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Self-adapting control parameters-based differential evolution algorithm for
inversion of Rayleigh wave dispersion curves
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Abstract: The differential evolution algorithm has been widely used in geophysical inversion including inversion of Rayleigh
wave dispersion curves. At present the traditional differential evolution algorithm is sensitive to the control parameters set in
the process of inversion of Rayleigh wave dispersion curves, and improper selection of the parameters will make the inversion
results untrue. Based on the traditional differential evolution algorithm applied in the inversion of Rayleigh wave dispersion
curves, the two control parameters, namely crossover probability and zoom factor, are directly coded to individuals, and the
differential evolution algorithm with self-adapting control parameters in the inversion of high-frequency Rayleigh wave
dispersion curves is adopted to obtain near-surface shear -wave velocity profiles. The results from both synthetic and actual
field data demonstrate that: (1) The proposed algorithm not only inherits the simple and efficient features of standard
differential evelution algorithm, but also can automatically pick proper parameter values for correct inversion iteration in the
inversion of dispersion curves, without relying on the crossover control parameter and amplification factor of the difference
vector. (2) The objective function in the proposed algorithm is proved to be able to rapidly converge to the global optimization
solution. (3) The wide probability distribution of model parameters, which means the proposed algorithm can define the scope
of true-value and find the global minimum even in an extensive search space and guarantee the reliability of inversion results.
The proposed algorithm can be applied effectively in the inversion of Rayleigh wave dispersion curves.
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Table 1 Model parameters of velocities increasing with depth and search space
e DGR DL I B FIZ G
a Vy/(ms™) Vo/(ms ) p /(kgm?) H/m BEPH T V/(mes ™) 25 H/m
1 200.00 663.00 1900.00 4.00 100.00~800.00 2.00~6.00
2 300.00 995.00 1900.00 2.00 100.00~800.00 1.00~3.00
3 400.00 1327.00 1900.00 6.00 100.00~800.00 3.00~9.00
25 ] 500.00 1658.00 1900.00 oo 100.00~800.00 oo
z2 REXEEESEIERTERE (I B)
Table 2 Model parameters with a soft layer trapped between two stiff layers and search space
[ FEETE DL I B G
o Vi(ms') Vy/(ms ) p /(kgm?) Him B V/(ms ) JZ % Him
1 200.00 663.00 1900.00 2.00 100.00~800.00 1.00~3.00
2 160.00 530.00 1900.00 4.00 100.00~800.00 2.00~6.00
3 300.00 1102.00 1900.00 6.00 100.00~800.00 3.00~9.00
25 ] 400.00 1470.00 1900.00 oo 100.00~800.00 oo
# 3 EREEEESEIERTER (B O
Table 3 Model parameters with a stiff layer sandwiched between two soft layers and search space
[ FEETE DL I B FIZ G
e V(ms’) Vy/(ms’) p (kgm) H/m BRUOETE V(s ) 2% Him
1 150.00 498.00 1900.00 2.00 100.00~800.00 1.00~3.00
2 250.00 829.00 1900.00 4.00 100.00~800.00 2.00~6.00
3 200.00 841.00 1900.00 6.00 100.00~800.00 3.00~9.00
25 ] 400.00 1470.00 1900.00 oo 100.00~800.00 oo
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Fig. 1 Inversion results of Model A, Model B and Model C with

noise free synthetic data
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Table 4 Inversion results and statistics of noise free and noise data sets from Model A

BH FOSef Ay W B 10%M =
- ) S 1E X R 22/ % FrUEZE S 1E X R 22/ % FRUEZE
Vy/(ms™) 200.00 200.00 0.00 0.01 199.29 0.36 2.84
Veo/(ms™) 300.00 299.90 0.03 1.45 302.80 0.93 21.96
Ve/(ms™) 400.00 399.94 0.02 0.49 401.46 0.37 26.24
Vi/(ms™) 500.00 500.00 0.00 0.09 498.88 0.28 4.08
H/m 4.00 4.00 0.00 0.01 3.95 1.25 0.49
Hy/m 2.00 2.00 0.00 0.03 1.99 0.50 0.46
H;/m 6.00 6.00 0.00 0.02 5.95 0.83 0.88
#z5 REBERESTERFEREERFITE
Table 5 Inversion results and statistics of noise free and noise data sets from Model B
2 ST : N1 Jad __ \ £ 10%WR /7 __
SOSIE FHX R 22/ % FrUEZE S 1E X R 22/ % FRUEZE
Vy/(ms™) 200.00 199.98 0.01 0.10 199.79 0.11 12.43
Veo/(ms™) 160.00 160.00 0.00 0.01 158.22 1.11 6.87
Ve/(ms™) 300.00 300.02 0.01 0.08 303.69 1.23 32.34
Vi/(ms™) 400.00 400.00 0.00 0.00 399.76 0.06 3.11
H/m 2.00 2.00 0.00 0.01 2.05 2.50 0.41
Hy/m 4.00 4.00 0.00 0.01 3.92 2.00 0.56
H;/m 6.00 6.00 0.00 0.01 6.06 1.00 1.14
#z6 RE CERESTERFEREERFITE
Table 6 Inversion results and statistics of noise free and noise data sets from Model C
¥ e A — i 10% ___
SOSIE X R 22/ % FrRUEZE S 1E X R 22/ % FRUEZE
Vy/(ms™) 150.00 150.00 0.00 0.01 149.49 0.30 2.60
Vo/(ms™) 250.00 250.01 0.01 0.06 252.08 0.83 12.50
Ve/(ms™) 200.00 200.03 0.02 0.08 196.70 1.65 13.02
Vi/(ms™) 400.00 400.00 0.00 0.00 398.47 0.38 4.81
H/m 2.00 2.00 0.00 0.00 1.99 0.50 0.18
Hy/m 4.00 4.00 0.00 0.01 4.09 2.25 1.06
H;/m 6.00 6.00 0.00 0.01 5.93 1.17 1.33
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Fig. 2 Inversion results of Model A, Model B and Model C with

contaminated synthetic data (10% noise)
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Fig. 4 Histograms of model parameters inverted using a noise-free data set from Model A
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Fig. 5 Inversion results of a real-world example
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