-O-N films for potential
water splitting applications
Vu Minh Thanh

10

12

14

16

18

20

22

24



Sekce — Informatika, kybernetika

An Analytical Design Method for Power System Stabilizers Based on Hinf Specifi-
cations
Brabec Michal

Monitorovaci systém pro vcelare
Bfezina Pavel

Zpracovani obrazu pro automatické strihani vétvi
Gaier Jakub

Detekce zrcadlové symetrie v 3D geometrickych modelech proménnych v ¢ase
Gregor Vit

Measurement Dimensionality and Its Impact on Position Error Covariance in
Tracking Applications
Gulyj Michael

Do Compact Multilingual Large Language Models Speak Czech?
Hejman Jakub

Autoregressive Upscaling of Sparse Single—Cell Data Improves Interpretability
Honzik Tomas

Modul pro statistickou analyzu medicinskych dat v systému Czech Salivary Gland
Database
Jelinek Vojtéch

Burzovni simulator pro trh Fizeny limitnimi objednavkami
Kimlové Vladimira

Software for Neurorehabilitation
Kment Tomas

Detekce a prevence driftu konfigurace sitovych komponent v siti Webnet.
Koldovska Aneta

The Right Tracker for the Right Job: Maritime Case Study
Krejéi Jan

Engineering Thermostable Proteins Using Large Language Models
Kuhajda Lukas

Analysis of White Matter Diffusion Properties in the Context of Selected Brain Tu-
mors
Kukral Martin

Zero Vibration Filter Design Tool
Langmajer Martin

27

29

31

33

35

37

39

41

43

45

47

49

51

53

55



Spacial Analysis of Image Description for Detection of Cognitive Disorders
Lebeda Tomas

Improving Sign Language Translation through Multimodal Language Alignment
Majer Filip

Two Pillars of Software Project Health: DevOps and DevEx
Majidov Elgun

Testing Platform for Periodic Control
Myslivec Tomas

SpiTranNet: A Spiking—Transformer network for Motor Imagery classification
using multi—-channel EEG signals
Pham Duc Thien

Segmentace cév prasete domaciho ve snimcich z vypocetni tomografie
Romova Jana

Computer Vision Applications in Video Recordings for Traffic Signal Detection and
Classification on Czech Railways
Schnurpfeil Daniel

Modelovani a identifikace portalovych jerabu
Sukovaty Daniel

Klasifikace akustickych udalosti pro diagnostiku vyrobni linky
Simek Jan

Cross—lingual Emotion Detection
Smid Jakub

Vyutziti transformeru pro specifickou dlohu z praxe
Taus$ Daniel

Point—-mass Filter with Non—equidistant Grid Design
Trejbal Jan

Nonsense Word Repetition for Detection of Cognitive Disorders
Tupy Jan

Vyvoj autonomni mobilni platformy pro prepravu nakladu
Tvrz Jakub

Using Pre—trained Models for Phoneme Representation in Czech Speech Synthesis
Vladar Lukas

Towards Aesthetic Enrichment of Mirror Selfies via Automatic Image Analysis
Vyskocil Jifi

57

59

61

63

65

67

69

71

73

75

77

79

81

83

85

87



Complexity of KIR allele identification pipeline design
Wolf Katefina 89

Detekce anomalii v datech z knih limitnich objednavek
Zappe Dominik 91

Ablations Studies in Pose-Based Sign Language Translation
Zelezny Tomas 93



Sekce

Fyzika, geomatika, matematika, mechanika



SCIENTIFIC (ONS;:.II.Ele%II)E:l"é.IIE. 202 S/ﬁ

Reduced-order modelling of blood flow in the human arterial tree

Tom4s Augustifiak!

1 Introduction

Haemodynamics is recognised to affect the pathogenesis of the most life-threatening
cardiovascular diseases, such as heart attack or brain stroke. Thus, in the new millennium, the
need to better understand the complexity and uniqueness associated with pulsatile blood flow
in compliant arteries has given rise to mathematical models of different spatial dimensions,
making it possible to obtain accurate patient-specific results at low computational cost.

2 Description of the model

This work presents a well-known model of the arterial system consisting of 55 largest
arteries in the human body, presented in Sherwin et al. (2003), Fig. 1. In this work, it is
solved by the MacCormack finite volume method, whereas in the literature the authors used the
discontinuous Galerkin finite element method. A comparison of computed results enables their
verification.

The model comprises of individual arterial segments formulated as one-dimensional
models. This formulation employs certain simplifying assumptions: The vascular wall is as-
sumed thin-walled, radially symmetric, and subject to small deformations, so one can use
Hooke’s law of linear elasticity. Blood is assumed homogeneous and incompressible, and pres-
sure p and velocity U are constant in a given lumen cross-section A. Wall inertia is neglected.
The model can be formulated as a hyperbolic system of partial differential equations

o[4], o AU 10 .
o U] o |2 (VA VAR 4] (o)

where x is the spatial coordinate, ¢ is time, p is blood density, and (3 relates to wall stiffness.

The individual segments are connected into a branching structure using a set of six con-
ditions in each bifurcation, the solution of which gives a correction to the values on the bound-
aries. Three of these conditions express mass conservation in the bifurcation and total pressure
continuity in all three vessels. The other three conditions are imposed on the so-called charac-
teristic variables. The perturbation of these variables can only move into the bifurcation and are
assumed to be unaffected by the computed correction.

Finally, one prescribes boundary conditions. At the inlet, a boundary condition is given
as a value of the forward characteristic variable, while the backward one is approximated from
the previous time level. This allows for the calculation of primary unknowns, A and U. At
the outlets, a terminal resistance is prescribed, that gives a ratio of characteristic variables. The
forward characteristic is approximated from known data, the other one can be easily calculated
from the terminal resistance, so primary unknowns can be computed.

I'student of the doctoral degree program Applied Mechanics, field of study Mechanics, e-mail: tau-
gusti@ntis.zcu.cz



3 Results and concluding notes

Firstly, from the comparison with Sherwin et al. (2003), one can clearly see a very good
correspondence between the computed and reference results. Secondly, even though this model
does not contain any representation of the heart and even though outlet boundary conditions are
very simple, one can spot the dicrotic notch, that is the local minimum of lumen cross-section
in the ascending aorta, in the results for this vessel. Finally, the model can be regarded as
multiscale because the terminal resistance corresponds to the one-element Windkessel model (a
resistor) connected to the outlet. Terminal resistances significantly impact results in the entire
arterial tree and, as such, will play a pivotal role in the personalisation of the model.
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Figure 1: Illustration of 55 arteries modelled in this work
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Modelovani kmitani rotoru s pasivnimi hlti¢i kmita

Frantisek Bares'

1 Uvod

Tato prace se zabyva tvorbou diskrétnich modela rotorové soustavy a navrzenim para-
metrit pasivniho hlti¢e kmitd pro Gc¢inné sniZeni vibraci hifidelového Cepu v rezonanéni ob-
lasti provozu. Zejména je kladen diraz na ovlivnéni chovani rotoru hydrodynamickymi si-
lami zptisobené mazivem v kluznych loZiscich. Tyto sily maji negativni vliv na chod systému
zejména pii malé hmotnosti rotorové Casti.

2 Hydrodynamické sily

Hydrodynamické sily byly popsany na zaklade Reynoldsovy rovnice. Aby bylo mozné
explicitné popsat tyto sily jako funkci polohy a rychlosti ¢epu, byl vyuZit model takzvané ne-
konecné kratkého loziska. Tento predpoklad se opird o to, Ze pomér délky a vnitfniho priméru
loZiska neptekraCuje stanovenou hodnotu. Slozky sil v polarnim soufadnicovém systému jsou
uréeny vztahy [1]

. L\’ - me (1 +2¢%)
I8 . — — —
Fr (8,6,@,&))— :U“RL(C> |:|(’u 2®|(1_€2)2+2<1_€2)5/2:| ’

o))

. L\’ . e 2eé
IS( . _ el _
F;°(e,é,P,w) =p RL (C> [(W 2(1))4(1 — 2y + 1- 82)2]

Obrazek 1: Zavedené parametry kluzného loziska.

I'student navazujicitho studijniho programu Aplikovand mechanika, obor: Dynamika konstrukci a mechatro-
nika, e-mail: bares @students.zcu.cz
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3 Urceni parametru hltice

Pro optimalizaci parametrii hiti¢e bylo nutné vyjadrit hydrodynamické sily (1) vyjadfit
ve stacionarnim pripadé, tedy byla zanedbdna rychlost pohybu hiidelového Cepu [2]. Diky to-
muto vyjadfeni a pfevedeni sloZek sil do kartézského soufadnicového systému bylo mozné urcit
matice tuhosti K”? a tlumeni B#?. Ty byly dosazeny do modelu rotou daného vztahem

M +Kq+Bg="f. +f, )

Jako parametr pro optimalizaci parametrd hltie byla pouZita amplituda hiidelového ¢epu. Am-
plitudy systém byly ureny ze soustavy rovnic [3]

(K—w2M+in)lq:f’, (3)

[

-~

Z(w)

kde Z je matice dynamické tuhosti.

4 Vysledky

Byly porovnény tfi vysledky, které se liSily v pfistupu vyjadieni hydrodynamickych sil
v loziscich. Nejprve byly koeficienty tuhosti a tlumeni konstantni. Nasledné byly uvaZzovany
zavislé na uhlové rychlosti rotoru. Koeficienty byly tedy dany stacionarnim piipadem vztahu (1).
Nakonec byly ziskané parametry hlti¢e dosazeny do modelu s nestaciondarnim pifipadem hyd-
rodynamickych sil. Ve vSech trech pfipadech byla redukovéana amplituda hfidelového cepu v
rezonancni oblasti.
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Obrazek 2: Porovnani vypoctenych amplitudovych charakteristik bez aplikovaného hltice a s
nim.
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Global gravitational field modelling for spheroidal planetary
bodies: non-singular expressions

Jiti Belinger, Veronika Dohnalova, Martin Pitonidk, Pavel Novéak, Michal gprlék

NTIS — New Technologies for the Information Society, Faculty of Applied Sciences,
University of West Bohemia in Pilsen, Technicka 8, 306 14 Plzen, Czech Republic,
belinger@ntis.zcu.cz

1 Introduction

Determination of gravitational fields generated by various planetary bodies (including
Earth, Earth’s Moon or neighbouring planets) represents a crucial task in modern geodesy.
There are various approaches to gravity field calculation. One of the most common methods
utilises spherical harmonics and is in principle based on 2D Fourier transform as we combine
and scale spherical harmonics to synthesise gravity field quantities (Fig. 1).

Sectorial function
n=m=9

Zonal function
n=9m=0

Tesseral function
n=9m=4

Earth’s gravity field caleulated for n,m = 0 — 720

Figure 1: Synthesis of Earth’s gravity field from a large set of spherical harmonic functions
(spatial resolution rises with degree n and order m) — Ince et al. (2019).

However, shapes of planetary bodies are often closer to spheroids. Therefore, transition
to spheroidal approximation is essential as it significantly extends region near the surface of
flattened planetary bodies allowing safe computation without any divergence issues describe
by Hu and Jekeli (2015).

This contribution describes aspects of the gravitational field modelling of planetary
bodies using spheroidal harmonic synthesis. We focus on the substitution of singular
expressions (containing partial derivatives with respect to reduced spheroidal latitude  and
trigonometric functions dependent on B) occurring in calculations by non-singular recursive
expressions. Similar approach was already tested for spherical approximation by Hamackova
et al. (2016)

12
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Globalni modelovani gravita¢nich poli sféroidalnich planetarnich
téles: studium Legendreovych funkci

Veronika Dohnalov4!, Jiff Belinger?, Martin Pitotidk?, Martin Pitonidk®, Pavel Novak>,
Michal Sprlak®

1 Uvod

Urcovani gravitaCnich poli planetérnich téles je vyznamnym tématem moderni geodézie.
Zaroven je znalost gravitacnich poli jaddrem mnoha dilezitych aplikaci, jako je studium vnitinich
struktur planetarnich téles, stanoveni planetdrnich referencnich systémi pro urCovani polohy,
predpovidani obéznych drah umélych druZzic nebo navigace pozemnich a kosmickych vozidel.

Standardni koncep¢ni ramec pro urovani gravitacniho pole ve fyzikélni geodézii bézné
vychazi ze sférické aproximace. Nicméné soucasné vyzkumy planetarnich téles slunecni sou-
stavy ukdzaly, Ze mnoh4 z nich se podobaji protahlym nebo zplostélym elipsoidtim Sprldk et al.
(2020). Je tedy nutné formulovat moderni koncepéni ramec, ktery vyuZije aproximaci elipsoi-
dickou.

2 Projekt elipsoidického modelovani

V ramci projektu Elipsoidického modelovani planetarnich gravitacnich poli byla formu-
lovdna novd matematickd teorie. Zakladni rovnici, ze které projekt vychazi, je rozvoj gra-
vita¢niho potencidlu do fady sféroiddlnich harmonickych funkci uvedeny v rovnici (1). Na
zakladé tohoto vztahu byly odvozeny slozky gravitatniho gradientu, slozky gravitaniho ten-
zoru druhého t4du a slozky gravita¢niho tenzoru tietiho fadu.

- Q) (1%) _
V(u, Q) 5 ce . (u) Yom(Q)
n=0 m=—n Qn Im| Zg ’
Pupmi (12) .
Cnm( ) Yom(€2). €))
n=0 m=—n P \m\ )

Software pro vypocet gravitatniho potencidlu byl zatim publikovan pro vnéjsi rozvoj.

'student navazujiciho studijntho programu Geomatika, specializace Geoinformatika, e-mail: do-
hnalv @ntis.zcu.cz

2NTIS — Nové technologie pro informa¢ni spole¢nost, Fakulta aplikovanych véd, Zdpadoceskd univerzita v
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Nyni se projekt zaméfuje na doplnéni softwaru o vnitfni rozvoj a o vypocet normovanych
sféroidalnich harmonickych koeficientt C,  (u) a C; ,, (u).

3 Studium Legendreovych funkci

Vyznamnou soucasti rozvoje (1) jsou Legendreovy funkce prvniho druhu P, |,,,| a druhého
druhu @, . B&Zné se k jejich vypoctu pouZivaji rekurze, které umoZiiuji rychly vypocet, ale
mohou numericky selhat. Alternativni variantou je pouZiti hypergeometrickych funkci.

Jiz v softwaru s vnéjSim rozvojem byly k vypoctu Legendreovych funkci vyuZzity funkce
hypergeometrické. Jejich vypocet byl realizovan pomoci knihovny GNU Scientific Library
(GSL) Sprlik et al. (2020). Aby novy kompletni software nebyl zavisly na pouZiti cizi knihovny,
byly v ramci projektu zkoumané riizné hypergeometrické funkce a jejich vlastnosti.

Prispévek se zamétuje na vysledky z pozorovani chovani Legendreovych funkci v zavislosti
na ruznych vstupnich parametrech jako je typ elipsoidu, vyska vypoctového bodu a velikost
zplosténi. Déle byla sledovana pfesnost a numericka stabilita vypoctu. Zaroven byly zkoumané
i prvni, druhé a tfeti derivace a integraly Legendreovych funkci. Ty se objevuji pfi vypoctu
gradientu gravitaéniho potencidlu, jeho slozek tenzort druhého a tfetiho fadu a prfi vypoctu
sféroidalnich harmonickych koeficientt.

2160 : : 2160 : : . 2160
1620 ‘ 1620 ‘ 1620

] ] ]
1080 1080 1080 ]
(@) (@) O
540 540 540
o‘ ‘ ol ; 0 ‘ ; ‘
0 540 1080 1620 2160 0 540 1080 1620 2160 0 540 1080 1620 2160
Degree Degree Degree
00 26 52 78 104 130 00 34 68 102 136 17.0 0 4 8 12 16 20
|0910|Pn,m| |091O|Pn,m| I0910|Pn,m|

Obrazek 1: Ukazka chovani prvni (vlevo), druhé (uprostfed) a tfeti (vpravo) derivace funkce
Pojml

Korektnost vypoctu Legendreovych funkci prvniho a druhého druhu byla prozatim otes-
tovdna na zminéném softwaru pro vypocet gravitaéniho potencidlu pomoci vnéjsiho rozvoje do

fady sféroiddlnich harmonickych funkci.

Podékovani
Piispévek byl podporen grantovym projektem GACR 23-070318S a projektem Zapado&eské
Univerzity SGS-2022-027.
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Strongly thermochromic W-doped VO films with a large
temperature coefficient of electrical resistance near room
temperature

Sadoon Farrukh?, Jaroslav Vi¢ek?, Jiti Rezek®, Radomir Cerstvy*, Tomas Kozak®

1 Introduction

Vanadium dioxide (VO.) is an extremely interesting and increasingly investigated coating
material due to its reversible first-order transition between a low-temperature monoclinic
VO2(M1) semiconducting phase and a high-temperature tetragonal VO2(R) metallic phase
relatively near room temperature (approximately 68 °C for the bulk material). High modulation
of the infrared transmittance, and electrical and thermal conductivity makes VO»-based films a
suitable candidate for numerous applications, such as electronic and optical switches, thermal
sensors, smart thermal radiator devices for spacecraft, adaptive thermal camouflage, and
energy-saving smart windows with automatically varied solar energy transmittance.

The application potential of these films depends on the ability to achieve not only the VO>
stoichiometry but also the crystallization of the VO2(M1/R) phase under as industry-friendly
process conditions as possible, i.e., at a deposition temperature close to 300 °C (usually used
temperatures are higher than 450 °C) and without any substrate bias voltage in case of usually
used magnetron sputter techniques. Moreover, the transition temperature needs to be reduced
to room temperature for many applications (e.g., energy-saving smart windows, new uncooled
infrared detectors and high-performance temperature sensors). Besides the optical
transmittance and the electrical resistivity below transition temperature, the characteristics of
the semiconductor-metal transition, such as the corresponding phase-transition amplitude,
hysteresis width and phase-transition sharpness, are of key importance.

Furthermore, VO> coatings can be combined with complementary functional layers to
enhance durability and tailor the spectral response for specific environments, offering additional
flexibility in device design without compromising core performance.

The paper deals with crystal structure, electronic band structure, optical and electrical
properties, and semiconductor-metal transition characteristics of strongly thermochromic W-
doped VO films with a large (up to -12% K-1) temperature coefficient of electrical resistance
near room temperature (24 - 28 °C). They were deposited at a reduced temperature (350 °C)
onto soda-lime glass substrates with two versions of Y-stabilized ZrO. (YSZ) interlayers
(serving also as a highly optically transparent bottom antireflection layer) possessing different
crystal orientations, and onto bare glass and monocrystalline YSZ and Al>O3 substrates for
comparison.

! student of the doctoral degree program Applied Sciences, field of study Plasma physics and physics of thin
films, e-mail: sadoon@kfy.zcu.cz

2 professor of Physics, field Plasma physics and physics of thin films, NTIS, email: vicek@kfy.zcu.cz
3Researcher at NTIS,field Plasma physics and physics of thin films ,email: jrezek@kfy.zcu.cz

4 Researcher at NTIS,field Plasma physics and physics of thin films,email: cerstvy@kfy.zcu.cz

> Associate Professor of physics, field Plasma physics and physics of thin films,NTIS ,email: kozakt@kfy.zcu.cz
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Additionally, the use of YSZ interlayers not only improves the optical impedance
matching but also promotes better film adhesion and structural uniformity across the substrate
surface.

The W-doped VO: films were synthesized using reactive deep oscillation magnetron
sputtering (DOMS) with a pulsed O> flow control and to-substrate O> injection into a high-
density plasma in front of the sputter V-W (3.0 wt.%) target. The DOMS is a modified version
of high-power impulse magnetron sputtering with macropulses (500 ps in this work) composed
of short high-power micropulses (10 in this work) making it possible to increase discharge
stability and deposition rate of films (20 — 30 nm min-1 in this work).

2 Figures

Strongly Pressure

Unbalanced Sensor
Magnetron o
o) Substrate
7 A— \ Holder

%B:/

R

Figure 1: Schematic of deep oscillaton magnetron sputtering (DOMS) with a pulsed O> flow
control and to-substrate O injection
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Ultra-low-resistivity nitrogen-doped Cu:O thin films fabricated by
reactive high-power impulse magnetron sputtering (HiPIMS)

Jan Koloros?!, Jiti Rezek?, Pavel Baroch?

1 Introduction

Nowadays, transparent conductive oxides are widely used in many important
applications. Whereas n-type transparent conducting oxides are well researched and widely
used, there needs to be more p-type counterparts with sufficient performance. These p-type
TCOs with comparable performance to their n-type counterparts are necessary to fabricate
active electronic devices based on transparent p—n junctions (Singh et al., 2024). Cu20-based
materials are a good candidate for this as they contain only abundant and non-toxic elements
(Kumar et al., 2020). In this work, we systematically investigated the role of nitrogen
incorporated in Cu20 thin films on optical and electrical properties, namely optical band gap
and electrical resistivity. We aim to prepare TCO layers with a high optical bandgap and low
electrical resistivity with the highest possible mobility of free hole carriers.

The most suitable Cu2O:N films were prepared by reactive HiPIMS of Cu circular target
(100 mm in diameter) in Ar+O2+N; atmosphere. The pulse-averaged target power density (Sda)
varied from =~ 100-1300 Wcem?, and the fraction of N2 in (Ar+N2) mass flow was 0-90 %. The
optimal oxygen partial pressure was 260 mPa.

2 Result

The resistivity and optical bandgap of Cu2O:N films with the increasing amount of
nitrogen measured using a four-probe method are shown in Figure 1 (a), a decreasing trend can
be seen with the increasing amount of nitrogen; the pulse-averaged target power density (Sda)
is constant at 1300 Wem2. Figure 1 (b) shows the effect of pulse-averaged target power density
(Sda), the graph shows an increase of optical bandgap between 100 and 400 Wcem™2, the increase
may indicate a change in the crystal phase.
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Figure 1: The resistivity and bandgap of Cu2O:N films (a) as a function of nitrogen fraction
in Ar+N2 mass flow (b) as a function of S¢a With a constant nitrogen fraction of 90 %
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In Figure 2, there are XRD patterns of two films, where for the films with the lowest
Sga = 100 Wem™2, the CuO phase is detected, and for the other layers with a different S,,,
only the Cu20 phase was detected. The film with the largest S,;, was selected for comparison.
This explains the significant increase in the optical bandgap S;, 100 and 400 Wem™2 in
Figure 1 (b). It also agrees with Balik (2019), which indicates that CuO has a lower optical
bandgap than Cu20.
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Figure 2: XRD of Cu20:N films with different pulse-averaged target power density S,

3 Conclusions

We have shown that reactive high-power impulse magnetron sputtering (HiPIMS) is a
promising way for nitrogen-doped Cu20 films. The film exhibits an electrical conductivity three
orders of magnitude higher than a pure Cu20 film for the optimized nitrogen concentration.
Very low resistivity Cu,O:N films with a resistivity of around 6 x 10~2 Qcm were achieved.
From XRD analysis and resistivity measurements, higher electrical conductivity and optical
bandgap are achieved with the Cu.O phase structure than CuO.
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Deposition of Cu-Doped TiO- using Helium-Assisted DC
Magnetron Sputtering for Conductometric Hydrogen Sensing

2

Akash Kumar!, Nirmal Kumar? Stanislav Haviar’

1 Introduction

Hydrogen is a clean, abundant energy source crucial for zero-emission, hydrogen’s high
combustibility and wide explosive range in a mixture with oxygen (from 4 %) pose substantial
safety risks[ Patel et al. (1982), Dagdougui et al. (2018)], necessitating robust detection and
monitoring systems. This study presents a novel helium-assisted sputter deposition method for
Cu-doped TiO, conductometric sensors, intending to enhance the active surface area through
microstructure modification, thereby improving sensing capabilities. This is achieved by care-
ful optimization of magnetron sputtering, while the working gas consists of a mixture of argon,
helium and oxygen. Partial replacement of argon with helium leads to the formation of struc-
tured porous thin films. The influence on the sensing response and the possible explanation of
the effect in helium-rich working gas are discussed [Haviar et al. (2018), kumar et al. (2021)]

2 Methodology

Thin films were fabricated using conventional DC magnetron sputtering, utilizing a cir-
cular titanium target with an adjacent copper strip in controlled working gas mixtures of argon,
helium, and oxygen, maintaining a total pressure of approximately 520 mPa. Helium was intro-
duced as a replacement for part of argon in the working gas mixture of argon and oxygen and
after that the glancing angle deposition(GLAD) technique was applied. Both Helium, GLAD
were used to enhance the films’ active surface area. The copper doping was chosen to make
the films more conductive since the undoped titania films are nearly insulating. After deposi-
tion, samples were annealed at 400 °C in ambient air to crystallise and stabilize the films for
hydrogen sensing. A series of different helium concentrations was prepared, varying the helium
content from 0% to 95% in the working gas.

3 Result

X-ray diffraction patterns revealed the effect of helium on film microstructure. Films
deposited under helium exhibit both anatase and rutile phases, whereas films deposited without
helium show only the anatase phase. Scanning electron microscope (Figure 1(a)) observation
reveals a grain size reduction with increasing plasma helium content. Nevertheless, the most
pronounced effect was the distinct change in the structure, which appears highly porous for the
films prepared with helium. Conductometric sensing was carried out using a four-point probe
(Figure 1(b)) , demonstrating that helium usage leads to a 6 times increase in sensor response
for Cu-doped TiO, films(maximum He vs 0% Helium).
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Figure 1: (a) SEM micrograph of NAD and GLAD Cu-doped TiO- in mixture of Ar,
Helium(He) (b) sensitivity of prepared various He concentration sample

4 Conclusion

This study aimed to enhance hydrogen sensing of Cu-doped TiO2, using two step mod-
ification strategies. The introduction of helium to the plasma significantly improved sensor
sensitivity by increasing the active surface area. Thus, helium emerges as a highly effective
method for optimizing hydrogen sensor performance.
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Advancing Cu20 Films for PEC Water Splitting Using Reactive
HiPIMS: Enhanced Crystallinity and Photocurrent Performance

Jan Vosejpka!, Tifi Capek?

1 Introduction

Hydrogen is seen as an alternative, environmentally friendly energy carrier suitable for
many purposes connected to decarbonisation. The main objective of current research is to
develop a sufficiently cheap method of producing hydrogen so that it can compete economically
with fossil fuels and replace them in the near future (IEA 2024). Photoelectrochemical (PEC)
water splitting is an alternative to conventional water electrolysis. The process is based on a
semiconductor that generates the redox potentials required for water splitting by photoexciting
electron-hole pairs.

Cuprous oxide (Cu;0O) meets the theoretical requirements for efficient PEC water split-
ting, which makes it a key material for research in this field (Wick and Tilley 2015). However,
conventional methods such as chemical synthesis and DC magnetron sputtering often fail to
produce Cu,O films with the desired density, crystallinity, and single-phase composition, i.e.
properties essential for efficient water splitting.

High-Power Impulse Magnetron Sputtering (HiPIMS) is a cutting-edge technique for
thin-film deposition. During each pulse, the discharge power density is typically two orders of
magnitude higher than the average power density over the entire period. This results in a high
level of ionization for both the working gas and the target material, along with an expanded ion
energy distribution. These unique features enable enhanced control over film properties.

Figure 1: SEM images of annealed layers, left panel: Top view; right panel: cross-section
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Figure 2: Left panel: The influence of oxygen partial pressure on PEC properties; right panel:
layer thickness influence on maximal photocurrent density

2 Results

In this study, we utilize reactive HIPIMS to synthesize advanced Cu2O materials for water
splitting. A single phase composition was achieved after careful optimisation of oxygen partial
pressure. Both, increased temperature of the substrate during deposition and post-annealing,
led to higher crystallinity of the intended layer. As a result a fully densified single-phase layers
with higher crystallinity were prepared, as shown in SEM images in Fig. 1.

The effect of deposition parameters on the photoelectrochemical properties of the layers
was also investigated. Crystallinity of the layers shows to be crucial as higher crystalline layers
achieved higher photocurrent densities. As an optimal combination was identified substrate
temperature of 500 °C and post-annealing in 600 °C. Optimal oxygen partial pressure of 0.42 Pa
lead to the highest photocurrents (shown on left panel of Fig. 2) as the resulting layer do not
include excessive ions of Cu or O. It was also found, that the higher the thickness of the layer,
the higher the photocurrent densities, with saturation in the region of pm (right panel of Fig. 2).
Fully optimised Cu,O layer prepared by reactive HIPIMS in this work achieves photocurrent
densities of -0,93 mA/cm? at 0,13 V vs. RHE, which rank among the highest reported for single-
phase Cu,O in the literature. That indicates promising opportunities for further advancements
in multilayer systems and other PEC water splitting applications based on Cus0O.
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Synthesis and characterization of HiPIMS-deposited Zr—O-N
films for potential water splitting applications

Minh Thanh Vu!, David Kolenaty, Jiti Capek, Stanislav Haviar, Radomir Cerstvy, Petr
Zeman

1 Introduction

Zirconium oxynitride (Zr—O-N) films are renowned for their wear and corrosion
resistance, temperature sensing capabilities, and optical properties [1,2]. Furthermore, these
semiconductor materials demonstrate significant potential for water splitting applications,
which are essential for sustainable hydrogen production. Recent studies have identified Zr2ON:
as one of the promising candidates for photoanodes due to its favorable band gap for efficient
visible light absorption [3,4]. However, the synthesis of these oxynitrides remains
underexplored, primarily due to the challenges associated with incorporating nitrogen into their
structure.

In this work, we use the benefits of reactive high-power impulse magnetron sputtering
(HiPIMS) to prepare Zr—O—N films across a wide composition range. Reactive HiPIMS is a
progressive physical vapor deposition technique that achieves the significant ionization of
sputtered species and the substantial dissociation and ionization of reactive gas species within
the high-density discharge plasma near the target. This enables the synthesis of the Zr—O-N
films with high crystallinity at low substrate temperatures while allowing precise tailoring
oxygen and nitrogen content. Specifically, the films were deposited on Si and glass substrates
at varying oxygen and nitrogen gas flow rates by sputtering a single Zr target. The substrates
were unheated or ohmically heated to 500°C. Following depositions, the films were thoroughly
analyzed by several analytical techniques such as wavelength-dispersive X-ray spectroscopy,
X-ray diffraction, scanning electron microscopy and spectrophotometry.

The analyses of the elemental composition and the crystal structure revealed a continuous
increase in nitrogen content, which is accompanied by the evolution of the structure from ZrO-
through Zr.ON: to ZrN as the nitrogen-to-oxygen ratio increases. This compositional and
structural variation facilitates the tuning of material properties such as the electrical
conductivity and bandgap width. These properties are essential for effective visible light
absorption while maintaining proper alignment of the bandgap with respect to water splitting
reactions. The bandgap energies were accurately determined using Tauc analysis demonstrating
how variations in deposition parameters influence the electronic structure of the Zr—O—N films.
The role of substrate temperature as well as the effects of post-annealing on the crystallization
of the films will be also presented in detail.
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An Analytical Design Method for Power System Stabilizers Based
on 7, Specifications

Michal Brabec!, Lukas Dostalek?

1 Introduction

The power system is exposed to several fault conditions during its operation, such as
short circuits, sudden load changes, or line disconnections. These disturbances create imbal-
ances between mechanical and electrical quantities, leading to dangerous electromechanical
oscillations, which manifest themselves as fluctuations in the angles between the rotors of syn-
chronous generators. If these oscillations are not effectively damped, they can result in loss of
synchronization and, in extreme cases, lead to the collapse of the power system. Standard con-
trol elements, such as Automatic Voltage Regulators (AVR), are often insufficient to dampen
these oscillations on their own. For this reason, Power System Stabilizers (PSS) are commonly
used in conjunction with AVR to ensure the dynamic stability of synchronous generators by
actively damping electromechanical oscillations. The design of these stabilizers is a highly
challenging task because of the dynamic nature of the controlled systems and the inherent un-
certainty present in the system.

2 Identification and Modeling of the Key Dynamic Properties of the Con-
trolled System

Knowledge of the key dynamic properties of synchronous generators is crucial for the
design of stabilization controllers and the diagnosis of the behavior of the power system under
various operating conditions. The identification of these properties can be effectively achieved
using the frequency sweep method, which is based on harmonic excitation with a smoothly
changing frequency. Building on this principle, an automatic identification method was pro-
posed in Dostélek and Schlegel (2023), capable of handling the inherent small non-linearities.

This approach enables the safe and relatively quick identification of a non-parametric
frequency model, which can then be suitably approximated by a parametric model that serves as
the foundation for the design of PSS parameters. By carefully selecting the excitation range and
considering operational constraints, the risk of undesirable phenomena during the measurement
process is minimized.

3 Analytical Design Method

The new approach to PSS design builds upon the previously published analytical method
based on H, specifications for the design of fixed-structure controllers with two tunable pa-
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rameters described in Brabec and Schlegel (2023, 2024). It differs from conventional design
approaches in that, rather than numerical optimization, it employs an analytical computational
procedure for the transformation of various H ., design constraints to the boundary of the H
region in the parametric plane of the controller. The H., specification can also be extended
with requirements for the damping of resonant modes (o-stability, £-damping). Through the
intersection of regions in the parametric plane, it is possible to implement both single and mul-
tiple model design and, at the same time, demand fulfillment of several constraints. The design
procedure can be performed iteratively, which improves the resulting behavior of the controller
and increases its order.

4 Application of the Analytical Design Method to PSS

H~ specifications are particularly well-suited for the design of PSS, where one of the
standard requirements is to limit the maximum power gain within a specific frequency range.
While publications Brabec and Schlegel (2023, 2024) primarily focus on designing affine struc-
tures (e.g., PI, PD, and PR controllers), the proposed analytical computational procedure is not
restricted to this configuration. It can also be applied to alternative structures, such as the gen-
eral Lead-Lag compensator, which is a key component of PSS structures. The design process is
simply illustrated in Fig. 1.

The method is highly general and flexible, enabling the design of a wide range of standard
PSS structures with washout filters and lead-lag compensators (as defined in IEEE Std 421.5-
2016). Moreover, it is applicable not only to nominal models of the controlled system but also to
models with non-structural uncertainty or model sets that cover different operating conditions.

Amplitude

Figure 1: Illustration of the Power System Stabilizers design process: Models identification
— PSS design in the parametric plane 7),-7; of the Lead-Lag compensator — Verification of
solutions with (=) and without (- -) the PSS component based on active power characteristics.
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Monitorovaci systém pro vcelare

Pavel Biezina'

1 Uvod

Véely jsou klicovymi opylovaci a hraji zdsadni roli v ekosystémech po celém svété. PéCe
o silna a zdrava vcelstva vyZaduje pravidelny dohled, avsak tradi¢ni kontroly ult jsou Casové
1 fyzicky narocné. Jejich omezend frekvence zvySuje riziko, Ze dojde k prehlédnuti ranych
pfiznakd nemoci, rojeni ¢i ztraty matky. Moderni systémy pro real-time monitorovani umoziuji
tyto udalosti v¢as detekovat nebo dokonce predpovidat pomoci senzort a zvukové analyzy.

Stavajici komercné dostupnd feSeni sice nabizeji Sirokou Skdlu monitorovacich funkci,
avsak jejich cena je Casto neimérné vysoka a pro hobby vcelare finan¢né nedostupna. Navrzeny
monitorovaci systém piinasi feseni za dostupnou cenu bez kompromisti na mnozstvi poskyto-
vanych informaci.

2 Monitorovaci systém

Vysledny monitorovaci systém se sklada z n€kolika funk¢nich celki: sbéru dat z dlu, je-
jich pienosu pomoci protokolu MQTT a nasledného ukladédni a vizualizace na domacim serveru
v realném Case.

Pro méfeni uvnitf dlu byl vyvinut vlastni hardwarovy modul, navrZzeny s diirazem na
solarni napdjeni a modularitu. Zafizeni je postaveno na mikropocitaci ESP32-S2 Mini, pro ktery
byl implementovan specializovany software zaji$tujici komunikaci se senzory a lokdlni vyhod-
noceni tii neuronovych siti pfimo na zatizeni zpracovdavajici zvukové zaznamy.

Systém monitoruje parametry dlu jako je hmotnost, teplota na tfech mistech, vlhkost a
vystupy tii neuronovych siti — konkrétné odhad sily vcelstva, velikosti populace a stavu matky.
Kromé toho také sleduje systémové veliCiny jako napéti baterie, stav napajent, silu bezdratového
signdlu, teplotu mikropocitace a dalSi. Naméfena data jsou bezdratové odesildna pomoci proto-
kolu ESP-NOW na pfenaseci jednotku.

Software prenaseci jednotky je navrZen s diirazem na minimalizaci spotfeby mobilnich
dat. Namétend data jsou komprimovana do tsporného binarniho formétu a nésledné odesildna
pomoci protokolu MQTT pies mobilni sif (méné nez 1 MiB na 1l za mésic pii toku 32 872
MQTT zpréav na ul — jedna zprava obsahuje 23 monitorovacich hodnot).

Zpravy jsou piijimany domécim serverem, ktery zaji$tuje jejich zpracovani a uklddéni do
InfluxDB — databédze Casovych fad. Naméfené veliCiny jsou nasledné vizualizovany v redlném
Case prostrednictvim aplikace Grafana — specializovany vizualizacni software poskytujici webové
rozhrani (Obrazek 3).

I'student navazujiciho studijniho programu Kybernetika a idici technika, obor Kybernetika, specializace Au-
tomatické fizeni a robotika, e-mail: brezinal @students.zcu.cz
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3 Vysledky

Systém byl nainstalovan do Ctyf dli a bézi téméf nepretrzité od pocatku nasazeni (fijen
2024), coz prokazuje jeho provozuschopnost. V priitbéhu implementace v§ak bylo nutné provést
nékolik neplanovanych uprav hardwaru, jejichZ provedeni se kvalitou zna¢né 1is$i od zbytku
(Obrazek 2). Tyto improvizované zmény zdroven davaji prostor pro budouci optimalizaci ndvrhu
a implementaci novych funkci. Natrénované neuronové sité poskytuji slibné vysledky, které 1ze
dale zptesnit pomoci fine-tuningu pfizpusobeného konkrétnimu vcelstvu a typu mikrofonu.

Obrazek 1: Sbérny modul méfeni Obrazek 2: Sbérny modul méfeni bez
pridélany na zada dlu (19/10/2024). magnetického krytu (12/04/2025).
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Obrazek 3: Ukazka webové vizualizace s vybranou podmnozinu naméfenych hodnot. Cervené
oznacené oblasti indikuji vypadky systému, modie oznacené oblasti zachycuji manipulaci s uly.
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Zpracovani obrazu pro automatické strihani vétvi
Jakub Gaier!

1 Uvod

V laboratofi vyzkumného centra NTIS se vyviji vozik s robotickym ramenem, ktery
bude zastfihovat vétve vinné révy na vinicich. Automatizace takové cinnosti vyzaduje
pocitacové vidéni, které bude navigovat robotické rameno na spravné misto ftezu.
Automatizace by usnadnila t€Zkou a monoténni praci vinarti nékolikrat do roka. Zdejsi vyvoj
je zaméfen na fizeni robotického ramena, ale v ramci jeho testovani bylo tfeba navrhnout
jednoduchy prototyp pro zpracovani obrazu, ktery bude fungovat v laboratornich podminkach
a nebude spoléhat na umélou inteligenci. Stfithani z pohledu robota vyzaduje znalost dvou
parametrd, mista stithani a orientaci nlizek, jez lze vyjadiit smérovym vektorem vétve v misté
vétveni. Pro ucely testovani se nejprve vyzkousSelo rozpoznavat mista vétveni kefe, to se ale
ukazalo jako pfiili§ slozité na rychlé prototypovani, a proto se nakonec pieslo na hledani uzlin
bambusu.

2 Popis experimentu a vyvoje algortimu

Vizualni data byla pofizena z hloubkové kamery Intel RealSense D435. RozliSeni
kamery se nastavilo na nejvyssi mozné, 1280x720 px, aby se zachytily kiivky tenkych vétvi.
Vysoké rozliSeni omezuje velikost snimkové frekvence, kterd mohla byt pouze 6 Hz, ale pro
zdejsi aplikaci neni vysoka rychlost stézejni, protoze samotné zpracovani obrazu je fadové v
sekundach. Robot si tak bude muset vystacit s vizudlni zpétnou vazbou, kterd je radove
pomalejs$i nez smycky reguldtorti. Zbytek laditelnych parametri kamery byl nastaven na
automatické zamétrovani s automatickou expozici. Kamera umoziiuje snimat i hloubku obrazu.
Pro sniméni hloubky byl vyuzit i infracerveny projektor, ktery mél vylepsit kvalitu méfeni.
Ovsem presnost senzoru nedovolila métit vzdalenost tenkych vétvi a redln¢ se dalo pracovat
pouze se vzdalenosti stonku. Algoritmus pocitacového vidéni tak musel byt zaloZen na
zpracovani barevného obrazu a hloubka slouzila jen jako pomocnd informace pro naslednou
3D lokalizaci.

Prvni experimenty se provadely na kefi s hnédymi vétvemi umisténém pied bilou zdi.
Idea hledani bodi vétveni spocivala v tom, ze lze vétve aproximovat po ¢astech tseckami.
Uselky lze pak poskladat do jakychsi fetézi, které popisuji pivodni vétve. Stonek od vétvi
odliSuje fakt, ze se na n¢j napojuje nejveétsi pocet vétvi; z pohledu komponent ma nejvice
sousedl. Mista vétveni se urCili pomoci bliz§ich koncl sousednich fetézii vic¢i stonku a
orientace by byla ddna krajni useckou fetézu. Algoritmus pro zpracovani obrazu se skladal z
nasledujicich kroki.

e Negjprve byl obraz ptedzpracovan pomoci Cannyho hranového detektoru.
e Nasledné byly z hran odhadnuté isecky pomoci Houghovy transformace.
o Usecky byly rozdéleny na horizontélni a vertikalni a jednotné orientovany.

' student navazujiciho studijniho programu Aplikované védy a informatika, obor Kybernetika a fidici

technika, specializace Automatické fizeni a robotika, e-mail: gaier@students.zcu.cz
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¢ Orientované usecky se podle pravidel spojovaly v fetézy.

e Retézy se poté opakované spojovaly navzajem, az nakonec tvofily celé vétve. Finalni
podoba fetézil je zobrazena na obr. 1.

e Z vétvi byl vybran stonek a podle néj se urcila mista vétveni.

V pribéhu feseni jsem se potykal s problémy, jak spojovat tsecky do fetézil, aby byly
splnény podminky, ze se fetéz miiZze rozvijet pouze na koncich. Musel se tedy rozliSovat
konec a zacatek. Dale byl problém s tim, ze tisecky mohou byt orientované libovolné, tudiz i
vertikdIn€, a to znemoziluje pouzit popis pomoci linedrnich funkci. Déle samotny proces
stavéni fetézl vyzaduje kontrolovani za jakych podminek se budou sousedni fetézy spojovat a
za jaké konce se spoji. Ani fakt, Ze vétve maji urcitou tloustku a tudiz se produkovali usecky
na obou hranach vétvi, nepfispival k jednoduchosti feSeni. Zaroven byla brana v potaz dobu
vypoctu, takze staveéni algoritmu vyzadovalo vymysleni efektivnich pravidel. Nakonec z
tohoto experimentu vzesel program, ktery byl schopen nalézt mista vétveni, ale mé¢l problém s
konzistentnosti a vypocetni naro¢nosti. Navic pravidla algoritmu byla tak komplexni, Ze se
program velmi tézko ladil a jeho redlné pouziti na robotovi by nejspise nevedlo k robustni
navigaci.

Obrazek 1: Popis vétvi kefe pomoci fetézi orientovanych vektora

Rozhodlo se proto od tohoto postupu upustit a pro zajmy testovani robota se preslo na
druhy experiment s bambusem. Bambus je tvarové mnohem jednodussi nez vétve keie a lze
na ném rozpoznavat jeho uzliny. Algoritmus pro jejich nalezeni spoc¢iva v hledani jasovych
zmén Cervené slozky obrazu v naprahovanych podlouhlych oblastech. Program je i rychly
natolik, Ze umoziuje zpracovavat video zdznam a byl obohacen o kontrolu konzistence
detekci uzlin v pribéhu nahravky. Na findlni verzi programu jsem se jiz nepodilel, ale
nakonec se povedlo vytvofit prototyp pocitacového vidéni vhodného pro laboratorni ucely.

Podékovani

Tato prace byla podpofena projektem SGS-2025-20.
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Detekce zrcadlové symetrie v 3D geometrickych modelech
proménnych v case

Vit Gregor!

1 Uvod

Symetrie je dileZitou vlastnosti geometrickych objektt. Jedna se o geometrickou trans-
formaci, vuci které je objekt invariantni, tedy aplikaci této transformace nedojde k jeho zméné.
Cilem této prace bylo navrhnout, implementovat a vyzkouSet metodu pro detekci symetrie v ob-
jektech ménicich se v Case.

2 Metody pro detekci symetrie

Pfi studiu metod pro detekci symetrie bylo zjiSténo, Ze nejsou zndmy metody, které by
se piimo zabyvaly detekci symetrie v nékolika snimcich animace se zajisténim koherence, tedy
plynulé navaznosti vyslednych rovin sousednich snimki na sebe. Proto byly v rdmci této prace
analyzovany pouze metody zpracovdvajici statické objekty, a ndsledné bylo navrZzeno, jakym
zpusobem je mozno tyto metody pouZit pro detekci symetrie v animacich.

Pro vyvoj metod na zlepSeni koherence byla jako zdklad vybrana metoda zaloZen4 na di-
ferencovatelné mife symetrie popsand v Hruda et al. (2022). Tato metoda pro kazdou kandidatni
rovinu pocitd miru symetrie. Na zdkladé miry symetrie se vybere pét nejlepSich kandidétnich
rovin. Z téchto péti rovin se pak vybere jedna nejlepsi. Tohoto rozdéleni na dva kroky pfi vybéru
roviny bylo v rdmci této prace vyuZzito ke zlepSeni koherence, kdy po vybrani péti nejlepSich
kandidatnich rovin nasleduje modifikace jejich hodnot miry symetrie, kterd bere v Gvahu to,
jaké vysledné roviny symetrie byly ziskdny v predchozich snimcich.

3 Reseni

Jednotlivé metody pro hleddni symetrie v objektu ménicim se v ¢ase jsou navrzeny podle
tif scénard. Prvni scénaf je zaloZzen na tom, Ze se kazdy snimek zpracuje Hrudovou metodou,
a koherence se nezaji$tuje. Tato metoda slouZi predevsim pro porovnéni s ndsledujicimi meto-
dami, jejichz cilem je koherenci mezi jednotlivymi snimky zlepSit.

Druhy scénar je zaloZen na upravovani mér symetrie v programu LukdSe Hrudy ve fazi,
kdy metoda jiz vybrala pét nejlepsich kandidatnich rovin z hlediska miry symetrie. V této fazi
lze miry symetrie upravit pomoci vah, kdy bude pfifazena vétsi vaha kandid4tnim rovindm po-
dobnym tém, které se vyskytly v nedavnych vysledcich. Dals$i mozZnosti je nastaveni nekonecné
miry symetrie roviné podobné té, kterou chceme udrzet.

Tieti scénaf je zaloZen na tom, Ze neni nutné Hrudovu metodu nasazovat v kazdém
snimku, ale pouze v kli¢ovych snimcich, které se urcuji bud uniformng, nebo na zdkladé
prekroceni maximdlni chyby symetrie pocitané podle rovnice 1, kde n je normélovy vektor

I'student studijniho programu Informatika a jeji specializace, specializace Pocitatova grafika, e-mail: gre-
gorv@students.zcu.cz
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roviny symetrie a x; pfedstavuje bod objektu, kterych je celkem n.

1 n nTXH—d

n “ n’n
=1

6]

€E =

Jedna z metod tfetiho scénéfe pracuje tak, Ze v klicovém snimku rozdéli objekt na dvé
Casti, a poté sleduje, jak se pohybuji centroidy téchto ¢asti v Case a prokladd mezi nimi rovinu.
Druhé metoda je zaloZena na linearni interpolaci mezi dvéma klicovymi snimky.

4 Vysledky

Vysledky se hodnotily pfedevSim z pohledu koherence, tedy jak plynule se vysledna
rovina v prub€hu animace méni. Vysledky dopadly nejhiife pro prvni scénér, u kterého nebyla
koherence zajistovana.

Vyrazné 1épe dopadly vysledky pro druhy scénéf, kdy bylo detekovdno podstatné méné
neocekdvanych rovin symetrie, tedy takovych rovin, které byly vyrazné ¢i zcela odlisné od
vyslednych rovin sousednich snimki.

Nejlepsi vysledky z pohledu koherence byly ziskany pro tfeti scénaf, pfedevSim pro me-
todu interpolace. V nékterych piipadech ale byly nalezeny roviny symetrie, které byly posu-
nuté ¢i vychylené z pohledu toho, jak symetrii vnimaji uzivatelé. Ukédzka vysledku pro metodu
linearni interpolace je vidét na obrazku 1. Metody navrzené v ramci tietiho scénare fungovaly
podstatné rychleji nez u obou predchozich scénari.

Obrazek 1: Ukazka vysledku pro snimky 1 a 90 animace postavy délajici stojku pfi vyuziti
linearni interpolace.

5 Zavér

V ramci této prace byly navrZzeny tii scénare pro detekci symetrie v objektech ménicich
se v Case. Bylo zjiSténo Ze nejlépe funguje z hlediska koherence nasazeni Hrudovy metody
pouze na kli¢ové snimky a dopoéteni ostatnich interpolaci, popfipadé pomoci centroidi. Kromé
toho byly vyvinuty metody pracujici s mirami symetrie rovin piimo uvnitf Hrudova programu,
jejichz hlavni nevyhodou byla dlouhd doba provadéni.

Literatura

Hruda, L., Kolingerova 1. a Vasa, L. (2022). Robust, fast and flexible symmetry plane de-
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Measurement Dimensionality and Its Impact on Position Error
Covariance in Tracking Applications

Michael Gulyj!

1 Introduction

Precise localization of aircraft is essential for air traffic control, surveillance, and op-
erational safety. In tracking systems, this must be achieved without any onboard sensors.
The flying object emits a sig-
nal that can be captured by
a network of ground-based re-
ceivers. Since the exact time
of emission is unknown, the
system relies on Time Differ-
ences of Arrival (TDOA) mea-

surements. If the sensors are t/mom e
time synchronized, the TDOA ?
measurements contain enough

information to accurately de-
termine the position of the air-
craft.

Figure 1: Illustration of TDOA-based localization

2 The goal of the paper

The position of the aircraft cannot be determined exactly since the measurements are
subject to uncertainties. The localization algorithms thus not only provide the position estimate
but also quantify its uncertainty using an error covariance matrix. The goal of this work is
to examine how uncertainty develops along various trajectories, especially when one or more
sensors fail or become unavailable.

3 Localization approaches

Two different localization approaches are compared in this work. The first directly pro-
cesses the TDOA measurements and uses a nonlinear filter, specifically the unscented Kalman
filter, to provide the estimates. The second approach transforms the TDOA measurements into
virtual Cartesian position measurements and then applies the standard Kalman filter. This trans-
formation is done by computing the intersection of a hyperboloid and 2 planes, a method known
as hyperbolic positioning Al-Samahi et al. (2020). A key challenge of this method is that the
virtual measurement has to be three-dimensional, regardless of the number of available sensors.
When a measurement is missing, the algorithm must compensate for it by using state prediction,
and the uncertainty along the corresponding directions is implicitly modeled as infinite.

!'student of the master’s degree program Cybernetics and Control Engineering, e-mail: gulyjm @students.zcu.cz
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Figure 2: Examples of graphical visualizations generated by the developed framework

4 Key findings

30

Based on simulations', the following key conclusions can be drawn. (i) When all sensors
are operational, or when a single sensor failure lasts less than ten seconds, both approaches pro-
duce nearly identical outputs. (ii) In more complicated scenarios, the approach with nonlinear
measurements gives better results in terms of consistency and estimation errors. (iii) The uncer-
tainty tends to increase in the direction of the missing sensor. (iv) The flight direction does not
have a direct impact on the error covariance matrix. (v) The most significant factor influencing
the estimation quality is the geometry, i.e., the aircraft’s position relative to the sensor layout.
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Do Compact Multilingual Large Language Models Speak
Czech?

Jakub Hejman'

1 Introduction

The recent popularity explosion of Large Language Models (LLMs) drives a similar
growth in their demand by industry practitioners. However, the widely available API
offerings are often not suitable for proprietary use cases. This work investigates the
Czech capabilities of current LLMs in a size range that is practical for self-hosting.

In the previous paradigm of pretrained transformers such as BERT or T5, there
was a need to pretrain language-specific models due to the large performance gap. With
the scale-up and fast development of decoder-only pretraining approaches, have larger
and more general LLMs reached the effectiveness of specialized models for narrow tasks?

2 Approach

Pretrained LLMs are evaluated on two traditional NLP tasks—Sentiment Classifi-
cation and Coreference Resolution—in the Czech language to gain a wider perspective.
The models are finetuned using QLoRA with a context length of up to 4096.

2.1 Sentiment Classification on the CSFD Dataset

The dataset selected for Sentiment Classification experiments is originally a collec-
tion of scraped CSFD reviews. Review texts are used as model inputs and ratings were
converted from the number of stars in the original system to polarity labels. The simple
prompt for this task is described in Listing 1.

We choose a label mapping where the prefix of each completion is different, aiming
to avoid extended generations from the model, in favor of sampling a single token.

Byli sme na tom s kamosema v kine. A jedina vyhoda byla ta, ze nas tam bylo
akorat tolik aby se to promitalo a clovek se tam mohl jak chtel rozvalit

a bavit nahlas

### HODNOCENI: Nelibi se mi.

Listing 1: An instantiated prompt for Sentiment Classification. The task input is high-
lighted in yellow, the prompt separator in green, and the expected generation in blue.
The possible completions are “ Libi se mi” (“ Like it”) for positive, “ Bylo to okay” (* It
was okay”) for netural, and “ Nelibi se mi” (“Dislike it”) for negative.

!student of the master degree program Informatics and Its Specializations, field of study Natural
Language Processing, e-mail: hejmanj@students.zcu.cz
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2.2 Coreference Resolution using CorefUD

The task of Coreference Resolution involves tagging entity mentions and creating
mention clusters corresponding to each entity. This is still an active area of research with
competitions such as CRAC happening yearly. CorefUD 1.1, the dataset used in the 2023
round of the competition, along with baseline from that round are used for comparison.

In the generation-oriented approach, a mention annotation is added after every
word token. Annotations may consist of multiple tags to handle nesting, each denoting
an entity ID along with parentheses to distinguish spans that are being opened, closed or
consist of only the single word. This custom format is shown in Listing 2.

As the official evaluator requires valid inputs, a post-processing step is necessary
to normalize LLM outputs. The outputs are aligned using an edit-distance-like algorithm
and mismatched opening or closing tags are resolved by conversion to single word tags.

V&S obecné platny dotaz je pripraven zodpovédét spolupracovnik Profitu .

V pripadé , Ze se nedovolate , svij dotaz namluvte na telefonni zaznamnik .

### LABEL
Vas| (el) , (e2 obecné platny dotazl|e2) je pfipraven zodpovédét
spolupracovnik| (e3 Profitule3 . V pfipadé , Ze se nedovolate

, svijl(e2) ,(el) dotazl|e2)) namluvte na telefonni zéznamnik .

Listing 2: Coreference Resolution example. The task input is yellow, and the separator
green. The expected output is highlighted according to the entities.

3 Experimental Results

Model CSFD (acc) CorefUD (cs score)
FERNET - Smid, J. et. al. (2023) 88.2 -

CRAC baseline - Zabokrtsky, Z. et al. (2023) - 65.22
CohereLabs/aya-expanse-8b 90.1 57.25
meta-llama/Llama-3.1-8B 84.2 61.02

Table 1: Experimental result.- Our results on CorefUD use the pulic dev set.

The main results in Table 1 demonstrate that LLMs are capable of competing with
specialized models; however there is still more work to be done before they become the
go-to for industry applications. We note that while the quality in Czech lags behind the
quality in English, the gap is somewhat smaller than using past approaches.
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Autoregressive Upscaling of Sparse Single-Cell Data Improves
Interpretability

Tomas Honzik!, Lukas Kuhajda? Daniel Georgiev®

1 Introduction

scRNA-seq is a promising data modality in medical research, offering relatively high-resolution
information about individual cells [1]. However, it suffers several limitations, for example high sparsity
and significant noise in the non-zero values [2]. As a result, using raw reads for downstream analy-
sis—such as fine-grained cell typing is fundamentally constrained [3]. In a sense, much of the useful
information is hidden behind zeros. We can ask: if we had sequenced 100 times more RNA molecules,
would a gene still read as 0? Or would it appear as 1, 10, or even 50?7 This study presents a deep
learning model designed to answer exactly that: to upscale the measured values and evaluate whether the
upscaled data improves downstream performance on supervised type classification. The training dataset
included PBMCs from blood and bone marrow, totaling 14 million cells. The data were downloaded
from https://cellxgene.cziscience.com/ [4] .

2 Methods

The model backbone is a simple multilayer perceptron (MLP), enhanced with practical techniques
such as layer normalization and skip connections [5-6]. The novelty of our method does not lie in the
architecture itself, but in how the inputs and outputs are defined during training and inference. We begin
with an intuitive explanation. Each cell is conceptualized as a bag of RNA tags, where each tag cor-
responds to one of 16,000 human genes. During training, we take one such bag and—without initially
revealing any content—ask the model: ”If we were to draw a random RNA tag from this bag, which gene
do you think it would correspond to?” The model makes a prediction, which is then compared to the ac-
tual identity of the randomly drawn tag using categorical cross-entropy. This tag is then revealed to the
model and added to the input. The process repeats. Once the bag is emptied and all tags are revealed, a
new cell is selected and the procedure restarts. Through this iterative refinement, the model first learns a
prior gene distribution, then progressively sharpens its predictions as more RNA context becomes avail-
able. Importantly, during inference, the model can generate RNA tags autoregressively—without access
to actual measurements—modeling the joint distribution of gene co-expression. The actual training pro-
cedure is mathematically equivalent but optimized for numerical stability and efficiency. Specifically, we
split each RNA count vector into two parts using a random ratio from Uniform(0,1). The input vector
is transformed as log(x+1), while the output vector is normalized as x/sum(x) to represent a probability
distribution—reflecting the likelihood of drawing each gene tag. During inference, we can start either
with an empty input (generating cells from scratch) or with a measured RNA vector (upscaling). We then
autoregressively sample from the predicted distributions, always feeding the sampled tag back into the
input.

! University of West Bohemia, Faculty of Applied Sciences, e-mail: thonzik @ntis.zcu.cz
2 University of West Bohemia, Faculty of Applied Sciences, e-mail: kuhajdal @ntis.zcu.cz
3 University of West Bohemia, Faculty of Applied Sciences, e-mail: georgiev@kky.zcu.cz
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3 Results

When the measurements from the dataset are upscaled, the natural question arises: “Does the
upscaled version actually contain more information about the real physical cell, or is it just a fancy
hallucination?” Here, we describe our methodology to evaluate this. First, we compared t-SNE plots
of raw and upscaled measurements. Visual inspection consistently showed that raw t-SNE plots clearly
separate major PBMC types such as T cells, B cells, and monocytes. However, separation at a higher
granularity rarely went beyond distinguishing CD4 and CD8 T cells—and even that often failed. In
Figure 3, we demonstrate the remarkable difference between raw measured cells and their upscaled
counterparts for a subpopulation of NK and T-cells from a single donor ( 6,000 cells, each with 1k-20k
RNAs). Note that all available information was used for the first graph, so the model genuinely imputes
information that was not originally measured. To go beyond t-SNE plots (whose hyperparameters and
normalization were selected fairly to avoid bias), we trained classifiers to predict 95 cell types. The
classifier trained on upscaled data consistently achieved a lower error rate (21% vs. 27%). However, the
absolute difference might seem smaller than one would expect from Figure 3. Interestingly, we observed
a much larger improvement in loss, indicating that the predicted probabilities are more closely aligned
with the true uncertainty. To illustrate this, we discarded the bottom half of least confident predictions in
both models and found a stark difference: 1% error on upscaled data vs. 19% on raw data. Finally, we
compared real cells from the dataset with cells generated entirely from scratch by the model. By mixing
synthetic and real cells in a t-SNE plot, we provide weak but encouraging evidence that the generated
cells plausibly follow the same underlying distribution.
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Modul pro statistickou analyzu medicinskych dat v systému Czech
Salivary Gland Database

Bc. Vojtéch Jelinek!

1 Uvod

Nédory slinnych zZlaz predstavuji specifickou vyzvu v oblasti onkologie hlavy a krku, a to
jak z hlediska diagnostiky, tak 1 ndsledné 1€cby. Jejich vyskyt je relativné vzacny a jejich znacna
histologickd heterogenita komplikuje jednotné 1éCebné postupy. Z téchto diivodd je nezbytné
mit k dispozici nastroje, které umoZziiuji systematicky sbér, spravu a statistickou analyzu dat o
pacientech s témito nadory.

Czech Salivary Gland Database (CSGDB) je specializovany informacni systém vyvinuty
ve spolupréci s Fakultni nemocnici Motol, jehoz cilem je podpora klinického 1 vyzkumného
zpracovani dat pacientli s nadory slinnych zlaz. Systém umoziuje evidenci pacientil, spravu
klinickych studii a zdkladni analyzu dat. Statistické vystupy hraji klicovou roli pfi vyhodno-
covani lé¢ebnych vysledkd, identifikaci rizikovych faktori i pii klinickém rozhodovani. Diraz
je kladen na moznost agregace dat z vice pracovist, ¢imz se pfekonavaji omezeni plynouci z
malého poctu pfipadl na jednotlivych klinikéach.

2 Popis aplikace

Aplikace CSGDB je multiplatformni desktopové aplikace postavena na JavaScript tech-
nologii Electron, vyuZivajici knihovnu ReactJS pro tvorbu moderniho uzivatelského rozhrani.
Architektura systému je tifvrstva — prezentacni vrstva slouZi k zadavani vstupnich parametrii a
zobrazovdni vystupd, aplikacni logika na backendu zajistuje zpracovani pozadavkd a interakci
s relacni databazi SQLite.

Uzivatelské rozhrani bylo navrZzeno ve spolupraci s 1ékafi, coZ se promitd do podpory
béznych klinickych scénai, jako je filtrovani pacientt podle diagndzy, véku nebo typu vykonu.
Diéle je mozné provadét pokrocilé statistické analyzy, které zahrnuji deskriptivni statistiku, in-
feren¢ni testy a vizualizaci dat. Systém rovnéZz podporuje export vysledkt do formati PDF a
Excel pro dal$i zpracovani.

3 Data sbirana v aplikaci

Systém podporuje sbér Sirokého spektra klinickych a demografickych udaji. Zazna-
mendva se napiiklad vék a pohlavi pacienta, histologicky typ nddoru, klinické stadium one-
mocnéni, provedené chirurgické vykony, informace o recidivach, komplikacich a vysledcich
dlouhodobého sledovani. Identifikace pacientl je feSena pseudonymizaci, aby bylo zajisténo
dodrZeni pozadavki GDPR.

Data jsou ukldaddna v normalizované databazové struktufe s podporou AES-256 Sifrovani
citlivych ddaja. Systém rovnéZ zahrnuje mechanismy pro validaci vstupnich hodnot a jejich
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standardizaci, coZ je kli¢ové pro nasledné statistické zpracovani.

4 Cil zadani

Hlavnim cilem vyvoje statistického modulu bylo vytvofit nastroj, ktery 1ékaitim a vyzku-
mnikim umozni snadno a rychle analyzovat dostupna klinicka data. Modul byl navrzen tak,
aby umoznoval identifikaci vztahii mezi demografickymi proménnymi, histologickym typem
nadoru a 1écebnymi vysledky. Systém ma rovnéZz slouzit k ovéfovani klinickych hypotéz na
zakladé statistickych testt a tim pfispét k personalizaci 1éCby.

Diky integraci modulu pfimo do systému CSGDB odpada nutnost externiho zpracovani,
¢imZ se vyrazné snizuje Cas potiebny pro ziskani vysledki.

S5 Implementace

Statistické vypoclty jsou realizovdny pomoci knihovny jstat, kterd poskytuje funkce
pro zakladni deskriptivni statistiku (napf. primeér, medidn, smérodatnd odchylka) i pro bézné
pouzivané inferen¢ni testy. Modul aktualné podporuje chi-kvadrat test, Fishertiv exaktni test,
Studenttiv t-test a neparametricky Mann-Whitneytiv U test.

Pti pouziti chi-kvadrat testu ma uZivatel moznost flexibilné definovat vlastni kategorizaci
dat pro tvorbu kontingencni tabulky, v€etné slucovéni kategorii. Tato funkce byla pfidana na
zakladé zpétné vazby od klinickych uzivatelti a umoznuje 1épe reflektovat redlné potieby datové
analyzy. Stejny piistup je mozZné uplatnit i pii pouZiti Fisherova exaktniho testu, coZ rozsifuje
vyuzitelnost modulu i pro situace s malymi ¢etnostmi, kde je pravé Fishertiv test vhodnéjsi nez
chi-kvadrat test.

Vysledky analyz jsou zobrazeny prehledné ve formé interaktivnich tabulek a grafi. Pro
potieby klinické dokumentace je k dispozici export vysledku do formati PDF a Excel. Modul
byl testovan na redlnych datech za spoluprace s 1ékafi z FN Motol, pfi¢emz diraz byl kladen
nejen na presnost vypoctu, ale i na uzivatelskou pifivétivost a intuitivnost ovladani.

6 Zavér

Statisticky modul integrovany do systému CSGDB predstavuje efektivni nastroj pro pod-
poru klinického rozhodovani a retrospektivni analyzy. UmoZiiuje provadéni standardizovanych
analyz piimo nad pseudonymizovanymi daty bez nutnosti exportu do jinych nastroji. To vede
ke zkraceni doby potiebné pro zpracovani vysledki, zvySeni konzistence vystupt a lepsi repro-
dukovatelnosti zavéra.

V klinické praxi se modul jiz uplatnil pii pripravé onkologickych konzilii a zpracovani
retrospektivnich studii. Do budoucna se planuje rozsiteni funkcionality o pokrocilé statistické
metody, multivariaéni modely a metody strojového uceni, které umozni naptiklad predikci ri-
zika recidivy ¢i odpovédi na 1é¢bu. Tim se posiluje potencidl systému CSGDB jako néstroje pro
vyzkum vzacnych nddorovych onemocnéni a rozvoj personalizované mediciny.
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Burzovni simulator pro trh rizeny limitnimi objednavkami

Vladimira Kimlova!

1 Abstrakt

Rychlost, anonymita a komplexni interakce ucastnikli ¢ini z finan¢nich trhl extrémné
naro¢né prostiedi pro analyzu i regulaci. Tato prace predstavuje simulacni platformu pro mode-
lovani trhu fizeného limitnimi objednavkami, s dirazem na realisticnost, moduldrni rozsifitelnost
a systematické testovani obchodnich strategii. Zakladem systému je realisticky parovaci algorit-
mus a implementace obchodnich agentii véetné modelu manipulativniho chovani. Architektura
simulétoru je optimalizovadna na nizkou latenci, vysokou propustnost a flexibilni konfiguraci
trznich podminek. Experimentdlni simulace potvrzuji schopnost systému vérné reprodukovat
dynamiku trhu a odhalovat dopady manipulace na jeho stabilitu a efektivitu. Vysledné feSeni
poskytuje efektivni nastroj pro vyzkum mikrostruktury financnich trhi, algoritmického obcho-
dovéni a detekce podvodnych praktik.

2 Uvod

Cilem této diplomové prace je navrh a implementace burzovniho simulatoru pro trh
fizeny limitnimi objedndvkami, ktery umoziuje simulaci obchodovani prostfednictvim auto-
nomnich i manudlnich obchodnich agenti a poskytuje nastroje pro analyzu a vizualizaci vysledki.

3 Vychodiska, analyticka cast

Limitni kniha objednavek (LOB) je zakladni strukturou elektronickych trhi, ktera or-
ganizuje prikazy k ndkupu a prodeji podle ceny a Casu (viz Abergel et al. (2016)). Parovani
probihd zpravidla algoritmem price-time priority. LOB je dynamicky systém ovliviiovany in-
terakci tisici ucastnikd. V kontextu simulace trhu je dilezité modelovat nejen samotné me-
chaniky parovani objednavek, ale i chovani dcastniki. K tomu slouzi agentové modelovani,
které reprezentuje ucastniky jako autonomni agenty s rliznymi strategiemi a drovni inteligence.
Dile je dutlezité zohlednit vyskyt manipulativnich praktik, jako je spoofing (zadavani a ruseni
faleSnych objednévek s cilem ovlivnit trzni sentiment). Tyto jevy maji zasadni dopad na stabilitu
a duvéryhodnost trzniho prostiedi, a proto jsou dileZitym prvkem i v simulaénim vyzkumu.

4 Implementované reseni

Simulator byl navrzen jako moduléarni a rozsiritelny systém umoziujici realistické ob-
chodovéni na trhu fizeném limitnimi objedndvkami. Jadrem je serverova aplikace v jazyce
Python, postavend na asynchronni architektuie s dirazem na nizkou latenci a vysokou
propustnost. Obsahuje implementaci parovaciho algoritmu podle principu price-time priority
a spravu uzivatelskych uctl i financi. Komunikace mezi komponentami vyuziva upraveny pro-
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Obrazek 1: Navrzené webové uzivatelské rozhrani pro manualni obchodovani

tokol FIX (viz FIX Trading Community (2017-2025)), ktery je standardem ve finan¢nim sek-
toru. Klientska ¢ast zahrnuje webové rozhrani pro manualni obchodovani (viz Obr. 1) a APT
pro vyvoj autonomnich agentd. Byli implementovani reprezentativni obchodni agenti s riznymi
strategiemi v¢etné jednoho manipulativniho (vyuzivajiciho spoofing), pficemz agenti mohou
byt snadno konfigurovani ¢i rozSifovani. Systém déle obsahuje ndstroje pro sbér dat, gene-
rovani statistickych reportu a vizualizaci vysledka simulaci, ¢imZ umoZiiuje systematické
porovnani strategii a analyzu dynamiky trhu v riznych podminkach.

5 Dosazené vysledky

Simulator byl otestovan ve tfech scénéafich: zatézovy test pro ovéreni vykonnosti serveru,
uzivatelskd simulace v podobé manudlni burzovni hry a série simulaci s autonomnimi agenty.
Vysledky potvrdily stabilitu systému, korektni parovani objedndvek a schopnost reprodukovat
charakteristické jevy trzni mikrostruktury v¢etné dopadli manipulativnich strategii.

6 Zavér

Byl navrZen a realizovén robustni simulator trhu fizeného limitnimi objednavkami s pod-
porou autonomnich a manipulativnich agentl. Systém umoziuje testovani a analyzu obchodnich
strategii v realistickém prostfedi a slouzi jako ndstroj pro vyzkum trzni dynamiky, algorit-
mického obchodovani a detekci trznich anomalii.
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Software for Neurorehabilitation

Tomas Kment'

1 Introduction

Neurological disorders such as stroke, traumatic brain injury (TBI), spinal cord injury
(SCI), and neurodegenerative diseases affect hundreds of millions worldwide. Feigin et al.
(2025) representing the World Stroke Organization (WSO) reports that ~ 93.8 million people
lived with stroke in 2021. These conditions often result in severe motor impairments, limit-
ing patients’ mobility and independence. Brain—computer interfaces (BCls) have emerged as
promising tools for neurorehabilitation by translating neural signals directly into control com-
mands for assistive devices. This thesis presents the development of a modular neurorehabilita-
tion system that integrates BCI technology with real-time EEG signal processing, a Unity-based
virtual front-end with its VR complement, and robotic arm control.

2 Proposed BCI System

The proposed neurorehabilitation system is a modular BCI platform designed to support
motor recovery by linking real-time EEG analysis with interactive feedback and robotic actu-
ation. EEG signals are acquired using an OpenBCI Cyton board, sampling at 1000 Hz. These
signals are streamed to a host computer and processed through a pipeline that includes filtering,
artefact removal, and feature extraction, such as Common Spatial Patterns (CSP) and band-
power calculations. Two classification models are implemented: a convolutional neural net-
work (CNN) trained directly on preprocessed EEG epochs, and a multilayer perceptron (MLP)
trained on extracted features. A meta-classifier ensemble combines predictions from both mod-
els to improve accuracy. The Unity-based front-end and its VR complement provide visual
feedback and engagement through a simulated rehabilitation environment. The front-ends com-
municate with a robotic arm using the FourMotors software, enabling physical interaction and
proprioceptive reinforcement. To support training and evaluation, a custom dataset was created
in a structured rehabilitation scenario involving cued motor imagery tasks. The overall system
in Figure 1 forms a closed-loop control scheme, from neural intention through classification to
visual and robotic feedback.

3 Results and Conclusion

Offline, both the CNN and the MLP implemented classifiers achieved strong subject-
specific performance, with accuracies exceeding 75% on average. In real-time conditions, per-
formance decreased, with the CNN reaching up to 56.9% accuracy and the MLP slightly higher
at 57.3%, along with an Fl-score of 0.72. For unseen subjects, all models showed a notable
drop, with accuracies falling below 47%. The meta-classifier, combining both of them, did not
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Figure 1: Diagram of proposed BCI system architecture

improve overall results and was biased toward predicting rest. The results, mentioned and de-
picted in Figure 2, showed promising accuracy for seen subjects, but also revealed significant
generalization challenges when applied to unseen individuals, underscoring the difficulty of
subject-independent EEG classification in real-world BCI scenarios. Despite these challenges,
this thesis successfully delivered a modular and extensible platform for neurorehabilitation re-
search. The insights gained during development, especially regarding EEG preprocessing, sub-
ject variability, and classifier design, provide a solid foundation for further work.

1o Comparison of Classification Metrics

B Precision
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Figure 2: Precision, Recall, and F1-Score Across Model Setups

References

Feigin, V. L., Brainin, M., Norrving, B., Martins, S. O., Pandian, J., Lindsay, P., Grup-
per, M. F., & Rautalin, I. (2025) World Stroke Organization: Global Stroke Fact Sheet
2025. International Journal of Stroke, 20(2), 132—-144. https://doi.org/10.1177/
17474930241308142.

46



venecxikonrenence 2025

Detekce a prevence driftu konfigurace sifovych komponent v siti
WEBnet

Aneta Koldovska!

1 Uvod

V prostfedi modernich pocitacovych siti predstavuje spradvna a konzistentni konfigu-
race sitovych zafizeni kliCovy pfedpoklad pro zajisténi bezpeénosti, dostupnosti a spravné
funkCnosti celé infrastruktury. Jak zminil Petryschuk (2022), v praxi Casto dochazi k jevu
znamému jako drift konfigurace — tedy postupné odchylce aktudlni konfigurace zatizeni od
jejiho pivodné definovaného stavu. Tento drift mize vznikat v disledku manualnich zdsahu ¢i
chyb pfi aktualizacich. Disledkem muze byt zvysené riziko vypadki, bezpecnostnich incidentd
nebo naruseni sitovych politik.

Tato prace se zaméfuje na problematiku detekce a prevence konfiguraéniho driftu v
sitovych komponentdch v univerzitni siti WEBnet s cilem poskytnout systém, ktery lze vyuZit
ke v€asnému odhaleni zmén. V ramci feSeni je kladen dliraz na automatizaci a integraci do
béznych provoznich procesi. Vysledky jsou demonstrovany na konkrétnim laboratornim prostredi
a vyhodnoceny z hlediska presnosti detekce, narokl na spravu a moznosti praktického nasazeni.

2 Popis detekéniho systému

NavrZeny detekéni systém je rozdélen do dvou hlavnich &asti, které spole¢né zajiStuji
validaci vychozi konfigurace a naslednou detekci pfipadného driftu v aktudlné pouzivaném na-
staveni sifovych zafizeni.

Prvni ¢ast systému je integrovana do CI/CD pipeline v prostredi GitLab a vyuZziva nastroj
Open Policy Agent (OPA), ktery umozZiuje definovat a vyhodnocovat sadu pravidel nad vychozi
konfiguraci. Po nahrdni nové konfigurace do pfislusného GitLab repozitife je automaticky
spusténa pipeline, kterd pomoci OPA néstroje ovéfi, zda konfigurace spliiuje definovand pra-
vidla. V pripadé, Ze konfigurace pravidlim vyhovuje, je automaticky vytvofena nova verze a
uloZena jako novy vychozi referencni stav. Pokud pravidla nejsou splnéna, je o tom neprodlené
informovén odpovédny sitovy administritor prostfednictvim e-mailového upozornéni.

Druha ¢ast systému slouZi k detekci driftu aktudlni konfigurace zafizeni. V pravidelnych
intervalech je ze sitovych prvki testovaciho prostiedi — vytvofeného pomoci néstroje Conta-
inerlab — automaticky staZzena aktudlni konfigurace. Topologie testovaciho prostredi je zobra-
zena na obrazku 1.

Ziskané sifové nastaveni je ndsledné porovndno s posledni platnou vychozi konfigu-
raci, kterd proSla pravidlovou kontrolou. Pokud jsou v téchto konfiguracich nalezeny rozdily,
jsou povazovany za konfiguracni drift. VeSkeré vysledky detekce jsou zaznamendvany do da-
tabdze a prezentovany prostfednictvim webového rozhrani dostupného na adrese https://
aether8.zcu.cz/, kde lze vidét vyvoj konfiguraci jednotlivych prvki v Case.
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3 Zavér

Navrzeny detekéni systém byl uspéSné otestovan v kontrolovaném testovacim prostredi,
kde byly do konfiguraci sitovych prvkd tmyslné vkladdny chyby a neautorizované zmény.
Systém dokazal tyto odchylky spolehlivé detekovat a spravné je vyhodnotit jako konfiguracni
drift. Tyto testy potvrdily, Ze navrZzeny néstroj je schopen spolehlivé detekovat zmény v konfi-
guraci a poskytnout administratorim uZite¢ny piehled o vyvoji nastaveni sitové infrastruktury.
Nisledné bylo pfistoupeno k ovéfeni funkCnosti na redlné infrastruktuie s fyzickymi sifovymi
prvky.

Pri testovani v produk¢énim prostiedi se vSak ukdzalo, Ze néktera zafizeni kvili svému
stafi a omezené podpore modernich protokolii neumoziuji plnohodnotnou integraci detektoru.
Z téchto divodl nebylo mozné systém v této infrastruktufe plné¢ nasadit. Pfesto bylo toto tes-
tovani piinosné — odhalilo praktické limity nasazeni takovychto nastroji v realnych podminkach
a zvyraznilo vyznam podpory otevienych standarda.

Zkusenosti z testovani potvrdily, Ze pro efektivni detekci konfigurace driftu v produkénim
prostiedi je vhodné vyuZivat moderni sifova zafizeni, kterd podporuji standardizované proto-
koly pro spravu konfigurace (jako je naptiklad protokol NETCONF ¢i RESTCONF).
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The Right Tracker for the Right Job: Maritime Case Study

Jan Krejei!

10 10 10
8 g\ 8 \ \ B \*8\ e \ ot a\
&+ / 3 e\ \/ & / p
7 \\\ *$ 3 7 \\\ ‘\\\ *a & 7 \ “S 3
6 \ 6 \\; 6 \é j
£l AN £, |8 . £ NS,
Tl &) T < T &/
3t *‘;\ * 3 \ 3 /3\é 1
2 & /; \‘i 2 43\\\ . & \é 2 B & \é i
~g *\ 35— a \
1} 4 1 1 s
*
0 0 0
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 6 7 8 9 10
x [km] x [km)] x [km)]
(a) Tracker 1 (b) Tracker 2 (c)

Figure 1: Three trackers are exemplified in a synthesized maritime scenario. Depending
on the user’s situation, each tracker can be best suited. How to choose it properly?

1 Introduction

Multi-object tracking refers to maintaining awareness of the positions/velocities
of multiple moving objects. It is a key technology for naval or airborne applications,
autonomous driving, or space situational awareness, among which many are safety-critical.

A large number of tracking algorithms, i.e., trackers, have been developed over the
past decades, each having different complexity and performance. A few example trackers
are illustrated in Figure 1 for a synthesized naval scenario, in which a speedboat (&) runs
over a steamship vessel (&). A casual user 1 may be a boat owner scanning for potential
boats in his or her vicinity, for whom Tracker 1 may suffice. Another user 2 might be
a watch tower operator requiring high-quality predictions, for whom Tracker 2 may be
more suitable. As the depicted scenario involves a hazardous situation, another user 3
might need to analyze entire trajectories, hence may be the best choice.

The distinction between various trackers is seldom as clear as in the depicted sce-
nario and practical scenarios may be rather complicated. To allow for automatic tracker
selection, a user-adjustable performance evaluation metric is needed. Although safety-
critical applications are often in question, such metrics relied on heuristics until recently.

2 Practical Performance Evaluation Metric

Recently developed trajectory generalized optimal sub-pattern assignment (TGOSPA)
metric was shown to have many advantages over alternative metrics by Garcia-Fernandez
et al. (2020). Moreover, the metric has several parameters whose practical selection was
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discussed by Krejéi et al. (2024) for the case of visual tracking. This contribution extends
the discussion by exploring the TGOSPA metric in the naval tracking example.

In particular, the TGOSPA metric parameters are the cut-off parameter ¢, power
parameter p, and switching penalty v. To achieve a simpler interpretation as depicted in
Figure 2, Krejci et al. (2024) suggested using the distance parameter a instead of p.
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Figure 2: With the depicted parameters ¢ and a, the TGOSPA metric would order the
depicted estimates from left (best) to right (worst). The parameter v then penalizes gaps
and errors over entire trajectories which is harder to visualize, see Krejéi et al. (2024).

3 Results

The casual user 1 is likely to prefer trackers having high localization precision
over precise trajectory information, which suggests that such a user would select v nearly
zero. The watch-tower user 2 may require some trajectory-related information rather
than aiming for localization precision, suggesting that a slightly larger (small) v may be
preferable. To understand what happened over the entire scenario, the last user 3 needs
high-quality trajectory consistency over time, for which a large value of 7 is best suited.

The values v=0.26 km and v=0.75 km for user 2 and user 3, respectively, were
selected based on guidelines from Krejéi et al. (2024). Results given in Table 1 are
in accordance with the expert-based tracker suggestion discussed in the Introduction.
Furthermore, the metric values can be given a sound meaning, see Krejéi et al. (2024).

Table 1: TGOSPA metric (}) with ¢=0.75 km, a=0.5 km and different parameter ~.
Y zero v small v large

user 1 aims for user 2 requires user 3 aims for
perfect localization, good localization  entire trajectories,
neglects trajectories  with its history sidelines localization

Tracker 1 2.41 2.76 3.63
Tracker 2 2.57 2.63 2.92
2.77 2.85 2.88
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Engineering Thermostable Proteins Using Large Language Models

Lukas Kuhajda', Tom4s Honzik? Jiff Vondrasek®, Daniel Georgiev*

1 Introduction

Proteins are functional units of organisms whose functioning is strongly dependent on
temperature. Their sequences, made of 20 amino acids, can change behavior significantly with
only a few mutations. These changes can shift the temperature range in which the protein is
active.

Proteins support life of organisms from -20°C to +122°C, while our proteins keep us
alive in a range from 30-42°C. At low temperatures, enzyme activity drops due to reduced en-
ergy. At high temperatures, proteins can unfold and lose function permanently.

Proteins naturally adapt to temperature through mutations, but no clear rules guide how
to design such changes. The relationship between protein structure, sequence, and function is
too complex for manual or traditional computational methods. The global effort is huge to un-
derstand it and find new sources of proteins working in extreme conditions.

Proteins can be grouped based on their optimal working temperature: psychrophilic
(<20°C), mesophilic (20-50°C), thermophilic (50-80°C), and hyperthermophilic (>80°C). Our
project focuses on developing a system that can adjust proteins to shift their thermostability into
a target category.

2 Methods

We built a new dataset of 3 million protein sequences. As a base model, we used Meta’s
ESM2 large language model (LLM) (Lin (2023)), pretrained on the task of sequence unmask-
ing. We fine-tuned five separate models using our dataset to classify proteins into the four
thermostability categories. The final classification is made by averaging the outputs of all five
models.

To generate proteins with modified thermostability, we apply a genetic algorithm that
introduces single-point mutations into a template protein. Each mutated variant is scored by
the consensus of the five classifiers. This process continues until we find variants predicted to
match the desired thermostability group.

3 Results

Our ensemble of five models was tested on public benchmark datasets and outperformed
existing approaches in classifying proteins into non-thermophilic and thermophilic categories
(Ahmed (2022), Charoenkwan (2022), Zhao (2023)).
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We used the system to generate multiple hyperthermophilic protein variants. All gener-
ated proteins retained the original 3D structure, verified using AlphaFold2 (Jumper (2021)).
Simulations based on molecular physics confirmed that these variants have shifted thermosta-
bility as expected. Laboratory testing is currently ongoing at the Institute of Organic Chemistry
and Biochemistry in Prague.

Figure 1: Comparison of a 3D structure: template protein (mesophilic) vs. generated protein
(hyperthermophilic).

4 Conclusion

The fine-tuned models show strong classification performance and provide a reliable base
for generating proteins with altered thermostability. When combined with a genetic algorithm,
the system creates protein variants that maintain their structural integrity while adapting their
thermal properties.
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Analysis of White Matter Diffusion Properties in the Context of
Selected Brain Tumors

Martin Kukral'

1 Introduction

Although brain tumors are rare, they cause mortality disproportionate to their incidence,
with many histological types showing various demographic patterns and responsiveness to treat-
ment (Leece et al., 2017). From the heterogenous group of brain tumors, malignant gliomas
remain one of the most difficult types of tumors to treat, resulting in a multidisciplinary effort
in designing new therapeutic paradigms to improve survival outcomes (Gunel et al., 2017).

This thesis explores the white matter diffusion properties around gliomas using the pub-
licly available UCSF-PDGM dataset and an open-source computational pipeline.

LITERATURE DwI EXPLORATORY POST-CLUSTERING

REVIEW REGISTRATION > ANALYSIS ANALYSIS
DIFFUSION l
+ + >  PROPERTIES L n
(DTI + CSD)
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DATASET INTEREST
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Figure 1: Thesis methodology overview
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2 Image Processing

For each subject, the preprocessing stage consisted of nonlinear image registration of
DWI data to the remaining MRI images, generation of peritumoral and periedematous ROIs
using the operations of mathematical morphology, and the final computation of various diffusion
properties via the DTI and CSD models. The resulting data consisted of aggregated diffusion
properties in the peritumoral (n = 421) and periedematous (n = 493) ROIs.

periedematous peritumoral

Figure 2: Peritumoral and periedematous ROIs generated around a high-grade glioblastoma
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3 Analysis of Diffusion Properties

The first step of the analysis was an exploratory data analysis comprised of visualizations
and correlation analysis, followed by a nonlinear dimensionality reduction using UMAP, which
had hyperparameters optimized by TPE, yielding more reliable 2D embeddings. These were
then used in the cluster analysis via GMMs to uncover the structural patterns in the peritumoral
and periedematous regions. The two peritumoral embedding clusters were consistently identi-
fied using multiple cluster quality indicators, but the periedematous embeddings did not cluster
reliably. The post-clustering analysis of the peritumoral clusters revealed some associations
between cluster labels and clinical markers.
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Figure 3: Cluster analysis of peritumoral UMAP embeddings

4 Results and Conclusion

The white matter diffusion properties in the peritumoral region are organized into two
clusters corresponding to certain subtypes, which are weakly associated with patients’ age,
moderately to weakly with their sex, and very weakly with their overall survival. The periede-
matous properties do not cluster consistently.

Without additional clinical or biological markers, the clinical relevance of clusters re-
mains unclear. These patterns may correspond to known but unavailable biomarkers or represent
a previously unidentified glioma characteristic affecting surrounding white matter. Future works
should focus on multimodal image analysis, explicitly incorporating the spatio-anatomical in-
formation, and including additional clinical and biological markers, all ideally in the context of
low-grade gliomas due to their higher neurosurgical relevance.

References

Leece, R., Xu, J., Ostrom, Q.T., Chen, Y., Kruchko, C., Barnholtz-Sloan, J.S. (2017) Global
incidence of malignant brain and other central nervous system tumors by histology, 2003—
2007. Neuro-Oncology. 19(11):1553-1564. ISSN 1523-5866. Available from: https://
doi.org/10.1093/neuonc/nox091.

Gunel, J.M., Piepmeier, J.M., Baehring, J.M. (2017) Preface. In: Gunel, J.M., Piepmeier, J.M.,

Baehring, J.M. (eds.). Malignant Brain Tumors: State-of-the-Art Treatment. Cham: Springer.
pp. v—vi. ISBN 978-3-319-49863-8.



venecx konrenence 2025

Zero Vibration Filter Design Tool

Martin Langmajer!

1 Introduction

This paper presents a brief overview and description of an application developed as a
comprehensive tool for designing a wide range of FIR input-shaping filters and their convolu-
tion. The application is available for the Matlab programming environment, as a stand-alone
software for Windows operating system or as a virtual laboratory available at https://virtual.pidlab.com/.
The application Zero Vibration Filter Design Tool (ZVFDT) was created to provide a
simple and intuitive interface for a synthesis of input shaping or generic FIR frequency filters.
A graphical user interface (GUI) allows formulation of various design constraints, validation of
important filter characteristics and combination of multiple filters using discrete convolution.
The result of the design can then be exported to a .csv file in the form of filter impulse function.
This allows its utilization in arbitrary real-time control or signal-processing platform.

2 Application options

Figure 1: GUI of ZVFDT

The application allows synthesis of a wide spectrum of FIR filters. The main emphasis is
placed on a class of Zero vibration (ZV) filters for the elimination of unwanted residual oscilla-
tions at specific frequencies. Both single and multi-mode filters are supported. Apart from that,
generic frequency filters such as high-pass, low-pass, band-pass, or band-stop are supported as
well. These filters can be used to selectively suppress a whole frequency band. The generic
filters can be used separately, in a combination with a ZV filter or as a weighting function for
specific ZV design methods allowing precise shaping of the filter frequency response.
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3 Usage example - Gantry crane

One of the particular problems concerning the motion control of gantry cranes is the
flexibility of the rope which brings an inherent issue of hanging load oscillations which can be
excited by the crane movement. Unwanted sway of the load during the process of manipulation
may cause a collision with an obstacle or damage to the cargo. Precise motion control can be
achieved by employing signal-shaping techniques.

Since there is usually no sensor measuring the sway angle, a convenient way to reduce
the load oscillations is to use a setpoint shaping filter which processes the reference commands
coming from a trajectory generator or from a human operator. Fig. 3 shows the experimental
results obtained with the laboratory gantry crane model. The cart is driven by a three-phase
AC induction motor controlled by a frequency inverter. Standard cascade PID position control
is implemented using the feedback from the incremental encoder installed on the motor shaft.
A four-pulse ZV4 input shaper which filters the position reference command was designed
with the parameters chosen to achieve a suitable compromise between the filter duration and
robustness. The plant parameters were obtained from the experimental identification. The load
sway angle was not used as a feedback for the controller and it served only for the evaluation
of the results. The cart was commanded to perform two point-to-point movements. It can be
seen that the amount of excited oscillations of the hanging load was significantly reduce with
the use of the shaping filter at the cost of slightly slower motion of the crane. A small level of
residual vibration was still present due to the imperfect shape of the cart rail causing external
disturbances which cannot be compensated in the feedforward manner.

%,

rrrrrrrrrrrrrrr

Figure 3: Motion control - left no signal filtering, right reference shaping using the ZV4 filter
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Spatial Analysis of Image Descriptions for Detection of
Cognitive Disorders

Tomas Lebeda’

1 Introduction

Neurodegenerative diseases pose a significant challenge to modern medicine, not only
due to their progressive and irreversible nature but also because they often remain undiag-
nosed until symptoms become severe. Early detection is essential to maximize the effective-
ness of available treatments and to slow the progression of cognitive decline. However, current
diagnostic approaches are often slow, costly, and inaccessible, typically requiring in-person
clinical assessments or expensive procedures like MRI.

Research by Bartos et. al. (2024) has proposed an alternative approach that leverages
cognitively demanding tasks - such as describing complex, detailed images in combination
with other short-term memory tests as a means of early detection.

This paper explores the potential of automating the analysis of such image description
tasks using machine learning techniques, with the goal of developing a fast, low-cost screen-
ing tool that can be used at home, potentially with the assistance of a family member, thereby
reducing the need for in-person clinical visits. Specifically, the focus is on one specific sub-
component of this approach: analyzing the sequence of objects as mentioned during image
description.

2 Methodology

Participant is presented with an image (summer scenery on the riverbank with multiple
people doing various activities) with the task to describe within one minute everything they
see. The speech is recorded and later processed by automatic speech recognition (ASR) system
to obtain text transcriptions, capturing word-level timestamps as well. These transcriptions
are then processed using a custom-built semantic grammar parser (see Lebeda (2024)) and
processing pipeline to extract structured semantic content from natural language.

Next, the mentioned objects are mapped to their spatial coordinates within the im-
age, using a manually constructed reference description (structured JSON file, as described by
Lebeda (2024)) as a ground truth. This allows us to track the sequence in which objects are
described and their locations in the visual space.

From this sequence, we compute various spatial metrics, focusing primarily on the dis-
tances between successive object mentions. The underlying hypothesis is that individuals with
cognitive impairment are more likely to produce disorganized, erratic descriptions, reflected
in longer spatial jumps, while cognitively healthy individuals tend to describe the scene in a
more systematic and spatially coherent manner.
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Figure 1: Mean magnitudes of vectors between successive object coordinates

3 Results and Conclusion

Figure 1 illustrates the magnitudes of vectors between successive object coordinates,
across both participant groups. Initially, the average displacement is comparable between
groups; however, as time progresses, individuals with cognitive impairment exhibit increas-
ingly larger jumps, resulting in a greater mean vector magnitude.

The derived metrics were subsequently compiled into feature vectors of aggregated
distance metrics over time segments and employed in classification tasks distinguishing the
two groups, utilizing various machine learning classifiers, as presented in Table 1.

This approach leads to a promising results, though further empirical validation and
refinement are needed.

Classifier Precision Recall Fl-score Accuracy
Hist. Grad. Boosting 0.85 0.85 0.85 0.85
Logistic Regression 0.82 0.83 0.82 0.83
Random Forest 0.80 0.81 0.80 0.81
Nearest Neighbor (k=5) 0.87 0.85 0.81 0.85

Table 1: Classification report
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Improving Sign Language Translation through Multimodal
Language Alignment

Filip Majer!

1 Introduction

Over 5% of the world’s population experiences disabling hearing loss and many of them
rely on sign languages as their primary means of communication. Despite the widespread use
of sign languages, most modern communication technologies are designed primarily for spo-
ken language, leaving deaf signers at a significant disadvantage. Recent advances in artificial
intelligence offer new opportunities to address these communication barriers.

The main objective of this work was to design a new system for sign language translation.
At its core is a novel video feature extraction model that combines both spatial and temporal
information. In addition, the entire system supports pretraining through language alignment.

2 Background and Related Work

A central concept in this work is language alignment, which allows models to create
similar representations for semantically related inputs across different modalities. This makes
it possible for models like ChatGPT or Gemini to, for example, answer questions about images.

Another key component is the
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@ F
Pk | DINOv2H i
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Figure 1: System for Sign Language Alignment.
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and resized. These regions are encoded using separate DINOv2 models, which is an approach
inspired by Gueuwou et al. (2024). In addition, 2D global pose keypoints are extracted us-
ing MediaPipe. The resulting vectors are concatenated and passed to a Temporal Transformer,
which models temporal dependencies across the video sequence. The bottom part of the system
contains a text encoder, which is used solely for aligning the video representations with textual
transcription representations. Both video and text embeddings are projected into a shared space
and trained with a contrastive InfoNCE loss.

4 Training

The system was trained on two datasets: How2Sign and YouTube-ASL. How2Sign of-
fers high-quality, well-aligned transcriptions from studio recordings but has limited size and
contains complex language. In contrast, YouTube-ASL is larger and features more day-to-day,
conversational sign language, but with noisier and less consistent annotations.

5 Results

Figure 2 shows the results of the pre-
training phase. Two histograms illustrate the
cosine similarity distributions between video
and text embeddings: one for matching pairs
(positive samples) and one for mismatched
pairs (negative samples). The separation be-
tween these distributions indicates successful I-- ---I
sign language alignment. 109

For the translation task, the pretrained 0
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visual representations were used as input to Cosine Similarity
a TS5 model. As shown in Table 1, the pro-
posed VideoDINO encoder significantly im-
proved translation performance. Compared to the baseline without temporal modeling and
alignment, a BLEU score increase of over 15% was achieved when using VideoDINO pre-
trained on YouTube-ASL.
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Figure 2: Cosine similarity histogram.

Visual Encoders BLEU Score
Baseline (without temporal modeling and alignment) 0.91
VideoDINO - pretrained on How2Sign 0.60
VideoDINO - pretrained on YouTubeASL 1.05

Table 1: BLEU scores for sign language translation using different visual encoders.
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Two Pillars of Software Project Health: DevOps and DevEx

Elgun Majidov'!

1 Introduction

The success of modern software projects depends not only on technical excellence, but
also on effective team collaboration and organizational alignment. Although many studies focus
either on software engineering practices or human dynamics in isolation, this work presents a
structured framework built on two pillars: DevOps and DevEx (Figure 1).

Software Project Health

1 1

DevOps | DevEx |
v +

’ Team Skillser ‘ Team Composition

+ +

| Had Skills | | SoftSkills |
+ +

Software Quality ’ Business Feedback ‘
D l

Project Success

Figure 1: Framework of Software Project Health: DevOps and DevEx

The DevOps pillar includes hard technical skills, automation pipelines, and software
quality assurance processes. It builds on research in continuous integration/deployment (CI/CD),
secure delivery, and scalable systems. The DevEx pillar emphasizes soft skills, team composi-
tion, and stakeholder communication. It draws on studies on agile delivery challenges, business
feedback loops, and cross-functional collaboration.

2 DevOps and Project Health

DevOps plays a key role in delivering reliable software efficiently. Forsgren et al. (2018)
define four key metrics: deployment frequency, lead time for changes, time to restore service,
and change failure rate, now widely used to assess delivery performance. Kula et al. (2022)
highlight the role of team collaboration in meeting delivery timelines, while Zhu et al. (2020)
stress the value of continuous feedback and monitoring. Based on these insights, potential
indicators for DevOps health include:

* Deployment frequency and lead time,

* Change failure rate and recovery time,
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* Monitoring coverage and CI/CD automation levels,
* Handoff delays between teams.

Such data can be derived from CI/CD pipelines, incident logs, and source control sys-
tems.

3 DevEx and Project Health

DevEx focuses on the developer’s daily experience. Ernst et al. (2023) suggest mini-
mizing cognitive load and improving feedback loops. Kalliamvakou et al. (2021) emphasize
the inclusion of psychological and support factors in productivity models. Garbajosa et al.
(2014) point out that communication issues in distributed teams can reduce DevEx and cohe-
sion. Emerging DevEx indicators may include:

* Developer satisfaction and onboarding time,
* Interrupt frequency and feedback delay,
* Pull request turnaround and collaboration support.

These can be measured using internal surveys, issue tracking tools, and communication tools.

4 Conclusion

This work proposes a framework for evaluating software project health through two pil-
lars: DevOps and DevEx. Moving beyond literature review, we identified practical indicators
for each, grounded in real-world project data. Together, these metrics offer a basis for continu-
ous, data-driven evaluation of both technical and experiential dimensions of software develop-
ment.
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Testing Platform for Periodic Control

Tomas Myslivec!

1 Introduction

Industrial processes face inherent disturbances from material variations, environmental
factors, and equipment wear. At the same time, modern manufacturing depends on precision
control for applications like robotics, servo systems, and power electronics, demanding robust
control solutions that maintain both productivity and quality.

The presented Testing Platform for Periodic Control enables safe algorithm testing for
systems with periodic disturbances. Its modular design allows easy reconfiguration for various
disturbance patterns, while safety features like torque-limited motors and protective enclosures
make it ideal for education.

2 Platform design

The main goal was to develop a cost-effective motion platform capable of periodic move-
ments while fulfilling several key requirements. The platform needed to maintain reasonable
purchase and maintenance costs while featuring a simple, modular design for easy configu-
ration. Safety, robustness, and user-friendly operation were essential priorities in the design.
Additionally, the system was intended to support a wide variety of laboratory exercises focused
on compensating for periodic disturbances, making it versatile for different educational appli-
cations.

(a) Upper Ring (b) The whole model

Figure 1: Periodic Motor Stand Model

The system integrates specialized software tools to support the development of efficient
control algorithms, forming a complete periodic control solution. The entire construction is
divided into two distinct parts: a box containing the motor and electronic components and
an upper ring with slots for neodymium permanent magnets and a motor lever (see Fig. 1).
This design allows for quick replacement of the upper ring with another one and thus future
modification of the model. The motor lever has two sides that can be utilized, for instance, to

I'student of the doctoral degree program Applied Sciences, field of study Cybernetics, e-mail: tmys-
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double the number of peaks in disturbance signal within one period.

3 Experiment

To design a controller suppressing periodic disturbances within a given period, we will
use the method of gradual controller improvement described in Brabec (2023). This approach is
applicable to various types of controllers, but in this case, we specifically utilize PI and multiple
PR controllers in paraller connection. Standard form of proportional resonant controller is
denoted by
2w,

C = k kr 9
Pa(s) T $% + 2w.s + w?

ey

where wy is the frequency of the harmonic to be suppressed, w, is the design parameter selected
by the designer.

4 Results

The final Fig. 2 presents the amplitude frequency response of the closed loop for each
iteration and also output of the motor - velocity. The antiresonance peaks indicate the precise
frequencies that are attenuated by incorporating PR controllers. The most substantial difference
in velocity error is after adding the first PR controller, that suppress main harmonic frequency
at 3.14 rad/s.

25

heert o
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(a) Amplitude frequency response (b) Periodic disturbance in velocity error

Figure 2: Final results

Acknowledgement

The work was supported by the University of West Bohemia, project No. SGS-2025-
020.

References

Tom4s Myslivec and Milos Schlegel (2025), ”Education Platform for Periodic Control”, 2025
25th International Conference on Process Control. (submitted)

M. Brabec and M. Schlegel (2023), ”Analytical Design of a Wide Class of Controllers
with Two Tunable Parameters Based on H-oo Specifications,” 2023 24th International
Conference on Process Control (PC), Strbske Pleso, Slovakia, 2023, pp. 221-226, doi:
10.1109/PC58330.2023.10217459.



SCIENTIFIC (ONSFTEl:lII)E m 20 2 sﬁ 7

SpiTranNet: A Spiking-Transformer network for Motor Imagery
classification using multi-channel EEG signals

Duc Thien Pham?

1 Introduction

Brain-Computer Interfaces (BCI) translate brain signals into commands, enabling control
without muscle movement, which is crucial for motor-impaired users. Electroencephalography
(EEG) is commonly used in BCIs because it is easy to use, despite low spatial resolution. Motor
Imagery (MI) changes brain signals (ERD/ERS), helping detect a person's movement
intentions. In this study, we introduce SpiTranNet, a Spiking-Transformer model for Ml
classification using EEG signal. It handles binary and multiclass tasks, showing strong
performance for BCl-based rehabilitation.

2 Method

We have developed the SpiTranNet model to classify MI binary and multiclass
classification. The dataset was collected at the University of West Bohemia in Pilsen. The
architecture of the proposed method is shown in Figure 1.

:gi f

|
Transformer Encoder |

Add & Norm

Transformer Decoder

D Conv2D . Batch Norm |_| RelU —I MaxPooling Spiking neuron D Fully Connected u Softmax

Figure 1: The architecture of the SpiTranNet model.

The Spiking neuron S(t) can be approximated as:

S ~ a(V(D) = - (1)

1+exp (—temp.(V(t) — threshold))

Then, we propose the Spiking Multi-Head Attention (SMHA) mechanism, which
enhances traditional self-attention by incorporating spiking activations, enabling attention
outputs to exhibit discrete event-driven processing similar to biological neurons.

! student of the doctoral degree program Computer Science and Engineering, e-mail: ducthien@kiv.zcu.cz
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SMHA = S(Attention(Q,K,V)) (2

3 Results

As shown in Tables 1 and 2, the SpiTranNet model outperforms state-of-the-art methods
in both binary and multiclass Ml classification tasks.

Methods Accuracy  Precision  Recall F1-score AUC k
SVM 57.28+0.47 57.28+0.47 57.26+0.47 57.24+0.47 - -
LDA 50.51+£0.99 50.53+0.99 50.52+0.99 50.49+0.98 - -
MLP 51.12+1.49 51.16+1.55 51.13+1.52 50.55+1.90 - -
CNN 76.00£0.80 76.73+0.75 76.05+0.79 75.86+0.90 - -
EEG-ITNet 75.45+1.43 76.43+t0.96 75.50+1.40 75.23+1.58 0.755+0.01 -
CNN-Transformer-LSTM 78.51+1.21 78.58+1.19 7852+1.21 78.50+1.21 0.785+0.01 -
CNN-LSTM 79.06£1.47 79.13+1.41 79.07£1.47 79.05%1.48 0.791+0.01 -
CNN-Transformer 77.93+£0.68 77.96+0.69 77.93+0.68 77.92+0.68 0.779+0.01 -
SpiTranNet 79.09+£0.62 79.17+0.63 79.12+0.62 79.10+0.62 0.792+0.01 0.581

Table 1: Performance comparison with existing methods for binary classification

Methods Accuracy  Precision Recall F1-score AUC k
SVM 40.35+0.82 40.43+0.82 39.82+0.79 39.48+0.80 - -
LDA 35.26+1.46 35.34+1.45 35.32+1.47 35.20+1.42 - -
MLP 32.94+1.13 33.03t1.21 33.00+1.21 32.49+1.03 - -
CNN 58.57+1.45 60.32+1.48 58.43+1.48 57.99+1.72 - -
CNN-Transformer-LSTM  61.95+1.99 62.73+2.11 61.84+2.07 61.80+2.03 0.715+0.02 -
SpiTranNet 62.11+1.04 62.75+1.12 61.96+1.05 61.99+1.05 0.716+0.01 0.427

Table 2: Performance comparison with existing methods for multiclass classification

4 Conclusion

This study applies the SpiTranNet model to MI EEG dataset, achieving top accuracy of
79.09+£0.62% (binary) and 62.11+1.04% (multiclass). By combining spiking neural networks
and Transformers, the model effectively captures EEG patterns, showing strong potential for
BCI applications and reducing human effort.
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Segmentace cév prasete domaciho ve snimcich z vypocetni
tomografie

Jana Romoval!

1 Uvod

Cilem prace bylo navrhnout, otestovat a implementovat metodu pro segmentaci cév v
duting bfisni prasete domaciho, zejména v okoli jeho jater. Vyvinuta metoda by mé¢la slouzit
veédeckému tymu Univerzity Karlovy, ktery se zabyva resekénimi zakroky na zvifecich jatrech,
jejich regeneraénimi schopnostmi a potencialem pro budouci pouziti pii transplantacich u
lidskych pacientd s nenavratnym poskozenim jater.

2 Vychodiska

Pro zadanou tlohu dosud neexistuji vhodné anatomické sady dat ani vyzkum vhodnych
metod pro segmentaci zvifecich cév. Prvnim krokem proto bylo vytvofit s pomoci pracovnika
Lékarské fakulty vlastni dataset cévnich stromu prasat domacich Pilsen Pigs (Obr.1), na kterém
by bylo mozno vyvijenou metodu vyhodnotit. Protoze anatomie prasecich jater je velmi
podobna té lidské, byla jako vhodna architektura hledané metody zvolena sit’ U-Net (Obr. 1),
ktera se pro podobné aplikace pouziva na lidskych CT snimcich napi. TotalSegmetnator.

output
segmentation
| map

E 'J’{ = conv 3x3, RelLU
copy and crop
e # max pool 22
+ = 4 up-conv 2x2
= conv 1x1

Obrazek: 1: Vlevo: segmetnovany cévni strom jater prasete domaciho z
nového datasetu Pilsen Pigs. Vpravo: Klasické architektura U-Net vhodna pro segmetnace
v medicindkych snimcich MRI (magneticka rezonance) a CT (vypocetni tomografie).

Béhem vyvoje metody byla analyzovana 2D i 3D architektura sit¢ U-Net a jeji parametry.
Jednotlivé modely byly testovany na vefejnych datasetech Deepvesselnet (malé cévy) a
datasetu 3D-Ircad (lidska jatra a velké cévy). Analyza vedla k témto zavéram:
e 2D verzi architektury U-Net neni moZzno pouzit, ani po Gpravé parametrli, protoze
dochazi ke ztrat¢ 3D informace a malé cévy jsou chybné povaZzovany za Sum v obraze.
e Parametry 3D architektury je tfeba vyrazné pozménit:

! studentka navazujiciho studijniho programu Informatika a jeji specializace, obor Medicinsk4 informatika,
e-mail: romova9@students.zcu.cz
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o Zvysit hloubku a vysku konvolucnich vrstev, aby byl model schopen zachytit
jemné cévy.

o Pouzit vdhové verze ztratovych funkci pro vyrovnani zastoupeni cév v celkovém
objemu dat.

o Na vstupu modelu je nutno pouzit snimky ve tfech rtiznych variantich
pfedzpracovani, aby byly zachyceny rGzné anatomicky vyznamné struktury
biisni dutiny zZ ptivodniho snimku CT (Obr. 2).

. Axial channel 1 - W=350, L=40

. Axial channel 2 - W=150, L=60
. h .

Axial channel 3 - W=110, L=110
RN C" 0 P

/

50 50 50

100 100 100
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250 .
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250

Obrazek 2: Ukazka vstupl segmentac¢niho modelu. Na vstupu jsou 3D matice s ofiznutymi
intenzitami jasu. Zleva ofiznuti zobrazuje podrobnéji: organy, svaly a prokrvené tkané, kosti.

3 Vysledky

Pozménéna architektura byla nakonec otestovana na nové vzniklém datasetu Pilsen
Pigs, kde béhem validace dosahovala metrika [oU (Intersection over Union) hodnoty 0,97.

Vysledna metoda byla implementovana jako rozsiteni aplikace 3DSlicer, ktera se bézné
pouziva pro medicinské zobrazovani.

Obrazek 3: Ukazka segmetnace novou metodou v aplikaci 3D Slicer.
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Computer Vision Applications in Video Recordings for Traffic
Signal Detection and Classification on Czech Railways

Daniel Schnurpfeil!

1 Introduction

Railway signaling systems serve as the safety control mechanism for locomotive drivers.
That is an argument to introduce automated recognition of railway signals. The thesis focuses
on automated visual detection and classification of railway signals within the Czech railway
system using a combination of traditional computer vision techniques and modern deep learning
architectures.

2 Czech Railways

Railway signaling systems contain a lot of information on speed restrictions and opera-
tional permissions. The Czech railways have a specific signaling system consisting of various
signal types, such as signals with single or multiple lights, each with specific meanings and
operational implications (Figure 1).

Figure 1: Stop Signal on the Left; Green Light; Limit 40 km/h and warning; Limit 60 km/h
and go; warning; (also) warning; lights off; Speed 40 km/h and repeating the signal Warning on
the right

3 Results

Experimentation was performed with various state-of-the-art object detection architec-
tures: YOLOv10, YOLOVS, YOLOvVS, RT-DETR-1 and RT-DETR-x. The hyperparameter opti-
mization strategy consisted of different freezing levels (0 and 3), training epochs (15, 30, 40, 60,
80, 100, 150 and 200), learning rate (0.0001, 0.001, 0.01) and confidence thresholds (0.3, 0.5,
and 0.7) to determine the optimal configuration for the detection performance of the railway
signal.

I student of the master degree program Software Engineering, field of study Computer Science and Engineering,
specialization Natural Language Processing, e-mail: dschnurp@students.zcu.cz
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Table 1: Best Grid Search Results

Model Epochs Lr mAPS0 mAPS0-95 Precision Recall F1

YOLOvV5Smu 100 0.001  0.8277 0.7112 0.9459  0.6904 0.7983
YOLOvV5nu 100 0.001  0.8560 0.7243 09113  0.7934 0.8486
YOLOV10n 100 0.001  0.8626 0.6891 0.8667  0.7586 0.8090
YOLOV8n 80 0.0001 0.8076 0.6866 0.8795  0.7119 0.7871
RT-DETR-L 60 0.001  0.8230 0.6793 0.8734  0.8049 0.8378
RT-DETR-L 100 0.001  0.7999 0.6424 0.8987  0.7911 0.8414

4 Conclusion

A multistage approach integrated YOLO/RT-DETR models for signal detection, followed
by CNNss for state classification. The research introduced a semiautomatic annotation pipeline
for train cabin videos that significantly enhances dataset creation efficiency (final dataset with
over 2000 samples). Experimental results demonstrate that railway signals can be detected with
a high mean Average Precision (mAP50-95 0.72 valid) (Table 1) and F1 score 0.9 (test). The
developed system can distinguish between critical signal states including stop, go, warning, and
various speed adjustment indicators.

Feature Extrac-
tion (CNN)

Detection &
Classifica-
tion Model

Detection Model
ROI Extraction
3

Figure 2: Single-stage vs Two-stage Model; Detection Preview

In future research directions, the detection of flashing lights and repeating signals with
white light (Fig. 1 right) could be included, which goes beyond the scope of this thesis and re-
quires a more complex analysis and additional data collection. The integration of the proposed
system into onboard cameras should need accelerated inference speeds to adapt to the high ve-
locity of moving trains. Detection performance was poor, when signals were placed against
complex backgrounds where the color contrast was lower and by challenging illumination con-
ditions, also noted by Staino et al., 2022.
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Modelovani a identifikace portalovych jerabu

Daniel Sukovaty!

1 Uvod

V dnesni dobé jefaby predstavuji kli¢ovy prvek piredevsim ve stavebnictvi a primyslu.
Jejich pouziti velmi pfispiva k uspésnému, bezpe¢nému a rychlému dokonceni ukoli. Dnesni
svét klade velky diraz na automatizaci a to napiiklad z divodu zvyseni rychlosti dokonceni
dané Casti procesu nebo redukce chybovosti zptisobené lidskym faktorem. Pravé lidsky faktor
hraje velkou roli v manipulaci s jefaby.

Automatické tlumeni nezddoucich kmiti by velmi zjednodusilo a zrychlilo ovladani.
Navrh fizeni vyzaduje znalost matematického modelu a kazda zména parametrd jefabu zméni i
optimélni nastaveni reguldtoru. Parametry lze jednordazové zmérit v pripadé¢ lana a héku, ale pro
zatéz by to byl zdlouhavy a financné narocny proces. Proto je zapotifebi metody, kterd dokaze
odhadovat tyto parametry béhem provozu jefabu. Vzhledem k Casté vyméné zatéze je dileZité,
aby metody byly ¢asové nendrocné.

Tato prace se zabyva metodami pro identifikaci neznamych parametrii zatéze, které jsou
nasledné pouzity pro navrh optimalniho regulatoru.

2 Odvozeni modelu

Jako model je uvazovano trojité kyvadlo
zavéSené na posuvném voziku. Kazdé rameno (resp.
kloub) disponuje vlastnimi fyzikélni parametry, kterymi
jsou (viz. obr. 1):

N AN%

I; - délka ramene,

m; - hmotnost,

¢ J; - moment setrvacnosti,

b; - koeficient tlumeni.

Odvozeni je zaloZeno na definovani pohybovych rov-
nic pomoci Lagrangeovy metody' Nésledné pohybové
rovnice je zapotiebi linearizovat kolem rovnovdzného
bodu, kterym je v tomto piipadé natoCeni kloubl v
dolni dvrati. Vysledkem linearizace je model ve sta-
vovém popisu.

Obrazek 1: Obecné schéma kyvadla s
n-rameny
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3 Identifikacni metoda

V této Casti je predpokladana znalost prvnich
dvou rezonancnich frekvenci systému. Tato metoda je
zaloZend na porovnavani charakteristickych polynoma -
matice dynamiky a jeji ekvivalentni Jordanovy formy.
Porovnanim vznikne soustava Sesti rovnic, ze kterych
naslednymi upravami a dosazenimi se Ize dostat na sou- -
stavu o dvou rovnicich. Z téchto rovnic je mozné se-
strojit ucelovou funkci (viz. obr. 2), jejiZ argumentem
minima jsou predpoklddané hodnoty fyzikdlnich para-
metri. K nalezeni minima byla pouZita negradientni -

optimaliza&ni metoda Pattern Search?. <,

300

250 —

I 200

= 150
200 —

=100
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50

4 Odhad rezonanc¢nich frekvenci Obriézek 2: Ucelovd funkce

Tato Cast se vénuje odhadu prvnich dvou rezonancnich frekvenci systému, které jsou
ndsledng vyuzity k vypocétu chybé&jicich parametrti. Podle metody harmonické linearizace® plati,
Ze zapojenim relé do zpétné vazby budou vybuzeny kmity o frekvenci, kterd odpovida pravé
jedné z rezonanci (viz. obr. 3). Volbou znaménka zpétné vazby pak lze zvolit, zda bude odha-
dovéana prvni nebo druhé rezonance (viz. obr. 4).

10 ; -
¢ ... hystereze Nyquist of Fs

8 Relay with negative feedback
T u y = d/dt(3,) Relay with positive feedback
j > FS(S) > . . Creation of steady oscillations

vV
Y

A 4
-~
4
4

Obrazek 3: Schéma uzaviené smycky
5 Zavér
Cilem prace bylo navrhnout metody,
které na zdkladé zndmé struktury modelu a
fyzikalnich parametrti lana a haku umozni
odhadnout zbyvajici parametry zatéZe. V ramci simulaci vedly navrZené postupy k vysledkiim s
dostatecnou presnosti. Pfi testovani na redlném systému se vSak vyskytly vyznamné odchylky v
odhadu rezonanci, zejména u druhé rezonance, coz vedlo k nepfesnym hodnotam odhadovanych
fyzikédlnich parametrd. Dal$im pozadavkem byla nizkd ¢asova ndro¢nost, kterd byla z pohledu
odhadu rezonanci splné€na, zatim co metoda identifikace parametra trvala fddove nékolik minut.

Doporucenim pro dal$i vyzkum je analyza nepfesnosti mezi modelem a redlnym systémem nebo
vyuZziti alternativni metody identifikace, naptiklad online odhadu pomoci Kalmanova filtru.

18 6 14 12 0 8 6 4 2

Obrazek 4: Nyquistiv diagram
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Klasifikace akustickych udalosti pro diagnostiku vyrobni linky
Jan Simek®

1 Uvod

Zkuseni zaméstnanci vyrobni linky zadvodu poskytuji cennou zpétnou vazbu o stavu
jejiho strojniho vybaveni. Jsou mimo jiné schopni pouze na zakladé sluchu rozpoznat
pocinajici zavady stroju a v¢as je hlasit technikiim. V dob¢ postupné automatizace a snizovani
poctu osob v provozu vSak tento lidsky dohled slabne, coz vyvolava obavy ze snizeni
obecného povédomi o aktudlnim déni na lince. Tato prace si klade za cil ovétit, zda lze
navrhnout neuralni model, jenz na zakladé zvukovych signali rozpozna kli¢ové stavy
jednotlivych stroji provozu aspravné je klasifikuje i Vv abnormalné hlasitém prostiedi.
Vysledkem bude prvni krok k vyvoji detektoru nezddoucich akustickych udalosti, ktery
doplni lidsky dohled v modernizovaném provozu.

2 Charakteristika dat

Pro ucely prace byla vytipovana dvé zatizeni vhodna k nahravani: ¢erpadlo a zasobnik
naslad. Cerpadlo ma 3 &erpaci rezimy lisici se jeho vykonem (60, 90 a 70 %), které
V procedufe trvaji 3, 7 a 5 minut a vzdy se bezprostiedné ndsleduji ve stejném potadi, pricemz
cela procedura se opakuje v intervalu okolo dvou hodin. U zasobniku na slad detekujeme
pouze samotné vysypani sladu do zasobniku, které trva zhruba 3 sekundy a béhem procedury
plnéni se opakuje kazdych 10 sekund. Naplnéni zasobniku takto trva piiblizn¢ hodinu a pul.

3 Architektura modelu

Architektura pouzité konvolu¢ni sit¢ (Nandi, 2021) je znazornéna na obrazku 1. Do sité
vstupuje spektrogram, nasleduji 3 konvoluéni vrstvy (32, 64 a 64 jader velikosti 3x3), pfi¢emz
soucasti prvnich dvou je i max pooling. Déle jsou umistény 3 pln€ propojené vrstvy, dimenze
vystupu posledni vrstvy je pak rovna poctu klasifikovatelnych tfid. BEhem trénovani byl navic
mezi konvolu¢ni bloky zapojen 1 20% dropout. Celkem sit’ obsahuje 3 695 202 parametrt.

56832 64 fe2
fel

61 64

32 64 pool convd
2

ol con

1
convl

Obrazek 1: Architektura neuralniho modelu
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4 Tvorba datasetu

K nahravani, které prob¢hlo na varn€ pivovaru Velké Popovice, byl vyuzit mikropocita¢
S ¢tyfmi ruznymi mikrofony (celkem 6 kanald) a pro kazdou ulohu bylo zvlast nahrano
16 a 19 hodin dat. Data byla nasledn¢ dekomponovana na jednotlivé kanaly a pfevedena
na spektrogramy. Z téchto dat byly pro kazdou ulohu vytvofeny 2 datasety s rozdilnou délkou
okna (5 sekund a 1 sekunda). Zdrojem anotaci byl textovy log fidiciho systému.

Procentualni zastoupeni tfid Cerpani je 2,2 %, 4,4 % a 3,1 %, zbytek je hluk pozadi.
Vysypani se pak vyskytuje v 12,4 % piislusného datasetu, zbytek je opét hluk pozadi. Tato
¢isla odpovidaji realnému provozu. Pfed zahdjenim trénovani byla rezervovana testovaci
mnozina o velikosti 20 % celého datasetu; poméry ttid v obou mnozinach ztstaly zachované.

5 Parametry trénovani a vysledky

Pro kaZzdou tulohu byl model trénovan samostatné na datasetu pfisluSnému uloze
a samostatné pro kazdou délku okna. Vsechny modely byly trénovany 10 epoch s vyuZzitim
Adam optimizeru. Konstanta uc¢eni byla nastavena na hodnotu 0,001 a jako ztratova funkce
byla zvolena kiizova entropie. Vysledky byly vyhodnoceny skrze 3 zakladni metriky a jsou
kompletné zanesené v tabulce 1.

Klasifikovana Délka okna: 5 sekund Délka okna: 1 sekunda
tiida Precision | Recall F1 score | Precision | Recall | F1 score
pozadi 0,9946 | 0,9921 0,9933 0,9975 | 0,9940 0,9958
Cerpéni (:jerpéni doVK1 0,7821 | 0,9396 0,8537 0,8145 | 0,9597 0,8811
Cerpéani do VK 2 0,9424 | 0,9784 0,9601 0,9560 | 0,9801 0,9679
Cerpéni do VK 3 0,9676 | 0,8483 0,9040 0,9765 | 0,9191 0,9469
.| pozadi 0,9833 [ 0,9898 0,9865 0,9141 | 0,9887 0,9500
KL Evw——" 09169 | 0.8705| 08931| 08129 | 03460 | 0,4854

Tabulka 1: Evaluace natrénovanych modeli

6 Zhodnoceni

F1 skore jednotlivych tfid ukazuje, ze u Cerpani dosahuje jednosekundové okno mirné
lepSich vysledki nez okno pétisekundové. Akusticky jsou Cerpaci rezimy charakteristické
stabilni amplitudou a frekvenci, krat§i okno se tak ukazuje jako dostate¢né. Naopak
u vysypani sladu se ptesnost klasifikace pfi jednosekundovém okné oproti pétisekundovému
vyrazné sniZila, pravdépodobné kvili kolisavym akustickym charakteristikdm procesu, které
zavisi napf. na urovni naplnéni zasobniku. Tyto charakteristiky dokaZe lépe zachytit okno
petisekundové.

Podékovani
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Cross-lingual Emotion Detection

Jakub Smid!

1 Introduction

While emotion detection is well-studied in English, many real-world applications re-
quire analysis in languages with limited annotated data. Manual annotation for each language
is costly and time-consuming. Cross-lingual settings address this by training models on a high-
resource source language (e.g. English) and applying them to target languages without addi-
tional supervision. Despite its practical importance, cross-lingual emotion detection remains
underexplored. An added challenge is identifying the specific words that express the emotion.

This work presents our approach for the WASSA-2024 Cross-lingual Emotion Detection
Shared Task (Maladry et al., 2024). The task consists of two subtasks, illustrated in Figure 1:
1) Cross-lingual emotion detection: Predicting one of six emotions (Love, Joy, Fear, Anger,
Sadness, Neutral) for each input sentence; 2) Trigger word detection: Identifying which words
express the emotion, either in binary format (assigning 0/1 to each token) or numeric format
(assigning intensity scores to each token). The task provides English training data, while the
evaluation data includes English, Dutch, Russian, Spanish, and French.

-lzlwecxcttmove bottor Subtask 1: label — Joy
Subtask 2: trigger words - [0, 0, 1, 0, 0, 0, 0]
than my last move

— better

Figure 1: Example tweet with labels for both subtasks.

2 Proposed Solution

We tackle the task using machine translation and Transformer-based models. For the first
subtask, we translate the data and fine-tune a large language model (Orca 2 13B).

The second subtask poses additional challenges due to word misalignment between the
original and translated texts — such as differing word counts, word order, or multi-word transla-
tions. To address this issue, we propose a novel method. We mark each trigger word in English
with special symbols (e.g. “[]1” or “{}”) before translation and then recover the trigger words
from the translated text using these markers, as shown in Figure 2.

We further enrich the training data by creating bilingual sentence pairs: one in the source
language with trigger words translated and another in the target language with trigger words
retained in English, as illustrated in the lower part of Figure 2. This approach yields four training
sets: the original English data, its translations into four target languages, and two trigger-word-
switched sets. We fine-tune two multilingual models — mTS and XLLM-R — on all four sets.
Including the trigger-word-switched data significantly improves performance, confirming the
effectiveness of our approach.

I'student of the doctoral degree program Computer Science and Engineering, e-mail: jaksmid @kiv.zcu.cz
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XS: en XTZ es
@user I'm [so] {happy} you've found @user Estoy [tan] {feliz} que hayas
some success for yourself system encontrado algo de éxito para ti

Trigger words Trigger words
switching [I: so switching [I: tan
Qehappy [~°° "7 TTTTTTTT TR TtT {}: feliz
xSt en-es Y xTS: es-en Y
@user I'm [tan] {feliz} you've found @user Estoy [so0] {happy} que hayas
some success for yourself encontrado algo de éxito para ti

Figure 2: Example of label projection method with trigger word switching (lower part) for
English and Spanish language pair.

3 Achieved Results

Table 1 shows our results on all three subtasks, our rank and the best system performance
in the competition. Our system ranked first in numerical trigger word detection, third in binary
trigger word detection, and seventh in cross-lingual emotion classification.

Subtask Result Rank Best
Cross-lingual emotion detection 59.10 7. 62.95
Trigger word detection (binary) 59.19 3. 61.58
Trigger word detection (numerical)  70.52 1. 70.52

Table 1: Results for all subtasks, including system rank and best score in the competition.

4 Conclusion

We propose a method combining machine translation with large and multilingual Transformer-
based models to address emotion classification and trigger word detection in cross-lingual set-
tings. For emotion classification, we fine-tune Orca 2 13B. We introduce a novel approach for
trigger word detection involving trigger word marking, label projection, and training data aug-
mentation with bilingual sentence pairs featuring trigger word switching. We use this enriched
data to tune the multilingual Transformer models. Our system achieves excellent results in the
competition, ranking 1st in numerical trigger word detection, 3rd in binary detection, and 7th
in cross-lingual emotion classification, validating the effectiveness of our approach.
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Vyuziti transformeru pro specifickou ilohu z praxe

Daniel Taus'

1 Uvod

Moderni podnikové systémy, napiiklad v logistice, Casto vyuzivaji transakéni modely
reprezentované XML. Manudlni tvorba dokumentace k t€émto transakcim a jeji ndsledné vy-
hleddvéni jsou vSak Casové ndrocné a vedou k nekonzistencim, coZ omezuje efektivitu. Tato
préce proto zkouma vyuziti modelt architektury Transformer, pfedstavenou v praci Vaswani et
al. (2017), ke zlepseni téchto procest. Konkrétné se zaméfuje na dvé hlavni oblasti:

* automatické generovani textovych popisi transakci z jejich XML dat;

* vyvoj systému pro efektivni sémantické a hybridni vyhledavéni v téchto popisech.

2 Sémantické a Hybridni Vyhledavani Transakci

Kli¢ovym tspéchem prace je vyvoj a evaluace systému pro efektivni vyhledavani transakcnich
popist na zakladé uzivatelského dotazu. Jadro tvori sémantické vyhledavani s modelem Jina
Embeddings v3, ktery predstavil Sturua et al. (2024) (pro texty az 8192 tokent) a index Faiss.
Tento model byl vybran po srovnani, kde dosdhl 100% uspéSnosti na testovaci sadé a podpo-
roval dlouhé vstupy. Dimenze embeddingli 768 poskytla nejlepsi relevanci. Vyhledavani fun-
guje na zdkladé vyznamu. Pro zlepSeni relevance byl systém rozsiten o hybridni pfistup kom-
binujici sémantické skore (Faiss) s TF-IDF. Uzivatel vazi pomér mezi témito pristupy. Efek-
tivni dvoufazovy vypocet umoziuje provoz na béZném kanceldiském pocitaci. Vysledny pro-
totyp ve formé webové aplikace byl interné pozitivné pfijat a jeho upravend verze implemen-
tovdna ve firmé, coz potvrzuje jeho praktickou pouzitelnost.

Vyhledavaé FAISS

prijem zbozi 5vysledk v 1 - sémantické vyhledavani - neuron. sit v NglEeETR

Vysledek: Prijem baleni - PRO INVENTURU, BPT631 REC_P021 ; Popis Transakce slouzici k
prijmu baleni na sklad bez dokladu (Avizo) s naslednym tiskem etiket. Vymezeni / Podminka
Polozka je registrovana v DCIx Uzivatel ma prirazenou tiskarnu v DCIx Prostredi PC/RFT Postup
Zadejte informace nutné pro pfijem Sarze, polozka, mnozstvi, FIFO/FEFO, skladova pozice, dodaci
list(nepovinné) Systém validuje existenci polozky a skladové pozice v DCIx Pokud neni dohledana

balici definice, je uzivatel vyzvan k jejimu doplnéni Systém vygeneruje dle balici definice spravny
pocet baleni a dojde k jejich tisku Opravny proces Admin - Vydej WEB Integrace na okolni systémy
Bez integrace na Helios

B Stahnout XML

Obrazek 1: Hybridni sémanticky vyhledavac
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3 Generovani Popisu Transakci

Prace experimentovala s generovanim popist transakci z XML modelem TS5, pfedstavenym

v praci Raffel et al. (2019), pro automatizaci dokumentace, s testovanim ruznych formata
vstupnich dat a drovni detaild. Vysledky byly smiSené: TS generoval korektni texty pro jed-
noduché transakce, zachovaval strukturu. U komplexnéjSich ale vynechaval detaily, chyboval v
interpretaci (napf. SQL) ¢i tvoril nekonzistence. Kvalitu ovlivnila bohatost vstupd. UZivatelsky
prizkum (12 experti hodnotilo 20 popist na skéle 1-5) s primérnym skére 2.31 (median 2) po-
tvrdil, Ze popisy nejsou pripraveny k nasazeni bez manudlnich uprav; vice nez 61% vyzadovalo
upravy. Hlubsi analyza téchto hodnoceni, vizualizovana na Obr. 2, odhalila zasadni zjiSt€ni v po-
dobé€ vyrazné heterogenity v tsp€Snosti generovani napfi¢ riznymi typy transakénich procesu.
Primérnd hodnoceni pro jednotlivé transakce totiz vykazovala znany rozptyl, pohybujici se
v intervalu od 1.00 do 3.83. Tato pozorovana variabilita zdlraziuje kritickou zavislost kvality
generovanych textd na komplexité a specifikdch vstupnich dat, pficemz model T5 projevoval
nedostatky zejména u komplexnéjSich transakci. Inverzni uloha (generovani struktury z textu
pomoci T5) nebyla tspésna diky nelogickym vystupim, zejména kvili halucinovani modelu
a velmi slozité pozadované struktufe dat. Do budoucna by tlohu generovani popisud transakci,
zejména s ohledem na komplexitu a pozadovanou kvalitu, mohlo vyrazné vylepSit nasazeni
modernich velkych jazykovych modelt (LLM), které disponuji pokrocilej$imi schopnostmi po-
rozuméni kontextu a generovani pfirozeného jazyka.

PRUMER HODNOCENI PRES TRANSAKCE

4,50
4,00
3,50
3,00

383 375
3,50
317
2,83 . 275 292
o
8250 225 217 2,33 2,25
‘2 2,00 1,83 175 1,75 1,83
< X
1,50
1,00 1,00 1,00
1,00
0,00
1 2 3 4 5 6 7 8 9 10 11 12 138 14 15 16 17 18 19 20
TRANSAKCE

Obrazek 2: Primérné hodnoceni kvality popist pro jednotlivé transakce
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Point-mass Filter with Non-equidistant Grid Design

Jan Trejbal'

1 Introduction

State estimation is essential in engineering applications from navigation to control. While
many estimation methods assume Gaussian probability density functions (PDFs), global filters
can capture more complex, non-Gaussian PDFs. The point-mass filter (PMF) is a global filter
that discretises the state-space into a grid and approximates the PDF as a piecewise constant
function, known as the point-mass density (PMD). Unlike particle filters, the PMF produces
deterministic estimates: given the same measurements, it will always generate identical outputs.
This deterministic nature, combined with its structured representation of the entire distribution,
higher robustness and better handling of abrupt changes, makes it valuable in high-reliability
applications like navigation systems, see Anonsen and Hallingstad (2006).

2 Point-mass Filter and Motivation

The grid layout is recognised as a crucial aspect of the PMF, since it heavily influences
the performance. A sufficiently large portion of the state-space must be covered to capture the
essential mass of the conditional PDF, while keeping computational demands reasonable. A
common strategy is to estimate the first two predictive moments—mean 7|, and covariance
Cl+1x,—and use them to define the region over which the grid is placed. In each state dimen-
sion, this region typically spans the interval ==L (i) = 7/ Cj1x(, %), where 7 is a user-defined
scaling parameter. The full grid is usually constructed as a Cartesian product of vectors defined
in each dimension, resulting in an equidistant grid.

In this work, we explore whether a non-equidistant placement of grid points within the
same predictive region can improve performance for a fixed number of points. The goal is to
allocate points more efficiently by concentrating them in regions of expected higher probability,
potentially enhancing estimation accuracy without using more points.

3 Non-equidistant Grid Construction

Proposed method deals with creating vector of N (i) points in each dimension. Rather
than defining point locations directly, N (i) + 1 borders are first calculated, to ensure proper
coverage of the area, between —L(i) and L(7) Vi, and the position of points and their neigh-
bourhoods is derived from the positions of borders between them. To achieve this, a symmetric
exponential transformation was employed:

1. A vector s is calculated - for odd N () it is calculated as s = ((1 : m) — 0.5)/(m — 0.5);,
where m = (N (i) +1)/2
2. The vector s is then transformed to receive the positive borders

e —1

ex —

s = b(s) = L(7)

I'student of the doctoral degree program Applied Sciences and Informatics, field of study Cybernetics, e-mail:
trejbalj @students.zcu.cz
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3. Positive borders are mirrored around zero to receive negative borders; together, they de-
fine the vector of points.

For a« > 0, more points are put near the centre of the grid, for « < 0, fewer points are put
near the centre of the grid, and for @« — 0, points are distributed equidistantly, as in standard
equidistant grid, as shown in Figure 1.

non-Equdistant Grid (a = 0) non-Equdistant Grid (a = 1) non-Equdistant Grid (a = -1)

-10 -5 0 5 10 -10 -5 0 5 10 -10 -5 0 5 10
Point Value Point Value Point Value

Figure 1: Comparison of 1D grids with different a values

4 Simulation Results

The grid creation rule based on the design parameter o influences the shape of the pre-
dictive grid and consequently affects the approximation of the underlying PDF. To evaluate
this influence, we conducted a series of Monte Carlo simulations with different types of initial
PDFs and system noise models. For each scenario, we began with a common initial grid and
generated multiple predictive grids using different values of a. We then computed the resulting
predictive and filtering PMDs and analysed how variations in « affected various performance
metrics. During the simulation, the same values of o were used in all dimensions. An example
of the results is shown in Figure 2.

Filtration Metrics Filtration Metrics
10" 10°
[0] (0]
% 100 o RMSE of Filt Mean (—ju % @ RMSE of Filt Mean
> —&— RMSE of Filt Cov > 10‘ A\ —&— RMSE of Filt Cov
%) '/‘;,— o0 —&— RMSE of Filt Skew 1) —&— RMSE of Filt Skew
= w&&& Se588a6668 eas &~ RMSE of Filt Kurt = &~ RMSE of Filt Kurt
é} 107 S et ,ﬁe%@@@(%e Int. Error of Filtration % Int. Error of Filtration
102
-2 -1 0 1 2 3 4 5
[0} [0}
(a) Gaussian initial distribution (b) non-Gaussian initial distribution

Figure 2: Part of simulation results

Based on the results, we conclude that an appropriate selection of o can significantly
improve performance outcomes. The optimal choice of a depends on three key factors: the
specific metric we aim to minimise, the underlying system model characteristics, and the shape
of the underlying true PDF. Identifying suitable adaptation strategies for a will be the subject
of future research.
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Nonsense Word Repetition for Detection of Cognitive Disorders

Jan Tupy'

1 Introduction

Cognitive impairments are neurological disorders that disrupt fundamental mental func-
tions such as memory, attention, or language. Although they most commonly appear in older
adults, they can also result from brain injuries or psychiatric conditions. Due to the increas-
ing prevalence of these disorders, there is a growing emphasis on early and reliable diagnosis.
Traditional diagnostic procedures are time-consuming, which has led to a rising interest in au-
tomated digital testing.

One innovative approach involves testing with nonsense words that resemble regular
vocabulary but lack meaning. This method enables researchers to focus on pure cognitive
processes without interference from semantic context. The aim of this study is to investigate
whether this type of task can provide objective and quantitative data on the state of cognitive
functions and support the development of effective digital diagnostic tools.

1.1 Nonsense Words

The nonsense words were selected by a cognitive disorders expert, with an emphasis
on phonetic naturalness and the absence of semantic meaning. These words are part of one
of ten tasks included in a broader electronic test battery, which is currently undergoing pilot
testing. A key advantage of this digital format is that it allows participants to complete the
test independently from home using a personal computer, without the need for professional
supervision. The following words are used in our work:

Capivdcek, kokdvka, flonka, lampesiska, trebice, cidla

2 Methodology

Participants were sequentially presented with six nonsense words (see Section 1.1), pre-
recorded using a human voice as reference templates. At the beginning of the task, participants
were instructed to immediately repeat each word aloud after it was played. This procedure
continued until all six words were processed.

Speech was recognized using a model based on the modern wav2vec 2.0 architecture,
specifically the system described in Lehecka et al. (2022). The recognition pipeline employs
a grapheme-based approach complemented by an external language model. The recognized
output was preprocessed by removing punctuation and converting all text to lowercase. As the
final step, the output was compared with the reference words using strict matching.

The dataset consisted of 149 participants, including 108 healthy controls and 41 individ-
uals diagnosed with cognitive impairment. For binary classification (0 = healthy, 1 = patient),
LogisticRegression, RandomForest, XGBoost, and HistGradientBoosting models were

"student of the doctoral degree program Applied Sciences, field of study Cybernetics, e-mail:
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employed, implemented using the scikit-learn and xgboost libraries. Model optimization
focused primarily on the F1-score, while also monitoring other metrics such as accuracy,
recall, and precision. Evaluation was conducted using five-fold stratified cross-validation.

3 Results and Analysis

An analysis was conducted on the success rate of repeating individual nonsense words in
healthy participants and those with cognitive impairment. A comparison of strict match results
between the two groups is shown in Figure 1, illustrating the average accuracy for each word,
with shaded areas representing 95% confidence intervals.

Togd ® Category
g o | —e— 0(n=108)
] / -
g 0.6 1 / \ /. —eo— 1 (n=41)
< /
& 0.4 1 \ / /
g
< 0.2 1

Capivalek  kokdavka flonka lampesiska  trebice cidla

Figure 1: Average Strict Match Accuracy (0 to 1)

The results indicate that the Logistic Regression model achieved the highest Fi1-score,
suggesting its better ability to distinguish between healthy participants and those with cognitive
impairment. A complete overview of the metrics for each model is provided in Table 1.

Table 1: Classification results for individual models.

Model Precision Recall Fl-score Accuracy
Logistic Regression 0.607 0.632 0.599 0.631
Random Forest 0.557 0.555 0.556 0.651
Hist. Grad. Boosting  0.610 0.556  0.550 0.718
XGBoost 0.677 0.590  0.593 0.745

4 Conclusion

The results show that the task of repeating nonsense words reveals differences between
healthy individuals and patients with cognitive impairment, although the current predictive ac-
curacy is not yet suitable for clinical use. Despite limited performance, the data suggest poten-
tial for this method, particularly when combined with other tasks or additional features beyond
strict match. In this sense, it represents a promising direction for the future development of
accessible, digitally implementable screening tools.
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Vyvoj autonomni mobilni platformy pro prepravu naklada

Jakub Tvrz!

1 Uvod

Autonomni mobilni roboty (AGV a AMR) jsou vyznamnym prvkem primyslové au-
tomatizace. Tento prispévek predstavuje otevieny a moduldrni fidici systém zaloZeny na fra-
meworku ROS2 [1], ktery prfekondva omezeni uzavienych systémi, jako je SIMOVE, a nabizi
pokrocilé navigacni piistupy, detekci palet z 2D LiDARI a bezpecny provoz podle norem SIL.
Hlavnim pfinosem je adaptabilita systému na rizné podvozky a modularita diky dockerizaci
jednotlivych funkénich balicki, coz zajistuje snadné nasazeni, pfenositelnost a Skdlovatelnost.
Vyvinuty driver zaji$tuje komunikaci mezi PLC a ROS2, zatimco webova aplikace (vyvinuta
kolegou J. Holubem [2]) umoZiiuje intuitivni ovlddani. Systém podporuje integraci s existujicim
hardwarem, napfiklad pfi repasi robotil. Prace poskytuje komplexni vhled do problematiky a
navod, jak vybudovat kompletni fidici systém primyslového AMR.

Obrazek 1: a) DJI model b) Diferencidlni AGV c¢) Velké vsesmérové AGV

Systém byl vyvinut a testovan na ctyfech podvozcich: DJI slouZil pro poc¢atecni ovéfeni
algoritml na redlném robotu a k integraci senzord, diferencialni podvozek umoznil prvni
testovani safety chovani spliiujiciho bezpecnostni normy a testovani komplexnich scénafi v
redlnych skladech pfi pouziti navigace po Cafe, velké AGV s vSesmérovym podvozkem je
findlnim vystupem a je zde nasazena pln€ autonomni navigace i detekce palet, diferencidlni pod-
vozek TinyAGYV byl pouZzit pro vyvoj cyklického sledovéni virtudlnich drah, které si uZivatel
nakresli do mapy a simulacni model v Gazebo poskytl prostiedi pro prvotni validaci algoritmd.

2 Navrzené pristupy a struktura ridiciho systému

Mapovani a lokalizace je zdkladem vSech vyvinutych piistupti. Mapovani prostiedi je re-
alizovano pomoci SLAM (Simultaneous Localization and Mapping [3]) algoritmu, ktery vytvari
2D mapu prostiedi na zakladé LiDARovych skentli a odometrickych dat. Lokalizace vyuziva
algoritmus AMCL (Adaptive Monte Carlo Localization), ktery koriguje drift odometrie po-
rovnanim LiDARovych skenl s mapou a je zalozen na ¢asticovém filtru. Autonomni navigace

! student navazujiciho studia fakulty Aplikovanych véd, obor studia Kybernetika,
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navrzeného systému kombinuje globélni a lokdlni planovdni trajektorii pro efektivni a bezpecny
pohyb voziku. Globdlni planovani, realizované algoritmem NavFn, generuje optimalni trasu
na zéklad¢ statické nakladové mapy a cilové pozice urcené uzivatelem, s ohledem na statické
prekazky. Lokalni planovani, zaloZzené na MPPI (Model Predictive Path Integral Control), dyna-
micky upravuje pohyb v redlném Case podle aktudlnich LiDARovych dat a odometrie v oblasti
kolem robota a prizptsobuje trajektorii dynamickym prekazkam. MPPI generuje a hodnoti fadu
moznych cest podle nakladové funkce (vzdalenost, pfekdzky, dynamika) a vybird optimdlni
cestu v ramci plovouciho horizontu, zatimco vyhlazovac zajistuje plynulost pohybu minimali-
zaci zrychleni a respektovanim kinematickych omezeni robota.

Dilezitou soucasti AGV je schopnost detekovat a nakladat palety. Standardné jsou k
tomu pouZivany kamery a rozpoznavani obrazu. V této prici byl navrZzen inovativni pfistup
zalozeny vyhradné na datech z 2D LIDARovych senzort, ktery nabizi ekonomickou vyhodu jiz
integrovanych LIDARA, robustnost vici zménam prostiedi a osvétleni a vysokou rychlost zpra-
covani. Detekce objektti z LIDARovych skentl v redlném Case vyuziva shlukovani, konkrétné
algoritmus DBSCAN. Z téchto objektl je mozné dile detekovat podle vzdjemné orientace a
polohy slozit&jsi tvary v prostoru, jako je napiiklad paleta. Vyuziti v§ak miiZze byt i v trekovani
dynamickych objektl a predikci kolizi.

Dalsim pfistupem jsou virtudlni drahy, jejichz uzivatelska privétivost spociva v tom, Ze
uzivatel mize nakreslit uzavienou kiivku do mapy a robot ji bude automaticky sledovat. Imple-
mentace vychazi z vytvofeni mapy prostiedi, ktera slouzi jako zdklad pro definici trajektorie.
Nisledné je aktivovana lokalizace robota v mapé. Fixni trajektorie, definovana jako posloup-
nost bodd, je sledovdna v cyklickém reZimu algoritmem Pure Pursuit, ktery zajistuje plynulé
pfizpisobeni sméru a rychlosti podle aktudlni polohy a orientace robota.

Trochu stranou stoji navrh standardniho systému jizdy po Carfe s ¢tenim QR kodu. Je
zaloZeny na vyuZiti primyslovych senzorti a PD regulétoru s vice rychlostnimi stupni a bezra-
zovym piepindnim. Béhem jizdy nejsou opominuty bezpecnostni funkce zajisténé LIDARYy.

N | =l

Obrazek 2: a) TinyAGV a virtudlni drdha, b) Simulace a oviddaci prostredi RViz
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Piispévek vychazi z diplomové prace, kterou zpracovavam pod zastitou firmy Leuze En-
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Using Pre-trained Models for Phoneme Representation
in Czech Speech Synthesis

Lukas Vladaf'

1 Introduction

Text-to-speech (TTS) systems, i.e., systems producing artificial speech, represent an im-
portant topic in the field of artificial intelligence. Modern approaches based on neural networks
reach very good results, almost comparable to real human speech.

Nguyen et al. (2023) argue that including a large-scale pre-trained model for phoneme
representation in a neural TTS system can further improve the final synthetic speech. We used
their pre-trained model called XPhoneBERT to investigate whether it can also enhance the qual-
ity of speech synthesis in the Czech language.

2 VITS and XPhoneBERT

For our experiments, we used VITS, which is a widely used end-to-end TTS model intro-
duced by Kim et al. (2021). VITS contains a text encoder, which processes the input phonetic
representation of the synthesized utterance.

Instead of the default encoder, Nguyen et al. (2023) used their own model called
XPhoneBERT, which is based on the BERT model described by Devlin et al. (2019).
XPhoneBERT has been trained on a huge multi-lingual dataset to learn 192-dimensional
phoneme representations. The authors claim that using XPhoneBERT as a text encoder of the
VITS model improves the naturalness and prosody of the output synthetic speech.

3 Experiment Description

We performed an experiment to see whether the use of the XPhoneBERT encoder can
also raise the quality of Czech speech synthesis. We trained two original VITS models, each of
them was trained using 18 hours of speech recorded by a professional Czech speaker. One of
the speakers was male and the other female. Furthermore, we used the same datasets to train
VITS synthesizers combined with the pre-trained XPhoneBERT encoder.

Subsequently, we compared the original VITS models and the models with the
XPhoneBERT encoder in a preference listening test. The test was performed by five listeners,
all of whom were Czech native speakers. Throughout the test, 30 utterances were presented to
the listeners. Each utterance was represented by two recordings, and the listeners were required
to choose the better-sounding version. If they were not able to choose the better-sounding
recording, they were allowed to state that the quality of both is approximately the same.

When the listening test was finished, we counted how many times the original VITS
model was selected to sound better, and how many times the combination with XPhoneBERT
was preferred. We used these numbers to perform the one-sided sign test, which is described in
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Conover (1999), in order to determine the statistical significance of the results.

4 Results

Figurel shows the distribution of the answers obtained in the listening test. Both models
achieved very similar ratings when trained on the female speaker dataset. However, VITS
combined with the XPhoneBERT encoder reached a significantly better result in the case of the
male voice, which was also proved by a one-sided sign test.

not significant p-value = 0.0009

Answer distribution
Answer distribution

T T T T T T
VITS Both models VITS + XPhoneBERT VITS Both models VITS + XPhoneBERT
sounds better are similar sounds better sounds better are similar sounds better

Figure 1: The distribution of different answers obtained in the listening test comparing models
trained using female (on the left) and male (on the right) speaker’s recordings

5 Conclusion

We showed that including a pre-trained text encoder in a TTS model may improve the
quality of Czech speech synthesis. However, it may not help in some cases. The XPhoneBERT
encoder, which we used for our experiments, has been trained on a huge multi-lingual dataset,
however, this dataset contained only 4542 Czech sentences, while US English, for example, was
represented by 33515 sentences (see Nguyen et al. (2023)). This imbalance may be the reason
why XPhoneBERT does not improve speech synthesis in Czech as much as in other languages.
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Towards Aesthetic Enrichment of Mirror Selfies via Automatic
Image Analysis

Jiti Vysko¢il!, Kristina Zejkanova?

1 Introduction

Mirror selfies have become a common form of self-expression on social media, often
shared for their aesthetic value. This trend inspired a collaboration with the Ladislav Sutnar
Faculty of Design and Art to explore how design elements — such as chairs or decorative
objects — might enhance these images. We developed a system for automatic analysis of mirror
selfies collected from social networks. The goal is to automatically extract visual metadata,
including color palettes, human poses, face occlusion by phones, subject placement (e.g., golden
ratio), and object directions relative to the person. The obtained metadata can support the
creation of design elements that make selfies more visually appealing.

2 Methodology

To solve the task, we used three pre-trained models: OneFormer by Jain et al. (2023)
for image segmentation, YOLOvS8 by Jocher et al. (2023) for pose estimation, and InsightFace
by Deng et al. (2020) for face detection (see Figure 1). We kept only relevant segmentation
classes (e.g., person, phone, bed, chair) and selected the person with the most keypoints as the
main subject.

Face visibility was computed as the intersection between the face and phone masks rel-
ative to the face area. Color palettes were extracted using the k-means and mean-shift algo-
rithms in the Hue-Saturation-Value (HSV) color space for improved accuracy. Pose classifica-
tion (standing vs. sitting) was based on vector direction and magnitude heuristics derived from
keypoint positions; cases with missing leg information were labeled as unknown.

Automatic Analysis
Metadata

Figure 1: Overview of the proposed system. Input images are processed by deep learning
models, followed by post-processing (e.g., filtering relevant COCO categories, approximating
face masks as ellipses). Finally, the measurements are transformed into the desired metadata.

OneFormer
(Image Segmentation)

InsightFace
(Face Detection)

Y

Images

L1 ]

»| Post-Processing

YOLOv8x-pose
(Pose Estimation)
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3 Results and Conclusion

The analysis of available mirror selfies revealed a frequent use of light blue clothing,
mostly jeans, often paired with other light tones such as cashmere or light grey. In most images,
the face is partially or fully covered by the phone, and subjects are typically standing (see
Figure 2 (a)). On average, the person occupies 11.26% of the total image area. Photos were
most often taken in bedrooms or living rooms, and less frequently in hallways. This is reflected
in the object direction visualization (Figure 2 (b)).

These findings will inform the next phase — designing aesthetic elements, such as ele-
vated chairs, that align with the observed styles and color palettes to enhance the visual appeal

of mirror selfies.
Directions of objects from

the person (average over all images).

left-up right-up bed
Category Label Count tchslir/couch
Face visibilit Visible 607 _lv):sge/case
Y Not visible 965 o -~ plant/fower
€ right door
Sitting 210 e
Pose Standing 1322
Unknown 40
left-down right-down
(a) Results of face visibility and pose classi- down

fication. Visibility was determined by over-

lap between face and phone masks (threshold
50%), and pose was inferred using a YOLO-
based detector with heuristic rules.

(b) Visualization of the relative positions of
objects from the centroid of the person, show-
ing their directional orientation.

Figure 2: Overview of the automatic annotation results obtained from 1572 images. (a) Distri-
bution of face visibility and person pose; (b) Relative positions of objects from the person.
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Complexity of KIR allele identification pipeline design

Katefina Wolf *!, Filip Jani !, Daniel Georgiev !, Pavel Jindra 34, Monika Holubova >* and
Lucie Houdova !

1 Introduction

In Czechia, 1200 people are diagnosed with hemato-oncological disease each year.
Treatment of this kind disease involves hematopoietic stem cell transplantation (HSCT), and
its” success depends on choosing the suitable donor. Although genetic variant in genes other
than Human Leukocyte Antigen (HLA) are not primary criteria for the donor selection, their
impact can play a role in the patient outcome and it is usually involved in post-transplant
conditions (GVL, GVHD). Killer-cell immunoglobulin-like receptor (KIR) genes, affecting
HSCT outcome by presence/absence of specific gene, are currently studied for their potential
through gene variants (alleles). An analytical pipeline that enables quick and easy assessment
of KIR allele is desirable. However, during the pipeline design, it is necessary to address and
manage certain issues from both data science and medical point of view.

2 Materials and methods

For the development of an analytical method for KIR identification, we used synthetic
data based on reference sequences IPD ([3], 2.11.0). Genotype sensitivity was examined on
synthetic datasets corresponding to actual genotypes [5]. Pipeline setting is limited only to
known alleles. Validation was based on well-characterized cell lines [4].

3 Results

During the analysis of data and issues for pipeline creation, the identified problems were
addressed and managed. Our approach reaches the lowest accuracy in the 2DL1 gene, which
was successfully identified in 73% of cases, while the other genes were successfully identified
in more than 88% of cases. The most precise results are for the 2DL4 gene, which was correctly
identified in 99% of cases. In the case of real data, the results of identification were lower as
expected due to biological factors.

4 Conclusion

The design and implementation of the KIR allele identification pipeline is a complex task
with potential use in clinical practice. The correctness and precision of the pipeline are
influenced not only by the technical design itself but also by input data and the chosen reference
sequence.
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Detekce anomalii v datech z knih limitnich objednavek

Dominik Zappe'
1 Abstrakt

Moderni finan¢ni trhy jsou rychlé, komplexni a stdle Castéji se stavaji cilem sofistiko-
vanych forem manipulace. Tato prace se zaméfuje na detekci anomalii v ¢asovych fadach od-
vozenych z knih limitnich objednavek s cilem rozpoznat manipulativni chovani zvané spoo-
fing. Vzhledem k absenci anotovanych dat jsou pouZzity metody strojového uceni bez uclitele
aplikované na redlnd historickd data. V prici je implementovdno Sest metod — izolacni les,
lokdlni faktor odlehlosti, jednotfidni SVM, plné propojeny autoenkodér, konvolu¢ni autoen-
kodér a transformer autoenkodér. Modely jsou evaluovany pomoci méné znamych metrik Ex-
cess Mass a Mass Volume, pficemz nejlépe si vedou modely izola¢ni les a transformer. Kom-
binaci nejvykonnéjsich modeld vznikl robustni nastroj schopny odhalit podezielé chovani bez
ruéni anotace. Navrzené feSeni efektivné identifikuje rizikové oblasti pro ndslednou expertni
analyzu a predstavuje tak prakticky pfinos pro detekci nelegdlnich praktik na finan¢nich trzich.

2 Uvod

Cilem préice je navrhnout a implementovat rimec pro detekci anomdlii v Casovych fadach
z knih limitnich objedndvek, se zaméfenim na odhaleni spoofingu — manipulativniho chovani
na finan¢nich trzich. Diraz je kladen na pouziti metod strojového uceni bez ucitele nad neano-
tovanymi daty.

3 Terminologie a metodologie

Limitni kniha objednavek (Limit Order Book, LOB) je dynamicka databaze, ktera v redlném
Case eviduje piikazy k nakupu a prodeji finan¢nich instrumentd, viz Abergel et al. (2016). Ob-
sahuje nabidkovou (Bid) a poptavkovou (Ask) stranu, pfi¢emz objednavky jsou fazeny podle
ceny a Casu zadani.

Spoofing predstavuje formu trzni manipulace, pfi niZ jsou zaddvéany rozsahlé objednavky
bez zdméru jejich realizace, s cilem vyvolat faleSny dojem trzni aktivity. Po dosazeni poZadovaného
cenového pohybu jsou tyto piikazy stornovany, viz Montgomery (2016).

Vzhledem ke kriatkodobému charakteru spoofingu a absenci anotovanych dat je jeho od-
halovani obtiZzné. Prace se proto zaméfuje na jeho detekci prostiednictvim metod uceni bez
ucitele.

4 Implementovana reSeni

V ramci prace bylo implementovano Sest detekénich algoritmd:

* Izolacni les (Isolation Forest)
* Lokalni faktor odlehlosti (Local Outlier Factor)
e Jednotridni SVM (One-Class SVM)

I student navazujiciho studijniho programu Informatika a jeji specializace, specializace Zpracovéni pfirozeného
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* PIné propojeny autoenkodér (Feed Forward Neural Network Autoencoder)
* Konvolu¢ni autoenkodér (Convolutional Neural Network Autoencoder)
* Transformer autoenkodér (Transformer Autoencoder)

Byla pouZita redlna historickd dataz Deut sche Bd&rse AG, kterd prosla predzpracovdnim,
extrakci klicovych priznaku a redukct dimenze.

Modely byly trénovany a hodnoceny pomoci metrik Excess Mass a Mass Volume,
které jsou vhodné pro neanotované datové sady. Vypocty probihaly ve vypocetnim prostredi
e—INFRA CZ (MetaCentrum).

Soucasti feseni je také navrh interaktivniho nastroje pro vizualizaci veskerych vysledka.

5 Dosazené vysledky

Nejlepsi vykonnost zaznamenaly modely Izolacni les a Transformer autoenkodér. Kom-
binaci nejlepsich modeld vznikl robustni systém schopny detekovat potencidlné manipulativni
chovani bez nutnosti ru¢ni anotace — viz Obrizek 1.

NavrZeny vizualizani ndstroj md potencidl pomoci odhalit redlné pfipady manipula-
tivnich praktik a podporuje expertni analyzu a interpretaci detekovanych udalosti.

Cely systém je plné€ Skalovatelny a pfipraven pro nasazeni na rozsdhlych datovych sadéch.

Ensemble (Isolation Forest, FFNN Autoencoder, CNN Autoencoder, Transformer Autoencoder)
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Obrazek 1: Detekované anomalie souborem modelt

6 Zavér

Prace predstavuje funkCni feSeni pro detekci objedndvek podezielych ze spoofingu po-
moci metod strojového ucent bez ucitele. Aplikace téchto piistupti na financni ¢asové fady mize
slouzit jako nastroj pro podporu analytikl a regulanich organi pti odhalovani trZznich manipu-
laci.

Do budoucna je mozZné systém rozsitit o dal$i modely a priznaky vstupnich dat. V pripadé
dostupnosti spolehlivé anotovanych dat Ize navéazat také metodami uceni s ucitelem.
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Ablations Studies in Pose-Based Sign Language Translation

Tomas Zelezny'

1 Introduction

Sign Language Translation (SLT) task is rapidly evolving from isolated recognition ap-
proaches to a complex continuous gloss-free translation. Recent models leverage multimodal
learning and large-scale language models to directly translate visual input into text. However,
gloss-free SLT still faces persistent problems such as signer variability and mismatch with spo-
ken language. This work investigates how pose-based pre-processing techniques can improve
the performance of gloss-free SLT in a T5-based transformer framework.

2 Method

Data Pre-processing For our experiments, we use the YouTube-ASL (Uthus et al. (2023))
dataset for training and the How2Sign (Duarte et al. (2021)) dataset for evaluation. The
YouTube-ASL dataset is uncurated and contains videos with highly variable characteristics,
such as signer count, position, size, and resolution. Although How2Sign is recorded in a con-
trolled setting, signers may still shift across videos. These inconsistencies make data pre-
processing crucial. We apply our two-stage keypoint extraction pipeline, which leverages
YOLOvV8-nano and MediaPipe, to extract 104 keypoints consisting of the hands, body pose,
and face. Then, we apply various normalization strategies to improve consistency across clips.

Model Our model is slightly modified T5 encoder-decoder transformer architecture inspired
by Uthus et al. (2023). Instead of tokenized text, our model’s input is a sequence of 208-
dimensional vectors representing 104 pose keypoints. A custom linear embedding layer projects
these vectors into the model’s input space, replacing the standard text embedding layer.

3 Experiments

We conduct a series of ablation studies to evaluate how different pre-processing strate-
gies affect the performance of our T5-based SLT model. All experiments were trained on the
YouTube-ASL dataset and evaluated on the How2Sign dataset using BLEU scores as the per-
formance metric. To address the seed variability, we repeat each experiment three times and
report the best score.

Normalization We test four different normalization techniques. First two are inspired by Uthus
et al. (2023) pre-processing pipeline - clip-wise (yasl.) and frame-wise (yasl ;) normalization.
Next, we propose a normalization based on the signing space (SignSpace). Last approach
doesn’t use any normalization (none).

I Student of the doctoral degree program Cybernetics, field of study Computer Vision,
e-mail: zeleznyt@kky.zcu.cz
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Method | B-1 B2 B-3 B4

Normalization | B-1 B-2 B-3  B-4 pone 1747 7.19 379 2.17
none 13.62 3.67 154 0.73 int. <2 frames | 1691 7.35 4.06 2.43
vasl, 13.00 390 1.59 0.66 int. <3 frames | 17.16 7.40 4.01 233
yasly 14.67 478 2.19 1.13  light aug. 1576 623 3.12 1.71
SignSpace 1747 719 3.79 217 medium aug. 17.27 7.51 4.12 2.46

heavy aug. 16.58 7.10 3.85 2.29

Table 1: Comparison of four different types of normalization techniques, interpolation and
augmentations. Performance is measured by BLEU scores on the How2Sign dataset.

Interpolation Next, we experiment with linear interpolation of missing keypoints instead of
using default value -10. We experiment with a total of 3 different settings: interpolate all gaps
with size 2 or smaller, with gaps 3 or smaller, or don’t use interpolation at all.

Augmentation In our final set of experiments, we investigate various types and intensities of
augmentation. Our preliminary experiments revealed that applying to the input image, rotating
pose in the elbow joints, applying gaussian noise have beneficial effect on the performance.
Based on these findings, we designed three augmentation protocols with increasing strength,
combining these three techniques.

4 Conclusion

This work systematically investigates the impact of pose-based pre-processing techniques
on the gloss-free Sign Language Translation using a T5-based transformer model. Through ex-
tensive ablation studies, we show that effective handling of the input plays an important role
in translation quality. Our proposed SignSpace normalization achieves the best performance,
while interpolation proves to be essential for addressing missing keypoints. Additionally, data
augmentation further boosts model robustness and accuracy. Our code is public at our GitHub'.
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