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Consider a sequence of items produced on a high-speed mass production line which is subject to a random failure. When an item in
the sequence is inspected it is possible to obtain directional information about the exact timing of a process failure—before or after
producing the inspected item. Using this directional information this paper proposes Bayesian inspection procedures that deal with
three related problems: (i) how often to inspect items on the production line; (ii) how to conduct the search for more defective items;
and (iii) when to stop the search process and salvage the remaining items. Based on various cost factors, the problem of optimal
inspection interval, optimal search process and an optimal stopping rule is formulated as a profit-maximization model via a dynamic
programming approach. For the production process with an unknown failure rate, Bayesian methods of estimating the process failure
rate are proposed. The proposed Bayesian inspection procedures can be applied to a wide variety of high-speed mass production
processes such as printing labels, filling containers or mixing ingredients.
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1. Introduction

Consider a mass production facility for printing labels, fill-
ing containers, or mixing ingredients. At the beginning of
a production run, the facility starts “in control” after ini-
tial setups and only conforming items are produced. The
production process is subject to a random failure and, once
the process goes “out of control,” it starts to produce non-
conforming items. During the production process, we in-
spect every nth produced item. We call this a “regular”
inspection. Once we find a non-conforming item, we stop
the production process and start “special” inspections to
detect more non-conforming items in the last sequence of
n items.

In such a situation, the first problem of interest is how
often to conduct a regular inspection. The inspection inter-
val is usually determined by: (i) the inspection cost which
is usually known; and (ii) the process failure rate which can
be estimated from past failure data. The second problem of
interest is how to conduct the special inspections. The last
sequence of n items is composed of non-defective items,
followed by defective items. We need to derive the optimal
search procedure that economically identifies more non-
defective items and detect more defective items from the
sequence. If the cost of inspection is relatively high, we may
stop the search process early and salvage all the remaining

items in the sequence with no further inspections. Thus,
the third problem of interest is when to stop the special
inspection process.

In this paper, we propose an inspection procedure that
simultaneously determines “how often to inspect” items
on the production line, “how to search” for more de-
fective items and “when to stop” the search process
and salvage the remaining items. The optimal inspec-
tion procedure is derived based on several cost factors
such as the market value of a non-defective item, sal-
vage value of a discarded item and inspection cost of an
item.

Because we inspect every nth item and stop the pro-
duction process as soon as we find a defective item, the
production process can be described as a renewal-reward
process (Ross, 1983). In this article, we formulate the
renewal-reward process as a profit-maximization model via
a stochastic dynamic programming approach. As in Has-
sin’s classic paper (Hassin, 1984), we confine our attention
to a special case in which the production process is subject
to a random shock and the process failure rate is constant.
We also propose several statistical methods to estimate the
process failure rate and compare their performances in nu-
merical analysies. As expected, the empirical Bayes estimate
with a beta prior performs very well when historical data is
available.
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