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Introduction 
• This study investigates the approach to imaging and inversion based upon 

the paper by Clayton and Stolt (1981) using inverse scattering methods. 

 

• They discuss two cases, Imaging/inversion in a constant and variable 
background. 

 

• Here we treat the 2D constant background case only. 

 

• In this study: 

o Created synthetic data for 2D targets as input for the 2nd step,  

o Test a prototype inverse scattering algorithm using a single parameter only 
(velocity) as a check on the correctness and accuracy of this algorithm. 
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Forward Modeling 
• Creation of a synthetic 2D velocity model 

using a gui based tool AFD_VELCREATE.  

 

• Generate the scattered field: 

(1) Forward model in the reference medium 
(constant velocity) 

 

(2) Forward model in the layered medium 
using the CREWES FD routine 
AFD_SHOTREC  to generate 2D shot 
records. 
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Forward Modeling 
• Convolve with a Ricker wavelet. 

 

• Generation of a background and model 
shotpoint gather from the background 
and model velocity profiles for each 
receiver. 

 

• repeated shot gathers created  for each 
receiver point along the desired seismic 
line with the desired receiver spacing.  
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Basic Scattering Theory 
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Inhomogeneous Helmholtz equation 

Lippmann-Schwinger Equation 

V is called the scattering potential 
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Basic Scattering Theory 
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Born-Neumann Series 

We define the scattered field as: 

Born Approximation: 

In operator form the linearized series becomes 
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Inversion 
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Deconvolve the source wavelet from data.  
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Inversion 
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Synthetic Examples 
• Forward modelling: 

  x line length of 2500m , Max depth of 1000m (t=0.8 sec),  

  source/receiver spacing of 10m, sampling time of 4ms.  

  F-D calculations: time step is 0.5ms  computation grid of 10mx10m. 

  A band limited Ricker wavelet at 30Hz and 0.1 seconds was also added. 

  Scalar(1 parameter acoustic) model. 

 

• Pre-processing: 

  Deconvolution (already know the type of wavelet). 

  Subtraction of direct wave from input dataset. 

 

• Inversion: 

  Direct Fourier transform of the dataset. 

  Fill in model spectra on a regular km, kz grid 

  Inverse Fourier transform back into the image space x,z. 
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Four layer horizontal model 
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Four layer horizontal model 
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Four layer horizontal model 
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Four layer horizontal model 
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Figure 5: Four layer Horizontal Model, Migrated Image 
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Shallow low velocity model 
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Shallow low velocity model 
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Shallow low velocity model 
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Figure 10: Shallow, Low Velocity Model, Migrated Image 
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Anticline velocity model 

 

 

17 
Glen Young, CREWES Technical Presentation, 

January 27, 2012 



Anticline velocity model 
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Anticline velocity model 
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Figure 15: Anticline Velocity Model, Migrated Image 
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Conclusion 

• Even with the relatively straightforward algorithm for a constant 
background, we are able to image the models to a fairly high degree of 
accuracy.  

• Our simulations have not taken into account real world effects such as 
multiples and anisotropic and anelastic media which are variable 
background effects. 

• We need to verify that the amplitudes of the reflections found in these 
results are true amplitudes.  

• Next step incorporate material parameters such as bulk modulus, variable 
density into the forward model(true two parameter mode).  

• test the accuracy of the inversions in producing the correct and physically 
realistic answers. 
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Appendix A: Inversion 

The complete derivation from the Clayton and 
Stolt paper. 
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Appendix A: Inversion 

Deconvolve the source wavelet from data.  
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Appendix A: Inversion 
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Appendix A: Inversion 
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Appendix A: Inversion 

27 
Glen Young, CREWES Technical Presentation, 

January 27, 2012 


