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'+ Introduction: multiparameter FWI and crosstalk
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Crosstalk suppression through its manipulation
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Objective: crosstalk corrected Vi, V5 and p using FWI in intermediate model

space with no parameter leakage
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' Background: objective function iso-surfaces

Quadratic ¢ : d = s Hs + STp +C
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Objective function

Newton
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2-variable model of descent-based optimization
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“ty Background: transformation between model spaces

C11 = VP2)O

[P, C11, Cyal - [Par1, Par2, Par3] > [p, Vp, Vsl
<: Cq4 = ngﬁ

ci11 = A+ 2u Caa = |4

pr—

Re-parameterize= transform between cartesian and

oblique systems
Innanen (2020 a, b, ¢, d) —

®: scalar (invariant)
- As: contravariant components (change)
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' Background: transformation between model spaces

Transformation rules:

Sq- 4 ich T: transformation
r s=1Tr matrix
s, 2| ) |
| S3 ] 73 r = T_ S _
U can meet constraints

Finding minimizer of @ in r implies the minimum point is also found in s



:[? Background: Hessian and crosstalk quantification

d _: predicted data
* P
adp> ( adp ) J, I: parameter class

i, k: position (1: n, x n,)

H; —
(1,j),(k,1) <8Si,j aSk,l

Full Hessian ——
J#
|

Existing trade-off

1

No crosstalk would exist if
off-diagonal blocks were zero

Modified from
Métivier et al.
(2015)



:\? Background: Hessian and crosstalk quantification

Sk 1 Sk 2 Sk 3

Point-wise Hessian

L —

— — (3x3)

Crosstalk between
sS4, S, and s; at a fixed point

Modified from Métivier et al. (2015)



r{; Background: Hessian and crosstalk quantification

Sk 1 Sk 2 Sk 3

Point probes Hessian

Crosstalk at one point with
Modified from Métivier et al. (2015) all the other unkowns. .
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vy Background: design of transformation matrices

Transformation rule for the Hessian:

TH()T =H@) =1
t

constraint
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“* Workflow and evaluation

Define frequency Trar\1/sfo\r/r2 trgodecls frcom Choose No Transform to
bands (Fb=N) P, p'(ss Stg;n)”' 44 grid cell o, Vp, Vs
i Yes
Compute
Point-wise Hessian

) Evaluation metric

3x3 matrix
THTT =1 l

Find T:

Transform current Norm Of eaCh blOCk

initial model from
stor

Find minimum
(FWI)

Transform
Fb=Fb+1 minimum to s
system

Optimization strategy: .
Steepest Descent ’
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Results: baseline/reference FWI
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‘1',7 Results: re-parameterized FWI
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Results: evaluation of estimates (reference FWI)

Ve

R "m L aE- s

p

20 40 60 80
X samples

100

O -]'-';r

bk

R

20 40 60 80 100

X samples

- -

20 40 60
X samples

80 100

Perturbed location: x=50 z=20

%1028

20
40

60

=]
Z samples

“100

x 10728

-

40

60

Z samples

100

(=]
Z samples

Vs

==, R

/

llni""

20 40 60 80 100
X sample

o . O SO

/1'?

20 40 60 80 100
X samples

20 40 60 80 100
X samples

<1028

0.5

-0.5

13



‘?,7 Results: evaluation of estimates (re-parameterized FWI)
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Results: evaluation of estimates from re-parameterized FWI

Normalized Hessian
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Conclusions

* Treat FWI parameterization as coordinate transform problem
» Seek set of parameters within which H = |

* Approach: design T based on single point (computable)
|t works! At design point

» Crosstalk induced at other locations
* Next steps:
Different procedure to compute T with contribution of all locations
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