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Abstract

To investigate the impact of different data types on the imaging effects of 3D WFEM, this paper con-
ducts a systematic analysis of the response characteristics and imaging capabilities of different
components of electric and magnetic field data based on 3D numerical simulation and inversion
calculations. The spectral element method is used to achieve 3D forward modeling, and combined
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with the L-BFGS algorithm, a 3D inversion framework is constructed. By designing typical low-re-
sistivity anomaly models, comparative inversion studies are conducted for the Ex complex compo-
nent, amplitude data, as well as Hy and Hz complex components and their combinations. The results
show that: inversion using the Ex complex component is significantly better than simple amplitude
inversion in terms of recovering the anomaly shape, delineating boundaries, and quantitatively es-
timating resistivity; the Hy component has weak sensitivity to lateral electrical variations, and sin-
gle-component inversion has limited imaging capability; the Hz component has certain advantages
in responding to 3D structures, but its resolution is still lower than that of electric field components.
Although multi-component joint inversion can enhance data constraints, it may also exacerbate
model non-uniqueness, increasing dependence on regularization parameters and structural con-
straints. The results provide a theoretical basis for the rational selection of data types in 3D regional
electromagnetic inversion.
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Figure 1. Low-resistivity cuboid model (Black dots on the ground sur-
face are receivers)
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Figure 2. Inversion iterative convergence curve of Ex component for sin-

gle low-resistivity cuboid
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Figure 3. Inversion result profiles of complex component inversion (left column) and amplitude inversion
(right column) for low-resistivity cuboid model
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Figure 5. Inversion result profiles of Hy (1st column), Hz (2nd column) and Ex + Hz (3rd column) for low-resistivity
cuboid model
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Figure 6. Schematic diagram of two anomalous bodies model
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Figure 7. Variation of RMS values of inversion parameters with iteration number
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Figure 8. Section profiles of Ex inversion results (left column) and Ex + Hz inversion
results (right column) for the high-resistivity & low-resistivity composite model
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