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 Abstract: In this paper, a group acceptance sampling plan using weighted binomial is developed for a 

truncated life test when the lifetime of an item follows Inverse Rayleigh and Log – Logistic distributions. The 

minimum number of groups required for a given group size and the acceptance number is determined when the 

consumer’s risk and the test termination time are specified. The operating characteristic values according to 

various quality levels are obtained. The results are explained with examples. 

Keywords:  Inverse Rayleigh distribution, Log – Logistic distribution, Group acceptance sampling using 

weighted binomial, consumer’s risk, Producer’s risk, truncated life test. 

 

I. 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 result which is to accept the submitted lot or to reject it. If the 

genuine products are rejected on the basis of sample information, this error is called type-1. On the other hand, 

if the genuine products are not accepted by the consumer, this error is type-2 error. If a decision to accept or 

reject the lot are subjected to the risks associated with the two types of errors, this procedure is termed as 

reliability test plan or acceptance sampling based on life test. Acceptance sampling is concerned with inspection 

and decision making regarding lots of product and constitutes one of the oldest techniques in quality assurance. 

In the 1930s and 1940s acceptance sampling was one of the major components in the field of statistical quality 
control and was used primarily for incoming or receiving inspection 

In most acceptance sampling plans for a truncated life test, determining the sample size from a lot 

under consideration is the major issue. In the usual sampling plan, it is implicitly assumed that only a single item 

is put in a tester. However testers accommodating a multiple number of items at a time are used in practise 

because testing those items simultaneously. Items in a tester can be regarded as a group and the number of items 

in a group is called as group size. The acceptance sampling plan based on this group of items is called group 

acceptance sampling plan. 

The quality of the product is tested on the basis of few items taken from an infinite lot. The statistical 

test can be stated as: Let µ be the true average life and µ0 be the specified average life of a product. Based on the 

failure data, we want to test the hypothesis H0: µ≥µ0 against H1: µ<µ0. A lot is considered as good if µ≥µ0 and 

bad if µ<µ0. This hypothesis is tested using the acceptance sampling scheme as: In a life test experiment, a 
sample of size n selected from a lot of products is put on the test. The experiment is terminated at a pre – 

assigned time t0. when we set acceptance number as c, H0 is rejected if more than c failures are recorded before 

time t0 and H0 is accepted if there are c or fewer failures before t0. Probability of rejection of good lot is called 

the producer’s risk and probability of accepting a bad lot is known as consumer’s risk. If the confidence level is 

p*, then the consumers risk will be β = 1-p*.  A well acceptance sampling plan minimizes both the risks. 

 Many authors have discussed acceptance sampling based on truncated life tests. Aslam M., and Jun C.-

H. (2009) have studied a group acceptance sampling plans for truncated life tests based on the inverse Rayleigh 

and log-logistic distributions. Epstein B. (1954) has discussed truncated life tests in the exponential case. Jun 

C.H., Balamurali S. and Lee S.-H. (2006) have studied on variables sampling plans for Weibull distributed 

lifetimes under sudden death testing. Kantam R.R. L., Rosaiah K. and Srinivasa Rao G. (2001) discussed 

acceptance sampling based on life tests with Log-logistic models. Radhakrishnan R. and Alagirisamy K. (2011) 

have studied on construction of group acceptance sampling plan using weighted binomial distribution. Rosaiah 
K. and Kantam R.R.L. (2005) discussed acceptance sampling based on the inverse Rayleigh distribution.  

Rosaiah K., Kantam R.R.L. and Pratapa Reddy, J. have studied economic reliability test plan with Inverse 

Rayleigh Variate. 

Here we apply group acceptance sampling plans with weighted binomial on the truncated life tests 

when a lifetime of the product assumed to follow inverse Rayleigh and Log – Logistic distributions. In this type 

of tests, determining the sample size is equivalent to determining the number of groups. 
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II. Cumulative Distributive Function: 
2.1 Inverse Rayleigh Distribution  

The cumulative distribution function (cdf) of the Inverse Rayleigh distribution is given by  
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where σ is a scale parameter. 

 

2.2 Log – Logistic Distribution 
 The cumulative distribution function (cdf) of the Log – Logistic distribution is given by  
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where σ is a scale parameter. 

If some other parameters are involved, then they are assumed to be known, for an example, if shape 

parameter of a distribution is unknown it is very difficult to design the acceptance sampling plan. In quality 

control analysis, the scale parameter is often called the quality parameter or characteristics parameter. Therefore 
it is assumed that the distribution function depends on time only through the ratio of t/ σ. 

The failure probability of an item by time t0 is given by 

   p = F(t0 : σ)       (3)  

The quality of an item is usually represented by its true mean lifetime although some other options such 

as median life are sometimes used. Let us assume that the true mean μ can be represented by the scale 

parameter. In addition, it is convenient to specify the test time as a multiple of the specified life so thataμ0 and 

the quality of an item as a ratio of the true mean to the specified life (μ/ μ0). 

Then we can rewrite (3) as a function of ‘a’ (termination time) and the ratio μ/μ0. 

   p = F(a μ0 : μ/ μ0)       (4)  

Here when the underlying distribution is the Inverse Rayleigh distribution  
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When the underlying distribution is the Log – Logistic distribution  
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III. Design of the proposed sampling plan: 
3.1 Procedure: 

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 = gr. 

2) Select the acceptance number c for a group and specify the experiment time t0. 
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 occurs in each of all groups by the experiment time. 

5) Terminate the experiment as soon as more than c failures occur in any group and reject the lot. 

 

We are interested in determining the number of group g, whereas the various values of acceptance 

number c and the termination time t0 are assumed to be specified. Since it is convenient to set the termination 

time as a multiple of the specified life µ0, we will consider t0=aµ0 for a specified constant a (time multiplier). 

The lot acceptance probability will be  
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where p is the probability that an item in a group fails before the termination time t0 = aμ0. 
The minimum number of groups required can be determined by considering the consumer’s risk when the true 

median life equals the specified median life (μ = μ0) (worst case) by means of the following inequality: 

  0( )L p         (8) 
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where p0 is the failure probability at μ = μ0. Here minimum group size (g) is obtained using (5) and (6) in (8) at 

worst case. 

 

IV. Operating Characteristic functions: 

 The probability of acceptance can be regarded as a function of the deviation of the specified value µ0 of 

the median from its true value µ. This function is called Operating Characteristic (OC) function of the sampling 

plan. Once the minimum sample size is obtained, one may be interested to find the probability of acceptance of 

a lot when the quality (or reliability) of the product is sufficiently good. As mentioned earlier, the product is 

considered to be good if μ ≥ μ0. Te probabilities of acceptance are displayed in Table 3 and 4 for various values 

of the median ratios μ/μ0, producer’s risks β and time multiplier a. 

 

V. Notation: 

 g - Number of groups 
 r - Number of items in a group 

 n - Sample size 

 c - Acceptance number 

 t0 - Termination time 

 a - Test termination time multiplier 

 σ - Scale parameter 

 α - Producer’s risk 

 β - Consumer’s risk 

 p - Failure probability 

 L(p) - Probability of acceptance 

 µ - Mean life 
 µ0 - Specified life 

 

VI. Description of tables and examples: 
 Based on various test values of consumer’s risk and the test termination time multiplier, the number of 

groups of GASP is found using (5), (6), (7) and (8). Suppose that we want to develop an economic reliability 

group sampling plan 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 c = 2 and β = 0.1. This gives the termination 

multiplier a = 0.7. If the life time follows inverse Rayleigh distribution, from Table 1 the design parameters can 

be written as (g, c) = (3, 2). We will implement the above sampling plan as, draw the first sample of size n = 18 
items and put to 6 testers, if not more than 2 failures occur during 700 hours in any one of the groups, we accept 

the lot, otherwise reject it. If suppose the life time follows Log – Logistic distribution, from Table 2 the design 

parameters can be written as (g, c) = (3, 2) which is similar as the above. For this proposed sampling plan if r = 

4, β = 0.25 and the life time follows inverse Rayleigh distribution, the probability of acceptance is 0.9959 when 

the true mean is 2000 hrs from Table 3 and if the life time follows Log – Logistic distribution the probability of 

acceptance is 0.9043 when the true mean is 2000 hrs from Table 4. When the probability of acceptance is 

compared inverse Rayleigh distribution has more probability of acceptance than the Log – Logistic distribution. 

Thus inverse Rayleigh distribution is comparatively good for the group acceptance sampling plan with weighted 

binomial. When comparing the probability of acceptance of Aslam and Jun[1], for the same, it is 0.9938 for 

inverse Rayleigh distribution and 0.8813 for Log – Logistic distribution for group sampling plans. It is observed 

that the lot acceptance probability increases as the mean ratio increases and the number of groups tends to 

increase as the test duration decreases and is shown in Figure 1. 
 

Figure 1
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Figure 1. OC curve for Probability of acceptance against mean ratio 
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VII. Conclusion 

In this paper, a group acceptance sampling plan from a truncated life test is proposed in the case of a 

inverse Rayleigh and Log – Logistic distributions. The number of groups and the acceptance number are 

determined when the consumer's risk (β) 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 characteristic function increases disproportionately when the quality improves. This group acceptance 

sampling plan with weighted binomial 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. 

 

Table 1:  Minimum number of groups (g) for the proposed plan in case of Inverse Rayleigh distribution 

 
 

Table 2: Minimum number of groups (g) for the proposed plan in case of Log – Logistic distribution 
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Table 3: Operating characteristic values of the group sampling plan with c=2 for Inverse Rayleigh distribution   
 

 
 

Table 4: Operating characteristic values of the group sampling plan with c=2 for Log – Logistic  distribution 
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