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Introduction

Model-based clustering is the most widely used statistical clustering method.
In this method, heterogeneous data are divided into homogeneous groups us-
ing inference based on mixture models. The presence of measurement errors
in the data can reduce the quality of clustering and, for example, cause over-
fitting and produce spurious clusters. To solve this problem, model-based
clustering assuming a normal distribution for measurement errors has been
introduced. However, in practice, there are situations where errors are very
large or small, known as outliers. For example, when recording people’s
income data, individuals often tend to report their income much higher or
lower than the real amount, depending on their situation. Therefore, assum-
ing normality in such cases is unrealistic and can reduce inference accuracy.
In the case of outliers, mild outliers can be addressed using robust models or
removed and analyzed separately. However, gross outliers are unpredictable
and cannot be modeled using standard statistical distributions. Robust mod-
els based on heavy-tailed distributions, such as the ¢ distribution, can be used
to model and control mild outliers in data. Additionally, a-stable distribu-
tions can be employed to model gross outliers. For this reason, we use the
symmetric a-stable distribution in the univariate case to model measure-
ment errors, which can model normal, mild, and gross measurement errors
depending on the value of a.

Material and Methods
In the literature on measurement error analysis, each observation consists
of two latent parts: the true and measurement error values, which can be
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random. When an outlier is observed in the observation, it may be due to
measurement error or an outlier in the population. For modeling both cases
simultaneously, a symmetric a-stable distribution is proposed as a replace-
ment for the normal distribution for both measurement errors and real part
of observations, and the model parameters are estimated using the EM algo-
rithm and numerical methods. Furthermore, the optimal number of clusters
can be determined by BIC.

Results and Discussion

The simulation results and real data analysis show that the proposed model
performs better in cases where there are outlying observations in the data,
mainly due to measurement errors, compared to MCLUST and MCLUST-
ME methods. However, since the parameter « is estimated numerically, the
proposed method requires more time, especially compared to the MCLUST
algorithm, and may face convergence issues.

Conclusion

In practice, we can choose the appropriate clustering model through trial and
error. For this purpose, one can fit the proposed model and other suitable
models to the data and select the one that performs better based on per-
formance evaluation metrics. Additionally, as one of the future objectives,
we intend to extend this method to the multivariate case or use asymmetric
a-stable distributions to model measurement error.

Keywords: Model-based clustering, a-Stable distribution, Measurement er-
ror, EM Algorithm.
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