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Formular ZK - Zaverec¢na karta projektu

Riesitel: Prof. RNDr. Karol Mikula, DrSc.

Evidenéné éislo projektu: RPEU-0004-06

Nazov projektu: Analyza obrazu pomocou nelinearnych difiznych rovnic

Na ktorych pracoviskach
bol projekt rieSeny:

Stavebna fakulta STU Bratislava

Katedra matematiky a deskriptivnej geometrie

Ktoré zahrani¢né
pracoviska
spolupracovali pri rieSeni
(nazov, stat):

CNRS, Department of Developmental Biology, Gif sur Yvette, France

Ecole Polytechnique, Paris, France

Universita di Bologna, Italy

Udelené patenty alebo
podané patentové
prihlasky, vynalezy alebo
uzitkové vzory
vychadzajuce z vysledkov
projektu:

Publikacie (knihy, ¢lanky,
prednéasky, spravy a pod.)
zhriujuce vysledky
projektu

(uvedte i publikacie prijaté
do tlace):

Uvadzajte maximalne pét
najvyznamnejsich
publikacii.

O.Drblikova, K.Mikula, Convergence analysis of finite volume scheme for
nonlinear tensor anisotropic diffusion in image processing, SIAM Journal on
Numerical Analysis, Vol. 46, No. 1 (2007) pp. 37-60, publikacia v CC Casopise

K.Mikula, A.Sarti, Parallel co-volume subjective surface method for 3D medical
image segmentation, in: Parametric and Geometric Deformable Models: An
application in Biomaterials and Medical Imagery, Volume-II, Springer Publishers,
(Eds. Jasjit S. Suri and Aly Farag), ISBN 0-387-31204-8, 2007, pp. 123-160,
kapitola v knihe rozsahu vedeckej monografie

P.Frolkovi¢, K.Mikula, N.Peyrieras, A.Sarti, A counting number of cells and cell
segmentation using advection-diffusion equations, Kybernetika, Vol 43, No.6
(2007) pp. 817-829, publikacia v CC Casopise

O.Drblikova, A.Handlovi¢ova, K.Mikula, Error Estimates of the Finite Volume
Scheme for the Nonlinear Tensor Anisotropic Diffusion, Applied Numerical
Mathematics, Vol. 59, No. 10 (2009) pp. 2548-2570, publikacia v CC Casopise

P.Bourgine, R.Cunderlik, O.Drblikova-Stasova, K.Mikula, N.Peyriéras, B.Rizzi,
A.Sarti, 4D embryogenesis image analysis using PDE methods of image
processing, akceptované do CC Casopisu Kybernetika, vyjde 2010, v tlaci

V ¢om vidite uplatnenie
vysledkov projektu:

V pocitacovej analyze rozsiahlych 3D obrazov a obrazovych postupnosti
v bioldgii, bioinzinierstve, medicine a farmaceutickom vyskume.

Charakteristika vysledkov

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - slovensky:

Pocas rieSenia projektu boli vytvorené, analyzované a paralelne implementované originalne numerické metody
na filtraciu, detekciu objektov a segmentaciu 3D obrazov a obrazovych postupnosti ziskanych v ranych
Stadiach embryogenézy rybky Danio Rerio viac-fotonovym laserovym mikroskopom. Metody su zalozené na
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stabilnych a efektivnych semi-implicitnych ¢asovych diskretizaciach nelinearnych konvekéno-difiznych
geometrickych parcidlnych diferencialnych rovnic a na priestorovej diskretizacii metodou konecnych
objemov. Paralelné implementacie numerickych algoritmov st vyuzivané na analyzu rozsiahlych biologickych
dat a rekonstrukciu bunkového rodostromu, ¢o bolo jednym z hlavnych ciel'ov projektu. Popri tychto
praktickych vystupoch, bolo rieSiteI'mi dosiahnutych viacero originalnych teoretickych vedeckych vysledkov,
publikovanych v 15 ¢lankoch v karentovanych casopisoch ako st SIAM J. Numerical Analysis, SIAM
J.Scientific Computing, IEEE Transactions on Image Processing, Applied Numerical Mathematics,
Kybernetika a d’alSich 20 prac bolo publikovanych v recenzovanych vedeckych ¢asopisoch a zbornikoch z
konferencii. Vysledky boli prezentované na mnohych vedeckych podujatiach formou pozvanych prednasok,
akceptovanych prispevkov a posterov. Vd’aka naviazanému eurdpskemu projektu Embryomics a tiez s
prispenim RPEU projektu bolo na Katedre matematiky a deskriptivnej geometrie Stavebnej fakuly STU v
Bratislave vybudované paralelné pocitacové laboratérium v sucasnosti disponujuce 50 procesormi a 512 GB
operacnej pamite, ¢o predstavuje vyznamnu a ojedinelt vypoctovu silu nielen v slovenskych akademickych
podmienkach. Pocas rieSenia projektu boli dokoncené dve dizertaéné prace a doktorandi a postdoktorandi
vyrazne vedecky vyrastli vd’aka spolupraci so $pickovymi zahrani¢nymi pracoviskami a odbornikmi

z Univerzity Bologna, Ecole Polytechnique a CNRS Pariz.

Summary of the project results and the fulfillments of the project goals (max. 20 lines) -english:

During the project solving, the original numerical methods for 3D image filtering, object detection and
segmentation were created, analysed and implemented on parallel computer architecture. The 3D images and
image sequences comes from early stages of zebrafish (Danio Rerio) embryogenesis by using multi-photon
laser scanning microscopy. The methods are based on stable and efficient semi-implicit time discretizations of
nonlinear geometrical advection-diffusion partial differential equations and on the space discretization by the
finite volume method. Parallel computer implementations of the numerical algorithms are used in analysis of
large-scale biological data and for the reconstruction of the cell lineage tree, which was one of the main
objectives of the project. Together with practical outputs, the research team members published 15 papers in
Current Contents journals as SIAM J. Numerical Analysis, SIAM J.Scientific Computing, IEEE Transactions
on Image Processing, Applied Numerical Mathematics, Kybernetika and further 20 papers were published in
other reviewed journals and conference proceedings. The results were presented in many scientific meetings in
the form of invited talks, contributed oral presentations and posters. Thanks to the related European project
Embryomics and with the funds of this RPEU project, there was built parallel computing laboratory at
Department of Mathematics and Descriptive Geometry, Faculty of Civil Engineering, Slovak University of
Technology in Bratislava, with computer power given by 50 processors and 512 GB RAM which represents
high-scale computational facility exceptional in the Slovak academic institutions. During the project, two PhD
disertations were created and doctoral and postdoctoral students have strongly grown scientifically due to
cooperation with distinguished institutions and researchers from University of Bologna, Ecole Polytechnique
and CNRS in Paris.

Podpisom zaverecnej karty rieSitel vyjadruje svoj suhlas so zverejnenim udajov v nej uvedenych.
Podpis zodp. rieSitela: ...........cccoeeieiiiiiiiiinnnnnns Podpis Statutarneho zastupcu: ..........ccccceeeieinnnnee.
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