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Acoustic RTM (Scalar)

(After Sava and Hill, 2009)

Pressure/Vz Pressure/Vz

Observed data

Back propagated
wavefield

Estimated source

Forward
propagated 
wavefield

Imaging condition
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Elastic RTM (Vector)

(After Sava and Hill, 2009)

Vx and Vz (Sxx,Szz,Sxz) Vx and Vz (Sxx,Szz,Sxz)
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FD without mode separation

(Levander,1988)

Vx Horizontal particle velocity

Vz Vertical particle velocity

Sxx Horizontal normal stress

Szz Vertical normal stress

Sxz Shear stress



7

Near surface mode filtering effect

(From Yilmaz, 2018)
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Imaging conditions without mode separation

Modes Forward Backward Concern
PP Vz Vz Mode crosstalk
PP Sxx+Szz Sxx+Szz ?
PP Div(Vx,Vz) Div(Vx,Vz) Amp. and phase 

changes
PS Vz Vx Mode crosstalk & 

polarity rev.
PS Div(Vx,Vz) Curl(Vx,0,Vz)2 Amp. and phase 

changes, polarity 
reversal & no 

straightforward 3D
(Levander,1988)
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FD with mode separation

(Chen,2014)

Vpx Horizontal P-wave particle velocity

Vpz Vertical P-wave particle velocity

Vsx Horizontal S-wave particle velocity

Vsz Vertical S-wave particle velocity

A Displacement divergence

B Displacement curl*
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FD with mode separation
Direct P-wave Reflected 

P-wave
Transmitted 
P-wave

Reflected 
P-wave

Trans. 
P-wave

Converted 
reflected
PSP-wave

Converted 
trans. PSP-wave

Converted
reflected 
PS-wave

Converted
transmitted

PS-wave

Converted
reflected 
PS-wave

Converted
Trans. 

PS-wave

Converted
reflected 

PPS-wave

Converted
Trans. 

PPS-wave

A

B
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Imaging conditions with mode separation

Mode Forward Backward Concern
PP (Vpx,Vpz) (Vpx,Vpz) Polarity reversal
PP* 2α(Dx(A),Dz(A)) (Vpx,Vpz)
PS A B Polarity reversal
PS (Vpx,Vpz) (Vsx,Vsz)
PS* 2β(Dx(B),-Dz(B)) (Vsx,Vsz)

(Chen,2014)

*Obtained using adjoint state method
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Adjoint state method

(Chen,2014)
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Adjoint state method

Adjoint state 
method gradient

(Feng and Schuster 2014)
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Computational complexity

Operations Ө( Nt Nw Nx Nz )
Storage Ө( Nt Nw (Nx + Nz) ) Saving only borders

(Sava and Hill, 2009)

Nt: Time steps
Nw: Number of wavefields
NxNz: Model sizeFor one shot only
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Computational complexity

Operations Ө( 2 Nt Nw Nx Nz )
Storage Ө( Nw Nx Nz ) + Ө( Nt Nw (Nx + Nz) )

Case Nw Wavefields
Acoustic 4(3) Ph, Pv, Vh, Vv
Non pure mode 
elastic

10(5) Vxh,Vxv,Vzh,Vzv,
Sxxh,Sxxv,Szzh,Szzv,Sxzh,Sxzv

Pure mode 
elastic

8(6) Vpx,Vpz,Vsx,Vsz,
Ah,Av,Bh,Bv

Using a staggered grid implementation with PML

Nt: Time steps
Nw: Number of wavefields
NxNz: Model sizeFor one shot only
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Computational complexity

Forward Backward Operations per 
point per timestep

Vz Vz
0+,1xVz Vx

A B
Sxx+Szz Sxx+Szz 2+,1x

Div(Vx,Vz)* Div(Vx,Vz)*
14+,17x

Div(Vx,Vz)* Curl(Vx,0,Vz)*2

(Vpx,Vpz) (Vpx,Vpz)
1+,2x

(Vpx,Vpz) (Vsx,Vsz)
2α(Dx(A),Dz(A))* (Vpx,Vpz)

7+,11x
2β(Dx(B),-Dz(B))* (Vsx,Vsz)

Imaging conditions

+: sum
x: multiplication
*:uses extrabuffers
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Numerical experiment 1: Models 
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Numerical experiment 1: PP migrations

Non 
pure 
modes

Pure
modes

*Laplacian
Applied 
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Numerical experiment 1: PS migrations

Non 
pure 
modes

Pure
modes

*Laplacian 
applied
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Numerical experiment 2: PP migration VzVz

*Laplacian 
applied
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Numerical experiment 2: PP migration (Sxx+Szz)(Sxx+Szz)

*Laplacian 
applied
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Numerical experiment 2: PP migration div*div

*Laplacian 
applied
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Numerical experiment 2: PP migration (Vpx,Vpz)(Vpx,Vpz)

*Laplacian 
applied
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Numerical experiment 2: PP migration ASM P

*Laplacian 
applied
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Numerical experiment 2: PS migration VzVx

*Laplacian 
applied
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Numerical experiment 2: PS migration div*curl

*Laplacian 
applied
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Numerical experiment 2: PS migration (Vpx,Vpz)(Vsx,Vsz)

*Laplacian 
applied
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Numerical experiment 2: PS migration ASM S

*Laplacian 
applied
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Conclusions

Regarding the pure P- and S-wave RTM imaging conditions, the PP
and PS dot product generated the best images.

The adjoint state imaging conditions were second place. However,
they performed much better than the classical non-pure modes
imaging conditions and they do not suffer from PS polarity reversal.

Regarding the non-pure modes RTM imaging conditions, the sum of
stresses and the divergence also produced very good migrated
images. Although they are limited to only PP imaging.

Dot product and ASM imaging conditions are more expensive than 
cross-correlations but cheaper than Helmholtz imaging conditions.
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