






Mukerji et al 2009 

Frequency band 
limitation 

Offset limitation 





For Broadband, exact reconstruction is 
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Minimize 

subject to 







Initial model for different high cut frequency  
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A priori 
Information 

Information 
from Physics 

•   Minimize model objective function 

•   Subject to fitting the 
data 

Regularizatio
n 

•  Global objective 
function 



•   Lp Norm  

•   Total Variation  

•   Compactness Constraint  

Spiky Solution 

e.g.: reflectivity 

Blocky Solution 

e.g.: Interval 
velocity, 

Tomography 

Localized 
Changes 

e.g.: Time-Lapse 



•  Consider Linear system 

•  Expand the model in Wavelet 
Basis: 

•  Solve the inverse problem: 

Routh et. al , 2007 



•  Bayes 

Prior Information Likelihood Information 



•  Hyper-prior formulation 

 Prior Distribution Parameters : θ

 P(θ) : Prior PDF for θ



•  Main Idea: Instead of solving for model solve 
for jumps 

model m 

jumps η



•  Choosing the Probability Distribution 

Caveletti and Someraselo, 2007 

Gaussian 
Distribution 

Gaussian 
Distribution 

Cauchy 
Distribution 

Promotes 
Sparsity 



•  Choosing the Probability Distribution 



Break the optimization problem in two 
parts:  

•  Solve for  η with fixed θ 

•  Solve for θ with fixed η (close form 
solution) 











Gaussian Hyper-Prior 

Smoothness 
Constraint 





1. Deterministic seismic inversion is limited to the estimation of 
band limited (since seismic is band limited) reflectivity series 
which corresponds to blocky average impedance profile. 

2.  In deterministic inversion the estimation is trade-off between 
resolution and accuracy.  

3.  The missing low frequencies contain the critical information 
concerning the absolute values of impedance. 



1. Stochastic seismic inversion is based on generating 
multiple  equi-probable  realizations  of  the  model 
parameters dictated by the available log data and 
comparing the results with the observed data using 
forward modeling. 

2. Stochastic  impedance  volume  derives  its  areal 
resolution  from  the  seismic  data  and  vertical 
resolution  from  the  log  data  used  in  inversion 
process. 



To address the smoothing problem in deterministic 
inversion, we need to introduce an additional 

variation to our estimates which corrects the CDF. 

Since geo-statistical simulation is not unique, there 
are many possible solutions which satisfy the data. 
Each possible solution is referred to as realization. 

Francis, A., First Break, 2006 
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  It  is  observed  from the  analysis  of 
several  horizontal  and  vertical  well 
logs that porosity distributions follow 
fractional  Gaussian  noise  (fGn) 
characteristic  (Hewett,1986,SPE; 
Hardy,1992,SPE). 

 A time/space series is said to follow 
fGn  characteristic  if  its  statistical 
measures exhibit following behavior: 

Background of our strategy 



•  Spectral density of fGn follows power law with 
a scaling exponent (alpha): 

     S(ω) = λ|ω|α 

•  Variogram  follows  power  law  in  terms  of 
intermittency  coefficient  or  Hurst  coefficient 
(H) as:  

     γ (τ) = a – b | τ |2H-2 

•  Co-variance also follows power law with H 

    Cov(τ) = σ2/2 [ |τ+1|2H -2|τ|2H + | τ-1|2H] 



Pre-Stack Inversion 
Zp & Zs bounds 



Deterministic Zp & Zs 
inversion at well location 



Stochastic Zp & Zs inversion at 
well location 



25 realizations of Zp (one trace is shown) 

Black line 
shows mean 
of realizations 



25 realizations of Zs (one trace is shown) 

Black line 
shows mean 
of realizations 



25 realizations of density (one trace is shown) 

Black line 
shows mean 
of realizations 



Pre –stack stochastic and deterministic results 
for Zp in same scale for a line 



Pre –stack stochastic and deterministic results 
for Zs in same scale for a line 



Summary of stochastic 
inversion 

1. Fractal based prior gives good starting solution 
and its efficient to generate such prior. 

2. This  method  provides  the  realistic  frequency 
band in prior model close to those available in 
the log data. 

3. Results  in  high  resolution  estimates  of  the 
model parameters. 

4. Noisy  characteristic  in  estimates  could  be 
result  of  1D  modelling  which  can  be 
circumvented using 2D initial model based on 
fractals. 








