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Reverse time migration (RTM)
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Reverse time migration (RTM)

e Acoustic wave equation
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Reverse time migration (RTM)
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Source wavefield video Receiver wavefield video
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https://youtu.be/EUjfuEQiRS8
https://youtu.be/jTKjYt8jxmI
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Zero-lag cross-correlation imaging condition
(ZL-CC-IC)

Smax tmax

lec(X, Z) = ZZszt,,s] R(x, z; t;; 5)) (1)
j=1 i=1
S: Source wavefield
R: Receiver wavefield
z: Depth
x: Distance
t: Time
tmax: Maximum time
Smax: Maximum number of sources
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Cross-correlation image
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Cross-correlation image
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Some wave paths of the wavefield [22]
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Methods to eliminate the artifacts

» Wavefield propagation approaches ([25, 3, 12]).
» Imaging condition approaches ([38, 20, 17, 22, 43, 31, 35]).
» Post-imaging condition approaches ([45, 16]).
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Laguerre-Gauss transform

The Laguerre-Gauss transform of /(x, y) is given by ([41, 15])
I(x,y) = / / LG(fy, f,) (£, f,) 2™ (XhY) o, dif,
Where

LG(x,y) = (in?w*)(x + iy)e™™ < %)
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Wavefield decomposition

Taking into account (1)

Smax tmax

le(x,2) =) " S(x,z: ti; ;) R(x, z; t;; 5))

j=1 i=1

S(x, z; t;; s;) and R(x, z; t;; s;) can be partitioned mathematically
as

S(x,z; t; Sj) = S4(x,z; t;; Sj) + Su(x, z; t; Sj)
R(x,z; t;; s;) = Ra(x, z; t;; 5;) + Ru(x, z; t;; S))
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Wavefield decomposition
Then, (1) can be expressed as follows
leo(X,2) = 3079 S (Sa(X. Z: b §)Ru(X, Z: 1 §))
—|—SU(X, z; b Sj)Rd(X, z; tj; Sj)

—l—Sd(X, z; t; Sj)Rd(X, zZ; t; Sj)
+SU(X7Z; i, sj)RU(X7 z; t; sj))

Then

loo(X,2) = 1% (x,2) + I8 (x, 2) + IE (x, 2) + I (x,2)  (2)
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Wavefield decomposition

From (2)

X

Smax tma
lee(x,2) = I%(x,2) = > Sa(x, z: ti; 5))Ru(X, Z: ti;5})  (3)
j=1 i=1

Sa(x, z; t;; s7): Downgoing source wavefield.
Ru(x, z; t;; s): Upgoing receiver wavefield.

Eqg. (3) is exactly what one will get in a one way wave equation
migration
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Continuous wavelet transform

A wavelet is a function ¢ € L?(R) with finite energy ([27]), that
is,

w

oo (.7 2
Cw_/o L}(w)\ dw < oo

~

Y (w) is the Fourier transform of «(t) given by

i) = [ ule

C,, is called the admissibility condition.
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Continuous wavelet transform

It is normalized ||| = 1 and satisfies the condition that is
rapidly decreasing

| il < o«

— 00

with zero average and centered in the neighborhood of t = 0

/_Z W(1)dt = 0
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Continuous wavelet transform

Family of wavelets

1w<t—u> S,SUER, a#0
\/g S Y Y )

s: Scaling parameter

u: Translation parameter
1: Mother wavelet

¢s,u(t) =

If p € L2(R), then vg 4(t) € L2(R) for all s, u and ||¢s || = 1.
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Continuous wavelet transform

The integral transformation W; defined on L2(R) by

1 ee L(1—uUu
Wi(w. ) = (1) vsult) = [ tiow (50 ot
is called a continuous wavelet transform of f(t) .

Gaussian wavelet

nlt) = o s (075 ) dofe) = onia)e”
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Continuous wavelet transform

The continuous wavelet transform can be expressed as a
convolution product

+(u, s) \f/ < >dt_f()*1/_zs(u)
with
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Source wavefield analysis

Algorithm for time-scale analysis of source wavefield

» From the source wavefield S(x, z, t), select for each x the
wavefield Sy(z, t).
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Source wavefield analysis

Depth (km)
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Source wavefield analysis

Algorithm for time-scale analysis of source wavefield

» From the source wavefield S(x, z, t), select for each x the
wavefield Sy(z, t).

» Apply 1D CWT on Si(z, t) along t axis for each z (Sx z(t)).
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Source wavefield analysis

Algorithm for time-scale analysis of source wavefield

» From the source wavefield S(x, z, t), select for each x the
wavefield Sy(z, t).

» Apply 1D CWT on S,(z, t) along t axis for each z (Sx z(t)).

» Select the minimum value of the all coefficients and locate it
in Sx ~(t) and saved in a new wavefield S7%"(t). Two more
points were taken before and after this point to improve the
accuracy.
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Source wavefield analysis

S(x, z, t) wavefield video Separated S(x, z, t) video
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https://youtu.be/EUjfuEQiRS8
https://youtu.be/u8Jlt44J5FM

Receiver wavefield analysis

Algorithm for time-scale analysis of receiver wavefield

» From the receiver wavefield R(x, z, t), select for each x the
wavefield Rx(z,t).
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Receiver wavefield analysis

Depth (km)
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R(x, z, t) wavefield Rx(z,t) at x = 1.125 km
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Receiver wavefield analysis

Algorithm for time-scale analysis of receiver wavefield

» From the receiver wavefield R(x, z, t), select for each x the
wavefield Rx(z, t).

» Apply 1D CWT on Ry(z, t) along z axis for each t (Rx (2)).
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Receiver wavefield analysis
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Receiver wavefield analysis

Algorithm for time-scale analysis of receiver wavefield

» From the receiver wavefield R(x, z, t), select for each x the
wavefield Rx(z, t).

» Apply 1D CWT on Rx(z, t) along z axis for each t (Rx +(2)).

» Select the maximum absolute value of coefficients that co-
rresponds to a coefficient with negative value and locate it
in Ry (z) and saved in a new wavefield R/%"(z). Two more
points were taken before and after this point to improve the
accuracy.
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Receiver wavefield analysis

Receiver wavefield video Separated R(x, z, t) video
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https://youtu.be/EUjfuEQiRS8
https://youtu.be/8jshP8vUsoQ

Separated source and receiver wavefields

Separated S(x, z, t) video Separated R(x, z, t) video
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https://youtu.be/u8Jlt44J5FM
https://youtu.be/8jshP8vUsoQ

Cross-correlation image
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Cross-correlation image
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Other synthethic models
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Three-layer model

S(x,z,t) video Separated S(x, z, t) video
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https://youtu.be/FYRzvpU6D0k
https://youtu.be/nDEWqAZcShE

Three-layer model

R(x,z,t) video Separated R(x, z,t) video

UNIVERSIDAD

Inspire Create Transform | vigilada Mineducacion EAFIT
®

45/73



https://youtu.be/eiWm_mvK6Vs
https://youtu.be/t6rKWN3anv8

Three-layer model

Cross-correlation image
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Three-layer model

Receiver wavefield analysis
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Three-layer model

Receiver wavefield analysis
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Wavelet transform modulus maxima (WTMM)

WTMM corresponds to the entire set of local maximum points of
the absolute value of wavelet transform.

oIWi(u. 9) o}
8” u=up,5=Sy

The set of points of the WTMM concatenated through scales are
known as maximum lines.

Wi = {(uo.s0) € (2.2,
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Wavelet transform modulus maxima (WTMM)
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Three-layer model

Cross-correlation image
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Small salt model

S(x,z,t) video Separated S(x, z, t) video
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https://youtu.be/Kt3UulRkLUg
https://youtu.be/nSJPqjZvGa4

Small salt model

Cross-correlation image
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Preliminary results

Q,J PARIS 2017

Paniagua, J.G. and Quin-
tero, O.L., 2017, Attenuation
of reverse time migration ar-
tifacts using Laguerre-Gauss
filtering.  Poster accepted
in 79th EAGE Conference &
Exhibition 2017, Paris.
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Preliminary results

Paniagua, J.G. and Quin-
tero, O.L., 2017, The use of
Laguerre-Gauss transform
in 2D reverse time migration
imaging. Paper accepted in
15th International Congress
of the Brazilian Geophysical
Society and the EXPOGEf
2017, Rio de Janeiro.
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Preliminary results

Paniagua, J.G., Sierra-Sosa,
D and Quintero, O.L., 2017,
Laguerre-Gauss filters in re-
verse time migration image
reconstruction. Scientific
paper submitted to Revista
Brasileira de Geofisica.
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Preliminary results

Quintero, O.L. and Pani-
agua, J.G., 2017, Singularity
analysis of receiver field and
its relation to RTM imaging
condition. Paper to be sub-
mitted in an indexed journal.
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Future work

» Analyze and study the extraction of information about the
upgoing and downgoing components of source and receiver
wavefields obtained through the CWT and WTMM.

» Analyze the features of the coefficients in CWT and WTMM
of the signals in order to select and extract the information
properly.

» Improve the algorithm to extract the relevant information
about source and receiver wavefields in multi-layer synthetic
models.

» Apply the proposed method in migrations with multiple shots.
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Future work

» Extend the implementation of the algorithm to other com-
plex synthetic models.

» Realize a singularity analysis of wavefields in order to find
the relationship between the local maximum points and lines
chaining, obtained by CWT and WTMM, with the Hélder ex-
ponent. (Our hypothesis is that there is a relationship be-
tween the local maximum points and the Hélder exponent)
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