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Subsurface	
  characteriza9on	
  by	
  seismic	
  imaging	
  

Ø  Incomplete	
  dataset	
  	
  
Ø  Incomplete	
  acquisi9on	
  geometry	
  

Ø  Surface	
  acquisi9on,	
  VSP	
  	
  

Ø Incomplete	
  bandwidth	
  
Ø Band-­‐limited	
  seismic	
  data	
  

Ø  Incomplete	
  resolvable	
  wavenumbers	
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Challenges	
  of	
  full	
  waveform	
  inversion	
  

Nonconvex	
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  Itera9ve	
  methods	
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Challenges	
  of	
  full	
  waveform	
  inversion	
  

§  Low	
  frequency	
  data	
  
§  Missing	
  from	
  previous	
  

acquisi9ons	
  
§  Expensive	
  to	
  acquire	
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•  Challenges	
  of	
  Full	
  Waveform	
  Inversion	
  
•  Synthesize	
  low	
  frequencies	
  	
  
– Data	
  space:	
  event	
  separa9on	
  and	
  extrapola9on	
  

•  Full	
  waveform	
  inversion	
  
–  Ini9al	
  solu9on:	
  ini9aliza9on	
  using	
  synthesized	
  data	
  

•  Conclusions	
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Outline	
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Seismic	
  event	
  separa9on	
  

Data	
  model:	
  

	
  
where	
  atomic	
  events	
  

Source	
  

Amplitude	
  

Phase	
  

d̂(!, x) ⇡
rX

j=1

v̂j(!, x)

v̂

j

(!, x) = w(!)a
j

(!, x)eibj(!,x)

Li	
  and	
  Demanet,	
  Geophysics,2015	
  

Separa9on	
  is	
  required	
  for	
  extrapola9on	
  (assuming	
  no	
  a]enua9on):	
  
	
  *	
  Amplitude	
  remains	
  constant	
  for	
  all	
  frequencies	
  
	
  *	
  Phase	
  is	
  a	
  linear	
  func9on	
  of	
  frequencies	
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Phase	
  and	
  amplitude	
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Noisy	
  data	
  record	
  

Single	
  shot	
  gather:	
  
	
  

	
  *	
  FDTD	
  constant	
  density	
  acous9c	
  
	
  *	
  Addi9ve	
  noise	
  of	
  30%	
  
	
  *	
  Band-­‐limited	
  [7-­‐40]	
  Hz	
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•  Frequency	
  bandwidth	
  [7	
  40]	
  Hz	
  

	
  

d̂(!) '
rX

j=1

aje
i!⌧j

•  Extrapolate	
  to	
  [0.5	
  70]	
  Hz	
  
	
  	
  	
  	
  	
  (Assuming	
  no	
  dispersion)	
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– Data	
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Marmousi	
  model	
  

True	
  model	
   Ini9al	
  model	
  

Reflec9on	
  regime	
  
51	
  shots	
  

Maximum	
  offset	
  500	
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   Data	
  [5-­‐15]	
  Hz	
  

With	
  recorded	
  low	
  frequency	
   Without	
  low	
  frequency	
  



Slide	
  17	
  
2016	
  Annual	
  Founding	
  Members	
  Mee9ng	
  

Full	
  waveform	
  inversion	
  with	
  low	
  frequency	
  data	
  

FWI	
  using	
  modeled	
  data	
   FWI	
  using	
  extrapolated	
  data	
  

Low	
  wavenumber	
  model	
  to	
  ini9alize	
  FWI	
  at	
  higher	
  frequencies	
  

With	
  recorded	
  [1	
  -­‐	
  5]	
  Hz	
   With	
  extrapolated	
  [1	
  -­‐5]	
  Hz	
  



Slide	
  18	
  
2016	
  Annual	
  Founding	
  Members	
  Mee9ng	
  

Full	
  waveform	
  inversion	
  with	
  frequency	
  sweep	
  

Modeled	
  data	
  [1-­‐15]	
  Hz	
   Extrapolated	
  data	
  [1-­‐5]	
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Li	
  and	
  Demanet,	
  to	
  appear	
  in	
  Geophysics,	
  2016	
  

With	
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   With	
  extrapolated	
  low	
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I.  Low	
  frequency	
  data	
  can	
  be	
  extrapolated	
  from	
  
the	
  band-­‐limited	
  field	
  recordings	
  
a.  Event	
  tracking	
  à	
  separa9on	
  
b.  Non-­‐a]enua9ve	
  medium	
  à	
  frequency	
  

extrapola9on	
  

II.  Extrapolated	
  low	
  frequencies	
  are	
  imperfect,	
  but	
  
reliable	
  for	
  ini9alizing	
  FWI	
  
a.  Amplitude	
  informa9on	
  à	
  normalized	
  
b.  Phase	
  informa9on	
  à	
  reliable	
  for	
  ini9alizing	
  FWI	
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Conclusions	
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