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Comparison and Application of Inversion Methods for Transient
Electromagnetic Detection of Weak Interlayers in Dikes
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Abstract: Weak interlayers in dikes are prone to inducing engineering hazards such as sliding and seepage, and their
accurate identification is of great significance for ensuring structural safety. To investigate the influence of different in-
version methods on the identification performance of transient electromagnetic detection, typical models with varying
burial depths, layer thicknesses, thick overburden, and double interlayers were constructed for forward simulation.
Three inversion approaches, namely smoke-ring calculation, Occam linear inversion, and particle swarm optimization
(PSO) nonlinear inversion, were comparatively evaluated in terms of resolution, fitting error, and computational effi-
ciency. The results indicate that the onset time of distortion in the observed curves is positively correlated with the buri-
al depth of the interlayer, while the distortion amplitude is positively correlated with layer thickness and negatively cor-
related with burial depth. Thick overburden significantly affects the observed signals and increases the non-uniqueness
of inversion. Comparative analysis of inversion methods shows that smoke-ring calculation is suitable for rapid qualita-
tive analysis, Occam inversion performs well under simple conditions and for relatively thick interlayers, whereas PSO
inversion exhibits higher resolution and fitting accuracy in thin-layer, multilayer, and complex structural conditions.
Field application demonstrates that the PSO-based inversion results are consistent with borehole verification, effectively
identifying the distribution of weak interlayers.
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