Journal of the KSQC 19904 11Y BESHEESEE A18Y Hi%
Vol. 18, No.2, Nov. 1990

The Allocation of Inspection Efforts Using
a Knowledge Based System

Kyong-sik Kang*
Christodoulos Stylianides**
Seung-houn La***

ABSTRACT

The location of inspection stations is a significant component of production systems, In this
paper, a prototype expert system is designed for deciding the optimal location of inspection
stations, The production system is defined as a single channel of n serial operation stations,
The potential inspection station can be located after any of the operation stations, Non-
conforming units are generated from a compound binomial distribution with known parameters
at any given operation station,

Traditionally Dynamic programming, Zero-one integer programming, or Non-linear program-
ming techniques are used to solve this problem, However a problem with these techniques is
that the computation time becomes prohibitively large when f be number of potential inspection
stations are fifteen or more, An expert system has the potential to solve this problem using a
rule-based system to determine the near optimal location of inspection stations,

This prototype expert system is divided into a static database, a dynamic database and a
knowledge base, Based on defined production systems, the sophisticated rules are generated by
the simulator asa part of the knowledge base A generate-and-test inference mechanism is utilized
to search the solution space by applying appropriate symbolic and quantitative rules based on
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input data, The goal of the system is to determine the location of inspection stations whiiz
minimizing total cost,

Introduction

One of the most significant economic factors in a quality assurance program is the optimal
location of inspection stations, The simplest approach is to inspect 100% all final product, but
this is very costly, The high cost is due to the expense of inspecting every unit produced and
from removing non-conforming units at the final stage of production, If non-conforming units
can be found through inspection at earlier stages of production, unnecessary processing costs
can be reduced, Therefore, it is desirable to determine the location of inspection stations which
minimized total cost,

Several models for the optimal location of quality inspection stations have been developed for
serial production systems, Lindsay and Bishop (1964) developed two models | model 1 mini-
mizes total inspection and scrap costs subject to an Average Outgoing Quality Level (AOQL}
and model 2 minimizes these cost but also includes a penalty cost for remaining product after
the end of processing, Both models assume the fraction defective leaving an operation station
is constant, all rejected items are scrapped, inspection errors do not exist, and 1009 inspection
of production run rather than sampling the multistage process at some constant rate, They used
Dynamic programming and concluded that the extreme point (0% or 100% inspection) is optimal
if the constraint on the final product quality level is inactive,

In 1967 Pruzan and Jackson developed two models, First, the number of non-conforming units
are discarded at each inspection station and thus is not available to the latter stations in the
system, The actual number of units entering each operation station is not known but the
location of the last inspection station is known, The second model assumes that both incoming
units and the location of the last inspection station are known, They consider a fixed inspection
cost for each inspection station in the system and a variable inspection cost for each unit
inspected. The cost of improper processing and acceptance of undetected non-conforming units
are added, An adoptive model is developed in which the optimal policy at a location depends on
the previous inspection history,

Brown developed a madel in order to determine the number of units to be inspected at each
inspection station while minimizing the expected sum of squared deviations from a Bernoulli
parameter, The parameter was estimated from actual values subject to a constraint on the totai
number of units inspected in the serial system, The system consisted of a single inspection
station following each operation station, In 1969 White assumed that rejected units are repaired
immediately and return to production flow and that non-repairable rejected units are scrapped
with a possible salvage value, The fraction of non-conforming units are assumed to follow &
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Bernoulli process with known parameters,

Garey (1972) developed a model that decided the optimal test point for the sequential
manufacturing process, Using dynamic programming, he derived an algorithm which utilizes the
test and operation costs, along with the operation failure probability, to determine a set of
testing points which will result in the minimum expected manufacturing cost, In this model,
final inspection was not applied, since it was only increasing the total expected cost.

In 1984 a number of heuristic decision rules were proposed to aid in the location of quality
inspection stations within a production line, Peters and williams investigated the relatioaship
between various cost and process characteristics and designated operative conditions.

Yum and McDowell in 1981 investigated the optimal allocation of inspection effort in non-
serial production system, through the use of dynamic programming technique, In 1947 they
extended their work to serial production systems adding rework, replacement, repair, and
scrapping to the model and formulating the problem as a zero-one mixed integer program,

Definition of Problem Domain

The first step for developing the expert system is to define the problem domain, In this study,
the problem domain is to decide the proper location of inspection stations using 5 serial
operation stations and 5 potential inspection stations after each of the five operation stations,

Prototype Model Formulation

The production system is defined as a single stage of 5 sequential operation stations [Figure
1]. The potential inspection station could be established after any of the operation stations,
Incoming material is assumed to enter the first operation station of the production line at the
rate of 100 units per unit time, As the units move through the manufacturing operation stations
they may incur defects, The fraction of non-conforming units within the unit time P; generated

Customer

e: Operation station

Inspection station

Figure |.
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at j* operation station is viewed as an independent compound binomial process with known
parameters, There are no non-conforming units in the incoming system, so inspection does not
need to be performed on the incoming unit,

BIG; represents the number of conforming units coming from the j activity at inspection
station j, given that the unit was last inspected at station i, The variable inspection cost per
unit (V1) is the variable cost per unit inspected at inspection station j given that the unit was
last inspected at inspection station i where i=1,2,3,4,5 and j=i+1 i<j, The variable cost of
inspection will depend on the type of non-conforming and expected number of non-conforming
units, In other words, the inspection cost depends upon the location of inspection given the last
inspection station,

IC())=FI(;)+B(;)* VI(;)
Where B (;) =BIG,;+ BIB;,
Cost of Repair
Rejected units can be divided into repairable and non-repairable units, The repairable units
will be repaired and returned immediately to the production flow, The non-repairable units will
be scrapped. The repairing cost will occur only when the inspection takes place at any inspec-
tion station,
RC(;;))=Cr;i» {(BIG;*a;)+ (BIB;* (1—8;)) } # RP;/R;
Were Cr(;) is the cost of repairing a unit,

Cost of scrapping :

The fraction of rejected units which are non-repairable will be scrapped at the inspection
station where inspection occurs,

SC (55) = Sc (i;) * {(BIG; * a;) + (BIB; % (1—8,)) } *# S,/ R;

Where Sc(i;) is the cost of scrapping a unit found to be non-repairable at station j given that
the unit was last inspected at station i,

Unnecessary processing cost :

UP (;5) = (AIB; % Mc(;)) + p (BIBy % Mcx+1)
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Where Mc(;) is the cost of processing at the j* operation station,
External failure cost :

This is the cost when non-conforming units reach the customer, If the final products are
inspected, external failure cost per unit will be AIB,* C, where C, is the cost that a non-
conforming unit incurs to leave the system, If not inspected, external failure cost per unit will
be represented by BIB,* C;,

Knowledge Acquistion

Hayes-Roth explained the four ways of knowledge acquisition as follows; 1, Interview with
human, 2, An intelligent program. 3. An induction program, 4, Text understand progran,

In most cases interviewing a human expert is used to get knowledge about the problem
domain, in this case, the text understand program, In order to accomplish the complex
quantitative analysis and interaction of factors in the operation and inspection procedure, a high
level of knowledge of the system’s dynamic behavior is required, Because of this reason
simulation techniques is used,

Input data Matrix and Output

As shown in Figure 3, a formatted set of cost matrix has been represented into a system.

The user only needs to input meaningful data and user specified constraints about the system,
The cost matrix is user friendly ; first, it is easy to input data, second it is easy to correct the
input data if the user puts in the wrong data, and finally, it is easy to see the data set the user
has input, The output is very simple to read and it is very easy to match to the input data,

Conclusion

A rule-based expert system for deciding the proper location of inspection stations in a
production system is developed in this study. The conclusions are :

1. Some of the decision rules are heavily dependent on the input data, Therefore the rules are
sensitive to input data,

2. It takes a lot of time generating the rules,

3. Since the expert system is only a prototype, its knowledge base is not complete and needs
to be updated,

4, The optimal location of inspection stations is not always, guarantied but at least car. be
expected to be near optimum,
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