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a, 6.6128 0.1128 1.2724 x 107° 0.0174
B 5.1204 0.1204 1.4496 x 1076 0.0241
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240 a, 3.1891 0.1891 3.5759 x 107 0.0630
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200 a, 4.1425 0.1425 2.0296 x 107 0.0356
a, 4.6593 0.1593 2.5365 x 107 0.0354
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a, 4.6209 0.1209 1.4617 x 107 0.0269
B 5.1491 0.1491 2.2231 x 107 0.0298
B, 6.1126 0.1126 1.2679 x 107 0.0188
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60 a, 2.3271 0.3271 1.0699 x 1075 0.1635
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B, 7.2031 0.7031 4.9435 x 1075 0.1082
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120 a, 3.2872 0.2872 8.2484 x 107 0.0957
a, 6.7391 0.2391 5.7169 x 107 0.0368
B 5.1961 0.1961 3.8544 x 107 0.0392
B, 7.6825 0.1825 3.3306 x 107 0.0243
180 a, 3.2356 0.2356 5.5507 x 107 0.0785
a, 6.6841 0.1841 3.3893 x 107 0.0283
B 5.1628 0.1628 2.6504 x 107 0.0326
B, 7.6585 0.1585 2.5122 x 107 0.0211
240 a, 3.2033 0.2033 41331 x 107° 0.0678
a, 6.6291 0.1291 1.6667 x 107 0.0199
B 5.1358 0.1358 1.8442 x 107 0.0272
B, 7.6265 0.1265 1.6002 x 107 0.0169
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200 & 43144 03144 9.8847 x 107° 0.0786
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2, 6.2365 0.2365 5.6406 X 107° 0.0396
300 & 4.2813 0.2813 7.91305 x 107° 0.0703
&, 4.7023 0.2023 4.0925 x 107° 0.0450
b 5.1892 0.1892 3.5759 x 107° 0.0378
B, 6.2033 0.2033 41331 x 107° 0.0339
400 & 4.1931 0.1931 3.7288 x 107° 0.0483
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Bootstrap Asymptotic
N Confidence Width Confidence interval Width
interval

60 ay (1.4252,2.8513) 1.4261 (0.3745,4.1065) 3.7320
a, (2.6018,4.3125) 1.7107 (1.7803,5.6479) 3.8676

By (3.8125,5.2173) 1.4048 (3.0527,6.2349) 3.1822

B, (6.1011,7.2512) 1.1501 (5.4264,8.3882) 2.9618

90 a, (1.6113,2.4812) 0.8699 (0.5758,3.6106) 3.0348
a, (2.9157,4.0510) 0.9353 (2.5996,5.4004) 2.8008

B (4.1125,4.9512) 0.8387 (3.5700,5.5870) 2.0170

B, (6.1215,6.8517) 0.7302 (5.7345,7.9135) 2.1790

120 a, (1.7910,2.3156) 0.5246 (0.9512,3.3130) 2.3618
a, (3.2150,3.8513) 0.6363 (2,6434,4.5438) 1.9004

By (4.2513,4.8392) 0.5879 (3.3581,5.6881) 2.3300

B, (6.2802,6.7311) 0.4509 (5.5548,7.4542) 1.8994
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N Confidence Width Confidence interval Width
interval

120 a, (2.7136,3.6251) 0.9115 (1.6718,4.7500) 3.0782
a, (6.1152,6.8691) 0.7539 (5.0422,8.3480) 3.3058

B (4.5212,5.4821) 0.9609 (3.6809,6.6339) 2.9530

Ba (7.0125,7.8513) 0.8388 (6.3119,8.9583) 2.6464

180 a, (2.8531,3.4639) 06108 (2.0516,4.3588) 2.3072
a, (6.2422,6.8035) 0.5613 (5.2699,7.7557) 2.4858

B (4.8125,5.3518) 0.5393 (3.8956,6.3452) 2.4496

Ba (7.1451,7.7625) 0.6174 (6.6184,8.6024) 1.9840

240 a, (2.8917,3.3512) 0.4595 (2.2130,4.1652) 1.9522
a, (6.3721,6.7512) 0.3791 (5.8496,7.3650) 1.5154

B (4.8713,5.2872) 0.4159 (4.1326,6.0816) 1.9490

B (7.2514,7.7133) 0.4619 (6.7935,8.4131) 1.6196

WWW.pgprec.ir CrdenS S 0 g (oided &gyl



Yoy @G)M)hw)b&o&»aélﬁa%u&ﬁsdyﬂ%yﬁs)uJoL,:.';.ul

¥ e slaosls (sl byl Jobo ol yan 4 bl b 720 o labs] alols -4 Jga

Bootstrap Asymptotic
N Confidence Width Confidence interval Width
interval
200 ay (3.5104,4.3322) 0.8182 (2.6763,5.6087) 2.9324
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B, (5.8309,6.4511) 0.6202 (5.7109,6.5143) 0.8034
400 a; (3.8246,4.2053) 0.3807 (3.0638,5.1230) 2.0592
a; (4.3512,4.7023) 0.3511 (3.5959,5.5705) 1.9746
By (4.9132,5.3115) 0.3983 (4.3360,5.8682) 1.5322
B, (5.8725,6.3152) 0.4427 (5.7620,6.4394) 0.6774
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Abstract: This article deals with modelling and analysis of the competing risks for a one-shot device
under a constant stress accelerated life test. In a reliability analysis of a device, it is important to be
able to identify the main causes of failure. Therefore, a competing risk model is generally used. We

consider this model in two modes: observed and masked causes of failure. The data obtained from
one-shot device testing are missing in fact. For this reason, the EM algorithm along with the Fisher
scoring method are used to estimate the model parameters. An accelerated life test is also used to
shorten the time and cost. In addition, in order to accurately estimate the product reliability, the test
design is finally optimized. Based on the simulated study, it is concluded that the EM algorithm and
the bootstrap confidence interval are more accurate than the other methods. Also,
shortening the test length leads to achieve an optimal test design.

Keywords: Competing risks, EM algorithm, Fisher scoring estimation, one-shot device, masked
causes of failure.

Introduction

Due to the nature of one-shot devices, they get destroyed immediately after their use and their actual
lifetimes are therefore never observed. Examples of one-shot devices can be found in many places,
such as space shuttles, missiles, airbags of automobiles, magnetorheological fluids, etc. Due to its
destructive feature, one-shot device testing data are fully censored and the actual lifetimes of the
devices cannot be observed. For each device, only the condition at an inspection time can be observed
in the test. In life tests for one-shot devices, a successful test indicates that the lifetime of the device is
after the inspection time and leads to right-censoring, while a failed test indicates that the lifetime of
the device is before the inspection time and leads to left-censoring. Binary data are collected and the
exact failure time cannot be obtained from the test. As a result, the lifetime of the device is either
right-censored or left-censored. Electro-explosive devices, that are detonated by inducing a current to
excite inner powder, is an example of a one-shot device [1]. Those devices cannot be used any further
after detonation, regardless of whether the detonation is successful or not. It poses a challenge to
manufacturers and researchers to accurately estimate the reliability of one-shot devices based on
limited lifetime data.

One-shot devices often have multiple components that can cause failure. For example, a fire
extinguisher contains a cylinder, a valve and chemicals inside; an automobile air bag contains a crash
sensor, an inflator and an air bag; and for any packed food (which is also a kind of one-shot device),
there are different causes for food expiry such as the growth of microorganism in the package, the
moisture level and the food deterioration due to oxidation. A failure of any of the components will
result in the failure of the product. For those failed units, we will normally check for the cause
responsible for the failure. Thus, the information collected from a life-test on one-shot devices in this
case will include the status of the unit at inspection time as well as cause of failure in case the unit has
failed.
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In survival analysis and reliability experiments, the event of interest often occurs as a result of several
factors. Neglecting those factors or reducing them to one factor may lead to wrong decisions and
unacceptable results. Analyzing the data taking into account all the factors leading to the event of
interest is called in the literature competing risks problem. For example, in a group of patients with
breast cancer, there are causes other than breast cancer that are the cause of death in some patients [2].
In this work, we describe the one-shot device testing model with competing risks. We assume that the
lifetime distribution is Rayleigh. We consider the competing risk model in two modes: observed and
masked causes of failure in the data. For convenience, we confine our attention to the case of two
competing risks corresponding to the failure of each device. The extension to the case of multiple
competing risks can be done in a natural way.

The Rayleigh distribution has many real-life applications in testing lifetime of an object whose
lifetime depends upon its age. The Rayleigh distribution is often used in different fields of physics to
model processes such as wave heights, sound and light radiation, radio signals and wind power,
ultrasound image modeling, etc. It is also used to model lifetime in hours of tubes, resistors, networks,
crystals, knobs, transformers, relays and capacitors in aircraft radar sets. The Rayleigh distribution is
used to study the wind speeds over a year at wind turbine sites and the daily average wind speed. On
the contrary, this distribution has got valuable attention in the field of reliability theory and survival
analysis, probability theory and operations research. Thus, to model the age dependent lifetimes of
devices/equipments, the Rayleigh distribution may be a suitable candidate distribution.

The one-shot device testing considered in this work will be conducted in an accelerated life-test
(ALT) setting since often we are interested in the reliability assessment of highly reliable products. If
the products are tested under normal conditions, the lifetimes of product will be very large resulting in
a long testing time. ALT will shorten the lifetime of products by increasing the stress levels, and we
can use several stress factors such as temperature and humidity for this purpose. After estimating the
parameters under high stress conditions, we can extrapolate the life characteristics such as mean
lifetime and failure rates from high stress conditions to normal operating conditions.

The stress loading in ALT is applied in various ways. Constant stress accelerated life testing is a case
of ALT. Constant stress ALT is a kind of testing where products are tested under some constant high
stress levels to obtain early failures of the products. In such tests, the test is terminated when the
failure times of all the products under study are obtained or the test is finished by some preplanned
mechanism. [3] In this paper, the Constant stress ALT under the competing risk model is studied.

Material and methods

This article deals with modelling and analysis of the competing risks for a one-shot device under a
constant stress accelerated life test. In a reliability analysis of a device, it is important to be able to
identify the main causes of failure. Therefore, a competing risk model is generally used. But, in this
case estimating the model parameters is a difficult problem.

For estimating the parameters of one-shot devices with competing risk under Rayleigh distribution, an
EM algorithm is developed in this paper. EM algorithm is a powerful technique for obtaining the
maximum likelihood estimates in the presence of missing data. The data obtained from one-shot
device testing are both left- and right-censored, and so the whole data are missing in fact. For this
reason, the EM algorithm becomes natural for handling the estimation problem in this case. It enables
an efficient determination of the maximum likelihood estimates along with an estimate for the amount
of information lost due to censoring [4]. Considerable amount of work has been done on the
estimation of model parameters by using EM algorithm.

Besides EM algorithm, the Fisher scoring method is also used. Fisher scoring is a method to
maximize the likelihood function directly by Newton-Raphson algorithm. To compare the
performance of the Fisher scoring method with the EM algorithm, we simulate three different data
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sets. We use both methods to estimate the parameters and the EM algorithm is compared with the
Fisher scoring method.

The EM algorithm is sensitive to the initial estimates. If the initial estimates are far from the true
parameters, the algorithm may not converge. In this paper, determination of the initial values is
discussed.

Different interval estimation methods for the model parameters are described in this paper. Bootstrap
confidence interval and asymptotic confidence interval are calculated.

In addition, in order to accurately estimate the product reliability, the optimal test design is defined to
minimize the asymptotic variance of the reliability estimate under normal operating conditions.

Results and discussion

This paper presents the advantages of the EM algorithm and Bootstrap confidence interval to estimate
the parameter of the Rayleigh distribution in the presence of competing risks model, for one-shot
devices. Also, the modification of the EM algorithm for handling data with masked causes of failure
is then discussed.

Conclusion

For evaluating the performance of estimators, a simulation study is conducted. Based on the Bias and
Mean Squared Error (MSE), it is concluded that the EM algorithm is good and it's more accurate than
the Fisher scoring method. In both of the methods, bias and MSE of the estimators are seen to
decrease as the sample size increases.

In addition, the bootstrap confidence interval is better than the asymptotic confidence interval. The
bootstrap confidence interval, work well for all the cases, even for small sample sizes. The average
widths of the Bootstrap confidence intervals are smaller than the average widths of the asymptotic
confidence intervals.

Also, based on the simulated study, shortening the test length leads to achieve an optimal test design
and more accurate estimate of reliability.
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