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* Red = source wavefield with time running forward.

* Green = receiver wavefield with time running backward.

* At both points B and C, the cross-correlation is
undesirable, i.e. noise.
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LSRTM with Laplacian preconditioner (LSRTM-Laplace)
_ 2
S(p) = |Ws (LAp — dobs) |

m = Ap
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Breaking down the imaging condition

Mmig(X) I1(x) + I(x) + I3(x) + 14(x)
I (X) — Z Sd(tv X, xs)ru(T — 1, X; Xs)

12 (X) — Z Su(ta X, xs)rd(T — 1, X; Xs)
I3 (X) — Z Su(ta X, XS)TU(T — 1, X; Xs)
14 (X) —

Z Sd(ta X, XS)Td(T o ta X, XS)
Xs,t






Modify the migration operator

L' —— Ljp

regular RTM
operator

RTM with wavefield
decomposition
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Maecomp(X) = D _ 8a(t, X; Xs)u(t, X; Xs) + su(t, X; Xs)ra(t, X; Xs).

Xs ,t
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Forward operator as an adjoint pair

L' —— Ljp

regular RTM
operator

RTM with wavefield
decomposition

L _—>LD

Forward
operator

Forward with wavefield
decomposition

15



2
3
38
&

N




Wavefield decomposition
=~ is expensive.
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Wavefield decomposition in the T-K domain-——

The backscatter-based imaging condition can be written as (Liu,
2011)

maX max

vert Z Sk; _|_ Rk: — —|_ Z Sk; sz—l—( )

pk:z—(ta kz) o

where
- (P(t,k,) for k, >0
o =
e+ ) \O for k., <0
<’0 for k, > 0
P

(it k) fork <0

\
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Computational Cost— .

/
Regular LSRTM

X NwNyNzNorder

LSRTM with wavefield decomposition

X Ny Ny N, Norder + NN, N, log(N,)

Stanford Exploration Project
19



—

Wavefield decomposition = But there is a cheap way
=~ Is expensive. to do it.

THISIPLEASES ME
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Comparing between two LSRTM method

Test 1: LSRTM with Laplacian preconditioner (LSRTM-Laplace)

S(p) = |[Ws (LAp — dops) |

m = Ap

Test 2: LSRTM with wavefield decomposition (LSRTM-decomp)

S(m) = [Wy (Lpm — dobs) ||
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/Wlly_/ga%he LSRTM-decom

First gradient of LSRTM-precond
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Discussion

Why does the LSRTM-decomp converge faster than LSRTM-Laplace?

—
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Perhaps incorporating a left preconditioner to balance the frequency

S(p) = WP (LAp — d*) ||°
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Including the forward-scattering term s

To preserve steeply dipping reflector, include the forward-scattering
term for deeper region

Mmig(X) = 11(X) + I5(X) + Mpacr(X)(I3(x) 4 I4(x))

SuKu SdKd
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/c%clusion \\/

-

* LSRTM with wavefield decomposition can effectively suppress RTM
artifacts

* Results from the SEAM example show that LSRTM-decomp converges
faster than LSRTM-Laplace.
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Modifying imaging condition using wavefield decomposition

-

Decomposition of wavefields based on vertical propagation
directions:

e upgoing and downgoing components

S(t, %) = S, (t,%) + S,_(t, 7)
R(t,%) = R, (t, ) + R,_(t, @)

Tir) = Z S, (t, PIR,_(t,T) + Z S,_(t,%)R,, (t,%)| Back-scattering

terms

1 Z S UrBR Uot Z S,_(t,B)R,_(t,7) Forward-scattering

terms
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Wavefield decomposition in the F-K domain —

Decomposition in the F-K domain was first used in VSP data
(Hu, 1987):

e Vertically,
2 ]5 k for fk, >0
Pz—|—<f7 kz) o (f ) f ’
\O for fk, <0
% (O for fk, >0
PZ—(f7 kZ) A g f
P(f, ofer fh <)
e Horizontally,
S f’ , for fk, >0
PIIH—(f? kx) (f ) f )
\O for fk, <O
r() for ka0
PZIS—(f? kﬂ?) o % f
P(fk) for fk, <0
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Wavefield decomposition in the F-K domain-——

FFT brings a complex-valued problem:

e The initial wavefield is a real function, but the decomposed wavefields
are complex; for example

S(t, &) =S, (t, %) + S,_(t,Z),
— Re[ (t )] A Re[sz—(tv f)]

* Previously, only real parts of decomposed wavefields were used in
imaging conditions (Liu,2007,2011)

maX trnax
Vert Z SZ-|— (t f) = Z Sz—(ta f)RZ—I-(t? f)
t=0

e This apprOX|mater gives the same result as

tmax tmax
Z S:—I—(tv f)RZ—(tv f) a5 Z S: (tv f)Rz-l-(tv f)
t=0 t=0
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Wavefield decomposition in the T-K domain-——

Using Parseval’s theorem:

max

In
ZS* e Y S0 R

The backscattter-based imaging ch)cndltfcj)Vn can be written as (Liu, 2011)
Ionla §5k+t:€Rk_ +§(Sk (b, %) R (L, 7)
where -
= P(t . k,) fork, >
£ <\O . hok & 8 7
<’0~ for k, > 0
P

pkz—(ta kz) o

(t,k,) fork, <O

\
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