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Sharpening using Iterative Reweighting Inversion
Introduction
Voxel inversion of geophysical data is ill-posed, or in layman's terms, there are many earth models which
satisfactorily fit the observed geophysical data. Therefore, in order to produce an earth model from the
data, the geoscientist must supply auxiliary information. In the absence of auxiliary geological
information, the principle of Occam's razor is frequently assumed, i.e. the inversion result should have
no more structure than is absolutely necessary to reproduce the data. If structure is measured by
computing the gradient of the model, then a 'smooth' model will be recovered by the inversion. This is a
robust and mathematically viable approach; however, these smooth models do not, in fact, adequately
represent the true geology. The geology is inherently complex, comprised of distinct rock units with
relatively clear boundaries; the geophysical properties on either sides of the contact generally exhibit
discontinuity, and as a result, the transition is more often quite sharp. In VOXI, we are able to sharpen up
smooth models and produce a more geologically reasonable inversion result using Iterative Reweighting
Inversion (IRI) .

Producing a Smooth Model
We begin by considering a simple dipping sheet in a half space model as shown in Fig. 1. For simplicity,
in all that follows, we will view only the section through the center of the model. We simulate the TMI
response over the sheet and then invert the response with VOXI, using all defaults, to yield the result
shown in Fig. 2. We will call this the "default" VOXI result and we can see that it is a reasonable
approximation to the true model.
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Fig. 1: The Dipping Sheet Model

Fig. 2: The "default" VOXI inversion model for the Dipping Sheet Model. The true model is shown
overlaid in grey.

Producing a Sharper Model
The default inversion result shown in Fig. 2 displays many good features of the true model and validates
the default VOXI inversion process. The recovered model correctly shows a dipping target localized on
the true dipping sheet. The recovered model can be sharpened in VOXI by taking the default inversion
result and entering it as an Iterative Reweighting constraint and rerunning the inversion. This process
can be applied automatically by selecting the IRI focus option of the Reweighting constraint. To further
sharpen the model, increase the number of iterations. Obviously, this is an iterative process, and
explains the motivation for the name: Iterative Reweighting constraint and it is good practice to run two
iterations for optimal results.
The results of two sharpening iterations are shown in Fig. 3, all on the same colour stretch. The upper
panel shows the 0th iteration (the default model), the middle panel shows the first IRI iteration, and the
lower panel shows the second IRI iteration. The recovered model has been significantly sharpened with
IRI and approximates the true dip of the target more accurately. A natural consequence of the sharpening
is to increase the amplitude of the recovered susceptibility by approximately a factor of two between
iterations. This brings the recovered physical properties closer to geologically reasonable values.

Conclusion
Iterative reweighting inversion (IRI) in VOXI is a powerful technique that can be used to sharpen smooth
inversion results. IRI not only sharpens the inversion result, but it also improves the geometry of the
result and the amplitudes of the recovered physical properties. Although we have demonstrated its utility
only on susceptibility inversion of TMI data, the process is entirely general and applies to all types of
inversion, even Magnetization Vector Inversion (MVI), in which case the amplitude of the recovered
magnetization is usually used as the IRI input. Experience has shown that two IRI iterations provides a
significant improvement over the default inversion, and is recommended in most cases.
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Fig. 3: A section view through the recovered models from 0, 1, and 2 IRI iterations. The true dipping
sheet is shown overlaid in grey.
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