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Waveform tomography
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u = w(t)δ(x− s),

d(t, s, r) = u(t, x, s)|x=r ≡ F [c].
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Waveform Tomography

∇δT · ∇T = δc

d̂(ω, s, r) � A(ω, s, r) exp[ıωT (s, r)]

�δd �
�
dω

�
dx ŵ(ω)δc(x) exp[ıω(T (s, x)− T (x, r))]
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Waveform tomography
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Waveform tomography

min
c

||F [c]− d̄||22

[Tarantola 84; Bunks 98; Shin 09]
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Waveform tomography

min
c

||τ [c]||22, τ [c] = argmaxt(d ∗ d̄)(t)

[Cara 87; Luo 91; Dahlen 10; Hormann 02; de Hoop 05;Brytik 10 ]
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Waveform tomography

||d − d̄||22 = ||d||22 + ||d̄||22 − 2 �d, d̄�� �� �
(d̄∗d)|t=0
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f(x, t) =
�

dω a(ω, x, t) exp[ıφ(ω, x, t)]

WF(f) ⊆ {x, t; ∂xφ, ∂tφ | ∂ωφ = 0}

WF(d̄ ∗ d) ⊆ {s, r, T̄ − T ;∇(T̄ − T ), ıω}
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Wavefrontset detection

|G[f ](t, ω,σ)| ≤ σN as σ ↓ 0

t �⊂WF(f) ω

N ∈ N

[Hormander 83; Hormann 02; de Hoop 05]

G[f ](t,ω,σ) =
1√
σ

�
dt� f(t�)W [(t− t�)/σ] exp[ıωt�]
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Wavefrontset detection
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Wavefrontset detection
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Wavefrontset detection I
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Misfit criteria
τ [ω, σ] = argmaxt G[d̄ ∗ d](t, ω,σ)

σ ↓ 0

||G[d̄ ∗ d](0, ., σ)||22

||∂tG[d̄ ∗ d](0, ., σ)||22
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Misfit criteria

Wσ(t) =
1√
σ

exp[−(t/σ)2]

G[f ](0,ω,σ) = �(Wσ · f)(ω)

∂tG[f ](0,ω,σ) = �(W �
σ · f)(ω)

φ =
||Wσ · (d̄ ∗ d)||22

||d||22
[TvL 08; TvL 10 ]
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Misfit criteria
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Misfit criteria
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Misfit criteria
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Numerical example
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