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Joint inversion of dual frequency IP data using PSO
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Abstract: Dual frequency IP method is very effective to detect polarizable targets even in mountain terrains. Both
resistivity and polarizability data can be observed during dual frequency IP measurement. In order to interpret dual
frequency IP data quantitatively and more accurately, a joint inversion was proposed based on particle swarm
optimization (PSO). Through simulating anomalies by ellipsoids, the forward of dual frequency IP can be given based on
Core-Core theory, which provides the foundation to implement joint inversion by PSO. After selecting appropriate PSO
algorithm parameters, the joint inversion is designed meticulously. Then synthetic data with noise in different degrees is
used to test the joint inversion algorithm. The results of testing show that the joint inversion is effective to invert dual
frequency IP data with high tolerance to noise and fast convergence. Further field data tests demonstrate that the PSO
inversion is not sensitive to the initial model information. It can get a satisfactory result model even in a large given
search space. That is very meaningful for interpreting field data in dual frequency IP observation.
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Fig. 1 Coordinate systems of ellipsoid and ground
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Fig. 2 Flow chart of PSO algorithm of joint inversion for dual

frequency IP data
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Table 1 Parameters of two ellipsoids
Ellipsoid a/m c/m hy/m Xo/m a/(°) p/(Q'm) m /s cr
1 6.0 4.0 7.0 -20.0 45.0 50.0 0.7 100 0.4
2 7.0 5.0 8.0 20.0 0.0 120.0 0.8 90 0.2
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Fig. 3 Comparison between noisy data and predicted data from inverted model: (a) Apparent resistivity data (testing data 1); (b)

PFE data (testing data 1); (c) Apparent resistivity data (testing data 2); (d) PFE data (testing data 2); (e) Apparent resistivity data

(testing data 3); (f) PFE data (testing data 3)
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Table 2 Searching space for PSO inversion algorithm
Anomaly a/m c/m hy/m Xo/m a/(°) p/(Q'm) m /s
1 20-200 5-100 20-150 1050-1350 —45-45 10-200 0.1-10 10-300
2 20-200 5-100 20-150 1350-1550 —45-45 10-200 0.1-10 10-300
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Table 3 Predicted parameters from PSO inversion algorithm
Anomaly a/m c/m hy/m Xo/m a/(°) p/(Q'm) m /s
1 80 26 61 1125 -29 70 2.6 110
2 70 18 80 1435 -30 75 2.0 46
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