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Summary 
 
In this paper, we develop an efficient method to extract 
common dip angle image gathers (CDAIG) from a seismic 
migration image. CDAIG is useful for correcting the 
acquisition system effects in prestack depth migration. To 
decompose the space domain image, we use the local 
exponential frame (LEF) decomposition. As the LEF 
transform have fast algorithms, this method provides an 
efficient tool for image decomposition, especially for the 
3D image decomposition. We first decompose a space 
domain migration image into the wavenumber domain, then 
transfer to dip angle domain. With the dip angle domain 
image gathers, we apply the illumination compensation in 
dip angle domain. This can greatly improve the image 
quality with very efficient implementation. We use 2D 
SEG/EAGE salt model and 3D SEG model to demonstrate 
the validity of our method. 
 
 
Introduction 
 
Seismic depth migration is to get an image of subsurface 
reflectors from seismic reflections and diffractions. 
However, the image amplitude is unreliable, which is 
influenced by many factors (e.g. propagator errors, 
acquisition aperture effects, etc.). As most of the subsurface 
structures are angle dependent or dip dependent, the 
amplitude compensation have to be done in angle domain 
to achieve better results. The extraction of common-angle 
image gathers for wave-equation based migration methods 
has been studied along several ways, e.g. extract from 
offset related angle gathers or shot related angle gathers. 
Wu et al. (2000) introduced beamlet propagation and 
imaging based on one-way wave equation. The wavefield 
can be decomposed by beamlets in local wavenumber 
domain, which has localization in space and direction 
simultaneously. Xie et al. (2002) also proposed an angle 
domain decomposition method using local slant stack. In 
2004, Wu et al. proposed an angle-domain amplitude 
correction method to correct the acquisition aperture effect. 
In their work, the energy loss caused by the limited 
aperture of the acquisition geometry can be compensated 
by the angle domain illumination. The numerical results on 
2D SEG/EAGE salt model show that the migration image 
quality is improved significantly after acquisition aperture 
correction, especially for sub-salt imaging.  
 

The 3D angle domain image gathers are more and more 
investigated recently. To improve the image quality in the 
3D case, we have to find an efficient way to get the angle 
domain image gathers. As we know, the computational cost 
and memory usage are two serious problems in the 3D 
case. For acquisition aperture correction in the 3D case, 
calculating the image in the local angle domain is time-
consuming and the storage for saving the 3D local angle 
information is quite large. To generate the common dip 
angle image gather, we used to decompose the wavefield 
for every frequency and every shot, which is quite time 
consuming and only can be used for target oriented purpose 
in the 3D case. Here we propose to use the newly 
developed local exponential frame (LEF) to decompose the 
space domain image directly. LEF is a linear combination 
of local sine and cosine bases. Because the fast algorithm 
exists, the LEF decomposition method is very efficient in 
the 3D case, which is much faster than other method (e.g. 
windowed Fourier transform and Gabor-Daubechies 
frame). After the LEF decomposition, the space domain 
image is decomposed to local space-wavernumber domain. 
Then we can transfer to dip angle domain. Finally, we use 
the illumination energy to compensate the image amplitude 
in each common dip angle image gather. This can greatly 
improve the image quality very efficiently. This method 
can be applied for any migration method (Ray based and 
wave equation based methods, one-way and two-way 
methods. In this paper, we use the beamlet migration image  
to test the validity of our method.  

 
In this paper, we first introduce the efficient image 
decomposition method, including LEF decomposition and 
how to get the common dip angle image gathers. We will 
give some example for both 2D image decomposition and 
3D image decomposition. Finally, we will apply the 
illumination compensation to the common dip angle image 
gathers. The numerical tests are based on 2D SEG salt 
model and the 45-shot 3D SEG/EAGE salt model. To 
demonstrate the results for 3D model, we select some 
vertical and horizontal sections for plotting. The images 
after illumination compensation will show the significant 
improvement on the image quality for both the shallow and 
the sub-salt areas. 
 
Fast image decomposition using local exponential frame 
 
Here we propose to get the common dip angle domain 
image gathers by decomposing the space domain image 
directly. There are several methods to decompose space 
domain image, e.g. window Fourier transform, Gabor-
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Daubechies frame, local exponential frame (LEF)  and so 
on. LEF decomposition is proved to be the most efficient 
method compared with others. And LEF decomposition 
method requires least storage space in the 3D case.  
 
For 2D case, the space domain image ( , )I x z  can be 
directly decomposed into local wavenumber domain using 
LEF as follow 
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where ,n kx z  are the location of the local window and 

,m jξ ζ  are the local horizontal and vertical wavenumbers. 

( , )mnjkg x z  is the 2D local exponential frame as  

( ) ( ) ( )( ) ( )( )4( , ) exp expmnjk n k m n j k
n k

g x z B x B z i x x i z z
L L

ξ ζ= − −

.         (2) 
ˆ( , , , )n k m jI x z ξ ζ  denotes the coefficient of local exponential 

frame decomposition. For given window position ( ),n kx z , 
ˆ ( , )nk m jI ξ ζ  stands for the local spectrum in local 

wavenumber domain. 
The dip angle dθ  and the local wavenumber ( , )m jξ ζ  
satisfies the relationship as follow 
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With this relationship, we can get the common dip angle 
domain image gathers by partially reconstructing the image 
from local wavenumber domain. We will show some 
numerical examples later. 
For 3D case, the space domain image can be decomposed 
as follow 
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Where ( , , )mnpqjkg x y z  denotes the 3D local exponential 

frame. If the dip angle dθ  is defined as ( ),d d dθ ϕ=θ , we 

can also have the relationship between dip angle and local 
wavenumber as follow  
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where mθ  and pϕ  are the local incident angle with respect 
to the z-axis and the azimuthal angle with respect to x-axis 
respectively.  
Similarly, we can partially reconstruct the image from local 
wavenumber domain to get the dip angle domain image 
gathers in the 3D case.  
 
Illumination compensation in dip angle domain 
 
Wu et al. has introduced the amplitude correction factors to 
correct the aperture effects, which is defined as follow 
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where IG  is the Green’s function for the imaging process 
and FG  is the Green’s function for the forward modeling.  
For the 3D implementation, we calculated all the sources’ 
Green’s functions. However, calculating all the receivers’ 
Green’s functions need huge computational time and 
memory usage. Instead, we only calculate receivers’ 
Green’s functions at a coarser grid. For example, we 
calculate one Green’s function for every 4 4×  grid. 
Because the energy flux variation is smooth, this 
approximation won’t affect the calculation of the correction 
factors. 
With similar strategy, the amplitude correction factor can 
also be transformed to the dip-reflection angle domain 
factor ( , , , )d rF ω x θ θ , and then to the amplitude correction 
factor E (ω, x, θn) for common dip angle as  
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With the common dip-angle image gather L(ω, x, θd) and 
amplitude correction factor gather E (ω, x, θd) in the local 
dip-angle domain, the image amplitude can be compensated 
as follow 
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As the amplitude correction factor could be zero in some 
case, a damping factor is added to avoid division of zero. θ1 
and θ2 is the starting and ending dip angles for the 
summation. In this way, the correction factors correct the 
image amplitude on each CDAIG. After the summation 
through the dip angle, the total strength of the image is also 
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improved. Combined with the fast dip angle decomposition 
method we proposed in last section, it can be a very 
efficient target oriented method to improve the image 
quality in some given areas such as sub-salt area. 
 
Numerical examples 

 
Figure 1 Migration image of 2D SEG salt model 

 
Figure 2 Local image spectrum of the migration image using LEF 

decomposition 

 
Figure 3 Partial reconstructed image from local wavenumber 

domain (a) θd >+20o (b) -20o< θd <+20o (c) θd <-20o 

We tested the proposed method using 2D SEG/EAGE salt 
model. Figure 1 is the original depth prestack migration 
image using one-way beamlet propagator. After the 
decomposition using the proposed method, the space 
domain image is decomposed to local wavenumber domain. 
Figure 2 shows the local spectrum of the image, which is 
calculated by the 2D LEF decomposition. Each block on 
Figure 2 demonstrated the spectrum distribution of the local 
area on the image, which is related to the dip angle of the 
local structure. We can partially reconstruct the image for 

different dip angle ranges. Figure 3 shows the partial 
images for three different dip angle ranges.  

 
Figure 4 Correction factors for illumination compensation (a) θd 

>+20o (b) -20o< θd <+20o (c) θd <-20o 

 
Figure 5 Partial reconstructed images after illumination 

compensation (a) θd >+20o (b) -20o< θd <+20o (c) θd <-20o 

In the meantime, we calculated the illumination map for 
these three dip angle ranges as Figure 4 shows. Then we 
applied the illumination compensation for these dip angle 
domain image gathers. In Figure 5, we see that the 
structures in the partial images are much clearer after 
illumination compensation. Finally, we sum these three 
partial images together to get the final image, which is 
improved a lot on the image quality. Figure 6 gives the 
image after illumination compensation. We can see the 
subsalt structures are much clearer. 
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Figure 6 Image after fast illumination compensation 

 
To demonstrate the application of fast image 
decomposition and illumination compensation method, we 
calculated a number of numerical examples using the 3D 
SEG/EAGE salt velocity model. Similarly, Figure 7 and 
Figure 8 are the prestack depth migration image and the 
partial images obtained by the fast image decomposition 
method for a vertical slice along the crossline direction. 
Figure 9 demonstrated the correction factors for the 
crossline section. Figure 10 shows the result after 
illumination compensation for the crossline section of the 
image. We can see the image quality is improved especially 
for some subsalt structures.  

 
Figure 7 Crossline slice of migration image 

 
Figure 8 Partial images for four dip angle ranges 

 
Figure 9 Correction factors four dip angle ranges 

Conclusions 
 
We proposed an efficient space domain image 
decomposition method using local exponential frames. This 
method provides a very fast way to get common dip angle 
domain image gathers for both 2D and 3D case. Combined 
with the illumination compensation theory in dip angle 
domain, we can have a fast implementation scheme of 
improving the image amplitude. Numerical examples of the 
illumination compensation for the 2D SEG/EAGE salt 
model and the 3D SEG/EAGE salt model illustrated the 
validity and efficiency of the new method. For the future 
work, we may further improve the performance and the 
computational efficiency of the correction factors 
calculation, which will provide a more efficient method for 
3D image amplitude correction. The method is also 
applicable for the full wave RTM migration.  
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Figure 10 Partial image after illumination compensation for four 

dip angle ranges 
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