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Summary 
 
Prestack depth migration has been widely used for seismic 
imaging recently. However, the imaging of sub-salt 
structure is still a hard issue. Here, we use local angle 
domain target oriented illumination analysis to study how 
the acquisition geometry affects the image quality, 
especially for some reflectors with certain dip angle in the 
sub-salt area. Numerical tests based on 2D SEG/EAGE salt 
model helps us to better understand the capability of 
prestack migration under the given acquisition system. This 
analysis can also provide us an easy and efficient way to do 
target-oriented migration for the given reflector. 
 
Introduction 
 
Wave equation based prestack depth migration provides us 
a powerful tool to study complex structures. However, 
some structures such as steep dip faults in the sub-salt area 
are still very difficult to image. Can we get a better image 
of these structures? What acquisition geometry can 
improve the image quality for these special events? 
Illumination analysis and synthesis give us a good way to 
study the influences of a specific acquisition system and a 
target-oriented migration design for special structures. 
 
Recently developed techniques, such as local slant stack 
(e.g., Xie and Wu, 2002) and beamlet decomposition (e.g., 
Wu et al., 2000, Wu and Chen, 2006), can decompose the 
wavefield into local plane waves, which are mixed domain 
wavefields simultaneously localized in space and direction.  
Local angle domain illuminations have been obtained by 
local slant stack (Xie et al., 2003, 2004, 2006), Gabor-
Daubechies frame (GDF) beamlet decomposition (Wu and 
Chen, 2002, 2006), and local exponential frame (LEF) 
beamlet decomposition (Mao and Wu, 2007). Full wave 
local angle domain illumination methods have also been 
proposed in last year (Cao and Wu, 2008; Yang et al, 2008), 
which can handle structures with dipping angles beyond 90 
degrees. 
 
Illumination analysis is to map analyze the illumination and 
acquisition system response of the model space or a 
specified target areas for a given acquisition system. On the 
other hand, we can study the inverse illumination problem. 
That is to say, first specify the target, including the 
locations and structural characteristics, such as the dip 
angle of a subsalt steep reflector, and then map back to the 
data space, for studying the contribution weights in the data 

space. This target-oriented illumination synthesis can help 
not only the acquisition design, but also the migration 
design for a specified target. Jin and Xu (2005) proposed 
the visibility analysis, which effectively calculates the 
target visibility for different possible acquisition systems. 
Here we further study the energy distribution in the data 
space from the inverse illumination by a given target. 
 
We use one way wave equation based local angle domain 
illumination to analysis the image capability under a given 
acquisition geometry. The reflectors with certain dip angle 
in the 2D SEG/EAGE model are studied in detail. These 
numerical examples show why some parts of reflectors are 
difficult to image and which shots contribute more energy 
for these reflectors. Finally, the target oriented imaging 
result shows the validity of the illumination analysis. 
 
Illumination analysis in the local angle domain 
 
For a given acquisition geometry, the frequency-space 
Green’s function from source s to subsurface point (x, z) 
can be decomposed at the image region to a summation of 
local wavenumber components. That is 

( ) ( ), , , , , , ,
s

sG z s G z sω ω=∑
θ

x x θ ,             (1) 

where ( ), , ,G z s ωx  is the frequency-space Green’s 

function and ( ), , , ,sG z s ωx θ  is its local-angle-

component at sθ . Similarly, the frequency-space Green’s 
function from subsurface point (x,z) to receiver g can be 
decomposed as 

( ) ( ), , , , , , ,
g

gG z r G z rω ω=∑
θ
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where ( ), , ,G z r ωx  is the frequency-space Green’s 

function and ( ), , , ,gG z r ωx θ  is its local-angle-

component at gθ .  
 
In order to evaluate the aperture and propagation effects of 
the given acquisition geometry on energy distribution for a 
specific pair of incident/receiving angles, we use unit 
impulse as source at both source and receiver points for the 
entire acquisition configuration and assume a unit 
scattering coefficient at each space point. We sum up 
contribution of the Green’s functions for each 
incident/receiving pair to get the acquisition aperture 
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efficacy (AAE) matrix at a given image point, which 
neglects the detailed wave interface pattern and considers 
only the energy distribution in space and angle of the 
acquisition configuration. Then the AAE matrix at point 
( )0 0, zx  is defined as  

( )
( ) ( )

0 0

22
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, , , , ,

, , , , , , , ,
g

s g s

s s g g

E z
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ω

ω ω=∑
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x θ θ x

x θ x x θ x
.    (3)  

We can further reduce the acquisition efficacy matrix at 
each point to a function of reflector dip by summing up all 
the reflected energy for each reflector. 

( ) ( )0 0, , , , , , , , ,
r

d n s n r sA z E zω ω=∑
θ

x θ x x θ θ x ,  (4)  

where ( )0 0, , , ,d nA z s ωx θ  is the ADR (acquisition dip 

response) vector for point (x, z), and  nθ  is the reflector 

normal angle (migration-dip angle) to the vertical and rθ  
is the reflection angle with respect to the normal, which can 
be obtained from sθ and gθ . The value of the ADR map 
measures the dip-angle response of the acquisition system, 
including the source and receiver apertures, and 
propagation effects. 
 
Reflectors can be considered as combinations of individual 
boundary elements, so by summing up the back-projection 
of ADR of each point along the reflector, we can obtain the 
illuminating energy distribution for a certain dip reflector. 

 ( ) ( )
( ),

, , , , , ,refl n s d n s
z reflector

A A zω ω
∈

= ∑
x

θ x x θ x .       (5) 

For a given dip reflector, the amplitude of this energy 
shows the contribution of different shot and receiver 
apertures, which can tell us how good the reflector will be 
imaged in the imaging result. 
 
Target-oriented prestack migration 
 
In consideration of the huge number of computations 
required in full prestack migration, target-oriented 
migration was proposed in several ways (Rietveld et al. 
1992, Rietveld and Berkhout, 1994, Taner, 1976, Schultz 
and Claerbout, 1978, Wu et al. 2002) to reduce the 
calculation and also to obtain a better image quality.  
 
From the illumination analysis above, we can obtain the 
energy distribution of a specific acquisition system, which 
will lead to an effective way to do prestack migration for a 
given target. In a given acquisition system, only few shot 
gathers will contribute for a target reflector with certain dip 
angle. Therefore, we can use these most contributive shots 
to do migration and select the given dip image in local 
angle domain 

 

( ) ( ), , , ,
s n

t s nI z I z= ∑∑
x θ

x x x θ                       (6) 

Where ( ),tI zx  is the final image for the target-oriented 

structure and ( ), , ,s nI zx x θ  is the single-shot image from 

shot sx . 
 
By using the illumination energy to correct the image 
amplitude due to the aperture effect, we can get a better 
imaging result for the target reflector. 
 
Numerical examples 
 
To demonstrate the application of the target oriented 
illumination analysis, we calculated a number of numerical 
examples using the 2D SEG/EAGE salt model, which has 
1200 samples with an interval of 80 feet in the horizontal 
direction and 150 samples with an interval of 80 feet in 
depth. The minimum velocity is 5000feet/sec and the 
maximum velocity is 14700 feet/sec. There are 325 shots 
with an interval of 160 feet and each shot has 176 receivers 
in its left-side with an interval of 80 feet. 
 

 
Figure 1: 2D SEG/EAGE salt velocity model 
 
Figure 1 shows the velocity model. The reflectors marked 
in Figure 1 will be discussed in detail. The dip angle of 
reflector A, B, C, D are 32o，44o，0o，44o respectively.  
Figure 2 shows the prestack depth migration image using 
LCB propagators. From Figure 2, we can see that the 
reflector C is well imaged. However, other reflectors (A, B, 
D) are partly missing in the image result.  
 

 
 
Figure 2: 2D SEG/EAGE prestack depth migration image using 
LCB propagators. 
 
To further understand how the acquisition geometry affects 
the migration result of these structures with certain dip 
angles, we use the target oriented illumination analysis to 
see the energy distribution with shot and local dip angle 
index. First, we take reflector D as example and discuss in 
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detail. As shown in Figure 2, the lower part of the reflector 
can be well imaged, while the upper part is missing. Thus, 
we pick three scattering points on the reflector which locate 
on the top, middle and bottom respectively, shown in 
Figure 3 (b). Their ADR results are shown in Figure 3 (c), 
(d), (e) respectively. Considering the dip angle of reflector 
D is about 44o, we choose the slice of dip angle 45o from 
the ADR results (shown in Figure 3 (a)) to see the 
illumination energy distribution of these three points. 
Compared to point B and C, there is almost no illumination 
energy for point A. The point C is better illuminated than 
the point B.  This is consistent with the different image 
quality for different parts on the reflector. Meanwhile, the 
illumination energies of point B and C are well localized in 
right end of the shot-index domain, which can be easily 
understood due to the left-hand acquisition geometry and 
the dip angle of the reflector. 
 

 

 
 
Figure 3: ADR for different points on reflector D in angle-shot 
domain: (a) ADR for dip angle 45o, (b) 3 different points on 
reflector D, (c), (d), (e) shows the distribution of angle-shot for 
point A, B, C, respectively, and the blue line stands for the dip 
angle 45o. 
 
As we described before, by summing up all the energy of 
the point along a reflector, we can obtain the total 
illumination energy distribution of the whole reflector. 
Figure 4 shows the total illumination energy for reflector A, 
B, C, D on their own dip angle. From this figure, we can 
see that the energy strength and distribution of these 

reflectors are quite different with each other. Reflector C 
has the strongest illumination energy, while reflector B has 
the weakest illumination energy, which is due to their 
different dip angles and positions in the sub-salt area. This 
can explain why the reflector C can be well imaged while 
the image of reflector B is pretty weak in the imaging result, 
as shown in Figure 2. We also can see that different 
reflectors are illuminated by different shot sets, which 
means we may get a good image of the target reflectors by 
using only the most contributive shots. 
 

 

 

 

 
 
Figure 4: ADR for reflector A, B, C, D in angle-shot domain: (a), 
(b), (c), (d) shows ADR in shot-angle domain for reflector’s dip 
angle, respectively. 
 
To demonstrate the validity of the analysis above, we use 
those most contributive shots to get the migration image. 
Figure 5 (a) shows the original migration results for the 
sub-salt reflectors. For reflector A, B, D, shot 210 to shot 
224, shot 248 to shot 325 and shot 287 to shot 325 are 
selected to do the target-oriented imaging, respectively. As 
shown in Figure 5 (b) to (d), these most contributive shots 
can image reflectors very well, however, since the low 
illumination energy for point A and B (shown in Figure 3), 
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the most contributive shots only have a little contribution to 
the upper part of reflector D (Figure 5 (d)). For comparison, 
the dip-angle image gathers (CDAI) with dip angles 
ranging from 50o to 20o is shown in Figure 5 (e), which is 
already applied correction of the amplitude using the 
illumination energy. By using the target oriented imaging 
proposed in equation (6), the final target-oriented imaging 
result is shown in figure 5 (f). From this result we can see 
the reflector A, B, D are better imaged. 
 

 
 

Figure 5: Imaging results using the illumination analysis.  (a) 
Original imaging result for reflector A, B, D, (c), (b), (d) show 
imaging result after choosing the most contributive shots for 
reflector A, B, D, respectively, (e) imaging result after correction 
for reflector A, B, D using CDAI gathers with dip-angle ranging 
from 50o to 20o, (f) final imaging result after target-oriented 
imaging. 
 
Conclusions 
 
We use one way wave equation based local angle domain 
illumination to see the image capability under a given 
acquisition geometry. The reflectors with some certain dip 
angle in the 2D SEG/EAGE model are studied in detail. 
The illumination energy of the target with certain angle can 

give us an idea of how well the target reflector will be 
imaged. Finally, the target oriented migration results 
demonstrate the validity of illumination analysis in local 
angle domain.  
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