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Motivation

O CREWES is moving towards pratical application of FWI in recent
years (Margraveet al. 2013).
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Motivation v

O CREWES is moving towards pratical application of FWI in recent
years (Margraveet al. 2013).

O Inverse Hessian and Illumination Compensation.
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1*CREWES
Motivation v

O CREWES is moving towards pratical application of FWI in recent
years (Margraveet al. 2013).

O Gradient with Illumination Compensation, Deconvolution Imaging
Condition and Reflectivity.
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Motivation

s CREWES

O CREWES is moving towards pratical application of FWI in recent

years (Margraveet al. 2013).

O Impedance Perturbation Estimation
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Motivation
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O CREWES is moving towards pratical application of FWI in recent

years (Margraveet al. 2013).

O Well Control
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1*CREWES
Motivation v

O CREWES is moving towards pratical application of FWI in recent
years (Margraveet al. 2013).

O Iterative Modeling Migration and Inversion Method (Margrave et al.
2012).
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Deconvolution Imaging Condition

[ wU(r,w)
I(r)—fw d D(r.w)

The reflectivity isgiven astheratio of the upgoing wavefields
and downgoing wavefields.

B WN D*(rjw)U(l‘,Ld)
Ir) = fw dw D*(r,w)D(r,w) + AMinaz

The complex conjugate of the downgoing wavefields D* is always multiplied
by in the denominator and numerator to make the imaging condition stable.
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Cross-correlation Imaging Condition ’

I(r) 5% dwD*(r,w)U(r,w)

_A2

~ [*N dwD*(r,w)U(r,w)

The auto-correlation of the downgoing wavefields can be
taken out from the integration.

P - Z/dw%{wgf G(r,rs,w)G(r,,r,w)*(w)}
Crosscorrelation imaging condition

> r. [ dwR{wW* Fo(w)G(r, 15, w)G(ry, T, w)ih*(w)}
> e, J AR Fo(w) |G (r, 15, w)[29* (W)} + AAmaa

Deconvolution imaging condition
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Analytic Solution of the Imaging Conditions

Source Receaiver

M —Y
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Numerical Example
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Numerical Example

Depth (km)
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Numerical Example

(a) Cross-correlation Imaging Condition
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A Review of General Principle for FWI ’

1
¢ = §||d — Bu||

Misfit function in matrix form

[
g = om
Gradient

JTAd*

=J']

Approximate Hessian
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A Review of General Principle for FWI

S = (7T + AN (JTAG) ™~ om = — 3 AL
B — J' I+ A
Model Perturbation
B(r,w)u(r,w) = f(r,w)
Wave Equation
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A Review of General Principle for FWI

S = (7T + AN (JTAG) ™~ om = — 3 AL
B — JEJ+ I

M odel Perturbation
ou 0B

B— = ————u » SECONDARY SOURCE
om om

Scattered Source
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A Review of General Principle for FWI

S = (7T + AN (JTAG) ™~ om = — 3 AL
B — J'Y+ M

M odel Perturbation

ou OB
—_ — _B ==

J om 8mu
Jacobian M atrix
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A Review of General Principle for FWI

g=-Y wR{u’®(B") Ad]

W,I's

Gradient

OB \" 0B
7 — (B! B!
o ( 8mu> ( 8mu>

Approximate Hessian
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A Review of General Principle for FWI

g=-Y wR{u’®(B") Ad]

W,I's

Gradient

H, =o' (u'u (B™')" (B7))

Approximate Hessian
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A Review of General Principle for FWI

g=-Y wR{u’®(B") Ad]

W,I's

Gradient

H, =o' (u'u (B™')" (B7))
Approximate Hessian

oB * (0B
__ _ _ o 28 *
Hpseudo — fuirtua.lfmrtu.a.l — (8771u arnu = wR (u "Ll)

Pseudo Hessian
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A Review of General Principle for FWI

P w2 R {uT ® (B_I)T Ad*} \

wiuru
v J

PSEUDO HESSIAN

BACK PROPAGATION OPERATOR

Model Perturbation By Gary et.al (2011)
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A Review of General Principle for FWI

DECONVOLUTION IMAGING CONDITION

A
o N\

¢ Zw,rs 2R {uT R (B—l)T Ad*} \

Diag (w*u*u)
\ - _/ y,
~"

SOURCE ILLUMINATION

om ~ —R <

M odel Perturbation
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A Review of General Principle for FWI

: 1 AQ
g zr: “ { 4mr, = ATr g ; “ P2 1672

Analytic Expression of the Gradient \
ENERGY DECAY

i . e—ik{)f'; eikof'j;’
Hcondo = R{w ™ (v, wu(r? )} =R w* | A—— A——
pseudo { ( 59 ) ( S )} 47TI‘; 471,1.;!

Analytic Expression of Pseudo Hessian
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A Review of General Principle for FWI

: 1 AQ
— 2R 4 AS ARE _ 2l L R
t zr:w { Amrg = ATy ;w P2 1672

Analytic Expression of the Gradient \
ENERGY DECAY

, e——ik,of's eikof*s
Diag ( Hysends) = R {w’“lu*(rg,w)u(rg,w)} =3} {w4 (A ) (A )}

4mr, 47y,

Analytic Expression of Diagonal Pseudo Hessian
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A Review of General Principle for FWI

om ~ R < .

Analytic Expression of Model Perturbation REFLECTIVITY
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Impedance Perturbation Estimation

Lpog—lp  Ad
In—l—l T In B In—l—l - In

Recall therelationship between thereflectivity and impedance
at normal incidence

By, =

Al ~21. R,

| mpedance Perturbation or Impedance | maging Condition

I =1, + Al = I, + 21 Ry,

| mpedance can be updated iteratively
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Phase Encoded Gradient and Phase Encoded Pseudo-Hessian

..-_

Reflector

The dant gradient with different ray parametersareresponsibleto
update the subsurface layerswith different steep angles
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Phase Encoded Gradient and Phase Encoded Pseudo-Hessian

()

Distance (km)

Phase Encoded Source Wavefields and Plane-wave Sour ce Wavefields
Reproduced from Shan et al. (2006)
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Phase Encoded Gradient and Phase Encoded Pseudo-Hessian

T / A {2 £ (@) G E. F, ) Gry 1) Pt e e

Phase Encoded Gradient

Hpseudn ZZ/([w _LCr I'” 1"Jr w)(”"(r r.. w) Ew(jJH—I— Ap)(xl—x, )}

I's

Phase Encoded Pseudo-Hessian

B LR GeoScience




s CREWES
Phase Encoded Gradient and Phase Encoded Pseudo-Hessian

T / A {2 £ (@) G E. F, ) Gry 1) Pt e e

Phase Encoded Gradient

NH

Diag (Hpseudo (pH ’u.;')) = Z Z f dfw’% {LL/AG(I'-_ r; Ld)G*(rg Iy, Lu’)f?éw(l)ff_F'EAl))(‘r;_IS) }
L =1

Phase Encoded Source | llumination or Phase Encoded Diagonal
Pseudo-Hessian
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Phase Encoded Gradient and Phase Encoded Pseudo-Hessian

& )

. a (n?
P N g (pi,w)
\ Dlag (Hpseudo (pH CU)) /Ng{ T )\Amaa} /

Reflectivity Approximation Estimation or Phase Encoded
Deconvolution Imaging Condition

AL = 2. R

| mpedance Perturbation Estimation
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Phase Encoded Gradient and Phase Encoded Pseudo-Hessian

& )

. a (n?
P N g (pi,w)
\ Dlag (Hpseudo (pH CU)) /Ng{ T )\Amaa} /

Reflectivity Approximation Estimation or Phase Encoded
Deconvolution Imaging Condition

Ipp1 =1 + Al = I + pg (QIksz)

|terative Impedance Update
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Iterative Modeling Migration and Inversion (IMMI)

As proposed by Gary et.al (2012), the estimation of the reflectivity using deconvolution imaging
condition enables us to combine FWI with SM, which forms the Iterative Modeling Migration and
Inversion (IMM1) method.

Table 1. Pseudo Code of IMMI Method

BEGIN <« [, initial model;
WHILE € < ¢35, or £k < ko

1. Identify the ray parameter p _for constructing the phase encoded gradient
M odeling 2. Identify the frequency band fk = fo = fmaz, finterval, €very n iterations
3. Generate the data residual 0 P and apply low-pass filtering 0 P = low_pass (6P.  § k)
¢ 4. Create the phase encoded gradient g (pf & w)
5. FOR i =1 to N2 every 1 or m iterations
. . < : p
Migration Construct the diagonal part of the phase encoded pseudo-Hessian: Diag (H ;;q - O)
\ END FOR
r 6. Reflectivity Estimation with Well Control: Phase Shift and Phase Rotation
7. Impedance Perturbation Estimation:
Al = 2[R it 7500
k Dlag(Hpscudo(pH_._w))f."\'rf‘f'/\«‘:lmax
Inversion < 8. Calculate the step length i using the line search method
9. Update the impedance:
: Tk pH rH i =" g
10. Calculate the relative least-squa.l‘cs error:

Ny k41— Ttruell2

=
||Irrue”‘2

END WHILE




Numerical Experiment ‘*r CREWES
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Numerical Experiment
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(a) Source illumination
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Gradient Comparison 'y CREWES

(a) True Reflectivity
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Gradient Comparison s CREWES

(b) Cross-correlation Based Gradient
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Gradient Comparison s CREWES

(¢) Deconvolution Based Gradient
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Well Control v CREWES
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Well Control v CREWES

Well 1.0km ‘Well Position Q
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Well Control
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Estimated Reflectivity ‘s CREWES

Deconvolution Based Gradient after Well Control
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Impedance Perturbation Estimation ‘s CREWES

True Impedance Perturbation
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Impedance Perturbation Estimation ‘s CREWES

Impedance Perturbation Estimation
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Impedance Perturbation Estimation ‘'r CREWES

Inverted Impedance after 1st Iteration
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Well Data Comparison s CREWES
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Phase Encoded Pseudo-Hessian ‘'r CREWES

Diagonal Phase Encoded Hessian
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Phase Encoded Pseudo-Hessian ‘'r CREWES

Diagonal Phase Encoded Hessian
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Slant Gradient v CREWES

Slant Gradient with Ray Parameter p=-0.2s/km
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Slant Gradient s CREWES

Slant Gradient with Ray Parameter p=0.2s/km
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Slant Gradient s CREWES

Slant Gradient with Ray Parameter p=-0.3s/km
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Phase Encoded Gradient *s*CREWES

Phase Encoded Gradient without Precondition
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Phase Encoded Gradient ‘' CREWES

Phase Encoded Gradient with Precondition
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Inversion Result v CREWES

(a) True Velocity Model
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Inversion Result v CREWES

(b) Initial Velocity Model
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Inversion Result v CREWES

(¢) Inverted Velocity Model after 30 Iterations
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Inversion Result v CREWES

(d) Inverted Velocity Model after 100 Iterations
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Inversion Result s CREWES
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Conclusions

O The gradient with illumination compensation can compensate the geometrical spreading

effects, recover the amplitudes of the deep reflectors and can estimate the reflectivity
directly.

O Thephase encoding method can reduce the computational cost effectively.

O ThelMMI method, which combines FWI and traditional impedance inversion method, is
efficient and stable to reconstruct the velocity model.

Further Research Plan

O Apply the strategies proposed in thisresearch on the Hussar practical datasets.
O Incorporate AVO information in practical FWI (Innanen 2013).
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