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Abstract

Seismic inversion is one of the key technologies in oil and gas exploration and development. Wave

SCEG| e Tk SRR ]S 2 B T ) S R AT R B S B BT S IR A ). BRI, 2026, 16(3): 37-46.
DOI: 10.12677/pm.2026.163066


https://www.hanspub.org/journal/pm
https://doi.org/10.12677/pm.2026.163066
https://doi.org/10.12677/pm.2026.163066
https://www.hanspub.org/

U

impedance inversion is a method that uses seismic data and low-frequency geological information
(such as low-frequency background models and trend models) to invert the wave impedance of un-
derground media, thereby providing important basis for stratigraphic structure analysis, lithology
identification, and interface tracking. However, wave impedance inversion is often a pathological
problem, which is easily affected by noise, band-limited effects, and uncertainty of the initial model;
at the same time, traditional single-channel inversion cannot fully utilize the structural information
between sampling channels, and is prone to phenomena such as insufficient lateral continuity, es-
pecially in areas with complex stratigraphic structures. Therefore, to solve these problems, we pro-
pose a structure tensor-guided multi-order steerable Markov random field prior wave impedance
inversion method. This method models the prior in the Bayesian framework as an anisotropic Markov
random field, by extracting the local principal direction of the sampling points and introducing multi-
order neighborhood constraints considering different distances, constructing differential constraints
along the layer and perpendicular to the layer, to enhance the ability to depict layer continuity and
structural boundaries, and improve the inversion stability. Experimental results show that, under
the same settings, this method achieves better results in terms of RMSE, NRMSE, correlation coeffi-
cient, etc., compared to other baseline methods, and has stronger robustness to noise.
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Figure 1. Flowchart of the ST-MOSMRF method
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