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ABSTRACT

In this study, we have introduced a novel 2D electrical resistivity inversion method based on spectral parameterization that uses a complex Fourier
series to image subsurface resistivity. Decomposing the resistivity into frequency components enables the efficient computation of stiffness and
sensitivity matrices, which are crucial for electric field modeling and inversion. We defined a virtual current source at every model grid point to
calculate the partial differentiation of the electric potential during inversion. The inversion process uses the Gauss-Newton method to update the
Fourier coefficients iteratively, with a sensitivity-based weighting scheme that dynamically adjust the influence of each data point. This ensures
greater resolution in high-sensitivity areas while maintaining stability in less sensitive regions. To validate the method, synthetic numerical
experiments were conducted to compare it with traditional block parameterization. This simplifies the model by dividing the subsurface into
homogeneous blocks. Although block parameterization offers computational efficiency, the spectral method has superior resolution and
convergence in complex geological environments.
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Fig. 1. Plan views of a test model which consists of a conductor of 10 ohm—m embedded within a horizontally stratified medium of 1000
ohm-m and 100 ohm-m.

(a) Distance (m)
0 50 100 150 200 250 300
0
1000
800 E
- 50 £
£ 600 ©
P >
& 400 3
100 2
200 &
0
150
(b) Distance (m) (© Distance (m)
0 50 100 150 200 250 300 0 50 100 150 200 250 300
0 04 f , A A , \
1000 1000
800 E 800 E
50 E - %0 £
E 600 5 E 600 S
£ z £ g
I 400 3 § 400 =
© 100 2 100 2
200 200 &

150 150

Fig. 2. Electrical resistivity models obtained through Fourier series—based inversion: (a) 1st, (b) 3rd, and (c) 10th iterations.

led

Mean Square Error

RS 2

Number of Iterations

Fig. 3. Convergence of the mean square error over iterations in the Fourier series—based inversion process.
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Fig. 4. Distribution of weighting functions in Fourier series—based inversion for different frequency components, illustrating the spatial
variability of weight values across depth and distance.

7129 Wt v 2 915to] FUT mdlo] chsto] B vl A4} ke Sastolnt. 1 Avk S v RASEIE 483 49 27
QAH AT 7 HEA 45Tk Fig. 5). AAE0 2 AT 2714 Hak ] 79 50] AA T 3elo] Helort Ahe A o4}
A Al 0 2 sk GAget sto] o gAIo] 2719 91312 HekakA motel] o AckFig. 6). ol it 2Tk Aze Lol 7]
20| QbubE R BG4 722 Boh PUsh] BERE 5 9eg Helze,

Mean Square Error

2 4 6 8 10
Number of Iterations
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Fig. 6. Electrical resistivity model calculated through block parameterization in Fourier series—based inversion: (a) 1st, (b) 3rd, and (c) 10th

iterations.
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