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Motivacia: & geomatika

* Druzicovd misia GOCE - viac ako 3 roky merani a niekolko druhov globalnych tiaZovych
modelov Zeme,

* Numerické porovnanie troch metdd na minimalizovanie vplyvu vzdialenych zon.
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Teoreticky zaklad: Integralne transformacie

Vztah medzi prvkami poruchového gravitacného tenzora v LNOF a tiazovymi poruchami je definovany nasledujicou integralnou
rovnicou (Pitonak a kol., 2017):

T .(r,Q) _R Sg(R,OH, (t,w)dQY, i,j=x,y,z, (1)
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kde prislusné integralne jadra su definované ako (Wolf a Denker, 2005):
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Prislusné derivacie Hotineho funkcie podla y a r st definované ako (Pitonak a kol., 2017):
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Teoreticky zaklad: Inverzna uloha

Rovnica (1) vo vektorov tvare je znama ako Gauss-Markovov model:

I1=Ax+g, (4)
pre odhad nezndmeho parametra x pomocou MNS vieme napisat’

x=(APA) A'PI=N"APL (5)

Systém normalnych rovnic (5) reprezentuje diskrétny tvar Fredholmovej integralnej rovnice prvého druhu so zle podmienenou
maticou N (jej ¢islo podmienenosti je * 101°). Na numerické stabilizovanie riesenia sme pouzili Tichonovovu regularizaciu (Tikhonov

19634, b) definovanu ako:

%,,=(A"PA+a’1) API=(N+a’l) A'PL  (6)
Regulariza¢ny parameter a? bol uréeny pomocou metédy general cross-validation (GCV; Hansen and O’Fleary, 1993).
Kombinacia Styroch presne meranych gradientov:
Tichonovova regularizacia (rovnica 6)

%,,=(A"PA+a’l) API=(N+a’l) A'PI

=, 1, 1, L1

A=[A, A, A, Al
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. : . . & _oeomatika
Numericky experiment: Vypoctové schémy ’

INPUT DATA — | REFERENCE FIELD (N =180)
v RESIDUAL FIELD
GRAVITATIONAL EFFECT OF - TRUNCATION
TOPOGRAPHIC MASSES (N =250) [ ERRORS |
r INVERSE PROBLEM
RESIDUAL FIELD
INVERSE |
INVERSE PROBLEM PROBLEM
RESIDUAL FIELD
RESIDUAL FIELD
+ L J + L 4
GRAVITATIONAL EFFECT OF .
TOPOGRAPHIC MASSES (N = 250) y  RESULIS REFERENCE FIELD (N = 180)
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Numericky experiment: Vstupne data S

* EGG_TRF_2 (1. november 2009 - 11. januar 2010) = 2.5 months,

* Rock-Water-Ice gravitacny model izostaticky-kompenzovanej topografie (Grombein a kol. 2014),

 TIM-r4 (Pail a kol. 2011),

« EGM2008 (Pavlis et al. 2012).
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Numericky experiment: Testovacia oblast S

* Testovacia oblast:
¢ €[40°50°], 1€[3%18°], Ap=A1=0.2°, R = 6388136.3 m

* oblast pokrytia meraniami druZice GOCE
¢ €[35°%55°], 1e[-2°23°]
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VysledKky: Rozdiely medzi nasimi rieSeniami a EGM2008 d/o 250 (klasicka metdda) ’

| T, T, | T, T, kombinicia
STD 8,2 8,7 7,9 9,8 6,9

MIN -27,5 -33,1 -31,0 -35,3 -28,1
MAX 23,8 354 21,4 42,6 25,2
MEAN -0,2 -0,8 -0,0 -1,1 -0,2

(jednotky mGal)
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VysledKky: Rozdiely medzi nasSimi rieSeniami a EGM2008 d/o 250 (metoda R-C-R s RWI m((?delom)

| T, T, | T, T, kombinicia
STD 6,2 8,3 4,4 6,7 7,9

MIN -20,5 -34,0 -19,5 -24,0 -27,8
MAX 22,8 22,1 15,3 19,8 43,5
MEAN 04 -09 02 -1/4 0,1

(jednotky mGal)
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Vysledky: Rozdiely medzi nasSimi rieSeniami a EGM2008 d/o 250 (metoda R-C-R) S geomatika

| T, | T, | T, | T, Kombinicia
STD 80 72 57 94 6,2

MIN -23,2 -349 -29,5 -32,5 -31,2
MAX 26,2 27,0 21,2 37,7 23,9
MEAN 0,1 -0,2 0,1 -0,2 0,0

(jednotky mGal)




Zaver:

komponentu T, ktory ma

Tri metody na minimalizovanie vplyvu vzdialenych z6n boli porovnané,
Z testovanych metdd boli najpresnejsSie vysledky dosiahnuté pomocou metédy R-C-R s RWI modelom,

NajlepSie vysledky pri pouziti jednotlivych prvkov poruchového gravitatného tenzora boli dosiahnuté z

na drahe druzice najsilnejsi signal,

Pri kombinovani vSetkych Styroch komponentov bola najlepSia zhoda s modelom EGM2008 dosiahnuta pomocou
metody R-C-R
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SUMMARY
Regional recovery of the disturbing gravitational potential in the area of
from satellite gravitational gradients data is discussed in this contribution
gravitational potential is obtained by inverting surface integral formulas
the disturbing gravitational potential onto disturbing gravitational gradient:
local north-oriented frame. Two numerical approaches that solve the invg
considered. In the first approach, the integral formulas are rigorously deco
parts, that is, the effects of the gradient data within near and distant zones.
of the near zone data is sought as an inverse problem, the effect of the
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is synthesized from the global gravitational model GGMO5S using spectr]
by m&caﬂon error coefficients up to the de_ﬂ'ee 150. In rh_e second appre

Abstract

In this article we discuss a regional recovery of gravity disturbances at the mean geocentric sphere approximating the Earth over th
area of Central Europe [rom satellite gravitational gradients. For this purpose, we derive integral formulas which allow convertin
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Possibilities of inversion of satellite third-order gravitational tensor
onto gravity anomalies: a case study for central Europe
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SUMMARY
We investigate a numerical performance of four different schemes applied to a regional recov-
ery of the gravity anomalies from the third-order gravitational tensor components (assumed
to be observable in the future) synthetized at the satellite altitude of 200 km above the mean
sphere. The first approach is based on applying a regional inversion without modelling the
far-zone contribution or long-wavelength support. In the second approach we separate integral
formulas into two parts, that is. the effects of the third-order disturbing tensor data within
near and far zones. Whereas the far-zone contribution is evaluated by using existing global
geopotential model (GGM) with spectral weights given by truncation error coefficients, the
near-zone contribution is solved by applying a regional inversion. We then extend this ap-
proach for a smoothing procedure, in which we remove the gravitational contributions of the
topographic-isostatic and atmospheric masses. Finally, we apply the remove-compute-restore
(r-c-r) scheme in order to reduce the far-zone contribution by subtracting the reference (long-
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