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• Why Waveform Inversion? 
• Review of Conventional Full Waveform Inversion  

• Elastic Forward Modeling and Migration 
• Waveform Inversion using PSTM 
• Examples  
• Conclusions 
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 Some Conventional Seismic Inversion 
– Travel time to invert for rock 

properties (eg. CMP velocity 
analysis) 

– Amplitude to invert for rock 
properties (eg. AVO) 

 

 Waveform Inversion 
– Travel time and amplitude used 

simultaneously  
– High resolution model 
– Computational time is higher 
 

lateral position (m)

de
pt

h 
(m

)

 

 

4600 4800 5000 5200 5400

0

500

1000

1500 2000

2500

3000

3500

4000

? 
Initially unknown, 

but desired 

Waveform Inversion? 

Sample Seismic Data Sample Geology 



Modeled  Data 

Review of PSDM FWI 
(Tarantola, 1984 & Beylkin and Burridge, 1990) 
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Manning, Ph.D. Thesis (2007) 
 

Wave Equation Finite Difference Solution: 
 2D, continuous, elastic, homogeneous, isotropic medium 

Uz snap @ time step 56
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Wave Equation Finite Difference Solution: 
 2D, continuous, elastic, homogeneous, isotropic medium 

Uz snap @ time step 168
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Manning, Ph.D. Thesis (2007) 
 

Wave Equation Finite Difference Solution: 
 2D, continuous, elastic, homogeneous, isotropic medium 

Uz snap @ time step 308
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Manning, Ph.D. Thesis (2007) 
 

Wave Equation Finite Difference Solution: 
 2D, continuous, elastic, homogeneous, isotropic medium 

Uz snap @ time step 448
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Wave Equation Finite Difference Solution: 
 2D, continuous, elastic, homogeneous, isotropic medium 
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Only P-P data 
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Wave Equation Finite Difference Solution: 
 2D, continuous, elastic, homogeneous, isotropic medium 
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P-P Migration in Scatter Point time 
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P-P and P-S Migration in real data 
Field P-P
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Modeled shot
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Update  

P-P Forward 
Modeling 

P-S Forward 
Modeling 

 Update 

Migration :  
P-P gradient  

Migration: 
P-S gradient 

Algorithm of elastic PSTM FWI 
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PV SV

  
Stop if minimum residual is satisfactory 
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Real Data Example-NE BC 

Raw data 



Real Data Example-NE BC 

Processed data 
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Another effective tool for reservoir 
characterization  
In conjunction with standard methods  
…or an alternative in future 

 

Remarks  
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 Algorithm designed for waveform inversion of P-P 
and P-S waves using PSTM 

 Forward and adjoin Kirchhoff operator based on 
scatter point coordinate system 

No regsteration/ easy for interpretation 
 Time migration/inversion is good approximation for 

mediums with smooth lateral variations 
Multiple free data 
 Fast 

Conclusions 
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