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Slow Expansion Genetic Algorithm for Residual Static Correction
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Abstract: In the residual static correction phase of seismic exploration, the genetic algorithm is susceptible to noise interference
when processing low signal-to-noise ratio data and quickly falls into a local optimum. This paper proposes a probabilistic statistics-
based slow expansion genetic algorithm (SEGA). The common middle point gathers are used as input. The seismic traces and wave-
mixing model traces are correlated with each other to obtain the cross-correlation matrices of the shot and receiver points, respective-
ly. The probability matrices of the static correction are obtained by using the proposed transformation function. Based on the value
of the probability matrix, the population is initialized, crossed over, and mutated. The stacked section is updated by selecting the opti-
mal chromosome. The slow expansion of the phase space is used to redefine the upper and lower limits of the correction. The above
steps are repeated until convergence achieved. The experimental results show the proposed method can significantly improve the im-
aging quality of stacked section on seismic data collected in a mountainous area. The stacked energy is improved by 6.61% and
5.55% compared with the maximum stacked energy method and genetic algorithm, respectively.
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Fig. 1 The generation and correction of common middle point traces

(a) is the process of collecting a CMP gather. The same reflective layer information is available at the horizontal midpoint position
of the shot and the receiver; (b-d) are the process of static, normal moveout, and residual static corrections in seismic processing, re-

spectively. Static correction is the correction of the relative time difference in the vertical direction due to the influence of the ter-
rain. Normal moveout correction is to correct the relative time difference generated by the shot-receiver distance in the horizontal di-
rection. The residual static correction is complementary to the static correction. It enables the reflected signals within the CMP gath-

er to be consistent in the time domain.
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Fig. 2 The process of SEGA
It prepares the probability matrix in the first step after the in-

putting CMP gathers. The second step is to initialize and
evolve the population of the shot (receiver) stations. Finally, in
the third step, the stacked energy is used to determine whether
to expand the search space to continue the iteration or to con-
verge. The output is the data after correcting the seismic data

with the best solution in the population.
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Fig. 3 Correlation matrix

It selects a trace in the CMP gather and corrects it with a time shift t. It locates the position of the values in cross correlation matrix

according to the corresponding shot and receiver stations of the selected trace. The cross correlation values of the corrected and

model traces are then added to the original position to update matrics.
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Fig. 4 The evolutionary process
(a) shows the mapping of SEGA's population of shot (receiver) stations to the probability matrix at initialization, where the horizon-
tal coordinate of the probability matrix is the shot (receiver) station and the vertical coordinate is the time shift (ms). The probability
of different shifts of the same shot (receiver) station sums up to 1. Darker colors in the graph represent higher probability values.
The time-shift in the chromosomes are arranged hierarchically according to the values in the probability matrix; (b) demonstrates the
principle of chromosome crossover in SEGA. The original population is on the left and the crossover descendant population is on
the right. A random function is used to select the location of the inherited gene, based on the probability, to form a new zygote chro-
mosome; (c) demonstrates the chromosome mutation principle of SEGA. The original population is on the left and the mutated de-
scendant population is on the right. The mutated population is the original population multiplied by a scaling value; (d) is the cross-
over principle for ordinary genetic algorithms. With the probability of crossover occurring, a crossover demarcation point is chosen
where the zygote chromosomes inherit genes from the front and back segments of the parent. With the probability of crossover oc-
curring, a crossover demarcation point is chosen, and the descendant chromosomes inherit genes from the front and back segments
of the parent; (e) is the mutation principle of ordinary genetic algorithms. The original population is updated by adding perturbation

values to the genes under the probability of mutation occurring.
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Table 1 Stacked energy in each area
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Fig. 5 Stacked sections before and after correction
(a)-(c) are the original-stacked sections of the first, second, and third areas, respectively; (d)-(f) are the stacked sections of the first,

second, and third areas, respectively, after being corrected by SEGA.
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Fig. 6 Stacked sections of the fourth area
(a) is the original-stacked section; (b) is the stacked section corrected by max stacked energy method; (c) is the stacked section cor-
rected by BGA; (d) is the stacked section corrected by SEGA
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