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Introduction

Choice of parameterization can affect results in FWI.

Apply FWI using different parameterizations to the same problem and
examine differences.
Parameterizations:

1. Vpo, Vso, €, ¢
2. V}:'()7 VSO, Vhon Vnmo
3. Vnmm V507 m, d

Inverted for Vpg in a complex model.

Multiparameter inversion in a simple model.
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Theory

e In FWI we want to find a parameter model m that can produce modeled data
u which is close to some measured data d.

e Apply a numerical wave operator that maps m from the model domain into
the data domain:

L(m) = u. (1)

e Ideally, find an inverse operator to map d from the data domain to the model
domain:

m = £71(d). 2)



Introduction Theory Models and survey setup Results Conclusions Acknowledgments
o 00000 0000 00000000000 o o

Theory

e Define a misﬁt functional:

ns Ny
F(m) = ZZHum —digll;. ()
New
] =0 =0 model

e The solution is an extreme point of F(m):
m’ = arg min F(m). 4)

m

no
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Theory

e Update the model iteratively:

-1
My = myg — Oéka 5mk

e Hessian matrix contains second derivatives of the misfit functional
e Approximated from previous gradients (L-BFGS)

e Gradients are found via the adjoint method, Mora (1987).

oy Oui(xs, xR, 1) o
m(x) = ;/dt; 8m—(x)5uz(xs,xR,t).

] o 8uz (Xs7 XR, t)
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Gradients, 3D

(5[): _Z/dtuj\ijja

dCaq = — Z/dt (U314 U1,3)(us,1 + ui,3)
dci1 = — Z/dt(um +u22) (V11 + Vo), ns [

+ (Us2 + Vo 3)(usz2 + u2,3)},
Jczz = — /dtu3 3¥33,
Z > , dcge = — Z/dt |:(\I/2,1 + \111,2)(UQ,1 + U1,2)

deiz = — Z/dt [‘1’3,3(%,1 +uzo) + (P11 + ‘1/2,2)113,3}7 —2(Uapurs + ‘1’1,1u2,2)]-
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Gradients for parameterizations, 2D

1) 2)
dVpo = ki16c11 + k12dciz + k1sdess, 0Vpo = ka16c13 + kaodcss,
0Vso = k146c13 + k150Caa, 0Vso = kazbcis + koadcaa,
o = klﬁécll, 6Vhor = k2550117
60 = k17dcq3, 0Vamo = kagdci3,
3)

0Vamo = k31dci1 + kaadcrs + kazdcss,
0Vso = kzadcr3 + kasdcaa,
on = ksedci,
06 = k3rdci3 + ksgdcaa,
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Complex model

2000

Synthetic model representative of
the Gullfaks field

10 km long, 3 km deep

1001 x 300 grid points

Total of 101 shots and 1001 receivers
Source: 5 Hz Ricker wavelet
Receivers: Pressure

Gradient muted in the water layer
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Simple model

Homogeneous model with a
Gaussian perturbation in Vpg or €

x (m)
0 500 1000 1500 2000 2500 3000

~3.5 km long, ~2 km deep
500 x 300 grid points 500

Transmission experiment: 34 shots
at the top, 500 receivers at the
bottom 1500

£ 1000
k3

Source: 10 Hz Ricker wavelet
. 3100 3200
Receivers: P, Vz, Vx Veo (MS)

Vpo = 3000 m/s, VSO = 1500 rn/s,
e=0.1,6 =-0.05.
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Complex model
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Starting model
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Complex model
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True models, Vpy perturbation
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Simple model Vpy, parameterization 1
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Simple model Vpy, parameterization 2
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Simple model Vpy, parameterization 3
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True models, £ perturbation
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Simple model ¢, parameterization 1
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Simple model €, parameterization 2
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Simple model €, parameterization 3
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¢ update, parameterization 1
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¢ update, parameterization 3
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Conclusions

e Multiparameter FWI of multicomponent transmission data in simple models
as well as Vpq inversion in a complex model, using three different model
parameterizations in each example.



Is and survey setup

Introduction Conclusions A cknowledgments

Conclusions

e Multiparameter FWI of multicomponent transmission data in simple models
as well as Vpq inversion in a complex model, using three different model
parameterizations in each example.

e Vpg inversions show that using a parameterization that contains as much
information as possible about the horizontal component of the wavefields is
crucial.
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e Multiparameter FWI of multicomponent transmission data in simple models
as well as Vpq inversion in a complex model, using three different model
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e Vpg inversions show that using a parameterization that contains as much
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e Simple model experiments demonstrate significant crosstalk in
parameterization two.
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Conclusions

Multiparameter FWI of multicomponent transmission data in simple models
as well as Vpq inversion in a complex model, using three different model
parameterizations in each example.

Vpg inversions show that using a parameterization that contains as much
information as possible about the horizontal component of the wavefields is
crucial.

Simple model experiments demonstrate significant crosstalk in
parameterization two.

Parameterizations one and three perform very similarly, and both have
problems updating anisotropy parameters in multiparameter inversion, likely
as a consequence of the amplitude difference between velocities and anisotropy
parameters.
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