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Abstract In this paper, the methodology of generalized diffraction tomography is presented in
detail. The generalized diffraction tomography is a process of backpropagation plus deconvolution
filtering using the resolving kernel in the scattering tomography in the local wavenumber domain.
We use forward scattering renormalized Green's function in the model and the forward modeling
is based on the De Wolf approximation. Through numerical tests of data sets generated using
both the Born approximation and the finite-difference simulations of scalar wave for low
frequencies using background velocity model of v(2) media, the blind areas in the spectra domain
are partially filled in with multi-frequency spectra and the qualities of the local spectra are
considerably improved in both coverage and uniformity in the local wavenumber domain.
Numerical tests demonstrate the capability of generalized diffraction tomography, it can recover
the long wavelength components of velocity perturbations of up to 23% with respect to the
background velocity in a simple square box model, and it can also reconstruct the Marmousi

velocity model with low wavenumber component very well comparing the multi-scale representation of
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the exact Marmousi velocity model with those of the reconstruction results generated using

different background velocity models.

Keywords Diffraction tomography, Inhomogeneous medium, Local Born model, Local image

matrix, Resolution operator
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2 (a . 23%.
(b) ¢ 0.3,0.5,0.75, 1.13, 1.70, 2.56, 3.86 5.81 Hz)  Ricker
(e) , Born
Fig. 2 (a) Velocity model of a square box with average velocity perturbations 23 % higher than the background velocity.
(b) Spectra of Ricker wavelets with different dominant frequencies (i.e., 0.3, 0.5, 0.75, 1.13, 1.70, 2. 56, 3. 86 and
5.81 Hz) and the final stacked spectrum. (c¢) Domain of multi-frequency spectral coverage of local image matrices for the

Born model when the velocity perturbation is a real function in the model
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4 Born
(a) 23% ;(b)
30% i (o (o (a) () (D (b)
Fig. 4 Results for the velocity reconstruction using LCB one-way propagator to the Born data
and cross-sections through those results
(a) Velocity reconstruction for the model with average velocity perturbation 23% with respect to the background velocity; (b) Velocity
reconstruction for the model with average velocity perturbation 30% with respect to the background velocity; (¢) and (e) are the vertical

and horizontal slices through the results of (a), respectively; (d) and (f) are the vertical and horizontal slices through the results of (b).

) . 8 9 )
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, s Born
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6 2 ) (Wu, 2007)
) 8 ,
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(a) 23% ;(b)
30% ;) (e) (a) () (D (b)
Fig. 5 Results for the velocity reconstruction using LCB one-way propagator to the shots data generated using
finite difference method to the exact 2D scalar wave equation and cross-sections through those results
(a) Velocity reconstruction for the model with average velocity perturbation 23% with respect to the background velocity; (b) Velocity
reconstruction for the model with average velocity perturbation 30% with respect to the background velocity; (¢) and (e) are the vertical

and horizontal slices through the results of (a), respectively; (d) and () are the vertical and horizontal slices through the results of (b).
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6 Marmousi
(a) (h) Marmousi ; (b (@)
6 1 ;o (D) (o) (b ()

Fig. 6 Marmousi velocity model, its spectrum and their corresponding multi-scale representations
(from 1 to 6 scales) generated by multi-resolution analysis using dyadic scaling
(a) and (h) are the exact Marmousi velocity model for generating shots data using finite difference method to the exact 2D scalar wave
equation and its spectrum, respectively. On the left column, from (b) to (g) are the corresponding multi-scale representations from 6 to 1
of the Marmousi velocity model, respectively; on the right column, from (i) to (n) are the corresponding spectra of those from

(b) to (g) on the left column, respectively.
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(c) s (d) (o) .
Fig. 7 Velocity reconstruction using LCB one-way propagator to the shots data generated
using finite difference method to the exact 2D scalar wave equation
(a) Background velocity model with velocity changes only in the depth direction (a v(2) velocity model) ; (b) Velocity reconstruction from
the background velocity model (a). (¢) Heavy smoothed exact Marmousi velocity model. (d) Velocity reconstruction from the background

velocity model (c).
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8 Marmousi
v(2)
(a) (D Marmousi 6 1 5 (g (D
v(2) 6 1
Fig. 8 Compare the different scale representations (from 1 to 6 scales) between the exact Marmousi velocity model (Fig. 7a)
and the result generated using vertical gradient background velocity model (Fig. 7b)

On the left column, from (a) to (f) are the corresponding scale representations from 6 to 1 of the exact Marmousi velocity model,
respectively; on the right column, from (g) to (1) are the corresponding scale representations from 6 to 1 of the result generated using

vertical gradient background velocity model, respectively.

( ) Green ,

Green . Born ,

s . s . Hessian



9 Marmousi
(a) (D Marmousi 6 1 s (2 (D
6 1
Fig. 9 Compare the different scale representations (from 1 to 6 scales) between the exact Marmousi velocity model (Fig. 7¢)
and the result generated using heavily smoothed Marmousi velocity model (Fig. 7d)
On the left column, from (a) to (f) are the corresponding scale representations from 6 to 1 of the exact Marmousi velocity model,
respectively; on the right column, from (g) to (1) are the corresponding scale representations from 6 to 1 of the result generated using

heavily smoothed Marmousi velocity model, respectively.
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