
PSTD wave field simulation and 
gradient calculations
for anisotropic FWI

Junxiao Li, Kris Innanen, Laurence R. Lines

Wenyong Pan, and Guo Tao 

Dec 2nd 2016

www.crewes.org



Outline

www.crewes.org

• 1 Introduction
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simulation

• 3 Gradient calculation in TTI media 
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condition
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Introduction
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• Conventional

PSTD:

• Solution: Staggered-grid, first order SH

• Gradient calculation in TTI:

• Random boundary layer for staggered-grid FD
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First Order SH equation
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Second order SH equation:

Suppose:

First order SH:

PML



Staggered-grid Fourier pseudospectral derivatives
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First-order Fourier derivative:

Staggered grid first-order derivative:

heterogeneity

high-order

Stability Relation:
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Snapshots for SH propagation

PSTD for First-order SH Conventional PSTD for second-order SH



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
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Advantages for PSTD in FWI
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Larger space and time interval than FD

Displacement component can be 
directly obtained

By using separated qP-, qSV- and SH- wavefield simulations, the nonlinearity 
of inversion and the crosstalk between parameters can be greatly reduced.



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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Cross-section and source receiver distribution
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Residuals and elastic moduli of 3D layered model
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Gradients of constitutive elastic moduli and polar angle
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Gradients of Thomsen parameters and polar angle



Discussion
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Gradient calculation using random 
boundary 

Gradient calculation using PML



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
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• 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 I/O stream and memory storage.
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