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Anotacia témy dizertacnej prace:
Slnec¢né Ziarenie je jednym zo zakladnych faktorov, ktory ovplyviiuje prehrievanie zastavanych uzemi. Tento jav,
znamy ako mestsky ostrov tepla (urban heat island - UHI) ma viacero negativnych dopadov na zastavanu krajinu,
napriklad spbésobuje nadmerné energetické naroky budov, zniZzeny tepelny komfort a zvySené zdravotné rizika
u obyvatelov, zniZenie biodiverzity zastavanej krajiny. LepSie pochopenie faktorov, ktoré prispievaju k jeho vzniku,
vedie k efektivnemu zmierneniu tychto nepriaznivych Gcinkov. Suéasny vyskum preukdazal vyznamnui korelaciu
medzi morfoldgiou a tiez termalnymi vlastnostami zastavaného Gzemia a povrchovou teplotou povrchu, avsak vplyv
jednotlivych prvkov zastavanej krajiny vo vysokom priestorovom rozliSeni, mnoZstvom dopadajiceho a neustdle sa
meniaceho toku energie slne¢ného Ziarenia na dynamiku povrchovej teploty a teda aj UHI esSte nebol dokladne
preskimany. V tomto kontexte predstavuju priestorové data produkované z bezpilotnych leteckych systémov (UAS)
velky potencidl. V porovnani s inymi tradi¢nymi technikami dialkového prieskumu Zeme, ako su satelitné snimky
alebo klasické letecké snimky, maju nespochybnitelné vyhody najma z hladiska moZnosti pravidelného a
operativneho nasadenia, ako aj priestorového rozliSenia vratane zachytenia vertikalnej zlozky morfolégie, ¢o hra
doleZitu ulohu predovsetkym v zastavanom Uzemi. Pouzivanie bezpilotnych leteckych prostriedkov je preto mozné
povazovat za efektivny spbsob monitorovania tychto javov, pretoze dokazu v kratkom c¢ase preskimat aj
rozlahlejsie Uzemia (do 1 km?) a poskytnut podrobné informécie o morfolégii krajiny, teplote a dalsich faktoroch
prostredia. RiesSenie projektu dizertacnej prace bude orientované na konkrétne zastavané uzemie (jeho vyber sa
upresni v Uvode riesenia projektu dizertacnej prace). PririeSeni dizertacnej prdce budu vyuzité viaceré senzory
umiestnené na bezpilotnych leteckych platformach ako su optické snimace zaznamendvajuce elektromagnetické
Ziarenie v roznych spektralnych pasmach a laserovy skener. Ciefom projektu dizertaénej prace je zlepsit predikciu
povrchove]j teploty zastavaného Uzemia a aj vyskytu UHI integraciou viacerych datovych vrstiev zahfnajucich
detailnd morfolégiu a termalne vlastnosti povrchov zastavaného Uzemia a tieZz validaciou vysledkov existujucich
modelov povrchovej teploty. Ocakdvanym vysledkom rieSenia projektu bude zlepSenie predpovedania
priestorového rozloZenia povrchove] teploty a UHI a lepSie pochopenie faktorov, ktoré k vzniku tychto javov
prispievaju. Zhromazdovanim tychto Gdajov m6Zu mesta identifikovat oblasti a aktivity, ktoré prispievaju k efektu
UHI, a podniknut kroky na znizenie ich vplyvu na Zivotné prostredie, ¢o moZno povazovat za aplikacny vysledok
dizertacnej prace. Téma dizertacnej prace bude rieSena v spolupraci s vybranymi samospravnymi institdciami.

Solar radiation is one of the basic factors that affects the overheating of built-up areas. This phenomenon, known
as the urban heat island (UHI), has several negative impacts on the built-up landscape, for example, it causes
excessive energy demands of buildings, reduced thermal comfort and increased health risks for residents, reduction
of built-up landscape biodiversity. A better understanding of the factors that contribute to its formation leads to
effective mitigation of these adverse effects. Current research has shown a significant correlation between the
morphology and also the thermal properties of the built-up area and the surface temperature of the surface, but
the influence of the individual elements of the built-up landscape in a high spatial resolution, the amount of incident
and constantly changing energy flow of solar radiation on the dynamics of the surface temperature and therefore
also the UHI has not yet been thoroughly reviewed. In this context, spatial data produced from unmanned aerial
systems (UAS) represent great potential. Compared to other traditional remote sensing techniques, such as satellite
images or classic aerial photographs, they have indisputable advantages, especially in terms of the possibility of
regular and operational deployment, as well as spatial resolution, including the capture of the vertical component
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of morphology, which plays an important role especially in built-up areas. The use of unmanned aerial vehicles can
therefore be considered an effective way of monitoring these phenomena, as they can survey even larger areas (up
to 1 km2) in a short time and provide detailed information on the morphology, temperature and other
environmental factors. The solution of the dissertation project will be oriented to a specific built-up area (its choice
will be specified in the introduction of the solution of the dissertation project). Several sensors placed on unmanned
aerial platforms, such as optical sensors recording electromagnetic radiation in different spectral bands and a laser
scanner, will be used in solving the dissertation. The goal of the dissertation project is to improve the prediction of
the surface temperature of the built-up area and the occurrence of UHI by integrating several data layers including
detailed morphology and thermal properties of the surfaces of the built-up area and also by validating the results
of existing surface temperature models. The expected result of the project solution will be an improvement in the
prediction of the spatial distribution of surface temperature and UHI and a better understanding of the factors that
contribute to the emergence of these phenomena. By collecting this data, cities can identify areas and activities
that contribute to the UHI effect and take steps to reduce their environmental impact, which can be considered as
an application outcome of the dissertation. The topic of the dissertation will be addressed in cooperation with
selected self-governing institutions.
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Anotacia témy dizertacnej prace:

Meniaca sa klima, naruSenie lesnych porastov a Upravy tokov su najvyznamnejSimi hnacimi silami zmien
odtokového rezimu v povodiach na Slovensku. Symptomy tychto zmien mézeme pozorovat napriklad vo zvysenej
variabilite a extrémnosti priebehu odozvy odtoku na rézne meteorologické situacie, predizené obdobia sucha a na
zmeny v rozloZeni sezénneho odtoku. To sa prejavuje aj na transformacii transportu sedimentov. Vyskum
dizertacnej prace bude orientovany na priamu detekciu transportu sedimentov zo zdrojovych do akumulaénych
z6n. Hlavnym cielom dizertaénej prace bude identifikovat trajektoriu transportu jednotlivych sedimentov na
vybranych usekoch vodnych tokov, vypocet objemovych zmien korytového materidlu, batymetriu koryta vodného
toku, vypocet frakcie Strkovych lavic a dna koryta. Pre uvedené ulohy budu vyuZivané najma data z bezpilotnych
leteckych systémov so senzormi na baze LiDARu a pasivnych senzorov snimajucich odrazené elektromagnetické
Ziarenie v réznych spektralnych pasmach. Pre batymetriu rie¢neho koryta bude potrebné aplikovat fotogrametriu
s korekciou refrakcie a vytvorit siet kontrolnych bodov pomocou pozemnych merani (napr. pomocou GNSS, totélnej
stanice). Z geoinformatického hladiska bude vyskumnou vyzvou automaticka detekcia rie€nych sedimentov a ich
klasifikacia podla frakcie. Pre splnenie tejto ulohy bude testovanda metdda hlbokého strojového ucenia, pricom
vyuzijeme informdcie o geometrickych a rddiometrickych charakteristikach sedimentov pre ich klasifikaciu podla
tried materialov. Pre analyzu frakcie strkovych lavic vyuZijeme objektovu klasifikaciu a konvoluéna neurdnova siet.
Délezitou sucastou dizertacnej prace bude aj navrh metdd pre modelovanie transportu fluvidlnych sedimentov
a kartograficku vizualizaciu tychto dynamickych procesov. Ocakdvanym vysledkom prace budu identifikované prudy
transportu materidlov a konektivita jednotlivych zdn pomocou automatizovanych geoinformatickych postupov, ¢o
umozni komplexné hodnotenie transportu sedimentov na r6znych mierkovych Urovniach (pre povodia vybranych
vodnych tokov ale aj pre vybrany rie¢ny Usek). Pre rieSenie dizertacnej prace su navrhované dve jedinecné a
rozdielne povodia riek Beld a Ondava. Aplikacnym vysledkom prace je okrem novovytvorenych ndstrojov aj navrh
opatreni pri manazmente vodnych tokov z hladiska transportu sedimentov, ktoré vyrazne menia fyzickd Struktdru
vodnych tokov. Ziskané wvysledky su délezité zhladiska pochopenia pohybu sedimentov a vztahov
charakterizujucich prepojenie koryta s okolitym prostredim, kvantifikacii mnoZstva transportovanych sedimentov
v koryte, ako aj predikciu erézno-akumulaénych procesov v podmienkach meniacej sa klimy.

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 dissertation research 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 individual sediments in selected sections of watercourses, calculation of volume changes
of bed material, bathymetry of the watercourse bed, calculation of the fraction of gravel benches and the bottom
of the bed. Data from unmanned aerial systems with sensors based on LiDAR and passive sensors sensing reflected
electromagnetic radiation in various spectral bands will be used for the mentioned tasks. For the bathymetry of the
river bed, it will be necessary to apply photogrammetry with refraction correction and to create a network of control
points using ground measurements (e.g. using GNSS, total station). From a geoinformatics point of view, the
research challenge will be the automatic detection of river sediments and their classification by fraction. To fulfill


mailto:jan.kanuk@upjs.sk
https://www.uge.science.upjs.sk/kanuk
https://www.uge.science.upjs.sk/

this task, the method of deep machine learning will be tested, while information about geometric and radiometric
characteristics of sediments for their classification according to classes of materials will be used. For the analysis of
the fraction of gravel benches, we will use object classification and a convolutional neural network. An important
part of the dissertation will also be the proposal of methods for modeling the transport of fluvial sediments and
their cartographic visualization of these dynamic processes. The expected result of the work will be the
identification of material transport streams and the connectivity of individual zones using automated
geoinformatics procedures, which will enable a comprehensive assessment of sediment transport at different scale
levels (for the basins of selected watercourses but also for the selected river section). Two unique and different
basins of the rivers Belda and Ondava are proposed for the solution of the dissertation. The application result of the
work is, in addition to newly created tools, a proposal for measures in the management of watercourses from the
point of view of sediment transport, which significantly change 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.
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Anotacia témy dizertacnej prace:

Cielom dizertacnej prace je vyskum efektivnych postupov pre vyuzZitie kombindcie dat ziskanych laserovym
skenovanim (lidarom) a hyperspektralnym snimanim v mapovani krajinnej pokryvky. Lidar zachytava trojrozmernt
komplexnost krajiny vo vysokom rozliSeni a hyperspektralne snimanie velmi podrobne rozlisuje spektrélnu
odrazivost materidlov povrchu krajiny. Vyzvu pre geovedny vyskum predstavuje obrovské mnozstvo dat, ktoré
obidve metédy generuju samostatne a Uplne aktudlnym problémom je efektivne zuZitkovanie tychto dvoch typov
dat spoloéne. Vysledky prace by mali zahfnat vyhodnotenie testovania, optimalizacie a implementacie metdd
hlbokého strojového ucenia, ktoré st novym smerom v rieseni zloZitych vypoctovych uloh na velkych datach.
Vstupné data mozu pochadzat z druzicového, leteckého i pozemného dialkového prieskumu. K dispozicii pre zber
dat budu aj bezpilotné letecké systémy dostupné na pracovisku. V aplika¢nej rovine sa predpoklada mapovanie
objektov s komplexnou materidlovou a geometrickou Struktirou, ako su budovy, vegetdcia, reliéf a interpretdcia
novych informdcii o krajine.

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.
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Anotacia témy dizertacnej prace:

Cielom dizertac¢nej prace je preskimat vyvojové trendy priestorovej socidlno-ekonomicke;j stratifikacie spoloénosti
na roznych priestorovych Udrovniach — od globdlnej aZz po vnutromestskd s wvyuZitim viacerych zdrojov
geopriestorovych dat a geoinformatickych nastrojov. V praci bude potrebné pre rozne priestorové mierky
identifikovat primerané ukazovatele a zhodnotit vhodnost, dostupnost a spolahlivost konkrétnych dat. S cielom
minimalizovat Statistick( odchylku vyplyvajicu z problému menitelnych plosnych jednotiek (tzv. MAUP) sa vyuziju
rozne siete priestorovych jednotiek. Pre prisp6sobenie dat pozadovanym priestorovym jednotkdm sa aplikuju
metddy arealovej transformacie dat, pricom v zaujme vyuzitia obdobnych podkladovych vrstiev pri medzinarodnych
komparéciach vyvoja v urbannom prostredi mozno vychadzat napriklad z podkladov European Land Monitoring
Services (Urban Atlas). Nasledne sa uskutocni analyza a modelovanie priestorového usporiadania socialno-
ekonomickej stratifikdcie obyvatelstva s déraznom na chronologicky aspekt a identifikaciu faktorov veducich k tejto
stratifikacii. Vyuziju sa pritom pokrocilé Statistické metddy i ndstroje geografickych informacnych systémov.
Sucastou prace bude identifkacia pravidelnosti priestorového usporiadania v réznych mierkach a s dérazom na ich
zhodnotenie v kauzalnych suvislostiach.

The aim of the dissertation is to examine the development trends in the spatial social-economic stratification of
society at various spatial levels — from global to intra-urban using various geospatial data and tools. In the thesis, it
will be necessary to identify appropriate indicators for different spatial scales and evaluate the appropriateness,
availability and reliability of particular data. Various spatial unit networks will be applied to minimize the statistical
bias resulting from the Modifiable areal unit problem (MAUP). The data will be applied to the required spatial units
using areal transformation methods and similar data used at the international level for comparison of urban areas
such as the data from European Land Monitoring Services (Urban Atlas). Subsequently, the analysis and modelling
of the spatial arrangement of social-economic stratification will be carried out with an emphasis on the
chronological aspect and identification of factors leading to this stratification. Advanced statistical methods and
tools of geographic information systems will be used. The thesis will also identify regularities of the spatial
arrangement at various scales and with an emphasis on their evaluation in causal contexts.
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