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Motivation

Conventional depth imaging requires a macrovelocity
model.

Some common approaches:
I analysis of residual moveouts in depth-migrated

common-image gathers (CIGs)

å migration velocity analysis (MVA)

I direct inversion of traveltimes (and slopes) picked in
prestack data

å traveltime tomography (stereo tomography)

I inversion based on stacking velocities

å stacking velocity analysis & Dix inversion

+ differences in applicability and complexity!
Objective:

combine advantages to obtain initial model
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Traveltime tomography

Basic properties:

I requires extensive picking in prestack data

å often difficult, especially in 3-D

I optimum model matches forward-modeled and
picked traveltimes

I no stacking and traveltime approximations required
I limitations due to

I chosen model description (smooth, blocky, . . . )
I forward-modeling method

Extensions:

I picking of locally coherent reflection events:
traveltime plus local dip

å stereo tomography
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Velocity analysis and Dix inversion

Stacking velocity analysis:

I coherence analysis along second-order CMP
traveltime approximation

å locally coherent event

I coarse picking in velocity spectra

å simplified picking

I interpolation

+ smooth stacking velocity model

Dix inversion:

I assumption of 1-D model, vRMS
def= vstack or

vRMS
def= vDMO

I conversion of RMS velocities to interval velocities
I fails for significant dip/curvature
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Objective

Initial model beyond Dix inversion:

I no picking in prestack data
I retain coherence based analysis
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I a generalized stacking velocity analysis

å Common-Reflection-Surface Stack

I a suitable inversion method

å NIP-wave tomography

Final model beyond second-order approximation:

å tomography with model-based
diffraction traveltimes
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CRS wavefield attributes in 3-D

Central Ray

Normal Wavefront

NIP Wavefront

z

x

y

+ slowness vector and curvature matrices!

(Höcht, 2002)
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traveltimes

I Diffraction traveltimes well suited for inversion:

+ no dependence on reflector structure
+ very simple imaging condition
– Diffraction events only present for true diffractors!

I NIP-wave theorem:

I up to second order:
zero-offset diffraction traveltime ≡ CMP traveltime

I CMP reflection traveltimes available from the data
I approximate description of hypothetical diffraction

traveltimes for all offsets

å data-derived second-order diffraction traveltimes

å analytic description
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I Convenient parameters:
scattering angle Φ and illumination angle Θ
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Common-illumination-angle gather in
residual time

Observations:

I For consistent model ∆t (Φ)≡ 0∀Φ

I initial model based on data-derived diffraction
traveltime
å residual misfits ∆t (Φ) scatter around zero
å local migration to residual time sufficient

I CRS-stacked trace available as pilot trace
I Determination of ∆t (Φ) by cross-correlation with

subset of pilot trace
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Observations:

I For consistent model
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≡ 0 for any fixed Φ

Fermat’s principle of stationary traveltime
I Determination of this dip by coherence analysis

along plane operator
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Inversion concept

Iteratively

I calculate diffraction traveltimes for current NIPs and
velocities

I perform local migration to residual time
I determine traveltime misfits in CIGs by

cross-correlation
I determine traveltime dip by coherence analysis
I calculate Fréchet derivatives
I update model, i. e., velocities and NIPs
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Conclusions

I Common-Reflection-Surface stack:
parameterization of locally coherent events

I Efficient second-order NIP-wave inversion:
matching of wavefield attributes, only

I Inversion beyond second-order approximation:
matching of prestack data in each iteration

å far more demanding!

I Facilitated by superior initial model:

small residuals scattered around zero
å local migration to residual time sufficient
å little ambiguity
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