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Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

NA

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

NA

Najvyznamnejsie publikacie (knihy, ¢lanky, prednasky, spravy a pod.) zhrnujice
vysledky projektu — uved'te aj publikacie prijaté do tlace

MIKULA, Karol - KOLLAR, Michal - OZVAT, Aneta Alexandra - AMBROZ, Martin -
CAHOJOVA, Lucia - JAROLIMEK, Ivan - SIBIK, Jozef - SIBIKOVA, Maria. Natural numerical
networks for Natura 2000 habitats classification by satellite images. In Applied Mathematical
Modelling. No. 116 (2023), s. 209-235. ISSN 0307-904X (2022: 5 - IF, Q1- JCR BestQ,
1.08 - SUR, Q1 - SUR Best Q). V databaze: SCOPUS: 2-s2.0-85143493733; CC:
000694508100001; DOI: 10.1016/j.apm.2022.11.021. Typ vystupu: ¢lanok; Vystup:
zahrani¢ny; Kategoéria publikacie do 2021: ADC

MIKULA, Karol - SIBIKOVA, Maria - AMBROZ, Martin - KOLLAR, Michal - OZVAT, Aneta
Alexandra - URBAN, Jozef - JAROLIMEK, Ivan - SIBIK, Jozef. NaturaSat - A software tool
for identification, monitoring and evaluation of habitats by remote sensing techniques. In
Remote Sensing [elektronicky zdroj]. Vol. 13, iss. 17 (2021), online, [19] s., art.no. 3381.
ISSN 2072-4292 (2021: 5.349 - IF, Q1 - JCR Best Q, 1.283 - SUR, Q1 - SURBest Q). V
databaze: CC: 000694508100001; SCOPUS: 2-s2.0-85114022851; DOI:
10.3390/rs13173381. Kategodria publikacie do 2021: ADC

PARK, Seol Ah - SIPKA, Tamara - KRIVA, Zuzana - LUTFALLA, Georges - NGUYEN-CHI,
Mai - MIKULA, Karol. Segmentation-based tracking of macrophages in 2D+time microscopy
movies inside a living animal. In Computers in Biology and Medicine. No. 153 (2023), [22] s.,
art. no. 106499. ISSN 0010-4825 (2022: 7.7 - IF, Q1- JCR BestQ, 1.222 - SJR, Q1- SJR
BestQ). V databaze: SCOPUS: 2-s2.0-85145355159; CC: 000918038000001; DOI:
10.1016/j.compbiomed.2022.106499. Typ vystupu: ¢lanok; Vystup: zahrani¢ny; Kategoria
publikacie do 2021: ADC

SIPKA, Tamara - PARK, Seol Ah - OZBILGIC, Resul - BALAS, Laurence - DURAND,
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Thierry - MIKULA, Karol - LUTFALLA, Georges - NGUYEN-CHI, Mai. Macrophages undergo
a behavioural switch during wound healing in zebrafish. In Free Radical Biology and
Medicine. No. 192 (2022), s. 200-212. ISSN 0891-5849 (2022: 7.4 - IF, Q1 - JCR Best Q,
1.625 - SJR, Q1 - SJR Best Q). V databaze: SCOPUS: 2-s2.0-85139285698; CC:
000933868600004; DOI: 10.1016/ j.freeradbiomed.2022.09.021. Typ vystupu: ¢lanok;
Vystup: zahrani¢ny; Kategéria publikacie do 2021: ADC

HAHN, Jooyoung - MIKULA, Karol - FROLKOVIC, Peter - PRIESCHING, Peter -
BALAZOVJECH, Martin - BASARA, Branislav. Second-order accurate finite volume method
for G-equation on polyhedral meshes. In Japan Journal of Industrial and Applied
Mathematics. Vol. 40, iss. 2 (2023), s. 1053-1082. ISSN 0916-7005 (2022: 0.9 - IF, Q3 -
JCR BestQ, 0.374 - SJR, Q2 - SJR Best Q). V databaze: CC: 000988735600013;
SCOPUS: 2-s2.0-85151133678; DOI: 10.1007/s13160-023-00574-x. Typ vystupu: €lanok;
Vystup: zahrani¢ny; Kategoria publikacie do 2021: ADC

HAHN, Jooyoung - MIKULA, Karol - FROLKOVIC, Peter - BASARA, Branislav. Finite
volume method with the Soner boundary condition for computing the signed distance
function on polyhedral meshes. In International Journal for Numerical Methods in
Engineering. Vol. 123, iss. 4 (2022), online, s. 1057-1077. ISSN 0029-5981 (2022: 2.9 - IF,
Q2 - JCRBest Q, 1.043 - SJR, Q1 - SJR Best Q). V databaze: CC: 000727237700001; DOI:
10.1002/nme.6888; SCOPUS: 2-s2.0-85120657496. Typ vystupu: ¢lanok; Vystup:
zahrani¢ny; Kategoéria publikacie do 2021: ADC

MINARECHOVA, Zuzana - MACAK, Marek - CUNDERLIK, Rébert - MIKULA, Karol. On the
finite element method for solving the oblique derivative boundary value problems and its
application in local gravity field modelling. In Journal of geodesy. Vol. 95, no. 6 (2021), [19]
s., art. no. 70. ISSN 0949-7714 (2021: 4.809 - IF, Q1 - JCRBest Q, 1.725 - SUR, Q1 -SJR
Best Q). V databaze: CC: 000660556200001; SCOPUS: 2-s2.0-85107683478; DOI:
10.1007/s00190-021-01522-8. Kategodria publikacie do 2021: ADC

MACAK, Marek - MINARECHOVA, Zuzana - TOMEK, Luka$ - CUNDERLIK, Rébert -
MIKULA, Karol. Solving the fixed gravimetric boundary value problem by the finite element
method using mapped infite elements. In Computational Geosciences. Vol. 27, no. 4 (2023),
S.649-662. ISSN 1420-0597 (2022: 2.5 - IF, Q3 - JCR BestQ, 0.806 - SJR, Q1 - SJR Best
Q). V databaze: CC: 001038331100007; SCOPUS: 2-s2.0-85163955312; DOI:
10.1007/s10596-023-10224-3. Typ vystupu: ¢lanok; Vystup: zahrani¢ny; Kategéria
publikacie do 2021: ADC

FROLKOVIC, Peter - ZERAVY, Michal. High resolution compact implicit numerical scheme
for conservation laws. In Applied Mathematics and Computation. No. 442 (2023), [17] s., art.
no. 127720. ISSN 0096-3003 (2022: 4 - IF, Q1 - JCR Best Q, 0.962 - SJR, Q1 - SJR Best
Q). V databaze: CC: 000903958900005; SCOPUS: 2-s2.0-85145559681; DOI:
10.1016/j.amc.2022.127720. Typ vystupu: ¢lanok; Vystup: zahraniCny; Kategoria publikacie
do 2021: ADC

GARTTNER, Stephan - FROLKOVIC, Peter - KNABNER, Peter - RAY, Nadja. Efficiency of
micro-macro models for reactive two-mineral systems. In Multiscale Modeling and
Simulation. Vol. 20, no. 1 (2022), s.433-461. ISSN 1540-3459 (2022: 1.6 - IF, Q2 - JCR
BestQ, 0.855 - SJR, Q1- SJR Best Q). V databdze: SCOPUS: 2-s2.0-85128013407; DOI:
10.1137/20M1380648. Typ vystupu: ¢lanok; Vystup: zahrani¢ny; Kategoria publikacie do
2021: ADM

Uplatnenie vysledkov projektu

Vysledky projektu sa uplatnia predovSetkym v environmentalistike a ochrane prirody a
biodiverzity Zeme, dalej vo vyvojovej biologii a imunoldgii pri analyze spravania makrofagov
pri odozve imunitného systému na zapaly, pri sledovani variacii tiazového pola Zeme a
presunov hmot vplyvom klimatickej zmeny a optimalizacii emisii sklenikovych plynov pri
procesoch horenia v spalovacich motoroch.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Ciele projektu boli splnené. Bolo vytvorenych 45 originalnych vedeckych prac, ktoré boli
publikované v renomovanych karentovanych ¢asopisoch a zbornikoch z vyznamnych
medzinarodnych vedeckych konferencii v oblasti aplikovanej matematiky, matematického a
numerického modelovania a spracovania velkorozmernych dat, predovsetkym
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mikroskopického a satelitného obrazu a videa. V prvom rade, bol vytvoreny a publikovany
novy algoritmus hlbokého strojového u€enia na baze dopredno-spatnych parcialnych
diferencialnych difuznych rovnic na neorientovanych a orientovanych grafoch, pomocou
ktorého sa podarilo s doposial' najvysSou presnostou automaticky klasifikovat chranené
biotopy Natura 2000 zo snimok druzice Sentinel-2 Eurépskej vesmirnej agentiry ESA. Dalej
sa podarilo vytvorit' a publikovat efektivhe a presné algoritmy na segmentaciu a treking
imunitnych buniek (makrofagov) vo videach konfokalnej mikroskopie, umoznujuce s viac ako
97% presnostou extrahovat ich trajektérie a dalSie morfo-kinetické charakteristiky. Boli tiez
vytvorené algoritmy na zhladenie trajektorii a rekonStrukciu rychlostného pola spésobeného
chemoatraktivnym gradientom ako aj metddy na Studium nahodného spravania makrofagov
pocas imunitnych reakcii. Dalej boli vytvorené efektivne paralelné vypoctové metddy na
uréovanie gravitaéného pola Zeme na baze metoédy koneénych prvkov a koneénych
objemov, ktoré rieSia originalnu nelinearnu geodeticku okrajovu ulohu, respektive okrajovu
ulohu so Sikmou derivaciou na vonkajSej nekone¢nej oblasti mimo povrchu Zeme. Tieto
metody boli aplikované na presné ur€ovanie kvazigeoidu v oblasti Hong Kongu a
amerického Statu Colorado. V ramcirieSenia projektu boli tiez dosiahnuté originalne
vysledky v aplikacii level-set metdd na modelovanie Sirenia frontu horenia v spalovacich
motoroch. Bola vytvorena a publikovana nova metéda kone€nych objemov pre tzv. G-
rovnicu, ktora obsahuje vplyv externého rychlostného pola a vplyv krivosti na pohyb frontu
horenia. Takisto sa nam podarilo vytvorit nové efektivne algoritmy na vypocet funkcie
vzdialenosti pomocou rieSenia tzv eikonalovej rovnice a navrhli sme prave eikonalovu
rovnicu ako prirodzenu okrajovu podmienku pre level-set metddu. Na rieSenie level-set a
dalSich typov hyperbolickych rovnic ako aj rieSenie nelinearnych zakonov zachovania sme
vytvorili nové semi-implicitné kompaktné numerické schémy, ktoré su stabilné pre vysoké
Courantove Cisla a davaju druhy, pripadne aj vy$Si rad presnosti, pre hladké rieSenia
takychto uloh. VSetky vytvorené metddy a postupy maju velky potencial vyuzitia v praxi,
najma v ochrane prirody a jej biodiverzity, optimalizacii emisii sklenikovych plynov a
sledovani variacii tiaZzového pofa v suvislosti s klimatickou zmenou.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

The objectives of the project were met. 45 original scientific works were created, which were
published in renowned peer-reviewed journals and proceedings of international scientific
conferences in the field of applied mathematics, mathematical and numerical modeling and
processing of large-scale data, primarily microscopic and satellite image and video. First of
all, a new deep-learning algorithm based on forward-backward partial differential diffusion
equations on undirected graphs was created and published, with the help of which it was
possible to automatically classify protected habitats Natura 2000 from the images of the
Sentinel-2 satellite of the European Space Agency ESA with the highest accuracy so far.
Furthermore, it was possible to create and publish efficient and accurate algorithms for the
segmentation and tracking of immune cells (macrophages) in confocal microscopy videos,
allowing extraction of their trajectories and other morpho-kinetic characteristics with more
than 97% accuracy. Algorithms for smoothing the trajectories and reconstructing the velocity
field caused by the chemoattractive gradient as well as methods for studying the random
behavior of macrophages during immune reactions were also created. Furthermore,
effective parallel computational methods for determining the Earth's gravity field were
created based on the method of finite elements and finite volumes, which solve the original
nonlinear geodetic boundary value problem, respectively the boundary value problem with
an oblique derivative on the outer infinite region outside the Earth's surface. These methods
were applied to the precise determination of the quasi-geoid in the area of Hong Kong and
the American state of Colorado. As part of the project solution, original results were also
achieved in the application of level-set methods for modeling the propagation of the
combustion front in internal combustion engines. A new finite volume method for the so-
called G-equation, which includes the effect of the external velocity field and the effect of
curvature on the motion of the flame front was developed. We also managed to create new
effective algorithms for calculating the distance function using the solution of the so-called
eikonal equation, and we proposed the eikonal equation as a natural boundary condition for
the level-set method. For solving level-set and other types of hyperbolic equations as well as
solving nonlinear conservation laws, we have created new semi-implicit compact numerical
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schemes that are stable for high Courant numbers and give second or even higher-order
accuracy for smooth solutions of such problems. All created methods and procedures have
a great potential for use in practice, especially in the protection of nature and its biodiversity,
optimization of greenhouse gas emissions and monitoring of gravity field variations in
connection with climate change.
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