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Motivation

1.Challenge	
  for	
  3D	
  FWI:
1. Data	
  is	
  extremely	
  large	
  (5D	
  data);
2. Model	
  is	
  large	
  (3D	
  model);
3. Solving	
  the	
  wave-­‐equation	
  is	
  expensive.

2.Solutions:
1. Stochastic	
  optimization;
2. Simultaneous	
  shots;
3. Randomly	
  selected	
  shots;
4. Composite	
  shots.



3D full-waveform inversion

Optimization	
  problem:

m - model (squared slowness);

di - ith observed data;

Fi - ith forward operator;

Pi - ith projection operator;

qi - ith source.

where

min
m

'(m) =
MX

i=1

fi(m) =
MX

i=1

kFi(m)� dik22 =
MX

i=1

kPiA
�1
i qi � dik22

Ai := �+m!2
i



3D full-waveform inversion

Optimization	
  method:
Gradient	
  descent	
  method

Gauss-­‐Newton	
  method

Quasi	
  Newton	
  method	
  (l-­‐bfgs)

search direction: s = �g.

search direction: s = �[J⇤J]�1g.

search direction: s = � ˜H�1g, ˜H�1
is the low-rank approximation of H�1

.



Deterministic 
optimization

Stochastic
 optimization

Stochastic
 optimization
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Randomly selected shots
Ocean	
  bottom	
  acquisition:

min
m

'(m) =
X

i2I
kFi(m)� dik22 =

X

i2I
kPiA

�1
i qi � dik22
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  shots



i1 i2

Simultaneous shots
Ocean	
  bottom	
  acquisition:

Re
ce
iv
er

Source

Randomly	
  selected	
  shots

Source

Re
ce
iv
er

Simultaneous	
  shots

W

nf - number of frequencies;

k · kF - Frobenius norm.

Qj = [qj1, ...,qjnj ];

Dj = [dj1, ...,djnj ];

min
m

'(m) =

nfX

j=1

kPA�1
j (m)QjWj �DjWjk2F



Randomly selected shots v.s. simultaneous shots

Advantage Disadvantage

Randomly selected 
shots

Simultaneous shots

 Can use offset weighting Only use information 
from subset of shots

All shots are used All shots must share same 
receivers
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Composite shots
Ocean	
  bottom	
  acquisition:
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  shots
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Composite shots

Optimization	
  problems	
  with	
  composite	
  shots:

Advantage:

	
  	
  	
  	
  	
  	
  	
  1.	
  Do	
  not	
  need	
  all	
  shots	
  to	
  share	
  the	
  same	
  receivers;

	
  	
  	
  	
  	
  	
  	
  2.	
  Uses	
  more	
  information	
  from	
  shots	
  than	
  randomly	
  selected	
  shots.

min
m

'(m) =

nfX

j=1

ncsX

k=1

kPkA
�1
j (m)q̃k � dkk22



Numerical experiment
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  34	
  iterations
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Conclusions

1.Applied	
  stochastic	
  optimization	
  method	
  where	
  computational	
  
cost	
  is	
  reduced	
  from	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  to	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  .

2. Simultaneous	
  shots	
  require	
  fewer	
  source	
  experiments	
  (=	
  #	
  PDE	
  
solves)	
  to	
  obtain	
  better	
  results	
  compared	
  to	
  other	
  two	
  methods.

3.We	
  present	
  a	
  new	
  sampling	
  method	
  -­‐	
  composite	
  shots	
  which
•	
  can	
  extract	
  more	
  information	
  per	
  composite	
  shot
•allows	
  for	
  offset	
  weighting
•suitable	
  for	
  multi-­‐source	
  vessel	
  	
  marine
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Future work

1.Deal	
  with	
  higher	
  frequency	
  data;

2. Study	
  different	
  strategies	
  of	
  composite	
  shots;

3. Adaptive	
  importance	
  sampling;

4.Work	
  with	
  all	
  data	
  (If	
  we	
  have	
  a	
  big	
  machine).
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