Témy doktorandskych prac pre doktorandsky studijny program Geoinformatika a dialkovy
prieskum Zeme na UGE pre ak. rok 2022/2023

Vsetky témy su urcené pre dennu formu stidia.

Fuzia LiDAR-ovych a hyperspektralnych dat pre zlepsenie klasifikacie krajinnej pokryvky pomocou
hlbokého strojového ucenia.

LiDAR and Hyperspectral data fusion for improving land cover classification with deep machine
learning

Skolitel/ Supervisor: doc. Mgr. Michal Gallay, PhD.
Konzultant/ Consultant: Mgr. Katarina Onacillova, PhD.

Anotadcia: Cielom dizertacnej prace je vyskum efektivnych postupov pre vyuzitie kombinacie dat
ziskanych laserovym skenovanim (lidarom) a hyperspektralnym snimanim v mapovani krajinnej
pokryvky. Lidar zachytava trojrozmerni komplexnost krajiny vo vysokom rozliseni a hyperspektralne
snimanie velmi podrobne rozlisuje spektralnu odrazivost materidlov povrchu krajiny. Vyzvu pre
geovedny vyskum predstavuje obrovské mnoZstvo dat, ktoré obidve metddy generuju samostatne a
Uplne aktudlnym problémom je efektivne zuZitkovanie tychto dvoch typov dat spolocne. Vysledky
prace by mali zahfiat vyhodnotenie testovania, optimalizacie a implementacie metdd hlbokého
strojového ucenia, ktoré s novym smerom v rieseni zloZitych vypoctovych uloh na velkych datach.
Vstupné data mézu pochadzat z druZicového, leteckého i pozemného dialkového prieskumu. K
dispozicii pre zber dat budu aj bezpilotné letecké systémy dostupné na pracovisku. V aplikacnej
rovine sa predpokladd mapovanie objektov s komplexnou materidlovou a geometrickou Struktirou,
ako su budovy, vegetdcia, reliéf a interpretacia novych informacii o krajine.

Annotation: The aim of the doctoral project is to develop procedures for combining data obtained by
laser scanning (lidar) and hyperspectral imaging in land cover mapping. Lidar captures the three-
dimensional complexity of the landscape in a high spatial resolution, and hyperspectral sensing
distinguishes fine differences in spectral reflectance of surface materials. The challenge for
geoscientific research is the huge amount of data that both methods generate separately, and the
efficient utilization of these two types of data together. The results of the work should include the
evaluation of testing, optimization and implementation of deep machine learning methods, which
are increasingly being used for solving complex computational tasks on big spatial data. The input
data can be acquired by satellite, aerial and terrestrial remote sensing. Unmanned aerial systems
available in the Institute of Geography will also be available for data collection. The application
aspect of the thesis will focus on mapping of objects with a complex and geometric structure, such as
buildings, vegetation, relief and interpretation of the new information.

Vyuzitie metdd geomorfometrie a 3D modelovania na interpretaciu povrchovych mikrotexturnych
znakov na tazkych mineraloch vo vybranych lokalitach Zapadnych Karpat

Use of geomorphometry and 3D modelling to interpretation of heavy-mineral surface microtexture
features from selected localities in the Western Carpathians

Skolitel/Supervisor: doc. Ing. Katarina Bénova, PhD.

Konzultant/Consultant: prof. Mgr. Jaroslav Hofierka, PhD.



Anotacia: Cielom DzP je analyzovat a vyhodnotit povrchové mikrotextirne znaky vznikajuce
dominantne mechanickymi procesmi zvetravania pocas transportu na vybranych druhoch tazkych
mineralov pomocou metdd geomorfometrie a 3D modelov $pecializovanych 3D softvérov (napr.
Blender). P6jde o testovanie moznosti identifikacie, kvantifikacie a vizualizacie Specifickych prvkov
mikroreliéfu na povrchu mineralnych zfn pomocou technik vyuzivanych vo vSeobecnej geomorfometrii
(systém morfometrickych premennych). Sledovana bude aj vazba vzniku jednotlivych mikrotexturnych
znakov na povrchu transportovanych zén v zavislosti od dizky transportu detritického materialu
(modelovanie reliéfu a vodnych tokov v GIS). Praca predpoklada vytvorenie metodiky na analyzu
mikrotextirnych znakov tazkych minerdlov, od ziskavania vzoriek v teréne, ich spracovania v
laboratdriu, vytvorenia DMR a 3D modelov povrchu mineralnych zfn, geomorfometrickd analyzu, az
po interpretaciu mikrotextdr vo vztahu k ich genéze. Vysledky vyskumu budd aplikovatelné pri
identifikacii fluvidlnych sedimentacnych paleoprostredi a pri paleogeografickych rekonstrukciach.

Annotation: The aim of dissertation thesis is the analysis and evaluation of microtexture features
which occur on heavy-mineral surfaces and result from the mechanical weathering processes during
the transport. For this purpose, the geomorphometry methods and 3D models from specialised 3D
software (e.g., Blender) will be used. These methods will test the possibility of identification,
guantification and visualization of specific features of microrelief on the mineral grain surfaces using
general geomorphometry techniques (system of morphometric variables). The relation of the
formation of individual microtextural features on the surface of transported grains depending on the
length of transport of detrital material will also be monitored (relief and watercourses modelling in
GIS). The work will be focused on creation of methodology for analysis of microtexture features on
heavy-mineral surfaces including the sampling in the field, the sample processing in the laboratory, the
creation of DMR and 3D modelling of the mineral grain surfaces, geomorphometric analysis,
interpretation of microtextures in relation to their genesis. The results of the research could be
applicable in the identification of fluvial sedimentary palaeoenvironments and in the palaeogeographic
reconstructions.

Mapovanie a analyza dynamickych geopriestorovych procesov v urbanizovanej krajine pomocou
bezpilotnych leteckych systémov

Mapping and analysis of dynamic geospatial processes in an urbanized landscape using unmanned
aerial systems

Skolitel/Supervisor: doc. RNDr. Jan Kariuk, PhD.
Konzultant/Consultant: prof. Mgr. Jaroslav Hofierka, PhD.

Anotacia: Priestorové data produkované z bezpilotnych leteckych systémov (UAS) maju coraz
zadsadnejsi vplyv pre rozhodnutia v oblasti Gzemného planovania a manazmentu krajiny. V porovnani s
inymi technikami dialkového prieskumu Zeme, ako su satelitné snimky alebo klasické letecké snimky,
maju data z UAS nespochybnitelné vyhody najma z hladiska moZnosti operativneho nasadenia ako aj
priestorového rozliSenia, ¢o hra doélezitu ulohu predovsetkym v zastavanom uzemi. Aj ked UAS
technoldgie nie su nové, ich potencial pre mapovanie a analyzu dynamickych procesov v urbanizovanej
krajiny nebol doposial naplno vyuzity. Ciefom dizertacnej prace je mapovanie dynamickych procesov
v urbanizovanej krajine pomocou UAS a navrhnut inovativhe geopriestorové nastroje a pracovné
postupy pre analyzu zmien v zastavanom Uzemi na zaklade takto ziskanych dat. V rieseni dizertacnej
prace budu vyuZité viaceré senzory umiestnené na bezpilotnych leteckych platformach ako st optické
snimace zaznamendvajuce elektromagnetické Ziarenie v réznych spektralnych pasmach a laserovy
skener. V praci chceme pozornost zamerat na kvantifikaciu zmeny morfologickej struktiry zastavanej
krajiny (terén, budovy, vegetdcia, cesty a pod.) za urcité obdobie, ¢o sa prejavuje napriklad aj na



dynamike distribucie slne¢ného Ziarenia a teplotnej emisity pre rézne typy povrchov (pocas dna a
roka). Aplikaénym vysledkom dizertacnej prace bude posudenie réznej Urovne kvality udajov z UAS
v porovnani s inymi typmi dat (zo satelitov, klasickych leteckych misii a pozemnych merani) a odporudit
optimalne pracovné postupy ich ziskavania a spracovania. Téma dizertacnej prace bude rieSend
v spoluprdci s vybranymi samospravnymi institdciami.

Annotation: Spatial data achieved by unmanned aerial systems (UAS) are increasingly influencing
landscape planning and management decisions. Compared to other remote sensing techniques, such
as satellite imagery or conventional aerial imagery, UAS data have unquestionable advantages,
especially in terms of operational deployability as well as spatial resolution, which plays an important
role, especially in built-up areas. Although UAS technologies are not new, their potential for mapping
and analysing dynamic processes in urbanized landscapes has not yet been fully exploited. The aim of
the dissertation is to map dynamic processes in an urbanized landscape using UAS and to design
innovative geospatial tools and workflows for the analysis of changes in the built-up area. The solution
of the dissertation will use several sensors placed on unmanned aerial platforms, such as optical
sensors recording electromagnetic radiation in different spectral bands and a laser scanner. In this
work we want to focus on quantifying the change in the morphological structure of the built landscape
(terrain, buildings, vegetation, roads, etc.) over a period of time, which is reflected, for example, in the
dynamics of solar radiation distribution and temperature emission for different types of surfaces
(during the day and year).The application result of the dissertation will be the assessment of different
levels of data quality from UAS in comparison with other types of data (from satellites, conventional
airborne missions and ground measurements) and to recommend optimal working procedures for
their acquisition and processing. The topic of the dissertation will be solved in cooperation with
selected self-governing institutions.

Monitorovanie a modelovanie dynamiky transportu fluvidlnych sedimentov pomocou
geopriestorovych nastrojov

Monitoring and modelling dynamics of fluvial sediment transport using geospatial tools
Skolitel/Supervisor: doc. RNDr. Jan Kariuk, PhD.
Konzultant/Consultant: Mgr. Milo$ Rusnak, PhD.

Anotacia: Meniaca sa klima, naruSenie lesonych porastov a Upravy tokov su najvyznamnejSimi hnacimi
silami zmien odtokového reZimu v povodiach na Slovensku. Symptédmy tychto zmien mdieme
pozorovat napriklad vo zvySenej variabilite aextrémnosti priebehu odozvy odtoku na rozne
meteorologické situacie, predizené obdobia sucha a na zmeny v rozloZeni sezénneho odtoku. To sa
prejavuje aj na transformdcii transportu sedimentov. Vyskum dizertacnej prace bude orientovany na
priamu detekciu transportu sedimentov zo zdrojovych do akumulaénych zén. Hlavnym cieflom
dizertacnej prace bude identifikovat trajektériu transportu jednotlivych sedimentov na vybranych
usekoch vodnych tokov, vypocet objemovych zmien korytového materialu, batymetriu koryta vodného
toku, vypocet frakcie Strkovych lavic a dna koryta na zaklade dat z dialkového prieskumu Zeme vyuZzitim
bezpilotnych leteckych systémov a pozemnych merani. Nemenej dbleZitou sucastou dizertacnej prace
bude navrh inovativnych metdd pre modelovanie dynamiky transportu fluvidlnych sedimentov
a novych geoprocesnych nastrojov. RieSenie dizertacnej prace bude zaloZené najma na vyuZivani
vysokodetailnych vyskovych modelov krajiny. Ocakavanym vysledkom prace budu identifikované
prudy transportu materidlov a konektivita jednotlivych zén, ¢o umozini komplexné hodnotenie
transportu sedimentov na roznych mierkovych tUrovniach (pre povodia vybranych vodnych tokov ale aj
pre vybrany riecny Usek). Pre rieSenie dizertacnej prace su navrhované dve jedinecné a rozdielne
povodia riek Bela a Ondava. Aplikacnym vysledkom prace je okrem novovytvorenych nastrojov aj



navrh opatreni pri manazmente vodnych tokov z hladiska transportu sedimentov, ktoré vyrazne menia
fyzickd Struktdru vodnych tokov. Ziskané vysledky su dolezité z hladiska pochopenia pohybu
sedimentov avztahov charakterizujicich prepojenie koryta s okolitym prostredim, kvantifikacii
mnozstva transportovanych sedimentov v koryte, ako aj predikciu erézno-akumulaénych procesov
v podmienkach meniacej sa klimy.

Annotation: The climate change, forest disturbance and river modifications are the most important
drivers of changes in the runoff regime in river basins in Slovakia. The symptoms of these changes can
be observed, for example, in the increased variability and extremity of the behaviour of the runoff
response to various meteorological situations, the prolonged timescale of drought and the change in
the seasonal runoff distribution. These changes are also reflected in the transport of sediments. The
research of the dissertation will be focused on the direct detection of sediment transport from source
to accumulation zones. The main goal of the dissertation will be to identify the trajectory of transport
of sediments on selected sections of river channel, calculation of volume changes of in-channel
material, bathymetry of channel bed, calculation of gravel bars grain size and riverbed based on remote
sensing data using unmanned aerial systems and ground measurements. An equally important part of
the dissertation will be the design of innovative methods for modelling the dynamics of fluvial
sediment transport and the proposal of a new geoprocessing toolbox. The solution of the dissertation
will be based mainly on the use of high-detailed 3D models of the landscape. The expected result of
the work will be identifying material transport links and connectivity of individual zones, which will
enable a comprehensive assessment of sediment transport at different scale levels (for river basins of
selected watercourses but also for selected river sections). Two unique and different river basins of
the Beld and Ondava Rivers are proposed for the solution of the dissertation. In addition to the newly
designed tools, the application result of the work will be also the proposal of measures in the
management of watercourses in terms of sediment transport, which significantly changes the physical
structure of rivers. The obtained results are important for understanding the movement of sediments
and the connection of the river channel with the surrounding landscape. Quantification of the amount
of transported sediments in the river channels enables to predict of the erosion-accumulation
processes in a climate-changing environment.

V Kosiciach, 14.7.2022

prof. Mgr. Jaroslav Hofierka, PhD

garant a riaditel UGE



