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Non-repeatability

How well did you repeat the
(i) geometry and
(ii) shot-timing?

WRMS = 2×
√

brms −
√

mrms√
brms +

√
mrms

(3)

b: baseline data
m: monitor data

rms : root-mean-square energy

non-repeatability due to differences in relative
shot/receiver positioning and relative shot-timing at any
surface position for different surveys
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Time-lapse (4D) imaging

L0m0 = d0

L1m1 = d1
(4)

∆m = m1 −m0 (5)

∆m̃ = m̃1 − m̃0 (6)

Li : modeling (acquisition) operator
di : seismic data
mi : earth reflectivity model
m̃i : migrated image (L′idi )
∆m: time-lapse image

i=0: Baseline

i=1: Monitor
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Data regularization

Image alignment

Match-filtering

E.g. [Rickett and Lumley, 2001]
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source data because of the strong non-repeatability

G. Ayeni, Y. Tang & B. Biondi Joint-inversion of simultaneous-source time-lapse seismic data 23 / 49



Objectives
Background

Examples
Conclusions

Simultaneous-sources
Time-lapse imaging
Least-squares migration
Joint least-squares migration

Conventional 4D processing

Data regularization

Image alignment

Match-filtering

E.g. [Rickett and Lumley, 2001]

We think these methods are inadequate for simultaneous
source data because of the strong non-repeatability

G. Ayeni, Y. Tang & B. Biondi Joint-inversion of simultaneous-source time-lapse seismic data 23 / 49



Objectives
Background

Examples
Conclusions

Simultaneous-sources
Time-lapse imaging
Least-squares migration
Joint least-squares migration

Recent 4D methods: inversion

Wave-equation velocity analysis [Albertin et al., 2006]

Spatio-temporal ray-tomography [Ajo-Franklin et al., 2007]

Sequential inversion [Oldenborger et al., 2007]

Contrast-source waveform inversion [Abubakar et al., 2008]

Joint wave-equation inversion [Ayeni and Biondi, 2009]
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LSQ migration Applications

Incomplete data [Nemeth et al., 1999]

AVA inversion [Kühl and Sacchi, 2003]

Amplitude-preserving migration [Mulder and Plessix, 2004]

Sub-salt imaging [Clapp, 2005]

Target-oriented imaging [Valenciano, 2008]

Blended data imaging [Tang, 2009]
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Lm = d (7)

S(m) =

∥∥∥∥ Lm− d
εAm− 0

∥∥∥∥2

(11)

L: modeling/acquisition operator
L′: migration operator
d: seismic data
m: earth reflectivity model

S : L2 norm

A: regularization
ε: regularization strength
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L̃m = d̃ (8)

S(m) =
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εp− 0
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(13)

L̃: modeling/acquisition operator (encoded)
L̃′: migration operator (encoded)
d̃: seismic data (encoded)
m: earth reflectivity model

S : L2 norm

C: preconditioner
ε: regularization strength
p: preconditioned variable
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L̃m = d̃ (8)

L̃m =
b∑

s=a

a(ϕs)Lm = d̃sab (14)

a(ϕs) = e iϕs = e iωts (15)

s: shot
a(ϕs): time-delay function
ts: time-delay at shot s.
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S(m) =

∥∥∥∥ L̃Cp− d̃
εp− 0

∥∥∥∥2

(16)

L̃ =

[
L̃0 0

0 L̃1

]
(17)

d̃ =

[
d̃0

d̃1

]
(18)

i=0: Baseline
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Joint least-squares (LSQ) migration

S(m) =

∥∥∥∥ L̃Cp− d̃
εp− 0

∥∥∥∥2

(16)

C =

[ (
C0 0
0 C1

) (
I Λ
Λ I

) ]
(19)

i=0: Baseline

i=1: Monitor
0 < Λkk < 1: Diagonal leak-operator
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S(m) =

∥∥∥∥ L̃Cp− d̃
εp− 0

∥∥∥∥2

(16)

p =

[
C−1

0 m̂0

C−1
1 m̂1

]
(20)

i=0: Baseline

i=1: Monitor
m̂0: inverted baseline
m̂1: inverted monitor
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Shots Receivers

Number 29 776

spacing (m) 80 8

Maximum relative shot-time delay: 1.0 s
Maximum shot-displacement: 32 m
Model grid-size: 8x8 m

All shots encoded

Neglect geomechanical changes
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1 We have presented a joint inversion method for imaging
simultaneous-source time-lapse seismic data

2 Artifacts occur due to non-repeatable simultaneous-shooting
geometries and relative shot-timing

3 The migration operator does not remove these artifacts

4 Joint inversion with spatio-temporal preconditioning (J-PLSI)
attenuates simultaneous-source artifacts and improves the
quality of time-lapse seismic images
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