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A : E ′(Y ) 7→ D′(X)

A(u(y))(x) =

(2π)−n
∫ ∫

a(x, y, θ)eiφ(x,y,θ)u(y)dy dθ

special case: θ = ω,

φ(x, y, ω) = ω(T (x, y)− t)



(2π)−n
∫ ∫

a(x, y, θ)eiφ(x,y,θ)u(y)dy dθ

(2π)−n
∫ ∫

b(z, x, σ)eiψ(z,x,σ)v(x)dx dσ

(2π)−2n

∫ ∫ ∫ ∫{
b(z, x, σ)a(x, y, θ)

eiψ(z,x,σ)+iφ(x,y,θ)u(y)dy dθ dx dσ
}

↑ ↑
phase variable



(2π)−2n

∫ ∫
c(z, y, θ′)eiη(z,y,θ′)u(y)dy dθ′

clean intersection calculus

min number of phase vars
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dip moveout

F0F
∗

F0: exploding reflector
modelling

F ∗: imaging/migration



3D DMO

φ(y, t, x, ω) =

ω

(|x− y − h|
c

+
|x− y + h|

c
− t
)

φ0(z, t0, x, ω0) =

− ω0

(
2|x− z|

c
− t0

)

phase variables: (x/|ω|, ω0, ω)



3D DMO

φD(y, t, z, t0, x, ω, ω0) = φ+φ0 =

ω

(|x− y − h|
c

+
|x− y + h|

c
− t
)

− ω0

(
2|x− z|

c
− t0

)

• d(∂x,ω,ω0φD) full rank



SφD =

{
(y, t, z, t0, x, ω, ω0) |

∂xφD = 0, ∂ωφD = 0, ∂ω0φD = 0︸ ︷︷ ︸
f=0

}

π : (y, t, z, t0, x, ω, ω0) 7→ (y, t, z, t0)

corank(Dπ|SφD) = dim{(x, ω, ω0)}
− rank(∂xf, ∂ωf, ∂ω0f) = 2



• phase variables: (x2, ω)



data regularization

(R)
↑

AMO...

F F ∗
N = (F ∗F )−1

↓



N = F ∗F is elliptic ΨDO

φN = (x− x′) · ξ

in general FF ∗ not ΨDO

time processing FhF
∗
h pseudo

↖ ↖
no caustics fixed offset



φ = −ω(t− T (x, h, y))

φ′ = ω′(t′ − T (x, h, y′))

φr = φ+ φ′ =
−ω(t− T (x, h, y))+

ω′(t′ − T (x, h, y′))

phase variables:(x/|ω|, ω′, ω)



Sφr =
{
(y, h, t, y′, h, t′, x, ω, ω′) |

∂xφr=0, ∂ωφr=0, ∂ω′φr=0
}

stationary phase in ω, x3

∂ωφr = −t+ T (x, y, h) = 0

∂x3φr = ω∂x3T (x, y, h)

−ω′∂x3T (x, y′, h) = 0

→ (ω, x3) = (ω0, x0
3)



at stationarity

φr =ω′(t′ − T (x1, x2, x
0
3, h, y

′))

=ω′(t′ − T (·, y′)−t+ T (·, y)︸ ︷︷ ︸
=0

)

=ω′(t′ − t) + ω′(T (·, y)− T (·, y′))
≈ω′(t′ − t) + ω′∂y′T |y′=y︸ ︷︷ ︸

η′

·(y − y′)



FhF
∗
h pseudo

Gh := FhN
1/2

unitary

↓
continuation:Gh′G

∗
h

↑
‘true’ amplitude



ΛF
submersion

ΛF ∗
↙ ↘ ↙ ↘

T ∗Y T ∗X(×E) T ∗Y

• composition is clean

continuation still FIO
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