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Time-domain Elastic Full-waveform Inversion Using
One-dimensional Mesh Continuation Scheme

Jun Won KangJr

Department of Civil Engineering, Hongik University, Seoul, 121-791, Korea

Abstract

This paper introduces a mesh continuation scheme for a one-dimensional inverse medium problem to reconstruct the spatial
distribution of elastic wave velocities in heterogeneous semi-infinite solid domains. To formulate the inverse problem,
perfectly-matched-layers(PMLs) are introduced as wave-absorbing boundaries that surround the finite computational domain
truncated from the originally semi-infinite extent. To tackle the inverse problem in the PML-truncated domain, a
partial-differential-equations(PDE)-constrained optimization approach is utilized, where a least-squares misfit between calculated and
measured surface responses is minimized under the constraint of PML-endowed wave equations. The optimization problem iteratively
solves for the unknown wave velocities with their updates calculated by Fletcher-Reeves conjugate gradient algorithms. The
optimization is performed using a mesh continuation scheme through which the wave velocity profile is reconstructed in successively
denser mesh conditions. Numerical results showed the robust performance of the mesh continuation scheme in reconstructing target

wave velocity profile in a layered heterogeneous solid domain.

Keywords - inverse medium problem, perfectly-matched-layers(PMLs), PDE-constrained optimization, mesh
continuation scheme
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Fig. 1 (a) Original domain: horizontally-layered
heterogeneous semi-infinite solid medium;
(b) PML-truncated domain; (c) One-dimensional
schematic of the PML-truncated domain

(PML location: L<z <L)
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Table 1 Algorithm 1 - Inversion process for the
reconstruction of wave velocity profile c(z)

Choose a,p,u, and R, Set a=a.

Set k=0 and convergence tolerance tol.

Set initial guess of material property vector c,.

J=tol+1

while (/> tol) do

Solve the state problem (1)~(6) and obtain v, o.

R A R Rl e

Solve the adjoint problem (15)~(20) and obtain A,, A,.

Compute the discrete form of the reduced gradient g,
from (27).

®

9. | Compute search direction vector d, from (28).

10. | while (J(eet ady)> Je)+ nagye+ d,) do

11. | a<pa

12. | end while

13. | eprr= et ady

14. | k=k+1

o e WY& NEFe RN PMLE AAR e 1
A aAGge] v WaEE BES A 5 Ao
WEAE Y 5 FEEE AR A e] ARt e A
of ZAikee] di-e]l ~ggtt Table 1o A<l <3
A dazlEs 2ogsisith
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N
o
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ozl daa FA19] ill-posedness

o] Total Variation BT3P IHE =4

el ==
2 A&7 e ARSIl o A&7 sl S48
ol s 2U=rF 2 ftesgoziE A U
Aoz Adske Aol

: & ARt AAge] Fae
A= AdAoR eIt 5, 84 AL 2 84
AT dle S AASEAN AFue s T2

tE 5T S A0l 28t

BAIlEE X

Al =
=)

H
H1 m

Fig. 2 Schematic of material profile Inversion using a
series of 1D finite element meshes

Table 2 Algorithm 3 - Mesh continuation scheme

1. |Prepare n finite element meshes of increasing density.

Set the initial guess of the elastic wave velocity profile

(e(z)=1¢p).

3. |do k=1 to n

Use the k-th mesh and perform full-waveform inversion
for the wave velocity profile using Algorithm 1.

Introduce the wave velocity profile reconstructed on
5. |the k-th mesh as the initial guess for the inversion on
the next finer mesh.

15. | end while

6. |end do
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medium
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Fig. 4 (a) Schematic of a one-dimensional
PML-truncated domain(PML location: 100<z <110);
(b) target wave velocity profile
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Fig. 8 Successively inverted b-layer profiles using a

mesh continuation scheme
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Fig. 10 Successively Inverted 5-layer profiles from the
surface response with 3% Gaussian noise
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