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By	
   combining	
   the	
   SRME	
   rela5on	
   and	
   the	
   linearized	
   forward	
   Born	
  modelling	
   together,	
   we	
   effectually	
   replace	
   the	
   expensive	
  mul5-­‐dimensional	
  
convolu5ons	
  in	
  SRME	
  by	
  an	
  areal	
  source	
  injec5on	
  into	
  Born	
  modelling	
  in	
  5me	
  domain.	
  Density	
  strong	
  interface	
  is	
  involved	
  in	
  mul5ples	
  genera5on.	
  
Only	
  velocity	
  perturba5on	
  is	
  inverted

A	
  special	
  men5on	
  and	
  thanks	
  to	
  our	
  current	
  sponsors	
  who	
  make	
  our	
  work	
  possible:

In the SRME relation, multiples are expressed as the multi-dimensional convolution between the vertical derivative of the surface-free Green’s function and the down-going receiver wavefield. This relation 
leads to the methods that separate the surface-related multiples and primaries. Instead of trivially imaging separated multiple, we introduced the SRME relation into wave equation by areal source injection, 
which costs nothing extra to involve multiples into the forward wavefields. The related image contains the phantoms components from cross-correlation between different-orders of events. Especially in 
shallow water, due to the strong magnitudes of multiples and their overlap with primaries, the artifacts contain strong phantoms not only of ocean bottom but also subsurface layer interfaces. We use 
sparsity-promoting inversions where the nicely curved structure of the subsurface models is detected to help cleaning up the phantoms. We reduce the costs by combining randomized source subsampling 
with linearized Bregman method and get cleaned image with one data pass.
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Experiments	
   are	
   designed	
   using	
   a	
   part	
   of	
   the	
   Sigsbee2A	
   model.	
   The	
   observed	
   data	
   is	
   generated	
   by	
   iWave	
   with	
   free-­‐surface	
   boundary	
  
condi5on,	
  and	
  inverted	
  according	
  to	
  our	
  method	
  based	
  on	
  Devito	
  with	
  absorbing-­‐surface.	
  We	
  use	
  5%	
  of	
  the	
  shots	
  per	
  itera5on	
  and	
  totally	
  
cost	
  one	
  data	
  pass.	
  

Areal source

SRME

Pi = Gi(Qi +RiPi)
In	
  frequency	
  domain,	
  SRME	
  relates	
  the	
  ver5cal	
  deriva5ve	
  of	
  the	
  surface-­‐free	
  Green’s	
  func5on	
  and	
  the	
  downgoing	
  wavefield	
  to	
  the	
  total	
  upgoing	
  
wavefield:	
  

P ⇡ rFm[m0,⇢0;Q�P]�m.
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Sparsity-promoting inversion
To	
   suppress	
   the	
   ar5facts,	
   we	
   detect	
   the	
   curved	
   structure	
   of	
   model	
   perturba5on,	
   which	
   is	
   sparse	
   in	
   Curvelet	
   domain	
   and	
   leads	
   to	
   sparsity-­‐
promo5ng	
  LS-­‐RTM.	
  Considering	
  of	
  the	
  large	
  scale	
  of	
  this	
  over-­‐determined	
  ill-­‐posed	
  problem,	
  and	
  the	
  goal	
  of	
  pursuing	
  sparse	
  solu5on,	
  we	
  use	
  the	
  
linearized	
  Bregman	
  method	
  with	
  source	
  subsampling.	
  The	
  images	
  are	
  obtained	
  by	
  solving	
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(a)	
  true	
  primaries (b)	
  recovered	
  primaries	
  by	
  the	
  
inversion	
  result	
  w/	
  areal	
  source

(c)	
  errors	
  in	
  recovered	
  
primaries

(d)	
  mul5ples	
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  difference	
  
between	
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  and	
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  data	
  )

(e)	
  recovered	
  mul5ples
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