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BAKALARSKE PRACE

BACHELOR'S THESIS



Webova interaktivni vizualizace georeferencovaného 3D modelu

Web interactive visualization of georeferenced 3D model

Rostislav Berka, Univerzita Hradec Krélové

Bakalafska prace se zabyva problematikou zobrazeni detailnich georeferencovanych
3D modell uzemi zahrnujicich digitalni model terénu i budovy ve webovém prostredi. V praci
jsou rozebrany charakteristiky a specifika vizualizace georeferencovanych 3D modeld na webu,
jako je problematika 3D dlazdic, pouZivané souradnicové systémy, formaty a knihovny.
Implementace zahrnuje i vyuZziti vektorovych dat (body zajmu). Zahrnut je i popis klicovych casti
zdrojového kédu aplikace vyuzivajici APl knihovny Cesium JS. Nakonec jsou diskutovany vyhody
a nevyhody pouzitého tesSeni. Vysledkem je komplexni webovd aplikace naprogramovanid
s pomoci knihovny Cesium JS umoZnujici uZivateli prohlizet georeferencovany 3D model dané
oblasti ve tfech ¢asovych obdobich (zanikld obec Zahradka u Ledée nad Sazavou).

The bachelor thesis deals with the problem of visualization of detailed georeferenced
3D models of the sites including digital terrain model and buildings in a web environment. The
thesis discusses the characteristics and specifics of the visualization of georeferenced 3D models
on the web, such as 3D tiles, coordinate systems, formats and libraries. Implementation use also
vector data (points of interest). A description of key parts of the source code of the application
using the Cesium JS library APl is also included. Finally, the advantages and disadvantages of the
solution used are discussed. The result is a complex web application programmed with the
Cesium JS library allowing the user to explore a georeferenced 3D model of a specific area in
three time slices (the lost town of Zahradka u Led¢e nad Sazavou).

Vytvoreni virtualni prohlidky discgolfového hristé
Creating a Virtual Tour of the Disc Golf Course

Petr Konvi¢ny, VSB — Technickd Universita Ostrava

Tématem této bakalarska prace je vytvoreni virtudlni prohlidky discgolfového hristé.
Cilem prace bylo wvytvofit kompletni 3D model discgolfového hiisté v Sumperku
a publikovat jej v prostiedi internetu. V Uvodu se bakalarska prace zaméruje na predstaveni
sportu discgolf a principu budovani discgolfovych hfist v Ceské republice. Daldi kapitoly jsou
vénovany Uvodu do problematiky 3D modelovani, predstaveni vybrané lokality, pofizeni dat,
vyuziti bezpilotniho letadla na hfisti a tvorbé digitalniho modelu terénu. Prakticka ¢ast bakalarské
prace se vénuje popisu rfeSeni problematiky tvorby kompletniho 3D modelu discgolfového hristé
v Sumperku s jeho naslednym exportem do webového prostfedi. Déle je prakticka ¢ast vénovana



pracovnimu postupu pfi zpracovani snimkl v programu Agisoft Metashape Professional a popis
tvorby 3D modelu discgolfového hristé, ktery byl vytvoren v hernim enginu Unity s jeho
naslednym exportem do webového prostredi.

The topic of this bachelor thesis is the creation of a virtual tour of a disc golf course. The
aim of the work was to create a complete 3D model of the disc golf course in Sumperk and publish
it in the Internet environment. In the introduction, the bachelor thesis focuses on introducing the
sport of disc golf and the principle of building disc golf courses in the Czech Republic. The next
chapters are devoted to an introduction to 3D modelling, introduction of the selected site, data
acquisition, the use of a drone on the course and the creation of a digital terrain model. The
practical part of the bachelor thesis is devoted to the description of the solution of the problem
of creating a complete 3D model of the disc golf course in Sumperk with its subsequent export
to the web environment. Furthermore, the practical part is devoted to the workflow of image
processing in Agisoft Metashape Professional and the description of the creation of a 3D model
of the disc golf course, which was created in the Unity game engine with its subsequent export
to the web environment.

Monitoring morfologickych zmén vybranych meandri feky Odry v CHKO
Poodfi pomoci UAV - etapa 1

Monitoring of morphological changes in selected meanders of the Odra River in the
Poodfi PLA using UAV - 1st phase

Dominik Kula, Ostravskad Univerzita

Cilem bakalarské prace bylo sledovat zmény morfologie vybranych meandra feky Odry v
CHKO Poodfi pomoci bezpilotniho letadla (UAV) a metody Structure from Motion (SfM) s
dlrazem na vyuziti softwaru ArcGIS a Agisoft Metashape Professional. Prace se zaméfila na
zmapovani vybranych Usekl meandrového pasu a ndslednou transformaci dat do digitalnich
modell povrchu (DMP) a ortofot s co nejvyssi presnosti. Vysledky ukazaly uspéSnou tvorbu DMP
a ortofot tfi meandrq, pficemz byla provedena i dodatecna 2. etapa snimkovani pro meandry 1 a
5. To umoznilo jednoduchou analyzu morfologickych zmén narazovych breh(. Metodika
vyuzivajici UAV a SfM ve spojeni s programy ArcGIS a Agisoft Metashape Professional prokazala
svou efektivitu a opakovatelnost. V analytické fazi v programu ArcGIS Pro byly provedeny
dikladné upravy a analyzy, véetné srovndvaci analyzy zmén v nadmofrské vySce a objemovych
zménach, coz umoznilo kvantifikaci povrchovych zmén ndrazovych brehl meandr( v pribéhu
Casu. Tato prdce prindsi dllezité poznatky o dynamice meandri a demonstruje ucéinnost



kombinace UAV, SfM a softwaru ArcGIS a Agisoft pro monitorovani zmén v morfologii vodnich
toka.

The aim of the bachelor thesis was to monitor changes in the morphology of selected
meanders of the Odra River in the Poodti Protected Landscape Area using an unmanned aerial
vehicle (UAV) and the Structure from Motion (SfM) method, with emphasis on the utilization of
ArcGIS and Agisoft Metashape Professional software. The thesis focused on mapping selected
sections of the meander belt and subsequently transforming the data into digital surface models
(DSMs) and orthophotos with best possible accuracy. The results demonstrated successful
creation of DSMs and orthophotos for three meanders, with an additional second phase of
imaging conducted for meanders 1 and 5. This enabled a simple analysis of morphological
changes on the river erosional banks. The methodology utilizing UAV and SfM in conjunction with
ArcGIS and Agisoft Metashape Professional software proved its effectiveness and repeatability.
In the analytical phase using ArcGIS Pro, thorough adjustments and analyses were performed,
including comparative analysis of changes in elevation and volumetric changes, enabling
guantification of surface changes in meander riverbanks over time. This work provides important
insights into the dynamics of meanders and demonstrates the effectiveness of combining UAV,
SfM, ArcGIS, and Agisoft software for monitoring changes in the morphology of watercourses.

Kvalita pfimého georeferencovani snimkt pofizenych bezpilotnim
letadlem

Quality of Direct Image Georeferencing Acquired by Unmanned Air Vehicle

Juraj Muréar, VSB — Technickd Universita Ostrava

Bakalafska prace se zabyva problematikou georeferencovani vystupl ziskanych
zpracovanim RGB snimkl pofizenych bezpilotnim letadlem. Konkrétné se vénuje zhodnoceni
kvality georeferencovani digitalniho modelu reliéfu a ortofoto snimku pfi pouziti metod primého
a neprimého georeferencovani. Sbér dat a hodnoceni probéhlo na jedné rovinaté lokalité s
minimalnim prfevySenim a také na druhé velice ¢lenité lokalité, kde rozdil v prfevyseni dosahoval
desitek metrd. Pro kontrolu presnosti georeferencovani byla vyuZita sada kontrolnich bodd.
Hodnocen byl i vliv poctu vlicovacich bodl pro nepfimou metodu georeferencovani. Vysledné
porovnani obou metod se ukazalo byt podobné s mirnou prevahou presnosti nepfimého
georeferencovani.

The bachelor thesis deals with the issue of georeferencing outputs obtained by processing
RGB images taken by an unmanned aerial vehicle. Specifically, it deals with the evaluation of the
quality of georeferencing of the digital elevation model and orthomosaic when using direct and



indirect georeferencing methods. Data collection and evaluation took place on one flat location
with a minimal elevation and also on another very rugged location, where the difference in
elevation reached tens of meters. A set of control points was used to check the accuracy of
georeferencing. The influence of the number of insertion points for the indirect georeferencing
method was also evaluated. The resulting comparison of the two methods turned out to be
similar with a slight superiority of the accuracy of indirect georeferencing.

Analyza dat o poloze vozidel MHD: pfipadova studie pro Most a Litvinov

Analysis of Public Transport Vehicle Location Data: A Case Study in Most and Litvinov

Josef Zatka, Univerzita Karlova Praha

Prace se zabyva ex post (tj. nikoliv real time) analyzou dat o poloze vozidel méstské
hromadné dopravy. Cilem prace je navrhnout a implementovat ¢asoprostorové analyzy téchto
dat, které budou prakticky vyuzitelné pro realné sité MHD. Jejich funkénost je ovéfovana na
datech z MHD v Mosté a Litvinové zaznamenanych v pribéhu mésice fijna roku 2023. Data maji
charakter bodového zaznamu s informaci o poloze vozidla, s ¢asem a datem zaznamu, Cislem
linky, kone¢nou zastavkou, posledni projetou zastavkou, azimutem a rychlosti pohybu vozidla a
o jeho zpoZdéni.

Celkem je navrzeno 5 dil¢ich analyz. Prvni dvé analyzy se zabyvaji moznostmi efektivni
kontroly vstupnich dat, v ramci nich jsou navrzeny algoritmy pro polohovou a atributovou
kontrolu dat. Treti analyza sleduje a vyhodnocuje casoprostorovou diferenciaci zpozdéni,
zaméruje se na trendy v rozloZeni zpozdéni v pribéhu tras jednotlivych linek jak v pribéhu denni
doby, tak za del$i ¢asové Useky. Ctvrta analyza se vénuje zpozdéni na pfijezdu linek na jednotlivé
zastavky. Zavérecna analyza zkouma spolehlivost prestupl mezi spoji MHD na prestupnich
uzlech.

Navrzené metody byly implementovany prostrednictvim skriptd napsanych v
programovacim jazyku Python, pro praci s prostorovymi daty byla vyuZita knihovna ArcPy.
Implementace metod je pfizpUsobena strukture dat z provozu MHD v Mosté a Litvinové. Na tato
data jsou navrzené postupy aplikovany.

Kromé samotnych skriptll jsou vysledkem prace zejména mapy, grafy a tabulky
prezentujici vysledky provedenych analyz. Vystupem prace je také vytvoreny program s
interaktivnim uzivatelskym rozhranim umoziujici automatické generovani map rozloZeni
zpozdéni na trase jednotlivych linek dle parametrd zadanych uzivatelem.



The thesis deals with ex post (i.e. not real time) analysis of data on the location of public
transport vehicles. The aim of the work is to design and implement spatio-temporal analyses of
this data that will be practically applicable to real public transport networks. Their functionality
is verified on data from public transport in the towns of Most and Litvinov, recorded during
October 2023. The data is a point record with information about the location of the vehicle, the
time and date of recording, the line number, the final stop, the last passed stop, the azimuth and
speed of the vehicle movement and its delay.

A total of 5 analyses are proposed. The first two deal with the possibilities of effective
control of input data - algorithms for positional and attribute control of data are proposed. The
third analysis monitors and evaluates the spatiotemporal differentiation of delays, focusing on
trends in the distribution of delays along the routes of individual lines over time of day and over
longer time scales. The fourth analysis looks at the occurrence of delays at individual stops. The
final analysis studies the reliability of transfers between public transport links at interchanges.

The proposed methods were implemented through scripts written in the Python
programming language, and the ArcPy library was used to work with the spatial data. The
implementation of the methods is adapted to the structure of data from public transport
operations in Most and Litvinov. The proposed methods are applied to these data.

In addition to the scripts themselves, the results of the work are mainly maps, graphs, and
tables presenting the results of the analyses. The output of the work is also a program with an
interactive user interface that allows automatic generation of maps of the distribution of delays
on the route of individual lines according to the parameters specified by the user.
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Informacni systém vojenskych pamatek na uzemi Jihomoravského kraje

Information system of military monuments on the territory of the South Moravian
Region

Petr Maly, Vit Malik, Univerzita obrany

Smyslem tohoto mapového dila je rychlé a spolehlivé poskytnuti informaci o
nejvyznamnéjsich a nejdllezitéjsSich vojenskych pamdtkdach na uUzemi Jihomoravského kraje.
Infomacéni systém nabizi podrobné informace o vice nez 50 pamatkach, fotografie a internetové
odkazy ke kazdé pamatce, responzivni design pro vSechna zafizeni, rlizné podkladové mapy a snadné
filtrovani a vyhleddvani obsahu. Pro zpracovani webové aplikace byla vytvofena podkladova mapa
vychazejici z vybranych vrstev polohovych dat oteviené databaze ZABAGED® od CUZK. Pro obsahovou
¢ast informacnich panelll jednotlivych pamatek byly jako zdroj informaci vyuZity Pamatkovy katalog
Narodniho pamatkového Ustavu, Wikipedie a webové stranky jednotlivych hradd, krytl a muzei. Za
potencialni uzivatele je povaZovana Siroka verejnost, kterda ma s vyuzitim geoinformacnich systémf
zakladni nebo zadné zkusenosti. Geoinformacni systém je zptistupnén v prostredi ArcGIS Online jako
tematickd mapova aplikace s ndzvem ,Vojenské pamatky v Jihomoravském kraji“. Vytvorena aplikace
je dostupnd na adrese:

https://k-
210.maps.arcgis.com/apps/instant/sidebar/index.html?appid=dd0aOca8b47d44748a4e2231164380
4a.

The purpose of this map product is to provide quick and reliable information about the most
important military monuments in the South Moravian Region. The information system offers detailed
information about more than 50 monuments, photos and web links to each monument, responsive
design for all devices, various background maps and easy filtering and searching of content. For the
web application, a base map was created based on selected layers of location data from the open
ZABAGED® database from the CUZK. For the content part of the information panels of individual
monuments, the Monument Catalogue of the National Heritage Institute, Wikipedia and the websites
of individual castles, shelters and museums were used as sources of information. Potential users are
considered to be the general public, who have basic or no experience with the use of geoinformation
systems. The geoinformation system is available in ArcGIS Online as a thematic map application called
"Military monuments in the South Moravian Region". The developed application is available at:

https://k-
210.maps.arcgis.com/apps/instant/sidebar/index.html?appid=dd0aOca8b47d44748a4e2231164380
4a.
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Vyuziti automatizovaného sbéru vlicovacich bodl pro orientaci archivnich
leteckych mérickych snimkd s pomoci sou€asnych datovych sad

Use of automatic collection of ground control points for orientation of archival aerial
imagery using existing data sets

Rostislav Berka, Univerzita Karlova Praha

Diplomova prace se zaméruje na automatizované vyhledavani vlicovacich bod( (VLB) za
Ucelem zpracovani archivnich leteckych méfickych snimka (LMS) a vytvoreni ortomozaiky. V praci
jsou testovany vybrané operatory z oblasti pocitacového vidéni (SIFT, SURF, ORB a obrazova
korelace) a rlzné pristupy pro vyhledavani a nasledné parovani identickych bodl mezi
referencnim podkladem (soucasnym ortofotem) a archivnimi LMS. Diky georeferencim LMS je
znama oblast k prohleddvani ve starych LMS pro nalezeni odpovidajiciho bodu k referenénimu
podkladu (soucasnému ortofotu). Bohuzel se ukazalo, Ze georeference archivnich LMS dodané
CUZK jsou chybné metodicky zpracované (velmi nepfesné), proto musely byt pred
automatizovanym vyhleddvanim VLB opraveny. Téma bylo podporeno vedenim Zemémeérického
Uradu a datové sady (soucasné ortofoto, archivni LMS, ZABAGED) byly poskytnuty pro ucely
zpracovani prace zdarma (nad rdmec bézné studentské licence).

Na zakladé testovani operdtorl byla sestavena plné automatizovand metodika
naprogramovana v jazyce Python zaloZzena na obrazové korelaci. Vstupem jsou archivni LMS,
soucasné ortofoto a sit komunikaci, pricemz jako spolehlivé a ¢asové invariantni body slouzi
krizovatky silnic. Soucéasti postupu je i odfiltrovani Spatné sparovanych bodd s pomoci robustniho
algoritmu RANSAC v kombinaci s transformaci DLT. Vystupem jsou soubory s VLB importovatelné
do standardnich fotogrammetrickych a GIS nastroja.

Vysledkem jsou bezesSvé ortomozaiky pro uzemi Milovice a Kobyli vidy ve dvou ¢asovych
fezech (30. a 80. léta), pro jejichZ zpracovani byly pouZity automatizované nalezené VLB a SW
MicMac. V MicMacu byly provedeny standardni kroky pro zpracovani ortofota jako je vypocet
prvk vnitfni a vnéjsi orientace snimkd, svazkové vyrovnani, generovani DMP a vyslednych
ortomozaiek. Nakonec je zhodnocena presnost vystupl s pomoci kontrolnich bodd a RMSE.

The diploma thesis is focused on the automated searching of ground control points (GCPs)
for processing archival aerial images (AAls) and creating orthomosaics. The study evaluates
selected computer vision operators (SIFT, SURF, ORB and image correlation) and various
approaches for identifying and subsequently matching identical points between the reference
dataset (current orthophoto) and AAls. Thanks to AAls georeferences, the searching area in AAl
is known for finding the corresponding point to the reference one (from current orthophoto).
Unfortunately, the georeferencing of AAls provided by the Czech Office for Surveying, Mapping,
and Cadastre (CUZK) was methodologically incorrect (very bad accuracy) and it had to be
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corrected before automated GCPs searching. The topic was supported by CUZK and datasets
(current orthophoto, AAls, ZABAGED vector data) were provided for processing purposes free of
charge (beyond the standard student license).

Based on operator testing, a fully automated methodology was developed in Python,
relying on image correlation. The input includes AAls, current orthophoto and a road network,
with road intersections as reliable and time invariant points. The procedure also includes filtering
poorly matched points using the robust RANSAC algorithm combined with DLT transformation.
The output consists of files containing GCPs that can be imported into standard photogrammetric
and GIS tools.

The result is seamless orthomosaics for the Milovice and Kobyli areas, each captured at
two different time slices (1930s and 1980s). The orthophoto processing used automatically
detected GCPs and the MicMac software. In MicMac, standard steps for orthophoto processing
were performed, including computation of internal and external orientation, bundle adjustment,
digital surface model (DSM) generation, and final orthomosaic production. The accuracy of the
outputs was evaluated using control points and the root mean square error (RMSE).

Automatizované generovani stfech pro mésto Olomouc s vyuzitim Esri
CityEngine
Automated roof generation for the city of Olomouc using Esri CityEngine

Ekanayaka Mudiyanselage Ruchira Dulanjith, Univerzita Palackého v Olomouci

Cities attract people for various reasons, such as employment opportunities and
economic growth prospects. As a result of that, the complex spatial dynamics of urban
environments present unique challenges for effective urban planning. However, traditional two-
dimensional representations often fall short in capturing the complexities of three-dimensional
systems, hampering informed decision-making. As Czechian cities continue to expand and
confront new challenges, there is a growing demand for innovative 3D modeling techniques. Esri
CityEngine offers a potential solution by enabling the creation of reusable CGA scripts and
enhancing the quality and efficiency of 3D modeling processes.

The integration of this technology in urban settings has the potential to revolutionize
urban planning by providing a deeper understanding of urban morphology.

The study demonstrates the efficacy of a combined approach involving Esri CityEngine
and ArcGIS Pro in establishing a systematic, user-friendly pipeline for generating LOD2 (Level of
Detail 2) models with minimal expertise in the GIS domain. The pipeline automates the
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calculation of parameters such as eave height, ridge height, and various roof types, producing a
feature layer usable within CityEngine for automatic LOD2 model generation.

The results show the successful creation of LOD2 models for selected study areas while
facilitating a streamlined processing pipeline that conceals workflow complexities from users.
This generated pipeline offers comprehensive guidance for users, spanning from initial data
collection to final accuracy assessment. The generated CGA script currently support modelling 15
roof forms that are most common in Czechia.

This research represents a significant advancement in urban modeling and analysis,
offering a robust and adaptable methodology for producing LOD2 buildings in Olomouc and
beyond. In addition to addressing the issues facing building generation now, this study lays the
groundwork for future developments in the field by leveraging sophisticated GIS technologies
and computational tools.

Vizualizace aktualnich fyzickogeografickych podminek v detailnim 3D
modelu Uzemi

Visualization of current physical and geographic conditions in a detailed 3D model of
the area

Radim Holub, Univerzita Palackého v Olomouci

Diplomova prace se zaméruje na vytvoreni desktopové aplikace, kterd vizualizuje a
simuluje prostfedi vybrané lokality v Litovelském Pomoravi. Aplikace vyuziva redlna data ziskana
pomoci dvou senzor(l umisténych v tlni a v fece Morava, a také ze webové sluzby weatherbit.io.
Po spusténi aplikace se uzivateli zobrazi hlavni menu, které slouzi jako rozcestnik a zahrnuje
digitdlniho prlvodce, statistiky dat a moZnost pristupu do hlavni scény. V hlavni scéné se
prostiedi dynamicky méni na zdkladé telemetrickych dat, coz zahrnuje zmény oblaénosti,
rychlosti vétru, vysce hladiny feky a tané, a dalsi. UzZivatel ma mozZnost prozkoumat prostredi v
raznych roc¢nich obdobich a sledovat historické udalosti, jako jsou povodné. UZivatel si dale m(ze
zvolit vlastni datum, na zakladé kterého se dynamicky méni prostredi aplikace. Aplikace
umoznuje individudlni nastaveni ovladani a grafickych parametr(i podle vykonu pocitace
uZivatele. Optimalizace aplikace zahrnuje vyuziti rznych drovni detailu pro objekty, optimalizaci
poctu drawcalls pomoci metody CombineMesh a postprocessing v HDRP verzi 14.0.1. Nakonec
bylo provedeno testovani webového reseni aplikace.

The thesis focuses on the creation of a desktop application that visualizes and simulates
the environment of a selected location in Litovelské Pomoravi. The application uses real data
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obtained from two sensors located in a pond and in the Morava River, as well as from the
weatherbit.io web service. After launching the application, the user is presented with a main
menu that serves as a signpost and includes a digital guide, data statistics and the possibility to
access the main scene. In the main scene, the environment changes dynamically based on
telemetry data, which includes changes in cloud cover, wind speed, river and pool elevations,
and more. The user has the ability to explore the environment in different seasons and track
historical events such as floods. The user can also choose a custom date based on which the
application environment changes dynamically. The application allows individual adjustment of
the control and graphic parameters according to the user's computer performance. Optimization
of the application includes the use of different levels of detail for objects, optimization of the
number of drawcalls using the CombineMesh method and postprocessing in HDRP version 14.0.1.
Finally, testing of the web-based application was performed.

Modelové vyuzZitie systému CLC+ v podmienkach SR

CLC+ case study applied on Slovak Republic

Marcel Hudcovi¢, Univerzita Komenského v Bratislave

CORINE Land Cover je eurdpskym Standardom pre geografické udaje o krajine a jej
zmendach. Diplomova praca sa zaobera novo-vyvijanym eurdépskym systémom na monitorovanie
krajinnej pokryvky a vyuZitia krajiny — CLC+. Ten ako nastupca klasického CORINE Land Cover
prindasa zmenu pristupu tvorenia tohto produktu. Tento systém je zaloZzeny na databaze CLC+
Core, ktora moze obsahovat a spracovavat ré6znorodé tdaje o krajinnej pokryvke a vyuziti krajiny
a zaroven sluzi ako ndstroj na tvorenie novych Specifickych produktov (tzv. instancii), a to vietko
na zaklade koncepcie Udajového modelu EAGLE. Cielom tejto prace je vyprodukovat pomocou
CLC+ Core dve najhlavnejsie instancie systému CLC+, a to CLC+ LULUCF a CLC+ Legacy, pomocou
volne dostupnych priestorovych Udajov o krajinnej pokryvke a vyuziti krajiny zo Slovenskej
Republiky. Instancia CLC+ LULUCF ma predstavovat konzistentny rastrovy produkt ktory obsahuje
informdcie o relevantné a potrebné pre poddavanie sprav o sklenikovych plynoch, zatial ¢o cielom
CLC+ Legacy je poskytnut konzistentny produkt kompatibilny so sic¢asnym CLC produktom.
Okrem vytvorenia tychto instancii sa praca snazi do ¢o najpodrobnejsia pribliZit jednotlivé Casti
systému CLC+, ich podstatu, vyznam a ciel. Okrem kvantitativnej a kartografickej interpretacii
vysledkov pomocou webovej mapovej aplikacie, je doleZita aj diskusna Cast prace ktora sa snazi
ozrejmit nezrovnalosti postupu a nekompletnost vysledkov prace a navrhnat moziné riesenie
tychto problémov.

CORINE Land Cover is the European standard for geographic data on land cover and land
cover change. The thesis deals with the newly developed European system for monitoring land
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cover and land use - CLC+. As a successor of the classic CORINE Land Cover, it brings a change in
the approach to creating this product. This system is based on the CLC+ Core database, which can
contain and process a variety of land cover and land use data, and at the same time serves as a
tool for the creation of new specific products (called instances), all based on the concept of the
EAGLE data model. The aim of this thesis is to produce, using CLC+ Core, two of the main instances
of the CLC+ system, namely CLC+ LULUCF and CLC+ Legacy, using freely available spatial data on
land cover and land use from the Slovak Republic. The CLC+ LULUCF instance is intended to be a
consistent raster product containing information relevant and necessary for GHG reporting, while
the CLC+ Legacy aims to provide a consistent product compatible with the current CLC product.
In addition to the creation of these instances, the thesis attempts to present in as much detail as
possible the different parts of the CLC+ system, their nature, importance, and objective. In
addition to the quantitative and cartographic interpretation of the results using the web mapping
application, the discussion part of the thesis is also important which tries to clarify the
inconsistencies of the procedure and the incompleteness of the results of the thesis and to
suggest possible solutions to these problems.

Vyuziti metod strojového uceni pro klasifikaci obrazovych a lidarovych dat

Using machine learning methods for image and lidar data classification

Vojtéch JabUlrek, Univerzita Palackého v Olomouci

Diplomova prdce je zamérena na vyuziti modernich metod strojového uceni pro klasifikaci
obrazovych a lidarovych dat. Prace je orientovana na tfi pripadové studie tykajici se fyzicko-
geografickych i socio-ekonomickych témat. Cilem prace je vyuzit metody strojového uceni a pfijit
s co nejefektivnéjsim a nejpresnéjsim reSenim pro klasifikaci dat do zvolenych tfid. Tématem
prvni pripadové studie je podrobna klasifikace horské vegetace na Vysoké holi, druhé nejvyssi
hore Hrubého Jeseniku nachdazejici se v CHKO Jeseniky. Druha pripadova studie se vénuje detekci
strom0 v mimo-vegetacni obdobi v zajmové oblasti sadu v obci Veselicko. Posledni pfipadova
studie vyuziva automatizovanych nastroji a model( hlubokého uceni v programech ArcGIS PRO
a OpenCities Map PowerView pro klasifikaci leteckych dat LIDAR ve vybranych ¢astech Olomouce
a obcich Brezova a Stren.

The thesis focuses on the use of modern machine learning methods for image and lidar
data classification. The thesis is oriented on three case studies concerning physical-geographical
and socio-economic topics. The aim of the thesis is to use machine learning methods and come
up with the most efficient and accurate solution to classify the data into the selected classes. The
topic of the first case study is the detailed classification of mountain vegetation on Vysoka Hole,
the second highest mountain of the Hruby Jesenik Mountains located in the Jeseniky Protected
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Landscape Area. The second case study is oriented towards the detection of trees in the non-
vegetation period in the orchard area of interest in the village of Veselicko. The last case study
uses automated tools and deep learning models in ArcGIS PRO and OpenCities Map PowerView
to classify aerial LIDAR data in selected parts of Olomouc and the municipalities of Bfezova and
Stren.

Webova navigacna aplikacia pre nadrozmernu dopravu

Web navigation application for oversized transport

Matej Kamenicky, Slovenska Technicka Univerzita Bratislava

Cielom tejto prace je ndvrh a tvorba topologickej priestorovej databazy cestnej siete
mésta Bratislava v PostgreSQL, a nasledna tvorba webovej aplikacie s moznostou navigacie pre
nadrozmernu dopravu. Vytvorend webova aplikdcia ponuka moZnost vypoétu a zobrazenia
najkratSej trasy zo Startovacieho bodu do cielového. V praxi sa beZne stretdvame s navigaciami
vyuzivanymi pre osobné autd, pripadne kamiény. VyuZitie tychto navigacii pre nadrozmernu
dopravu byva vsak problematické. Preto povazujeme za velkd vyhodu moZnost zohladrovat
parametre nadrozmernych vozidiel pfi vybere trasy a tak zamedzit prejazdu mostov, tunelov i
podjazdov, ktoré su pre dané vozidlo neprejazdné. Projekt je realizovany na datach z mesta
Bratislava, ale jeho vyuzitie v inych mestach a obciach je mozny s vyuzitim miestnych dat. Webova
aplikacia taktiez ponuka dodato¢nu funkcionalitu, ako napriklad zmenu podkladovej mapy, rézne
moznosti zadavania Startovacieho a cielové bodu, ¢i zobrazenie prekazok na cestach pre dané
Uzemie. TaktieZ je mozné si zvolit preferenciu pri minimalizovani ¢asu alebo vzdialenosti pri
vypocte najkratsej trasy.

The aim of this work is the design and implementation of a topological spatial database
of the road network of the city of Bratislava in PostgreSQL, followed by the development of a
web application with navigation capabilities for oversized transportation. The created web
application offers the possibility of computing and displaying the shortest route from the starting
point to the destination. Typically, we encounter navigations used for cars or trucks. The use of
these navigations for oversized transportation can be problematic. Therefore, we consider it a
significant advantage to be able to take into account parameters of oversized vehicles when
selecting a route and thus prevent passage through bridges, tunnels, or underpasses that are
impassable for the given vehicle. The project is implemented using data from the city of
Bratislava, however its use in other cities is possible using local data. The web application also
offers additional functionality such as changing the base map, various options for entering the
starting and destination points, and displaying obstacles on roads for the given area. It is also

18



possible to choose a preference when minimizing time or distance when computing the shortest
route.

Vyuzitie dat leteckého laserového skenovania na spresnenie
transformacie starych map

Using airborne laser scanning data to refine the transformation of old maps

Tadeds Kotleba, Slovenskd Technickd Univerzita Bratislava

Praca sa zaoberd skimanim moZnosti na zlepSenie transformacie map z I. a ll. vojenského
mapovania s vyuZitim vizualizacii dat leteckého laserového skenovania (LLS). V praci je
analyzovand sucasna priestorova presnost georeferencovania map z prvych dvoch vojenskych
mapovani z dostupnych zdrojov, pricom st skimané rozli¢né typy Uzemia (rovina, ¢lenité uzemie,
hory). DalSia ¢ast prace sa zaobera experimentom ohladom georeferencovania map vojenského
mapovania s vyuzitim sucasnych dat, dat z polovice 20. storocia a dat LLS a nasledného testovania
a vyberu vhodnych transformacnych metdd. Poslednym problémom rieSenym v tejto préci je
Statisticka analyza vysledkov a zhodnotenie potencialu dat LLS pre rieSenie tohto druhu uloh.

Tato praca bola podporena Vedeckou
grantovou agentlirou Ministerstva Skolstva, vedy, vyskumu a Sportu SR a
Slovenskej akadémie vied na zaklade zmluvy ¢. 2/0035/22.

The thesis deals with the investigation of possibilities for improving the transformation
of maps from I. and Il. military mapping using airborne laser scanning (ALS) data visualizations.
The current spatial accuracy of georeferencing maps from the first two military mappings from
available sources is analyzed in the work, while various types of territory (plain, rugged terrain,
mountains) are examined. Another part of the thesis deals with an experiment regarding the
georeferencing of military mapping maps using current data, data from the middle of the 20th
century and ALS data and subsequent testing and selection of suitable transformation methods.
The last problem solved in this thesis is the statistical analysis of the results and the evaluation
of the potential of ALS data for solving this kind of tasks.

This thesis was supported by the Scientific Grant Agency of the Ministry of
Education, Science, Research and Sport of the Slovak Republic and the Slovak
Academy of Sciences under contract No. 2/0035/22)
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Pokrocilé metody DPZ pro monitoring vegetace raselinist v KrkonoSich

Advanced remote sensing methods for monitoring of peat bog vegetation in the
KrkonoSe Mountains

Adam Kulich, Univerzita Karlova Praha

Cilem prace bylo vytvofit mapy vegetacniho pokryvu tfi raselinist v KrkonosSském
Narodnim parku (KRNAP) a navrhnout postup pro dalsi mapovani raselinist v Krkonosich ve
spoluprdci s KRNAP. Pro vyzkum byla vyuZita obrazova data z UAV a terénni data, zamérend GPS.
Snimky z UAV byly prfedzpracovany v softwaru Pix4D Mapper a do vyslednych ortofot byly pridany
pfiznaky vysky porostu a texury, odvozené z GLCM. Testovani potvrdilo jejich uZite¢nost pro
zlepseni presnosti klasifikaci. Byla provedena analyza separability a byl navzien algoritmus,
rozpoznavajici chyby v terénnich datech. Béhem analyzy byly porovnavany dvé klasifikacni
metody — Random Forest a Support vector machine (SVM). Nejpfesnéjsich vysledkl dosahla
metoda SVM na Kyselych koutech, kde bylo dosazeno F-1 skére 0.957, zatimco F-1 skére Hrani¢ni
louky dosdhlo pouze 0.899 a Pancavské louky 0.832. Analyza prekryvl ukazala, Ze vysledky
jednotlivych metod jsou konzistentni a v pripadé Pancavské louky prineslo spojeni klasifikator |
lepsi presnost nez jednotlivé modely. Metody, které vedly k nejlepsi presnosti, byly doporuceny
v navrZzeném postupu pro dalsi krkonosska raselinisté.

The goal of the thesis was to create vegetation cover maps of three peat bogs in the
KrkonosSe National Park (KRNAP, KrkonoSe NP) and to devise a method for further mapping of
peat bogs in the KrkonoSe Mountains in collaboration with Krkonose NP. The research utilized
UAV imaging data and field data measured by GPS. UAV images were preprocessed using Pix4D
Mapper software, and features such as canopy height and textures derived from GLCM were
added to the resulting orthomosaics. Testing confirmed their usefulness in increasing
classification accuracy. A separability analysis was performed, and an algorithm was designed to
detect errors in the field data. During the analysis, two classification methods, Random Forest
and Support Vector Machine (SVM), were compared. The SVM method achieved the most precise
results at Kyselé kouty, where F-1 score reached 0.957, while the F-1 scores for Hrani¢ni louka
reached only 0.899 and Pancavska louka 0.832. The overlay analysis demonstrated that the
results of the individual methods are consistent, and for Pancavska louka, combining classifiers
yielded better accuracy than the individual models. The methods which led to the best accuracies
in this thesis were recommended in the proposed procedure for further mapping of Krkonose
peat bogs.
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Vyuziti dalkového prlizkumu Zemé pro sledovani stavu vegetace na
termicky aktivnim odvalu Hefmanice

Use of Remote Sensing for Vegetation Monitoring on the Thermally Active
Hefmanice Tailing

Tereza Ri¢kova, VSB — Technickad Universita Ostrava

Diplomova prace je zamérena na sledovani stavu vegetace na termicky aktivnim odvalu
Hefmanice s vyuZitim ddlkového prlzkumu Zemé. Cilem prace bylo porovnat datové zdroje a
zhodnotit zdravotni stav vegetace v dané oblasti. Souc¢asti prace bylo také vytvoreni 3D modelu
odvalu Hefmanice a analyza termdlnich dat. Za ucelem porovnani datovych zdroji a hodnoceni
zdravotniho stavu vegetace byly pouzity multispektralni snimky z bezpilotniho letadla a druzic.
Termalni snimky, byly pofizeny pomoci bezpilotniho letadla a zpracovany za ucelem doplnéni
informaci o termicky aktivnich ¢astech odvalu Hefmanice a prfehledu zmén povrchovych teplot v
pribéhu sledovaného obdobi. Vysledky porovnani datovych zdroji slouZily k posouzeni
vhodnosti jejich pouziti v zajmovém Uzemi. Pro zhodnoceni zdravotniho stavu vegetace byly
vypocitdny vegetacni indexy, a byla provedena podrobna analyza, ktera zahrnovala také
posouzeni moznych negativnich vlivli na zdravi mistni vegetace.

The thesis is focused on the monitoring of vegetation on the thermally active Hefmanice
tailing using remote sensing. The aim of the thesis was to compare data sources and evaluate the
health status of vegetation in the area. The work also included the creation of a 3D model of the
Hefmanice tailing and analysis of thermal data. In order to compare data sources and assess the
health status of the vegetation were used multispectral images from unmanned aerial vehicles
and satellites. Thermal images, were taken by UAV and processed to add information on
thermally active parts of the Hermanice tailing and to provide an overview of surface
temperature changes over the study period. The results of the comparison of data sources were
used to assess the suitability of their use in the area of interest. Vegetation indices were
calculated to assess the health of the vegetation and a detailed analysis was carried out, which
also included an assessment of possible negative effects on the health of the local vegetation.
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Integracia nizkonakladovych technolégii do geodetickych a
geoinformacnich systémov: vyskum a vyvoj efektivnych metdd

Integration of low-cost technologies into geodetic and geoinformation systems:
research and development of efficient methods

Jakub Sperka, Slovenska Technickd Univerzita Bratislava

Praca spracovdva problematiku implementacie nizkondkladovych loT rieSeni v geodézii.
Skima mozZnosti zapojenia internetu veci do tvorby funkénych prototypov vybavenia
pouzitelného na geodetické cinnosti, jeho interakciu a mozZnosti ovladania. Praca popisuje
jednotlivé aspekty tvorby funkéného prototypu elektronického prisluSenstva pre geodetické
odrazné hranoly, ktorda umoZni automatické natacanie ciela v ramci geodetickej siete, pri
realizacii merania s univerzalnou meracou stanicou. Produktom vyvoja, ktory praca opisuje, je
funkény prototyp spolu z prislusSnym technickym a programovym rieSenim zaloZzenym na
platforme ESP32. Vyvoj programu sleduje aktudlne trendy vyvoja aplikacii v geoinformatike, pre
intuitivne ovladanie a modifikaciu. Produkt je podrobeny praktickému testovaniu vo vybranej
aplika¢nej oblasti geodézie a geoinformatiky. Pocas celého vyvoja jednotlivych sucasti systému je
brany ohlad na jednoduchost a modifikovatelhost riesenia, aby mohli byt implementované
pripomienky uZivatelov a zachovana cenova dostupnost v porovnani s komerénymi rieSeniami.
Vyvoj prislusného produktu s ohladom na praktickost pouZitia v teréne a lahku dostupnost,
podporuje jeho vyuZitie v praxi, a tym moZe napomoct zefektivnit vykonavanie niektorych
geodetickych ¢innosti v Specifickych podmienkach.

The thesis deals with the implementation of low-cost IoT solutions in surveying. It
explores the possibilities of Internet of Things involvement in the creation of functional
prototypes of equipment applicable to surveying activities, its interaction and control
possibilities. The thesis describes the different aspects of creating a functional prototype of an
electronic accessory for geodetic reflecting prisms, which will enable automatic target rotation
within a geodetic network, when implementing a measurement with a universal measuring
station. The product of the development, which the thesis describes, is a functional prototype
together with the corresponding technical and software solution based on the ESP32 platform.
The development of the program follows the current trends of application development in
geoinformatics, for intuitive control and modification. The product is subjected to practical
testing in a selected application area of geodesy and geoinformatics. Throughout the
development of the unified system components, the simplicity and modifiability of the solution
is taken into account in order to implement user comments and maintain affordability compared
to commercial solutions. The development of the product in question, taking into account the
practicality of use in the field and its easy accessibility, promotes its use in practice and can thus
help to make the performance of certain surveying activities in specific conditions more efficient.
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Studie chovani studentd Katedry geoinformatiky VSB-TUO s vyuZitim
lokaliza¢nich dat mobilnich telefond

Study of Behavior of Students of Department of Geoinformatics VSB-TUO Using
Localization Data of Mobile Phones

Ema Zurovcova, VSB — Technickd Universita Ostrava

Cilem této diplomové prace je sezndmit se s metodikou a mozZnostmi sbéru prostorovych
dat pomoci mobilnich zafizeni a pouzit tyto metody v praxi a to nasledovné: Vhodnym vybérem
metody sbéru dat pro tuto praci, tak aby rozsah, uzivatelska jednoduchost a presnost odpovidaly
pozadavkim myslenkam této prace. Dale osloveni vzorku studentd z katedry Geoinformatiky
VSB-TUO a prezentace metody, kterou ke sbéru dojde, tvorba manuéalu pro jednoduché poufiti a
co nejvétsi vzorek studentd. Poté nasledny sbér téchto dat ve dvou mérenych obdobich, jejich
oCiSténi a Uprava, import do prostiedi GIS, zpracovani téchto dat, tvorba vystupu a analyza téchto
namérenych dat. Hlavnim cilem je pokusit se vyvodit vzorce chovani student(l katedry a vysledky
analyzy zhodnotit a prezentovat, v€etné vyuziti Casového atributu namérenych dat. K prezentaci
vysledk( je pouZit Story Map spolecnosti ESRI. V této praci je pouzit software spolecnosti ESRI,
Microsoft Office a Google Maps.

The aim of this master thesis is to learn about the methodology and possibilities of spatial
data collection using mobile devices and to apply these methods in practice as follows: by
selecting the appropriate data collection method for this thesis, so that the scope, user simplicity
and accuracy meet the requirements of the ideas of this thesis. Furthermore, addressing a sample
of students from the Department of Geoinformatics of VSB-TUO and presenting the method by
which the collection will occur, creating a manual for ease of use and the largest possible sample
of students. Then subsequent collection of these data in two measurement periods, cleaning and
editing, importing them into the GIS environment, processing these data, creating outputs and
analyzing these measured data. The main goal is to try to infer patterns of student behavior in
the department and to evaluate and present the results of the analysis, including the use of the
time attribute of the measured data. ESRI's Story Map is used to present the results. The software
used in this thesis is ESRI, Microsoft Office and Google Maps.
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