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SLIM

Background
Seismic imaging and inversion assumes

‣ linear relationship between wavefield perturbation and 
medium perturbations (born approximation)

‣ for acoustic wavefields medium perturbations are 
caused by changes in density and velocity
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Linearized Born scattering

Jacobian 
operator

(born 
modeling 
operator)

�D = Jm �m
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Adjoint imaging (RTM)

�D = Jm �mJ T
mJ T

m
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Born modeling
w/ density

�D = [Jm J ⇢]


�m
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Adjoint imaging
w/ density

Hessian

J T
m

J T
⇢

�
�D = H


�m
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�

density RTM
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Motivation
• points

http://www.reproducibility.org/RSF/book/jsg/ffd/paper_html/paper.html
	
  ‘Fourier	
  finite-­‐difference	
  wave	
  propagation‘,	
  	
  Xiaolei	
  Song	
  and	
  Sergey	
  Fomel

Wednesday, 5 December, 12

http://www.reproducibility.org/RSF/book/jsg/ffd/paper_html/paper.html
http://www.reproducibility.org/RSF/book/jsg/ffd/paper_html/paper.html


SLIM

Motivation
To invert density & velocity simultaneously, we should aware 
that

‣ density also contributes to the wavefield

‣ conventional imaging methods will cause leakage 
between velocity and density

‣ In geological settings, locations of unconformities in velocity 
& density often, but not always, overlap

- exploit this property by joint sparsity promotion
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SLIM

         and           are coherent
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SLIM

Conventional 
method

min k

�m
�⇢

�
kp s.t. k�D� [Jm J ⇢]


�m
�⇢

�
k2  �
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SLIM

Conventional 
method

Hessian: 

min k

�m
�⇢

�
kp s.t. k�D� [Jm J ⇢]


�m
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�
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Conventional 
method

Hessian: 
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Conventional 
method

Hessian: 

min k

�m
�⇢

�
kp s.t. k�D� [Jm J ⇢]


�m
�⇢

�
k2  �

H =

J T
m

J T
⇢

�
[Jm J ⇢] =

J T
mJm J T

mJ ⇢
J T
⇢Jm J T

⇢J ⇢

�

 

 

50 100 150 200

20

40

60

80

100

120

140

160

180

200
−2

0

2

4

6

8

x 104

0
50

100
150

200
0

0.5 1

Wednesday, 5 December, 12



SLIM

Conventional 
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Scaled method

↵ =
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x is a random gaussian vector
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Scaled method
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Scaled method
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Scaled method
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Scaled method
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Hessian: 

Improved “incoherence”
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Hessian: 

Improved “incoherence”
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Improved “incoherence”
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Improved “incoherence”
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Examples
In this experiment, we use

• wave-equation based Jacobians

• constant background model (100x100)

• linear observed data

• 90 shots and 90 receivers with 10m interval
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True perturbation

velocity
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Inverted results
Conventional method without regularization (L2)

velocity
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Inverted results
Conventional method with sparsity regularization (L1)

velocity
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Inverted results
Scaled method with sparsity regularization

velocity
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Inverted results
Scaled method with joint-sparsity regularization

velocity

 

 

20 40 60 80 100

10

20

30

40

50

60

70

80

90

100 0

0.2

0.4

0.6

0.8

1
density

 

 

20 40 60 80 100

10

20

30

40

50

60

70

80

90

100 0

0.2

0.4

0.6

0.8

1

Wednesday, 5 December, 12



SLIM

Inverted results
“Incoherence” enhanced method with joint-sparsity regularization
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Inverted results
“Incoherence” enhanced method with sparsity regularization

velocity
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Conclusion

• sparsity regularization can efficiently suppress artifacts

• simultaneously invert density and velocity is possible by 
diagonalizing  Hessian

• joint sparsity can help improve the resolution when 
density and velocity share similar sparsity support
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