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Diffractions and Multilinear Algebra
Modelling, migration and inversion
Reverse-time migration problems

Do we want the full wavefield

Visualizing 1D wave propagation

Finite difference
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Modelling and migration

Reflectivity

Modelled

Migrated

AONEE
0 o 0
o 0 0 0

0 0 0 0
S = 0

0 0 0

0 0 0

4 10 4 6 12
m= 6 8 6 10 16

Sv - D2Drv
m=D,.'s,



Least squares inversion

Reflectivity o 2 0 0 0

Least squares inverted data
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Only works for 2D matrix and two vectors




Diffraction matrix
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Reflectivity matrix to vector

Reflectivity

Convert a 2D matrix to a vector
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Reflectivity matrix to vector
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Array of diffraction matrices
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Comments on linear algebra

Cannot handle arrays > 2D
Diffractions 2D matrix

Reflectivity 1D vector

Seismic 1D vector

Transpose, Least-squares 2D and 1D

Unwrap higher dimensions to 1D and 2D
Data stored in a computer is 1D (?7?)



2D transpose of 4D diff. matrix
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Problems with Reverse-time migration

e Cross correlation
— Only zero lag

 DC bias on the cross-correlation
* Does not reconstruct the complete wavefield
* Believed to be required for FWI



Problems with Reverse-time migration
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Claerbout’s imaging condition
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Claerbout’s imaging condition

N.--

Source

(| v1

AVAA V4

Reflector

Forward radiating energy D Reflected energy U

o
—

17



Claerbout’s Imaging condition
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Waves on 1D model
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Waves on 1D model
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Waves: Forward modelling

Forward model
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Wavefield reconstruction B.C.
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Waves on 1D model

Velocity
2000 T T T T T T T T
> 1500} -
3 1000 -
S
500} -
O 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200
Distance z
IC and wavelet
100k H —IC1 = 0.00000 s
&) Y ---1C2 = 0.00025 s
- 50 /\ ; S R Delay 0.05 s
i (0] ————t L ' > : o » +
S
< '50 ™ e
-100} 4
0 30 20 50 50 100 120 T40 160 180 200
Distance z (m)
Wavelets at depths 0 and 5 m
100} —0m
3 50 & 0 / U —5m
< '50 B -
-100F -

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
Time (S)



Waves on 1D model

Forward model




Waves: Downward continuation

Downward continuation wavefield
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Cross-correlation

Cross correlation FM with RT
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aves: RT, DC, Phase-shift

Forward model Reverse time wavefield with one IC at z=0
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Waves: Reflectivity

Reflectivity
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Waves: Reflectivity

Spread reflectivity
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Reflectivity: FM with RT

Cross correlation FM with RT
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Reflectivity: FM with surf. RT
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Reflectivity: FM with surf. DC

Cross correlation with DC Mig
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Reflectivity: FM with Phase-shift

Cross correlation Phaseshift Mig
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Reflectivity: windowed FM with RT

5 Cross correlation of windowed FM with RT
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Reflectivity: windowed FM with RT

Time window on forward model Reverse time wavefield with one IC at z=0

Depth (m)

Maybe both with one-way propagation
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Observations for Imm. Cond.

Corresponding movement of multiples causes
constant value.

Surface IC establishes one-way motion

Reverse time not necessatry.
— Only one lag in CC.

One-way Is preferable.

Downward continuation good.
— Allows true cross-correlation.

Laplacian filter very poor. [ 1 -2 1]
Windowing the forward model may be of value.



Conclusions

ID modelling aids in choosing an algorithm.
Only part of the wave field Is recovered.
Multiple energy aligns to cause DC.

Any migration is OK.

Windowing the forward model is of value.

Alternate algorithms to RT should be
considered.
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Difference in FM and RT wavefields
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Percent difference in FM and DC wavefields
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Amplitude
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