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� 

S(x s,ω ) = G * (x'−h,x s,ω )I(
h
∑

x'
∑ x',h)

Arbitrary (targeted) 
coordinates Subsurface offset 

Isolated locations along 
target reflector 

Halpert and Tang 4 Fast velocity model testing

where α is the zero-offset data that are upward continued, and β is the original
subsurface offset gather. To illustrate the advantage gained by incorporating this
information, Figures 1(a) and 1(b) show two recorded source wavefields from an
image point that is actually located at z = 1000 in the subsurface, but was initially
imaged with a velocity that was 15% too slow. Both recorded wavefields have been
reverse-propagated back to zero time to facilitate comparison. The source function
in panel (a) was modeled using only the zero subsurface offset h = 0 data from the
initial image, while the result in panel (b) uses the non-zero offset information as
written in equation 1. When only zero subsurface offset data are used, the source
appears to focus at the incorrect depth; when the nonzero offset data are used, the
effects of using the wrong velocity are apparent. Using the source function in Figure
1(b) should therefore prove superior for use with the Born modeling and migration
scheme described in the next section.

(a) (b)

Figure 1: Recorded source wavefields that have been reverse-propagated to zero-time;
the result in (a) does not include information from the nonzero subsurface offsets of
the initial image, while (b) does include this information. Both the initial migration
and the modeling used a velocity model that was 15% too slow. [CR]

Born modeling and migration

We now use the modeled areal source to generate a new data set via Born modeling.
To do this, we define the simulated dataset d′ recorded at arbitrary receiver locations
x′

r:

d′(x′
r, ω) =

∑

x′

∑

h

Γ(xs,h, ω)G(x′ + h,x′
r, ω)m(x′,h). (3)

Here, m is the reflectivity model (in our case, the initial image), and the Γ term is
defined as

Γ(xs,h, ω) =
∑

xs

S(xs)G(xs,x
′ − h, ω), (4)

where S is as defined in equation 1.
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� 

d'(x'r ,x s,ω) = S(x s)G(x s,x'−h,ω )G(x'+h,x'r ,ω )
h
∑

x '
∑ I(x',h)

Reflectivity model (initial image) 

CROSSTALK artifacts avoided by using isolated 
locations from initial image 

If computed using initial velocity model, the “recorded” 
data is kinematically invariant of that model  
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Interpreter-selected horizon 
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� 

m'(x',h) = G * (x'−h,ω) G * (x'+h,x'r ,ω)d'(x'r ,ω)
x' r

∑
ω
∑

Can be computed using any velocity model! 
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F =
| Ai |

i=p
∑

| Ai |
i=p
∑ exp α

| hi |
hmax

⎛ 

⎝ 
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⎟ 

p = set of all image points 
A = amplitude/energy 
a = optional weight 
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0 < F ≤ 1 (perfectly focused)  
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F = 0.89  
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F = 0.85  
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F = 0.89  
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F = 0.92  
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Initial Model 

Migration model: “True” velocity Slow Velocity 

Slow 0.85 0.89 

True 0.89 0.92 

Fast 0.86 0.89 
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Now, look at subsurface 
offset panel (in x and y) 
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F = 0.514  
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F = 0.466  
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F = 0.481  
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F = 0.470  



Initial Model 

Migration model: “True” velocity Fast Velocity 

Slow 0.518 0.470 
True 0.550 0.481 
Fast 0.514 0.466 
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