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Inverse scattering series
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IMs prediction: 1.5D to 2D

+ o T—E€
bs,,, (0, w) = j dte'®"by(p, 1) j dt'e” " b (p,7") f dt"e" b, (p,7"")
—00 T/ +e

where p is the horizontal slowness, or ray parameter,
T is the intercept times for primaries.

bi(p,t) = —i2q:D(p,7)
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IMs prediction: 1.5D to 2D

Synthetic in offset domain Synthetic in T — p domain Prediction in T — p domain Prediction in offset domain

0 0 0

0.2 0.2 0.2

0.4 0.4 0.4

0.6 : 0.6 0.6
O 0
0.8 = 0.8 = 0.8 0.8
8 8 -
@ Q L
£ £ -
1 s 1 - o 1
B - E
8 8 i
1.2 512 o 12 1.2
£ =
£ £ /
14 1.4 7 14
1.6 1.6 1.6
1.8 1.8
2 2 g ‘ -
-5 0 5 03 -02 -041 0 0.1 02 0.3 03 -02 -01 0 01 02 03 -5000 0 5000
Offset x (km) Horizontal slowness p (s/km) Horizontal slowness p (s/km) Offset x (m)

___________

ﬁ:—b

dCx, 0 = oo | | by @D T by (n0)

by ()| D)

___________

NSERC UNIVERSITY OF CALGARY
CRSNG FACULTY OF SCIENCE

Department of Geoscience




IMs prediction: 1.5D to 2D

Weglein (1993, 1997):

bSIM (kg, ks, (U) W here,
dk,e~1(2g=25) g o ~102(2g~ fs) dz_el(éé;é;)_zib (kg kr, 2) w | kyco?
(277'-)2 ___________ ];-_ i__li_. qX:C—O 1 — a)Z ;

X f_zooe ! _l(Q1+QZ)Z|b1(k1,k2’ ')f

Coates (1996):
b31M (pg' pS' w)

(27T)2 ﬂ dp, e~ (M9 1) dp, e ~10(T29772s) j d'['elwﬂbl(pg»ppf)

x [T drle it

b1(pg.ps T) = —i24sD(Pg, Ps, T)
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Double T — p, — p, transform
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T= ZZ_ZsiCIi
i

f Y(x,T+px)dx  Time domain

rcp(x, w)e'®PXdx  Frequency domain
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Double T — p, — p, transform
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Xsm + Xpm = X Xg—Xs =X

T = Xsmps + XRMpg + Z_ZMi(qSi + CIgi) T = (_xs)ps‘l'xgpg + z_zi(QSi + Qgi)
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Double T — p, — p, transform

T = —xsps + XgPg + Z,Zi(qg' + Qgi)
i

For source: For receiver:
! sinbg | sinf,
N\ = 6;>0 = ps= > 0 . D 6, <0 = p,;= <0
1 Os Vo 1 Og Vo

(Z0)

| sin | no
/(é —> 0, <0 = ps= =~ <0 /Hé —> 6,>0 = pS=Smg>0
S g

For source and receiver:

2l UNIVERSITY OF CALGARY
&4 FACULTY OF SCIENCE
Department of Geoscience




Double T — p, — p, transform

A\ 4

T sinf

i) <0 = p,=——<0
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sinf

TZ 0, >0 = p,= v0g>0

¥

Z3

i \/ T = xsps + XgPg T § ,Zi(CIsi + CIgi)
[A

Time domain: D(ps,pg T) = ﬂ d(Xs,Xg, T + PsXs + PgXg)dXsdxg

+ 00
Frequency domain: D(ps, pg @) = ﬂ d(xs, xg, w)e 0 Ps¥s+Po%Xg) dx dx,
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Double T — p, — p, transform
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Double T — p, — p, transform

d(xs, Dy T)

%

D(ps' pg' TO)
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Matrix multiplication
227,
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(Liu et al., 2000)

y Pg

— 11 1 |
X | ] Summation
1

=] UNIVERSITY OF CALGARY

w FACULTY OF SCIENCE
Department of Geoscience




Synthetic example
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Synthetic example
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Synthetic example
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Synthetic example
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Synthetic example
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Synthetic example
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Synthetic example

Common shot gather (xs=630m) of raw data Common shot gather (xs=630m) of IMs prediction
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Conclusion and future work

»Internal multiples can be reconstructed using inverse scattering series
(1SS) algorithm in an automatic and stepwise way.

» Double 7 — ps — p, transform with respect to source, receiver

coordinates was discussed and applied to prepare the input data for
1SS algorithm.

» 2D internal multiple prediction using ISS algorithm in double plane
wave domain was performed.

»Preliminary results exemplify that ISS algorithm in double plane wave
domain can provide more relevant and practical benefits.

Future work:

» Computation burden and practical tests.
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