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Matematické modelovani a experimentalni demonstrace
nelinearniho pohlcovace energie (NES)

Frantisek Bares'

Vibrace jsou fenoménem feSenym v mnoha oblastech strojirenstvi a stavitelstvi. Zejména
ty s vysokou amplitudou mohou mit zdsadni dopad na Zivotnost mechanickych soucasti nebo
stabilitu konstrukci. Béhem let se objevilo mnoho feseni vibrac¢nich tlumica a hltich. Jak popsal
Zhang et al. (2017), Ize je rozdélit na pasivni, aktivni a semi-aktivni. Tato prace se zabyva témi
pasivnimi. Jednoduché pasivni hltice dokazi redukovat vibrace pouze na velmi malé frekvencni
oblasti. Nejspise nejefektivnéjsi zplisob, jak dosahnout vice robustniho tlument, je Nelinearni
pohlcovac energie (anglicky Nonlinear energy sink-NES). Tento koncept je zaloZen na princi-
pech nelinearni dynamiky, konkrétné€ na jevu nazvaném Cileny pfenos energie (Targeted energy
transfer-TET), ktery popsal Gendelman (2001).

Hlavnim cilem této préce je aplikovat NES pro sniZeni rezonancniho vrcholu demonstratoru
s jednim stupném volnosti buzeného nizkymi frekvencemi. Zamétfenim této prace je porovnat
tradicni NES pouzivajici pruziny a NES vyuzivajici odpudivé magnetické sily. Nejdiive byl
uréen matematicky model demonstratoru, ndsledné byla pouzita Metoda harmonické balance
a upravena Metoda délky oblouku. Dédle byla provedena kvalitativni analyza parametrii po-
moci vyjadieni efektivity NESu a nédsledné optimalizace. Nakonec byl zkonstruovan fyzicky
demonstrator pro experimentalni ovéfeni ziskanych teoretickych poznatkti. Méfeni bylo prove-
deno pomoci vyvinuté metody detekce bodu pomoci videa a nasledné experimenty ukazaly Ze
pruzinovy NES dokdaZe snizit rezonan¢ni vrchol z 0,08 m na 0,02 m. To ¢ini sniZeni vibraci
0 75%. V pripadé magnetického NESu byly zjistény nezddouci vysoké amplitudy zap¥i¢enény
nelinearitou systému. Kombinace obou pristupt v§ak dala uspokojivé vysledky.

01 -

Without NES
With NES

”MH TTRTYTN 7

21 [m]

Obrazek 1: Naméfeny rozbéh demonstratoru s NES a bez né;.

!'student navazujiciho studijniho programu Aplikovan4 mechanika, obor Dynamika konstrukci a mechatronika,
e-mail: bares @students.zcu.cz



NES Track

Obrazek 2: Konstrukce experimentdlniho demonstratoru.
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Global gravitational field modelling for spheroidal planetary
bodies: non-singular expressions

Jifi Belinger, Veronika Dohnalova, Martin Pitoniak, Pavel Novak, Michal Sprlak

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@fav.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 described in Sprlak and Han (2021) is essential as it significantly
extends region near the surface of flattened planetary bodies allowing safe computation without
any divergence issues described by Hu and Jekeli (2015).

This contribution describes aspects of the gravitational field modelling of planetary
bodies using spheroidal harmonic series. We focus on both parts of spheroidal harmonics
method, namely spheroidal harmonic analysis and spheroidal harmonic synthesis. We also
consider application of outer only and combination of outer and inner expansions allowing for
calculation of gravitational field quantities inside the masses of selected body. Results are
presented for asteroid Bennu studied by NASA (2026) and include calculation of spheroidal
harmonic coefficients (analysis) and 20 functionals of gravitational field (synthesis) including
gravitational potential and its derivatives up to the third order.
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An Analytical Design Method for Fixed-Structure Controllers
under Generalized Mixed-Sensitivity Specifications

Michal Brabec!

Introduction and Motivation

The design of robust controllers is a key part of a wide range of industrial applications.
Although classical H, synthesis provides a systematic frequency-domain framework for the
formulation of complex engineering requirements, the resulting controller is often difficult to
use directly in practice. In general, the controller structure cannot be prescribed a priori, and the
resulting controller may have a higher order than is desirable for implementation in industrial
control systems, where low-order fixed-structure controllers, such as PI, PID, lead—lag, or PR
controllers, are still preferred.

Direct design of a fixed-structure controller based on H, specifications is therefore of
considerable practical importance. In general, however, this problem is a non-convex, non-
smooth NP-hard optimization problem. For controllers with only two tunable parameters, a
parameter-space approach can be used instead. The solution of the design problem can then be
represented as a region in the controller parameter plane, whose points correspond to stabilizing
controllers that satisfy the prescribed design constraints.

This contribution builds on the analytical design method introduced in Brabec and Schlegel
(2023) and extended in Brabec and Schlegel (2025) to systems with a single dead time. The
main extension presented here is the inclusion of generalised mixed-sensitivity constraints. This
makes it possible to design fixed-structure controllers that satisfy several frequency-domain re-
quirements simultaneously, while preserving the parameter-space interpretation of the feasible
set.

Generalised Mixed-Sensitivity Constraints

Classical mixed-sensitivity design is a frequency-domain optimization problem that en-
ables several closed-loop transfer functions to be shaped simultaneously. It is commonly used to
express the trade-off between control performance, robustness, and the magnitude of the control
effort. In this work, we consider a generalised SISO formulation in which selected weighted
sensitivity functions can be constrained simultaneously.

For weighting functions Ws(s), Wr(s), We(s), Wp(s), and an upper bound +, the con-
sidered constraints are expressed as sums of squared magnitudes of weighted sensitivity func-
tions. Let 2 = {wy,...,wn} denote the selected frequency grid. The S/7" mixed-sensitivity
trade-off can then be written in the form

maxx (|Ws(jei) S (o) + W (juwi) T (jw)[P) < o*.

!'student of the doctoral degree program Cybernetics, field of study Robust controllers with constrained struc-
ture, e-mail: brabecm@fav.zcu.cz



Other combinations, such as S/S¢, S/Sp, or extended combinations of three weighted sen-
sitivity functions, can be used in the same way. By selecting particular sensitivity functions
and weights, one can express requirements on reference tracking, disturbance rejection, control
effort limitation, measurement-noise attenuation, and robustness against unmodelled dynamics.

o 2] 3] 4] 5]

1. Plant model 2. Controller 3. H_, specification 4. H, regions 5. Final controller
structure boundaries choice

IWSI" < y*
IWSI" + [W,TI's y*

Magnitude

Selected
controller

Tunable
parameters

Figure 1: Illustration of the parameter-space design procedure for fixed-structure controllers.
The selected H., specifications are transformed into the boundaries of H., regions in the
controller-parameter plane, from which the final controller is selected.

Analytical Design Method

The design procedure differs from conventional optimization-based approaches. Instead
of searching numerically for a single optimal controller, it transforms the specified H., con-
straints into boundaries of admissible regions in the controller parameter plane, referred to as
H~ regions. These constraints may refer either to individual weighted sensitivity functions or
to mixed-sensitivity specifications.

The design procedure is based on the analytical calculation of the boundaries of the corre-
sponding H., regions. Through the intersection of H, regions, it is possible to implement both
single-model and multiple-model designs and, at the same time, demand fulfilment of several
‘H~ specifications. The result is not a single controller, but the complete set of parameter pairs
that guarantee closed-loop stability and fulfilment of the specified constraints. This admissible
set can then be used to select the final controller according to additional engineering criteria,
such as control effort, damping of resonant modes, bandwidth, robustness, or implementation
limitations.
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Autonomous Deep Space Navigation using X-ray Pulsar Timing

Ondiej Dohnal®

1 Introduction

Traditional deep space navigation is highly dependent on the Deep Space Network
provided by NASA. However, this system is limited by the duration of the communication
signal transmission (13 hours at the edge of the solar system), the ground station tracking
accuracy of the spacecraft (SC) (lower, if the distance is greater), and the increasing work-
load of these stations. X-ray Pulsar Navigation (XNAV) offers a promising autonomous
alternative. Using the highly stable rotation of millisecond pulsars as "celestial GPS satel-
lites,” the SC can determine its position, velocity, and time independently on Earth-based
support; see [1]. This research focuses on the design and evaluation of an autonomous
navigation system based on stable millisecond pulsars.

2 Methodology & Mathematical framework

The basic of XNAV is to transform observed pulse Time of Arrivals (TOAs) into a
precise spatial position. Because pulsars are located at interstellar distances (thousands of
light years away), the incoming X-ray signal is modeled as a planar wavefront along a unit
line-of-sight vectror . The spatial offset between the SC (at barycentric position 73%)
and the Solar System Barycentr (SSB), see Fig. 1, based on their signal TOA geometric
(Romer) delay, can be written as

Ap = (teg — ) -c =n" - s, (1)

ssb sc

Here, t,q and ¢3¢, = t,c — b are true barycentric TOA of SSB and SC, c is the speed of
light constant, t,. is the TOA observed by the SC clock, and b is the SC’s clock bias.

To achieve a higher level of accuracy, the measurement model can account for other
geometric or relativistic (such as Shapiro dellay) effects, which are incorporated into the
calculation of Ap in (1). In this resacarch the measurement model is defined as pseudo-
range described by this equation

~ssb T ssb luk + Hr H
— (fay — tae) - —nT. 2 1 —c-b p
Pi.sc (tssb sc) Cte€ i + - 2 n (nT,rk s+ Hrssb” c-b+e (2)
Romer )
Shapiro

where m; is the unit vector from SSB to the i-th pulsar, r* and r*, are the position
vectors from k-the included celestial body to SC and SSB at time ¢, s is the standard
gravitational parameter of this body, and € is measurement noise, see [2].

Given the non-linear dynamics and measurements, a recursive estimation approach
for estimation of the SC position is mandatory and is currently being developed in
MATLAB®:

1

student of the doctoral degree program Applied Sciences, field of study Cybernetics, e-mail: doon-
dra@fav.zcu.cz. This research was funded by the project SGS-2025-020.
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Figure 1: Geometric principle of XNAV coordinate systems.

¢ Extended Kalman Filter (EKF): Being implemented as the baseline algorithm using
first-order Taylor linearization.

e Unscented/Cubature Kalman Filter (U/CKF): Selected to subsequently integrate
and improve stability in high non-linear orbital phases by propagating sigma/cubature
points instead of linerizing.

This simulation framework utilizes the JPL DE405 planetary ephemerides for celestial
body positionong. The pulsar database is driven from the ATNF catalog, focusing on
highly stable sources; see [3]. The specific subset selected for the initial implementation of
pulsars to be used for SC navigation is summarized in Tab. 1. Studies to date show that

position estimates based on the XNAV system are accurate to within a few kilometers;
see [1, 2J.

Name Ralh:m:s] Dec]®:”:”] Dist[kpc]
B0531+21 | 05:34:31.93357 | +22:00:52.1927 2
B1937+21 |19:39:38.5611889 | 4-21:34:59.119343 3.5
J0437-4715 | 04:37:16.0494183 | -47:15:10.022224 | 0.157
J1824-2452 18:24:32.009 -24:52:11.10 5.5

J0218+4232 | 02:18:06.358569 | 4+42:32:17.37515 | 3.150

Table 1: Parameters of selected navigation pulsars.
3 Conclusion

This work establishes the foundational architecture and relativistic mathematical
model for an XNAV simulation framework. Current efforts focus on finalizing the EKF
software cod and verifying baseline convergence. Future work will integrate the U/CKF
algorithm to perform a rigorous comparative analysis of estimation accuracy and compu-
tational robustness.
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Sparse Frequency Response Identification and Robust Controller
Design Using Nevanlinna—-Pick Interpolation

Lukas Dostalek!

1 Introduction

Frequency-domain identification methods are widely used in control engineering due to
their intuitive interpretation and direct applicability to controller synthesis. In many practical
applications, however, obtaining a sufficiently dense frequency response function (FRF) is time-
consuming and challenging, especially for systems with lightly damped resonances or limited
excitation capabilities.

This paper presents a data-driven framework enabling robust controller design from a
sparse set of experimentally identified frequency response points. The proposed workflow com-
bines adaptive frequency-domain measurement, Nevanlinna—Pick interpolation-based FRF den-
sification, validation of interpolation assumptions, and robust controller synthesis formulated as
a linear programming problem. The entire approach is experimentally verified on a laboratory
setup consisting of a cantilever beam with collocated actuation and sensing.

The primary contribution lies in the validation-based interpolation procedure that allows
reliable reconstruction of dense frequency-domain data from a limited number of measured
samples while preserving consistency with measured system behavior.

2 Sparse Frequency Response Identification

The initial step of the proposed method consists of experimental identification of selected
points of the system frequency response fully described in Dostdlek and Schlegel (2023) and
Dostélek et al. (2025). To reduce measurement time while maintaining sufficient information
near resonant regions, an adaptive frequency sweep strategy is employed.

The excitation signal is generated using a frequency sweep with adaptively adjusted
sweep rate and excitation amplitude. The sweep rate is reduced or increased depending on the
measurement accuracy. This is monitored continuously by pausing the sweep and observing the
value to which the estimate converges. Simultaneously, the excitation amplitude is modified to
keep the experiment close to the operating point.

The FRF point estimates at which the sweep was stopped are considered to be accurate
measurements and serve as the output of the identification method.

3 Nevanlinna—-Pick Interpolation and Validation

To reconstruct a dense frequency response from sparse measurements, Nevanlinna—Pick
interpolation is employed. This interpolation framework enables estimation of admissible trans-
fer function values while preserving analyticity and stability constraints. The interpolation pro-

!'student of the doctoral degree program Cybernetics, field of study Robust controllers with constrained struc-
ture, e-mail: lukasdos@fav.zcu.cz



cedure requires specifying assumptions regarding the permissible location of the poles and the
upper bound on the magnitude of the transfer function.

In the proposed model, these assumptions can be reduced to two tuning parameters that
define the region of acceptable uncertainty for the interpolated model. To verify the validity of
the chosen assumptions, the measured FRF samples are divided into interpolation and valida-
tion sets, with the interpolation points used to estimate the permissible FRF values at frequen-
cies corresponding to the validation set. For each validation frequency, the Nevanlinna—Pick
framework generates a disk of acceptable transfer function values in the complex plane. The
measured validation point is then tested to see if it falls within the predicted uncertainty disk.

If the measured point lies outside the admissible region, the interpolation assumptions are
considered inconsistent with the measured data. The interpolation parameters are subsequently
adjusted until sufficient validation consistency is achieved across the entire dataset. This vali-
dation procedure provides a practical mechanism for tuning interpolation assumptions directly
from experimental data without requiring explicit parametric system identification.

4 Robust Controller Design

The densified frequency response data are subsequently used for robust controller syn-
thesis. The controller design procedure is formulated directly in the frequency domain and
avoids explicit parametric modeling of the plant. The synthesis problem is expressed as a lin-
ear programming (LP) problem derived from frequency-domain robustness and performance
specifications. The constraints are formulated geometrically in the complex plane and repre-
sent design requirements as values of sensitivity functions, taking into account multiplicative
uncertainty.

Since the constraints are affine with respect to the controller parameters, the resulting
optimization problem can be solved efficiently using standard linear programming techniques.
The proposed workflow therefore enables direct transition from sparse experimental frequency
measurements to robust controller synthesis while avoiding intermediate high-order parametric
modeling steps.

5 Experimental Verification

The proposed method was experimentally verified using a laboratory setup consisting
of a cantilever beam equipped with a voice coil actuator for excitation and an optical laser
micrometer sensor for measuring the beam’s displacement.
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Distributed Metasolver

Bc. Jonas Dufek!

1 Introduction

Many modern applications, such as artificial intelligence, machine learning, or medical
informatics, are centered around optimizing the parameters of specialized computational mod-
els. This computationally demanding process is typically handled by solver software, the intent
of which is to execute an optimization algorithm and return the optimal parameters.

A novel approach to this concept is using multiple optimization algorithms instead of
a single one, solvers designed in this way are called metasolvers. Furthermore, the solver
presented here is distributed, making it possible to distribute the workload across many hetero-
geneous computational nodes via the island-based model. These two ideas thus complement
each other, metasolving has the potential of improving the quality and diversity of solutions,
whereas the distributed island model improves the overall execution speed.

This distributed metasolver was implemented as a C++ library, which allows it to be
easily integrated into existing applications. Example of such an application is the SmartCGMS
framework [2], where a unified solver interface can be used to connect any third party solver,
allowing it to be used for the optimization of the framework’s various glucose prediction models.

The performance characteristics of this library were evaluated on several standardized
optimization problems. The results have demonstrated exceptional performance regarding re-
liability and distribution of work, although the load-balancing mechanism proved to be less
efficient in certain metasolving scenarios.

2 Population-Based Optimization

Traditional optimization algorithms, such as gradient descent, maintain a single can-
didate solution which is iteratively improved until an optimum of the optimized function is
reached. This work utilizes population-based optimization algorithms, which differ from classi-
cal methods in the fact that they utilize a “population” of candidate solutions of an optimization
problem, rather than trying to iteratively improve a single one.

These algorithms are especially beneficial for parallel and distributed implementations,
as different portions of the population can be optimized independently on multiple processing
elements or nodes.

3 Island Model

The island model is a collection of islands connected by a topology, each island maintains
a population of individuals and executes an optimization algorithm.
The topology is represented as a graph whose edges define migration channels between

! Master’s programme in Applied Sciences, Distributed Computing Systems, Dept. of Computer Science and
Engineering, Faculty of Applied Sciences, UWB Pilsen, jonasd@students.zcu.cz
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islands.
As highlighted by [3], migration is an important part of this process, because it increases
the diversity of individuals in each island and thus allows the algorithms to cooperate.

4 System Architecture

The key dependencies of this software are Pagmo [1] and ZeroMQ [4]. Pagmo provides
us with optimization algorithms and the “Archipelago-Island-UDI” model. ZeroMQ provides
asynchronous messaging and support for multipart messages.

The most important classes of the implemented library are distributed_
controller,distributed worker and distributed_island, which form the ba-
sis of the distributed system architecture.

5 Experimental Results

The library was evaluated in six different scenarios covering distributed single-algorithm
solving, distributed metasolving, and local metasolving on standard benchmark problems pro-
vided by the Pagmo library (Rastrigin, Rosenbrock, Ackley, Griewank, Schwefel, ZDT1 to
ZDT4).

The distributed single-algorithm scenario yielded more than adequate results, achieving
up to 115% faster completion times and 24 % better fitness compared to a local solver, with
the load-balancing mechanism successfully absorbing a third low-performance node without
degrading the cluster’s total computational power.

The metasolving scenarios produced mixed results, when all of the used algorithms had
similar computational requirements, the metasolver’s performance was comparable to the best
individual algorithms. However, in some scenarios such as CMA-ES algorithm on the Rosen-
brock function, the load-balancing mechanism was unable to prevent the slower algorithm from
becoming a bottleneck.

6 Conclusion

The primary objectives of this work were to create and implement a distributed meta-
solver, together with assessing its performance.

The distributed controller-worker architecture proved to be efficient and reliable when
used as part of the Island-Archipelago model. On the other hand, the metasolving performance
turned out to be sensitive to the selection of parameters, algorithms and optimization problems.

Future work could include for example improving the Pagmo library’s metasolving ca-
pabilities, or implementing more robust load-balancing mechanisms.
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Navrh kanalka pouzdra redukc¢niho ventilu s vyuzitim
matematického modelovani proudéni stlacitelné tekutiny

Tomas Eisenhammer'

1 Uvod

Reduk¢ni ventily se vyuZzivaji k regulaci a redukci tlaku pary v narocnych provozech, kde
je potfeba mafit tlakovy spad az 50:1. Perpektivni oblasti vyvoje jsou redukéni pouzdra tvorena
labyrintovymi kanélky vyrabéna aditivni metodou selektivniho laserového taveni (SLM). Struk-
tura kanalkli zpisobuje opakované nahlé zmény sméru proudéni, ¢imz vytvaii pozadovanou
tlakovou ztratu.

V ramci této prace byl vyvinut 0D feSi¢ proudéni, ktery umoziuje velmi rychle navrhnout
vhodné parametry jednotlivych tsekt kandlku. Navazuje na praci Sladky et al. (2025).

2 0D model proudéni

Model proudéni v kandlku sestaveny v rdmci této prace patii mezi 0D modely, kdy je
proudova oblast redukovéana na soustavu diskrétnich uzli. Kazdy uzel (ohyb ¢i vétveni) vytvari
tlakovou ztratu charakterizovanou soucCinitelem mistni ztraty ¢. Vyhodou tohoto pristupu je, Ze
numerické feSeni vysledného diskretizovaného modelu je velmi rychlé. Pro zajiSténi postupného
efektivniho Skrceni pary v celém kanalku je pozadovéana konstantni stfedni rychlost v v celé jeho
délce.

Proudéni mezi dvéma po sobé umisténymi uzly popisuje obecny integrilni tvar Bernoul-
liho rovnice (1) a rovnice kontinuity (2),

v? Pt Vi (p)
= _mA 1
C] 2 /pj M dp7 ( )
Vm J+1 Aj+l
2 — 2

kde p je tlak, V;,, molarni objem, M molarni hmotnost, A plocha priifezu a indexy j, j + 1
oznacuji veliiny pfed a za uvaZzovanym uzlem. Zavislost V,,,(p) v integralu v (1) je implicitné
ur¢ena Redlichovou-Kwongovou stavovou rovnici redlného plynu (3) a podminkou zachovéni
entalpie (4),

_RT _ a 3)
Pov VTV,,(Viy 4+ b)

kde R je univerzdlni plynova konstanta, 7" teplota, a, b jsou parametry modelu a H je molarni
entalpie.

!'student navazujiciho studijniho programu Aplikovand Mechanika, specializace Dynamika konstrukci a me-
chatronika, e-mail: eisentom @students.zcu.cz
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3 Urceni ztratovych soucinitelid CFD simulacemi proudéni

Soucinitele mistni ztraty jednotlivych typt uzli byly ur€eny na zaklad¢é simulaci prou-
déni v softwaru ANSYS Fluent. Ztratovy soucinitel ¢ zdvisi na geometrickych parametrech
daného uzlu (viz obr. 1), Reynoldsové ¢isle a Machové Cisle.

Dy Dot
I — — al[— -
: ll D1<|$7 -Dl AI‘ l J«

DI — - | b fF— - | b ~- Doy
(a) Uzel typu L (b) Uzel typu 11 (c) Uzel typu Z (d) Uzel typu T

Obrazek 1: Typy feSenych uzli se zakétovanymi geometrickymi parametry s vyznaenym
smérem proudéni

4 Simulace proudéni v navrzeném kanalku

Pfesnost vyvinutého modelu proudéni byla otestovana porovnanim se simulaci proudé-
ni ve vybraném navrZzeném kandlku. Na obr. 2 Ize vidét rozloZeni rychlosti v fezu kandlkem.
V predikci pritoku feSenym kanalkem se OD fesi¢ dobie shoduje se simulaci, chyba je 2,5 %.

950.74  Velocity Magnitude
! 855.66
760.59
.

665.52

570.44

475.37

380.30

285.22

190.15

95.07 r =

000 [m/s]

Obrazek 2: Rozlozeni rychlosti v podélném fezu stfedem kanalku
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Modularni GUI pro vizualizacni nastroj Vega

Stépan Faragula'

1 Uvod

Vega je mocny ndstroj pro tvorbu interaktivnich vizualizaci, ktery je vyuzivan pfedevsim
vyvojafi a datovymi analytiky. Trpi vSak slozitosti vstupniho formatu, ktery vyZaduje rucni
psani JSON specifikaci. To mize byt pro mnoho uZivatelii znac¢nou prekazkou. Dostupné edi-
tory navic Casto nabizeji jen omezené moznosti nebo jsou implementovany jako samostatné
programy, coZz komplikuje jejich integraci do vlastnich webovych aplikaci. To v kone¢ném
disledku nuti uZivatele neefektivné prepinat mezi riznymi prostfedimi.

Hlavnim cilem této prace proto bylo navrhnout a implementovat modularni grafické
uzivatelské rozhrani (GUI) pro nastroj Vega, které umoZzni vytvaret a upravovat zdkladni typy
vizualizaci bez nutnosti psani zdrojového kddu. Vysledkem ma byt zpfistupnéni nastroje Vega
SirSimu okruhu uzivatelt a jeho jednodussi pouziti pii vizualizaci dat.

Navrh uZivatelského rozhrani se zaméfuje na snadnou integraci do riiznych webovych
aplikaci, pfi¢emzZ jeho stéZejni vyuZziti se pfedpoklada v rdmci ndstrojové sady Software Process
Anti-pattern Detector (SPADe). Tento systém slouZzi k detekci nevhodnych praktik v oblasti
procesniho a projektového fizeni na zdkladé projektovych dat. K tomu vyuzivé katalog tzv.
anti-vzort, u nichZ byl prokazan negativni dopad na rizné oblasti softwarového vyvoje, jak
je popsano v praci Brada a Picha (2019). Vizualizace zde hraji klicovou roli pfi prezentaci
nalezenych anti-vzori, pricemz nové GUI ma umoznit snadnéjsi tvorbu a dpravu téchto graf.

2 Implementace reSeni

Regent je implementovéno jako TypeScript knihovna @relisa/guidvega, kterd ob-
sahuje celé GUI v podobé jedné React komponenty VegaEditor. To umozZiuje snadnou in-
tegraci do vlastnich webovych aplikaci postavenych na tomto frameworku. Projekt je vetfejné
dostupny na platformé GitHub na adrese https://github.com/ReliSA/Vega-GUL.
Soucasti repozitare je i uzivatelskd piirucka v souboru README a odkaz na programatorskou
dokumentaci, kterd je vygenerovana nastrojem TypeDoc z komentati ve zdrojovém kodu.

Vysledné uZivatelské rozhrani je vidét na obrazku 1. Skldda se ze dvou hlavnich ¢asti,
kde se vlevo nachdzeji editacni zalozky a vpravo nédhled vizualizace. VSechny provedené zmény
se okamzité promitaji do JSON specifikace uloZené v paméti, kterd funguje jako tzv. Single
Source of Truth. Néasledné se v redlném Case aktualizuje i samotnd vizualizace.

V editacni Casti lze prepinat mezi péti nastroji. Wizard slouzi k rychlému generovani
zékladnich typt grafi podle preddefinovanych Sablon. Data a Signals umoziuji manipulovat
s datovymi sadami a proménnymi specifikace Vega. Properties dovoluje upravovat vybrané
vlastnosti grafu bez nutnosti zdsahu do kédu a Specification nabizi textovy editor, ve kterém mo-
hou zkuSeni uzivatelé dodefinovat vlastnosti grafu nad rdmec toho, co umoziuji ostatni zalozky.

U'student  navazujictho  studijntho  programu  Softwarové a  informaéni systémy, e-mail:
farag844 @students.zcu.cz
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New Specification 4 Load JSON Specification 1. Export by Selection
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Wizard Data Signals Properties Specification

Chart Type

lw Column Chart
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Obrazek 1: GUI jako komponenta VegaEditor knihovny @relisa/guidvega

3 Dosazené vysledky

Vysledkem préace je moduldrni a plné funkéni grafické uzivatelské rozhrani pro nastroj
Vega. To lze integrovat do libovolné webové aplikace napsané ve frameworku React na jediném
radku, jak je ukdzano ve zdrojovém kodu 1. Prakticka pouZitelnost feSeni byla uspésSné ovéfena
jeho nasazenim do nastrojové sady SPADe, kde se nyni stard o dpravu a vytvéreni vizualizaci
anti-vzort. Kromé toho vznikly i dvé ukazkové aplikace, do kterych je GUI také zakompo-

2N 2

novano. Ty jsou soucasti repozitdfe GitHub v adresafich demo_antd a demo_bootstrap.
import { VegaEditor } from ’Qrelisa/guidvega’;

export default function 2pp () {
return <VegaEditor height=’700px’ />;
}

Zdrojovy kéd 1: Zakomponovani GUI do vlastniho React projektu s minimalni konfiguraci

Funk¢nost a uzivatelskd ptivétivost nového feSeni byly ovéfeny kombinaci jednotkovych
a uzivatelskych test. Jednotkové testy pokryvaji logiku GUI a jsou automaticky spoustény
v ramci CI/CD pipeline na platformé GitHub pfi vydani nové verze knihovny. UZivatelské tes-
tovani probéhlo se tfemi dobrovolniky. Na zdkladé jejich zpétné vazby byly pfidany nové funkce
a opraveny zjiSténé nedostatky. Vysledky ukézaly, Ze GUI je dostatecné intuitivni a umoZziuje
vytvéiet vizualizace Vega i uzivatelim bez hlubsi znalosti vstupniho formatu tohoto nastroje.
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W-Doped VO: Nanoparticles in SiO: Matrix based
Thermochromic Coatings via Fast Solid-State Dewetting

Sadoon Farrukh', Jaroslav V1¢ek?, Elnaz Mohammadi Nia®, Sarka Zuzjakova®*, Jiri Houska®,
Radomir Cerstvy®, Stanislav Haviar’

1 Introduction

Global warming and energy crisis drive a focus on energy-saving materials. Buildings
have been estimated to produce about 20% of all anthropogenic greenhouse gas emissions and
are responsible for up to 40% of the primary energy consumption in the world. Approximately
50% of the total building energy is consumed for compensating the heat gains and losses via
windows and glass facades, which are the most energy-inefficient components of buildings. It
is evident that energy-saving smart windows with adjustable throughput of solar energy can
lower the energy expenditure.

Vanadium dioxide (VO:) exhibits a reversible phase transition from a low-temperature
monoclinic VO2 (M1) semiconducting phase to a high-temperature tetragonal VO: (R) metallic
phase at a transition temperature of approximately 68 °C for the bulk material. The automatic
response to temperature and the abrupt decrease of infrared transmittance with almost the same
luminous transmittance at the transition into the metallic state make VO:-based coatings a
promising candidate for thermochromic smart windows reducing the energy consumption of
buildings.

However, practical implementation of VO: coatings requires a reduction of the phase
transition temperature, enhancement of luminous transmittance, improvement of solar
modulation efficiency and long-term environmental stability. Nanostructuring combined with
suitable doping represents an effective strategy for overcoming these limitations.

2 Experimental Detail

High-performance thermochromic VO:-based coatings were prepared using a three-
step process consisting of magnetron sputter deposition of SiO: films and V-W films without
substrate heating followed by fast post-deposition oxidation in pure oxygen. The oxidation
process was carried out at temperatures ranging from 400 to 450 °C and resulted in the
formation of W-doped VO: nanoparticles through a solid-state dewetting mechanism.

The coatings were deposited on standard soda-lime glass (SLG) and quartz glass
substrates. Thin V-W precursor layers with thicknesses in the range of 9—11 nm were used for
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the preparation of nanoparticle-based thermochromic layers. The oxidation time was varied
between 5 and 20 minutes in order to investigate the influence of processing conditions on the
resulting microstructure and functional properties.The final multilayer architecture consisted
of two layers of W-doped VO: nanoparticles dispersed in a SiO2 matrix together with a top
antireflection SiO: layer designed to improve the optical performance of the coating.

3 Conclusion

Thermochromic multilayer coatings containing two layers of W-doped VO:
nanoparticles dispersed in a SiO. matrix were successfully prepared by a fast solid-state
dewetting process. The developed fabrication route combines room-temperature magnetron
sputtering with fast solid-state dewetting and oxidation using rapid thermal annealing, making
it suitable for scalable production on glass substrates. The prepared coatings exhibited a reduced
transition temperature of approximately 38 °C together with luminous transmittance exceeding
60% and solar modulation efficiency above 10%, approaching the requirements for practical
smart-window applications. The results demonstrate that careful control of the dewetting
conditions enables tailoring of nanoparticle morphology, crystallinity and optical properties,
leading to enhanced thermochromic performance.The presented approach offers a promising
pathway towards cost-effective and energy-efficient smart window coatings based on W-doped
VO: nanoparticle architecture.

Two-dimensional arrays of W-VO,
nanoparticles at the bottom of ~160 -
280nm SiO, antireflection and
protection layer

Two-dimensional arrays of W-VO,
nanoparticles at the bottom of ~50nm
SiO, layer (h =9-30nm, D =28+5nm and
G =0-50nm)

150nm SiO, Na-blocker

Soda-lime glass (1mm)

Figure 1: Schematic illustration of the thermochromic coating with basic characteristics of the
W-doped VO» nanoparticles where h , D and G are their average and diameter, and gap between
them, respectively.

4 Acknowledgment

This work was supported by the project Quantum materials for applications in sustainable
technologies (QMA4ST), funded as project No. CZ.02.01.01/00/22_008/0004572 by
Programme Johannes Amos Commenius, call Excellent Research.

18



N2
SCIENTIFIC conSFTElljzgfqg 202 6/1

Context as a Key: Quantifying Verbatim Data Leakage Across
Model Scale, Alignment, and Reasoning Architectures

Ing. Adam Frémund'

1 Introduction

Large Language Models (LLMs) introduce severe privacy vulnerabilities through the
verbatim memorization of their training data (1). While extraction attacks are well-studied in
early base models, the combined impact of scaling, safety alignment (RLHF), and Chain-of-
Thought (CoT) reasoning on modern open-weight architectures remains largely unquantified.
This paper addresses this gap by presenting a compact empirical evaluation of context-driven
data leakage across state-of-the-art models.

2 Methodology

We evaluate verbatim retention using a prefix-suffix context-elicitation attack (1) with
prompt prefixes of 50, 150, and 250 tokens, standardized across architectures via the Llama-3
tokenizer baseline. High-entropy sequences from academic and code subsets of The Pile and
RefinedWeb are leveraged as proxy pre-training distributions to isolate true memorization from
linguistic guessing.

Our testbed evaluates the lifecycle of modern models, including Llama 3.1 (§8B/70B) (2),
Qwen 2.5 (7B), DeepSeek-R1-Distill-Qwen-7B, Gemma 2 9B, and Mistral Nemo 12B, utilizing
deterministic greedy decoding. To robustly capture partial data leaks across varying tokenizer
compression ratios, we employ character-level Longest Common Prefix (LCP) as our primary
evaluation metric.

3 Experimental Results and Analysis

The empirical results across 5,000 high-entropy probes demonstrate significant architec-
tural variance along four key axes:

3.1 The Context Multiplier Effect

Context acts as an activation threshold for memorized weights. While 50-token prefixes
yield shallow memorization, extending prompts to 150 tokens sharply amplifies the leak rate.
For Gemma 2, Llama 3.1, and Mistral Nemo, extraction rates saturate at 150 tokens, whereas
Qwen 2.5 continues to scale upward at 250 tokens.

3.2 Scale-Memorization Correlation and Alignment Tax

Parameter scaling directly expands memorization capacity, as Llama 3.1 70B Base ex-
hibits a deeper average LCP than its 8B counterpart. Conversely, instruction-tuning imposes

U'student of the doctoral degree program Applied Sciences, field of study Cybernetics, e-mail: afre-
mund @kky.zcu.cz
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an alignment tax that significantly suppresses regurgitation depth. However, this defense is
partially overridden by the sheer capacity of 70B architectures, which still exhibit substantial
baseline leakage.

3.3 Distillation as Suppression

DeepSeek-R1-Distill-Qwen-7B shows a near-total collapse in verbatim recall compared
to the standard Qwen 2.5 Instruct. Inference-time ablation studies confirming identical zero-
leakage profiles with or without reasoning tokens isolate this privacy resistance to data scrub-
bing or catastrophic forgetting during the distillation phase, rather than dynamic inference dis-
ruption.

3.4 Architectural Outliers

Within the ~8B class at a 250-token context, Qwen 2.5 7B is the most resilient against
extraction. Mistral Nemo and Llama 3.1 8B form a consistent baseline, while Gemma 2 9B acts
as a high-risk outlier, with leak frequencies exceeding 7% (see Figure 1).

ility at 250-Token Context

Depth of Memorization (Average LCP) Frequency of Verbatim Leakage (>= 10 chars)

10 15 20 2 3 4 5
Average Exact Matched Characters Probes Resulting in Leak (%)

Figure 1: Architectural Vulnerability Benchmark: Ranking modern ~8B class instruct models
by relative extraction risk at a 250-token context window.

4 Conclusion

Our evaluation highlights a fundamental trade-off: features driving top conversational
performance—such as parameter scaling and expanded context windows—directly exacerbate
data extraction risks. Post-hoc instruction-tuning serves as a superficial friction layer that fails
to fully secure large-scale architectures, making structural privacy defenses or intentional dis-
tillation filtering a critical imperative for downstream deployment.
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Studium Kkritického chovani korelovanych elektronu v
jednorozmérnych supravodivych nanostrukturach

Jan Gebel!, Simon Kos? Sunil Wilfred D’Souza®, J4n Minar®, Viclay Jani§®

1 Uvod do problematiky

Supravodivost je makroskopicky kvantovy jev, ktery nastdva po ochlazeni materidlu pod
kritickou teplotu 7, a spo¢ivd mimo jiné ve schopnosti materidlu vést elektricky proud s nu-
lovym odporem. Dalsim diileZitym projevem supravodivosti je tzv. Meissneriv—Ochsenfeldiv
jev, pfi némz povrchové stinici proudy vytvareji magnetické pole opacné orientace vici vnéjsimu
poli, ¢imZ dochdzi k vytlaceni vnéjStho magnetického pole z objemu supravodice. Magnetické
pole proto pronikd pouze do tenké povrchové vrstvy materidlu o charakteristické hloubce A,
(Londonova penetracni hloubka).

Mikroskopicky mechanismus supravodivosti vyplyva z tzv. BCS-teorie supravodivosti
(Bardeen, Cooper , Schrieffer). Tato teorie spoc¢iva ve tvorbé tzv. Cooperovych paru elektrond,
které maji opacny spin a jsou parovany prostiednictvim kmitt atomu krystalové miiZe (fonont).
Polomér téchto parti mimo jiné urcuje tzv. koherencni délka .

Klesajici rozméry objemu materidlu jsou doprovdzeny zménou mnoha vlastnosti véetné
supravodivosti. Pokud jsou rozméry mensi nez {y a Ay, je pfechod do supravodivého stavu
znacné potlacen, pripadn€ k nému nemusi vibec dojit a naopak je posileno kritické chovani.
Tento projekt byl vénovén teoretickému a numerickému studiu 1d modelu, kde jsou ostatni
rozméry zanedbatelné malé, s cilem toto kritické chovani, kde se konkrétné uplatiiuji elektro-
nové korelace, co nejvice numericky a teoreticky analyzovat.

2 Formulace modelu

V ramci projektu byl studovan jednopasovy Hubbardiv model s pfitazlivou interakci po-
moci pfiblizného tzv. Baym-Kadanoffova formalismu, na zdklad¢ ¢ehoZ byly odvozeny rovnice
pro propagaci elektronil a jejich parové korelace. Tim se problematika studia kritického chovani
zredukovala na soustavu rovnic, kterou bylo nutno feSit numericky (1).

Klicovym vystupem numerické analyzy bylo studium veliiny a, kterd popisuje miru
pfibliZzeni ke kritickému bodu. Kvili rozmérovym omezenim vsak systém neni schopen tohoto
bodu dosdhnout. Samotny kriticky bod by odpovidal nulové hodnoté veli¢iny a, zatimco supra-
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vodivé usporadani by nastalo pfi dosazeni zapornych hodnot této veli¢iny. (1):
a=1+UY, (1)
Renormalizovana interakce korelovaného pohybu (tzv.ireducibilni vrchol) ma potom tvar :

r_ U 2 1
~ Br\V DU a
kde Y popisuje propagaci paru elektronit a D jeji zavislost na hybnosti. Ob¢ veliiny jsou
definovany pomoci integralu, které bylo nutné pocitat numericky. U predstavuje interakci mezi
elektrony a (3 je inverzni teplota (1).

2

3 Vysledky

Cilem projektu bylo ziskdni veliiny a v zdvisloti na 2 energetickych Skdlach a to —U a
teploté v jednotkach ¢, coz je amplituda preskoku v Hubbardové modelu

L0+

#-100.0
9-316.22776601683796 A
3t-1000.0
4i-3162.2776601683795
-10000.0
9-31622.776601683792
3t-100000.0

4i-316227 7660168379
4-1000000.0

Hlavnim vysledkem bylo popsani pfechodu mezi vysokoteplotnim nekorelovanym a nizkoteplotnim

korelovanym rezimem. Nizkoteplotni reZim vykazuje kritické Skdlovani tmérné druhé mocniné
teploty, v jehoz dusledku zavislosti pro rtizné teploty kolabuji na jednu kfivku. Oba rezimy
zaroven vykazuji opacnou zdvislost na —U, coz vede ke vzniku minima veli¢iny a.
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Volume invariant Cosserat rods for position-based (PBD)
muscle deformation

Bc. Duc Long Hoang!

1 Introduction

When a muscle contracts, its fibers shorten — but muscle tissue is nearly incompress-
ible, so it bulges outward to preserve volume. Current muscle deformation models based on
PBD/XPBD (Kohout and Cervenka , 2021; Havlicek , 2024) operate only on the muscle surface,
lacking internal fiber structure and local volume preservation. This thesis replaces the surface-
only approach with bundles of volume-invariant Cosserat rods (Kugelstadt and Schomer , 2016;
Angles et al. , 2019) that naturally produce the shortening-and-bulging effect of real muscles.

2 Method

This work builds on Cervenka’s PBD and Havli¢ek’s XPBD implementations within the
Muscle Wrapping 2.0 project. Cosserat rods model 1D elastic structures with bending, twisting,
stretching, and shearing. The VIPER extension adds a variable radius, coupling stretch to cross-
section — when a segment shortens, its radius increases to preserve volume and vice versa.

\; ,

I
‘\ ,

\“

Figure 1: Surface model (left) — muscles sag and lose shape. Cosserat rods (right) — shape and
volume are preserved under contraction

Rods are added as a third entity class in the existing XPBD solver alongside muscles and
bones. Three constraint types govern the simulation: stretch-shear for rod shape, bend-twist
for curvature, and volume preservation for the radius-stretch coupling. Activation signals from
OpenSim shorten rod rest lengths; the volume constraint increases radii in response, producing
visible bulging (Fig. 1). Per-rod constraints share no degrees of freedom between rods, making
them trivially parallelizable.

!'student of the master degree program Software and Information Systems, field of study Computer Science
and Engineering, e-mail: duclong @students.zcu.cz
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3 Results

Validated on iliacus, gluteus maximus, gluteus medius, and adductor brevis during hip
flexion. Volume is perfectly preserved (V' (t)/V(0) = 1.0) throughout. Moment arms align
with published biomechanical data (Blemker and Delp , 2005; Modenese and Kohout , 2020;
Kumazaki et al. , 2022) as shown in Fig. 2. The parallel rod-based approach achieves a 24 x
speedup over the surface-based method.

Blemker (2005) Modenese (2020) o Kumazaki (2022) XPBD (rods) =-=XPBD (rods) mean

Iliacus

7

- [} (o)}

hip flexion
moment arm [cm]
w

100

hip flexion [°]
Figure 2: Iliacus hip flexion moment arms compared against Blemker, Modenese, and Ku-
mazaki

4 Conclusion

Rod-based muscle simulation with volume preservation is both feasible and fast, captur-
ing internal fiber behavior that surface-based approaches fundamentally cannot.
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Automatic Recognition of Parcel Numbers from Historical Maps

Bc. Vladimir Holy!

1 Introduction

This master’s thesis focuses on automating data extraction from the historical Stable
Cadastre using neural networks. The aim of the thesis was the digitization of the Stable Cadas-
tre, specifically the detection of parcel numbers from cadastre maps and text recognition from
written records. The primary challenge lies in the materials’ age and degraded condition. To
address this, two object detection and four text recognition methods were utilized.

2 Methodology & Analysis

As these are historical documents, the primary challenge is their age: the papers are
yellowed, stained, and handwritten. Furthermore, the written records suffer from various geo-
metric deformations. Based on an analysis of object detection methods, the EAST and YOLO
architectures were selected. For text recognition, both classical architectures based on Con-
volutional Neural Networks (CNN) and modern Large Vision-Language Models (VLM) were
considered. Four architectures were subsequently selected for implementation: Kraken, GOT-
OCR 2.0, HunyuanOCR, and QWEN3.

3 Key Aspects of Implementation

A crucial part of the implementation was the development of two annotation applica-
tions, one for parcel numbers on maps and another for table cells in written records. Of note
is a custom grid-detection algorithm that first uses a small YOLO model to detect line inter-
sections, then filters and clusters the results into rows and columns. This algorithm effectively
processes tables with horizontal misalignment and curved rows. A detailed schema of the algo-
rithm is shown in Figure 1, and the final detection is shown in Figure 2. Another phase involved
hyperparameter optimization and subsequent training for both detection and text recognition
models.

4 Results

Experiments demonstrated that high model reliability is achievable despite the age of the
documents. In detection, the EAST model performed best, achieving an impressive Recall rate
of 94.0%, meaning it can detect up to 94.0% of parcel numbers on the map. The main limitation
is densely built-up areas, where numbers are tightly packed and difficult to detect. Detection
results are shown in Table 1.

! student of the master’s degree program Engineering Informatics, field of study Software Engineering, e-mail:
holyvl@students.zcu.cz
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Figure 2: Example of grid detection

Model Precision

Recall F1score mAPS0 IoU

EAST
YOLO

91.0
86.4

94.0 92.5
90.0 88.2

859 750
873 79.5

In both parcel-number and written-record recognition, the Hunyuan model achieved ex-
cellent results. In parcel number recognition, the GOT model is also noteworthy; it is up to three
times faster than Hunyuan while achieving comparable performance. Surprisingly, the Kraken
model achieved results comparable to those of the large VLM model, QWEN. Otherwise, in
written-record recognition, the GOT and Kraken models couldn’t match the performance of

Table 1: Detection results [in %].

large VLM models. The results are shown in Table 2.

7% vt 0 VAR 5

Type of recognition Metric Kraken GOT Hunyuan QWEN
CER 20.7 17.0 16.0 20.4
Parcel number Accuracy 61.4 66.7 674 64.2
Time 0.1s 0.7s 2.2s 4.3s
CER 31.8  21.2 8.6 11.8
Written record Accuracy 0.3 0.6 27.0 11.4
Correct Column Count 48.6  81.5 92.6 95.2

Table 2: Results of OCR models [in %].

5 Conclusion

Despite the document’s age, the models achieved high accuracy and low error rates.
The trained models were successfully integrated into the annotation applications, resulting in
a functional system capable of automatically processing historical Stable Cadastre maps and
written records. This work confirms that modern neural networks can effectively replace manual
data extraction from historical documents, facilitating further work with historical data in the

Czech Republic.
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Learning Where to Look: Adaptive Information Acquisition
Under Observation Budget

Tomas Honzik!

1 Introduction

Modern machine learning systems usually assume that the complete input is available before
prediction, but this assumption becomes restrictive when inputs are very large, costly to process, or
expensive to acquire. Examples include high-resolution video, medical scans, robotic sensing, and
scientific measurements requiring experiments or simulations. In such settings, efficiency depends
not only on the predictor, but also on which parts of the input are observed.

Naive input reduction, such as downsampling, cropping, frame-rate reduction, or random
subsampling, are task-agnostic and may discard informative and uninformative content alike. We
instead study whether a model can actively acquire a small number of task-relevant observations
before prediction.

As a controlled toy problem, we use MNIST [3] digit classification under a fixed pixel-
observation budget. Instead of observing the full 28 x 28 image, the model may reveal only k
pixels before predicting the digit. We compare uniformly random pixel selection with an adaptive
policy that chooses each new pixel conditioned on previous observations. Both methods use the
same frozen downstream classifier, isolating the effect of the observation policy.

2 Related Work

Related work includes hard visual attention, where models sequentially choose image regions
or glimpses to process [6, 1, 7], and active feature acquisition or budgeted prediction, where models
select features under an observation or acquisition cost [11, 9, 8, 5, 4, 2, 10]. These approaches
are commonly formulated using reinforcement learning, budgeted classifiers, generative models,
information-theoretic objectives, or learned acquisition functions. To our knowledge, our work is
the first to formulate adaptive information acquisition as supervised imitation of classifier-induced
pseudo-oracle observation targets.

3 Method

Each MNIST image is flattened into a vector = € [0, 1], At step ¢, the model observes a
pixel-value pair
0t = (it7mit>7

where i, is the selected pixel position and z;, is the revealed intensity. After observing at most
k pixels, the classifier predicts the digit label y. Each observation is encoded by combining a
learned embedding of the pixel position with a learned projection of the pixel value. A beginning-
of-sequence token represents the state before any real pixel has been observed.

The experiment has two stages. First, we train a causal transformer classifier on randomly
sampled pixel sequences. The classifier is trained to predict the digit label from every prefix of the

I'student of the doctoral degree program Applied Sciences, field of study Cybernetics, e-mail:
thonzik @students.zcu.cz
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sequence, so it can produce predictions after any number of observed pixels. This model defines the
random-observation baseline. After training, the classifier is frozen and reused for all evaluations.

Second, we train an adaptive pixel-selection policy. The policy is trained using supervision
derived from the frozen classifier rather than by reinforcement learning. For a given partial ob-
servation state, several candidate continuations are sampled. The frozen classifier evaluates these
candidates by the classification loss obtained after observing them. The candidate that gives the low-
est loss is treated as a pseudo-oracle action, and the policy is trained by ordinary gradient descent to
imitate this locally preferred next observation. In this way, the classifier supplies a task-dependent
signal for where the model should look next.

At inference time, the adaptive policy begins with the beginning-of-sequence token and se-
lects pixels autoregressively. At each step, it scores all pixel positions, reveals the highest-scoring
unobserved pixel, appends the corresponding pixel-value pair to the sequence, and repeats until the
budget is exhausted. The frozen classifier then predicts from the resulting partial observation se-
quence. Performance is measured as classification accuracy as a function of the number of observed
pixels.

4 Results

Figure 1: Classification accuracy as a function of the

number of observed pixels. The random baseline (blue) oo

selects pixel positions uniformly at random, while the 0s

adaptive policy (green) sequentially selects pixels based o7

on the observations seen so far. Adaptive selection *Z:

achieves substantially higher accuracy at every pixel €0

budget, reaching 95.8% accuracy with 30 observed pix- 03

els compared to 58.9% for random selection. At the o2 " randoniy sefected prels
maximum evaluated budget of 63 pixels, adaptive se- :: e
lection reaches 97.6%, while random selection reaches oo B "
81.2%.
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Use of predictive models in the Czech Salivary Gland Database
application

Vojtéch Jelinek!

1 Introduction

The Czech Salivary Gland Database (CSGDB) was initially established to collect clini-
cal data, but the clinical potential of this data for predictive modeling led to the formal thesis
assignment. The primary objective was to study predictive models in oncology and compare
different approaches, including scoring systems, to create a valid and dynamic model capable
of updating with new database entries. This work involved analyzing the existing database
structure for its suitability in processing clinical and pathological data, designing models for
individualized prognostic scores in collaboration with specialists from Motol University Hospi-
tal, and integrating these into the database as a clinical decision support tool. Finally, the goal
was to deploy the solution at Motol University Hospital and critically evaluate the accuracy of
the models using retrospective data.

2 Analysis

A technical and clinical audit of the CSGDB revealed implementation debt, including
a lack of database normalization and horizontal redundancy that complicated the extraction of
data for machine learning. The existing architecture suffered from tight coupling between the
React frontend and the Node.js main process, featuring leaky abstractions that hindered the inte-
gration of new analytical features. Furthermore, the rarity of salivary gland carcinomas created
a sparse data environment with a low event-per-variable ratio, rendering deep learning archi-
tectures like DeepSurv structurally underdetermined and prone to overfitting. Strict security
requirements and legal mandates regarding the processing of sensitive oncological data neces-
sitated a solution that could operate entirely offline within the hospital’s secure environment.
Consequently, the analysis identified a critical need for a decoupled, sidecar-based architecture
that could facilitate local survival analysis while maintaining data residency on the physician’s
workstation.

3 Proposed solution

The redesigned system implements a normalized ERA model that eliminates redundancy
by utilizing a unified patient inheritance structure and a flexible TNM staging. To perform com-
plex survival analysis without sacrificing Ul responsiveness, a Python-based machine learning
engine was integrated via a sidecar pattern (see Fig. 1) communicating with the Electron app
through a JSON contract over standard I/O streams. The system utilizes a dual-model approach,
leveraging the Random Survival Forest to capture non-linear feature interactions and a regular-

I'student of the master degree program Applied Sciences, field of study Software and Information Systems,
e-mail: vjelinek @students.zcu.cz

29



—/ CZECH
(@ | saLivary
| s LAND

G
DATABASE

Model Weights
joblib files]

idecar
ython ML Engine]
N

Figure 1: Sidecar pattern

ized Cox Proportional Hazards model to provide hazard ratios compatible with clinical litera-
ture.Automated retraining triggers were implemented to ensure the models evolve alongside the
local dataset, and a “cold start” mechanism was introduced to provide pre-trained baseline mod-
els from Motol Hospital upon initial deployment. The final user interface features a risk card
(see Fig. 2) that presents survival probabilities at 1-, 3-, and 5-year intervals while identifying
the top clinical factors driving each prediction to foster clinical trust.

Risk analysis (ML) >
Survival Recurrence
Random Survival Forest Cox PH

bl Recurrence-free probability

3% 1 year 98%

3 years 98%

Low risk 5 years 97%

Main risk factors @

Age at diagnosis Lymphatic invasion Perineural invasion

Recalculate

Figure 2: Patient risk card

4 Results and Conclusion

Statistical validation on a cohort of 122 patients using the .632 bootstrap estimator has
shown that the integrated models meet established performance standards for oncological prog-
nosis. The Random Survival Forest achieved a concordance index of 0.814 for recurrence-
free survival, representing a modest improvement over the Cox Proportional Hazards baseline,
though the results remain constrained by the limited sample size. Sensitivity analysis justified
the use of a 7-feature set, confirming that chronological age and pathological staging are critical
for mortality and recurrence estimation. The system has been successfully deployed at Motol
University Hospital, where clinical feedback suggests it is a practical tool for prognostic stratifi-
cation and personalized treatment planning. In conclusion, the project successfully transitioned
the database from a data-entry tool into a secure decision support system.
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First Steps Toward a Multimodal System for Spinal Diagnostics:
From 3D Skeleton-Based Action Recognition to Clinical
Application

Andrea Kadlecova'

1 Introduction

Spinal pathologies, such as spondylolisthesis or stenosis of the lumbar spine, are pri-
marily diagnosed and evaluated using X-ray imaging technology. However, these diseases also
affect the patient’s overall movements, gait, and posture, which is often caused by back pain,
tingling in the legs, and other related symptoms.

Relying only on X-ray images limits the ability to objectively assess the severity of the
disease and the patient’s condition. This could be avoided by creating a multimodal diagnostic
system that processes both X-ray images and data obtained using Vicon.

The first step is to focus on the processing and classification of patient’s movements.
This paper explores the 3D skeleton-based action recognition models. Models CTR-GCN with
the G3C'N module and AutoregAd-HGformer are investigated. They were afterwards trained
on the UAV-Human dataset to verify their functionality and effectiveness for the given problem.
The evaluation of these networks serves as a baseline for future work, which aims to adapt these
models for more specific classification of spinal diseases based on complex biomechanical data.

2 3D Skeleton-Based Action Recognition

This section details the models and data configurations
utilized for the initial action analysis. The two models mentioned N>
below were created for 3D skeleton-based action recognition, an
illustrative example of the skeleton is provided in Figure 1. They
were evaluated on the UAV-Human dataset created by Li et al.
(2021), which consists of data collected by drones. The authors
of the dataset evaluated it using two different cross-subject data
splits, referred to as v/ and v2. This work keeps these exact same
data splits to ensure a fair comparison between the models.

The CTR-GCN described by Chen et al. (2021) is utilized \ \
as the baseline architecture, enhanced with the G3C' N module
proposed by Ren et al. (2025) for advanced spatial feature ex-
traction. In the standard GCN approach, the human skeleton is
modeled as a graph, where joints represent nodes and bones rep-
resent edges. These connections between joints are subsequently
represented by an adjacency matrix. The innovation of the inte-
grated G3C'N module is Gaussian topology, which aims to significantly improve the classifica-
tion of similar actions.

Figure 1: Visualization
of the skeleton
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In contrast to the CTR-GCN with the G3C' N module, the AutoregAd-HGformer model
described by Ray et al. (2025) does not utilize a fixed adjacency matrix. Instead, it processes the
3D skeleton using a hypergraph, which better captures the complex relationships among joints.

3 Results and Conclusion

The obtained results are summarized in Table 1. Among the evaluated networks, the
AutoregAd-HGformer achieves the highest overall accuracy. However, the accuracy metrics
across both tested models remain relatively comparable.

Given these similar accuracy rates, computational efficiency becomes a crucial factor for
a comprehensive evaluation. For this reason, FLOPs are examined to further assess and compare
the actual computational cost of each model.

As detailed in Table 1, the complexity analysis indicates a trade-off between model size
and computational demands. he CTR-GCN with the G3C'N module is structurally larger, con-
sisting of 6.32 M parameters. In contrast, the AutoregAd-HGformer is significantly more com-
pact, requiring only 3.20 M. However, when evaluating the computational cost during infer-
ence, the AutoregAd-HGformer demands nearly twice as many operations compared to the
CTR-GCN configuration. Although the AutoregAd-HGformer delivers the highest accuracy
and requires fewer parameters, it demands significantly more computational power, which must
be considered when deploying the system in practical clinical applications.

Model vl [%] v2[%] Params[M]| FLOPs [G]
CTR-GCN w/G3C N~ 39.43  65.46 6.32 8.56
AutoregAd-HGformer 39.46 68.71 3.20 15.4

Table 1: Results and computational complexity of the evaluated models on the UAV-Human
dataset
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Modelovani osteosyntézy zlomeniny kiizové kosti pomoci
spinopelvickych fixaci

Anna Karbanova!, Lukas Maftik2, Libor Lobovsky3, Tomas Mandys*,
Martin Salaseks, Jiti Kien®

1. Uvod

Tato studie se zam¢fuje na osteosyntézu nestabilnich zlomenin zadniho segmentu lidské
panve pomoci spinopelvickych fixacnich technik. Tyto mini-invazivni techniky pouzivaji ke
stabilizaci panevniho pletence kovovou konstrukci, kterd se zavadi do kycelnich kosti a do
oblasti bederni patefe (obr. 1). V rdmci této studie je vyhodnocovéna kvalita stabilizace
zlomeniny kiizové kosti na zdklad¢ posuvi zlomenych ¢asti kosti pti fyziologickém zatizeni.
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Obrazek 1: Spinopelvicka fixace (vlevo) a pocitacovy model panve, 4. a 5. bederniho obratle
vcetné meziobratlovych plotének a zjednodusené spinopelvické fixace (vpravo)
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Obrazek 2: Vyhodnoceni posuvii na bazi kiizové kosti pro rizné kombinace zavedeni
spinopelvickych fixaci

2.Vypoctovy model

Vypoltovy model panve a poslednich dvou bedernich obratlli s meziobratlovymi
ploténkami redlného pacienta vychazi z vypoctového modelu panve, ktery byl validovan na
zaklad¢ experimentl (Karbanova, 2024). Geometrie panve a poslednich dvou bedernich
obratlll véetné meziobratlovych plotének byla zhotovena na zdkladé¢ CT snimkd v programu
3DSlicer a nasledné diskretizovana v programu HyperMesh. Numerické simulace pomoci
metody kone¢nych prvki byly realizovany v programu Abaqus.

3. Diskuze

Bylo uvazovano zavedeni spinopelvické fixace bez crosslink konektoru (NONE) s
crosslink konektorem (CL), zavedeni spinopelvické fixace v kombinaci s iliosakradlnim
Sroubem (ISS1) a spinopelvicka fixace s kombinaci crosslink konektoru a iliosakralniho
Sroubu (CL+ISS1). Na zaklad¢ vysledki numerickych vypocth bylo prokazéno, ze
spinopelvicka fixace zpevnéna iliosakralnim Sroubem vykazuje vyznamné vétsi stabilitu nez
spinopelvickd fixace zpevnénd crosslink konektorem (obr. 2). Pro spinopelvickou fixaci
zpevnénou kombinaci CL+ISS1 nebylo prokazano vyrazné zlepseni.
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Odhad neznamého stavu pon}ioci faktorovych grafu a bayesovské
Itrace

Be. Filip Kejval!

1 Uvod
Spolehlivy odhad vnitfniho
stavu dynamickych stochastickych Toren
. L L ——Referenéni trajektorie
systému predstavuje fundamentalni - -7 odnad (UATLAG)

problém moderni kybernetiky a na-
vigace. Tradiéni rekurzivni algo-
ritmy Bayesovské filtrace (napf. y
EKF, UKF) nardzeji u silné ne- 5400 -| A
linearnich modeld na své limity, ‘
kde jednorazova linearizace vede
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ke kumulaci chyb a divergenci. Wi N
Odpovédi je prechod k nelinedrni
optimalizaci pomoci faktorovych Obrazek 1: 3D vizualizace odhadu metodou FG.

grafii (Factor Graphs - FG). Tyto
pravdépodobnostni modely uchovavaji historii stavli i méfeni a umoZziiuji opakovanou iterativni
relinearizaci celého problému Dellaert a Kaess (2017).

2 Metodika

Ve faktorovych grafech je odhad stavu formulovéan jako hledéni trajektorie X, kterd ma-
ximalizuje aposteriorni pravdépodobnost p(X | Z), kde Z je mnoZina ziskanych méfeni. Za
predpokladu gaussovskych Sumi a nezavislosti méfeni se problém méni na minimalizaci ne-
linedrnich nejmensich ¢tvercu:

K-1 K
Xuap = argmin { &0 — @ollB, + Y 1 (@) — @il + D (@) - zkH%} (D
k=0 k=1

kde f(-) a h(-) jsou modely dynamiky a méfeni, Q, R, P, jsou pfislu$né kovarianéni matice
Sumu a K predstavuje pocet dat. Faktorovy graf tedy fesi tlohu vyhlazovani.

Kvalita estimacnich algoritmu byla testovana na tfech modelech s rostouci nelineari-
tou. Nejkomplexnéj$Sim experimentem byl silné nekonvexni problém terénni navigace (TAN —
Terrain Aided Navigation) Matousek et al. (2025). Simulovan byl také degradovany model se
ztratou pfimého métreni sméru rychlosti (k dispozici byla pouze vyska nad terénem a velikost
rychlosti). Hodnocena byla presnost (RMSE) a statisticka konzistence (ANEES).
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3 Dosazené vysledky

Kfritické rozdily v robustnosti se projevily u terénni navigace s degradovanym modelem
(Obr. 2). Ztrata pozorovatelnosti slozZek rychlosti vedla na nelinedrni mapé k rychlé divergenci
vSech lokélnich filtri (RMSE o1, = 667.95m). Oproti tomu obé implementace ddvkové op-
timalizace (MATLAB a C++ GTSAM) trajektorii aspé$né zrekonstruovaly diky opakované re-
linearizaci celé trajektore (RMSE,,0n, = 142.08m). Monte Carlo analyza metody klouzavého
okna na prodlouZenych trajektoriich navic odhalila, Ze pro nekonvexni mapy je optimélni volit
spiSe kratSi okna (N ~ 17). Dlouhd okna vedla k uviznuti algoritmu v lokédlnich minimech,
zatimco krat$i okna minimalizovala vypocetni Cas, dosdhla niZsi chyby v porovnani s lokalnimi
filtry a zachovala spolehlivost ptes 80 % .

Porovnani nelinearnich filtri a vyhlazovage (EKF vs. ERTSS vs. IEKF) Porovnani odhadi optimalizace faktorohého grafu (MATLAB vs. GTSAM)
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Obrazek 2: Porovnani odhadi trajektorie pro problém terénni navigace. Vlevo: filtry a vyhla-
zoval (EKF, IEKF, ERTSS). Vpravo: optimalizace faktorovych grafi (MATLAB a GTSAM).

4 Zavér

Simulace ukazuji, Ze faktorové grafy predstavuji robustni nastroj pro odhad stavu. U
siln¢ nelinedrnich uloh s omezenou pozorovatelnosti prekonavaji tradicni rekurzivni filtry a vy-
hlazovace. Eliminace fixni linearizace zabratiuje integraci nevratnych chyb a umoziuje vyhnout
se lokdlnim extrémim terénni mapy. Vyssi vypocetni naroky lze pro nasazeni v redlném Case
kompenzovat vyuzitim reprezentace problému ve formé fidkych matic v modernich C++ kni-
hovnach (GTSAM).

Podékovani

Tato diplomov4 price byla podpofena projektem Grantové agentury Ceské republiky GA
25-169191.

Literatura

Dellaert, F., a Kaess, M. (2017) Factor Graphs for Robot Perception. Foundations and Trends
in Robotics, Volume 6, pp. 1-1309.

Matousek, J., Dunik, J., a Straka, O. (2025) Lagrangian Grid-Based Filters With Application to
Terrain-Aided Navigation. IEEE Signal Processing Magazine, Volume 42(2), pp. 98-104.

36



SCIENTIFIC (ONSFTElij{IIJEIEIIg 202 6, |

Gallium Oxide Thin Films Fabricated by Liquid-Target Reactive
DC-Pulsed Magnetron Sputtering

Jan Koloros!, Petr Novak?, Sayed Alireza Ataie’

Introduction and motivation

Gallium oxide (Ga20O3) remains a major focus of research due to its outstanding
optoelectronic properties, including an ultra-wide bandgap of approximately 4.8 eV, a high
electron saturation velocity, and a high critical breakdown electric field of about 8 MV/cm,
making it highly promising for high-power and high-frequency applications. Although high-
quality B-Ga20s films are typically prepared using epitaxial methods such as MBE, MOCVD,
or ALD, these techniques suffer from low deposition rates that limit their scalability. In contrast,
reactive dc-pulsed magnetron sputtering from a liquid gallium metal target offers high
deposition rates, ease of up-scaling, and the ability to tune oxidation conditions via discharge
parameters. However, achieving well-ordered crystalline structures with satisfactory electrical
properties via sputtering remains a challenge.

Electrical resistivity and crystallinity

Recently, we have demonstrated that optimal electrical performance including a low
electrical resistivity of 7 X 10° Q-cm can be achieved for films deposited on sapphire substrates
at temperatures in the immediate vicinity of a pronounced crystallization-driven structural
transition data are shown in Fig. 1.
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Figure 1: Electrical resistivity
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Within this narrow deposition window, the films remain compact despite incomplete
crystallographic ordering, resulting in significantly lower electrical resistivity than that of
highly crystallized films. At higher deposition temperatures, further improvements in
crystallinity are accompanied by microstructural degradation (ranging from compact solid thin
films to wire-like microstructures), which leads to a substantial increase in electrical resistance
more details are show in Fig. 2.
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Figure 2: Different microstructural degradation

Futher research and summary

To further enhance the film properties, our current work focuses on optimizing
deposition parameters (such as oxygen/argon partial pressures, substrate temperature, and
pulse-averaged target power density) in the immediate vicinity of this crystallization threshold,
while simultaneously utilizing post-deposition annealing to explore these structural phase
transitions. Particular attention is devoted to the temperature region close to the recrystallization
threshold, where rapid structural evolution occurs. By systematically examining the changes
induced by both process conditions and subsequent annealing using X-ray diffraction (XRD)
and scanning electron microscopy (SEM), we aim to clarify the relationship between
crystallization, microstructural stability, and the resulting electrical behavior of the films.

These insights provide a practical framework for optimizing thermal treatment conditions to
achieve electrical performance comparable to epitaxially deposited Ga>O; films while
preserving the scalability advantages of magnetron sputtering for future power electronic
applications.
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Rigorous Functional Derivatives and Multi-Object Tracking

Jan Krejeit

1 Introduction

Multi-object tracking (MOT) refers to estimating the number and positions of mul-
tiple moving objects based on noisy measurements. It is an enabling technology in fields
such as public surveillance or autonomous driving. Functional derivatives in MOT are
used to derive elegantly the analytic expressions that govern how the received measure-
ments are to be ultimately processed during estimation. The use of functional derivatives
in MOT is, however, purely formal and heuristic. This contribution reveals how to address
this lack of mathematical rigor; see Krejéi et al. (2025) for details.

2 Functional Derivatives in MOT

Let X = {x!,...,x"} C X denote the set of object states (e.g., positions) with X
being the state space. To model both n > 0 and the individual elements as random, a
joint density of the form p(X) = p({x',...,x"}), n > 0 is used. Combining p(X) with
measurements Z via the Bayes rule results into the posterior p(X|Z), which is the sought
entity. The direct derivation of p(X|Z), however, is hindered by the presence of complex
expressions resembling convolutions. Similarly to the Laplace transform, the probability
generating functional (PGFL) defined as

::i?%/){L(ﬁh(x)) p({x', ..., x" dx'---dx", (1)

where h is a function, translates such convolutions into simple products. Once the poste-
rior PGFL G[h|Z] is found, the last step to find p(X|Z) is to take the functional derivative

J
X\|Z) = h| X : 2
pX12) = | el 2)
The first-order functional derivative (i.e., with | X | = 1) is formally defined as a directional
derivative in the direction of the Dirac delta “function”

0 sy Glhted = GlA
S Ol & i TE TR, 3

and the higher order derivatives (with |X| > 1 in “;%”) are defined iteratively.
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3 The Rigor Gap

In contemporary MOT, the state space X is often assumed to be Euclidean while
the set of admissible densities p(X) is seldom specified in detail. It should be noted that
objects may move on a manifold, such as on a globe, or objects that live in state spaces
of different dimensions may coexist, in which cases X is not Euclidean. Furthermore, the
PGFL-based simplification of P(X|Z) derivation is enabled by the availability of formal
differentiation rules, such as the chain and product rules, see Mahler (2014). It follows
from functional analysis, however, that the safe use of such rules is subject to specific
circumstances, that are clearly missing when the heuristic definition (3) is considered.

The above objections clearly undermine the mathematical rigor in MOT, which
may be especially problematic in safety-critical applications such as autonomous driving.

4 The Solution: Utilize Functional Analysis Tools

Krejei et al. (2025) suggested to fill the rigor gap by utilizing mathematical ma-
chinery of measures defined over locally compact and Hausdorff (IcH) topological spaces,
which is a well-established theory (Folland , 1999). In particular, assuming X is any
second countable IcH space, the PGFL was redefined as

Gl = > [ [ plt e afax), ()

so it accommodates any Radon measure 17 on X on its input, instead of a “function” h.
The set of admissible densities p(X) was clearly specified to be the space of continuous
functions vanishing at infinity. Interpreting the Dirac delta dx as a measure and showing
that it is Radon, it can be legitimately substituted into the functional derivative defini-
tion (3); formally replacing h with 7. Moreover, the proposed definition was shown to
accommodate the safe use of the mentioned differentiation rules by proving it is Fréchet.

5 Conclusion

The proposed definition fills the rigor gap by a large margin, supporting consider-
ably more general spaces X' and admissible densities p(X) than those encountered in the
MOT literature. Moreover, the proposed definition is the fist one to provably support
the safe use of chain and product differentiation rules used in everyday MOT. Consider-
ing the proposed definition thus makes it easier to verify the assumptions under which
PGFL-based MOT methods are guaranteed to function as intended.
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AI-Guided Rewiring of Gene Regulatory Networks in Living
Organisms

3

Lukas Kuhajda!, Tomas Honzik? Jan Svec®, Daniel Georgiev4

1 Introduction

Gene regulation through promoter engineering is a cornerstone of synthetic biology, en-
abling precise control over transcriptional networks. However, traditional trial-and-error exper-
imental approaches remain highly labor-intensive. Native promoters exhibit intricate, context-
dependent behavior heavily influenced by their surrounding sequences and environmental con-
ditions. Rewiring these complex networks by modifying regulatory elements can enable entirely
new cellular behaviors. Unfortunately, current synthetic promoter libraries often lack this native
context-dependence, and existing computational tools fail to predict functional recombinations
between promoters and transcription factor binding sites (TFBS). While artificial neural net-
works (ANNSs) have successfully improved regulatory element predictions, frameworks capable
of guiding precise promoter-TFBS integration are still lacking. Our project addresses this gap
by developing a two-stage ANN system that identifies optimal TFBS insertion sites and deter-
mines the exact promoter rewriting length required to preserve natural sequence syntax.

2 Methods

We extracted promoter sequences from 25 Saccharomycotina species to compile an evo-
lutionarily diverse training and validation dataset of 133,889 sequences, while reserving 6,011
native Saccharomyces cerevisiae promoters strictly for model testing. The developed frame-
work leverages a specialized two-stage ANN architecture. The first stage consists of a self-
supervised model called “Place-Back,” which processes a query sequence and an artificially
disrupted base-promoter to output base-pair level insertion probabilities. Two variants of the
Place-Back model handle Model-Specific Rewriting Lengths (MSRL) of either 5 bp (simulat-
ing exact TFBS insertion) or 40 bp (simulating larger-scale sequence replacements). The second
stage, called "Determiner,” uses an ensemble of 10 diverse CNN or LSTM architectures to re-
solve prediction inconsistencies, classify the ideal insertion region, and determine the necessary
rewrite length. To guarantee experimental reliability, the final system recommendation relies on
a multi-model consensus requiring a minimum agreement of 7 out of 10 Determiner models.

3 Results

The multi-model framework achieved an average precision of 48% on held-out vali-
dation data, demonstrating massive enrichment over a random baseline insertion precision of
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10.95% for MSRL 40 and 1.26% for MSRL 5. We deployed this system to virtually screen all
6,011 native S. cerevisiae promoters for compatibility with the TetR TFBS (tetO), generating a
ranked library that recommended 3,712 high-confidence promoter-TFBS combinations. For in
vivo validation, four untested wild-type constitutive promoters of varying expression strengths
(pHHEF2, pPAB1, pPOP6, pREV 1) were engineered using model predictions. Without any prior
experimental characterization or manual tuning, the model-designed promoters achieved strong
conditional repression rates up to 98.4% (pPOP6_tetO). To demonstrate network rewiring, we
introduced a glucose-sensitive Migl TFBS (miglo) into the native promoter of the essential
gene PCF11. Luciferase and genomic growth assays verified successful nutrient-dependent
regulation, yielding a 57% repression rate in high-glucose media and a 10% lower maximum
cell density without causing lethality.

4 Conclusion

The developed two-stage ANN system demonstrates that self-supervised models can suc-
cessfully capture implicit structural constraints within regulatory DNA without relying on la-
beled functional datasets. By accurately pinpointing architectural sweet spots, this method
streamlines synthetic promoter construction and provides a scalable strategy for reprogram-
ming eukaryotic transcriptional logic. Future work will scale this tool from S. cerevisiae to
more complex eukaryotic organisms—including plants and vertebrates—and explicitly train
future iterations to handle split-site architectures for enhanced cooperative binding control.
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Advanced Hydrogen Gas Sensing with Porous WQ; Thin Films
Prepared via Glancing Angle Deposition

2

Akash Kumar!, Nirmal Kumar? Stanislav Haviar’

1 Introduction

The emerging hydrogen industry is stimulating efforts in developing new materials for
various purposes, including the quest for efficient, sustainable, and low-power hydrogen detec-
tors. Many such devices rely on metal oxide semiconductor materials, which are easily inte-
grable into devices and relatively cheap but suffer from some challenges, such as low sensitiv-
ity and selectivity. This study explores the possibility of exploiting a Glancing Angle (GLAD)
sputter deposition of WOsfilms, targeting the enhancement of active surface area and, therefore,
sensor sensitivity improvements.

2 Method

WO; films were deposited using conventional reactive DC magnetron sputtering, em-
ploying circular tungsten targets in a mixture of argon and oxygen. Films were post-annealed
prior to sensing characterization. The Glancing Angle Deposition (GLAD) technique was em-
ployed to induce a characteristic columnar nanostructure, thereby increasing the films’ porosity
and so leading to a desired increase in active surface area. Multiple parameters were tuned to en-
hance the sensing response, including the angle of deposition (80°, 85°, 88°), thickness (50-300
nm), and reactive sputtering parameters. Quartz and silicon substrates were used for deposition;
sensing was evaluated on quartz, and other measurements were performed on silicon.

3 Result

The synthesized films were characterized by SEM and XRD. SEM micrographs for vari-
ous film thicknesses deposited at an 85° angle are shown in the figure. Micrograph and sensing
response measurements revealed an interesting fact: that neither the surface roughness nor the
surface area improves the response to the sensing gas monotonically. In the presented paper, we
discuss the geometrical reasons as well as the synthesis parameters that influence the sensing
characteristic.

4 Conclusion

GLAD-deposited WO3 films show a stronger sensing response than non-GLAD films
Fig. 1, This likely arises from their larger surface area and anisotropy in resistance, both of
which enhance the signal. GLAD films also operate at lower temperatures for Hs detection
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Figure 1: Illustrative Comparison of NAD (Normal Angle Deposition) and GLAD (Glancing
Angle Deposition) Techniques
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Wave-based control of non-uniform systems

Martin Langmajer!

1 Introduction

Wave-based control (WBC) is a promising method for position control of flexible sys-
tems. Using a single actuator and a single feedback, it performs two seemingly contradictory
tasks: rest-to-rest position control, and vibration suppression. Unlike open-loop control, which
uses input shaping filters, wave-based control includes feedback. This allows it to react to errors
and imperfections while maintaining the same control speed as input shaping filters.

The main principles of wave based control are described in O’Connor (2007). The
relationship between WBC and input shaping filters is described in Peled (2013).

Although WBC was originally designed for lumped uniform systems, it is often used
successfully for non-uniform systems as well. This has led many authors to make unproven
claims about the functionality for any non-uniform systems, e.g. O’Connor (2015). This article
presents a rigorously derived refinement of these claims with significant implications.

2 Functionality for non-uniform systems

WBC is primarily used to control systems that can be modelled as mass-spring string
(Fig. 1). These include, for example, platoons of autonomous vehicles, but also continua that
can be modeled using the FEM method with such a chain.
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Figure 1: Left: example of a string-like non-uniform system; right: control diagram
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Figure 2: Wave model of a non-uniform system with a free end

Such a system can be modeled using a wave model (Fig. 2), which is an oriented diagram
of so-called wave transfer functions (WTF) given by

AN PR yhul (1)
Wi wiyj 4wz’ 7 m;
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where s is a complex variable. R is a WTF describing a reflection at the system interface caused
by a change in the stiffness £ in two consecutive springs or mass m in two consecutive masses.
T is WTF for a transmission through this interface. 7" and R are derived in Martinec (2014).

The control scheme is shown in Fig. 1. The functionality of WBC for non-uniform
systems is then determined by the following theorem.

Theorem: Consider the free-end system in Fig. 1 (left) with a unit DC gain, controlled
to a constant value by a WBC of the form in Fig. 1 (right), and consider an ideal actuator with
transfer function equal to 1. Next, assume a stable closed loop. WBC then fully suppresses all
modes of the controlled system in the frequency range from zero to twice the natural frequency
of the first mass-spring pair 2w 1, connected to the actuator, and the controlled system settles
to the required value.

Fig. 3 clearly illustrates the validity of the theorem.
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Figure 3: WBC a) of a system in which w; ; is the highest natural frequency among all mass-

spring pairs in the chain, b) of a system where a mass-spring pair with a higher natural frequency
exists.

3 Conclusion

WBC provides precise and vibration-free control in the range (0, 2w; ;). Therefore, if the
first mass-spring pair has the highest natural frequency in the system, the control will be stable,
accurate, and vibration-free. However, even if this condition is not met, the control can still
achieve good results. Modes at higher frequencies are often naturally damped. Furthermore,
the dynamics of the fastest mass-spring pair can be artificially created in the actuator control
scheme, thereby ensuring functionality across the entire required frequency band.
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Toolkit for Processing and Analysis of Image Description
Representation and Semantic Parsing Outputs

Tomas Lebeda’

1 Introduction

Semantic parsing focuses on transforming natural language descriptions into structured semantic
representations linked to concrete entities and relations within a reference scene, such as objects in
an image. These representations can subsequently be inspected, transformed, evaluated, or processed
algorithmically in downstream tasks.

This paper presents the ref-desc-toolkit, a modular collection of open-source command-line utilities
designed to support workflows involving machine-readable reference scene descriptions and semantic
parser outputs. The toolkit was originally developed for a research project focused on semantic analysis
of image descriptions for detection of cognitive disorders, where it is used together with the SPGF
parser for extraction and evaluation of semantic content derived from speech transcriptions. At the
same time, the toolkit was designed as a reusable and extensible infrastructure applicable to other
semantic parsing tasks as well.

The primary objective of the toolkit is to enable practical work with semantic representations by
providing utilities for extraction, inspection, transformation, evaluation, and visualization of semantic
data. By combining these capabilities within a unified modular architecture, the toolkit simplifies
development and experimental evaluation of semantic parsing systems.

2 Toolkit Architecture

The toolkit is organized as a set of interoperable CLI utilities targeting different stages of the semantic
parsing workflow. At its core is the ref_desc_lib, a shared Rust library containing common data
structures, parsing logic, serialization support, and utility algorithms. This shared foundation promotes
modularity, code reuse, and easier extension of the tooling ecosystem.

2.1 Extractor

The extractor enables transformation of free-form tree structures into unified semantic artifacts
suitable for further processing and evaluation. The tool processes outputs generated by the SPGF parser
(raw parsing trees) and aligns them with a structured reference scene description. Using predefined
semantic structures, it identifies and extracts semantic entities corresponding to objects and relations
present in the reference scene.

2.2 Inspector

The inspector provides utilities for exploration and debugging of reference scene descriptions. Instead
of manually inspecting raw JSON files, users can generate structured summaries containing statistics
about objects, attributes, tags, and relations.

'PhD student of Cybernetics, Artificial Intelligence; email: 1ebedat@fav.zcu.cz
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In addition, the tool supports visualization of annotated objects directly on the associated image using
bounding boxes and labels. Flexible filtering mechanisms based on object names or semantic tags
enable focused analysis of selected subsets of scene entities.

These capabilities are particularly useful during dataset inspection, annotation validation, and parser
debugging.

2.3 Evaluator

The evaluator performs quantitative comparison between extracted semantic entities and reference
scene descriptions. Given predicted entities, reference annotations, and a predefined loss table, the tool
computes a numerical feature vector describing different categories of semantic errors.

The resulting outputs can be exported as CSV files suitable for downstream statistical analysis, bench-
marking, or machine learning experiments. This allows reproducible evaluation of grounded semantic
parsing systems under consistent scoring rules.

2.4 Visualizer

The visualizer generates interactive browser-based visualizations of parser outputs and derivation
structures. Generated outputs consist of HTML, CSS, and text files that display parsing results in a
tabular form, where rows correspond to grammar rules and columns correspond to tokens.

To improve readability, the tool supports multiple filtering modes, including displaying only selected
rules, limiting derivation depth, or filtering rules using regular expressions. A lightweight console-
oriented mode is also available for rapid inspection.

These visualizations simplify qualitative analysis of parser behavior and help identify grammar
coverage issues or unexpected derivation structures.

3 Usage in Research Workflows

The toolkit has been developed as supporting infrastructure for research on semantic analysis of image
descriptions such as Lebeda et al. (2026) and Smidl et al. (2026). In the associated workflow, speech
transcriptions produced by automatic speech recognition are processed by the SPGF parser, after which
the toolkit is used for semantic extraction, normalization, inspection, and evaluation against reference
scene descriptions.

The modular architecture enables individual components to be used independently or combined into
larger processing pipelines. Particular emphasis was placed on reproducibility, inspectability of inter-
mediate results, and ease of experimentation during iterative parser development.

The toolkit has already been employed in previously published experiments, where extracted semantic
information derived from image descriptions was used for subsequent spatial and machine learning
analyses.
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Prevod stylu reci do domény vlakovych hlaseni pomoci modelu
StyleTTS2

Karel Miiller!

Abstrakt. Clanek prezentuje prenos prozodickych vlastnosti vlakovych hl4seni do syntetické
feCi pfi zachovani hlasové identity. Jako vychozi model slouzil StyleTTS2 s oddélenou akus-
tickou a prozodickou slozkou stylu. NavrZzeny byly dvé metody ptenosu stylu: (1) kombi-
naci dvou modell — modelu fe¢nika a modelu adaptovaného na vlakova hlaseni, (2) doladéni
predtrénovaného modelu s externimi akustickymi vektory fecnika (pfi tréninku byla zmrazena
hlasova slozka). Obé metody byly vyhodnoceny pomoci poslechovych testil a objektivnich me-
trik. Vysledky ukazaly, Ze ob€ metody vyznamné zvysily stylovou podobnost oproti pivodnimu
modelu a adaptovand metoda navic 1épe zachovava hlasovou identitu cilového fecnika.
Klicova slova: syntéza feli, prevod stylu feci, StyleTTS2, prozodie, adaptace modelu, za-
chovani identity fecnika, vlakova hlaSeni.

1 Uvod

Rizeni fetového stylu a prozodie pii zachovani identity mluvéiho patif k dileZitym
problémim syntézy feci. Model StyleTTS2 reprezentuje styl fe¢i pomoci oddélenych akus-
tické a prozodické slozky Li et al. (2023), coz usnadiiuje manipulaci se stylem. Jako cilova
doména préace byla vybrana vlakova nadrazni hlaseni, kterd se vyznacuji pomalejSim tempem,
specifickym rytmem a vyraznou intonaci.

2 Metodika

Pro experimenty byl vytvoren dataset 1107 Ceskych vlakovych hlaSeni (ze simulédtoru
VISL) s textovymi i fonetickymi prepisy. Data byla rozdélena na trénovaci, validacni a testo-
vaci mnoZziny. Jako vychozi architekturu byl pouzit model StyleTTS2 s oddélenou akustickou
a prozodickou slozkou stylu. Pro generovani fonémovych embeddingti byla vyuZita Ceska vari-
anta PL-BERT Vladar et al. (2026).

Porovnany byly dva findlni pfistupy: (1) kombinaci dvou modeli — modelu cilového
fecnika a modelu adaptovaného na doménu vlakovych hliSeni. Pfi inferenci se spojovala akus-
ticka slozka stylu z prvniho modelu s prozodickou sloZkou z druhého. Tento pfistup umoziuje
pfevod stylu bez dalSiho trénovani. (2) modifikovanou adaptaci predtrénovaného modelu. Béhem
tréninku nebyla akustickd sloZka stylu extrahovdna z nahravek vlakovych hlaseni, ale byla
dodavana externé pomoci predpocitanych akustickych vektori cilového fe¢nika. Soucasné byly
vybrané komponenty modelu zmrazeny, aby se minimalizovaly zmény hlasové identity a adap-
tace se soustfedila na prozodické vlastnosti. Timto zpisobem se omezilo piebirani hlasovych
vlastnosti ptivodniho fe¢nika a umoznila se adaptace prozodickych vlastnosti na cilovou doménu.

I'student navazujiciho studijniho programu Kybernetika a fidici technika, obor Umél4 inteligence a automati-
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3 Experimenty a vysledky

Vyhodnoceni prob&hlo pomoci tif poslechovych testd a objektivnich metrik. V testu po-
dobnosti hlasu byl model s upravenou adaptaci statisticky vyznamné preferovan pied kombi-
novanym modelem (¢ = 3,31, p < 0,001), coZ naznacuje lepsi zachovani identity cilového
feCnika. V testu stylu mezi obéma metodami nebyl zjiStén vyznamny rozdil (z = —1,79,
p = 0,073); obé metody tedy dosdhly podobnych vysledki ve stylové podobnosti. V testu stylu
vici referencnim hlasenim byl adaptovany model jednoznacné lepsi nez ptivodni predtrénovany
model (z = —20,13, p < 0,001).

Objektivni metriky (viz Tab. 1) ukdzaly vyrazné zlepSeni obou navrzenych metod oproti
zakladnimu modelu. Napiiklad FO RMSE kleslo z 62,15 Hz u piivodniho modelu na 41 Hz u
adaptovaného a korelace FO vzrostla z 0,014 na cca 0,6 1. Adaptovany model mél navic nejmensi
rozdil délky projevu viici referenci a nejvyssi kosinovou podobnost hlasu viici cilovému fe¢nikovi
(0,792).

Metoda FO RMSE [Hz] | FO korelace | Kosinova podobnost
Kombinovany model 40,42 0,636 0,781
Adaptovany model 41,29 0,609 0,792
Puvodni model 62,15 0,014 —

Tabulka 1: Vybrané objektivni metriky porovnavanych metod.

4 Diskuse a zavér

Vysledky ukazuji, Ze StyleTTS2 je vhodnym zdkladem pro fizeni prozodickych vlast-
nosti i v malé stylové specifické doméné vlakovych hldseni. Ob¢ findlni metody vyznamné
zlepsily podobnost generované feci s cilovym stylem oproti pivodnimu modelu. Ve stylové po-
dobnosti byly vysledky obou metod obdobné, s rozdily spiSe v detailech. Kombinovany model
dosdhl mirné lepsi korelace FO a umoznil flexibilni pfenos stylu bez dalSiho trénovani, avSak
syntéza byla méné stabilni (pravdépodobné kviili slu¢ovani nekompatibilnich komponent). Mo-
difikovand adaptace naopak 1épe zachovala hlasovou identitu a poskytla stabilnéjsi vysledky,
prestoze se i zde vyskytovaly drobné artefakty (napt. zhorSend vyslovnost nékterych hlasek).
Adaptovany model vykazoval v tomto ohledu o néco lepsi stabilitu. Celkové oba pristupy
predstavuji slibné feSeni pro fizeni stylu feci ve vysoce specializované doméné.
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Dynamic Network Loading for Short-term Traffic Forecasting

Petr Perni¢ka'

1 Introduction

Traffic forecasting ensures that spending and policies are as effective as possible. Traffic
models predict the impact of potential projects, such as building city bypass, adding extra lane
to a freeway, or introducing a toll on a bridge. Dynamic network loading (DNL) is essentially
a macroscopic traffic propagation simulator, simulating how vehicles flow through the traffic
network. Metamodels — or models of models — emulate existing models in some way, using
lesser computational resources, however often at the cost of lesser accuracy. This work presents
a full-fledged DNL and explores its metamodelling using machine learning.

2 Dynamic Network Loading

Initial route . Time-dependent X
choices Dynamic travel times Time-dependent
JEECUSL S ! . —>
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Figure 1: Scheme of dynamic traffic assignment.

As the name suggests, DNL is a dynamic traffic model, meaning it simulates time ex-
plicitly. This property makes it more accurate than its static counterparts, but it also makes the
theory behind it and its implementation much more difficult. It is also much more computa-
tionally demanding, which motivates the usage of metamodels. DNL itself is a submodel of
dynamic traffic assignment (fig. 1), which is used for predicting driver behavior in a form of
route choices.

DNL divides the model period into short time steps and at each time step, it shifts traf-
fic on roads, followed by its transfer at intersections. The traffic flow at roads is modelled
by Lighthill-Whitham-Richards theory (LWR) introduced in Lighill and Whitham (1955) and
Richards (1956). The theory represents traffic as continuous flow and operates on three vari-
ables: density &, flow ¢, and speed u. LWR is governed by the following three equations:

ok  0Oq

ot tow = 7= Qlk).

One of its numerical solutions, and the one used, is called link transmission model introduced
by Yperman et al. (2005). There are plethora of intersection models, each capable of capturing
different phenomena such as signal lights or right-of-way. The theory behind them is not as rich
but interesting nevertheless. The requirements for realistic intersection model were laid out in
Tampere et al. (2011).

q = uk,
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3 Machine Learning Metamodel for DNL
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Figure 2: Diffusion convolution recurrent neural network.

Since DNL is very demanding in term of both time and memory, exploring its metamod-
elling is of interest. Three neural networks were developed and trained on 600 scenarios on two
traffic networks. The most promising one is called diffusion convolution recurrent neural net-
work (DCRNN) introduced in Li et al. (2018). It combines a recurrent neural network, specif-
ically GRU, capable of capturing temporal dependencies with diffusion convolution operator,
capable of capturing spatial dependencies by propagation information on the traffic network in
a manner akin to random processes.

On Chicago network, which has ~900 nodes and ~3000 edges, mean absolute error in
terms of predicted flows reached 0.27, meaning it is quite accurate. Unfortunately, it is not faster
— both DNL and DCRNN produce their results in about 8s on Chicago. However it is expected
for the metamodel to beat DNL with larger networks. Developed visualization also revealed
that the metamodel is good at predicting zeros, confirmed its inability to conserve vehicles, and
showed it has troubles with congested paths.
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Synthetic Tabular Data Generation for Large-Scale Adult Skills
Assessments: A Case Study on PIAAC Czech

Duc Thien Pham?, Roman Mou¢ek?, Frantisek Kalvas®

1 Introduction

Synthetic data addresses challenges related to privacy constraints, limited data
accessibility, and disclosure risks by generating artificial datasets that preserve the statistical
properties and analytical utility of real-world data while reducing the risk of exposing sensitive
information. This study presents a comprehensive evaluation of the PIAAC Czech Republic
datasets for large-scale adult skills assessment. We benchmark five advanced architectures:
Conditional Variational Autoencoder (CVAE), Conditional Tabular Generative Adversarial
Network (CTGAN), Transformer-CVAE (T-CVAE), Diffusion, and Transformer-Diffusion (T-
Diff), to generate synthetic datasets across varying sample sizes (10,000 and 20,000) and feature
densities (100, 300, and 500). Our results identify Diffusion as the most effective approach for
high-dimensional tabular synthesis, consistently achieving a strong balance between statistical
accuracy and empirical privacy metrics.

2 Method
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Figure 1: Comprehensive framework for synthetic data generation

3 Results

As shown in Table 1, Diffusion achieves the best overall performance on PIAAC Czech
Cycle 1 and 2 by providing the better balance between statistical fidelity, predictive utility,
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privacy, and computational efficiency. Unlike T-Diff, which preserves marginal distributions
but fails to maintain multivariate structure (low or negative R? and weak AUC), Diffusion
consistently preserves correlations and attains the highest predictive scores (up to 0.93 R?).
CVAE and T-CVAE remain competitive but exhibit greater statistical bias, while CTGAN
scales poorly in high-dimensional settings.

Sample Fea  Method  Time Cyele 1 ‘ Cycle 2
-ture (s) Avg Corr AUC R® DCR PR |Avg Corr AUC R* DCR PR
CVAE 93.1 037 009 092 070 554 401 |033 009 097 08 571 153

CTGAN 33260 016 0.08 058 0.02 6.32 3.75 0.15 010 058 -0.05 7.01 1.59
100 T-CVAE 250.5 027 011 092 0.77 592 4.01 033 013 097 090 545 1.46
Diffusion 14226 0.2 0.07 094 0.80 4.63 2.76 012 007 098 092 571 1.49

T-Diff 41176 0.11 0.09 053 -0.05 12.76 9.56 | 0.09 009 062 003 12.80 3.55

CVAE 183.8 1.07 0.09 0.89 0.72 14242 1791 | 0.25 0.08 097 085 9.70 0.88

CTGAN 218743 093 0.06 058 0.03 14286 22,56 | 0.12 007 055 -0.11 1384 1.65

10,000 300 T-CVAE 532.7 1.08 0.12 0590 0.77 14247 2250 | 024 012 097 088 9.65 1.01
Diffusion 27579 090 0.06 0.93 0.77 14296 21.16 |0.09 0.06 0.97 093 1477 146

T-Diff 67379 088 0.07 049 -0.02 14448 1928 | 0.06 007 054 -0.05 26.47 2.79

CVAE 189.7 076 0.09 092 058 143.15 10.16 | 0.23 0.09 097 0.77 1355 0.92

CTGAN 337138 061 0.05 045 -0.05 143.68 11.06 | 0.11 0.05 044 -0.04 1744 1.63

500 T-CVAE 549.0 0.80 015 092 071 14326 973 0.26 012 097 080 1257 097
Diffusion 27519 055 0.05 0.93 072 14520 10.02 |0.06 0.04 098 0.90 2697 172

T-Diff 70257 0.53 0.05 052 002 146.90 11.05 | 0.04 0.04 047 0.00 35.53 2.56

CVAE 183.6 038 009 091 0.75 553 4.78 032 009 097 087 572 1.39

CTGAN 11501.5 0.17 0.08 054 -0.14 5.76 4.47 0.15 008 072 -0.23 7.09 2.15

100 T-CVAE 5353 030 012 092 0.78 5.80 4.48 032 011 097 091 560 1.37
Diffusion 33689 012 0.07 094 0.79 474 4.55 0.12 0.07 098 091 5.69 1.57

T-Diff 82055 0.11 0.09 055 000 12.82 839 |0.09 009 043 001 1279 3.02

CVAE 192.0 1.06 0.10 090 0.70 14242 2203 | 0.24 008 097 085 971 0.97

20.000 CTGAN 227967 093 0.06 057 -0.18 142.87 2299 | 0.13 0.07 058 -0.23 1381 1.28

300 T-CVAE 543.1 1.08 0.12 091 073 14241 23.03 | 033 0.14 097 091 9.62 1.01
Diffusion 2833.1 090 0.06 093 0.79 14297 2133 |0.08 0.06 098 092 1482 167
T-Diff 6757.7 0.87 007 051 -0.01 144.48 2274 | 0.05 0.07 055 -0.04 26.49 2.74

CVAE 196.0 075 0.09 092 0.66 14324 1031 | 027 010 097 081 1357 096
CTGAN 334085 059 0.06 053 -002 14371 10.67 | 0.12 004 045 -0.16 17.09 1.20
500 T-CVAE 543.5 071 012 092 048 14329 918 027 012 097 084 1280 0.37
Diffusion 27448 056 0.05 094 0.70 14522 1050 | 0.06 0.04 0.98 090 2697 175
T-Diff 69998 053 0.05 052 0.00 146.93 11.36 | 0.04 004 043 -0.00 35.52 2.42

Table 1: Comprehensive evaluation of generative models on PIAAC Czech Cycle 1 and
Cycle 2 datasets

4 Conclusion

The evaluation on the high-dimensional PIAAC Czech dataset shows that Diffusion
achieves the most consistent overall performance, preserving correlation structure and
predictive utility while maintaining favorable empirical privacy characteristics based on DCR
and PR metrics. Future work will focus on improving Transformer-based diffusion
architectures, evaluating generalizability across other PIAAC datasets, and optimizing DDIM
sampling for more efficient high-dimensional data synthesis.

Acknowledgement

This work was supported by the Ministry of Education, Youth and Sports and the
Operational Program Johannes Amos Comenius within the project Open Science Il (reg. No.
CZ.02.01.01/00/24_030/0015041).

54



N2
SCIENTIFIC conSFTElljzgfqg 202 6/1

Digitizing the PICNIR Cognitive Test Using Automatic Speech
Recognition

Filip Poldk!, Jan Tupy?

1 Introduction

With neurodegenerative diseases rising globally (1), early detection through standardized
cognitive tests is a critical public health priority. Effective clinical tools like PICNIR (3) and
ALBA (2) identify early-stage cognitive deficits. Specifically, PICNIR evaluates semantic and
episodic memory by having patients name 20 drawings and recall as many as possible.

However, these traditional paper-based tests require manual administration and manual
evaluation, which focus strictly on linguistic correctness. This entirely discards vital acoustic
and temporal nuances, such as response latencies, hesitations, and pause patterns, which are
nearly impossible for the human ear to measure accurately.

To address these limitations, we developed DigiDiaDem, a multimodal Spoken Dialogue
System for automated cognitive screening. It not only replicates standard clinical scoring but
also extracts a high-dimensional space of acoustic and temporal biomarkers inherently absent
in conventional paper-based assessments.

2 Experiments and Results

To evaluate our ASR-driven pipeline, we utilized a clinical dataset collected via the
DigiDiaDem application, comprising 356 participants (247 healthy controls and 109 patients
with mild cognitive impairment or dementia). We formulated the task as a binary classification
problem (Healthy vs. Impaired) and systematically compared three primary feature configura-
tions:

1. Paper Features (Baseline): Only the standard metrics manually scored in the traditional
test (number of correctly named pictures and correctly recalled pictures).

2. Digital Expert Features: The automated ASR-derived replicas of the paper features,
combined with the Total Naming Reaction Time.

3. All Digital Features: Approximately 350 ASR-derived digital features, including single-
word naming efficiency, semantic confusion indices and self-correction tracking.

We evaluated several machine learning models, reporting the best-performing architec-
ture for each set (Table 1).

The results indicate that Digital Expert features yield outcomes highly comparable to the
manual paper test. Crucially, when classifiers utilize the “All Digital” feature space, accuracy
drastically increases to 97.0%. Feature importance analysis revealed that item-specific reaction
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Table 1: Classification results comparing feature sets, with and without sociodemographic data
(Age, Sex, Education).

Feature Set Best Model Accuracy Macro F1
Without Sociodemographic Data

Paper Features Random Forest 0.890 0.860
Digital Expert Features Random Forest 0.870 0.847
All Digital Features (82 selected)  Gradient Boosting 0.970 0.962
With Sociodemographic Data

Paper Random Forest 0.920 0.900
Digital Expert Logistic Regression 0.890 0.874
All Digital (8 selected) Random Forest 0.970 0.962

times and exact single-word description counts were among the most discriminative variables.
Remarkably, the comprehensive digital feature set achieves state-of-the-art performance com-
pletely independently of sociodemographic inputs, preserving user privacy.

3 Conclusion

! This study demonstrates that a fully automated, speech-driven pipeline can achieve
diagnostic accuracy comparable to, and even exceeding, traditional manual evaluations per-
formed by clinical experts. By digitalizing the PICNIR cognitive test and employing a robust,
domain-adapted ASR model, we successfully captured both standard linguistic metrics and
novel acoustic biomarkers.

Our experimental results confirm that these digital features yield highly accurate clas-
sifications of cognitive impairment, achieving a peak accuracy of 97%. Importantly, the sys-
tem delivers state-of-the-art results without relying on demographic metadata, and dimensional
reduction proved the models are resistant to item-level overfitting. The automated approach
provides a fast, mathematically consistent, and objective evaluation, effectively removing the
subjective variance inherent in manual human grading. Ultimately, this work paves the way
for accessible, scalable, and remote cognitive screening, reducing the logistical burden on both
patients and healthcare providers.
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A Software Tool for PID Controller Tuning in Siemens PL.C
Systems

Luk4s Slavicek!

1 Introduction

With an extension of automation in industrial processes, there is an increasing demand for
the development of modern industrial automation systems that meet ever higher requirements
for real-time system control. This category includes compact controllers, Programmable Logic
Controllers (PLCs), Programmable Automation Controllers (PACs), and Distributed Control
Systems (DCSs).

Most industrial automation systems integrate built-in PID control function blocks within
their development environments, often with built-in support for automatic tuning. These tools
are called autotuners. However, the majority of these tools rely solely on heuristic tuning rules,
as described in Astrom and T. Higglund (1995), which provide no formal guarantees of system
stability or control performance. Typical implementations of such autotuning tools can be found
in systems provided by Siemens, as detailed in Siemens Function Manual (2024).

The operation of an autotuner consists of two phases: system identification and controller
parameter computation. System identification is based on exciting the system with an appropri-
ate input signal (such as a step, pulse, or sine wave) and extracting characteristic numbers from
its response. These values are then used to compute the controller parameters.

Calculate
three sets of Write selected Disconnect

Connect to Take control of Sl parameters for c::nst :::d parameters to and hand
p PID Controller control back to

identification 5
experiment Gl arameters
P closed-loop P inPLC PLC

speeds

PLC controller the process

Figure 1: The PID Tuning Procedure of the Tool

2 About the Tool

The tool , whose previous version is described in Slavicek, Balda and Schlegel (2025), is
designed to simplify the tuning procedure and improve controller performance for PID_Compact,
PID_3Step, and PID_Temp controllers in SIMATIC S7-1200 and S7-1500 industrial automation
systems, described in Siemens Function Manual (2024). An industrial controller contains a
control scheme consisting of a feedback loop with a PID controller and its associated data
structure. The tool’s functionality (Fig. 1) is therefore straightforward. Using OPC UA commu-
nication, the tool connects to the controller’s data structure and temporarily takes over control
of the process for the duration of the identification experiment and the subsequent parameter
computation.
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For this purpose, the PIDMAX controller described in Function Blocks of REXYGEN
(2020) is used to compute three sets of parameters corresponding to different closed-loop speeds
and either PI or PID controller structures.

The computed controller parameters can subsequently be tested in the tool on the real
system, and after selecting a suitable set, uploaded to the PLC. The tool is then disconnected,
and control is handed back to the PLC controller. The PLC controller can operate in both
manual and automatic modes.

3 Autotuners Comparison

Figure 2 illustrates the response of closed-loop control systems to a step change in the
setpoint followed by a disturbance step for an 8th-order system, whose transfer function is
shown in the figure. The results show that, compared to the Siemens PID_Compact controller,
PIDMAX achieves improved performance and robustness, including more accurate setpoint
tracking and more effective disturbance rejection. With multiple control speed options and
direct parameter verification prior to application, the tool enables simpler and more efficient
tuning in industrial automation.
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Figure 2: Closed-Loop Performance Comparison
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Navrh metody vytvareni syntetickych dat pro potreby vyzkumu
KIR izoforem

David Stani¢ek*' , Tomas Honzik! , Katefina Wolf! , Lucie Houdov4!

1 Uvod

Nepribuzenska transplantace krvetvornych bunék hraje v soucasnosti stdle $irSi roli
pfi terapii hematologickych onemocnéni. I pfes neustdly posun ve vybéru kritérii za tcelem
nalezeni vhodného darce je tato procedura spojena s riziem zavaznych obtizi. Studie
od Cibich et al. (2026) uvadi mortalitu pfiblizné 25 % béhem 3 let po transplantaci v disledku
naslednych komplikaci.

Tato prace se zabyva ndvrhem metodiky vytvéareni syntetickych dat reprezentujicich
izoformy genli ve formé cDNA primdrné za tlelem testovani bioinformatickych pipeline
uréenych napt. k identifikaci KIR izoforem. Potfeba takovychto dat je velka, jelikoz vyzkum
KIR genu predstavuje velmi specifickou oblast, pro kterou v soucasné dobé existuje pouze
omezené mnozstvi vefejné dostupnych dat. V rdmci prace jsou tyto zdroje prozkoumadny
v kontextu feSené problematiky. Dale jsou studovany biologické mechanismy vedouci ke vzniku
KIR izoforem, na zdkladé kterych je navrzena pipeline tvorby syntetickych dat.

2 Biologicky kontext

Kli¢ovou roli v tomto procesu hraji NK buiiky, jejichZ aktivita je regulovana pomoci KIR
receptord. KIR receptory jsou kédovany vysoce polymorfni skupinou genil a tato variabilita
sahd od vysokého poctu alel az k urovni alternativniho sestithu RNA (Hsu et al., 2002).
Alternativni sestfih pfedstavuje biologicky proces vedouci k riznym zménam v exon-intronové
struktufe prepisovaného genu, jejichz dusledkem je vznik riiznych variant vysledného
proteinu oznacCovanych jako izoformy (viz obrdzek 1). Z klinického hlediska miZe tato
variabilita vyznamné ovlivnit pribéh imunitni odpovédi po transplantaci krvetvornych bunék
(Houdovi et al., 2018).

3 Navrh metodiky

Navrzend metodika zahrnuje simulaci ziskavani dat na klinickém pracovisti formou
generovani syntetickych PacBio long-readli, zpracovani dat, identifikaci pfitomnych genil
a detekci hranic introni. K vygenerovani izoforem je pfistoupeno pomoci skrytého
Markovova modelu (HMM), ktery formou bindrnich tokenil generuje exon-intronovou strukturu
potencidlnich izoforem na zdkladé¢ zndmych sestfihovych konfiguraci. Soucésti prace jsou
experimenty za ucelem ovéfeni spravnosti navrzeného pristupu.

“Student navazujiciho studijniho programu Kybernetika a ¥idici technika, specializace Uméld inteligence
a automatizace, e-mail: dsta@students.zcu.cz
IFakulta aplikovanych véd, ZCU v Plzni

59



/ﬁ Exon 1 Exon 2 Exon 3 Exon 4 Exon 5

DNA  JRABGVTATOTVDTVTRAIRVOVTOTATRIVIVTRTRIVIVTATRIVTOTATRIVIVTDID
RNA
Alternative Splicing ————————
l ! \
1 2 3 4 5 1 2 4 5 1 2 3 5
mRNA

Obrazek 1: Schéma procesu alternativniho sestfihu, pfevzato (Dornell, 2021)

4 Zavér

Navrzené feSeni simuluje ziskdvani a zpracovani sekvenacnich dat od prfipravy na
klinickém pracovisti az po generovani vyslednych izoforem pomoci generativntho HMM.
NavrZzeny pfistup predstavuje ¢dstecné zjednoduSeni biologicky velmi komplexniho procesu,
nicméné vystupem jsou realistické distribuce zndmych i nové generovanych izoforem daného
genu a vhodnym rozsifenim metodiky je mozné dosahnout dal$iho zpfesnéni zejména smérem
k vyssi biologické validité vystupti.
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Systém automatické eliminace kmita podvésené zatéze jerabu
Daniel Sukovaty!

1 Uvod

Manipulace s téZzkymi bfemeny je vyznamnou
soucasti prumyslovych a logistickych procest, u nichz
jsou kladeny vysoké pozadavky na rychlost, pfesnost a
bezpecnost. Jednim z nejrozSifenéjSich zafizeni pro tuto
¢innost jsou jetdby, které umoziuji presouvani biemen ve
vice stupnich volnosti.

2 Problematika tlumeni kmitu

Hlavnim problémem jefdbovych systému je vznik
nezadoucich kmitd zavésené zatéZe. Ty mohou prodluzovat
dobu manipulace, zhorSovat pfesnost polohovani a v
krajnim piipad¢ ohrozit bezpecnost osob nebo okolnich ob-
jekti. V praxi jsou kmity Casto potlaovany manudlng, v opy 1. Jerdb v laboratori NTISu
soucasnosti jsou vSak rozvijeny také metody automatického
tlumeni. Ty lze obecné rozdé€lit na piimovazebni metody zalozené na vhodném tvarovani
vstupniho signélu a zpétnovazebni metody vyuZivajici méfeni pohybu zatéze.

Tato prace je zaméfena predevsim na aktivni tlumeni kmitd pomoci zpétnovazebniho
fizeni. Pro méfeni pohybu je vyuZzit senzor umistény na horni ¢4sti hdku, ktery obsahuje akcele-
rometry a gyroskopy ve vSech tfech osach. Pomoci flize dat v rozsifeném Kalmanové filtru jsou
ziskany veliCiny popisujici pohyb haku, zejména thlovy nédklon a thlova rychlost.

3 Jerab jako dynamicky systém

Jerabovy systém se skldda z pohyblivého Vorik o
voziku, lana, haku a brfemene. Vozik lze mode- —
lovat jako aperiodicky ¢len s regulaci rychlosti,
zatimco zbytek systému odpovidd dynamice tro-
jitého kyvadla. Vstupem systému je poZadovana
rychlost voziku a vystupem jsou veli¢iny popi-
sujici pohyb haku. Model trojitého kyvadla obsa-
huje tfi komplexné sdruzené dvojice téméf netlu-
menych poli, které odpovidaji tfem rezonancnim
frekvencim. Kazda rezonan¢ni frekvence je pfitom
spojena s jednim konkrétnim tvarem kmitu.

1. Rameno - Lano

2. Rameno - Hak

3. Rameno - Zatéz

Obr 2. Model trojitého kyvadla
s pohyblivym vozikem
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! student navazujicitho studijniho programu Kybernetika a fidici technika, specializace Automatické Fizeni a
robotika, a vyzkumny pracovnikk centra NTIS, e-mail: dansuk24 @ntis.zcu.cz

61



4 Experimentalni identifikace

Pro odhad rezonan¢nich frekvenci byl navrZzen algoritmus SCARE (Sequential Crane
Active Resonance Estimation). Algoritmus vyuZziva dvoufdzovy reléovy experiment, kterym
jsou postupné vybuzeny dominantni médy systému. Z naméfenych odezev jsou nédsledné od-
hadnuty rezonanc¢ni frekvence pomoci Hilbertovy transformace, pfipadné v kombinaci s empi-
rickou modalni dekompozici. Na zdkladé t€chto odhadu jsou poté navrzeny parametry fizeni.

T T T
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Obr 3. Experimentdlni validace zpétnovazebni fizeni

5 Adaptace rizeni

Pii manipulaci s bfemenem se Casto méni délka lana, coz vede ke zméné dynamiky
celého systému. Tuto zménu nelze urit pouze ze znalosti ptivodnich rezonan¢nich frekvenci.
Proto jsou odhadnuté frekvence nejprve prevedeny na neznamé fyzikalni parametry zatéze pii
znamych parametrech lana a haku. Pfi nasledné zméné délky lana je moZné z téchto parametrti
dopocitat nové rezonancni frekvence a upravit parametry fizeni. V tomto piipadé se tedy ne-
jednd o adaptivni fizeni v klasickém smyslu, ale spiSe o pfistup typu gain-scheduling.

6 Zavér

Navrzené identifikacni a fidici algoritmy byly ovéfeny experimentdlné na redlném jetrabu.
Odhad rezonanc¢nich frekvenci byl spolehlivy zejména pro prvni dva médy, zatimco u tfetiho
modu byla pozorovédna vétsi odchylka. Pfi pfepoctu na fyzikdlni parametry zitéze a nasledné
adaptaci fizeni mtize tato odchylka pfi vétSich zménach délky lana negativné ovlivnit stabilitu
systému. Pfi menSich zméndch délky lana vSak byla stabilita systému zachovédna a navrzené
fizeni vykazovalo poZadovanou ucinnost.
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Introduction to Brain-to-Speech (BTS) Technologies

Luk4s Vladai!

1 Introduction

For last decades, researchers around the world have been working on the development
of text-to-speech (TTS) systems in order to provide an alternative means of communication for
people suffering from speech loss. However, these systems are not applicable to completely
paralysed patients, who are unable to type the intended utterance on a keyboard. Therefore, the
more sophisticated brain-to-speech (BTS) technology is necessary to synthesize speech directly
based on users’ thoughts.

This paper offers a brief introduction to brain activity measurement, it compares basic
BCI system categories, and provides an overview of popular BCI models and datasets.

2 Methods for Brain Activity Measurement

There are several ways to measure the brain activity. Some of these methods are invasive
(i.e., they require the surgical implantation of sensors into the skull), while others are non-
invasive and thus accessible to anyone. While non-invasive measuring is more user-friendly,
the obtained signal is usually burdened with a high level of noise. There are also differences
in the temporal and spatial resolution of these approaches (i.e., how accurately the time and
location of a particular brain event can be reconstructed from the signal). Additionally, some
of these methods require medical supervision or large and expensive equipment, making them
unsuitable for non-clinical use. Tab. 1 provides an overall comparison of different brain activity
measurements based on the survey of Schultz et al. (2017).

ECoG SsEEG Microelectrodes EEG MEG fMRI  fNIRS
Non-Invasive X
Suitable for Non-Clinical Use X

Temporal Resolution excellent poor
Spatial Resolution excellent good
Amount of Noise low medium

Table 1: Comparison of different methods for brain activity measurement.

3 BTS System Categories

BTS systems can be categorized based on different criteria. First of all, these systems
differ in output modality — some of them generate audio (i.e., the task of speech synthesis) while
others output text (i.e., speech recognition) and must be followed by a standalone TTS model.
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Furthermore, each system is designed for a specific speech mode. In terms of applica-
bility, the most useful models are those designed for imagined speech, whose input is a brain
signal recorded during the mere imagination of the intended utterance. Unfortunately, it is not
trivial to train such a model, since it is impossible to record ground-truth audio of imagined
speech. Therefore, many researchers focus on the spoken speech mode, i.e., recording brain
signals while the subject is actually speaking. On the other hand, BTS systems designed for
listened speech aim to reconstruct the speech that the subject is listening to.

These days, most BTS systems are user-specific, but for practical use, a universal model
that works for anyone without additional training would be very useful. Current BTS models
are usually trained using a small vocabulary of several words or phrases, however, the ultimate
objective is to design a general system working with an open vocabulary.

4 Popular BCI Models & Datasets

In recent years, many BCI models have been introduced, some of them have even been
published online. For example, Anumanchipalli et al. (2019) created a system synthesizing
speech based on ECoG recordings by estimating articulator movements. The NeuroTalk model
proposed by Lee et al. (2023) reconstructs speech spectrograms using EEG data. Recently, the
first model synthesizing whole sentences from EEG was presented by Rastogi et al. (2025).

Furthermore, several datasets have been published to allow custom BTS system training,
such as the Chisco dataset provided by Zhang et al. (2024), the DAIS dataset, EEGIS, etc.
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Chronicle Annotator: A Web Platform for Collaborative HTR
Annotation of Historical Manuscripts

Bc. Daniel Vodi¢ka!, [prof. Ing. Pavel Kral, Ph.D., Doc. Ing. Ladislav Lenc, Ph.DJ?

1 Introduction

Historical chronicles represent an invaluable cultural heritage, yet their handwritten con-
tents remain largely inaccessible to automated search and analysis. The State Regional Archive
in Pilsen (Stitni oblastni archiv (SOA)' v Plzni), which maintains extensive collections of
manuscripts, commissioned this work with the goal of developing a software tool that would
allow archivists to efficiently produce machine-readable transcriptions of chronicle pages.

Digitising handwritten documents requires Handwritten Text Recognition (HTR) — a task
significantly harder than printed-text OCR due to the high variability of individual handwriting
styles, archaic vocabulary, and image quality degradation caused by ageing paper and ink. The
SOA expressed an interest for an integrated, web-based platform that (i) applies HTR models
to scanned pages, (ii) allows domain experts to review and correct the recognised text directly
in the browser, and (iii) closes the feedback loop by exporting the corrected annotations so that
the underlying models can be continuously improved on the archive’s own data.

This work presents Chronicle Annotator, a platform that addresses all three requirements.
The system supports both manual and semi-automatic annotation, collaborative work on shared
projects, and iterative fine-tuning of two HTR backends — Kraken (Kiessling , 2019) and the
multimodal vision-language model HunyuanOCR (Tencent , 2025).

2 System Architecture

Chronicle Annotator is a web application fully containerised with Docker platform. In
production it runs as seven cooperating services; (See Figure 1).

The Flask web application (served by Gunicorn behind an Nginx reverse proxy) handles
all user-facing functionality. OCR processing is handled asynchronously by numbered dedi-
cated Celery workers communicating through a Redis message broker, so that computationally
expensive HTR jobs never block the web interface. The chronicle_worker container runs
Kraken for line segmentation and, when Kraken HTR is selected, also for text recognition (can
run in multiple instances). When more powerful model HunyuanOCR is selected, it dispatches
per-line tasks to a second worker, chronicle hunyan_ ocr.

3 Application Features

Interactive page editor. Figure 2 shows the editor interface. After a page is uploaded
under specific project and processed by the OCR pipeline, the scanned image is displayed with
coloured polygon overlays marking each detected text line. Users can browse lines, correct the
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Figure 1: Production Docker container topology. The backend_chronicle network is
defined as internal (no direct internet access); only Nginx and phpMyAdmin are reachable
from the public bridge network.

recognised text inline, add or delete lines, reorder them, and trigger re-processing of any page
with a different model.

Export and model fine-tuning. An-
notated projects can be exported as ZIP
archives in PAGE XML (for Kraken fine-
tuning via ketos train), ALTO XML v4
(for HunyuanOCR fine-tuning), or plain TXT.
The archive structure matches the input ex-
pected by the training scripts directly, requir-
ing no additional pre-processing.

4 Conclusion

Figure 2: Chronicle Annotator page editor.

Chronicle Annotator is a web-based
platform integrating collaborative editing,
asynchronous HTR processing, and model fine-tuning to progressively improve handwriting
transcription accuracy. Serving as a pilot project for archives in Pilsen and Cheb, the system is
expected to be deployed across numerous other archival institutions in the Czech Republic.
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Highly photoactive Cu;0 films with enhanced crystallinity for
PEC water splitting

Jan Vosejpka!, Tifi Capek?

1 Introduction

Cuprous oxide (Cuy0) is a promising material for photoelectrochemical (PEC) water
splitting due to its suitable bandgap and earth-abundant nature. It meets theoretical requirements
for efficient solar-driven hydrogen production, making it a key candidate for sustainable energy
applications. However, conventional fabrication methods, such as chemical synthesis, thermal
oxidation, or DC magnetron sputtering, often fail to produce Cu,O films with the ideal density,
crystallinity, and single-phase composition required for efficient PEC performance. These lim-
itations hinder the material’s photocurrent output and stability, necessitating the exploration of
advanced deposition techniques and post-deposition strategies.

In our study, we utilise reactive High-Power Impulse Magnetron Sputtering (HiPIMS)
to deposit CuyO films. The HiPIMS process was optimised by carefully adjusting discharge
conditions, primarily the oxygen partial pressure. To further refine the microstructure of the
deposited films, we investigated two strategies: increasing the deposition temperature and per-
forming vacuum annealing after deposition. The resulting films were characterised for their
structural and photoelectrochemical properties using XRD, SEM, and PEC measurements.

Cu,O

Figure 1: SEM images of 5 pum-thick film of Cu,O deposited using HiPIMS at partial pressure
of oxygen, pos = 0.42Pa, with substrate heating at 500 °C during the deposition and post-
annealed at 600 °C in a vacuum: left panel top-view and right panel cross-section of the film.
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2 Results

Optimised HiPIMS conditions enabled the deposition of single-phase Cu,O films with
uniform thickness and controlled microstructure. Increased deposition temperature and post-
deposition annealing significantly promote crystallisation and recrystallisation of the films, re-
spectively, achieving a highly crystalline and fully densified structure, as shown in Figure 1 and
left panel of Figure 2.

Photoelectrochemical measurements demonstrated that precise control of deposition and
annealing conditions substantially improves photocurrent performance. The resulting photocur-
rents, shown in Figure 2, of -3 mA/cm? at 0.03 V vs. RHE rank among the highest reported for
bare single-phase Cu,O in the literature. This study demonstrates that reactive HiPIMS, com-
bined with vacuum annealing, is a highly effective method for fabricating single-phase Cu,O
films with superior crystallinity and PEC performance. We also focus on developing multilay-
ered Cu,O-based photocathodes. This involves tailoring overlayers to improve charge separa-
tion and hydrogen evolution reaction (HER) kinetics while minimising degradation of the film,
together with underlayers, which help extract charge carriers from the film.
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Figure 2: Left panel shows photocurrent density at 0.13 V vs. RHE, j,,(@0.13V) (red line),
mean grain size (blue line), and surface roughness R, (green line) as a function of the film thick-
ness, d. The left panel shows linear sweep voltammetry with a scan rate of 10 mV/s and chopped
light. The films were deposited using HiPIMS at a partial pressure of oxygen, pos = 0.42 Pa,
with substrate heating during deposition at 500 °C, followed by post-annealing at 600 °C in a
vacuum.
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Impact of reduced field-of-view overlap on depth estimation
accuracy in modern stereo deep learning architectures

Jan Vrba!

1 Introduction

Reliable depth estimation is critical for applications like autonomous driving. To max-
imize coverage with fewer sensors, industrial multi-camera setups often restrict field-of-view
(FoV) overlap. This limits true stereo matching to the central region, creating structural occlu-
sions at the periphery where secondary camera data is missing.

Modern deep learning architectures (e.g., RAFT-Stereo Lipson et al. (2021)) address
stereo correspondences via correlation volumes, while advanced models like MonSter++ Cheng
etal. (2025) integrate monocular depth priors to improve robustness. This raises a fundamental
question: can these networks compensate for hardware-induced overlap loss using single-image
context?

This paper presents a quantitative error analysis of deep stereo networks under simulated
overlap reduction. Using the KITTI 2015 dataset Menze and Geiger (2015), we artificially
restrict the FoV by zero-masking corresponding image boundaries to create occlusion zones
of varying widths. By separately evaluating fully stereo (overlap) and occluded regions, we
measure accuracy degradation when models predict depth purely from monocular context.

2 Methodology

To simulate reduced stereo FoV
without shifting cameras’ principal points §
(which would disrupt correlation vol-
ume search ranges), we propose a spatial
zero-masking pipeline.

For a rectified image pair of width

W, reducing mutual overlap by percent-  Figure 1: Example of masked left input image sim-

age p requires masking a boundary of yjating a reduced mutual overlap.
¢ = |W - (p/100)] pixels. To preserve

epipolar geometry, we zero-mask the input tensors directly: the left image is masked on its
right boundary (x > W — ¢) and the right image on its left boundary (z < ¢).
After network processing, the predicted disparity is cropped to the valid width

(r < W — ¢). We evaluate against LiDAR ground truth across two zones: the Occluded Zone
(r < c¢), relying purely on monocular context, and the Overlap Zone (z > c), containing
valid stereo textures. Performance is measured via End-Point Error (EPE), Root Mean Square
Error (RMSE), the D1-out outlier metric, and the percentage of pixels exceeding absolute error
thresholds of 1, 3, and 5 pixels (> 1px, > 3px, > 5px).

! PhD student of Cybernetics, Artificial Intelligence, e-mail: janvrb@fav.zcu.cz

69



3 Results and discussion

We evaluated MonSter++ on KITTI 2015 under varying FoV overlap reductions (p €
{0%, 15%, 25%, 33%}). The results are summarized in Table 1.
Table 1: Quantitative evaluation under simulated FoV When interpreting these re-
overlap reduction. sults, it is crucial to consider the ge-

ometric proportions. For instance,
Region Crop(p) EPE RMSE DI1(%) >1px >3px >5px .o p= 33% crop, the original im-

0% 089 231 3411983 358 212 a0 width TV is reduced to an eval-
Al 15% 086 215 405 1772 420 229 , : e
25% 1.07 2.36 719 2278 727 385 uation width of 0.671/. Within this

33% 154 2% 1388 3174 1395 762 evaluated image, the artificially oc-

I5% 185 298 1483 4.1 1527 730 cluded zone spans exactly 0.331V.
Occluded  25% 217 330 2001 5405  20.16 1025
3% 273 402 2859 6012 2871 1560 Therefore, the Occluded zone con-

15% 0.72 1.89 257 1312 266 163 stitutes approximately 50% of the
Overlap 25% 0.64 1.65 2.17 10.68 2.19 1.37 final evaluated image area, leav-
33% 0.56 1.31 1.71 8.44 1.72 1.01

ing the remaining 50% for the true

stereo Overlap zone.

This geometric reality explains the sharp [yt
increase in the global error (All zone) at higher
crop percentages. While the network main-
tains exceptional robustness in the Overlap zone
(achieving a sub-pixel EPE of 0.56 at 33% crop),
its performance collapses in the Occluded zone.
Forced to hallucinate depth relying solely on
single-image priors, the EPE in the 33% occluded
area spikes to 2.73 px, with over 60% of the pixels [RSSEE=
exceeding a 1-pixel error threshold. This proves
that while modern networks leverage monocular
context effectively for minor occlusions, they can-
not reliably reconstruct depth geometry in wide
structural blind spots. Nevertheless, future work
must extend this evaluation across diverse datasets
and alternative network architectures.

(a) Disparity prediction with sparse GT overlay

(b) Error map (red indicates high error)

Figure 2: Visual example of prediction
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Thermal Engineering and Phase Control of Zirconium Oxynitride
Thin Films Synthesized via Reactive HiPIMS for Energy
Applications

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

1 Introduction

Transition metal oxynitrides combine the chemical durability of oxides with the narrow,
flexible band structures of nitrides, making them excellent candidates for solar water splitting
[1, 2]. Zirconium oxynitride Zr—O—-N compounds - specifically the ZroON; stoichiometry -
possess favorable band alignments and visible-light absorption ideal for the oxygen evolution
reaction [3, 4]. However, synthesizing phase-pure Zr—O-N with high crystallinity remains
challenging due to the narrow thermodynamic window for nitrogen substitution into oxide
lattices under conventional physical vapor deposition.

2 Experimental

To address this, Zr—-O—N thin films were deposited across a wide compositional range
using reactive high-power impulse magnetron sputtering (HiPIMS) from a metallic Zr target.
Utilizing the high plasma ionization of the HiPIMS discharge, precise control over oxygen and
nitrogen incorporation was achieved on silicon and glass substrates under varied O2/N; gas flow
ratios. Depositions were performed at both room temperature and with in-situ heating at 450 C.
To drive phase formation, post-deposition vacuum annealing was executed up to 600 C. Film
properties were systematically analyzed using WDS, XRD, SEM, four-point probe resistivity,
and UV—Vis spectrophotometry.

3 Results and Conclusions

The films demonstrated a clear phase evolution from insulating monoclinic ZrO to
semiconducting oxynitrides, and finally metallic ZrN as the O2/N, flow ratio decreased. This
structural shift correlates with a systematic narrowing of the optical bandgap (quantified via
Tauc analysis) and a multi-order increase in electrical conductivity. Furthermore,
photoelectrochemical (PEC) evaluations and electrochemical impedance spectroscopy (EIS)
successfully resolved the underlying interfacial charge transfer kinetics and photocurrent
stability under simulated solar light. Ultimately, this investigation provides effective processing
maps to isolate highly crystalline, visible-light-active zirconium oxynitrides optimized for clean
energy conversion.

4 Figures
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Drawing Mining - Title Block Information Extraction
Jifi Vyskocil!

1 Introduction

Current workflows for processing technical drawings are still largely manual, time-con-
suming, and error-prone, which negatively impacts manufacturing planning and cost estimation.
Therefore, a project in collaboration with Amitia s.r.o. is being conducted to develop Al-based
support for cost estimation and production planning in manufacturing environments.

This paper focuses on a subtask of the project: the extraction of information from title
blocks and related global drawing annotations. Besides metadata, such as the author or revision
date, these regions may also contain manufacturing-related information, including projection
methods, tolerances, surface roughness specifications, and material properties. However, such
global information is not strictly confined to the title block and may appear elsewhere in the
drawing.

A key challenge arises from the high resolution and visual complexity of technical draw-
ings. While title blocks maintain relatively consistent text size across different drawing formats,
their relative spatial extent decreases significantly in large-format drawings. Direct processing
of full-resolution drawings using Multimodal Large Language Models (MLLMs) therefore in-
troduces unnecessary visual redundancy and computational overhead. To mitigate this issue,
the proposed approach combines a YOLO-based detector by Jocher et al. (2023) with the
Qwen3-VL MLLM by Qwen Team (2025), enabling targeted processing of semantically rele-
vant regions only.

2 Methodology

Fig. 1 illustrates the proposed pipeline, consisting of preprocessing via object detection
followed by multimodal information extraction.
Table detector. A YOLO-based detector is used to localize relevant regions in technical draw-
ings using resized images with a resolution of 1024 x 1024 px. The detector identifies title
blocks and related metadata regions, as well as other structures such as bills of materials or
revision tables, which are not relevant to the task considered in this work. The detected regions
are subsequently cropped and forwarded to the MLLM, thereby reducing input complexity and
filtering irrelevant content.
Information extractor. The cropped regions are processed using an MLLM; we used Qwen3-
VL and GPT-5.4 / GPT-5,,. Initial experiments focused on zero-shot prompting and prompt
engineering to enforce structured JSON outputs, where ChatGPT additionally supports native
response format constraints enforcing a predefined JSON schema. Subsequently, the open-
weight Qwen3-VL model was fine-tuned using Low-Rank Adaptation (LoRA) by Mangrulkar
etal. (2022). Training was performed on approximately 70 annotated samples, while the initial
evaluation was conducted on a test subset consisting of roughly 15 drawings.
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Figure 1: Overview of the proposed pipeline demonstrated on a publicly available technical
drawing from www.stovkomat.cz.

Detector ‘ mAP;g mAP5q_9g5 MLLM ‘ Fine-tuned Response format Exact,, Exact,
YOLO-11, 99.5 99.3 GPT-5,, X v 67.0 44.1
YOLO-26,, 99.5 99.5 GPT-5, X X 71.3 50.3
GPT-54 X v 77.4 62.9

Table 1: Object detection per- GPT-5.4 X X 783 643
formance on localization of ta- ~Q%¥en3-Vlsas X - 768 61.2
Qwen3-VLigp v - 100.0 100.0

bles and text clusters.

Table 2: Comparison of the title block information extraction
for evaluated MLLMs.

3 Results and Conclusion

The proposed pipeline achieves consistent performance in both the preprocessing and
multimodal extraction stages. The object detector reliably localizes relevant regions in technical
drawings, enabling effective reduction of irrelevant visual content prior to MLLM inference.

On the initial test subset (15 drawings), the fine-tuned Qwen3-VL model achieves 100%
exact accuracy, while on an extended test set of 48 drawings it achieves 99.6 % accuracy. Here,
exact denotes the proportion of correctly predicted labels, whereas macro and micro represent
label-wise and frequency-weighted averages, respectively. A notable observation concerns the
response format constraint. Although it enforces strict JSON consistency, it occasionally re-
duced performance by limiting model flexibility. This does not imply that structured response
formats are inherently harmful, as they may also be beneficial in other tasks.
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Biological data acquisition and its impact on pipeline design

Katetina Wolf *!, Tomas Honzik !, David Stanicek !, Robin Klieber 2, Pavel Ostasov 3, Zia
Ullah 2, Pavel Jindra **, Monika Holubova ?? and Lucie Houdov4

1 Introduction

Although creating a pipeline for the automatic processing of genetic data is not a new
concept, existing pipeline may not be fully applicable or usable due to the specific
characteristics of the examined genes or due to new methods of obtaining data from biological
material (sequencing methods). Next-generation sequencing (NGS) is currently the most widely
used method; however, there is a gradual shift towards long-read sequencing technologies like
PacBio and Oxford Nanopore Technologies. NGS, specifically the Illumina sequencer,
generates short DNA sequences known as reads, which can typically be around 250 bases long.
To analyse these reads, they are typically aligned to a reference sequence. In contrast, PacBio
HiFi technology produces longer reads, in our case approximately 1,400 bases. Although this
method is more expensive, it can address issues where NGS falls short. This enhanced
capability can be demonstrated by examining KIR isoforms.

2 Biological Background

Every year, 700 people in Czechia diagnosed with hemato-oncological diseases receive
hematopoietic stem cell transplantation (HSCT) as a vital treatment. Suitable donors are
primarily selected based on HLA gene matching, followed by non-genetic factors such as age
and gender. Recent studies have also explored the impact of additional genes like the killer-cell
immunoglobulin-like receptor (KIR). These genes can play a role in the patient outcome, and
they are usually involved in post-transplant conditions like graft-versus-host disease or graft-
versus-leukemia. KIR genes are characterised as highly diverse due to KIR gene content, copy
number, or allelic polymorphism. Their mutual similarity exists not only at the variant level but
also across genes. Additionally, the mechanism of alternative RNA splicing creates a diverse
range of isoforms [1], however available public data sources on this topic are currently quite
limited, which brings new challenges into data processing.

3 Discussion

Automating the processing of genetic data requires careful planning. The design of data
pipelines must be tailored to the specific data and the insights we aim to gather (such as used
primers, sequencing technology and processing tools). It is also important to be aware of the
limitations of the results produced by the pipeline.
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Figure 1: Sequencing data can obtained from various genetic templates, such as DNA, RNA
and cDNA. Sequencing data can also be obtained by various technologies, such as: NGS or
PacBio. An isoform is a variant of the same gene created through alternative splicing,
resulting the production of multiple proteins. Illustrative image from [2].
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Modular peripheral system
for Raspberry Pi Zero emulator

Matgj Cerny'

1 Introduction

The development of software for embedded systems is a recurring practical challenge:
the target hardware is often unavailable, expensive, or inconvenient to work with directly. Sim-
ulation environments resolve this dependency by letting firmware run against a virtual represen-
tation of the hardware. One example is ZeroMate developed by Silhavy (2024), an educational
Raspberry Pi Zero emulator targeting the KIV-RTOS operating system (Ubl (2021a)).

Most existing simulators, however, draw a hard line between the emulated processor and
everything around it: peripherals are accessories of one fixed emulator, with no facility for
arbitrary chips to interact directly. A simulator that lifts this restriction would make it possible
to assemble realistic schematics — displays driven by shift registers, sensors reporting over
a wire, multiple processors talking over a shared bus.

2 Existing Solutions

Several simulation tools are publicly available, including QEMU, Logisim Evolution,
and SimulIDE, but none simultaneously offers a shared wire model with multi-MCU capability
and a native C++ plugin SDK. QEMU operates at the memory-mapped register level and stubs
key GPIO behavior. Logisim Evolution targets gate-level education with Java-coupled compo-
nents. SimullDE comes closest, treating AVR and PIC cores as schematic-level participants,
but its MCU integrations are hard-coded and cannot be extended through a stable interface.

3 Proposed Solution — CircuitSim

CircuitSim? was developed to fill this gap. It is a tick-accurate digital circuit simulator
whose wire model uses six states (strong high and low, floating, weak pull-up and pull-down,
and an error state for conflicting drivers), enabling correct simulation of open-drain protocols
such as I>C and of shared-bus designs in general.

Custom chips are authored as native C++ plugins, and a plugin is added to a project by
a single configuration line; the same mechanism is used to integrate ZeroMate, whose entire
emulator becomes one chip on a schematic with its GPIO pins exposed. Multiple ZeroMate
instances, other CPU emulators, or other chips can coexist on the same wire model. The sim-
ulator ships with a visual schematic editor showing live wire-state coloring, a casing editor for
designing chip visuals, a probe window for inspecting signals during simulation, and a basic
built-in chip suite, including a Lua-programmable chip for one-off custom logic.
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4 Results

Testing covers per-chip tests, protocol tests for the I>C and UART tools, and integra-
tion tests booting real ARM firmware on the ZeroMate plugin against external chips. The
wire-faithful environment uncovered three latent bugs in the original ZeroMate’s mini-UART.
A side-by-side comparison against a physical Raspberry Pi Zero connected to the KIV-DPP-01
expansion board (Ubl (2021b)), running the same KIV-RTOS-derived kernel image, produced
identical OLED text and an identical 8-segment digit driven through an SN74HC595 shift reg-
ister. With peak compiler optimizations, running ZeroMate as a CircuitSim plugin introduces
a throughput overhead of 9-10 % compared to the standalone emulator.
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Figure 1: CircuitSim GUI: ZeroMate executing the KIV-RTOS kernel to drive other chips,
including an I?°C LCD and an 8-segment display via an SN74HC595 shift register. The bottom
probe window displays real-time logic waveforms.
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Speech&Text Deception Detection

Jan Simek!

1 Introduction

Recognizing deception is a difficult task even for humans (Chen et al. 2020), hence auto-
matic detection would be beneficial for interactions where people tend to deceive, for instance
interrogations or job interviews. We focus on detection from speech, as it is non-invasive and
can even be performed remotely (for example via phone call). Our aim is to compare the detec-
tion success rate of various machine learning classifiers and modalities (acoustic and linguistic)
to evaluate which representations and classifiers are the most suitable for this task.

2 Training Data

The Columbia SRI Colorado (CSC) corpus (Hirschberg et al. 2005) fits our objective
acceptably. The corpus consists of 32 speakers participating in a six areas performance test.
Each participant was interviewed and instructed to tell the truth about four of the test areas
and deceive about the two remaining. When deceiving, the participant was asked to push a
pedal which was hidden from the interviewer. The result is 7 hours of annotated speech with
transcriptions — 60% truthful utterances and 40% deceptive ones. For our purposes, the long
FLAC files were divided into separate sentences, and these were split into the training (90%)
and testing (10%), where a particular speaker appears only in one of these sets.

3 Experiments

First, we extracted acoustic features from the audio files using two different approaches.
The predefined ComParE set (Weninger et al. 2013) captures 6,373 features representing vari-
ous voice characteristics (we selected only the 32 top-ranked ones, as a higher number did not
improve results), while the wav2vec2-base! neural model creates its own embedded repre-
sentations. These two sets were utilized to train a set of machine learning classifiers to compare
which features provide a more suitable representation.

Next, we focused on linguistic features and performed two methods of text embedding:
standard TF-IDF and all-mpnet-base-v22, one of the S-BERT neural models. The goal
was to compare the informational richness of the representations. Moreover, we wanted to
analyze which would be a better fit for the task: linguistic or acoustic representation.

Finally, we merged the features of both modalities to reveal whether their combination
could lead to even better results. To measure the success rate of all the experiments, we trained
several machine learning classifiers — decision tree, random forest, SVM, SGD, and XGBoost —
and recorded standard evaluation metrics (balanced accuracy: BA, recall: R(lie), precision: P)
for every experiment. These results are discussed in the next section.

! student of the doctoral degree program Cybernetics, e-mail: simio@fav.zcu.cz
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4 Results and Conclusion

Comparing the acoustic representations, the experiments showed that balanced accura-
cies of most models move a bit above the chance level (0.5) with no apparent dominance of
hand-crafted or self-learned features. The best results were achieved with the decision tree clas-
sifier (BA = 0.488, R(lie) = 0.438) and XGBoost (BA = 0.520, R(lie) = 0.399) trained with
selected ComParE features. Other classifiers ended with worse metrics, or they completely
collapsed to generally classify true or false only.

For linguistic features, we can see a marginal superiority of S-BERT embeddings com-
pared to traditional TF-IDF, with best results achieved with SVM with linear kernel (BA =
0.571, R(lie) = 0.368) and decision tree (BA = 0.511, R(lie) = 0.404). However, the highest
recall of the “lie” was spotted at the decision tree trained with TF-IDF embedding (0.433). It
is hard to state which of these representations performs better, but we can affirm that the deci-
sion tree classifier achieves acceptable results, regardless of the input representation, while the
performance of other classifiers depends more on the embedding of input data.

From these results, it can be stated that linguistic modality is more advantageous for our
approach. The S-BERT embedding exceeds the ComParE features across the majority of clas-
sifiers. Moreover the difference between best balanced accuracies from both segments (0.571
and 0.520) is statistically significant according to the McNemar test. (McNemar 1947)

When merging selected ComParE features and S-BERT embedding together, we ob-
served a minor raise of balanced accuracy of SVM with linear kernel (0.579) in contrast to its
linguistic-only variant (0.571) and the results of this fusion are overall 1-2% better to the fusion
of S-BERT and wav2vec embeddings. Perhaps the low dimension of the selected ComParE fea-
tures brings auxiliary distilled information, whereas the concatenation of S-BERT and wav2vec
embeddings make the high-dimensional data noisy.

In summary, even though our classification results only negligibly surpass the chance
level, these numbers are not too different from Hirschberg et al. (2005), introducing the corpus.
Moreover, our task is defined as strictly speaker-independent, which is desirable for future work
on automated deception detection, and this research can be one of the steps on its journey.
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Identifikace specifickych bodi plochy plasticity tvarenych plechi
Jakub Slegl'

V soucasné dobé je vyvoj konstrukénich dilti v automobilovém primyslu stale vice
ovliviiovan pozadavkem na kombinaci nizké hmotnosti, vysoké pevnosti a dostatecné
tvaritelnosti. Tento trend vede k intenzivnimu vyuziti vysokopevnostnich oceli, zejména
materialt typu AHSS, jejichz mechanické chovani se vSak vyznacuje vyraznou komplexnosti.
Zatimco zvySena pevnost piispiva ke zlepSeni bezpecnostnich parametri konstrukci, soucasné
dochazi ke snizeni tvafitelnosti a zvyseni citlivosti materidlu na lokalni nestability, jako je
ztencovani, vznik trhlin nebo tzv. ,,spring back® efekt. Klicovym ptedpokladem pro zvladnuti
téchto jevl je detailni znalost plastického chovani materialu. Jednim ze zékladnich néstroju pro
popis plastické odezvy kovovych materidll je plocha plasticity, kterd reprezentuje hranici mezi
elastickym a plastickym stavem v prostoru napéti. Piesna identifikace jejiho tvaru zasadné
ovliviiuje kvalitu numerickych simulaci tvafecich procest, které jsou dnes nedilnou soucésti
konstrukéniho navrhu. Piestoze existuje celd fada teoretickych modeld, jejich spolehliva
aplikace v praxi je podminéna kvalitni experimentalni kalibraci. Pravé tato skutecnost tvori
hlavni motivaci této prace.

Cilem prace je ve spolupraci s firmou COMTES FHT a.s. experimentalni ureni a
numerické ovéfeni bodl na plose plasticity vysokopevnostni oceli DP1000, a to na zakladé
kombinace n¢kolika typii mechanickych zkouSek, které umoznuji dosazeni odliSnych stavl
napjatosti. Pozornost je vénovana tfem kliCovym experimentadlnim metodam — hydraulickému
bulge testu vyhodnoceny metodou ARGUS (Hallfeldt et al. (2014) a Slegl (2023)), stack testu
(Graser et al. (2019) a Merklein a Kuppertt (2009)) a plane strain testu (Flores et al. (2010) a
Min et al. (2022)). Zatimco bulge test a stack test poskytuji informace odpovidajici piiblizné
dvojosému tahovému stavu, plane strain test piedstavuje zasadni meziclanek mezi jednoosym
a dvojosym zatéZovanim. Pravé oblast rovinné deformace je z pohledu materidlového
modelovani mimotadné citliva, nebot’ v ni dochazi k vyraznému ovlivnéni vysledkli volbou
konstitutivniho modelu i experimentalni konfigurace. V ramci prace je proto detailné
analyzovana schopnost riznych geometrii zkuSebnich vzorkdi dosdhnout stabilniho stavu
rovinné deformace. Ukazuje se, ze dosazeni tohoto stavu neni samoziejmé a Ze i relativné malé
geometrické nebo technologické odchylky mohou zasadné ovlivnit vysledné chovani materialu.
Kombinace optickych méficich metod zaloZenych na digitalni korelaci obrazu a numerickych
simulaci metodou kone¢nych prvkil zde poskytuje silny nastroj pro potvrzeni experimentalnich
predpokladi.

Vyznamnym piinosem prace je systematické porovnani experimentalnich a numerickych
vysledkl, které umoziiuje nejen identifikovat vhodné experimentalni postupy, ale také
kvantifikovat jejich spolehlivost. Na zéklad¢ tohoto pfistupu jsou vybrany reprezentativni
vysledky jednotlivych zkousek a prevedeny do jednotného napét'ového prostoru. Takto ziskané
body jsou nasledné pouzity pro konstrukci experimentalni plochy plasticity a jeji porovnani s
teoretickym popisem podle von Misesova kritéria. Ziskané vysledky ukazuji, ze pti vhodné
zvoleném experimentalnim a numerickém pfistupu lze dosdhnout velmi dobré shody mezi
experimentalné stanovenymi body a teoretickou plochou plasticity. Soucasn¢ vSak prace
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odhaluje limity jednotlivych metod a zdiraznuje nutnost jejich kritického posuzovani, zejména
oblasti rovinné deformace. Dllezitym zavérem je skutecnost, Ze spravné navrzeny plane strain
test predstavuje klicovy experiment pro zpfesnéni materialového modelu, avSak jeho realizace
vyzaduje peclivou optimalizaci geometrie i experimentalnich podminek. Popsany pftistup
zaroven ukazuje vyznam provazani experimentu a numerického modelovéani, které se v tomto
pfipadé neomezuje pouze na verifikaci vysledkl, ale stdvd se aktivni soucdsti jejich
interpretace. Prace tak prispiva k lepSimu porozuméni chovani vysokopevnostnich oceli

DP1000 v raznych stavech napjatosti a poskytuje podklad pro piesnéjsi a spolehlivé;si predikci
odezvy tohoto materidlu v podminkach realnych tvarecich procesi.
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LACA: Improving Cross-lingual Aspect-Based Sentiment Analysis
with LLM Data Augmentation

Jakub Smid!

1 Introduction

Aspect-based sentiment analysis (ABSA) is a natural language processing task that aims
to identify sentiment towards specific aspects of a product or service. For example, in the
sentence “Delicious food”, the aspect term “food” expresses positive sentiment. Cross-lingual
ABSA transfers knowledge from a source language to a target language. In this work, we focus
on the zero-shot cross-lingual setting, where the model is fine-tuned only on source-language
data and has no access to labelled target-language examples. To improve adaptation to the
target language, we leverage a large language model (LLM) to generate pseudo-labelled target-
language data, in contrast to traditional approaches that rely on machine translation.

2 Proposed Solution

We propose the LACA framework (Figure 1), which leverages unlabelled target-language
data to improve zero-shot cross-lingual ABSA. The framework first fine-tunes an ABSA model,
such as XLLM-R, on labelled source-language data. The trained model then predicts labels
for unlabelled target-language sentences. Instead of directly using these noisy predictions,
we prompt an LLM (e.g. LLaMA-3.1-70B) with the predicted labels to generate new target-
language sentences aligned with the predicted sentiment and aspect information. The generated
sentences are subsequently paired with the predicted labels to form a pseudo-labelled target-
language dataset, which is combined with the original source-language data for final training.

> > > ) .
\ Train Predict Generate  Source Target  Predicted Generated ;
Labelled | = "--------mCmCmTmCmCmTSSSSoTmTmToTTTSSSoTmmmttC
_— : 0S
Source Language { Delicious [teal,s but pricey [souplye ]—» —)[ [(tea, POS), (soup, NEG)] | o FOS),
Unlabelled [Cocinalppg inmejorable L ABSA L -> [(Cocina, POS)] (Cocina, POS)
Target Language < Model
Dataset D- [Servicio], ., demasiado rapido i
INEG ’ Al (Servicio, NEG) ¥
L. F- P te, NE!
demasiada [gente] ., > > [(Servicio, POS), (gente, NEG)] |"(senie, Ne) H
La [Cocina], es increible < D G [(Cocina, POS)]
Generated
Target L .
e lonse [ o me gusabala coonale | Ly < [Cocina, NEG)
Gran [servicio],s, pero la [gente],. de < < [(Senvicio, POS), (gente, NEG)]

gestion son terribles

Figure 1: Proposed LACA framework.

Crucially, instead of translating or directly reusing predictions, LACA conditions LLM
generation on model-predicted labels, enabling controlled synthesis of target-language training
data aligned with the ABSA task structure. In contrast to translation-based approaches that pro-
duce semantically similar target-language counterparts of source sentences, our method gener-
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ates diverse target-language samples conditioned on predicted labels. This improves robustness
and generalization by exposing the model to a wider range of expressions and linguistic struc-
tures, while also allowing controlled data generation to mitigate label imbalance by synthesizing
additional examples for underrepresented sentiment classes.

3 Results

We evaluate our approach on a dataset covering six languages, using English as the source
language and the remaining languages as targets. Our primary experiments employ XLM-R as
the ABSA backbone and LLaMA-3.1-70B for target-language data generation. Table 1 com-
pares the proposed LACA framework against the MONOLINGUAL baseline (trained directly on
labelled target-language data), the ZERO-SHOT baseline (trained only on English data), and the
previous state-of-the-art translation-based method (Zhang et al., 2021). The proposed approach
outperforms the previous state of the art by more than 2.5% on average across the evaluated tar-
get languages, while remaining within 1% of the fully supervised monolingual setting on aver-
age. Additional experiments with Turkish and multiple backbone models, including fine-tuned
LLMs, demonstrate that the improvements generalize consistently across architectures and can
yield even stronger performance gains. We also show that smaller LLMs (e.g. 8B parameters)
achieve comparable performance to larger models, indicating robustness and efficiency of the
proposed generation strategy.

Method Es Fr NIl Ru Avg

MONOLINGUAL 7193 67.44 6428 6493 67.15
ZERO-SHOT 67.48 58.87 5895 56.10 60.35
(Zhang et al., 2021) 69.24 5990 63.74 62.02 63.73
LACA 71.89 64.97 65.35 63.20 66.35

Table 1: F1 results with XLM-R, with the best cross-lingual scores highlighted in bold.

4 Conclusion

We introduce the LACA framework to enhance zero-shot cross-lingual ABSA by lever-
aging a large language model to generate high-quality pseudo-labelled target-language data
conditioned on predictions from an ABSA model. The proposed approach establishes new
state-of-the-art results, outperforming translation-based methods, and demonstrates consistent
effectiveness across multiple target languages and backbone models, including strong gains
with different architectures and LLM-based variants.
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Towards the Largest Czech Sign Language Translation Dataset in
the World

Tomas Zelezny!

1 Introduction

Sign languages are rich visual-spatial natural languages used by Deaf communities. They
convey information through hand articulation, body pose, facial expressions and non-manual
markers. Sign language processing includes tasks such as Isolated Sign Language Recogni-
tion (ISLR), Continuous Sign Language Recognition (CSLR), and Sign Language Translation
(SLT). Among these, SLT is considered the most challenging because it combines complex
visual understanding with natural language translation.

The main limitation of modern SLT research is the lack of large-scale datasets. While
high-resource sign languages such as ASL already contain thousands of hours of annotated
data, Czech Sign Language (CzSL) remains severely underrepresented. This work presents
an ongoing effort towards constructing a large-scale CzSL Translation dataset from multiple
heterogeneous data resources.

2 Czech Sign Language Resources

The proposed dataset combines multiple Czech sign language resources with different
modalities, annotation quality and task suitability. Table 1 summarizes currently identified
datasets and data sources. Highlighted rows denote the primary Czech Sign Language resources
newly integrated and analyzed within this work.

Existing Czech datasets are mostly focused on isolated sign recognition or motion-capture
acquisition. While such datasets remain valuable for auxiliary tasks and multimodal experi-
ments, they are insufficient for large-scale gloss-free SLT training.

The most promising sources for continuous SLT are interpreted broadcasts, educational
materials and online media. However, the collected resources differ substantially in annotation
granularity, subtitle quality, synchronization accuracy, visual quality and domain specificity.
Some datasets provide sentence-level subtitles, while others contain only paragraph-level anno-
tations requiring further segmentation and alignment.

These differences significantly affect the suitability of individual sources for machine
learning training, pretraining and evaluation.

3 Dataset Construction Challenges

Before the collected resources can be used for SLT training, each source must be pro-
cessed individually. The main challenges include:

* temporal misalignment between signing and subtitles or transcripts,
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Source \ Task \ Size \ Annotation Quality

UWB-06-SLR-AT ISLR 5685 clips precise
UWB-07-SLR-Pf ISLR 21k clips precise
Znaky.zcu.cz! ISLR 1000+ clips precise
SL MoCap Dataset' ISLR/CSLR/SLT 30 min precise
MC-TRISLANT SLT 18h precise
YouTubeSL-25 Cz SLT 12h weak subtitles
JW Sign Cz SLT 175N sentence-level
Dictio ISLR 30k clips precise
Hybrid books SLT 65 h paragraph-level
PSP broadcasts SLT 14 h (growing) weak subtitles
Ceska televize SLT hundreds of hours mixed
Minirozhovor CUN SLT 1-5h precise
Narodni technické muzeum SLT <1h mixed
MTDRadlice SLT 15-30h mixed

T Product of the University of West Bohemia in Pilsen.

Table 1: Overview of Czech Sign Language resources considered for dataset construction.
Highlighted rows denote resources currently integrated within this work.

paragraph-level annotations that must be split into sentence-level segments,

different video quality, framing and signer size,

differences between interpreted, lexical and natural data,

* domain-specific bias, e.g. religious or political language,

different availability of subtitles, OCR text or audio transcripts,

* licensing and privacy constraints.

These factors significantly affect the usability of individual resources for sign language
translation training and evaluation.

4 Conclusion

This work presents an ongoing effort towards construction of a large-scale Czech Sign
Language Translation dataset from heterogeneous Czech sign language resources. The col-
lected sources differ substantially in annotation quality, synchronization accuracy, domain, vi-
sual properties and linguistic style. As a result, each dataset requires an individual preprocessing
and alignment strategy before it can be used for SLT training.

The analysis also suggests that different resources may be suitable for different stages of
development. Weakly aligned large-scale corpora may still provide valuable pretraining data,
while carefully synchronized sentence-level resources are necessary for fine-tuning and evalua-
tion. Similarly, isolated-sign datasets are not directly suitable for continuous SLT training, but
may remain useful for auxiliary tasks or visual encoder pretraining.

Future work will focus on data acquisition, temporal realignment, sentence segmentation
and construction of reliable development and test sets for Czech Sign Language Translation.
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