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Designing of Repetitive Group Sampling Plan
under the Inverse Gaussian Distribution
G. Kannan, S. Balamurali

Abstract: This study investigates the attributes repetitive group
sampling plans based on a truncated life test under the inverse
Gaussian distribution with known shape parameter. The sample
size and two acceptance numbers are the three design parameters
determined for the proposed repetitive group sampling plans for
different mean ratios. Tables are constructed to determine the
optimal design parameters for different values of shape
parameters of the inverse Gaussian model and the results are
explained by with examples. Also the effect of misspecification of
shape parameters is also discussed.
Keywords: Consumer’s risks, Inverse Gaussian distribution,
Producer’s risks, Repetitive group sampling plans, Truncated life
test.

I. INTRODUCTION
Acceptance sampling is an essential part of statistical
quality control that allows industries to check the quality of
products. A company cannot check every one of its products
produced. Acceptance sampling solves this by inspecting
only a sample of the items taken from the lot. The acceptance
sampling is a testing procedure that involves taking random
samples from lot of goods and exploring them for particular
needs. An acceptance sampling plan recommends the sample
size to be examined and acceptance criteria for the judgment
of the lot by the inspection of the sample of the items. This
will reduce the inspection cost and time. In acceptance
sampling, decisions are made using random sample results, so
there may be a chance to reject the good quality lot or to
accept the poor quality lot. The producer will be affected
when the good lot is rejected and the consumer will be
affected when the unqualified lot or bad lot is accepted.
Therefore, the probability of rejecting a good lot and the
probability of accepting a bad lot are usually defined as the
producer’s risk (α) and consumer’s risk (β), respectively. The
quality levels corresponding to the producer’s risk and
consumer’s risk are respectively termed as producer quality
level (PQL) and consumer quality level (CQL).
The concept of time-truncated life test is earning more
admiration in the acceptance sampling. Typically, a life test is
performed to examine the lifetime of the goods under a
specified time, and this test is used to provide a life time
warranty. Sampling plan based on time truncated life tests
have been used to study the trustability of the goods. In many
situations, the quality of goods is calculated through the
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lifetime (T) and the scale parameter of the distribution of T. If
we take µ is the true mean lifetime and µ0 is the specified
mean lifetime of the products, then the ratio μ/μ0 is considered
as the quality of level of item. Therefore, in time truncated life
test schemes, we must determine the lowest values of n, the
sample size to ensure the mean lifetime. Also, the life test is
stopped either when pre-assigned time is reached or if the
number of failures exceeds the given acceptance number c.
Several authors have investigated the life test sampling
plans under various lifetime distributions. A study on
acceptance sampling plan based on time truncated life tests
under exponential distribution has done by [1]. The sampling
plans to assure the Weibull distributed lifetime when the
shape parameter is known have been designed by [2]. Under
gamma distribution with known shape parameter, the
sampling plans have been proposed by [3]. Acceptance
sampling plans based on truncated life tests under the
Birnbaum-Saunders model have been proposed by [4].
Acceptance sampling plan to assure the quality of the
products where the lifetime follows exponentiated inverse
Rayleigh distribution have been discussed by [5]. Acceptance
sampling plan based on truncated life test using Rayleigh
distribution studied by [6]. In [7], the authors designed the
group acceptance sampling plan under Weibull distribution
based on truncated life test. Similarly, group acceptance
sampling plans have been developed by [8] under the inverse
Rayleigh distribution and log-logistic distribution.
II. INVERSE GAUSSIAN DISTRIBUTION
Generally, inverse Gaussian (IG) distribution is considered
as the most powerful distribution in statistics and the
applications of this distribution can be seen in different fields
(see for example, [9], [10]). This distribution also has been
used as a model to express the lifetime by [11]. In order to
monitor the process centrality and dispersion, control chart
has been designed by [12] used IG distribution. Sequential
sampling plan has been proposed by [13] using this
distribution. In [14], the authors developed reliability
sampling plans for truncated life tests with IG life time data.
The group sampling plan under IG distribution has been
proposed by [15]. IG distribution is a good choice among the
popularized lifetime distributions such as Weibull, gamma
and log-normal. The distribution has a broad usage area in
clinical experiment, standard and reliability or trustability
theory, industrial engineering applications and life tests. The
cumulative distribution function (cdf) of IG distribution is
given by
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where
> 0 is a shape parameter, ω > 0 is a scale parameter
and Ф(.) is the cdf of the standard normal distribution. For
m > 0, the mth moment of a random variable T following IG
distribution is given as
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Especially, the first moment is given by
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III. THE REPETITIVE GROUP SAMPLING PLAN
Repetitive group sampling (RGS) plan was introduced by
[16] and this sampling plan is frequently known as one of the
special purpose sampling plans. According to [16], the
operation of this proposed plan is similar to the sequential
sampling plan, and it is more efficient than the single
sampling plan (SSP) but less efficient than the sequential
sampling plan. Many authors have developed different
sampling plans using life testing concept under IG
distribution. But none has designed the RGS plan for assuring
mean lifetime of the products under IG distribution. In this
paper, we explore the RGS plan for time truncated life test
under the IG distribution when the shape parameter is known.
Let µ be the true mean lifetime and let µ0 be the specified
mean lifetime of the goods. To make the decision about the
submitted goods, the ratio of the true mean life between the
specified mean life of the goods are very helpful. A bad lot
means that µ is below µ0 that is µ < µ0. Otherwise, the lot is
good. The implementation procedure of the proposed
sampling plan is as follows.
Step 1:Take a random sample of size n (≥1) items and put
them on test for time t. If the number of failures d is
less than or equal to c1, then accept the lot.
Step 2:Reject the lot if the number of failures is larger than
c2.
Step 3:If c1 < d ≤ c2, then repeat Step 1.
The proposed plan contains three parameters namely n, c1, c2.
When c1 = c2, the proposed plan reduces to SSP. When the lot
size is adequate and large, it is well known that the binomial
distribution is used. The probability of lot acceptance based
on single sample under binomial distribution is given by
c1
n
(4)
Pa  P{d  c1}     p d (1  p ) n  d
d 0  d 

c1
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n
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The operating characteristic (OC) function based on the
proposed plan under binomial distribution is given as follows
(see [16]).
P
Pa
(7)
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A well designed plan is one which minimizes both the
producer’s risk and the consumer’s risk simultaneously. As
pointed out by [7], the consumers desire that the lot
acceptance probability to be lesser than their specified risk
when μ = μ0. The simultaneous consideration of following two
inequalities is essential for finding the design parameters.

Pa  p |  0  r2   1  

Pa  p |  0  1  r1   

(11)
(12)

It is noted that r2 and r1 are the mean ratios of the producer’s
risk and consumer’s risk respectively. Let p1 and p2 be the
failure probability equivalent to producer’s risks and
consumer’s risks respectively. Then the design parameters are
determined by solving the following optimization problem.
Minimize ASN(p1)
Subject to
(13)
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The probability of repeated sampling R is given by
R = 1– Pa – Pr, Therefore

d

The Average Sample Number (ASN) of the proposed plan is
given by
n
(9)
ASN 
Pa  Pr
The probability that an item fails before the time t0 is denoted
by p and is given as p = F(t0). It is to be noted that the cdf of
the given in equation (1) depends on unknown ω only through
the ratio t/ω. To acquire p, it would be suitable to specify the
termination time as a multiple of the specified lifetime µ0.
If t0 = aµ0 where ’a’ is a constant and called as experiment
termination ratio, then the cdf of the given equation can also
be written as
p = F(t0)

The rejection of the lot based on single sample under binomial
distribution is given by
c2
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Tables I - IV report the design parameters of the proposed
plan for the known shape parameter values of IG distribution
such as = 2, 3, four values of consumer’s risk β = 0.25, 0.10,
0.05, 0.01, two values of termination ratio a = 0.5, 1.0,
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and five values of mean ratio r2 = 2, 2.5, 3, 3.5, 4. The
producer’s risk is considered as 0.05 (i.e., 5%) for all tables.
From the tables, it is observed that if the value of mean ratio
increases,
then there are decreasing trends in acceptance number and
sample size. We monitor the same behaviour in the design
parameters as the experiment termination ratio increases. One
can observe that there is
no important change in design
parameters when shape parameter increases while keeping
other values such as β, r2 and a are constant

A. Example
An examiner wants to run a test for 500 hours and he or she
knows that the lifetime of the product follows the IG
distribution with
= 2. The specified durability of the
submitted product is 1000 hours and the termination ratio is
0.5. It is assumed that α = 0.05, β = 0.05 and r2 = 2. Then the
optimal design parameters are obtained as n = 13, c1 = 0 and
c2 = 2 from Table I. So, the sampling plan can be executed as
follows: Take a random sample of 13 items from the current
lot and put it on test for 500 hours. If the number of failures
reaches 3, discard the lot and stop the test. If there is no failure
in 500 hours, accept the lot. Repeat the test if the number of
failures is 1 or 2.
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IV. COMPARATIVE STUDY
In this section, the ASN(p1) of RGS plan and SSP under IG
distribution based on truncated life test are compared when
the shape parameter value is 2. For this comparison, we
consider the values of β = 0.25, 0.10, 0.05, 0.01, a = 0.5, 1.0
and mean ratios 2, 2.5, 3, 3.5, 4. We determine ASN(p1) for
SSP under IG distribution and the values of ASN(p1) for both
plans are located in Table V. From this table, we can see that
the RGS plan involves minimum ASN(p1) for all values of the
mean ratios when compared to the SSP. For example, when
the mean ratio is 2, β = 0.05 and the shape parameter is 2, the
ASN(p1) of the RGS plan and the SSP are 18.68 and 25
respectively. The same trend can be observed when a = 1.0. It
clearly indicates that the proposed RGS plan under IG
distribution outperforms the existing SSP.

When designing the proposed plan, we use the shape
parameter = 3, but assume that the actual value is different
from this. We want to know the effect of the misspecification
of the shape parameter on the probability of accepting a lot at
the actual value. Table VI shows the acceptance probabilities
at PQL and CQL for the proposed sampling plan with a = 0.5
if the actual shape parameter (assumed to be 2.5 and 3.5) is
different from the one specified ( = 3). It is observed that
producer’s risk is satisfied even for smaller value of the shape
parameter than the specified one except when β = 0.01 and
r2 = 2. It is also seen that the consumer risks are satisfied only
when the actual parameter is smaller than the specified one.

Table- V: ASN of RGS plan and SSP when a = 0.5
β
0.25

r2
2
2.5
3
3.5
4

RGS
8.38
7.48
7.16
7.05
7.02

SSP
11
11
11
11
11

0.10

2
2.5
3
3.5
4

12.77
10.97
10.34
10.11
10.04

22
16
16
16
16

0.05

2
2.5
3
3.5
4

18.68
13.40
12.49
12.17
12.06

25
19
19
19
19

0.01

2
2.5
3
3.5
4

29.85
21.13
19.10
18.38
18.13

40
26
26
26
26

VI. CONCLUSION

V. EFFECT OF MISSPECIFICATION OF SHAPE
PARAMETER
In this study, the shape parameter of the IG distribution is
assumed to be known. It may be of interest, therefore, to see
the effect of misspecification of the shape parameter on the
acceptance probability. Let us suppose assume that the true
shape parameter is denoted by 1, which is probably different
from particular one
utilized for designing the sampling
plan. Let us take p11 and p21 be the PQL and CQL
corresponding to the true shape parameter. Then,



 (17)
1  a
1  a
1


p1  
 1  exp 2 1  
 1.




a




a





0
0
0
0





1




 1
1
a  1  exp2 1    a  1. (18)
p2   
a
a









 

Therefore, the respective probabilities of acceptance at PQL
and CQL will be Pa(p11) and Pa(p21) based on Eq. (15) and
(16). Suppose the parameters (n, c1, c2) are determined for the
specified shape parameter . Then there may be no problems
from the misspecification of the shape parameter if they still
satisfy the producer’s risk and the consumer’s risk (i.e.,
Pa(p11) ≥ 1 - α) and Pa(p21) ≤ β).
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In this paper, an attribute RGS plan based on truncated life
tests has been proposed when the life time of the given
product follows IG distribution with known shape parameter.
The sample size and acceptance number of the proposed RGS
plan have been determined by considering the mean ratios as
the quality of the product and the proposed plan is compared
with SSP to show the effectiveness of the proposed plan.
Also, it has been investigated that the effect of
misspecification of shape parameter on the lot acceptance
probabilities at PQL and CQL. The proposed RGS plan is
flexible and it outperforms the SSP with respect to ASN
required. From the discussion, it is clear that RGS plan gives
better results than SSP when the failure time of product
follows IG distribution.
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