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R.Cunderlik, K.Mikula, M.Mojze$: Numerical Solution of the Linearized Fixed Gravimetric
Boundary Value Problem, Journal of Geodesy, Vol. 82, No. 1 (2008) pp. 15-29

Z.Faskova, R.Cunderlik, K.Mikula, Finite Element Method for Solving Geodetic Boundary
Value Problems, Journal of Geodesy, Published online on October 13, 2009 DOI:
10.1007/s00190-009-0349-7

R.Cunderlik, K.Mikula: Direct BEM for high-resolution global gravity field modelling,
akceptované na publikovanie v ¢asopise Studia Geophysica et Geodaetica, v tladi

Z.Faskova, R.Cunderlik, J.Janak, K.Mikula, M.Sprlak, Gravimetric quasigeoid in Slovakia
by the finite element method, Kybernetika, Vol. 43, No. 6 (2007) pp. 789-796

Z.Faskova, R.Cunderlik, K.Mikula: On Finite Element and Finite Volume Methods and
their application in regional gravity field modeling. In: Gravity, Geoid and Earth
Observation, IAG Symposia, Chania, Crete, 2008, akceptované na publikovanie v
recenzovanom zborniku, ktory vydava Springer, v tladi

V ¢om vidite uplatnenie
vysledkov projektu:

- presné globalne a lokalne modelovanie tiazového pola Zeme
- vyuzitie numerickych modelov na monitorovanie geodynamickych procesov
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Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - slovensky:

V ramci projektu boli vytvorené efektivne numerické modely na globalne a lokalne urCovanie tiazového pola
Zeme. Na rieSenie geodetickych okrajovych uloh so Sikmou derivaciou boli originalne navrhnuté a
aplikované 3D numerické metddy, ako su metéda okrajovych prvkov (MOP), metdéda konecnych prvkov
(MKP) a metéda kone¢nych objemov (MKO). V pripade MOP bola vytvorena paralelna implementacia
v prostredi MPI, ako aj efektivna eliminacia vzdialenych z6n s pouzitim satelitnych rieSeni. Numerické
rieSenie, na baze kolokacie s linearnymi bazovymi funkciami, bolo realizované v bodoch tvoriacich
triangulaciu skutocného Clenitého terénu Zeme. Velkokapacitné paralelné vypocty boli realizované na
vypoctovom klastri KMDG SvF STU. Dosiahnuté rozliSenie a presnost vyslednych globalnych modelov
kvazigeoidu Zeme je porovnatelné s najnov8imi geopotencidlnymi modelmi pouzivanymi v geodézii.
V pripade MKP boli vypoclty realizované v prostredi ANSYS, pri€om podrobné lokalne modelovanie
vychadzalo z diskretizacie 3D oblasti ohrani¢enej zdola skutoénym terénom a zhora a na bokoch fiktivnymi
hranicami, na ktorych bolo rieSenie fixované na satelitné rieSenia. Vytvorené 3D numerické schémy MKP
vyuzivaju linearne ako aj kvadratické priestorové bazové funkcie. Vysledny lokalny model kvazigeoidu
Slovenska testovany metddou GPS a nivelacie potvrdil presnost na urovni najpresnejSich sucasnych
pristupov v geodézii. V pripade MKO bola vytvorena originalna paralelna implementacia v prostredi MPI pre
lokalne modelovanie tiazového pola Zeme na baze bilan¢nych rovnic vychadzajucich z rovnovahy tokov na
hraniciach sférickej siete kone€nych objemov. Vytvorené pristupy boli pouzité na odhad posunov lokalnych
vySkovych systémov, resp. na odhad chyb vysSkovych informacii vstupnych udajov. Dosiahnuté vysledky
vramci projektu boli publikované v4 ¢&lankoch v CC Casopisoch a prezentované na vyznamnych
medzinarodnych konferenciach. Ciele projektu boli splnené v plnom rozsahu.

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

We have developed efficient numerical models for global and local gravity field modelling. Numerical methods like the
boundary element method (BEM), finite element method (FEM) and finite volume method (FVM) have been originally
designed and applied to solve the 3D geodetic boundary-value problems with the oblique derivative boundary conditions.
In case of BEM we have developed the parallel implementation using MPI framework as well as the efficient elimination
of far zones’ interactions using satellite solutions. In the numerical scheme we have used the collocation with linear basis
functions. The obtained numerical solutions have been computed at collocation points that represent vertices of the
triangulation approximating the complicated real Earth’s surface. The large-scale parallel computations have been
performed on the cluster at KMDG SvF STU. The final resolution and precision of the obtained global quasigeoidal
models is comparable with the newest global geopotential models used in geodesy. In case of FEM, the computations
have been performed in the ANSYS software. Here the precise local modelling is based on a discretization of the 3D
computational domain bounded by the real topography on the bottom, and by the artificial upper and side boundaries,
where the solution is fixed to the satellite solutions. The developed 3D numerical schemes of FEM use the linear as well
as quadratic 3D basis functions. The obtained local quasigeoid model in Slovakia tested by the GPS/levelling method
shows that the achieved precision is similar as the precision of the most accurate methods used in geodesy today. In
case of FVM we have developed the original parallel (MPI) implementation for local gravity field modelling based on the
local conservativity of numerical fluxes on boundaries of the spherical mesh representing finite volumes. All developed
approaches have been used to detect shifts of the local vertical datums and to estimate inconsistencies in the vertical
information of the input gravimetric data. The results achieved during the project have been published in 4 papers in the
CC journals and they were presented at the international conferences. The objectives of the project have been fully
fulfilled.
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