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Outline / Contributions Wi | =5

1) we introduce a neural network for seismic inversion below the diffraction limit

Setup Model Predicted
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Outline / Contributions Wi | =5

1) we introduce a neural network for seismic inversion below the diffraction limit

2) our architecture incorporates the physics of wave propagation

Setup Model Predicted
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... but why machine learning?:
 as a signal processing problem this is genuinely difficult
 jt’s unclear what are the resolution limits to FWI
* machine learning provides evidence of whether this task is even possible!
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Geophysical Relevance T |

Diffraction tomography and multisource holography
applied to seismic imaging

SRP holo VSP holo SRP & VSP holo

Ru-Shan Wu* and M. Nafi Toksoz*

Thanks @Nori Nakata for this reference!

SRP tomo VSP tomo SRP & VSP tomo
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ASSUMPTIONS:

« full aperture 77(39)
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! Imaging Setup

« full aperture 77(35')
- far field
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I Inverse Problem i | =g

n(x) data A7 n(x)

|

i) = argmin| D IF) - Ag,
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1 Su per Resolution T | =,

* in the linearized setup we are limited to 2 < p
wavelength by the Rayleigh resolution p ¢
* in the nonlinear setup (FWI) it is less clear bt
what resolution limits are
» but sharp images are still possible if you
properly regularize p
... consult our resident expert Zhilong Fang to p
learn more! H Amin
* Donoho (1992) proves super resolution of
point scatterers is possible:
» 1. you need multiple frequencies ’
» 2. algorithm must be non-linear S
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| Architectural Design Wi =

QUESTION:  Why do we need a custom neural network architecture for this problem?

ANSWER: ...because the physics of wave propagation makes it challenging

n(x) Use () data A;",T
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| Architectural Design Wi =

QUESTION:  Why do we need a custom neural network architecture for this problem?

ANSWER: ...because the physics of wave propagation makes it challenging

n(x) Use () data A;",T

QUESTION:  So how should we design our network?
ANSWER: ...to at least perform as well as linearized Born inversion (filtered backprojection)

Flu] ~ Fu = (FF+el) "F*A,,
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| Butterfly Network i =

* Khoo and Ying (2018) — exploit the analytical properties of the operators

H=(F*F+el) 'F*A,,

[Hormander 1985]

[Michielssen & Boag 1996]
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THE KEY IDEA

 use the structure of the matrix factorization as your architecture

f=(F*F+el) 'F*A,,
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THE KEY IDEA

 use the structure of the matrix factorization as your architecture

f=(F*F+el) 'F*A,,
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Incorporating Wideband Data T | i

REMEMBER THE REQUIREMENTS FOR SUPER-RESOLUTION

1. need wideband data to stabilize inverse problem
2. need non-linear combination of frequencies

it=3, N,=8 {0,1,2,3,4,5,6,7}

Cooley-Tukey
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| Incorporating Wideband Data T | o

SW\TCH
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Numerical Results Wi | =5

MIXED RESOLUTION

— /\rnin

N =

H /\Hlin
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Numerical Results Wi | =5

ROTATIONS

H )\Inin
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INHOMOGENEOUS BACKGROUND
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Numerical Results Wi | =5

INHOMOGENEOUS BACKGROUND
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Thank You! Questions?
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Mathematical Setup Wi =

(A 4+ w?m(z))uor () =0
m(x) =1+ n(x)

Utot (T) = €% + ugo ()
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! Imaging Setup

(A + w?m(z))uger () =0 < 4 4
m(z) =14 n(z)

utot(x) = eiwx-s =F ’U,SC($)

(A + wW?m)uge = —wne’™>s
<% B
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Geophysical Relevance
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Volume 69, Issue 6

Diffraction imaging by focusing-defocusing:
An outlook on seismic superresolution

reconstruct the geometry of strong and smooth reflectors—
most often with success. At the same time, however, correct

identification of geological discontinuities, such as faults, pinch-
outs, and small-size scattering objects, i1s an important problem
in interpretation of seismic data. Local structural and litho-
logical elements in the subsurface of a size comparable to the

wavelength are usually 1gnored during processing and identi-
fied only during interpretation. Unfortunately, the reliability

of such identification is generally low. It 1s precisely the seismic

dynamical behavior can be analyzed and exploited in more re-
fined algorithms. The phase content of the diffraction image can
be analyzed to extract more information on fault edges, their
orientation, and their relation to reflectors. In three dimen-

sions, diffractions differentiate between edges and tips (Klem-
Musatov, 1994). In 4D (time-lapse) studies, diffractions can
help to monitor the displacement of the oil/gas—water contact
during production.

In any case, we have shown that diffraction imaging is feasi-
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