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The role of seismic modeling in RTM and FWI  
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• Essential core 

• Critical for efficiency  

or other imaging conditions 



Existing modeling code in Madagascar   

• Lowrank and lowrank finite-difference methods 

• Main published papers by TCCS   
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Acoustic lowrank extrapolation   
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Constant velocity: one time FFT + one time IFFT 

Analytical solution 
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Variable velocity:  one time FFT + N times IFFT (N denotes the number of distinct velocities) 

• Exact time marching scheme 
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Acoustic lowrank extrapolation   
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• Lowrank decomposition (S. Fomel et al., 2013, GP) 

Variable velocity:  one time FFT + n times IFFT 

n is a small number 

• Lowrank time marching scheme 



Acoustic lowrank extrapolation   

min max1 ms, 10 m, 1500 m/s, 5000 m/sx zt h h v v     

• Lowrank decomposition test (by my Madagascar C program) 



Acoustic lowrank extrapolation   

• Lowrank decomposition test (by my Madagascar C program) 
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Acoustic lowrank extrapolation   

• Lowrank decomposition test (by my Madagascar C program) 
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Acoustic lowrank extrapolation   

• Lowrank decomposition test (by my Madagascar C program) 

Small magnitude 

3m n 



Acoustic lowrank extrapolation   

• Staggered-grid lowrank method (G. Fang et al., 2014) 
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Acoustic lowrank extrapolation   

• Lowrank FD method (X. Song et al., 2013) 
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Elastic lowrank extrapolation   
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• Constant velocity and density isotropic elastic formulation  

 P-wave velocity 

 S-wave velocity 
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Elastic lowrank extrapolation   
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• Exact time marching scheme, 
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Elastic lowrank extrapolation   

• Our quasi-stress-velocity formulation  
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• Traditional formulation (Virieux, 1986)  
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Elastic lowrank extrapolation   

• Split quasi-stress-velocity formulation  
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Elastic lowrank extrapolation   

• Numerical simulation approach  
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Two k-space operators related to P- and S-wave velocities respectively 



max0.95 Traditional SGPS method 

temporal 

dispersion 



max1.78 Staggered-grid lowrank (SGL) method 
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dispersion 



Traditional SGPS method max0.95 

Run faster due to temporal dispersion 



max1.78 Staggered-grid lowrank (SGL) method 



SGL method: only P-wave 



SGL method: only S-wave 



Elastic lowrank extrapolation   
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Elastic lowrank extrapolation   

Coupled P- and S-waves 

SGPS 



Elastic lowrank extrapolation   

3m n SGL 



Elastic lowrank extrapolation   

P- and S-waves 
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Elastic lowrank extrapolation   

P 

Only P-wave SGLFD 



Elastic lowrank extrapolation   
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Viscoacoustic lowrank extrapolation   
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• Fractional Laplacian viscoacoustic wave equation (T. Zhu and J. Harris, 2014) 
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Major advantages:  

a. high accuracy for approximating constant-Q model 

b. decoupled dispersion and attenuation 



Viscoacoustic lowrank extrapolation   

• Exact time marching scheme 
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       2, 2 cos , ,t tp t t e t p t e p t t        k k k

• Exact time marching scheme 

         1 1 2, 2 cos , ,t tp t t F e t F p t F F e p t t                x x x

       1 1 1 1,  cos , ,t

m m n nN m n N
k e t  

 
    W x U x k A V x k

     2

2 2 2 2,  , ,t

m m n nN m n N
k e  

 
   W x U x k A V x k

Two mixed domain operators 

   ,  oc Qx x
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 oc x
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 oc x
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• Viscoacoustic lowrank decomposition test (by my C program) 

   1 ,  costk e t   W x
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4m n 

• Viscoacoustic lowrank decomposition test (by my C program) 

     1 1 1 1,  , ,m m n nN m n N
k  
  W x U x k A V x k
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• Viscoacoustic lowrank decomposition test (by my C program) 

4m n 
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  2

2 ,  tk e  W x

• Viscoacoustic lowrank decomposition test (by my C program) 
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• Viscoacoustic lowrank decomposition test (by my C program) 

     2 2 2 2,  , ,m m n nN m n N
k  
  W x U x k A V x k

2m n 
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• Viscoacoustic lowrank decomposition test (by my C program) 

2m n 
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Conclusions   

 Lowrank decomposition is an effective tool for seismic 

wave modeling that can be applied  in acoustic, elastic, 

viscoacoustic and even more complicated wave 

equations. 

 I strongly feel that Madagascar software can make 

me run more efficiently.  
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