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Introduction

Objective

Solving the local minima problem in the data-fitting waveform inversion.

Solution

Depth-oriented extended FWI
Surface-oriented ...
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Introduction

The extended forward map F̄ : M̄ → D is defined by:

F̄ [E [m]] = F̄ [m̄] = d = F [m] (1)

where E is the extension operator.

F : modeling operator

m: model (velocity v(x))

d : data (time derivative of the acoustic potential ∂u
∂t (t, x; xs))
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Depth-oriented extended forward modeling

The constant-density acoustic wave equation:(
1

m(x)

∂2

∂t2
−52

)
u(t, x; xs) = f (t, x; xs) (2)

u(t, ·; ·) ≡ 0, t � 0 (3)

where f (t, x; xs) = w(t)δ(x− xs)

The depth-oriented extended version:(∫
dy

1

m̄(x, y)

∂2

∂t2
−52

)
u(t, y; xs) = f (t, x; xs) (4)

∂2t u − m̄O2u = m̄f (5)
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Extended Born operator, DF̄ [m̄]

Born approximation about physical background model

m̄(x, y) = m(x)δ(x− y) + δm̄(x, y) (6)

then ū ' u + δu,

∂2t δu −mO2δu =

∫
dyδm̄(x, y)O2u(y, t) (7)

The extended Born scattering operator DF̄ is defined by

DF̄ [m̄]δm̄ = δu (8)
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Adjoint of extended Born operator, DF̄ [m̄]∗

“The least-squares gradient DF [m]∗(d − F [m]) is an image of δv̄ , in the
sense of having the oscillatory components or locations of rapid change
(reflectors), except for dip-dependent scaling and filtering”. (Symes, 2008)
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TAPENADE is an Automatic Differentiation Engine.
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TAPENADE

Used for single step

Adjoint is “global”. It could be difficult.

TAPENADE is a nice tool to compute derivative and adjoint.

Lei Fu, William W. Symes (TRIP) Extended Born & Adjoint April 19, 2013 10 / 25



Numerical experiment

two-layers velocity model:c1 = 3, c2 = 4

Grid spacing: ∆x = ∆z = 0.01

Domain size: 10× 4

Source: Ricker wavelet at (5, 0.6) .(fpeak = 10Hz)

Receivers: 1 : 0.05 : 9 at depth of 0.1

Thickness of PML: Lx = 1 and Lz = 0.4

The extension is horizontal, −0.15 6 h 6 0.15.
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Reference model
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Model perturbation δm̄(x)
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Born modeling DF̄ [m̄]δm̄
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Adjoint of Born modeling operator DF̄ [m̄]∗δu

Figure : Single shot, image of δm̄
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Figure : Single shot, image of δm̄
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Summary

In this study, we implemented depth-oriented extended Born modeling
operator and its adjoint by using TAPENADE.

They will be very useful in the next step - inverison.

PML is available in current version.

Future work

Integrate it into IWAVE

Improve the efficiency of our code.

Depth-oriented extended FWI.

Investigate energy focusing to determinie the range of extended
dimension.
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