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In this paper, we developed a time truncated group acceptance sampling
inspection plan (GASP) when lifetime of items follow the transmutedWeibull
distribution. Plan parameters of proposed plan are computed for specified
consumer’s risk and results are presented in tabular form for better under-
standing. The operating characteristic (OC) values of the suggested plan
are recorded for various quality levels for different set of consumers’s risk.
All presented tables are discussed in detail to explain the results associated
with the study and chosen a hypothetical example to describe the obtained
results. Comparison study is done for proposed plan and single acceptance
sampling plan. At last, a real life example is used to illustrate the application
of proposed plan in real life scenario.

keywords: Group acceptance sampling inspection plan,transmutedWeibull
distribution, consumer’s risk, operating characteristic value.

1 Introduction

Quality is the essential and indispensable part of every manufacturing process. Inten-
tion of manufacturers to produce good quality items, so that they are on the end of
minimum loss and generate maximum revenue. It is not possible to check whole lot of
items due to time, money, labour etc constraints and also manufacturer can not afford
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zero inspection of lot due to quality concern. Acceptance sampling inspection plans
(ASIP) is the mid way between complete inspection and zero inspection. In ASIP,
decision of acceptance or rejection of lot based on the choosen sample of items from
the lot for specified acceptance number. ASIP classified in two broad regions: vari-
able ASIP and attribute ASIP. Attributes ASIP includes single acceptance sampling
inspection plan (SASP), double acceptance sampling inspection plan (DASP), group
acceptance sampling inspection plan (GASP), chain acceptance sampling inspection
plan (CHSP), skip lot sampling inspection plan (SKSP) etc. Several authors have
developed variable ASIP: Wu and Liu (2018), Sathya Narayanan and Rajarathinam
(2013) for Pareto distribution, Maleki Vishkaei et al. (2019) and Saha et al. (2021b)
for Lindley and Power Lindley distribution. Gupta and Gupta (1961), Gupta (1962),
Aslam et al. (2010b), Tripathi et al. (2020b), Al-Omari (2018), Al-Omari et al. (2019)
and Tripathi et al. (2020a) have developed the SASP for gamma distribution, normal
and lognormal distribution, generalized exponential distribution, generalized half nor-
mal distribution, Sushila distribution, Rama distribution and exponentially distributed
quality characteristics, respectively. Gui and Lu (2018), Rao (2011), Saha et al. (2021a),
Tripathi et al. (2021b), Balamurali et al. (2020), Aslam et al. (2010a) have developed the
DASP for different probability distributions. Birnbaum-Saunders distribution, inverse
Rayleigh, Weibull and Half normal, generalized transmuted-exponential and extended
odd Weibull exponential distribution are used by Aslam et al. (2011), Ramaswamy and
Anburajan (2012), Aslam and Jun (2009) and Rao et al. (2014), Fayomi and Khan
(2024), Ekemezie et al. (2024) and Alsultan (2024) respectively for the development of
GASP. Recently, Tripathi et al. (2022a), Tripathi et al. (2022b), Tripathi et al. (2022c),
Tripathi et al. (2021a), Aslam et al. (2013) and Aslam et al. (2018) have developed other
useful ASIP, like SKSP and CHSP for various models.
We explored the literature and found a gap that no one attempted to develop the GASP
for transmuted Weibull distribution TrWD . Therefore we contributed to the develop-
ment of the GASP for TrWD and obtained the minimum number of groups (g) which
are required for acceptance or rejection of the lot. Also, OC values of proposed plan is
calculated for specified values of θ, λ, r, c, P ∗. Important findings of presented study
are placed along with their description.
Rest of article is organized as follows: In section 2, we describe the importance of TrWD
along with mean property. We designed GASP for TrWD and describe the procedure in
section 3. Section 4 contains the description of all presented tables. Comparison study is
discussed in section 5. Application of proposed plan is discussed in section 6. In section
7, we stated conclusive remarks of developed GASP.

2 Transmuted Weibull distribution

This section contains description of the TrWD which was introduced by Poboč́ıková
et al. (2018). TrWD is the 3-parameter distribution and authors has derived several
properties and also, they have discussed the methods of estimation in case of TrWD.
The probability density function (PDF) and cumulative distribution function (CDF) of
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TrWD are given below [see Equations (1) and (2) respectively]:

f(x;λ, η, σ) =
η

σ

(x
σ

)(η−1)
exp(−(x/σ)η)[1− λ+ 2λexp(−(x/σ)η)];

x > 0, |λ| ≤ 1, η > 0, σ > 0 (1)

and

F (x;λ, η, σ) = [1− exp(−(x/σ)η)][1 + λexp(−(x/σ)η)]; x > 0, λ > 0, θ > 0. (2)

The mean of TrWD

µ = E(X) = σΓ

(
1 +

1

η

)
(1− λ+ λ2−1/η) (3)

? discussed the application of TrWD with three data set and they showed that TrWD
performed better than the some popular distributions. Also they describe the reliability
and survival properties of it.

3 Group Acceptance Sampling Inspection Plan (GASP)

In this section, mathematical formulation of GASP [see, Aslam and Jun 2009] is dis-
cussed along with its procedure. In general GASP depends of group size r and number
of groups g. Following is the procedure of proposed GASP under time truncated life
test scheme.

� Choose number of groups g and allocate r items to each group. Then sample size
becomes n = rg

� Choose an acceptance number, which allows maximum permissible number of de-
fective in each group.

� Run the experiment for choosen g groups simultaneously upto predefined termina-
tion time t0.

� Accept the lot if at most c items failed in all g groups. Otherwise reject the lot.

The binomial distribution is a useful tool for developing the GASIP (Group Acceptance
Sampling Inspection Plan) when a sample is taken from a large lot. In order to deter-
mine the appropriate number of groups g, as well as the acceptance number (c) and
termination time (t0), various values need to be specified. Probability of acceptance of
lot is: [

c∑
i=0

(
r

i

)
pi(1− p)(r−i)

]g

(4)
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p is the probability of failure of items of lot before truncation time when lifetime of
items follows TrWD and p can modified be written in terms of termination ratio ( t0

µ0
)

and quality ratio ( µ
µ0
):

p =

[
1− exp

(
−
(
C t0
µ0

/
µ

µ0

)η)][
1 + λexp

(
−
(
C t0
µ0

/
µ

µ0

)η)]
(5)

where, C is:

C = Γ

(
1 +

1

η

)
(1− λ+ λ2−1/η)

Determination of minimum number of groups can be determine by using following in-
equality: [

c∑
i=0

(
r

i

)
pi(1− p)(r−i)

]g

≤ 1− P ∗ (6)

Where P ∗ is confidence level and β = 1 − P ∗. For the determination of g, just replace
the value of p in the inequality [see, Equation 6] for fixed value of group size r. All
obtained value of minimum number of groups are placed in Tables 1 − 3 for different
values of θ. Probability of acceptance can be calculated for obtained values of minimum
number of groups by using equation 4. OC values of proposed plan are reported in 4− 6
for chosen setup of P ∗, r and c. OC values are very useful to look at the probability of
acceptance of an individual lot based on g, r and c.

4 Discussion on Tables and hypothetical example

In this section, we discussed the results of presented tables. Minimum number of groups
for (η and λ)= (0.75,0.75), (1.75, 0.75) and (1.25, 0.95) are obtained and placed in Tables
1 − 3. To calculate the OC values, we have setups of r, c for different values of P ∗ =
0.75, 0.90, 0.95, 0.99, t0/µ0 = 1.25, 1.75, 2.25, 2.5, 3, 3.5, 4 and µ/µ0 = 2, 3, 4, 5, 6, 7, 8, 9.
OC values are reported in Tables 4 − 6 for specified values of µ/µ0. Following are the
important results from the presented Tables:

� Required minimum number of groups are increases for fixed value of termination
time when c and r increases for given value of P ∗ and this result holds for all setup.

� Minimum number of groups decreases for fixed value of r and c and increasing
value of termination ratio and this holds for all setup.

� Largest value of minimum number of groups occurs for p∗ = 0.99, r = 12, c = 10
and t0/µ0 = 1.25 and this results hold for all setup of (η, λ).

� OC value increases as µ/µ0 increases and largest OC value occures at µ/µ0 = 9
and this holds for all set up of P ∗ and (η, λ).
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Hypothetical example: Suppose experimenter wants to establish a GASP to decide the
accept and reject the lot when termination ratio(t0/µ0), group size (r) and acceptance
number (c) are 1.25, 12 and 10 respectively for in case of (η = 0.75, λ = 0.75). For
specified setup and P ∗ = 0.95, experimenter required 7 minimum number of groups
and accept the lot if numbers of failure in each group is less than c then accept the lot
otherwise reject the lot.

5 Comparison Study

In this section, we focused on comparison study between proposed plan (PP) and SASP.
For this purpose, we created Tables 8 and appropriate OC values for both plan are place
in Tables for specified setups. In table, we can easily see that OC values for proposed
plan is larger than SASP for all the considered setup.
From the presented comparison tables, It is easily seen that OC value for PP become
higher as we increase the quality ratio µ/µ0 and OC values of PP are larger as compared
to the SASP even when quality of items are too high, i.e. for µ/µ0 = 8, this result holds
for all the setup of P ∗. For the illustration purpose, we choose the t0/µ0 = 1.25, 1.75 for
the all considered value of parameter η, λ and displayed those in Figure 1− 2. From the
figures, we conclude that PP perform better than the SASP.

Figure 1: Comparison of PP and SASP from Table 8

6 Real data application

In this section, we deal with the application part of proposed study by using a real
life situation. First we see the model fitting summary of chosen data set to prove that
considered data set is suited well for our study and this model fitting summary consist
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Figure 2: Comparison of PP and SASP from Table 8

two discrimination criteria, Akaike information criteria (AIC) and Bayesian informa-
tion criteria (BIC), Kolmogorov-Smirnov (K-S) statistics and p-value. Also descriptive
summary of data set is provided for better understanding. Log likelihood (L-L) and
maximum likelihood estimates are reported in Table 7. Also descriptive summary, min-
imum (Min), maximum (Max), lower quartile, median, upper quartile, skewness and
kurtosis of data set is reprted in 7. Histogram density, CDF and P-P plot is displayed in
Figure 3. Lifetimes of Kevlar 49/epoxy strands subjected to constant sustained pressure
at 90 percent stress level until the strand failure. Dataset was considered by Poboč́ıková
et al. (2018), and the failure times in this dataset were as follows:
0.0251, 0.0886, 0.0891, 0.2501, 0.3113, 0.3451, 0.4763, 0.5650, 0.5671, 0.6566,
0.6748, 0.6751, 0.6753, 0.7696, 0.8375, 0.8391, 0.8425, 0.8645, 0.8851, 0.9113,
0.9120, 0.9836, 1.0483, 1.0596, 1.0773, 1.1733, 1.2570, 1.2766, 1.2985, 1.3211,
1.3503, 1.3551, 1.4595, 1.4880, 1.5728, 1.5733, 1.7083, 1.7263, 1.7460, 1.7630,
1.7746, 1.8275, 1.8375, 1.8503, 1.8808, 1.8878, 1.8881, 1.9316, 1.9558, 2.0048,
2.0408, 2.0903, 2.1093, 2.1330, 2.2100, 2.2460, 2.2878, 2.3203, 2.3470, 2.3513,
2.4951, 2.5260, 2.9911, 3.0256, 3.2678, 3.4045, 3.4846, 3.7433, 3.7455, 3.9143,
4.8073, 5.4005, 5.4435, 5.5295, 6.5541, 9.0960
Maximum likelihood estimates of chosen data set are η = 1.0509395, σ = 1.4418208 and
λ = −0.7957367. Let specified mean lifetime and termination ratio are 0.40 and 1.25
respectively then termination time is 0.5. For setup P ∗ = 0.95, r=5, c=3, t0/µ0 = 1.25,
required minimum number of group are 2. Accept the lot if not more than 3 failures in
each group, otherwise reject the lot.
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7 Conclusions

In this proposed study, we developed the GASP for TrWD under time truncated scheme.
We discussed the methodology of GASP which can be used for other non-normal dis-
tributions. Plan parameters of GASP are calculated for considered setups for known
value of η and λ. OC values are presented in Tables for considered setups. Also we dis-
cussed the presented Tables along with its important trends regarding minimum number
of groups and OC values. A comparison study is included to show the superiority of
proposed plan with the SASP and it is shown through the table and figures. Utility of
Tables are described with the help of example. At last, we showed the application of de-
veloped GASP by using real life example. Discussed methodology can be used for other
non-normal distribution to develop the GASP. Practitioner or research or industrialist
may use proposed study to make a decision of acceptance or rejection of lot when real
life situation coincide with presented plan.
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Figure 3: Histogram density, Empirical theoretical CDFs and P-P plot of considered
data set.
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Table 1: Minimum number of groups for the proposed plan when η=0.75, λ=0.75
t0/µ0

P ∗ r c 1.25 1.75 2.25 2.5 3 3.5 4

0.75 2 0 1 1 1 1 1 1 1

3 1 1 1 1 1 1 1 1

4 2 1 1 1 1 1 1 1

5 3 1 1 1 1 1 1 1

6 4 2 1 1 1 1 1 1

7 5 2 1 1 1 1 1 1

8 6 2 1 1 1 1 1 1

9 7 2 1 1 1 1 1 1

10 8 3 2 1 1 1 1 1

11 9 3 2 1 1 1 1 1

12 10 3 2 1 1 1 1 1

0.90 2 0 1 1 1 1 1 1 1

3 1 1 1 1 1 1 1 1

4 2 2 1 1 1 1 1 1

5 3 2 1 1 1 1 1 1

6 4 2 2 1 1 1 1 1

7 5 3 2 1 1 1 1 1

8 6 3 2 2 1 1 1 1

9 7 3 2 2 1 1 1 1

10 8 4 2 2 2 1 1 1

11 9 5 3 2 2 1 1 1

12 10 5 3 2 2 1 1 1

0.95 2 0 1 1 1 1 1 1 1

3 1 2 1 1 1 1 1 1

4 2 2 2 1 1 1 1 1

5 3 2 2 1 1 1 1 1

6 4 3 2 2 1 1 1 1

7 5 3 2 2 2 1 1 1

8 6 4 2 2 2 1 1 1

9 7 4 3 2 2 2 1 1

10 8 5 3 2 2 2 1 1

11 9 6 3 2 2 2 1 1

12 10 7 4 2 2 2 1 1

0.99 2 0 2 2 1 1 1 1 1

3 1 2 2 2 1 1 1 1

4 2 3 2 2 2 1 1 1

5 3 3 2 2 2 2 1 1

6 4 4 3 2 2 2 2 1

7 5 5 3 2 2 2 2 1

8 6 6 3 3 2 2 2 2

9 7 6 4 3 2 2 2 2

10 8 8 4 3 3 2 2 2

11 9 9 5 3 3 2 2 2

12 10 10 5 3 3 2 2 2



644 Tripathi, Aslam

Table 2: Minimum number of groups for the proposed plan when η=1.75, λ=0.75
t0/µ0

P ∗ r c 1.25 1.75 2.25 2.5 3 3.5 4

0.75 2 0 1 1 1 1 1 1 1

3 1 1 1 1 1 1 1 1

4 2 1 1 1 1 1 1 1

5 3 1 1 1 1 1 1 1

6 4 1 1 1 1 1 1 1

7 5 1 1 1 1 1 1 1

8 6 2 1 1 1 1 1 1

9 7 2 1 1 1 1 1 1

10 8 2 1 1 1 1 1 1

11 9 2 1 1 1 1 1 1

12 10 2 1 1 1 1 1 1

0.90 2 0 1 1 1 1 1 1 1

3 1 1 1 1 1 1 1 1

4 2 1 1 1 1 1 1 1

5 3 2 1 1 1 1 1 1

6 4 2 1 1 1 1 1 1

7 5 2 1 1 1 1 1 1

8 6 2 1 1 1 1 1 1

9 7 3 1 1 1 1 1 1

10 8 3 1 1 1 1 1 1

11 9 3 1 1 1 1 1 1

12 10 3 1 1 1 1 1 1

0.95 2 0 1 1 1 1 1 1 1

3 1 1 1 1 1 1 1 1

4 2 2 1 1 1 1 1 1

5 3 2 1 1 1 1 1 1

6 4 2 1 1 1 1 1 1

7 5 2 1 1 1 1 1 1

8 6 3 1 1 1 1 1 1

9 7 3 1 1 1 1 1 1

10 8 4 1 1 1 1 1 1

11 9 4 1 1 1 1 1 1

12 10 4 2 1 1 1 1 1

0.99 2 0 2 1 1 1 1 1 1

3 1 2 1 1 1 1 1 1

4 2 2 1 1 1 1 1 1

5 3 3 1 1 1 1 1 1

6 4 3 2 1 1 1 1 1

7 5 4 2 1 1 1 1 1

8 6 4 2 1 1 1 1 1

9 7 5 2 1 1 1 1 1

10 8 5 2 1 1 1 1 1

11 9 6 2 1 1 1 1 1

12 10 6 2 1 1 1 1 1
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Table 3: Minimum number of groups for the proposed plan when η=1.25, λ=0.95
t0/µ0

P ∗ r c 1.25 1.75 2.25 2.5 3 3.5 4

0.75 2 0 1 1 1 1 1 1 1

3 1 1 1 1 1 1 1 1

4 2 1 1 1 1 1 1 1

5 3 1 1 1 1 1 1 1

6 4 1 1 1 1 1 1 1

7 5 1 1 1 1 1 1 1

8 6 1 1 1 1 1 1 1

9 7 1 1 1 1 1 1 1

10 8 1 1 1 1 1 1 1

11 9 2 1 1 1 1 1 1

12 10 2 1 1 1 1 1 1

0.90 2 0 1 1 1 1 1 1 1

3 1 1 1 1 1 1 1 1

4 2 1 1 1 1 1 1 1

5 3 1 1 1 1 1 1 1

6 4 1 1 1 1 1 1 1

7 5 2 1 1 1 1 1 1

8 6 2 1 1 1 1 1 1

9 7 2 1 1 1 1 1 1

10 8 2 1 1 1 1 1 1

11 9 2 1 1 1 1 1 1

12 10 2 1 1 1 1 1 1

0.95 2 0 1 1 1 1 1 1 1

3 1 1 1 1 1 1 1 1

4 2 1 1 1 1 1 1 1

5 3 2 1 1 1 1 1 1

6 4 2 1 1 1 1 1 1

7 5 2 1 1 1 1 1 1

8 6 2 1 1 1 1 1 1

9 7 2 1 1 1 1 1 1

10 8 3 1 1 1 1 1 1

11 9 3 1 1 1 1 1 1

12 10 3 1 1 1 1 1 1

0.99 2 0 1 1 1 1 1 1 1

3 1 2 1 1 1 1 1 1

4 2 2 1 1 1 1 1 1

5 3 2 1 1 1 1 1 1

6 4 2 2 1 1 1 1 1

7 5 3 2 1 1 1 1 1

8 6 3 2 1 1 1 1 1

9 7 3 2 1 1 1 1 1

10 8 4 2 1 1 1 1 1

11 9 4 2 1 1 1 1 1

12 10 4 2 1 1 1 1 1
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Table 7: Model fitting and descriptive summary of data set
Descriptive Summary

Min Max Lower Quantile Median Upper Quantile Skewness Kurtosis

0.0251 9.0960 0.8982 1.7362 2.3041 2.0196 5.6004

Model fitting Summary

Model L-L AIC BIC K-S statistic p-value

TrWD -121.43 248.86 255.8522 0.098776 0.4215
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