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Robust Estimation of the Reliability Function for a Series System under
the Fréchet—Weibull Distribution with Contaminated Data
1) Asst. Prof. Dr. Ali Nasser Hussein

2) Zahraa Nassir Sari
college of Administration and Economics Department of Statistics

University of Basrah

Abstract :

This study addresses the problem of estimating the reliability function of a cascade (series) system within the
stress—strength model under the Fréchet—Weibull distribution in the presence of outliers or extreme values in the
data. Such outliers adversely affect the accuracy of traditional estimation methods, particularly the Maximum

Likelihood Estimation (MLE), which necessitates the adoption of robust estimation approaches.

To tackle this issue, a model based on the concept of mixture distributions is proposed, where the statistical
population is assumed to consist of a mixture of two subpopulations: one representing the original data and the
other representing the outlying observations. Each subpopulation follows a Weibull distribution for the strength
variable and a Fréchet distribution for the stress variable, but with different parameter values. The performance of
the Mixture-based Estimation method (MXE) is compared with that of the conventional Maximum Likelihood
Estimation (MLE). The study relies on Monte Carlo simulation to generate contaminated data with different
contamination levels and varying sample sizes, including small, moderate, and large samples (n = 25, 50, 150). The

performance of both methods is evaluated using the Mean Squared Error (MSE) criterion.

The results demonstrate the superiority of the Mixture-based Estimation method (MXE) in producing more
accurate estimators that are less sensitive to outliers, particularly for small and moderate sample sizes (n =25, 50).
In contrast, the Maximum Likelihood Estimation (MLE) shows improved accuracy as the sample size increases (n =
150). The study concludes that employing a mixture distribution model combined with maximum likelihood
estimation provides a robust and effective approach for estimating the reliability of complex cascade systems in
non-ideal data environments. This contributes to improved reliability assessment and decision-making in

engineering and industrial applications.
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