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ABSTRACT

Semi-infinite slab modeling has been made through inverse data gravity using Matlab. Inversion of gravity
data is done by first determining the simulation data. Forward modeling uses simulation data to produce
an initial guess inversion model expressed with parameters n0 (1), nO (2), n0 (3) and n0 (4). The forward
modeling is performed on the next initial guess that the value of the misfit is as small as possible through
an iteration using the Jacobian matrix. Accuracy of inversion results is determined by the initial guess and
the number of iterations. The results obtained show that inversion modeling is more valid in the inversion
modeling process compared to advanced modeling, because the value of the parameters sought is generated
from mathematical observations of the observation data. Guesses greatly affect the results of inversions
obtained. Initial guesses are given in the form of parameters n0 (1), n0 (2), n0 (3) and n0 (4). The initial guess
for the parameters n0 (1), and n0O (2) that are made far deviant does not affect inversion. The initial guess
for the parameters n0 (3), and n0 (4) that are made deviating far influences the inversion caused by a very
small RCON value so that the result is NAN.

ABSTRAK

Telah dibuat pemodelan semiinfinite slab melalui inversi data gravitasi dengan menggunakan Matlab.
Inversi data gravitasi dilakukan dengan membandingkan akuisisi data dan perhitungan teoritis. Akuisisi data
disusun melalui tahapan forward modeling data sintetik dengan menambahkan error. Model tebakan awal
inversi dinyatakan dengan parameter n0(1), n0(2), n0(3) dan n0(4). Nilai misfit sekecil mungkin melalui
iterasi dengan menggunaan matriks Jacobian antara model tebakan awal dan model recovered. Ketelitian
hasil inversi ditentukan oleh tebakan awal dan banyaknya iterasi. Hasil yang didapatkan menunjukkan
pemodelan inversi lebih valid dalam proses pemodelan inversi dibandingkan dengan pemodelan maju,
karena nilai parameter yang dicari dihasilkan dari olah data observasi secara matematis. Tebakan sangat
mempengaruhi hasil inversi yang didapatkan. Tebakan awal diberikan dalam bentuk parameter n0(1),
n0(2), n0(3) dan n0(4). Tebakan awal untuk parameter n0(1), dan n0(2) yang dibuat menyimpang jauh
tidak mempengaruhi inversi. Tebakan awal untuk parameter n0(3), dan n0(4) yang dibuat menyimpang jauh
mempengaruhi inversi yang diakibatkan nilai RCON yang sangat kecil sehingga hasilnya berupa NAN.
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(also called method) (method correction) (Mar-
tyshko, Ladovskii, Byzov, & Tsidaev, 2018).
The slope filter is an interpretation method
used to determine the source near the location
based on the potential field data. (Eshaghza-
deh, 2017) The inversion algorithm was deve-
loped to simultaneously evaluate the geometry

INTRODUCTION

There several way to solve invers mode-
ling data gravity (Supriyadi, 2009). A new gravi-
metric data inversion method for a linear prob-
lem (reconstruction of the density distribution
by a gravitational field). It is an iterative algo-

rithm based on the concept of local correction
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of the error field and density or depth related
parameters of various geological structures in
a system of suspended walls, based on ob-
stacles. limited electric. because of the obser-
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ved gravitational deviations by (Chakravarthi &
Kumar, 2015). It was verified and verified by a
theoretical model, if there were random errors
(Abdelrahman & Essa, 2013). A new approach
to determining the semi-initial depth of the plate
with respect to gravitational deviations remains
the moving average (Abdelrahman & Essa,
2013). The inverse transformation method is
used to simulate gravity differences as density
objects, which vary with the depth of the local
value using the average kernel configuration,
and apply them to specific cases. specific er-
ror. geological (Yapa, Tantrigoda, & Pathirana,
2016). The inverse problem is solved by deter-
mining all the parameters described by the field
source for the experimental data. If the unkno-
wn parameter is density or magnetization, this
type of problem is linear and, in many cases, is
an uncertain task because the amount of data
is less than the number of unknown parame-
ters. One can reduce ambiguities by specifying
the use of boundaries defining geology-based
models, such as the maximum variation ran-
ge of model parameters (Vitale, Massa, Fedi,
& Florio, 2015). The gravity method is based
on the measurement of the gravity anomaly
caused by a density fluctuation caused by an
abnormal source of existence of a potential ob-
ject in the form of a semi-infinite plate by the
gravity method. The gravity method should be
able to clarify the existence of a future object in
the form of a gravitational anomaly. Gravimetric
data can be used to detect gravitational devi-
ations. The inverse simulation of semi-infinite
plates is based on a comparison of the effect
of a gravitational plate (Abdelrahman & Essa,
2013; Essa, 2014).
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The general inversion equation is:
d=g(m)

[n’]_] g,_{r.f:n.z]_.z:.ﬂ]]

dy ga(rho, =z, 2., f)

the local value using the average kernel con-
figuration, and apply them to specific cases.
specific error. geological (Yapa, Tantrigoda, &
Pathirana, 2016). The inverse problem is sol-
ved by determining all the parameters desc-
ribed by the field source for the experimental

data. If the unknown parameter is density or
magnetization, this

dy Gy :":'FLW] [ml]

d;
. My
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with withm, =rho, m,=z,,m,=z,andm, =,
so the equation m becomes

m = inv (G7.G)GT, (4)
The matching method can be formulated as fol-
lows:

m = g + 4 (5)
Then
d = G(m) (6)

with the Taylor expansion equation being
d; = ﬂl'{m:] = ﬂl'{m[:']

M
aﬂ'l’{m]
+ZL[ am, ﬂmj-] (7)

withi=1,2,...Nandj=1.2,...,Mand N is the
number of data and M the number of param-
eters then Amj isAp, Az,, Az,, AB. With the re-
arrangement, then Taylor's expansion equation
becomes:

d = G(m) (8)
d —g{mn] =0y —g{mn] = Ggdimy

Ady = GyAmyg similar with d = G(m) assumed
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Figure 1. Gravity effect vs station distance for semiinfinite horizontal slab. Gravity effect vs station
distance for semi-infinite horizontal slab t =300 m, with upper depth slab variation z,=0 m, 600 m,

2400 m dan 10000 m with fault dipping at w/2, =/, 37 /6. dan p=1000 kg/m?



A. Adhi*, Sismanto, A. Setiawan - Invers Modeling Gravity Data for Semi-Infinite Slab ...

Adg = d — glmg) then the inverse equation is:

Amy = inv (66, )67 (d — glmg)) ©)

To obtain suitable results, the calculation pro-
cess is done iteratively until convergent results
are obtained.

The G which is the Jacobi matrix consists of

¢ =6, 6., G, Gg] (10)

Gf is a transfer matrix for each parameter
in the n iteration, d is data and g(m,) is the
result of the calculation of the model from the
inversion calculation.

METHOD

The physical model applied for testing
the inversion program in the form of semi-infi-
nite slab with physical parameter density in kg
per cubic m = 1000, depth of the upper side
of the slab in meters = 200, depth of the slab
bottom in meters = 700, slope angle in radians
= 30 (Figure 1).

The initial guess is given with a variation
of the deviation value approaching the value
of the physical parameter until the value is
away from the value of the physical parameter
(Equation (1) and (2)). The gravity response of
the physical model is expressed as theoretical
data. Theoretical data is the result of calculat-
ing forward modeling without a random error
added using Equation (3) to (10).

Subsequent tests are carried out using
synthetic data. Synthetic data is forward mod-
eling calculation data by adding random errors
that represent field data. The non-linear inver-
sion modeling algorithm with a linear approach
is shown as follows (Figure 2).
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Figure 2. Non-linear inversion modeling algo-
rithm with a linear approach

RESULTS AND DISCUSSION

In the process of testing the program
using synthetic data the results of advanced

Theoritical rho=1000 kg/m3, z1=200 m, 22=700 m, beta=30 degree
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Figure 3. Data gravity inversion results with an initial guess n0 = [1; 200; 700; 30 *pi. / 180]
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modeling are obtained modeling results with
appropriate results between the foward model
and the inverse model. The initial guess really
determines the number of iterations done. In
this programming the values for 4 semi-ifinite
slab horizontal parameters are density, upper
edge depth, bottom edge depth, and slab angle
formed against outcrop (Eshaghzadeh, 2017;
Vitale et al., 2015; Yapa et al., 2016)

The program test is carried out by giving
a variety of initial guesses. Variations carried
out include the value of density, upper side
depth, bottom side depth and slab angle. The
initial guess is by varying the deviant density
values as far as possible from the model para-
meters in the 3 iteration, producing a density
in kg per cubic m = 1000, the depth of the up-
per side of the slab in meters = 200, the depth
of the bottom side of the slab in meters = 700,
slope angle slab in radians = 30. with an error =
0,00064214 in the 3 iteration (Figure 3).

The initial guess by varying the side
depth values of the slab deviates as far as
possible from the model parameters in the 9th
iteration, producing a density in kg per cubic
m = 1000, the depth of the upper side of the
slab in meters = 200, the depth of the bottom
side of the slab in meters = 700, slope angle
slab in radians = 30 with a propagation error =

P
x 10
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0,00026528 in the 6™ iteration (Figure 4).

The initial guess by varying the depth of
the bottom side of the slab deviates as far as
possible from the model parameters in the 21st
iteration, the density in kg per cubic m = 1000,
the depth of the upper side of the slab in meters
= 200, the depth of the bottom side of the slab
in meters = 700, slab slope angle in radians =
30 with propagation error = 0,00019328 in 14"
iteration (Figure 5).

The dependence of z1 and 2z2
on slab slope formulated in the form of
tan *{{x+ztan §)/z} =8 makes the initial
guesses z1 and z2 distorted for beta values
small still produces a small error.

For example, the initial guess for the
initial model is n0 = [1000; 2; 2000; 3 * pi. /
180] producing a density in kg per cubic m =
996,4576, the upper side slab depth in meters
=199,9266, the depth of the bottom side of the
slab in meters = 700,0387, slab slope angle
in degrees = 29,9991, with an error = 0,0017
(Figure 6). The second test uses the initial gu-
ess n0 = [1000; 2; 350; 30 * pi. / 180] with z2
which is far deviant gets an error 0,00018937,
with recovered rho = 999,999 kg per cubic me-
ter, z1 = 199,9994 m, z2 = 700,0008 m, beta =
30 degree (Figure 7). The second test results
show that the Matlab script used for semi infi-

Theonical nluo: 1000 kg/'m3, z1=200 m, z2 - 700 m, beta=30 degree
» Recovered rho=999.9996 ka/'m3, z1=199.9996 m, 2=700.0003 m, beta=30 degree|
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Figure 4. Data gravity inversion results with an initial guess n0 = [1000; 1; 700; 30*pi. /180]
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Figure 5. Data gravity inversion results with an initial guess n0 = [1000; 200; 548; 30*pi/180]
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Theontical rho= 1000 ke/m3. z1=200 m, z2=700 m. beta=30 degree
* Recovered rho=9296.4576 kg/m3, z1=199.9266 m, z2=700.0387 m. beta=29.9991 degree
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Figure 6. Data gravity inversion results with an initial guess n0 = [1000; 2; 2000; 3*pi./180]
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Figure 7. Data gravity inversion results with an initial guess n0 = [1000; 2; 350; 30*pi. /180]
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Figure 8. Data gravity inversion results with an initial guess n0 = [1000; 1; 1000; 1*pi. /180]

nite slab inversion data gravity is stable. Next
is the semi infinite slab gravity data inversion
program test using synthetic data. Synthetic
data is created using theoretical data such as
those used in the previous test by adding ran-
dom errors. Random value r = rand (1.41); er
= (r-0.5). * 0;0000075 by settingd =d1 +1.5"*
(er) in the forward modeling script. Inversion is
done by setting various initial models. The ini-
tial test was carried out using the initial model
n0 =[1000; 1; 1000; 1 * pi. / 180]. The recove-
red model has a density in kg per cubic m =
541,1432, the upper side slab depth in meters

= 2,7567, the depth of the slab bottom in me-
ters = 889,2708, slab slope angle in degrees =
28,3483 with propagation error = 0,00013827
in the 1%t iteration, error = 0,00014162 in the
2nd iteration, error = 0,00021419 in 3 itera-
tion, error 0,00012630 in 4™ iteration and er-
ror 0,0000043903 in 5" iteration. The second
stages with successive RMS 0,000027187
The second test is done using the initial mo-
del deducted 20% from the original model pa-
rameters obtained with the initial model n0O =
[800; 160; 560; 24*pi. /180]. Recovered rho =
1024,0634 kg per cubic meter, z1 = 167,8169
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Figure 9.Data gravity inversion results with initial guesses n0 = [900; 180; 660; 27*pi. /180]
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Figure 10. Data gravity inversion results with initial guesses n0 = [800; 160; 560; 24*pi. /180]
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Figure 11. Data gravity inversion results with an initial guess n0 = 1200; 280; 840; 36*pi. /180]

m, z2 = 656,5544 m, beta = 27,7424 degree
with errors achieved successively 0,00005151
dan 0,000009052.

and 0,0000034068. Test is carried out
using the initial guess parameter subtracted
10% from the original parameters so that the
initial model is obtained with n0O= [900; 180;
660; 27*pi. /180]. The model produced through
inversion has recovered rho = 992,2714 kg per
cubic meter, z1 = 180,5635 m, z2 = 684,3468
m, beta = 27,6002 degree through two iterative
step.

The second test is carried out using the

initial model n0 = [1200; 280; 840; 36*pi. /180].
Recovered rho = 1260,0238 kg per cubic me-
ter, z1 = 270,637 m, z2 = 673,847 m, beta =
29,624 degree RMS = 0,000051518 RMS
0,0000090526, RMS = 0,000049616, RMS
0,000026491, RMS = 0,000012164, RMS
0,0000055937.

Referring to the results obtained, the
approach to solving the semi-finite slab gravi-
ty data inversion can be used with constraints.
Constructions in the form of an acceptable
range of values produce smooth recovered
models(Martyshko et al., 2018).
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CONCLUSION

Inversion modeling produces the opti-
mal calculation referring to the determination of
the initial guesses of n0 (1), n0 (2), n0 (3) and
n0 (4). If the initial guess is given as input for
inversion modeling approaches the field data,
the iteration is carried out in only a few steps,
if the initial guess is away from the field data
then the iteration is done many times. Inversion
modeling can produce NAN if the initial guess
is very distorted as a result of calculating the
matrix resulting in a singular matrix. It can be
said that the result of inversion calculation is
not accurate because it has a very small recip-
rocal condition value
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