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  mul>ple	
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  mul>ple	
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b1	
  



Output:	
  internal	
  mul>ples	
  with	
  correct	
  >me	
  and	
  amplitude	
  	
  

Input:	
  data	
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ISS	
  internal	
  mul>ple	
  elimina>on	
  
Flow	
  chart	
  of	
  the	
  elimina>on	
  algorithm	
  



Test	
  1:	
  	
  	
  	
  	
  	
  1D	
  normal	
  incidence	
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  mul>ple	
  elimina>on	
  
Test	
  1	
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500m	
  

1700m	
  

2700m	
  

5700m	
  

V=1500m/s	
  	
  	
  ρ=1.0g/cm3	
  

V=1700m/s	
  	
  	
  ρ=1.8g/cm3	
  

V=1700m/s	
  	
  	
  ρ=1.0g/cm3	
  

V=3500m/s	
  	
  	
  ρ=4.0g/cm3	
  

V=5000m/s	
  	
  	
  ρ=4.0g/cm3	
  

ISS	
  internal	
  mul>ple	
  elimina>on	
  
Test	
  1－model	
  



A.  Test	
  for	
  perfect	
  data.	
  
B.  Test	
  for	
  bandlimited	
  data.	
  
C.  Test	
  for	
  data	
  with	
  white	
  noise.	
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ISS	
  internal	
  mul>ple	
  elimina>on	
  
Test	
  1	
  



A.  Test	
  for	
  perfect	
  data.	
  
B.  Test	
  for	
  bandlimited	
  data.	
  
C.  Test	
  for	
  data	
  with	
  white	
  noise.	
  

74 

ISS	
  internal	
  mul>ple	
  elimina>on	
  
Test	
  1－perfect	
  data	
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ISS	
  internal	
  mul>ple	
  elimina>on	
  
Test	
  1－input	
  data	
  (1D	
  normal	
  incidence)	
  

Time(s)	
  

Amplitude	
  



P3	
  

P3	
  

IM212	
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  and	
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   IM312	
   IM323	
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3	
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  1－perfect	
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  algorithm	
  predic>on	
  

Time(s)	
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elimina>on	
  algorithm	
  	
  

ISS	
  internal	
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  elimina>on	
  
Test	
  1－perfect	
  data,	
  elimina>on	
  algorithm	
  predic>on	
  

Time(s)	
  

Amplitude	
  



A.  Test	
  for	
  perfect	
  data.	
  
B.  Test	
  for	
  bandlimited	
  data.	
  
C.  Test	
  for	
  data	
  with	
  white	
  noise.	
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  1－bandlimited	
  data	
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IM323	
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Test	
  1－perfect	
  data,	
  elimina>on	
  algorithm	
  predic>on	
  

Time(s)	
  

Amplitude	
  



A.  Test	
  for	
  perfect	
  data.	
  
B.  Test	
  for	
  bandlimited	
  data.	
  
C.  Test	
  for	
  data	
  with	
  white	
  noise.	
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  internal	
  mul>ple	
  elimina>on	
  
Test	
  1－noise	
  data	
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  and	
  IM312	
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P3	
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2	
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  1－noise	
  data,	
  elimina>on	
  algorithm	
  predic>on	
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Amplitude	
  



Test	
  2:	
  1D	
  earth	
  offset	
  data	
  for	
  2D	
  
sources	
  &	
  receivers	
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  internal	
  mul>ple	
  elimina>on	
  
Test	
  2	
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  mul>ple	
  elimina>on	
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  mul>ple	
  elimina>on	
  
	
  Test	
  2－offset	
  =	
  0	
  m	
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   D3(x,t)	
   D3
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  internal	
  mul>ple	
  in	
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aGenua>on	
  algorithm	
  	
  
elimina>on	
  algorithm	
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  internal	
  mul>ple	
  in	
  data	
  
aGenua>on	
  algorithm	
  	
  
elimina>on	
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  internal	
  mul>ple	
  in	
  data	
  
aGenua>on	
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Output:	
  internal	
  mul>ples	
  with	
  correct	
  >me	
  and	
  amplitude	
  	
  

Input:	
  data	
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ISS	
  internal	
  mul>ple	
  elimina>on	
  
Flow	
  chart	
  of	
  the	
  elimina>on	
  algorithm	
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The	
  primaries	
  	
  
in	
  data	
  b1	
  

	
  
The	
  internal	
  mul>ples	
  	
  

in	
  data	
  b1	
  

Provide	
  the	
  elimina>on	
  
capability	
  

will	
  diminish	
  the	
  elimina>on	
  
capability	
  

ISS	
  internal	
  mul>ple	
  elimina>on	
  
A	
  limita>on	
  that	
  will	
  be	
  addressed	
  in	
  part	
  2	
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The	
  primaries	
  	
  
in	
  data	
  b1	
  

	
  
The	
  internal	
  mul>ples	
  	
  

in	
  data	
  b1	
  

It	
  is	
  the	
  limita>on	
  of	
  this	
  elimina.on	
  algorithm.	
  
This	
  limita>on	
  will	
  be	
  addressed	
  in	
  part	
  2.	
  	
  	
  	
  

Provide	
  the	
  elimina>on	
  
capability	
  

will	
  diminish	
  the	
  elimina>on	
  
capability	
  

ISS	
  internal	
  mul>ple	
  elimina>on	
  
A	
  limita>on	
  that	
  will	
  be	
  addressed	
  in	
  part	
  2	
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Towards	
  internal	
  mul'ple	
  elimina'on:	
  	
  
where	
  are	
  we	
  now?	
  what	
  are	
  our	
  next	
  steps?	
  when	
  can	
  you	
  

an'cipate	
  being	
  able	
  to	
  use	
  this	
  algorithm?	
  
	
  

•  Current	
  elimina>on	
  algorithm	
  is	
  for	
  an	
  acous>c	
  1D	
  earth	
  for	
  2D	
  
sources	
  &	
  receivers.	
  

•  Develop	
  elimina>on	
  algorithm	
  for	
  an	
  acous>c	
  1D	
  earth	
  for	
  3D	
  point	
  
sources	
  &	
  receivers.	
  

•  Test	
  the	
  3D	
  point	
  source	
  1D	
  earth	
  acous>c	
  algorithm	
  for	
  an	
  elas>c	
  
model.	
  If	
  it	
  shows	
  added	
  value,	
  then	
  we	
  will	
  test	
  it	
  on	
  field	
  data	
  
where	
  the	
  earth	
  is	
  close	
  to	
  1D.	
  If	
  successful,	
  we	
  will	
  distribute	
  a	
  
documented	
  code	
  to	
  sponsors.	
  

•  Develop	
  a	
  3D	
  elimina>on	
  algorithm	
  directly	
  from	
  terms	
  in	
  the	
  
inverse	
  scaGering	
  series.	
  

ISS	
  internal	
  mul>ple	
  elimina>on	
  
discussion	
  and	
  future	
  plan	
  



Yanglei	
  Zou*	
  and	
  Arthur	
  B.	
  Weglein	
  

The	
  internal-­‐mul.ple	
  elimina'on	
  algorithm	
  	
  
for	
  all	
  reflectors	
  for	
  1D	
  earth	
  	
  

Part	
  2:	
  addressing	
  the	
  limita.ons	
  

May	
  29th,	
  2014	
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Addressing	
  the	
  limita>on	
  of	
  the	
  current	
  elimina.on	
  algorithm	
  

Data	
  b1	
  
Internal-­‐mul>ple	
  elimina>on	
  

algorithm	
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Data	
  b1	
  
Internal-­‐mul>ple	
  elimina>on	
  

algorithm	
  

Addressing	
  the	
  limita>on	
  of	
  the	
  current	
  elimina.on	
  algorithm	
  

The	
  primaries	
  	
  
in	
  data	
  b1	
  

	
  
The	
  internal	
  mul>ples	
  	
  

in	
  data	
  b1	
  

Provide	
  the	
  elimina>on	
  
capability	
  

will	
  diminish	
  the	
  elimina>on	
  
capability	
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Data	
  b1	
  
Internal-­‐mul>ple	
  elimina>on	
  

algorithm	
  

Addressing	
  the	
  limita>on	
  of	
  the	
  current	
  elimina.on	
  algorithm	
  

The	
  primaries	
  	
  
in	
  data	
  b1	
  

	
  
The	
  internal	
  mul>ples	
  	
  

in	
  data	
  b1	
  

It	
  is	
  the	
  limita>on	
  of	
  this	
  elimina.on	
  algorithm.	
  
This	
  limita>on	
  will	
  be	
  addressed	
  in	
  part	
  2.	
  	
  	
  	
  

Provide	
  the	
  elimina>on	
  
capability	
  

will	
  diminish	
  the	
  elimina>on	
  
capability	
  



	
  b’1=b1+b3	
  
benefit	
  from	
  Chao	
  Ma,	
  et	
  al	
  (2012)	
  Hong	
  Liang,	
  et	
  al	
  (2012)	
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Addressing	
  the	
  limita>on	
  of	
  the	
  current	
  elimina.on	
  algorithm	
  



	
  b’1=b1+b3	
  
benefit	
  from	
  Chao	
  Ma,	
  et	
  al	
  (2012)	
  Hong	
  Liang,	
  et	
  al	
  (2012)	
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To	
  Address	
  the	
  limita>on	
  of	
  the	
  elimina.on	
  algorithm,	
  we	
  

use	
  	
  b’1	
  instead	
  of	
  using	
  b1	
  as	
  the	
  input	
  data	
  for	
  	
  
the	
  ISS	
  internal	
  mul>ple	
  elimina>on	
  algorithm	
  

Addressing	
  the	
  limita>on	
  of	
  the	
  current	
  elimina.on	
  algorithm	
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  elimina>on	
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  the	
  limita>on	
  of	
  the	
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  algorithm	
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Internal-­‐mul>ple	
  aGenua>on	
  
algorithm	
  

Data	
  b1	
  

	
  b3	
  

b’1=b1	
  +	
  b3	
  

Internal-­‐mul>ple	
  elimina>on	
  
algorithm	
  

modified	
  strategy	
  for	
  the	
  
elimina>on	
  algorithm	
  

Addressing	
  the	
  limita>on	
  of	
  the	
  current	
  elimina.on	
  algorithm	
  



1D	
  normal	
  incidence	
  numerical	
  test	
  
based	
  on	
  well	
  log	
  velocity	
  data	
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Addressing	
  the	
  limita>on	
  of	
  the	
  current	
  elimina.on	
  algorithm	
  
Numerical	
  test	
  



34-­‐reflector	
  model	
  based	
  on	
  well	
  log	
  
velocity	
  data	
  

500m	
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700m	
  

…	
   …	
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(courtesy	
  of	
  Saudi	
  Aramco)	
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Amplitude	
  

Input	
  data	
  

Addressing	
  the	
  limita>on	
  of	
  the	
  current	
  elimina.on	
  algorithm	
  
Numerical	
  test－input	
  data	
  

Time	
  (s)	
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Amplitude	
  

1st	
  order	
  internal	
  mul>ples	
  in	
  the	
  data	
  
predic>on	
  from	
  aGenua>on	
  algorithm	
  	
  

Time	
  (s)	
  

Addressing	
  the	
  limita>on	
  of	
  the	
  current	
  elimina.on	
  algorithm	
  
Numerical	
  test－predic>on	
  from	
  aGenua>on	
  algorithm	
  	
  



105 

Amplitude	
  

1st	
  order	
  internal	
  mul>ples	
  in	
  the	
  data	
  
predic>on	
  from	
  current	
  elimina>on	
  algorithm	
  	
  

Time	
  (s)	
  

Addressing	
  the	
  limita>on	
  of	
  the	
  current	
  elimina.on	
  algorithm	
  
Numerical	
  test－predic>on	
  from	
  current	
  elimina.on	
  algorithm	
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Time	
  

Amplitude	
  

Time	
  (s)	
  

Addressing	
  the	
  limita>on	
  of	
  the	
  current	
  elimina.on	
  algorithm	
  
Numerical	
  test－predic>on	
  from	
  modified	
  elimina.on	
  algorithm	
  	
  

1st	
  order	
  internal	
  mul>ples	
  in	
  the	
  data	
  
predic>on	
  from	
  modified	
  elimina>on	
  algorithm	
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Time	
  (s)	
  

Amplitude	
  

1st	
  order	
  internal	
  mul>ples	
  in	
  the	
  data	
  
predic>on	
  from	
  elimina>on	
  algorithm	
  

with	
  input	
  only	
  primaries	
  	
  

Addressing	
  the	
  limita>on	
  of	
  the	
  current	
  elimina.on	
  algorithm	
  
Numerical	
  test－predic>on	
  from	
  current	
  elimina.on	
  algorithm	
  with	
  

input	
  only	
  primaries	
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Time(s)	
  

Amplitude	
  

1st	
  order	
  internal	
  mul>ples	
  in	
  the	
  data	
  
predic>on	
  from	
  aGenua>on	
  algorithm	
  	
  

Addressing	
  the	
  limita>on	
  of	
  the	
  current	
  elimina.on	
  algorithm	
  
Numerical	
  test－predic>on	
  from	
  aGenua>on	
  algorithm	
  

(Blow	
  up)	
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Time(s)	
  

Amplitude	
  

1st	
  order	
  internal	
  mul>ples	
  in	
  the	
  data	
  
predic>on	
  from	
  current	
  elimina>on	
  algorithm	
  	
  

Addressing	
  the	
  limita>on	
  of	
  the	
  current	
  elimina.on	
  algorithm	
  
Numerical	
  test－predic>on	
  from	
  current	
  elimina.on	
  algorithm	
  

(Blow	
  up)	
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Amplitude	
  

1st	
  order	
  internal	
  mul>ples	
  in	
  the	
  data	
  
predic>on	
  from	
  modified	
  elimina>on	
  	
  

algorithm	
  

Addressing	
  the	
  limita>on	
  of	
  the	
  current	
  elimina.on	
  algorithm	
  
Numerical	
  test－predic>on	
  from	
  modified	
  elimina.on	
  algorithm	
  

(Blow	
  up)	
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Addressing	
  the	
  limita>on	
  of	
  the	
  current	
  elimina.on	
  algorithm	
  

Internal-­‐mul>ple	
  aGenua>on	
  
algorithm	
  

Data	
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  b3	
  

b’1=b1	
  +	
  b3	
  

Internal-­‐mul>ple	
  elimina>on	
  
algorithm	
  

the	
  ISS	
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  mul>ple	
  
elimina.on	
  algorithm	
  with	
  the	
  
limita>on	
  being	
  addressed	
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