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New Approach for Determining the Structural Index and Moving Window with
Genetic Algorithm in Euler Deconvolution(2D Synthetic Gravity Data)
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Abstract: A tool for fully automated magnetic and gravity data interpretation solving Euler’s
homogeneity equation with unprescribed structural index and for an invariable background in each
moving window, is given here. We present a new criterion for determining the structural index and
moving window with genetic algorithm. The proposed modifications to Euler deconvolution were
tested on synthetic gravity data. In the case of synthetic data, the proposed criterion always detected
the correct structural index, moving window and good estimates of the source position were obtained.
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INTRODUCTION

Classic Euler deconvolution is used for rapid interpretation of magnetic and gravity data. It is particularly
good at delineating contacts and rapid depth estimation. An advantage of this method in the interpretation of
magnetic data is that it is insensitive to magnetic inclination, declination, and remanence.

Euler deconvolution of both profile and gridded magnetic data (Thompson, 1982; Reid et al, 1990) has
found wide application. It has been implemented by many organizations and individuals and is commercially
available from several suppliers. Applications to gravity are fewer. Marson & Klingele (1993) applied it to
gravity vertical gradients. Keating applied it to gravity point data. 

Euler’s Equation:
A function v is said to be homogeneous of degree n if it satisfies the Euler’s Equation:
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1)It can be proved that if v satisfies Euler’s Equation of degree n, then the spatial derivative of v is also

homogeneous and is of degree n+1. For example, the first vertical derivative of v satisfies:
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2)          satisfies Euler’s equation and has degree 1. It follows that the gravitational potential of a point 1v
r

�

mass also satisfies Euler’s Equation with n=1 ( )Gmv
r

�

Euler's Equation for Deconvolution: Consider a simple potential source with center at (x0 , y0 , z 0 ). For
this source, some gravity or total magnetic field measurements G(xi,y i,zi) are made at locations (xi,y i,zi),
with i =1,2,3,…m. From above, we see that the measurements G must satisfy Euler’s equation of degree n.
Thus:
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for all i =1,2,3,…m. If B is a constant background field, then                                  ( , , )i i i iG G x y z B� � �

Also, satisfy Euler’s equation of degree n. (since B is constant,                   ). i iG G
x x

�� �
�

� �Thus,

0 0 1 0
( , , ) ( , , ) ( , , )( ) ( ) ( ) ( , , )i i i i i i i i i

i i i i i
G x y z G x y z G x y zx x y y z z n G x y z

x y z
�� �� ��

� � � � � � � �
� � �

for all i =1,2,3,…m. In matrix form, these m  equations can be written as:
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Now, the Gi (i =1,2,3,…m) are measured and their derivatives can be computed, thus the first matrix on
the left side and the vector on the right are known. The location of the m measurements (xi,y i,zi) are also
known.

Input:
1) gridded data at different location (x,y,z) e.g G(x1 ,y 1 ,z1 ), G(x2 ,y 2 ,z2 ), G(x3 ,y 3 ,z3 ), … etc.

2)  the 1st vertical derivatives of G: (                   ) at the above location  , ,G G G
x y z

� � �
� � �

3) SI, window size and error tolerance (used to select solution).

Output: location of the source (x0 , y 0 , z0  ) and B.
The program uses a least squares method to solve Euler's equation simultaneously for each grid position

within a window.
The quality of the depth estimation mostly depends on the choice of the proper structural index. The

structural index (SI) is a measure of the rate of change (fall-off rate) with distance of a field. If the index used
is too low (e.g. if SI=0 is used for a dyke in magnetics), the depth estimate will be too shallow. If the index
used is too high, the depth estimate will be too deep. Even if the index is correct, depth estimates are usually
more precise for high-index sources than for low.  In the magnetic case, it varies from zero (contact of infinite
depth extent) to 3 (point dipole). It can be thought of as the index in the field strength fall-off with distance.
For simple bodies, the gravity SI is one less than the magnetic SI.

The window size should be chosen with the following criteria in mind:
(i) It should be large enough to incorporate substantial variation of the field and field gradient.
(ii) It should be small enough NOT to include significant effects from multiple sources.
The values of the SI and moving window are important, because use of the wrong value leads to the

calculation of misleading depths and shape of anomaly sources.

Genetic Algorithm:
In this study, a continuous genetic algorithm has been used. The algorithm is used for finding optimal

values of two parameters (the structural index and window size). The number of initial population used for
optimizing is 50 and the maximum number of repeated process is 100. Mutation rate equals to 2% and the
method used to select the type of parent is a roulette wheel. Prepared genetic algorithm in the frequency of
each optimization process given to the cost function values obtained is used to produce children and new
population (repeated next). Finally, the algorithm will reach to optimal parameter values after finishing the 100
repeated processes.

5122



Aust. J. Basic & Appl. Sci., 4(10): 5121-5125, 2010

Talwani's Method:
Two-dimensional (2-D) gravity inversion has been used for many years to automatically interpret gravity

data (Al-Chalabi 1972; Corbato 1965; Dyrelius and Vogel 1972; Negi and Garde 1969; Tanner 1967; Bott
1967; Pedersen 1975; Enmark 1981; Garci’a-Abdeslem 2003). In a conventional approach, the forward
modeling is based on a set of 2-D prisms of arbitrary shape (Talwani et al. 1959;Bhattacharyya and Navolio
1976; Isaacs 1966; Martin-Atienza and Garci’a-Abdeslem 1999) and uses density contrast varying in depth.
The gravity attraction of an n-sided polygon in an arbitrary point can be calculated by Talwani's method (Grant
and West, 1965),
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where G is gravitational constant, � is contrast density between anomaly and host rocks, x and z  are
coordinates of the sides of the polygon.

Synthetic Model and Finding the Best Answer

Model 1
x 20 30 30 20
z 10 10 20 20

Si=1.81                                  wsize=19  
      

Model 2
x 20 50 50 20
z 10 10 50 50

Si=1.39                                    wsize=5

Mode3
x 20 80 80 20
z 10 10 100 10

Si=1.23                                    wsize=3

Combining classical methods and genetic algorithm

Model 1
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Model 2

Model 3:

Further work:
I am going to develop this method to 3D Synthetic gravity data and use it in real gravity data.

Conclusion:
In this research, we use a new criterion to determine structural index and moving window in Euler

deconvolution equation with genetic algorithm.
In classic solution of this equation for any model we have at least 6 * 8 (6: number of si quantity and

8: number of moving window size) solution. In this case, we have only one solution for each model. We tested
this answer for each model and all of solutions were existed in our model and predicted depth and shape of
model for us very well. 
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