18-20 NOV |

i Sustalnanle ae‘ﬁimysrcs atthe Service of Society:

nun.
‘ 3 Bl
Ina word of energv uwersmcatmn anu soclal l}lstlce _ )’ ',. 4..;::“

Submission code: 7Z76QAL9RW

See this and other abstracts on our website: https://home.sbgf.org.br/Pages/resumos.php

Al Techniques for Seismic Super-Resolution

Pablo Machado Barros (Cenpes-Petrobras), André Bulcao (Petrobras), Bruno Pereira Dias
(Petrobras), Claiton Pimentel de Oliveira (Petrobras), Djalma Manoel Soares Filho
(Petrobras), Gustavo Catédo Alves (Petrobras), Tiago llipronti Girardi (Cenpes-Petrobras),
Ubiratan Jose Furtado (Petrobras), Luis Fernando Mendes Cury (Cenpes-Petrobras)




SBGf Conference

18-20 nov | Rj0'25

Al Techniques for Seismic Super-Resolution

Please, do not insert author names in your submission PDF file

Copyright 2025, SBGf - Sociedade Brasileira de Geofisica/Society of Exploration Geophysicist.

This paper was prepared for presentation during the 19« International Congress of the Brazilian Geophysical Society held in Rio de Janeiro, Brazil, 18-20 November
2025.Contents of this paper were reviewed by the Technical Committee of the 19« International Congress of the Brazilian Geophysical Society and do not
necessarily represent any position of the SBG, its officers or members. Electronic reproduction or storage of any part of this paper for commercial purposes
without the written consent of the Brazilian Geophysical Society is prohibited.

Introduction

In recent years, machine learning techniques have proven to be highly powerful in the field of
computer vision. If in the early 2010s there was a great evolution in the use of convolutional
networks for image classification tasks, the increase in computing capacity in the second half of
the decade has led to the use of machine learning techniques to attack increasingly complex
problems. Among such problems, one that has received special attention is the use of neural
networks to increase the resolution of an image, bringing back details that were lost in the
acquisition, reproduction, or processing of that image.

In this work, we propose the application of techniques employed for super-resolution of
conventional images over 2D seismic images. In the case of natural images, the definition of
resolution is different from the definition of resolution used for seismic images: while in natural
images "resolution" is the number of pixels or samples in each direction, in seismic we
associate the resolution with the dominant frequency of the wavelet. Our work proposes,
therefore, to use machine learning and convolutional neural networks to increase the frequency
band of an image, bringing details that were not properly imaged using a lower frequency band.

Method

For the training, we take a set of inlines and crosslines from a known property model (SEAM
Subsalt), and model and process an acquisition on these lines with wavelets containing different
frequency bands. The network is then trained to take the lower frequency images to the higher
frequency images.

Preliminary Results

Our preliminary results were obtained with a dataset of 181 inlines and 151 crosslines of the
SEAM Subsalt model. On each of these lines, a streamer acquisition with two different
frequencies was modeled and imaged: 30 Hz and 40 Hz. These images are divided into 60% for
training, 20% for validation and 20% for testing. The dataset for the network is created from the
random clipping of equivalent 256x256 patches in the images, for a total of 234366 pairs of
patches for training, 78458 for validation, and 79590 for testing. The network used, a U-Net with
5 downsample blocks and 5 upsample blocks, is trained by 100 epochs. We arrived at a PSNR
validation of 47dB, comparable to the best current techniques when applied to natural images,
and visually we noticed that reflectors that appear on the targets are being very well recovered
in the higher frequency band.

This research line is ongoing, and we expect to compare the results from this U-Net to new
results using different architectures, such as GANs, neural operators and diffusion models.

SBGf Conference Rio’25 | rio25@sbgf.org.br p.1/1

INTERNA



