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Abstract

The creation of open benchmark datasets has driven the use of deep learning (DL) methods in computer vision using deep learning methods,
allowing the testing and reproducibility of results. However, the real seismic benchmark datasets available are scarce in important applications
for the oil and gas industry, such as seismic denoising. This work presents a benchmark dataset composed of synthetic seismic data corrupted
with noise extracted from a filtering process on real data. In addition, a comparison between two DL-based denoising models is performed on
this dataset, which is proposed as a benchmark for accelerating the development of new solutions for seismic data denoising. This work also
introduces a new evaluation metric that can capture small variations in model results. The results show that DL models are effective for noise
reduction in seismic data, but removing noise while preserving the signal remains a challenging open problem. The proposed benchmark
dataset comprises synthetic seismic data corrupted with noise extracted from a filtering process on real swell data. Two numerical simulations
of the seismic responses of two open-source structural models, Marmousi and SEAM, were used to generate four synthetic datasets. The noise
data were obtained from real data by subtracting the processed data from the original raw seismic data. Since the noise data came from a
different acquisition, they were on a different scale from the synthetic data and, needed to be rescaled before being added to the clean synthetic
data. Noise rescaling was computed such that the desired signal-to-noise ratio (SNR) was obtained from the noisy data (clean synthetic data +
real noise). Two real swell noise files were combined with the four synthetic seismic datasets. The noise files were rescaled at four different
levels according to the desired SNRe of the noisy data, L= 1, 2, 5, 10, resulting in 16 noisy data points for each noise file. Two supervised DL
image denoising methods were used to test the proposed dataset, the Fully Convolutional Network (FCNN) and the generating part of the
SRGAN. The signal-to-noise relative ratio (SNR2), proposed here, was used to measure their performance. The SNR2 is a relative measure
computed as one minus the ratio of the original data's SNR and the model prediction's SNR. This metric can capture small variations in model
results. The evaluation of the models was performed in 32 different experiments, and can be used as benchmarks for new model evaluations, or
the real noise files can be combined with other seismic data to generate new noisy seismic data. The results showed that SNR2 is very sensitive
to the amount of signal removed by the denoising process; to obtain a higher SNR2 value, the model must remove the noise without removing
the signal. This is a challenging open problem for the DL model in seismic data denoising, and the benchmark dataset presented in this work
can be used to develop and compare new DL models for seismic data denoising. The models were shown to be able to perform model
denoising, even at high noise levels. Both models performed similarly in all the experiments when evaluated by the SNR2 metric. This work
introduces a seismic denoising benchmark dataset for accelerating the development of new DL model solutions consisting of synthetic data
from two different open-source structural models, corrupted with real swell noise extracted after a filtering process and a new evaluation
metric.



