Application of Sequential Offset Technique in Full Waveform Inversion
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Abstract

Full-waveform inversion (FWI1) is inherently an ill-posed problem, meaning it is underdetermined and can have multiple possible solutions. In
order to achieve reliable and high-quality results in FWI, it is absolutely essential to carefully choose an appropriate inversion iteration
strategy. One of the key challenges in FWI is the modeling of the subsurface velocity field, where the shallow velocity field plays a
significantly more important role than the deeper layers. This is because the accuracy of the shallow velocity field has a much greater impact on
depth migration imaging, and any errors or inaccuracies in the shallow velocity model can not only degrade the quality of the shallow imaging
but also affect the imaging of deeper structures. During the FWI process, one of the main issues arises from the relatively low ray density in the
shallow velocity field, particularly because seismic rays at shallow depths tend to be sparse. Furthermore, the influence of far-offset data on the
shallow velocity field often leads to significant inaccuracies in the inversion of the shallow layers. These inaccuracies, in turn, can severely
compromise the overall quality and accuracy of the entire velocity model, affecting not only the shallow layers but also the deeper subsurface
velocity structures. To tackle this problem, this paper introduces a novel technique called sequential offset FWI. The method involves first
performing iterative inversion on near-offset data to specifically update and refine the shallow velocity model. Once the shallow velocity field
has been sufficiently updated, the offset range is gradually expanded to include medium and far-offset data, which are then used to
progressively update the velocity models for the intermediate and deep layers. This staged approach allows for more accurate and stable
inversion results, particularly in the shallow layers, which are most sensitive to velocity errors. Practical tests conducted using real seismic data
show that, when the total number of iterations in FWI is kept constant, the sequential offset FWI technique delivers superior inversion results
compared to traditional methods that use full-offset data from the beginning. In particular, the inversion of the shallow, intermediate, and deep
velocity models is more accurate, and the final forward-modelled data exhibits a closer match to the original seismic data across all offset
ranges—near, medium, and far. The results from these real seismic data experiments clearly demonstrate the effectiveness and superiority of
the sequential offset approach, making it a promising strategy for improving the accuracy and reliability of FWI in practical seismic data
processing applications.



