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Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni
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vysledkami projektu
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Najvyznamnejsie publikacie (knihy, élanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace

1. M.Balazovjech, K.Mikula, A higher order scheme for a tangentially stabilized plane curve
shortening flow with a driving force, SIAM Journal on Scientific Computing, Vol. 33, No. 5
(2011) pp. 2277-2294

2. P.Frolkovi€, Application of level set method for groundwater flow with moving boundary.
Advances in Water Resources, Volume 47, October 2012, Pages 56—66

3. R.Cunderlik, K.Mikula, M.Tunega, Nonlinear diffusion filtering of data on the Earth's
surface, Journal of Geodesy, Vol. 87, No. 2 (2013) pp. 143-160

4. K.Mikula, M. Remesikova, P. Sarkoci, D. Sevéovi¢, Manifold evolution with tangential
redistribution of points, SIAM Journal on Scientific Computing, Vol. 36, No.4 (2014), pp.
A1384-A1414



5. K.Mikula, M.Ohlberger, J.Urban, Inflow-Implicit/Outflow-Explicit finite volume methods for
solving advection equations, Applied Numerical Mathematics, Vol. 85 (2014) pp. 16-37

Uplatnenie vysledkov projektu

Vysledky projektu najdu uplatnenie v spracovani biomedicinskeho obrazu, pocCitacovej
rekonstrukciu vyvoja Zivych organizmov, modelovani Sirenia lesnych poziarov, dizajne
architektonickych konstrukcii, modelovani pruadenia podzemnej vody a odhade parametrov
porovitého prostredia, filtracii geodetickych a geofyzikalnych veli€in a v mnohych dalSich
aplikaciach popisanych geometrickymi parcialnymi diferencialnymi rovnicami.

CHARAKTERISTIKA VYSLEDKOV

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

V ramci rieSenia projektu sa podaril vyznamny prelom v oblasti Lagrangeovskych algoritmov
vyvoja kriviek a pléch a to vytvorenim vSeobecnej metddy tangencialnej redistribucie bodov
na varietach. Bola tiez vytvorena nova numericka metdéda druhého radu presnosti v priestore
a Case pre pohyb kriviek riadeny externym rychlostnym polfom, krivostou a stabilizujucou
tangencialnou rychlostou. Pre pohyb rovinnych kriviek v Lagrangeovskej formulacii bol
navrhnuty unikatny spdsob rieSenia topologickych zmien, mnohonasobne zvysujuci vypodtovu
efektivnost dovtedy znamych metdd. Rychly spdsob rieSenia topologickych zmien umoznil
vytvorenie nového matematického modelu a softvéru na modelovanie Sirenia hranice lesného
poziaru ako aj noveho efektivneho pristupu k segmentacii 2D obrazu. Bol navrhnuty
nelinearny regularizovany Perona-Malikov difizny model filtracie na uzavretej ploche a
numericka metdéda na jeho rieSenie aplikovana na nelinearnu filtraciu dat na zemskom
povrchu a drahach satelitov, vyuZitych pri rieSeni uloh presného uréenia tiazoveho pofa
Zeme. Bola navrhnuta nova semi-implicitna metdda rieSenia rovnic advekcie na baze
originalnej Casovej diskretizacie vtok-implicitne/odtok-explicitne, ktora je druhého radu
presnosti s maticou systému danou diagonalne dominantnou M-maticou, a ktora po
stabilizacii explicitnej Gasti pomocou korekcie tokov spifia diskrétny princip minima-maxima.
Metdda bola vyuzita pri rieSeni advekéno-tenzorovo-difuznych rovnic v tlohach s volnymi
hranicami, prudeni v pérovitom prostredi a financnej matematike. Na baze rieSenia
geometrickych parcialnych diferencialnych rovnic bol vytvoreny novy algoritmus trackingu
buniek v 4D obrazoch aplikovany na rekonstrukciu vyvoja Zivych organizmov.

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

New method for tangential redistribution of points on evolving manifolds was created. New
second order accurate method in space and time was created for curve evolution depending
on external velocity field, curvature and stabilized tangential velocity. For motion of plane
curves in Lagrangian formulation, new fast method for treatment of topological changes was
suggested. The method allowed to build new mathematical model and software for forest fire
front propagation and new efficient methods for 2D image segmentation. New nonlinear
regularized surface Perona-Malik model was designed and numerical method for its solution
was created and applied to nonlinear diffusion filtering of data on Earth surface and satellite
orbits used for precise determination of Earth gravity field. New semi-implicit inflow-
implicit/outflow-explicit method for solving advection equations was created. The method is
second order accurate in space and time, with diagonally dominant M-matrix, and after flux
corrected transport stabilization it fulfills discrete minimum-maximum principle. Method was
used for solving advection-tensor-diffusion equations in free boundary problems, porous
media flow and financial mathematics. Based on geometrical PDEs, new algorithm for
tracking cells in 4D images was created and applied in reconstruction of development of living
organisms.
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Svojim podpisom potvrdzujem, Ze Udaje uvedené v zaverecnej karte su pravdivé a uplné
a suhlasim s ich zverejnenim.

Zodpovedny riesitel Statutarny zastupca prijemcu
Prof. RNDr. Karol Mikula DrSc. Prof. Ing. Robert Redhammer, PhD.
V Bratislave 27.11.2014 V Bratislave 27.11. 2014

" podpis zodpovedného riesitela podpis Statutarneho zastupcu prijemeu
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