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Introduction

Wraparound

 Conventional
PSTD:

Numerical

\_/ dispersion

* Solution: Staggered-grid, first order SH

| Symmetry axis
|

Symmetry axis

e Gradient calculation in TTI:

C11, €13, €33, C44, Ce6

 Random boundary layer for staggered-grid FD
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First Order SH equation

Second order SH equation:

2
Co6 V35X + 044d - pw?x =0

Suppose: v=(v,v,,V,), X=(x.,x,1)
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Staggered-grid Fourier pseudospectral derivatives

First-order Fourier derivative: heterogeneity b
Dou(i) = DFT ™ [k, DFT (u(a,))] =——— —

: : : ! Ozdenvar and McMechan (1996)‘
Staggered grid first-order derivative:

)= DFT (- )I-e;rp(;""’f‘r) DFT (uln)|

Jix AN D;_L;n_u( s O
. D,ymulr;) = DFT " [(—jk,)"DFT (ulx;))]

high-order

l\_'>|»—a

ov __ . ‘

o — AX V(t+ 3 At —v(t—3At) = (AIA + 5 At°ABA)X(1)
—

X _ By X(t+ At) — X(t) ~ (AtB + LA'BAB) v(t + 5 A t)

Stability Relation: Atvg,/Ne < 3/
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Snapshots for SH propagation
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Comparisons with FD and conventional PSTD
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Comparisons with FD and conventional PSTD
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Snapshots for SH propagation in thrust fault model

Time=0.0036 (s) Time=0.0042 (s)

—
o)
~—
(o]

Time=0.0036 (s) Time=0.0042 (s)

~—
o
~—
(]

N
N

=N

NN
NN

Depth (m)
(o]
Depth (m)
(o]
Depth (m)
(0]

oo
oo

—_
OO

5 10 5 10

Distance (m) Distance (m) Distance (m) Distance (m)

Time=0.0048 (s) Time=0.0054 (s) Time=0.0048 (s)

~—
(@]
~—
(]

Time=0.0054 (s)

~—
O
~—
(]

N
N

NN
=N

[&)]

Depth (m)
(0]
Depth (m)

o

5 3]
Distance (m) Distance (m) Distance (m)

L::;j CREWES WWW.crewes. Org ) UNIVERSITY OF CALGARY

10

7
w FACULTY OF SCIENCE
Department of Geoscience




Advantages for PSTD in FWI

Atvso/Aaj < \/§/7T mmmm———) | grger space and time interval than FD

ov __
5 — AX |

messssss)  Displacement component can be
%—’f = Bv directly obtained

By using separated gP-, gSV- and SH- wavefield simulations, the nonlinearity
of inversion and the crosstalk between parameters can be greatly reduced.
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Gradient calculation for anisotropic (TTI) FWI
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Residuals of Gaussian anomaly model
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Gradients of constitutive elastic moduli and polar angle
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Gradients of Thomsen parameters and polar angle
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Residuals and elastic moduli of 3D layered model

Time (s)

Residual of vx

Time (s)

Residual of VZ

Residual of vy
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First layer | Second layer | Third layer | Fourth layer

w00 | c13 | 10.625 5.2 11.39 12.81
E;OOO (99 30.6 18 23.87 40

1000 | (99 | 10.625 8 11.18 21.25

‘ (33 30.6 16.2 15.86 38.4
Cas 10 4.85 3.145 9

Cxx 10 4.3 4.371 11.81
C66 10 4.85 3.895 I

C1x 0 1.5 2.77 1.62

(25 0 1.6 2.40 4.76

(35 0 1.5 0.925 1.41

CAG 0 0.65 0.650 -1.73
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Gradients of constitutive elastic moduli and polar angle
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Gradients of Thomsen parameters and polar angle
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Discussion

Forward Wavefield Propagation for
model datg generation withoyt
Wavefie|d recording

Forward Wavefield Propagation for
model data generation

Reverse-time Propagation
of residual datg
Reverse time Propagation of residual
data and source wavefield using
random boundary
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Random parameter and randomized normal stress component
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Wavefield propagation with random boundary layers
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Gradients of Thomsen parameters and polar angle (Random boundary)
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Conclusions

* A temporal fourth-order PSTD for SH wave propagation in VTI media in conjunction
with the HPML method is capable of solving wraparound effect, Gibbs phenomenon
and frequency dispersion.

* The time domain FWI basically uses first-order velocity-stress staggered-grid finite
difference method for wavefield simulation, the velocity components should be
transferred into displacement components; the displacement components can be
acquired directly from PSTD wavefield simulation.

 The gradients with respect to both Thomsen parameters and constitutive elastic
moduli as well as the polar angle are calculated. The use of staggered-grid FD with
PML, overburden the memory cost and computational efficiency. The random
boundary layer is one of the solutions to relief the 1/O stream and memory storage.
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