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euse all subsurface
offsets (5D volume)
e2-Way Wave-equation

X
but.... we can never hope to compute or store

such an image volume!
Can we work with the volume implicitly ?
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Extended images

Correlation of wavefields

e(w,X,x') = Z v; (w, X)ui(w, x)*

7,W

in data-matrix notation:
E(w) = Z V(w)U(w)®

imaging condition: ) _ diag(E(w))



Extended images
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Extended images




Extended images

example for one layer




X
o
)

(q0)

&
=
[

'

A\

\\
N

W

o (@) o (@) (@)
o o o o (@)
Lo o Lo o Lo]
- L (q\] (q\]

ANNRNERANNY
ANNRARENNNY
ARNARANANNY
© ANNALARANNN
LY

ANAARARRNY
Y
WAARRRRRANY
\AASERRRANY
WAL BRRRNNY
WAAARERRRANN

AR
WAL ERRRANN
AAARLERRANN
SONNMANRRRNNN
AAALERRRANN
AMAMLEERRANN
WAL ERRRNN

SONNMAERRRANY

(@] o o o
o o o o
Te} o Te} o
-— ~— (q\|
N
NAA
RRRRARN NN
SRRARARY ,11
AL AL
\ Y LY
NNY NN
TLLLRRN NOUNRNRYNY
AR /u ,,,,I
W NNRRRARY
A\
N
o o o o
o o o o
Lo o L0 o
- - (q\|

2500

2500

2000 2500

high
velocity

1000

500

correct
velocity

1000

500

2500

2000

low

veloc

1000

500

Ity



Extended images
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offset gathers

align subsurface offset with local dip
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Double wave-equation

Helmholtz operator: A = w?diag(m) + V*
source/receiver wavefields:
HU =P'qQ  H*V=P'D

RTM extended image: £ = VU*

vields: H*EH = P DQ* P,



Double wave-equation
Le(w,x,x") = /ds/dr d(w,s,r)d(x —8)d(x' —r)

two-way:

L= |w?/c(z,2)* + 05 + 07 [wQ/c@a;’)Q + 07, + 07|

one-way (DSR):

L =

0, —1/w?/c(z, )2 + 02 — z\/wQ/ch)m’)Q + 02,

[Claerbout, '84; Stolk & de Hoop '01]



Velocity continuation

since r.h.s. is model-independent:

H:EyH, = H*F H,;
or

Ey=H,"H'E\H,H, "

[Duchkov et al, '08]



Examples
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Extended images

e complete image volume too
large to form: (nx X n,)?

e instead, probe volume for
information via mat-vecs Ey

e y can be interpreted as
subsurface source function




Computation

mat-vec with extended image:
e=Fy=H *P'DQ*P,H 'y
e d=P,H 'y (onesubsurface source)

e w=0Q"d (source weights)
e e=H *PT(Dw) (one source)



MVA

focusing penalty: f(m) =||W © E(m)||%
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MVA

Use techniques from randomized
trace estimation:

K
|A||% = trace(ATA) ~ ZWTATAWZ > |[Aw;][3

’L_

where

> v

22

[Avron & Toledo, '11]



MVA

Vectors can be interpreted as
subsurface source functions

randomly chosen
seq. sources

sim. sources



MVA

fla) =W O E(O‘mtrue)H%‘
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Conclusions

e image volume for all offsets easily
expressed in terms of data matrices

o two-way equivalent of DSR equation

o work with easy-to-compute mat-vecs

e use techniques from randomized trace
estimation to compute focussing penalty



Future work

e automatically detect dip
e uUse trace estimation ideas in
MVA inversion

o AVA
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