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Acoustic full waveform inversion using Adam Optimizer

Kim, Sooyoon

Department of Ocean Energy and Resources Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

In this study, acoustic full waveform inversion using Adam optimizer was
proposed. The steepest descent method which is commonly used for
optimization in seismic full waveform inversion is fast and easy to be
applied. However, error converges into local minima with this method
because it uses constant step length for optimization of velocity model.
Adam is a optimization method which is used for network learning in deep
learning field recently. Error exactly converges because it appropriately
control the step length of parameters by each iteration, and consider its
past step length. Therefore, we tried to solve the local minima problem in
waveform inversion by applying Adam.

To prove the performance of proposed inversion using Adam, numerical
tests were performed with synthetic data obtained by staggered finite
difference modeling in Marmousi2 model. We obtained P-wave velocity
model, and compared with the result of inversion using steepest descent
method.
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Consequently, error convergence of the proposed inversion was faster
than inversion using steepest descent method for optimization of object
function, and more accurate velocity and structure information were
obtained with Adam. In addition, numerical tests considering the exploration
with small number of receivers such as ocean bottom multi-component
seismic data were performed. Results of proposed inversion and inversion
using steepest descent method were compared in this test. Proposed
inversion provide exact velocity model with fast error convergence.

KEY WORDS: Adam optimizer; Steepest descent method; Optimization; Seismic

waveform inversion
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Fig. 5 Seismograms at (a) 11th shot point(4.3km) and (b) 21st shot point(8.5km)
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Table 1 Parameters for synthetic modeling

Parameter Value
number of x-axis grids 910
number of z-axis grids 200

grid spacing (km) 0.02
number of samples 3000
sampling interval (s) 0.002
cutoff frequency (Hz) 15

number of shots 41

interval of shots (km) 0.42
number of receivers 850
interval of receivers (km) 0.02
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Fig. 7 300th inversion result of P-wave velocity model with steepest descent method
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Fig. 8 300th inversion result of P-wave velocity model with Adam
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Fig. 10 150th inversion result of P-wave velocity model with Adam
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Fig. 21 Seismograms at 21st shot point(8.5km)
(a) 300th iteration with steepest descent, and (b) 150th iteration with Adam
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Fig. 22 Residuals at 21st shot point(8.5km)
(a) 300th iteration with steepest descent, and (b) 150th iteration with Adam
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Table 2 Average errors per receiver of two optimization methods
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Number of Average error per trace | Average error per trace
iteration (Steepest Descent) (Adam)
0 0.3186 0.3186
50 0.1940 0.0850
100 0.1313 0.0411
150 0.0843 0.0266
200 0.0596 0.0202
250 0.0444 0.0166
300 0.0337 0.0141
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Table 3 Parameters for synthetic modeling using 22 receivers

Parameter Value
number of x-axis grids 910
number of z-axis grids 200

grid spacing (km) 0.02
number of samples 3000
sampling interval (s) 0.002
cutoff frequency (Hz) 15

number of shots 41

interval of shots (km) 0.42
number of receivers 22
interval of receivers (km) 0.8
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Fig. 26 300th inversion result with steepest descent using 22 receivers
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Fig. 27 300th inversion result with Adam using 22 receivers
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Fig. 31 Seismograms using 22 receivers at 21st shot point(8.5km)
(a) 300th iteration with steepest descent, and (b) 150th iteration with Adam
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Fig. 32 Residuals at 21st shot point(8.5km) and 10th receiver point(7.2km)
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Fig. 33 Average errors per receiver of two optimization methods

Table 4 Average errors per receiver of two optimization methods

Collection @ kmou

Number of Average error per trace | Average error per trace

iteration (Steepest Descent) (Adam)
1 0.3178 0.3178

50 0.1930 0.0860

100 0.1325 0.0409
150 0.0860 0.0258
200 0.0595 0.0194
250 0.0441 0.0159
300 0.0330 0.0137
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