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Abstract

In this study, I examined the preconditioning effects of model
parameterization method for single-parameter acoustic full waveform
inversions in the Laplace domain. I used the bulk modulus, logarithmic
velocity, slowness, and sloth instead of the P-wave velocity which is
generally used in Laplace domain full waveform inversions. According
to the chain rule, the extra term works as a kind of preconditioners to
the gradient directions and affect the inversion results. I compared five
different parameterization method including the P-wave velocity. I used
steepest descent method and 1-BFGS method for the inversions. I also
compared the inversion results obtained using an initial velocity model
which varies linearly with those obtained using a constant initial
velocity model. The Ilogarithmic velocity, slowness, and sloth
parameterizaton method showed better inversion results compared to
those of the bulk modulus and P-wave velocity. I tested the Pluto
model and the SEG/EAGE salt model using different parameters for

numerical examples.

Keywords: Parameterization, Full waveform inversion, Laplace—domain,

Student Number: 201855314
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Table 4.1. Preconditioners in terms of powers of the velocity.

Parameters Powers of the velocity
Bulk modulus -1
Velocity 0
Logarithmic velocity 1
Slowness 2
Sloth 3
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Fig. 5.1. (a) Pluto velocity model (Stoughton et al., 2001) and (b) initial

velocity model which its velocity varies linearly from 1.5 km/s to 4.5 km/s.
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Fig. 5.2. First gradient directions of the inversion using (a) velocity, (b)
bulk modulus, (c) logarithmic velocity, (d) slowness, and (e) sloth

parameterization methods.
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Fig. 5.3. Inversion results shown in the velocities from the inversions using
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the (a) velocity, (b) bulk modulus, (¢) logarithmic velocity, (d) slowness,
and (e) sloth parameterization methods. The results obtained after 300
iterations except the bulk modulus parameterization method. The result
from the bulk modulus method is obtained after 170 iterations due to an

early stopping.
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Fig. 5.6. (a) SEG/EAGE salt dome velocity model (Aminzadeh et al., 1994)

and (b) initial velocity model which its velocity varies linearly from 1.5

km/s to 3.0 km/s.
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_21_



Distance (km)
3 6 9 12 15 km/s

0
04

—1 4
€
(a) <
g2 3
&
a3
2
4
Distance (km)
3 6 9 12 15 km/s
N 4
(b) £
< 3
Q
[
a
2
Distance (km)
€
(c) £
=
Q
[
a
Distance (km)
(d) £
=
Q
[
a
Distance (km)
3 6 9 12 15 km/s
N 4
€
(e) <
< 3
Q
3
2

4

Fig. 5.8. Inversion results shown in the velocities from the inversions using
the (a) velocity, (b) bulk modulus, (¢) logarithmic velocity, (d) slowness,
and (e) sloth parameterization methods. The results obtained after 500
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