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Summary Phase Encoded Pseudo-Hessian Numerical Example

Full waveform inversion (FWI) is a very important method for The poorly scaled gradient can be enhanced by the pseudo- Fig.Sa and b S.h.()W the FWI results without precqndition and
estimating the subsurface parameters. In our implementation, Hessian, which can be constructed using phase encoding method. | |with precondltlor} resp.ectlvely. We can recognize th.at the
a linear source encoding strategy is used for the gradient And Preconditioning the gradient using the diagonal part of the | |deep parts of.the 1nver51(.)r} result has been enhanced with the
calculation in time-ray parameter domain. The plane wave | |Phase encoded pseudo-Hessian can be considered as an pseudo-Hessian precondition.

encoding approach forms super-gathers by summing densely approximation to the deconvolution imaging condition 1n reverse
distributed individual shots, and can reduce the computational time migration. The phase encoded Hessian can be expressed as:
burden considerably. We also construct the diagonal part of | :
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the pseudo-Hessian using phase encoding method. The Hen'p Z f dwh {w G(r', r,)G™(r, 1y )e }
diagonal part of the encoded pseudo-Hessian 1s a good -
approximation to the full Hessian matrix, which preconditions
the gradient. The preconditioning is equivalent applying a
deconvolution 1maging condition in prestack reverse time

migration. To avoid the local minimum problem, a multi-scale : : . .
approach in the time domain is employed, by (1) applying a Firstly, we applied the proposed strategies on a modified Fig.5. Inverted results without precondition (a) and with

Marmousi model. The true velocity model and initial velocity precondition (b).
model are shown 1n Fig.1a and b respectively.

when '/ = ¢/ , we can get the diagonal part of the phase
encoded pseudo-Hessian.

Numerical Example
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low-pass filtering to the data residuals and (2) increasing the
frequency bands step by step. This has been proved to be
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The inversion results in Fig.5 were obtained using the

etfective against cycle skipp.ing. We .assembl?: this SUit? of| | @ @ , iteration-dependent sets of ray parameters. As we discussed
tools and. carry out a nume.rlcal experlment. with a modlﬁe.d ol 2 5 | in the report, different ray parameters are responsible to
Mafn’{OUS.l model, a%nalyzmg the eftectiveness of this e e - update the subsurface layers with different steep angles. We
combination of strategies. T . e T tested the 1dea using another numerical example which
® N consists of the subsurface layers with similar steep angles.
General Principle of Full Waveform Inversion 5. ) Fig.6a, b and ¢ show true velocity model, initial velocity
Full waveform inversion 1s iterative method to estimate the ) model and inverted velocity model using one fixed ray

... . e L s S Y i P arameter p=-0.1s/km. We can see that the model was
subsurface parameters by minimizing a least-squares misfit | Disance (em) | s, P P
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The traditional shot-profile gradient can be expressed as: N ‘/ / S —/ N L
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i g — | 2, T Fig.6 Inversion result with one ray parameter p=-0.1s/km.
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Plane-wave Encoded Gradient S— : wemmmm  Fig.4. Gradient Errors at 1km
TR . . . Nomalizedmpli and 3km respectively
While 1t. IS extremely expensive to construct the gradient using Fig.3. Gradient Errors 5, & i,
the traditional shot by shot method. The plane-wave source Fos £ o
method has been introduced to construct the gradient: Fig.2a and b show the diagonal parts of pseudo pseudo-Hessian I | |
™) () = — | dwR { R (NCr F)C(E T\ P*} and the phase encoded pseudo-Hessian. Fig.3a and b show the - SRR TR W S Sy
g (r) / s(w)G(r,rs)G(ry, 1) errors for the gradients without precondition and with Fig.7 The inverted results at 0.5km, 1km and 1.5km.

where G(r,r,) = G(r, r,)e™?s(@s—7s) and Psis the ray parameter. | | precondition respectively. Fig.4 shows the errors for the
oradients without precondition and with precondition at 1km and | [FAX8 €0 (091109 1
For plane-wave encoded gradient, when the sources are | | 3km respectively. We can see that the errors for the gradient with

densely distributed, few crosstalk noise can be observed. precondition are more close to zero. This research was supported by the Consortium for Research
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