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Outline 



Ground roll subtraction scheme in a sliding window 
(Tyapkin	
  et	
  al.,	
  2004,	
  Liu, 1999)	
  

Note: the method cannot handle 
scattered ground roll 



SVD 
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SVD effect 
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Optimum weighted stacking: first stage 
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Optimum weighted stacking: second stage 



Practical examples 

•  Processing	
  of	
  2	
  common-­‐shot	
  gathers	
  from	
  a	
  2D	
  glacier	
  survey,	
  
Spitsbergen,	
  with	
  

ü  Almost	
  non-­‐dispersive	
  ground	
  roll	
  
ü  Dispersive	
  ground	
  roll	
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OWS with regard 
for noise variances 

(a) 	
  Raw	
  record	
  without	
  AGC;	
  (b)	
  Raw	
  record	
  with	
  AGC	
  and	
  sector	
  boundaries;	
  (c)	
  output	
  of	
  SVD-­‐
based	
  filtering	
  with	
  AGC;	
  (d)	
  output	
  of	
  opMmum	
  weighted	
  stacking	
  with	
  AGC	
  

Raw data SVD=OWS without 
regard for noise variances 
 

Raw record with non-dispersive ground roll and results of filtering 



Panels	
  of	
  (a)	
  output	
  of	
  SVD-­‐based	
  filtering,	
  (b)	
  output	
  of	
  opMmum	
  weighted	
  stacking	
  with	
  regard	
  
for	
  random	
  noise	
  variances,	
  and	
  (c)	
  their	
  difference	
  (all	
  without	
  AGC)	
  

Difference between results of SVD and optimum weighted stacking 

OWS SVD Difference 



2D	
  spectra	
  of	
  (a)	
  output	
  of	
  SVD-­‐based	
  filtering	
  and	
  (b)	
  output	
  of	
  opMmum	
  weighted	
  stacking	
  
with	
  regard	
  for	
  random	
  noise	
  variances	
  

2D spectra 

OWS SVD 

Ground	
  roll	
  velocity	
  



Optimum weighted stacking and f-k filtering 

(a)  Raw	
  record;	
  Outputs	
  of	
  (b)	
  opMmum	
  weighted	
  stacking,	
  and	
  of	
  (c)	
  f-­‐k	
  filtering	
  (all	
  with	
  AGC)	
  

f-k  Raw data OWS 



(a) 	
  Raw	
  (‘pure’)	
  record,	
  (b)	
  addiMve	
  syntheMc	
  noise,	
  and	
  (c)	
  noisy	
  record	
  (all	
  without	
  AGC).	
  	
  
(d)	
  rms	
  amplitudes	
  of	
  the	
  raw	
  record	
  (blue	
  curve)	
  and	
  of	
  the	
  addiMve	
  noise	
  (verMcal	
  red	
  lines)	
  	
  

Synthetic noise addition 
Raw data Additive noise Noisy data rms amplitudes  



(a)  Noisy	
   record	
   without	
   AGC;	
   Outputs	
   of	
   (b)	
   SVD-­‐based	
   filtering,	
   (c)	
   opMmum	
   weighted	
  
stacking,	
  and	
  (d)	
  f-­‐k	
  filtering	
  (all	
  with	
  AGC)	
  

Filtering of noisy record 
f-k  OWS SVD Noisy data 



2-stage SVD on 
original data  

2-stage OWS on  
noisy data 

Outputs	
  of	
  (a)	
  the	
  second	
  step	
  of	
  opMmum	
  weighted	
  stacking	
  of	
  the	
  noisy	
  record,	
  	
  
(b)	
  the	
  second	
  step	
  of	
  SVD-­‐based	
  filtering	
  of	
  the	
  original	
  record	
  and	
  (c)	
  f-­‐k	
  filtering	
  of	
  the	
  noisy	
  
record	
  	
  (all	
  with	
  AGC)	
  

f-k  

Optimum weighted stacking: second stage 



• Non-­‐dispersive	
  ground	
  roll	
  
•  Dispersive	
  ground	
  roll	
  



(a) 	
  Raw	
  record	
  without	
  AGC;	
  (b)	
  Raw	
  record	
  with	
  AGC	
  and	
  sector	
  boundaries;	
  (c)	
  output	
  of	
  SVD-­‐
based	
  filtering	
  with	
  AGC;	
  (d)	
  output	
  of	
  opMmum	
  weighted	
  stacking	
  with	
  AGC	
  

Raw record with dispersive ground roll and results of filtering 

OWS  Raw data SVD 



(a)  Noisy	
  record	
  without	
  AGC;	
  Outputs	
  of	
  (b)	
  SVD-­‐based	
  filtering	
  and	
  of	
  (c)	
  opMmum	
  weighted	
  
stacking	
  (both	
  with	
  AGC)	
  

Filtering of noisy record 
OWS SVD Noisy data 



Outputs	
  of	
  (a)	
  the	
  second	
  step	
  of	
  opMmum	
  weighted	
  stacking	
  of	
  the	
  noisy	
  record	
  and	
  	
  
(b)	
  the	
  second	
  step	
  of	
  SVD-­‐based	
  filtering	
  of	
  the	
  original	
  record	
  (both	
  with	
  AGC)	
  

2-stage SVD on original data  2-stage OWS on noisy data 

Optimum weighted stacking: second stage 



• 	
  We	
  have	
  compared	
  SVD-­‐based	
  filtering,	
  opMmum	
  weighted	
  stacking	
  and	
  f-­‐k	
  filtering	
  on	
  
two	
  common-­‐shot	
  gathers	
  

• 	
  If	
  the	
  energy	
  of	
  addiMve	
  random	
  noise	
  varies	
  significantly	
  between	
  traces,	
  SVD	
  fails	
  to	
  
subtract	
  ground	
  roll	
  	
  

Conclusions	
  

• 	
   We	
   have	
   proposed	
   opMmum	
   weighted	
   stacking	
   which	
   accounts	
   for	
   variaMons	
   in	
   the	
  
noise	
  energy	
  across	
  traces	
  

• 	
   When	
   the	
   random	
   noise	
   is	
   relaMvely	
   small	
   or	
   stable	
   from	
   trace	
   to	
   trace,	
   the	
   three	
  
methods	
  give	
  comparable	
  results,	
  with	
  SVD	
  being	
  slightly	
  worse	
  

• 	
  When	
   the	
   random	
   noise	
   varies	
   significantly	
   from	
   trace	
   to	
   trace,	
   two-­‐stage	
   opMmum	
  
weighted	
  stacking	
  considerably	
  outperforms	
  SVD-­‐based	
  filtering	
  and	
  gives	
  a	
  be_er	
  result	
  
than	
  f-­‐k	
  filtering	
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