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ABSTRACT 

In this article, a group acceptance sampling plan is developed based on 

truncated lifetimes when the lifetime of an item follows a half normal 

distribution. For a given group size, the minimum number of groups and the 

acceptance number required are determined for specified consumer's risk 

and the test termination time. The values of operating characteristic function 

for various quality levels are calculated and the minimum ratios of the true 

average life to the specified life at given producer's risk are obtained. The 

results are illustrated by examples. 

Keywords: half normal distribution, group acceptance sampling plans, 

consumer's risk, operating characteristic (OC) function, producer's risk, 

truncated life test. 

1. Introduction 

Reliability study plays a vital role in the quality control analysis. On the basis 

of this study, an experimenter can save his time and cost to reach a result 

whether to accept the submitted lot or to reject it. An acceptance sampling 

plan is a scheme that establishes the minimum sample size to be used for 

testing. This becomes particularly important if the quality of product is 

defined by its lifetime. Often, it is implicitly assumed when designing a 

sampling plan that only a single item is put in a tester. However, in practice 

testers accommodating a multiple number of items at a time are used because 
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testing time and cost can be saved by testing items simultaneously. The items 

in a tester can be regarded as a group and the number of items in a group is 

called the group size. For such a type of test, the determination of the sample 

size is equivalent to determine the number of groups. This type of testers is 

frequently used in the case of sudden death testing. An acceptance sampling 

plan based on such groups of items is called a group acceptance sampling 

plan (GASP). If the GASP is used in conjunction with truncated life tests, it is 

called a GASP based on truncated life test assuming that the lifetime of 

product follows a certain probability distribution. 

Studies regarding truncated life tests can be found in Epstein(1954), Gupta 

and Groll(1961), Gupta(1962), Fertig and Mann(1980), Kantam and 

Rosaiah(1998), Kantam(2001) et. al., Baklizi(2003), Wu and Tsai(2005), 

Rosaiah and Kantam(2005), Tsai and Wu(2006), Balakrishnan et. al.(2007), 

Aslam(2007), Srinivasa Rao et. al.(2008), Aslam and Kantam(2008), Aslam 

et. al.(2009), Srinivasa Rao et. al.(2009), Srinivasa Rao (2009), Lio et. 

al.(2010) , Srinivasa Rao et al(2010), Srinivasa Rao(2011), Aslam et. 

al.(2011), Aslam et. al.(2011a), Ramaswamy and Anburajan (2012). 

In this paper, we describe the proposed group acceptance sampling 

plan(GASP) based on truncated life tests when the lifetime of a product 

follows half normal distribution in Section 2 . Operating characteristic (OC) 

is given in section 3. Producer's risk is given in Section 4. Examples are 

provided for an illustration in Section 5. The article is closed with summary 

and conclusions in Section 6. 

 

2. The Group Acceptance Sampling Plans (GASP) 

Statistical methods dealing with the properties and applications of the half 

normal distribution have been extensively used in diverse areas of 

applications particularly when the data are left/right truncated. The half 

normal distribution occurs when sampling from a normally distributed 

population where the signs of the negative observations are lost or are not 

relevant. Generally in reliability studies, the life time of a product ranges in 

(0,1), this study proceeds from the observation that if we have a variable 

which follows half normal distribution then its probability density function 

(pdf) is given by 
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Its cumulative distribution function (cdf) is 
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Half normal distribution is an increasing failure rate (IFR) model which is 

most useful in reliability studies. Because of this IFR nature we are motivated 

to study this distribution. Assume that the life time of a product follows half 

normal distribution with   as scale parameter .Its cumulative distribution 

function F(.) is given by 
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Given 0 < q < 1, the 100
th
 percentile is given by 
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Substituting   in the Equation 2.3 in the scaled form we get 
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    1F t erf erf q  ,  (2.6) 

Where
q

t

t
  . When the distribution is symmetric it is clear that the mean 

and median are same. But when the distribution is skewed which means that 

the side of the tail is long through which one can expect the mean to lean 

towards that side of the distribution. By increasing the amount of skewness, 

we can make the mean become much bigger and bigger in which case the 

proportion of the population below the mean can be made unduly large. This 

is what is meant by saying that mean would not represent a center of the 

distribution since more than 80% of the population may be below the mean. 



B. Srinivasa Rao, CH. Srinivas Kumar & K. Rosaiah 

224  ISBN-1391-4987   IASSL 

But if one were to use the median, there is always only 50% of the population 

less than the median. 

Since for our present skewed population the median is a more approximate 

average for decision making about the quality of the life than population 

mean, we take 0.50q  . Let  be the true value of the median of the 

lifetime distribution of a product and 0 denote the specified median under 

the assumption that the life time of an item follows half normal distribution. 

Based on the failure data, we want to test the hypothesis 0 0:H   against 

1 0:H   . A lot is considered as good if 0  and bad if 0  . This 

hypothesis is tested using the group acceptance sampling scheme as: 

1.  Select the number of groups g and allocate predefined r items to each 

group so that the sample size for a lot will be .n g r . 

2.  Select the acceptance number c for a group and the experiment time 0t . 

3.  Perform the experiment for the g groups simultaneously and record the 

number of failures for each group. 

4.  Accept the lot if at most c failures occur in each of all groups. 

5.  Terminate the experiment if more than c failures occur in any group and 

reject the lot. 

We are interested in determining the number of groups g required for in the 

case of the half logistic distribution and various values of acceptance number

c , whereas the group size r and the termination time 0t are assumed to be 

given. Since it is convenient to set the termination time as a multiple of the 

specified value 0 of the median, we will consider 0 0t  for a given 

constant (termination ratio). The probability   of rejecting a good lot is 

called the producer’s risk, whereas the probability   of accepting a bad lot 

is known as the consumer’s risk. The parameter value g of the proposed 

sampling plan is determined for ensuring the consumer’s risk  . Often, the 

consumer’s risk  is expressed by the consumer’s confidence level. If the 

confidence level is 
*p , then the consumer’s risk will be 

*1 p   . We will 

determine the number of groups g in the proposed sampling plan so that the 

consumer’s risk does not exceed a given value  . If the lot size is large 

enough, we can use the binomial distribution to develop the GASP. 
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According to GASP the lot of products is accepted only if there are at most c

failures observed in each of the g groups. So, the lot acceptance probability 

is given by 
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Where  0 0tp F  is the probability of a failure during the time 
0

qt t . To 

save space, only the results of small sample sizes for 

0.25,0.10,0.05,0.01;   
  2 1 7;r 

 
  0 1 5;c 

 

0.7,0.8,1.0,1.2,1.5,2.0  are displayed in Table 1. 

Table 1. Minimum number of groups (g) for the proposed plan in the case of  

               half normal distribution 
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3. Operating characteristic of the sampling plan 

The probability of acceptance can be regarded as a function of the deviation 

of the specified value 0 of the median from its true value  . This function 

is called operating characteristic (OC) function of the sampling plan. Once 

the minimum number of groups g is obtained, one may be interested to find 

the probability of acceptance of a lot when the quality is considered to be 

good if 0  or 

0




. The OC is given by  
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Using Equation 3.1 the OC values can be obtained for any sampling plan. To 

save space we present the OC values for sampling plans with 

0

2,4,6,8,10,12;



 0.25,0.10,0.05,0.01;   

0.7,0.8,1.0,1.2,1.5,2.0;   4,6,7,9;r   are given in table 2. 

Table 2. Operating characteristic values of the group sampling plan for half  

               normal distribution 
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4. Producer’s Risk 

The producer may be interested in enhancing the quality level of the product 

so that the acceptance probability should be larger than a specified level. For 

a given value of the producer’s risk, say  , the minimum ratio can be 

obtained by satisfying the following inequality  
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To save space, the minimum values of the ratio 
0

2



 in case of half normal 

distribution based on the values given in table 1 for the acceptability of a lot 

at the producer’s risk of 0.05  are presented in table 3. 

Table 3. Minimum ratio of the values of true median and the specified 

median for the producer's risk of 0.05  in the case of half normal 

distribution. 
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5. Tables and Examples 

The design parameters of GASP are found at various values of the 

consumer’s risk and the test termination time multiplier in Table 1. It should 

be noted that if one needs the minimum sample size, it can be obtained by n = 

r x g. Table 1 indicates that, as the test termination time multiplier 

increases, the number of groups g decreases, i.e., a smaller number of groups 

is needed, if the test termination time multiplier increases at a fixed group 

size. For an example, from Table 1, if 0.01  , 6r  , 2c  and a change 

from 0.7 to 0.8, the required values of the design parameters of GASP change 

from 5g  to 4g  . However, this trend is not monotonic since it depends 

on the acceptance number as well. The probability of acceptance for the lot at 

the median ratio corresponding to the producer’s risk is given in Table 2. 

Finally, Table 3 presents the minimum ratios of true median to the specified 

median for the acceptance of a lot with producer’s risk 0.05  for given 

parameter values. 

Suppose that the lifetime of a product follows the half normal distribution, it 

is desired to design a GASP to test if the median is greater than 1,000 hours 

based on a testing time of 700 hours and using testers equipped with 6 items 

each. It is assumed that 2c  and 0.10  . This gives the termination 

multiplier 0.700  . From Table 1 the minimum number of groups 

required is obtained as 5g  . Thus, we will draw a random sample of size 

30n  items and allocate 6 items to each of the 5 groups to put on test for 

700 hours. This indicates that a total of 30 products are needed and that 6 

items are allocated to each of the 5 testers. We will accept the lot if no more 

than 2 failures occur before 700 hours in each of 5 groups. We terminate the 

experiment as soon as the 3
rd

 failure occurs before the 700
th
 hours. For this 

proposed sampling plan the probability of acceptance is 0.9408p  when 

the true value of the median is 4,000  hours. This shows that, if the true 

value of the median is 4 times of the required value 0 1000  hours, the 

producer’s risk is 0.0592  . If we need the ratio to assure a producer’s 

risk of 0.05  , we can obtain it from Table 3. For example, when 

0.10  , 6r  , 5g  , 2c  and 0.700  , the required ratio is 

0

4.4043



 . 
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6. Summary and Conclusions 

In this paper, a group acceptance sampling plan from a truncated life test is 

proposed in the case of half normal distribution. The number of groups and 

the acceptance number are determined when the consumer's risk (  ) and the 

other plan parameters are specified. It is observed that the minimum number 

of groups required decreases as the test termination time multiplier increases. 

Moreover, the operating characteristics function increases disproportionately 

when the quality improves. This GASP can be used when a multiple number 

of items are tested simultaneously. Clearly, such a tester would be beneficial 

in terms of test time and test cost. 
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