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Inversion null-space

Inversion null-space: the 
set of models that produce 
good data and prior fit

Noise, modeling errors, etc. 
cause nonzero nullspace in 
FWI
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Time-lapse null-space

In time-lapse FWI we have 
two null-spaces: one for 
the monitor and one for the 
baseline
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Parallel strategy

Many time-lapse strategies 
differ in their choice of initial 
model

This choice changes the 
null-space location of the 
inversion result
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Sequential strategy

Many time-lapse strategies 
differ in their choice of initial 
model

This choice changes the 
null-space location of the 
inversion result
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Reverse sequential strategy

Many time-lapse strategies 
differ in their choice of initial 
model

This choice changes the 
null-space location of the 
inversion result
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Common model strategy

Many time-lapse strategies 
differ in their choice of initial 
model

This choice changes the 
null-space location of the 
inversion result
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Reframing the problem

Which starting 
models give us 
the best time-

lapse 
differences?
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Reframing the problem

Which starting 
models give us 
the best time-

lapse 
differences?

Which points in 
the null-space 

give us the best 
time-lapse 

differences?
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Minimum distance?

Differences in acquisition, 
noise, etc. can lead to 
inversion results with 

unnecessary differences
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Minimum distance?

The minimum difference
includes only changes 
insisted on by the data

We can find these points 
with null-space shuttling
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Null-space shuttles

Null-space shuttle – model-
space step within the inversion 
null-space

Targeted null-space shuttles 
can navigate inversion null-
space to points of interest

This can be used to find the 
minimal time-lapse difference
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Targeted shuttling requirements

Code requirements

FWI objective function and 
gradient calculator

Computation requirements

~5-20 FWI gradient 
evaluations per shuttling 

iteration

~1-10 shuttling iterations
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High confidence changes

This approach estimates 
the minimum time-lapse 

change consistent with data

It may be close to zero if 
our data don’t constrain the 

changes well
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Low confidence changes

This approach estimates 
the minimum time-lapse 

change consistent with data

It may be close to zero if 
our data don’t constrain the 

changes well
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True model
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0 iterations shuttling
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1 iteration shuttling
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2 iterations shuttling
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3 iterations shuttling
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4 iterations shuttling
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5 iterations shuttling
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6 iterations shuttling
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True model
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Δ𝑣𝑣𝑃𝑃 = 50 𝑚𝑚/𝑠𝑠
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Δ𝑣𝑣𝑃𝑃 = 150 𝑚𝑚/𝑠𝑠
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Δ𝑣𝑣𝑃𝑃 = 300 𝑚𝑚/𝑠𝑠
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Δ𝑣𝑣𝑃𝑃 = 500 𝑚𝑚/𝑠𝑠
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Conclusions

Targeted null-space shuttling may help to find optimal 
time-lapse differences

This can help to mitigate the effects of survey non-
repeatability on time-lapse estimates
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