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;' Radon Transform (RT)

= Mathematical tool that maps data (curve) into a transformed space

(point)
= Application in seismic processing: it maps seismic gather events with
line integrals that follow a certain type of curve (line, parabola,

hype rbOIa) data space h model space Y
,-\/ .
(Trad, 2001)
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m(q,7) = / dlh,t = frer(T,q,h)|dh
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vy' Least squares solution to get high resolution (sparse) RT

» |n practice the RT is calculated by inverting the forward operator:

o Forward operator: d(h,t) = > m(v,7 = /12 + h2¢>) OR d=Lm

* The most suitable solution can be found by
minimizing the cost function using iterative
re-weighted Least Squares

(Thorson and Claerbout, 1985).
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Least squares solution to get high resolution (sparse) RT

» |n practice the RT is calculated by inverting the forward operator:

o Forward operator: d(h,t) = > m(v,7 = /12 + h2¢>) OR d=Lm

* The most suitable solution can be found by
minimizing the cost function using iterative
re-weighted Least Squares

(Thorson and Claerbout, 1985).
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3¢ U-Net
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vy Workflow — Generating synthetic data: 8 geological layers case
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By Test 1: inference
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1“3(? Train and predict for 3 geological layers
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¥y Train with 3, predict for 5 geological layers
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¥y Train with 3, predict for 8 geological layers
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1‘?? Train with 3 and 5, predict for 8 geological layers
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ﬂ\? Train with 3, 5 and 8, predict for 8 geological layers
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$¥* Train with 3 and 5, predict for 8 geological layers (both sparse HRT)

Offset (m) Offset (m) Offset (m)
— 4000 2000 0 2000 4000 —-4000 —2000 0 2000 4000 -4000 —2000 0 2000 4000
o \ X ] \ ) O 1 | | Il | o 1 | | 1 |
<A
<+ <
(a) Shot gather (b)Shot gather — multiples only (label) (¢)Shot — predicted multiples
Slowness®? ((S/m>2) Slowness~ ((S/m>2) 2)
0 2e-07 de—07 0 2607 de—07 Slowness? ((s/m)
o . 1 o 1 1 0 2e—07 4e—07
o 1 1
e e s 2 =3 -
— SR e e - —_] - e = R R P B o ) e
--%:—%%f—: - - FTCRRLe et s _ e
EES . TRTT - - —
. T . . TSRS e = s e .
2 e AR /(_,)\N, _ — —
. B = - — == e —
3 - - 3 = — e -
© - .- © e BT S o — e e
ol - = = P 3 = LT =0
_ B R = TR ————— e — —
ol - [se B — e ™ e S
< < =

(d) Sparse Hyperbolic Radon domain (input)

(e) Sparse Hyperbolic Radon domain (label)

(f) Hyperbolic Radon domain (predicted multiples) 19




22? Train with 3, 5 and 8, predict for 8 geological layers (both sparse HRT)
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{; Test 3 — predicting the HRT with U-Net (2 channels: sparse and non-sparse
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3%?2 channels (label: sparse): train with 3, 5 and 8, predict for 8 geological layers
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3‘3;?2 channels (label: non-sparse): train with 3, 5 and 8, predict for 8 geological layers
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Conclusions and Future Work

HRT is an important tool to separate multiple and primary;

The U-Net can be used to separate the primaries and multiples in the Radon
space and therefore predict multiples;

Training with two channels using non-sparse labels resulted on better
multiple prediction;

Artifacts generated by the transform are difficult to predict at inference time,
decreasing the generalization power.

Future work:
» Test with more complex geologic models;

» Train with more channels using different features: parabolic Radon
transform;

» Address windowing issue.
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