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Summary

The determination of the earth Gravity field has various applications in geodesy and
geophysics. Measuring the earth gravity field can be divided into satellite, airborne and
terrestrial methods. Traditional method for gravity field modeling using these data is
approximation by spherical harmonics expansion. Although spherical harmonic is one of
the most popular methods to approximate gravity filed, based on their global
characteristic, a small regional variation make big changes in whole spherical harmonic
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coefficients:
1+1
T(X)—fz( ) qu m(sin @)
R 3 [X

Where x is a point with spherical coordinate, 4,¢,r and p  are normalized Legendre
functions up to degree and order |, m and C_ are spherical harmonic coefficients.

To deal with this problem, different groups of regional basis systems were introduced, as
in case we can refer to gravity field modeling using radial basis functions:

T(z) = v (1)
i=1
Where «; are the expansion coefficients (scale coefficients) and Bjerhammar is a sphere

with radius R which is entirely inside the topographic masses of the earth, w, are the set

of radial basis functions with following representation:
k+1
> 2k +1 Ty
ofes)= St 8] 2l

= ante " [
Where Y, X are points inside and outside of the Bjerhammar sphere respectively, P, is

the Legendre polynomial of degree K and ¢, are the Legendre coefficients, the point y is

called the centre of the RBF. If locations and depths and coefficients as Radial basis
function’s parameters are chosen properly we will have a good representation of potential
anomaly and related earth functions. In this paper we used Levenberg Marquardt
algorithm (LM) to find optimal RBF parameters, LM is a iterative regularization method,
can find the best answer with following equation:

z,, =z —(H+pl)'Vi(z)

i+

Where H is the Hessian matrix evaluated at X , this update rule is used as follows, if the
error goes down following an update, it implies that our quadratic assumption on f is

working well and we reduce A (usually by a factor of 10) and vice versa.

In this paper, we used combination of gravity data (gravity anomaly) and gravity potential
data (gravity potential anomaly) derived from satellite altimetry. Significant points in this
algorithm are: removing global effect of gravity anomaly by spherical harmonic up to
degree and order 360 (EGM2008) and centrifugal force from gravity anomaly data, using
potential anomaly in test area those are calculated on Bruns formula from satellite
altimetry data, removing global effect of potential anomaly by spherical harmonic up to
degree and order 360 (EGM2008) and centrifugal force from the previous step data,
forming the observation equations with radial multipole of order 1 by residual gravity
anomaly and residual potential anomaly data. Levenberg Marquardt algorithm is then
used to choose optimal number and, location and depth of the radial basis functions. We
also used some of potential anomaly observations as control point s in the region of
coastal Persian Gulf for appraisal this algorithm and then present the gravity field in this
area.

Keywords: Levenberg Marquardt algorithm, GPS leveling data, Spherical harmonic,
Gravity field, Satellite altimetry
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