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Abstract

Perhaps one of the most versatile approaches Lo learning in practical domains lies in
case based reasening To date, however, most case based reasoning systems have tended 1o
focus on relatively simple domains The current study mvolves the developmenl of a
decision support system for a complex production process with a limited database

This paper presenls a set of crifical issues underlying CBR, then explores thewr

consequences for a complex domain.

Finally, the performance of the system 15 examined

fer resolving various types of quality control problems
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INTRODUCTION

The increasing pace of busmess activity and ihe
complexity of manulacluring processes lighlights the
need to deploy learning syslems to support decision
making Perhaps one of the most versatile approaches to
learning in practical domams lies in case based reasoning

To date, however. mosl case based reasaning systems
have tended 1o focus on relatively simple domains, The
currenl study involves a project o develop a decision
support system for a complex production process The
case based reasonmg module plays a central role m a
multitaceted sysiem which includes production rules and
stalisiical techniques. The software tool 15 designed 1o
reduce the learning curve requured by human engineers lo
attain proficiency i supervising the production of a
computer display device

BACKGROUND

Casc-based reasoning (CBR) occurs m all arcas of
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human behavieur; engineering. medicine, science law,
and politics, to name a few. [n any field, practitioners rely
on precedents to guide thew decisions, whether the
problemy at hand is mundane or one thal calls for
mnovaten {Kim and Novick. 1993) Case retrieval and
adaptation are essential functions in case-based reasoning
systems (Kolodner, 1985)

At first glance, a straightforward approach 1o the
application domam would seem 1o lie in the use of neural
nets. However, the large number of mputs render the
application domain unsuntable for neural netwoks The
profusion of degrees of freedom (1.e. weights) in 2 nemal
network would lead to overlilling in conjunction with the
small case base of 99 records. For this reason a CBR
methedelogy appearcd to be most pertingnt approach.

A learning systom should make increasmgly useful
decisions as it accumulales experience This is the express
goal of the work n case-based reasoning (CBR) As with
any approach, CBR has 1ts advantages and limitations
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CASE STUDY

The case study mvolves the manufacture and assembly
of components relating to the color display tube (CDT) of
a computer monitor. Que of the key components in a CDT
is the deflection yoke (DY), The DY has horizontal and
vertical coils which generate a magnetic field to deflect
electron beams honzontally and vertically. The deflected
electron beams are dirccted onto the CDT screen. The
convergence pattern is key to the quality of a CDT. The
cail in the DY requires precise positioning for the proper
operation of the CDT

Due to variations in the composition of the copper coil
as well as the manufaciuring process, it is a challenging
task to produce a high quality tube. The standard
procedure for manufaciuring a DY involves coil winding,
assembly, and convergence check, A good convergence
pattern 1s the criterion for evaluatimg the quality of a DY,
The guality depends primarily on the coil winding process,
a pracedure which requires years of experience

The troubleshooters rely on a process of trial and error
to expand their knowledge and perfect their skills. During
the apprenticeship, novice operators have to spend a lot of
time to observe experts and accumulate an approptiate
knowledge base.

At present, plans to expand manufacturing capacity at
the company are constrained by the availability of such
human expertise Moreover, these experts will be retiring
n the years ahead, lcaving a shortage of skills due to the
lack of young engineers interested in this field

For these reasons, the goal of the adaptive system is to
support process conirpl by retrieving  appropriate
exemplars from the case base The CBR software is part
of a larger hybrid system which procures precedent cases
including the heuristic stralegies of experts as well as
statistical techniques for mocess design. While many
routine tasks are automated on the factory floar, a number
of complex activities such as process supervision are
effected manually. Due to heavy demands on their
schedule. the himan tioubleshooters could spare encugh
tune to manually censtruct only a small database of 99
records for developing the adaptive system

While many routine tasks are automated on the laclory
floor. a number ol complex activities such as process
supervision are effected manually Due to heavy demands
on therr schedule, the human troubleshcolers could spare
enough time to manvally conslruct only a small database
of 99 records for developing the adaptive system.

Duting the problem  solving  process,
recognition stage invelves the identification of exceptions
from the raw daia corresponding 10 each assembled umt.
Any deviations beyond the design threshold is flagged by
automated equipment

The diagnosis stage involves a mapping of the
tolerance exceptions ito an identifiable symptom. For
instance, excess deviations at a particular set of points
might be judged as an “AmPhfied Horizontal” (APH)
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symptoimn

Unfortunately, multiple symptoms often occcur
simultaneously In that situation, the nonlinearities and
interdependencies among variables make it difficuli 1o
identify the correct sel of symptoms within the large
space of combinatiens of basic symptoms. For (his reasan,
a novice engineer requires about 4 months to become an
expert in the diagnosis slage.

Finally, the prescription stage mvolves the
specification of a soluhon based on the diagnosis For
instance. the solulion fo an APH symptom might be to
“Increase the depth of traversal on the coil plunger by |
mm”. In the case of multiple symptams occurring
cancurrently in a single defective unit, a straightforward
effort to remedy one problem may exacerbate Lhe other
problems. Due 1o the complexity of the problem domain,
3 years of experience are required to attain a moderate
level of proficiency and 5 vears to become an experl
troubleshaater in the prescription stage

In this praject, each case consisted of 2 problem paltern
specified in a tabular format This problem tahie is
gencrated during the convergence check process. Every
case consisls of the observations from over a dozen check
points At each check point, the divergence of every pair
of colars along Lhe x or y axis is specified.

Another table of data relates to the process parameters
which are adjusted by a process conttel expert, The
adjustment of process paramelers in response o a
problem pattern leads to a resulf paticrn

Far each attribwte of a particular case. the divergence 15
the deviation of that atiribute from the nominal vaive 1
the divergence is small, no problem exists. On the oiher
hand, a large value of divergence beyond a threshold
indicates a problem

The severily of the problem is called the erincality 1T
the divergence 15 less than the threshold for that attribute,
the criticality 1s zero; otherwise he latter s positive An
attribute with a positive value of critieality 1s indicative of
a problem The problem is known as a cruical symptom,
or simply symprom when no conlusion arises

The pioblem Dbase contains the rccords of 99
problemanc pattems along wilh their sclutions. Ancther
allribute of each problem pattern is its levsl of severity,
which is also siored with each record (Patk et al 1997,
1998) The result 1able includes the cvaluation valuc for
the pattern.

RESULTS

The CBR system identifies a set of symploms based on
the raw data, then suggests & remedy based on precedent
cases In this way, a relative novice can casily wfer an
apprapriate solulion to each problem as it arises.

The potential bencfits of the system are even mole
significant in light of the mcieasing mobility of
employees. In this volatiic environment, an cnginecr may
well leave [he company without ever attaming an expert
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level of competence. A peool of semi-qualified engineers
is of lhmited help in running an existing factory or
establishing & new one With the software at hand,
however 1t becomes feasible 10 staff a new factory with
troubleshooters having Jess experience

The performance of the CBR program was evaluated
by using the first 70 records of the database as the training
set and the remaining 29 records as the test set The
results are presented in Table 1. Far instance, the last
column indicates that there were 9 records exhibiting
multiple symploms In testing the program, 1 case yielded
the identical solution for bath the target and precedent
cases. In addinon, 5 cases produced different but
workable solutions which represent alternate ways to
rectify the problems. Moreover, 3 failures resulted from
the lack of a match (i.e. no precedent with the same
symploms) mn Lhe casebase.

The first column m Table 1 pertains to a moedified
program [or resolving only the most crteal problem.
Since the standard system was designed lo handle
multiple symploms, it was modified lor the test agamst
the mosi critical symptom. The CBR pragram produced a
match and retrieved a solution m 75 % of the test cases
which involved a single symptom. In addition, a slightly
different bul still acceptable solution was produced for
one particular test case. The remaining 4 cases vielded
improper matches. Although the system is still under
development, its performance is adequate to be of help in
guding novice engwesss on the factory floor.

CONCLUSION

The systemr addresses three benefits. First. the
efficiency of thc control process is improved by
autematcally retrieving relevant precedents, Second, the
system identifies effective conlrol strategies used by
multiple proccss experts and thereby hclps to enhance
manufacturing performance. Third, the prescriptive
procedure produced by the system i1s designed to reduce

the learning curve for a novice engineer

The goal for the future is to produce a fully automated
system for production supervision. [n  addrion,
approaches such as neural netwerks or multistategy
learning may be compared with the current CBR approach
in terms of accuracy, efficiency, and robusiness.
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Table 1. Analysis of resulis for CBR system agamnst the test set of 29 records An identical solution 15 one where the
retrieved solution contained the same prescriptive procedure as empleyed n the test case. An affernare solufien 1s ane
which is dissimilar to that in the test case but still rectifies the problem (note that a problem admits multiple types of
solutions) Tor multiple symptoms, the 3 icorrect results wete due to the paucity of the knowledge base (i.e. no record

 the learning set had the same pattern of symptoms).

| symptem = 2 Symproms
Total # records 20 9
Acceptable results, of which : 16 9
* Match 15 |
* Alternatc 1 5
Incorrect resulis 4 3
Hit rate R0 % = 16/20 67 % = 6/9
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