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Motivation

Multiples can provide additional information
for subsurface structures
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‘ Motivation and introduction

Multiples can provide additional information
for subsurface structures

e

RTM (Liu et al., 2011) and LSRTM
(zhang and Schuster, 2013; Liu et al., 2016):
Migrate controlled-order surface
multiples

\_ J

\_

FWM (Berkhout and Vershuur, 2016;
Davydenko and Vershuur, 2017):
Uses an inversion based method to
migrate full wavefields

~
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‘ Motivation and introduction

for subsurface structures

[ Multiples can provide additional information J

e

RTM (Liu et al., 2011) and LSRTM
(zhang and Schuster, 2013; Liu et al., 2016):
Migrate controlled-order surface
multiples

\_ J

\_

FWM (Berkhout and Vershuur, 2016;
Davydenko and Vershuur, 2017):
Uses an inversion based method to
migrate full wavefields

~

\/

FWM with surface and internal multiples

[ RTM and LSRTM for surface multiple; J
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Primary: virtual sources at the
hydrophones

[ First-order surface multiple: the ]

observed data

l

[ Imaging condition (Liu et al., 2011) ]

1 Reverse time migration (RTM) of surface multiple

Primary

Fig 1. Forward and backward wave propagation in RTM with surface multiple
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1 Reverse time migration (RTM) of surface multiple

[ 8

Primary: virtual sources at the |
hydrophones [ Primary g

[ First-order surface multiple: the ]

observed data

l Fig 1. Forward and backward wave propagation in RTM with surface multiple

[ Imaging condition (Liu et al., 2011) ]
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' Reverse time migration (RTM) of surface multiple

Primary: virtual sources at the First-order
hydrophones surface multiple

First-order surface multiple: the
observed data

Fig 1. Forward and backward wave propagation in RTM with surface multiple

[ Imaging condition (Liu et al., 2011) ]
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' Reverse time migration (RTM) of surface multiple

Primary: virtual sources at the First-order
hydrophones surface multiple
T U

First-order surface multiple: the
observed data

Fig 1. Forward and backward wave propagation in RTM with surface multiple

[ Imaging condition (Liu et al., 2011) ]
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' Reverse time migration (RTM) of surface multiple

Primary: virtual sources at the | First-order
hydrophones Primary surface multiple

First-order surface multiple: the
observed data
tmax
Imaging condition (Liu et al., 2011) Image(x,z) = z Pr(x,z,t) * Mg(x,z,t) (1)
t=1
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Fig 1. Forward and backward wave propagation in RTM with surface multiple
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Imaging condition in RTM with surface multiple

« Artifact-free image: the downgoing (N-1)th-order multiple correlates
with the back-propagated Nth-order multiple of the input data

Generation image and crosstalk
(N+1)th-order
multiple

(N-1)th-order

P= multiple

Nth-order
multiple

® \/ Crosstalk

Fig 2. Generation image and crosstalk (adapted from Zhang and Schuster, 2013)
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vs' Least-squares reverse time migration (LSRTM) with surface multiple

~\

Input data J
RTM 1
[ Image
Born modelingl Update image
[ Synthetic data ]

Final image ]

[ Conjugate gradient
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' Full-wavefield migration (FWM)

. Extrapolation
<V€IOC|ty OperatorD
T
I L

— Full wavefield : .
<Reﬂectmty>—> forward modeling —r-PQedlcted daD
1 |

!
!

Update the I Qbserved data
!

reflectivity

i ;
< Gradient ><— Imaging 4—< Residual >

Workflow adapted from Davydenko and Vershuur (2017) 14
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' Full-wavefield migration (FWM)

. Extrapolation
<Velocny : < operator D

1

<Reflectivity

Update the
reflectivity

i :
< Gradient ><— Imaging 4—< Residual >

Workflow adapted from Davydenko and Vershuur (2017) 15

Predicted data
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vy Forward modeling in full-wavefield migration (FWM)

Zm-1
+: downgoing direction P~(z,,_1) /6+(zm_1)
-2 upward direction W~ (2,1, 2) W (Zp Zm1)
}i: wavefields approach a depth level . G- (2) \ RY(2,) B+ (2,)
Q: wavefields leave a depth level 0+ (2,) / R (Zp) \ P~ (Zy)
Waveflgld .extrapolzfltl.on operator: W W* (a1 2) W™ (2 2000)
Transmission coefficient: T =1+ 6T . / .
. . . . N U P+(Zm+l.) Q_(Zm+1)
Reflection coefficient: R", R Zm+1
Fig 3. Forward modeling in FWM (adapted by Davydenko and Vershuur (2017))
§+ (z,,) = pt (z,,) + 6T+(Zm)13+ (z,,) + R" (Zm)ﬁ_ (Z,) (2)
Q™ (zm) = P~ (zn) + 6T (2n)P™ (zm) + RV (21) P (z1m) (3)
ﬁ+ (Zm+1) — W(Zm+1»zm)§+ (Zm) (4)

P- (Zm-1) = W(Zm—l»Zm)a_(Zm) ()
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Forward modeling in full-wavefield migration (FWM)
* Acoustic media: ST*=R"Y, ST =R"

(Zm) = P*(zm) + RY(Z) Pt () + R"(2,0) P~ (21)

Q*
Q™ (Zm) = P~ (zy) + R"(2n) P~ (Zm) + RY(Z) P (z)

(6)
(7)
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vy Forward modeling in full-wavefield migration (FWM)

e Acoustic media: STT=R"Y, 6T =R"

P*(Zy) HRY(2n)P* (Zm) + R (2) P (Zm)

P~ (Zn) HR"(2p) P~ (Zm) + RY (2) P* (Zm)

Scattering term (secondary virtual source) 5S

(6)
(7)

18
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Forward modeling in full-wavefield migration (FWM)

Acoustic media: STT=RY, 6T =R"

Scattering term (secondary virtual source) 5S

RY(Zn) Pt (zm) + R (2p) P~ (Z)

R"(Zn)P~ (2p) + RY(Zm)P* (21)

Downward and upward propagation wavefields

P+(z,) = z W (Zm, ) [S* (2,) + 85 (2,)]

n<m

Pr(m) = ) W (zm,20)85(z)

n>m

(6)
(7)

(8)

9)
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' Full-wavefield migration (FWM)

Extrapolation
<V€IOC|ty OperatorD
— Full wavefield ' .
<Reflectmty>—> forward modeling —r-PQedlcted daD
1 |

|
|

Update the | @bserved data
|

reflectivity

Workflow adapted from Davydenko and Vershuur (2017) 20
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Imaging in full-wavefield migration (FWM)

Objective function for FWM (Davydenko and Vershuur, 2017)

J= D NIAPIE + F(R) = ) [[Pons — Prmoall3 + f(R) (10

The gradient of objective function - Zg
\ ; AP~ (2o)
C” (zn) = [AP™ (zm)][P* (2n)]" :

(1) \ W (o zm) 1

Update reflectivity matrix ‘\ AP~ (z) P (zm)
‘ ARV (zn)
/ Z
AR(z;,) = (Z CU<zm>> +f/RY(zn)) (12) m
) Fig 4. Reflectivity updates of both sides can be projected by cross-

correlation between forward-modelled wavefield (green lines) and
backward residuals (red lines).
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vy Example 1 — RTM of the first-order surface multiple
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Example 2 — LSRTM of the first-order surface multiple
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Example 2 — LSRTM of the first-order surface multiple
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‘A{? Example 3 — Compare FWM with primary wavefield migration (PWM)

(a) True velocity model

o

(d) Smoothed velocity model
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‘ Example 3 — Reflectivity coefficient comparison
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« RTM and LSRTM with the first-order surface multiple can
enhance the illumination and signal-to-noise ratio in the image
compared with primary wave

e Accurate separation for primary and multiple energy

« FWM can predict and use surface and internal multiples, recover
reflectivity coefficient amplitude

 Background velocity should be close to the true velocity model
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Future work

e Use surface-related multiple elimination (SRME) to separate and
obtain good estimates of primary and multiples

 Work on the iterative approach and generate f-x extrapolation
operator to deal with lateral velocity variation

 Update velocity model
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