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

2) our architecture incorporates the physics of wave propagation

... but why machine learning?:

• as a signal processing problem this is genuinely difficult

• it’s unclear what are the resolution limits to FWI  [Fichtner & Trampert 2011] 

• machine learning provides evidence of whether this task is even possible!

Outline / Contributions

Setup PredictedModel
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Geophysical Relevance

Thanks @Nori Nakata for this reference!
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Imaging Setup
ASSUMPTIONS:

• full aperture

• far field

• noiseless

• known 

background

velocity
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Inverse Problem
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Super Resolution
• in the linearized setup we are limited to ½ 

wavelength by the Rayleigh resolution

• in the nonlinear setup (FWI) it is less clear 

what resolution limits are

• but sharp images are still possible if you 

properly regularize 

• ... consult our resident expert Zhilong Fang to 

learn more!

• Donoho (1992) proves super resolution of  

point scatterers is possible:

• 1. you need multiple frequencies

• 2. algorithm must be non-linear
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Architectural Design

=?

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

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

=>
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Architectural Design

=?

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

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

QUESTION: So how should we design our network?

ANSWER: ...to at least perform as well as linearized Born inversion (filtered backprojection)

=>
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• Khoo and Ying (2018) – exploit the analytical properties of the operators 

Butterfly Network

[Hörmander 1985]

[Michielssen & Boag 1996]
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THE KEY IDEA

• use the structure of the matrix factorization as your architecture 

Butterfly Network

=
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REMEMBER THE REQUIREMENTS FOR SUPER-RESOLUTION

1. need wideband data to stabilize inverse problem

2. need non-linear combination of frequencies

Incorporating Wideband Data

[Cooley & Tukey 1965]
[Candes, Demanet, and Ying, 2008]
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Incorporating Wideband Data
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MIXED RESOLUTION

Numerical Results
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ROTATIONS

Numerical Results
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INHOMOGENEOUS BACKGROUND

Numerical Results
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Thank You! Questions?
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Bonus Slides



MIT EARTH RESOURCES LABORATORY ANNUAL FOUNDING MEMBERS MEETING 2020 27

Mathematical Setup
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Imaging Setup
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Geophysical Relevance


