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Inversion of Acoustical Properties of Sedimentary Layers from
Chirp Sonar Signals
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ABSTRACT

In this paper, an inversion method using chirp signals and two near field reccivers is proposed. Inversion problems can be
formulated into the probabilistic models composed of signals, a forward model and noise. Forward model to simulate chirp
signals is chosen to be the source-wavelet-convolution planewave modeling method. The solution of the inversion problem
is defined by a posteriori pdf. The wavelet maiching technique, using weighted least-squares fitting, estimates the sediment
sound-speed and thickness on which determination of the ranges for a priori uniform distribution is based. The genetic
algorithm can be applied to a global optimization problem to find a maximum a posteriori solution for determined @ priori
search space. Here the object function is defined by an L» norm of the difference between measured and modeled signals.
The observed signals can be separated into a set of two signals reflected from the upper and lower boundaries of a sediment.
The separation of signals and successive applications of the genetic algorithim optimization process reduce the search space,
therefore improving the inversion resuits. Not only the marginal pdf but also the statistics are calculated by numerical
evaluation of integrals using the samples selected during importance sampling process of the genetic algorithm. The
examples applied here show that, for synthetic data with noise, it is possible to carry out an inversion for sedimentary layers
using the proposed inversion method.
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Table 1. The result of wavelet matching for example 1.
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Table 2. A priori range of inversion parameters for example 1.
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Table 3. The parameters of the genetic algorithms for example 1.
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sound and the density in the basement.
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Table 5. The inversion results for example 2.

Layer No - & Y5 F 3ol FA IR
{m/s} (g/em”3) (m) {(dB/ )
2k 1550.0 1.20 0.400 0.10
! a priori 3% 1563.0 - 0.404 -
MAP 1550.0 1.20 0.480 2.03
a posteriori 3T | 1550.0 L20 0.460 0.05
= ak 16100 ~ 1.25 0.300 0.10
2 @ priori 73 1587.2 - 0.295 -
MAP 1667.0 .25 0.300 0.04
a posteriori 3 T 1607.5 1.25 - 0.300 0.07
a2;ak 1620.0 1.30 0.500 0.10
3 a priori %7 1629.4 - 0.504 -
MAP 1622.0 1.29 .560 0.12
a posteriori 34 1621.6 1.29 Q.500 T 009
= zr 1550.0 1.27 0.300 0.10
4 a priori &3 . 15751 - 0.305 -
MAP 1586.0 1.27 0.340 0.06
_aposteriori YT 1586.4 1.27 0.340 .49
R4 1630.0 [.35 - -
Basement a priori 3 - - - .
MAP 1643.0 1.30 - -
a posteriori % o 1656.4 129 - -
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Fig. 9. The marginal pdf s for example 2 (Solid Lire : True Value}.
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