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= The interferometric solution proposed by Henley (2012, 2014)
retrieves the static corrections by cross correlating traces in
the radial-trace domain.

= The rayparameter "p" when measured from data recorded
with surface arrays is related to the emerging angle of the
wavefield at the surface.

= Cova et al. (2013) showed how raypath-dependent static
corrections are important to account for the non-stationary
character of S-wave statics.

= |s it possible to use these cross correlation functions to
characterize the near-surface? What information do we need?
What type of inversion is possible?
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Domain Statics

RT Domain Static Corrections
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Tau-p Domain Static Corrections

Domain Statics

056=

2.55

(m)




Ava
\U] e near-surface
CREWES e

Raypath angle parameterization
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Forward modelled
Data Residuals data Observed data
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Objective Function ®(m) = ||6d||* = ||g(m) — dobs||?,

m; = m;_q + (SlfIli3 < Model Update

sm = [J(m)1I(m)] ™ I(m)'sd.

3g(m)1: [39("’”») Og(m)  Og(m)

Jacobian  J{m) = [B—m 92 oV, ' 0
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Only the actual dip is successfully retrieved
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There is not a well defined minimum in the objective function for a fixed dip value
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True model parameters successfully recovered.
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The objective function now displays a well defined minimum for a fixed dip value
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B Z; Zy cos(o) Vo cos(0)
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Near-surface traveltime
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Raypath angle parameterization:

_ AXsin(g) Vo cos(9)
At(0) = Vo cos(8 — ¢) (1 W 008(91))

AZ = AX tan(¢)

//‘ Rayparameter parameterization:
2
At(p) — AX tan(gb) (1 . V(-) QO\

V@(ao + potan(g)) \© Va1 )

cos(6y) = [1 = (uPY?] " cos(g) — Psin(¢)

P = po cos(¢) — go sin(¢)

Introduction of the raypath angle 8, makes the problem highly non linear
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Complex “topography” of the objective function may be a problem for descent-based
inversion methods.
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Physical annealing:

A solid material is heated past its melting point and then
cooled back into a solid state.

While temperature is high atoms move randomly due to
thermal motions

As temperature decrease atoms tend to fall into a regular
configuration (crystal) that represents a minimum energy
state

Images source: Wikipedia.org
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1. A temperature schedule that controls the algorithm is chosen: T; = k®(my) ( N 1)

2. At each iteration new parameter values (m;..;) are drawn from a Gaussian
distribution and the objective function ®(m;, ) is evaluated.

3. Decide:
if, <I>(mi+1) S <I>(m1)
Always accept the new model parameters
else,
compute A = exp (—‘I)(mi“)T_ (D(mi)) and pick a random value (r) between 0 and 1.
IfA>T
The new solution is accepted despite it leads to a higher value of ®(m)

else,
The new solution is rejected

end

end

4. Update model parameter and iterate until freezing point is reached
20
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Iteration

As the temperatures approach zero the trial parameters converge toward the true

parameters of the model
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e The inversion of traveltimes in the rayparameter domain helped
to constrain the inversion results.

* A gquasi-Newton non-linear inversion successfully solved the
initial problem.

 The SA algorithm used to invert reflection traveltime differences,
proved to be effective in recovering the true parameters of the
model.

 Traveltime differences can be retrieved from seismic data by
using interferometric principles.
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The derivatives respect to the thickness and the velocity are linearly related
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oo _ 1
0¢ Vg cos(4)? (¢ + ptan(e))

ot0) =z [1—2gV5(g+ ptan(¢))]
Vo qVp  (q+ ptan(¢))?

ot(6) 1 1
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There is no linear relationship between the derivatives
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Modelling
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Ambiguities in the traveltimes can be solved in the rayparameter domain
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