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Nembrane waves

—quations of maotion
pu=f+V.7

wWith a Love wave ansatz

ur, = W(r)(—t x V1)s(d, ¢)

ead to a 2-D wave equation
(Tanimoto 1990)

[%ag _ vg] 5(x,t) = £(Xs, t)

Time: -0.6 min
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Sensitvity kemels

~hase-shift 6@ related to
phase-velocity perturbation dc 0P = / K (0,9) éc(6,0)dS2
Q

direct approacnh
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Sensitvity kemels

agjoint method
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Sensitvity kemels

~hase-shift @ related to
phase-velocity perturbation dc 0P = / K (0,9¢) dc(0,¢)dS2
Q

agjoint method

Regular Wavefield Adjoint Wavefield

0120 s

t=

35 -

<

34" poe-

t=

33° A

Tape et a. (2000)
0072 s

32° -

P T B R TR . . T

Membrane waves ny Daniel Peter | ETH Zurich



Sensitvity kemels

nverse provlem USES sensitivity kermels
A - X — d AE] — / K?:th datum (w, 9, (;’5) df)
J jth pizel
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Sensitvity kemels

nverse provlem USES sensitivity kermels
A-x=d A'ij — / K@Z“‘ datum (wigiqf)) dS2
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~nase velocity maps
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oynthetic benchmark
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oynthetic benchmark
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oynthetic benchmark
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vNtnetic benchnmark
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—_ay tomograpny
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Conclusions

\embrane waves simplity numerical
SIMulations of surface wWaves

Adjoint methods accelerate the computation
Of nuMmerical sensitivity kermels

-INite-Trequency theory leads to nigner
mage resolution
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Outlook

> Membrane modeling
Mesh optimization

> Sensitivity kemels
Wavelet compression

> Adioint methods
3-D sensitivity kernels
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\esn optimization

2-D wave eguation

1
2 (x)

at2 I V% S(X: t) — f(XS,t)

solved by a finite-differences approximation (Helkes & Randall 1994
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\esh optimization

cell distortion oy
mesn refinement




\esh optimization

mMeshn relaxation

by electrostatic forces
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Outlook

> Sensitivity kemels
Wavelet compression
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Viavelet compression

wavelet basis

) #eoefficients 4

wavelet
coefficients:

~250’000 total
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Outlook

> Adioint methods
3-D sensitivity kernels
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3-D surface wave keme
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(Komatitsch et al. 2002)
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Adjoint method

AdjoiNt source for cross-correlation measurements
(Tromp et al. 2005

(x, 1) = %&s(xr, T — £)8(x — x,)
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Adjoint method

Adjoint source for cross-correlation measurements
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—orward benchmark

7 [ravel time predictions
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\Vultiole ray patns

5 Jravel time predictions
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\VUltiole ray patns

0 [ravel time predictions
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Asymptotic membrane waves

0 \VWavetorm predictions
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