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2 Back-propagation algorithm
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Channel facies summary

Seismic attributes Channel facies that are the most common stratigraphic features, are important
Artificial neural network from the viewpoint of hydrocarbon exploration. Depending on burial depth
Supervised and unsupervised and fluid contents, they may be considered as potential reservoirs or drilling
learning hazards. Revealing the accurate location of channel facies is an essential step
Voxel connectivity filter needed for an optimum well path design and reservoir target. Seismic
Channel facies interpretations become difficult due to the increase of seismic data volume and
Seismic attributes a variety of seismic attributes. Integration of seismic attributes with different

computational algorithms based on artificial neural networks provides more
details of seismic events. For an enhanced channel edge detection, we applied a fully connected multi-layer perceptron
neural network with supervised training to both synthetic and real seismic data containing channels. We compared our
results with unsupervised learning algorithms to evaluate the proposed algorithm. In both synthetic and real seismic data
examples, the multi-layer perceptron neural network with back-propagation algorithm outperformed the unsupervised
learning methods. We also investigated the noise sensitivity of the algorithms mentioned above for the case of synthetic
data set. The voxel connectivity filter determined the accurate spatial location of the studied channel in the real seismic
data.

Introduction

Feature extraction techniques like supervised and unsupervised learning methods are designed to have a pixel-based
classification based on intensity. In a supervised learning model, the algorithm provides an answer key based on the
labeled input data set. An unsupervised learning algorithm, in contrast, tries to extract features and patterns with no
explicit instructions. In this study, we used a multi-layer perceptron neural network with back-propagation algorithm as
an efficient classification method to determine channel facies in seismic data that can be locations of drilling hazards or
potential reservoirs. A multi-layer perceptron neural network with back-propagation algorithm is a supervised learning
technique approximating the non-linear relationship between the input and the output by adjusting the weights of nodes
internally. Then, the results of the proposed method were compared with the ones derived from the unsupervised
learning algorithms.

Methodology and Approaches

We used OpendTect software to study seismic attributes. The chosen attributes are acoustic impedance, average
frequency, curvature, coherency, energy, gray-level covariance matrix, gray-level covariance-based coherency, polar
dip, similarity, and spectral decomposition. After preparing the set of attributes, we applied supervised and
unsupervised learning techniques on the attributes of the three-dimensional (3D) seismic data acquired over the F3
block, offshore Netherlands, using OpendTect and MATLAB software. We applied multi-layer perceptron neural
network with back-propagation algorithm to integrate the seismic attributes with the optimum parameters to sharpen the
channel boundaries and attenuate the random background noise. The principal component analysis was applied to
reduce the dimension of the set of the seismic attributes to 2D to obtain an image containing more information than that
of single attribute. Then, K-means algorithm was applied to the data with a reduced dimension to enhance the results of
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classification by attenuating random noise. The results showed that the proposed method was superior to the principal
component analysis and K-means methods. Finally, the voxel connectivity filter was applied on the seismic data to
extract the seismic channel body.

Results and Conclusions

Channels occur as edges in seismic time slices; therefore, it is reasonable to use algorithms applicable in image
processing for seismic channel detection. Channel edge candidates could be found clearly by integrating different
seismic attributes with optimum parameters using artificial neural networks. We used multi-layer perceptron neural
network with back-propagation algorithm to extract the channel edges from 3D seismic data. Nonlinear integration of
seismic attributes suppressed the background noise and enhanced the difference between channel edges and their
surroundings. We compared the results of the multi-layer perceptron neural network with back-propagation algorithm
with those of unsupervised learning methods qualitatively and quantitatively. In both synthetic and real data examples,
the proposed algorithm outperformed the principal component analysis and the K-means algorithms and also their
combination. The voxel connectivity filter could accurately visualize the 3D nature of the detected channels based on
the predefined amplitude threshold value.




