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Abstract: Superparamagnetic (SPM) effects in time-domain electromagnetic method is generally
caused by magnetic anomalies or magnetic layers, and cause the slow diffusion phenomenon of
approximately — 1 power law decay in the middle and late stages of the response. Meanwhile, it is also an
important representation of the underground magnetic media information. However, ignoring the SPM

effects will lead to an incorrect data interpretation using traditional parameter extraction method to
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process the magnetic environment data. In order to interpret the SPM response accurately, this paper
proposes a multi-parameter extraction of SPM effects based on the improved particle swarm optimization
(PSO) algorithm. The numerical simulation of the layered SPM effect is realized based on the Cole-Cole
susceptibility model, and magnetic susceptibility and conductivity can affect the amplitude and
attenuation slope of SPM responses. We improve the PSO algorithm with the particle velocity and
position update strategy to realize the extraction of magnetic susceptibility, conductivity and other

parameters. The results show that the maximum relative error of the proposed method is less than 2 %

when extracting multiple parameters of SPM effect, which verifies the effectiveness of this method.
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Table 1

parameter setting of Cole-Cole susceptibility model

R 75 Xo di/m dy/m K M
1 0.04 5 20 200 30
2 0.05 20 25 200 30
3 0.06 25 30 200 30
4 0.08 30 20 200 30
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Table 2 Zero frequency magnetic susceptibility extraction

results of Cole-Cole susceptibility model

BBy 5 X, HIRF R 2%/ %0
1 0.040 050 0.013 1
2 0.049 980 0.034 8
3 0.059 998 0.003 8
4 0.079 998 0.002 6
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Table 3 Two-parameter (X,, @) extraction parameter setting

of Cole-Cole susceptibility model
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Table 4 Two-parameter (X,, @) extraction results of Cole-

Cole susceptibility model

BRFS  Xo a di/m  d»/m K M
1 0.020 0.43 10 20 500 30
2 0.055 0.38 20 15 500 30
3 0.060 0.65 15 25 500 30
4 0.072 0.54 25 35 500 30

‘ PR HAFR 2/ %
R Y5
0 a Xo a
1 0.019 98 0.432 5 0.123 0 0.586 0
2 0.054 99 0.380 0 0.017 0 0.002 0
3 0.059 92 0.650 6 0.128 0 0.095 0
4 0.071 93 0.540 2 0.096 4 0.028 0
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Table 6 Multi-parameter (X,, @, &) extraction results of

Cole-Cole susceptibility model
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Table 5 Multi-parameter (X,, @, 6) extraction parameter : ¢/
. T r?jj XO a Xo a (o2
setting of Cole-Cole susceptibility model (S/m)
Y o/ dy/ dy/ 1 0.029 9 0.227 4 0.010 0 0.30 1.130 0.100
e L Y koM
T woom m 2 0.050 7  0.4451  0.0301  1.40 1.091  0.330
1 0.030 0.23 0.01 10 20 1 000 30
3 0.067 1 0.519 4 0.050 1 0.15 0.120 0.200
2 0.050 0.45 0.03 5 30 1 000 30
4 0.083 1 0.666 6 0.080 1 0.12  0.507 0.125
3 0.067 0.52 0.05 30 25 1 000 30
4 0.083 0.67 0.08 20 15 1 000 30
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Table 8 Different population sizes extraction results of Cole-

Cole susceptibility model
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3 0.051 8 0.438 6 0.020 0 3.60 2.53 0.10
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Fig.7 Effect of population size on parameter extraction of

Cole-Cole susceptibility model
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