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KeyPoints

In this presentation, aew methodis given to eliminate
all first order internal multiplesinder 1D normal
Incidence.

Thismethod

1. Is derived In a reverse engineering way (seéking
higher order terms within inverse scatterisgries)
to construct an algorithm to eliminate first order
Internal multiples.

2. achieves the goal directly in terms of data without
determining the earth.
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Internal multipleremoval

Correct arrival timeand
well-understood amplitude
for all internl multiples

Leading ordealgorithm
Araujo et al(1994\Vegleinet al. (1997)

Spuriousevents removal

Predicting correct amplitudg _
Ma et al(2012),Liang et al(2012)

Elimination first order ~An method toeliminate
Early ideas internal multiples generatecy first order internalmultiples
Ramfez and Weglein(2005) at the shallowest reflector § under 1D normal incidence

Herrera(2012) (This presentation)
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Input Goal

predictall internalmultiples with
1)correct amplitude
2)correct time

data
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The 1D normal incidence versiontbé leading order algorithm
given by Araujo et al.(1994) and Wegleirakt(1997 is
presented as follows:

h.{i-”(;‘.) :/ d:(:fﬁ.':hl(:)/\ hd:f{;—ﬂ.':fhl(:f)‘/‘ d:rrr)éﬂ.':”hl(:ﬂ) (1)
~C o z'+ey
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The 1D normal incidence versiontbé leading order algorithm
given by Araujo et al.(1994) and Wegleirakt(1997 is
presented as follows:

biM (k) :/ d:r:”“':hl(:)/ -hr.’:fﬁ_”":fhl(:’)f d:"f*”":”f:rl(:”) (1)

2's o z'4e1

b,(z) is water speed migration of tldata due to aspike plane wave
Incidence.
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The 1D normal incidence versiontbé leading order algorithm
given by Araujo et al.(1994) and Wegleirakt(1997 is
presented as follows:

biM (k) :/ rf:r:”“':hl(:)/ -hr.’:fﬁ_”":fhl(:’)/ d:"f*”":uf:rl(:”) (1)

e o z' 454

b,(z) is water speed migration of tldata due to aspike plane wave
Incidence.

Consider thesimplestone-generatormodel exampleéhat can
produce an internamultiple given by Wegleiat al.(2003)

Origin
! v v
) / t
yA " R, J Ttll%"‘-._-.___ / Ty
1 Vi
Zo Ry

A one dimensional model with two interfaces.
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Origin

7 Ra
p

A one dimensional model with two interfaces.

For this model, the reflection data caused by an impulsive
Incident wavel (t-z/c) is:

D(t) = Rio(t —t1) + Ton RaT100(t — t2) + -+
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Origin

A one dimensional model with two interfaces.

For this model, the reflection data caused by an impulsive
Incident wavel (t-z/c) is:

D(t) = Ry6(t — t1) + Ton RoThod(t — to) + - - -
Makea water speed migration of D(t) wii &, = e

ol Cpda Co

and pseudedepths:z) = 5 22 = 5=
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Origin

A one dimensional model with two interfaces.

For this model, the reflection data caused by an impulsive
Incident wavel (t-z/c) is:

D(t) = Ri0(t — t1) + Tor RoTho0(t — ta) + - -

Makea water speed migration of D(t) wil k. = f

ol col? Co

and pseudedepths:z; = =5 22 = —5-.

bi(2) = Ri0(z — z1) + Toan RoT100(2 — 29) + - - -
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Origin

A one dimensional model with two interfaces.

For this model, the reflection data caused by an impulsive
Incident wavel (t-z/c) is:

D(t) = Ry6(t — t1) + Ton RoThod(t — to) + - - -
Makea water speed migration of D(t) wii &, = e

Cil Cpl? Co

and pseudedepths:zi = 5+ 22 =3~
bi1(2) = R16(z — 1) + To1 RoT100(2 — 23) + - - -

The date is now ready for the internal multiple algorithm.
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Origin

7 Ra
p

A one dimensional model with two interfaces.

Substitutingb,(z)into the algorithm we can derivethe prediction
(in the time domain):

by(t)=RIRST5 T8 (t — (2t —11))
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Origin

A one dimensional model with two interfaces.

Substitutingb,(z)into the algorithm we can derivethe prediction
(in the time domain):

by(t)=RIRST5 T8 (t — (2t —11))

From the example it is easy to compute the actual first
order internalmultiple precisely:

—R|R%T3|Tm5{f — [Efg — 1 :1:1
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Origin

A one dimensional model with two interfaces.

Substitutingb,(z)into the algorithm we can derivethe prediction
(in the time domain):

From the example it is easy to compute the actual first
order internalmultiple precisely:

—R|E%TG|T|-|]5“ — [Efg — 1 :1:1

The time prediction is precise, and the amplitude of the predictiot
has an extra power ofl,, T,,which is called thattenuation factor.
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A generalization afhe attenuation factor(AR for first order
Internal multiples(1D normal incidence)given by the following:
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A generalization afhe attenuation factor(AR for first order
Internal multiples(1D normal incidence)given by the following:

(using transmission coefficients)

, InaTyp (J=1)
AFj = N—1

R - - .
ILﬂ{ﬂljﬁfﬂ”+4”4J(lij{J}
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A generalization afhe attenuation factor(AR for first order
Internal multiples(1D normal incidence)given by the following:
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, Inaho (J=1)
AFj = N—1

R - - .
ILﬂ{ﬂljﬁfﬂU+4H4J(lij{J}
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A generalization afhe attenuation factor(AR for first order
Internal multiples(1D normal incidence)given by the following:

(using transmission coefficients)
AF To1Tho (j=1)
J = N=l 5 5 . N _
H;-=1 Uil 1)f_;'-_f'—1f.f'—l-j (1<j<J)

(using reflectiorcoefficients)
(1-RT  (j=1)
HF;‘ = 4

|(1-R)*(1=R3)*-(1-R;_ )’ (1-R}) (1< j<J)

AF is the attenuation factofor all first orderinternal multiples
with a downward reflection at thé"jreflector.
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The idea to remove first order internal multiples is to build a new
function in the second integral to remove the attenuati@ator.

biM (k) = /  dzethy (2) / dz'e *by (') / dz"e**" by (")
— o0 — % Z'r—'—é'.“l

biM (k) = f d;:e’ikzbl(::)f dz'e "™ Fby (2] dz"e*" by (2"

o0 2421
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The idea to remove first order internal multiples is to build a new
function in the second integral to remove the attenuati@ator.

béﬁ»—f(k) _ / dzfahzb (Z)f e —?kz b (Z)/ P ikz”bl(zﬂ)

b;:}m{(k) :f dze.ikzbl(z)/ dz / —?Fi.b F[ {N ] dzﬁeikz-'fbl(zﬁ)

o0 z'+e1
\ ’” A\ / \ A \ R f
l'\ I} \/ ||. / ‘. —R; '."
1\ T 1 / — T T
W\he B TnlTo MR n, 8 01710
ulllj.' IJ - ' [ \Iz /
Ry Ry Ry Ry
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The idea to remove first order internal multiples is to build a new
function in the second integral to remove the attenuati@ator.

lo'e! zZ—En o0
béﬂ:‘! (ﬁf) _ / dzcikzbl (Z) / dzfc—ikz’b] (z!) dZHGikz”b'l_ (ZH)
— 00 — 00 z' &7
oo z—Eg oo
VIM (k) = f dze™ by (2) f dz'e = Fby (2] f dz"e™" by (")
—_00 — 00 z'+e,
{ M / \ A \ A
\ -
a {_} | <4
Toy \\/ Tho Ry To: \/ Ty = Toy \/\/ Tho x o .EIITIU
/
RQ R2 RQ Rg
\ SNV
\ / \
Ty T T [Tig T E—E /Tho y
: \‘ / \/ — - - \\ i B, x —(TnTh0)*T12T
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The idea to remove first order internal multiples is to build a new
function in the second integral to remove the attenuati@ator.

bjfu(k') — / dZ{akzb Z)f .f —?.R'z, b (Z)/ ”{?ikz”b|(2”)

b (k) = f dze*by () f d'e ™ Floy ()] [ dee* by (")
o0 fo's) z'4eq
bi(2)
| R]ﬁ(fd — Zl)
———  Ry(z— )
— RE(S(Z — 23)
— R)o(z — zy)
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The idea to remove first order internal multiples is to build a new
function in the second integral to remove the attenuati@ator.

biM (k) = /  dze*7b, (2) f dz'e” " by () / dz"e* by (2"
—00 — 00 z' e

61(3)

| R](S(Z — Zl)
———  Ry(z— )
RISz — z)

— R)o(z — zy)

Yanglei Zou
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The idea to remove first order internal multiples is to build a new
function in the second integral to remove the attenuati@ator.

bé;’k—f (k’} — / dze l.lii,?.’b Z)f e —?.R'z, b (Z )/ ”{?ikznb|(2”)

bi{“’f(k) _ f dze.ikzbl(z) / dz !B—?k" [ {N ] dzﬁeikz-'fbl(zﬁ)

o0 z'+eq

With the definition; R, =(1— R?)(1— R%)---(1 — R? ,)(1- R2 )R,

by(2) Flby(z)]
 Rid(z— =) ;4;1:15(/2 — )
———  Ry(z— ) - Aiizé(zf—ug)
——— Rid(z — ) S A?f‘_ia(z — 23)
Rz — 2) — 4? 5(z — 24)
AF,_,
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- b,(2)
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- by(2) ,
F[b,(z)] < LJF NI A | f
partial R
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- by(2)

F[y(2)] <

LI NJG-

Al

_partial R

-b,(z2)w Q

-9(2

g(2 is a new function definadith R as coefficients.

q(g) — lej(g — ,21) -+ RQ(S(E — Eg) —+ R;@(S(E — 23) + .. 4 Rﬂ_(ﬁ(z — En) + .
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- by(2)

F[y(2)] <

LI NJG-

Al

_partial R

F[0,(2)] <

b,(2)

-b,(z2)w Q

-9(2) <—Dby(2)

g(2 is a new function definadith R as coefficients.

g(z) = Ri6(z — 21) + Rod(z2 — 29) + R30(z — 23) + - -+ R, 0(2 — z,) + - - -
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partial R.

Yanglei Zou Internal Multiple Removal

-b,(z2)w Q

-9(2) <—Dby(2)

17



- by(2)

F[y(2)] <

LI NJG-

Al

The coefficient of the't term in F[Q(z2)] is: T

partial R.
R!
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- by(2)
Fb,(2)] < LIF NJI-

Al

-b,(z2)w Q

_partial R
R
AF,

The coefficient of the't term in F[Q(z2)] is:
R, R,

AF, _(EHTIU)E(TIETEI)?'“(K—E.i—le—l.f—E)E(Ti—l.in.é—l)
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- by(2)

Fb,(2)] < LI NI

R
AF;

The coefficient of the't term in F[Q(z2)] is:
R R

I“fr (]}HTIU)E(TIET.’! )2 e (Ti—‘l.i—lT:’—l.é—?)?(Ti—l.iTi.i—l)
R
(= R(1 - Ry (1 - R )2(1- R
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- by(2)

Fb,(2)] < LI NI

LAF— T all Re—

R
AF;

The coefficient of the't term in F[Q(z2)] is:
R, R,

‘11; (TﬂlTlﬂ)E(TIETEI )2 T (Ti—‘l.i—lﬂ—l.i—?)z(Ti—l.iTi.i—l)
R

(1-R)2(1-R2)?---(1- R )*(1 - RY)
H

i

(1 — R]R] — RER; — = R:_lﬂi—l}g(l - Rf)

—
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- by(2)

Fb,(2)] < LI NI+

LAF— T all Re—

R,
AF,

The coefficient of the't term in F[Q(z2)] is:
R R

1”!; (EHTI[])E(TIET.’I )2 e (Ti—‘.!.i—lTf—l.é—?)z(Ti—l.iTi.i—l)
R
(1-R})X(1- R} (1- R, (1 - R?)
R
(1- RiR, — RyRs— - — R Ri)’(1 - B?)

In the derivation, lsedthe expression:
(1-RH(A=R3)-- (1= R} ,)(1 =R )

=1 leRl — HERQ — e R:_lﬁi—'l.
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- by(2)
Fb,(2)] < LI NI
LAFe— T «— all Re—

Al

_partial R
R
AF,

The coefficient of the't term in F[Q(z2)] is:
R’

R!
AF, (L=RyRi—R,Ry—---—R._|Ri1)*(1 - R?
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- by(2)

F[b,(2)] < LI NIA Feby(z)w Q
LAF— T «— all Re— ——
partial R Lg(2) <—Db,(2)

The coefficient of theth term in F[(2)] is: ﬁ

R R |

AF. (1=RRy—RyRy—---—R/_,Ri_1)*(1 - R?

Expressions we will use The coefficient of thefiterm
(J75 dz'g(2"))? — R;

[P ldeby (2[5 derg () —— R\Ry + R,Ry+---+ R_,Ri_,
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b,(2)

F[b,(2)] < LI NI Feby(2)w Q
LAF— T «— all Re— e
partial R]  Lg(2) «<—b,(2)

The coefficient of thett term in F[(2)] is: ﬁ

R R |

AF, (1-RR —R,Ry—---—R,_ R )*(1- R?

Expressmns we will use The coefficient of thefiterm
(J775 d2'g(2"))? — R?

[P ldeby (2[5 derg () —— R\R\ + RyRy + -+ R._,Ri_,

Flbu(2)] = e

1 — ([ deg(2)2][1 — 77 daby(2) [577 darg(="))?
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partial R.
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- by(2)

Floy(2)] <

LI NJG-

Al

partial R.

The coefficient of thefiterm ofg(z) is: R,
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- by(2)

Floy(2)] <

LI NJG-

Al

_partial R.

The coefficient of thefiterm ofg(z) is: R,

R_;=

R,

R;

:1 — R1R1 — R%Rg — R:_1Rr'—1

Yanglei Zou
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- b,(2)
Flby(2)] - LI NIA Fby(2)w Q
partial R Lg(2) «<—Db,(2)

The coefficient of thefiterm ofg(z) is: R,

R
TSR -R) (- R (1- R
_ R;
" 1—-RRy — RyRy — - — R|_,Ri_;
BExpression we will use The coefficient of thefiterm

SIS dby () [0 d2"g(2") ——  RiRi+ ByRy+ o+ R Ri,
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b,(2)
Flby(2)] - LI NIA Fby(2)w Q
partial R Lg(2) «<—Db,(2)

The coefficient of thefiterm ofg(z) is: R

R; = il
" (=R -R3)---(1-RI,)(1-R)
_ R;
" 1—-RRy — RyRy — - — R|_,Ri_;
Expression we will use The coefficient of thefiterm
I_z;: dz'by (") f:_f dz"g(z") —— RiR,+ RRy+ -+ R,_R;_,

bl( )
L— [F2de'by (2) [577 dzg(2")

9(z) =
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- by(2)

LAF— T all Re—

F[y(2)] <

LI NJG-

Al

_partial R.
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- by(2)

F[y(2)] <

Al

LI NJi-
LAF— T «— all Re—
_partial R.
Flb(z)] < b,(2)
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- b,(2)

F[by(2)] < LI NIA Fby(2)w Q
LAFe— T «—all Re— .
Lpartial R Lg(2) «<—Db,(2)

Flby(z)] < b,(z)

o0 zZ—E9 o 00 o
b (k) :/ dzeik’zbl(z)/ d e k= F[bl(z’)]/ dz"e™ by (2")
—00 — z' 41

Flbi(2)] = - blz) - (5)
- (fz_E dz'g(z"))?][1 — f_m dz"by (") fz,_E dz"g(z")]?

_ b1(2) .

W) T () [T g (®)
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Firsttype

b'| (x.;’)

H t g(z) - Z—F z —|—E
approxma Ion 1 — J_DO d_zrbl(zr) jz ”g(z”)
for equation(6) by (2) |
1
T1-0
ﬁb](Z)
Secondype b(2)
approximation | g(z) = p— T g
for equation(6) 1— [20dz'bi(2)) [0 dz"g(2")
~ b(2)
1— ff;: dz'b(z") f . “dz"by(2")
Thirdtype by (2)
approximation | ¢(z) — P
for equation(6) L= 20 dz'bi(2') [ dz"g(=")
N by (2)
~ Z—€ 3 Z'+e b1 (")
1 — f—-::(;- d,?;f bl(zf) fz’_f dzﬂl_j-:’j;—: dz""by (2"") J[':’:” * dz(4) by (2(4)

Yanglei Zou

Internal Multiple Removal




The structure of this presentation

Leading order
algorithm

Amplitude
ISsue

Attenuation This new
Factor method

Numerical
Tests

Conclusion

Discussion
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Discussion

This methocconsiders only primaries as the input.

Yanglei Zou Internal Multiple Removal
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Discussion

The input data contains both primaries and internal multiples.

Firsttype
approximation

all IM_; : correct
all IM.;: more accurate than
Internal multiple attenuator

Secondype
approximation

all IM_;andIM,_,: correct

all IM.,: more accurate than the first type

=4

Thirdtype
approximation

Internalmultiples | all IM_,, allIM;_, and alllM;_;
arrive after the .correct

39 primary all IM, ;. more accurate than
the second type

Internal multiples| all IM_; and alllM,_, :correct
arrivebeforethe | all IM,,: more accurate than
3'd primary the second type

X




Discussion

To deal with this problem, we can first run the internal multiple
attenuation algorithm, then attenuate the amplitude of internal

multiples in the data and then run thmethodusing the new data
to eliminateall firstorder internal multiples.

Yanglei Zou Internal Multiple Removal 26



The structure of this presentation

Leading order
algorithm

Amplitude
ISsue

Attenuation This new
Factor method

Numerical
Tests

Conclusion

Discussion
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In this section we test 3 different equations under 1D normal

Incidence:

(D)internal multiple attenuator

(2)First type of approximation of the new method.
(3)Secondype ofapproximationof the new method

X £ > _
b:Y (k) :/ (I.:(-"A':bl(:)/ (l.:’('_’k:’bl(:')/ dz"e**" b, (2")
X X 24

oM (k) :/ d,ze'ikzbl(,z)f d;':’*e_":k’"’F[i’;-|{t")]/‘ dz"e™ by (2")

o0 oo '+e1
bi(2)
— Flbi(2)lir = -
1 1 1 — (Iz_lg d:;bl(z!))l
by(z
Flbi(2)]or = e 1(2)

o 1 — 2111 — [F7F° g1 N [FE gon 1"
[l (l_fi;f dz’m{z’}ff:j: dz”m(z”]) Hl j_‘x' dz bl(z ) Jz’—g dz"by (,2 )]
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Model
V=1500m/s I m &3 K

500m
V=1700m/s T m ®w 3 K

1700m
V=1700m/s ~ ' m @ 3 K

2700m
V=3500m/s I n &3 K

5700m

V=5000m/s I n &3 K
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Initial Tests

A. Test for perfect data.
B. Testfor bandlimited data
C. Testfor data with whitenoise.
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Initial Tests

A. Test for perfect data.
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Time (s)

The input data(1D normal incidence)

| | | | f f |

0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5
Amplitude

0.6

0.7
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Time (s)

The input data(1D normal incidence)

| | | f

-0.2

-0.1 0 0.1 0.2 (i

Amplitude

0.4

0.5

0.6

0.7
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Internal multipleattenuator

- Data
s S ?HVIZlZ """"""""""""""" ”VIA """""""""""""""""""""
O
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First typeof eo

uationapproximation

P3

2
e e e e
§ IM323
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;I
-0.05

|M213 and IV,

i
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0.05

\ /‘ \ /1 Amplitude
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Seconaype of equatiomapproximation
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o 3 ]
— Data
| e 2nd AP
) i
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5 323 |
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j i i i
-0.05 0 0.05
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Initial Tests

B. Testfor bandlimited data
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Time (s)

Internal multipleattenuator
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Time (s)

45+

First typeof equationapproximation

|M323
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Seconaype of equatiomapproximation
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