ON THE PROBLEM OF SCREENING DEFECTIVE ARTICLES
DURING PRODUCTION

By MOTOSABURO MASUYAMA

Meteorological Research Institute, Tokyo
and
Indian Statistical Institute, Calcutla

1. INTRODUCTION

The subject of this noto is the problem of screening defective articles by a des-
tructive test during production. As far as [ am aware, this problem has not been
considered beforo and my aim in this note is to give some preliminary consideration
to the problem and draw attention to certain possiblo approaches.

When I discussed with Mr, T. Okutu, quality control enginecr of the Research
Instituto, Fuji DPhotofilm Co., abont my iden of applying integral geometry to
estimate the total area of defects on a sheet of film base, Okutu asked me how to
screen thoso defective portions during production.

The problem raised by Okutu is neither the problem of estimation nor the
problem of testing hypotheses. Our main concern is to remove and reject tho defec-
tive portions as much as possible during production.

For the sake of simplicity, let us a 1 discreto case,

for example, a series of roll or cut films during production.

Now according to tho usual method of sampling purely at random we can
pick out the defectivo articles, (i.e. the defective rolls in our case) in proportion to
the fraction of defective articles in the population times the sample sizo, on an
average. This method, however, is not likely to bo vory useful for “screening”
the defective units, 80 that wo must use some binsed method of sampling, 80 as to
“‘condenso” the defective articles in tho popnlation when we hit an eflective articlo
and “diluto” the defective articles otherwiso.

Wo nssumo that the total length 7 of the serics of products is sufficiently large
to enable us to neglect tho anomalics which may ariso at both ends of this scries,

Wo shall considor two different methods of condensation viz, the centred
method and the bordered method, and onoe mothod of dilution,
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2, THE CENTRED METIIOD

Tho centred method of condensation consists of tho following scquential
procedure,

Samplo at random ono articlo during production and test it.  If it is effective,
removeo 2n neighbouring articles from tho scries of products, thoe finst one being the
centro.

We assume that tho distance between two consccutive runs of the defective
articles is greater than n.  This assumption is approximately matisfied in most practi-
cal cascs.

----- e 0o doe o d d o 600 -:--.

Let D, k and r bo tho total number of the defective articlea, the number of
defective articles which are contained in the removed articles of length 2r, and the total
number of the runs of defective articles respectively. Thus k is o random variable
and is identically equal to zero when n = 0. \We put Djr = m,.

The oxpectation of % is given by
&(}) = ra(n+ AT —D). e

The proportion of defeetive articles in the rest of the scries or tho probability
of the second random sample being o defectivo article will be

pla) = (D—K){(T—2n—1). e (@
We want to maximize the expectation of the difference
J(n) = p(n)—p(0), . (3
which is eqlivalent to maximizing
gi{n) = {2an—rbn(n4-1)}/(b—2n), e (4)
where we put DT—D)=DE =a, T—~1=6b. . (5)

The required solution is given by
n = {b— VI =22a—rb)r}/2
= {T—1—VTI(T+dmyE))/2, e (68)

whero E ia tho total number of the eflfective articles in 7T

In most casca which wo might come across in o factory £ 3 D and T % 1, 30
that wo may uso an approximation

n=mp, e (D
whero my cannot bo smaller than 1 by definition.
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Woe shall give an illustration, whero 7" = 1,000 and r = 5.

D mp n [n)or[r]4+1  &{f(m)}/p{0)

10 2 1.48 1 0.1%

50 10 9.09 0 0.9%,
100 20 17.84 18 1.8%

3. THE BORDERED METHOD

Next we consider tho bordered method. Tho main chango lies in tho method
of removing certain consecutive articles from tho original series of products,

Sample at random two articles simultancously. The n articles between them
are removed from T. Test the first two articles. If both of them aro effective,
samplo two articles at random from the rest of the serics of tho products. If at least
ono of the two articles tested is defective, apply the method of dilution.

We assume hero that i) the total number T of arlicles is sufficiently large
and ii) the length of tho i-th run of defective articles, say d,, is less than or equal to n
and at most one run of defective articles is contained in tho removed articles. This
last assumption may oversimplify the actual problem, but this model gives us the upper
bound of the effectiveness of our method.

Let tho total number of the runs of defective articles be r, Then the expee-
tation of tho nuraber of defective articles which aro contained between two articles
tested will be

&{}) = rln—mp+1(E+r2—mp)—n+1), o 8

where E and myaro the total number of the effective articles in the original series of
length T and the mean of d; respectively.

Thus the proportion of the defective articles in the rest is on the averngo

2(n) = {D—BUN(T—n—2), n>d,. . (9)
Putting A = mp(E+2r—D+2),
B =14mp, e (10)

C = E42r—D+T-2,
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and G = (E4+2r—D}T-2),
wo have tho solution n = {A=VA=BACT=R)B, . (1)
which maximizes p(n).
In the case where 7 » D and T > 1, we have
2T = (mp—1)(mp+1), e (12)
as an approximation.

e shall show how effectivo our mothol is.  Wo put

f(n) = p(n)—D](T-2), e (13)
and T == 1,000 and r = 5.
D mp n []or [x)+1  f(n)/p(0)
[ 1.2 09.4 99 1.3%
10 2.0 328.2 328 12.0%

In tho last casc where 1) = 10 our assumptions do not hold and the efliciency is
over-cstimated.

4. THE METIIOD OF DILUTION

Our method of dilution is as follows: Wo sample at random one (in the casoof
tho centred method) or two (in the case of thebordered method). If wo hit defective
articlo or articles, we screen tho defective articles on both sides of the sampled article
or articles until tho effective articla appears, In the cnse ofsecond or further sampling,
if a defective article appears in the pesition next to the remosed one, wo test the
removed articles until tho cffectivo articlo appears,

Let tho length of the s-th run of defective articles bo d; and its standard devia-
tion bo o,; then the expectation of the number of defective articles which are destroyed
in this stage ia

v = 'éld"/D = (ot mpt)my > mp > 1. )

Thero conld be more efficient methods of acrecning, if some apecial information
about tho scrice of articles woro availablo beforchand.

The samplo size will be fixed by tho cost of performing the destructive test.
Sometimes the total number of effcctivo articles destroyed may bo fixed by the cost
consideration.
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