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1. Self-Organized Maps

2. Grey-Level Co-occurrence Matrix
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4. Generative Topographic Maps
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Introduction

Description and interpretation of extracted seismic
reflection parameters including geometry, continuity,
amplitude, frequency and interval speed, are known
as seismic facies analysis. Seismic facies analysis
can be performed by pattern recognition techniques.
By appropriate combination of seismic attributes,
lateral changes in reservoir can be identified and
then calibrated with well data. When the geological
information is incomplete or nonexistent, seismic facies
analysis is called unsupervised, and it is performed
through unsupervised learning or clustering algorithms.
Practically, unsupervised learning uses attributes as
learning data and analyzed data. A comparison between
different unsupervised methods for classification
of seismic facies has been carried out by Barnes and
Laughlin [1], Zhao et al. [2], Chopra and Marfurt [3] and
Hadiloo et al [4]. Important unsupervised classification
methods can include K-mean, Cross-plotting, Principal
Component Analysis (PCA), Self-Organizing Maps
(SOM), Generative Topographic Maps (GTM) and
Gaussian Mixture Models (GMM) [2]. In this study,
GMM is used for seismic facies analysis through
unsupervised clustering in a set of 3D seismic data
related to one of the hydrocarbon fields in south of Iran.

Materials and Methods
In a popular look out, clustering methods are classified
in two categories: Classical (hard) and Fuzzy (soft)

Accepted: May/05/2020

clustering; In hard clustering, each data sample can only
belong to one cluster; therefore, the sample does not have
the probability of existence in two or more clusters. In
other words, it is mentioned that the probability of lying
each datum in special clusters is zero or one. However,
in soft clustering, positioning a sample data set on more
than one cluster is possible. GMM is a soft clustering
technique. The approach of this method is to implement
the expectation maximization (EM) algorithm for
Gaussian mixture models. In essence, the EM algorithm
is an iterative optimization method for parameter
estimation. There are two steps at each iteration: 1) With
the estimate of the Gaussian mixture model parameters
from the previous iteration, the membership information
(i.e. the probability that each datum is sampled from
each Gaussian model) is estimated. This step is referred
to as the expectation step, or simply the E-step. 2)
Using the estimated membership information and the
measurements, a maximum likelihood estimate of the
Gaussian mixture model parameters is obtained in the
second step. This step is referred to as the maximization
step or simply the M-step. This two-step process is
updated at each iteration until convergence is achieved.

Gaussian mixture model

In statistics, a Gaussian mixture model is a probability
distribution that is a convex combination of some
Gaussian probability distributions. Suppose that a
random measurement d represents a sample from
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a mixture of M given Gaussian models, then the
probability density function (pdf) of d given the
Gaussian mixture model is given by

M 1
P(d|17,©)="7,P(d|u,.C,) O

j=1
where 1= (z,,7,,...,z,,) are themixture proportions and
the convex combMination requires that 7,>=0 for each
jFl2...Mand >z =1[14]. P@|y,,C,) is a Gaussian
distribution with mean 1 and covariance matrix Cj
. In Eq. 1, ©=(0,.6,.....0,,) and 6, =(u,;,C,).
Let @ =(/7,0) denote the Gaussian mixture model
parameters, then Eq. 1 becomes:

P(d|®) = f‘/sz(d 0) ®)

In the current research setting, it is assumed that seismic
data of each geological facies follow a Gaussian
probability distribution, therefore, the seismic data
of the whole reservoir, which is composed of several
facies, are samples of a Gaussian mixture model. To
identify geological facies from seismic data, we need
to find the Gaussian models and the model from which
each datum is sampled [5]. This method is performed
by using EM algorithm where the details of theory is
described in Han et al [5] and Kung et al [6] researches
[5.6].

Applying GMM to seismic data

By applying GMM on seismic attributes, classification
of geological different features can be achieved. In this
section, 3D seismic information is clustered in one of
hydrocarbon fields in south of Iran, and the performance
of this method for seismic facies analysis is investigated.
Two continuous horizons from 3D seismic data called
K1 and K2 are selected, and seismic facies analysis
is applied on each horizon. In facies analysis, using
GMM, seismic facies distribution is achieved and also
membership probability of each member to its own
facies is defined by a digit between 0 and 1, where by
using probability distribution, the performance and
accuracy of clustering can be checked. In order to
extract seismic information on desired horizons, result
of picking on each horizon is used to extract seismic
information and seismic attributes. In order to perform
a suitable clustering, an optimized combination of
seismic attributes should be selected and be used.
In this study, different attributes are used including

instantaneous amplitude, instantaneous frequency,
instantaneous phase, dominant frequency, which
have basic information from seismic data, and texture
attributes that represent probable textural changes in
horizons, and also single frequency attributes of 20, 30
and 40 Hertz obtained from spectral decomposition of
seismic data that have frequency change information
and relative acoustic impedance attribute which has
information related to acoustic impedance. In order
to analyze seismic facies on each horizon, mentioned
attributes are generated and after extracting information
on desired horizon, GMM method is applied to cluster
and generate seismic facies map.

Facies analysis using GMM

In order to cluster seismic information using GMM,
number of clusters (or number of seismic facies) for
analyzing seismic facies should be defined. This can
be done by using previous information of the area,
or the appropriate number of clusters for the desired
information can be obtained by using mathematical
methods of defining optimized number of clusters [7,8].
In this study, based on the research of Hadiloo et al [§]
on this zone, the number of five clusters is selected for
facies analysis of this data. Facies analysis maps from
clustering seismic information in two desired horizons
using GMM method by considering five clusters and a
cluster membership probability map are provided for
each horizon analysis.

Results and Discussion

The results of horizon K1 analysis are shown in Figures
| and 2, and those of horizon K2 analysis are presented
in Figures 3 and 4. In the cluster membership probability
maps, whatever the probability of presentation is close
to 1, it represents that the data are more probable
member of desired cluster, and the data are near
center of gaussian distribution. This map can be used
appropriately to determine the accuracy and capability
of the clustering method. When all members have
high probability and close to one (dark red), it can be
mentioned that the attributes and the number of clusters
are appropriately selected. For each of the two horizons,
it can be qualitatively seen that probability distributions
of membership are approximately close to one, and
this can show that GMM clustering could perform
appropriate classification of seismic data.

Cross Line 1

Fig. 1 Facies classification of the horizon K1, clustered with GMM method by 5 clusters. Three wélls location are remarked
by black circles.
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Fig. 2 Cluster membership probabilities on the horizon K1, clustered with GMM method by 5 clusters.
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Fig. 3 Facies classification of the horizon K2, clustered with GMM method by 5 clusters. Three wells location are remarked

by black circles.
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Fig.4. Cluster membership probabilities on the horizon K2, clustered with GMM method by 5 clusters.

Conclusions

In this study, GMM method application was used for
unsupervised seismic facies analysis. GMM clustering
method is able to identify regularity in the data and
distribution of seismic facies without using well
information. In GMM method, gaussian functions are
used for estimating and covering seismic information.
Finally, according to this study, it is found out that
GMM method can generate seismic facies distribution
with an acceptable correlation between neighbor
horizons for 3D seismic information in two different
horizons, and also present that the method allows
interpreter to comment qualitatively about quality of
applied clustering by providing a cluster membership
probability map.

Nomenclatures

GMM: Gaussian Mixture Models
GTM: Generative Topographic Maps
PCA: Principal Component Analysis
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