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PHASE VELOCITY INVERSION USING GENETIC ALGORITHMS

o 3 BA,

E EH %**

Hivoaki YAMANAKA and Hirvoshi ISHIDA

The applicability of genetic algorithms in an inversion of surface-wave phase velocities to infer
an S-wave velocity profile was examined. S-wave velocities and thicknesses are coded to binary
strings, and an individual model is generated by connecting all strings for a subsurface structure
model. The fitness is defined by squared summation of differences between observed and calcu-
lated phase velocities. In addition to three basic genetic processes of selection, crossover, and
mutation, the algorithm was improved by the introduction of elite selection rule and dynamic
mutation in which the mutation probability varied according to the variety of individuals in a
generation. We applied the method to the inversions of synthetic phase velocities and phase
velocities from an actual array observation of long-period microtremors. These results indicate
that the GA is highly applicable in phase velocity inversion.
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Fig.1 Relation between GA space and problem space.
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Fig.2 Procedure of a genetic algorithm.
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b) Mutation (RZRZER)

Hg. 3 Example of crossover and mutation.
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Table1l Test model

True model Search area

Vs(kn/s) | H(km)| p(g/cm®)]  Vs(kmys)
1 0.6 0.4 1.8 0.2-1.0
2 1.0 0.5 2.0 0.5-1.5
3 1.5 0.6 23 0.8-2.0
4 3.2 ) 2.5 2.8-3.8

X P wave velocity is assumed from the relation
between Vp and Vs by Kitsunezaki et al. (1990).
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Phase and group velocity dispersion curves of funda-
mental Rayleigh wave in the subsurface structural
model shown in Table 1. The phase velocities in a
period range from 1.5 to 8 sec are used for the test of
GA inversion.
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Comparison of convergence of misfit values due to
increasing generation between the inversions of
synthetic phase velocities in Fig. 4 with different (a)
mutation probabilities, (b) crossover probabilities,
and (c) population sizes.
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Fig.6 Variation of shear wave velocities in all models in
several generations for the inversion of the synthetic
phase velocities. All individuals in a generation are
indicated in a large circle, An individual model has
four S-wave velocities arranged in the same
azimuth. The distance from the center corresponds
to S-wave velocity.
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Fig.7 Plot of misfit values against generation for the
simple GA inversion of the synthetic phase velocities
in Fig. 4. Only S-wave velocities are parameterized.
Results of 20 calculations with different random

values are averaged.
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Plot of misfit values against generation for the GA
inversions of syhthetic phase velocities in Fig. 4, In
the inversion, only S-wava velocities are parameter-
ized, Solid and dotted lines indicate the plots for
simple GA inversion and GA inversion with elite
selection and dynamic mutation, respectively.
Results of 20 calculations with different random
values are averaged.
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from averaging 20
models obtained by
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Table 2 .-Search aren

Vs.(km/s)| H(km)
1| 0.4-08 ] 0.2-0.6.
2} '0.5-1.5 | 0.3-0.7

31 0.8-2.0 | 0.4-0.8
4] 2.8-38 ©

X P wave velocity is assumed
from the relation between Vp
and Vs by Kitsunezaki et al.

(1990).
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Plots of misfit values against generation. In the

"Fig. 11
. inversion, S-wave velocities and thicknesses are

parameterized, and elite -selection and dynamic .

mutation were also introduced. Results of 20 calcu-
lations with different random values are averaged.

Fig. 12 Comparison between
true model (thin line)
and model obtained
from averaging 20

* models obtained by
the GA inversions
with different ran-
dom values (broken
line). Standard devia-
tion for inverted
models is also shown
"by dotted lines, and
search area is in-
dicated by dash-

; dotted lines. In the
i inversion S-wave
: velocities and thick-
ness are parameter-
ized, and elite selec-
tion and dynamic
mutation were also
introduced.
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Fig. 13 Comparison of observed phase velocities with those
for inverted models. Solid circles indicate Rayleigh
wave phase velocities obtained from the array
measurements of long-period microtremors in the
western part of Kanto Plain'. The fundamental
Rayleigh wave phase velocities calculated for the
models estimated from .GA inversion and a linear-
ized inversion!® depicted in Fig. 16. are shown by
solid and dotted lines, respectwely
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Table 3 search area
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1] 0207 [005085| 18
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4] 2535 © 25

P wave velocity is assumed from the
relation between Vp and Vs by Kitsunezaki
et al. (1990).
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Plots of misfit values against generation for the
inversion of phase velocities in Fig. 13. In the inver-
sion, S-wave velocities and thicknesses for 4 layer-
model are parameterized with an introduction of
elite selection and dynamic mutation. Results of 10
calculations with different random values are aver-
aged.
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Fig. 15 Results of the GA inversion of phase velocities in
Fig. 13. The dotted line indicates structural models
inverted from GA inversion of phase velocities in
Fig. 13. Results of 10 models from the GA inver-
sions with different random values are averaged.
Standard deviation of inverted models is also
shown by dotted lines, and search area is indicated
by dash-dotted lines.
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