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L0m0 = d0

L1m1 = d1

∆m = m1 −m0

∆m̃ = m̃1 − m̃0

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

i=0: Baseline

i=1: Monitor
m̃i : migrated image (L

T

idi )
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L0m0 = d0

L1m1 = d1

asdasdas

di – data
mi – reflectivity image
Li – modeling operator
∆m – time-lapse image

Gboyega Ayeni & Biondi Biondi Wave-equation inversion of time-lapse seismic data sets 12 / 61
gayeni@sep.stanford.edu



Introduction
Method

Examples
Conclusions

Data-space inversion
Regularized inversion
Image-space inversion

Data-space inversion

∣∣∣∣∣∣∣∣[ L0 0
L1S

m−
L1

] [
m0

∆mm

]
−

[
d0

d1

]∣∣∣∣∣∣∣∣ ≈ 0

asdasdas

S
m−

– forward (baseline to monitor) warping
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Ri – spatial regularization
Λi – temporal regularization
εi – spatial regularization parameter
ζi – coupling parameter
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Image-space inversion
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asdasdasHi = LT
i Li – Hessian

m̃i = LT
i di – migrated image

m̂i – inverted image
Rii – spatial regularization
Λii – temporal regularization
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asdasdasH – target-oriented approximation to the full Hessian
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1 – inverted monitor a the baseline postion
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Temporal regularization – difference operator
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Gboyega Ayeni & Biondi Biondi Wave-equation inversion of time-lapse seismic data sets 26 / 61
gayeni@sep.stanford.edu



Introduction
Method

Examples
Conclusions

Field data set
Complete data example
Gapped data example

Time-lapse image: inversion

Gboyega Ayeni & Biondi Biondi Wave-equation inversion of time-lapse seismic data sets 27 / 61
gayeni@sep.stanford.edu



Introduction
Method

Examples
Conclusions

Field data set
Complete data example
Gapped data example

Time-lapse image: inversion

Gboyega Ayeni & Biondi Biondi Wave-equation inversion of time-lapse seismic data sets 28 / 61
gayeni@sep.stanford.edu



Introduction
Method

Examples
Conclusions

Field data set
Complete data example
Gapped data example

Time-lapse image: inversion

Gboyega Ayeni & Biondi Biondi Wave-equation inversion of time-lapse seismic data sets 28 / 61
gayeni@sep.stanford.edu



Introduction
Method

Examples
Conclusions

Field data set
Complete data example
Gapped data example

Time-lapse image: inversion

Gboyega Ayeni & Biondi Biondi Wave-equation inversion of time-lapse seismic data sets 28 / 61
gayeni@sep.stanford.edu



Introduction
Method

Examples
Conclusions

Field data set
Complete data example
Gapped data example

Time-lapse image: inversion

Gboyega Ayeni & Biondi Biondi Wave-equation inversion of time-lapse seismic data sets 28 / 61
gayeni@sep.stanford.edu



Introduction
Method

Examples
Conclusions

Field data set
Complete data example
Gapped data example

Time-lapse requires careful processing/interpretation!
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Gapped data example

Time-lapse image: after WE inversion (gapped data)
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Conclusions

Time-lapse seismic data sets can be more accurately imaged
using joint wave-equation inversion

Careful data processing is required before inversion or before
any meaningful interpretation of time-lapse amplitude
differences

We demonstrated that wave-equation inversion provides
improved results over conventional time-lapse processing

Finally, we showed that wave-equation inversion can attenuate
artifacts caused by inconsistent acquisition geometries
between surveys
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Ongoing work

Application to full-azimuth 3D time-lapse data set
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