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Object Detection in Scientific Images Using YOLO Models

Bc. Elmir Mamedov (M2)

Skolitel: Ing. Martin Schétz, Ph.D.

Accurate detection of objects in microscopy images is critical for biological analysis. Manual detection is
labor-intensive, error-prone, and slow, especially for small objects in noisy microscopy images.
Traditional automatic image analysis detection methods are sensitive to noise and to variable focal
planes. This project aims to develop a workflow for automated detection of pollen grains using YOLO
deep learning models, with potential for real-time analysis. We plan to preprocess high-resolution
images and train multiple YOLO versions and network sizes to evaluate and identify the optimal balance
between detection precision and computational efficiency. Transfer learning from related datasets
followed by fine-tuning on pollen data is expected to improve model performance. We have set up the
computing environment on the Metacentrum cluster, and early tests with different YOLO models
demonstrate feasibility of training large models on multi-layer microscopy datasets. The final workflow
will support live prediction streaming for detection and multi-class classification, moving toward real-
time “smart microscopy” applications.
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Robotizace na webu pro védecké vyuziti

Bc. Adam Vaculik (M2)

Skolitel: Ing. Jan Kohout, Ph.D.

VWybér vhodného casopisu pro publikaci védeckého clanku predstavuje pro zacinajici vyzkumniky
narocny ukol vyzadujici orientaci v mnozstvi odbornych periodik a znalost publikacniho prostredi. Cilem
této prace je analyzovat moznosti vyuziti védeckych databazi pro doporucovani publika¢nich ¢asopist a
navrhnout reseni zalozené na metodach strojového uceni. Prace zahrnuje analyzu jak placenych
databazi (napr. Scopus, Web of Science), tak open access zdrojd (napr. OpenAlex, Crossref), pricemz
hodnoti jejich dostupnost, pokryti dat, kvalitu metadat a moznosti integrace prostrednictvim APL
Hlavnim vystupem prace je navrh a implementace databazového systému schopného integrovat data z
rlznych védeckych API do jednotného prostredi. Systém je navrZzen s ddrazem na modularitu a
rozsiritelnost, coz umoznuje snadné pridani dalSich datovych zdrojd v budoucnu. Aktudlné systém
integruje data z open access databazi OpenAlex a Crossref. Soucasti prace je také névrh modeld
strojového uceni pro inteligentni doporucovani vhodnych publikacnich casopisd na zakladé
charakteristik védeckého clanku. Prace vytvari zaklad pro budouci vyvoj komplexniho nastroje pro
podporu publikaéni ¢innosti vyzkumnik na VSCHT Praha.
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Rust in performance-critical applications

Bc. Arian Adam Ott (M2)

Skolitel: RNDr. Mgr. Pavel Cejnar, Ph.D.

Rustis a compiled systems programming language that provides high performance and strong memory
safety guarantees through its borrow checker, which enforces ownership and borrowing rules at
compile time. This work presents Rust implementations of Breadth-First Search, Quicksort, and Monte
Carlo simulation, alongside straightforward Python translations for comparison. The examples
demonstrate typical Rust patterns such as borrowing slices to avoid unnecessary copies, performing in-
place operations, and writing generic functions for type-safe code reuse. Parallelism is introduced using
the Rayon library, which allows simple expression of multicore workloads through iterators while
preserving safety. Finally, a more applied project is shown: live interpolation of experimental data
through a graphical interface, developed as part of the author's master'sthesis. This illustrates how Rust
can be used for real-world applications involving both computation and user interaction.
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Datova integrace a automatizace v laboratornich systémech

Bc. Vladislav Aulich (M2)

Skolitel: Gonzalo Araya Vargas

Prace se zaméruje na datové fizenou optimalizaci chemickych procesd a integraci laboratornich
pristroji do samooptimalizacni platformy urc¢ené pro autonomnifizeni experimentd. Platformy zaloZzené
na principech bayesovské optimalizace predstavuji efektivni pristup k reseni tloh typu ,erna skrinka”,
kdy pfi vhodné zadané sadé okrajovych podminek dokdZzou s minimdlnim poctem experimentd
konvergovat k optimalnim reakcnim parametrdm. V pripadé pratocnych (flow) reaktord se navic nabizi
moznost plné automatizace celého experimentalniho procesu, vcetné davkovani, meéreni a
vyhodnocovani, ¢imz dochazi k vyznamnému snizeni podilu rutinni laboratorni prace. Cilem realizované
prace bylo prozkoumat moznosti propojeni meéficich a fidicich zarizeni s nadrazenym systémem a
ovladat infrastrukturu pro automatizovany sbér, prenos a zpracovani procesnich dat. Ddraz byl kladen
zejména na komunikaci s laboratornim hardwarem prostrednictvim rozhrani RS232 a OPC serveru.
Soucasti prace byla zejména integrace autosampleru do systému LabManager a graficka vizualizace v
softwaru LabVision pro monitoring a fizeni experiment(. Vysledky prispivaji k rozvoji
samooptimalizacnich platforem a potvrzuji potencial datové fizeného pristupu v oblasti moderniho
chemického vyzkumu a vyvoje.
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Comparison of PyTorch and TensorFlow Frameworks for
Training Neural Networks

Bc. Sofie Meyer (M2)

Skolitel: Cejnar Pavel RNDr. Mgr. Ph.D.

The primary goal of this work is to examine the fundamental differences between two leading deep
learning frameworks: PyTorch and TensorFlow. The key distinction historically lay in PyTorch's eager
execution versus TensorFlow 1.x static graphs. However, both frameworks have evolved: TensorFlow
2.x now has eager execution, and PyTorch offers static-graph compilation via TorchScript since 2019.
This study aims to explore the practical effects of these changes in future comparisons.

To compare the frameworks' characteristics, a ResNet-34 Convolutional Neural Network (CNN) was
implemented in PyTorch and trained on the ImageNet dataset. Two training variants were evaluated:
one using pre-initialized original weights and one trained from scratch. The training parameters were
further examined to achieve optimal results. The training was performed on a server equipped with an
NVIDIA A40 GPU and took approximately 23 hours. Importantly, these PyTorch models will serve as the
baseline for future comparisons with a TensorFlow implementation.
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UZivatelske rozhrani pro modul impedancniho analyzatoru
ADMX2001

Bc. Jana Jarolimkova (M2)

Skolitel: doc. Ing. Dusan Kopecky, Ph.D.

Impedancni spektroskopie predstavuje klicovou metodu pro charakterizaci elektronickych soucastek,
elektrolytl a pevnoldtkovych struktur v Sirokém frekvencnim rozsahu. Méfici systém ADMX2001 (Analog
Devices), umoznuje presnou akvizici dat, avsak postrada uzivatelsky privétivé softwarové rozhrani,
jelikoz je systém urcen zejména pro zabudovani do pokrocilych testovacich a védeckych aparatur. V
ramci této prace tedy bylo navrzeno a implementovano rozhrani umoznujici komunikaci s modulem
ADMX2001, prenos dat do pocitace, jejich vizualizaci a zakladni analyzu. Byla ovérena spravna funkcnost
komunikacni vrstvy i stabilita prenosu dat v rozsahu 0,2 Hz - 10 MHz. Vysledny systém tvori zaklad pro

dalsi rozvoj mérici aplikace urcené k testovani elektromechanickych vlastnosti tenkych vrstev na bazi
organickych polovodicu.
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Web Application for Collecting and Classifying Voice Recordings
of ORL Patients

Bc. Lukas Fiala (M2)

Skolitel: Ing. Jan Vrba, Ph.D.

Artificial intelligence is becoming an important part of modern medicine. Our research group, in
cooperation with the Department of Otorhinolaryngology at University Hospital Kralovske Vinohrady,
focuses on analyzing voice disorders using machine learning methods. One of the successful projects
is a voice classification system that evaluates patient voice recordings. My task was to develop a secure
web application that allows doctors to use this classifier online and to manage patients, their diagnoses
and recordings. The system is built with the open-source Django framework in Python and uses
PostgreSQL for database management. Audio files are stored externally on the CESNET Simple Storage
Service to improve reliability and reduce server load. Because of the sensitive nature of medical data,
security is ensured through OAuth 2.0 and OpenlID protocols implemented via Keycloak and a reverse
proxy creating a private network. The entire project runs in Docker containers for stable deployment.The
long-term goal is to support doctors in making accurate and objective diagnoses of voice disorders and
to expand the system to other medical institutions.

Simple Storage Service
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