Proceedings of the 3rd Annual World Conference
of the Society for Industrial and Systems Engineering,
San Antonio, Texas, USA
October 20-22, 2014

Estimating Reliability Using Bayesian Analysis of Degradation Data
M. Reyes, M. Rodríguez, and V. Reyes
Instituto Tecnológico de Ciudad Juárez
Del Mar, Fuentes del Valle, 32500
Juárez, Chihuahua, Mexico
Corresponding author's Email: reyesmjesus@yahoo.com
Abstract: Considering the broader need for rapid estimation of lifetimes of high duration products and knowing that the main
factors of degradation of LEDs are high operating currents and temperature stress, a set of LEDs was exposed to three levels
of temperature and their luminosity was measured weekly. The data analysis was conducted using ordinary least squares and
Bayesian inference using OpenBUGS software. The failure threshold used was reported life (70%) or the time of the
maintenance operation to find 70% of lumens. Subsequently, with an analysis of the accelerated data, we ascertain the time to
failure at the operating temperature of 25 ℃. The ultimate goal of this work was to have an accessible methodology for
analyzing degradation data with Bayesian inference, so that through simulation, we can incorporate probabilistic information
sampling and the calculation of LEDs' mean time to failure.
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1. Introduction
The practical determination of the time to failure in high-quality products is the central theme of this article. A
methodology for degradation data analysis and Bayesian inference is proposed to determine the parameters of reliability.
Light-emitting diodes (LEDs) are used to model the lifetime of high-quality products with soft failure.

1.1 Reliability
Reliability is the probability of performing a specified function without failure under prescribed conditions and for a
defined period of time, so Nelson (2004) said the reliability of products contributes to quality and competitiveness; hence
many decisions are based on life test data to evaluate the reliability of new designs. On the other hand, technological
advances, global competitiveness and increasing the quality expectations of consumers require companies to design products
and systems that work in high reliability and for which optimum operation is guaranteed.
Evaluating the reliability of accelerated life tests usually produced little data and has been time-consuming and
costly. This is critical especially in the case of very high reliability products such as medical devices, automotive, aerospace,
etc. The analysis of degradation data is an important approach because it considers the above problems and also incorporates
previous experience in generating sample data.
There are technical documents describing Bayesian methods in reliability. The book Statistical Methods for
Reliability Data of Meeker & Escobar (1998) was a pioneer in this field. Chapter 14 illustrates some applications of Bayesian
analysis of reliability. In other studies, Olwell & Sorell (2001) supplemented the limited failure data with prior information to
estimate a Weibull life distribution. Hamada (2005) described a Bayesian analysis of data degradation proof of life of a laser
diode with variable slopes of the degradation pathways. Leon et al. (2007) conducted a Bayesian analysis of accelerated life
data which included the effects of random batches. Azarkhail & Modarres (2007) also used Bayesian methods in the analysis
of data from accelerated tests. Hamada et al. (2008) described Bayesian methods for accelerated testing and estimating the
reliability of systems. Dezfuli et al. (2009) described modern Bayesian methods for various problems of reliability and
probabilistic risk.

1.2 LED Technology
The light-emitting diode (LED) was developed in 1927 by Oleg V. Losev, but it was 1962 when Nick Holonyak of
General Electric invented the first practical light-emitting diode combining gallium, arsenic and phosphorus (GaAsP),
operating in the red portion of the visible spectrum. During the 1970s, additional colors were produced for conversion into
marketable products. At present, LED technology is heavily used in lighting systems.
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