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Summary 
 
Beamlet prestack depth migration with the local cosine basis 
(LCB) propagator in 3D case is presented in this paper. 
Beamlet propagation is composed of a beamlet 
free-propagator and local perturbation corrections. The 
imaging is implemented in the shot domain. Both the source 
field and the receiver array field are decomposed into LCB 
beamlets and sinked down to image levels using beamlet 
propagators. Imaging condition can be applied either in 
beamlet domain or space domain. We have greatly improved 
the efficiency of beamlet extrapolation, and apply it to the 45 
shots synthetic data set of 3D SEG/EAGE salt model. The 
results demonstrate the feasibilities and potential of beamlet 
migration.   
 
Introduction 

Many dual domain (space-wavenumber domain) propagators 
have been developed for wave propagation and imaging in 
complex media, such as FFD (Ristow et al., 1994) and 
GSP(Wu, 1994, Jin et al., 1998, Xie and Wu, 1998, Huang et 
al., 1999, Xie and Wu, 1999; Xie et al., 2000; De Hoop et al., 
2000). In such methods, the medium is decomposed at each 
level into a global background (reference) medium and global 
perturbations to account for lateral velocity variations. For 
strong contrast media, the perturbation can be very large 
leading to difficulties in correctly and efficiently propagating 
large-angle waves.  
 
Wu et al. (2000) proposed beamlet migration methods based 
on local reference velocity and local perturbation theory. The 
migration methods with Gabor-Daubechies frame (GDF) and 
local cosine basis (LCB) have been developed and applied to 
2D SEG/EAGE salt model and Marmousi data sets (Wu et al., 
2000, 2002; Chen and Wu, 2002; Wu and Chen, 2001; Wang 
and Wu, 2002). In this work, we apply the LCB beamlet 
propagator to 3D prestack depth migration and test the 
algorithm with the 45 shots data set for the 3D SEG/EAGE 
salt model. We compare its result with that of FD, and discuss 
the accuracy and efficiency of the method. 
 
3D beamlet migration  

In frequency-space (f-x) domain, the scalar equation can be 
written as, 
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Here, u stands for wave field, ),,( zyxv stands for velocity 

function. The wave field at depth z can be decomposed into 
beamlets with windows along the x-axis and y-axis, 
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where ),( yxbmnqp  are the atoms, ),,,(ˆ qmpnz yxu ηξ  are 

the coefficients of the decomposition locate at space locus 

),( pn yx  and wavenumber locus ),( qm ηξ , and  

η∆=ηξ∆=ξ∆=∆= qmypyxnx qmpn ,,, . 

For a local beamlet, we can introduce local reference 
velocities and perturbations to get its evolution equation, 
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Here mnqpa  is a function evolved from mnqpb  propagating 

in the heterogeneous medium and 
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with ),,(),,(),,( 2
0
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local perturbation. 
The wave field at depth zz ∆+ can be calculated as 
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where )0(P and )1(P  are the background propagator and 

perturbation operator. The expressions for )0(P and )1(P  
can be found in Wang and Wu (2002) for the 2D case. The 
extension to 3D case is straightforward. 
 
Local cosine basis propagator  

For local cosine basis, the atoms can be written as 
)()(),( yxyxb qpmnmnpq ψψ= .             (6) 
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where nnn xxL −= +1  is the nominal length of the window 
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and )(xbn  is the bell (window) function. )(yqpψ  has a 

similar expression.  
 
Prestack migration result on 3D SEG/EAGE salt model 

We applied LCB migration method to the 45-shots data for 
3D SEG/EAGE salt model. The grid size for the model is 676, 
676 and 210 grids in x, y and z axis respectively. The 
distribution of the 45 shots is showed in Fig.1(a). Each shot 
has a 201×201 receiver grid. The maximum fold is 15. An 
aperture of 400×400×210 is used in each shot imaging by the 
LCB method.  
 
We select four slices of the 3D imaging volume as showed in 
Fig.1(b) and compared it with that of “SALVO” finite 
difference method by Sandia National Laboratory. Fig. 2 and 
Fig.3 give the comparisons of two vertical slices and two 
horizontal slices of the migration results respectively. We can 
see from the results that, in general, the image qualiti es of the 
two methods are similar. However, the LCB images tend to 
have better resolution for sharp boundaries, especially for the 
erratic salt top boundaries. In figure 2, these places are 
marked with A, B, C and D, and in figure 3, EFG. However, 
for fault H, the LCB image seems less sharp than that of FD. 
The other features of LCB beamlet migration is the absence of 
numerical dispersion and numerical anisotropy so that the 
image is less contaminated by dispersion noises. 

 
 
Efficiency comparison 

Actually, efficiency often plays a key role in the practice use 
of an imaging method. For LCB method, its eff iciency, also 
with imaging quality, can be controlled by a parameter which 
stands for the range of interaction in sparse matrix 
manipulation. When larger interaction range is adopted, a less 
efficient but more accurate algorithm is expected.  
 
We compared LCB method with Split-step Fourier (SSF) 
method in the poststack migration of 3D SEG/EAGE model 
with 250, 250 and 201 grids in X, Y and Z dimension. LCB 
method is about 3-4 times less efficient than SSF method, 
which is an affordable price we pay for the quality. In 
prestack migration, LCB method can be more efficient 
because it only needs one construction of propagator for both 
source wavefield and receiver wavefield. There are still 
potentials to improve the eff iciency of the method while 

keeping superior imaging quality.   
 
Conclusion 

Compared to traditional methods, Beamlet migration method 
with local cosine basis propagator can provide good imaging 
quality for complex media such as 3D SEG/EAGE model. At 
present, it is less efficient than the Spli t-step Fourier method 
and GSP or FFD method. However, it has its unique features 
for high resolution, high fidelity imaging. Moreover, there is 
still potential in improving the imaging quali ty and efficiency 
of the method in the future.  
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