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Abstract This paper develops a modified chain group

acceptance sampling inspection plan (MChGSIP) for

inverse log-logistic distribution with known shape param-

eter when the life test is truncated at a pre-assumed time.

The proposed modified sampling plan requires a smaller

sample size than the commonly used sampling inspection

plan, such as group acceptance sampling inspection plan

(GSIP) and in particular single acceptance sampling

inspection plan (SSIP). The values of the minimum number

of groups with fixed group size and operating characteristic

function for various quality levels are obtained and pre-

sented in tabular form for the proposed plan. A compara-

tive study has been done for the MChGSIP, GSIP and

SSIP. Illustrate the performance of the proposed plan by

means of four real data sets and results show that the

MChGSIP has better performance as compared to GSIP

and SSIP in terms of the number of minimum groups, the

probability of lot acceptance, the cost and the inspection

time.

Keywords Chain sampling plan � Consumer’s risk �
Inverse log-logistic distribution � Operating characteristics �
Producer’s risk � Termination ratio � Truncated life test

1 Introduction

An extremely important aspect of a product is its quality.

On the basis of lot quality, one may take a decision to

accept or reject the lot. Often 100% inspection of the lot is

not feasible due to time, cost, risk, etc. Sometimes, testing

is destructive and expensive, so it would be better to

inspect the sample taken from the lot and make a decision

whether to accept or reject the lot on the basis of quality of

the considered sample of that submitted lot. Acceptance

sampling inspection plan (ASIP) was developed in the

1930s for inspection of incoming lot [see, Dodge and

Roming (1941)]. The main aim of using ASIP was to

reduce the cost of inspection, time of experiment and to

provide protection to the producer as well as the consumer.

ASIP may be classified in two broad areas, viz., ASIP by

attributes and by variables. In literature, many attributes

sampling inspection plans are available viz., single

acceptance sampling inspection plan (SSIP), double

acceptance sampling inspection plan (DSIP), group

acceptance sampling inspection plan (GSIP), sequential

acceptance sampling inspection plan (SeSIP), multiple

acceptance sampling inspection plan (MSIP) etc., where

the measurements of the quality characteristics are classi-

fied as conforming (or non-defective) or non-conforming

(or defective), while variable sampling plans uses the

accurate measurements of the quality characteristics. For

details of the ASIPs, readers may refer to Montgomery

(2009). Both types of ASIPs are used for judging a lot

based on the sample selected from the lot. The parameters

in ASIPs are called plan parameters which are determined

with the help of two point approaches: acceptable quality

level (AQL) and limiting quality level (LQL), where the lot
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quality is measured either by lot fraction defective or by lot

mean.

2 Related work

In recent years, GSIP and in particular SSIP are frequently

used by several researchers for various probability models

using time truncated life test. Notable among them are:

Aslam et al. (2009), Aslam and Jun (2009), Aslam et al.

(2011) for gamma, Weibull and Birnbaum Saunders dis-

tributions, respectively. Rao (2011) and Tripathi et al.

(2021) developed GSIP for Marshall-Olkin extended

exponential and inverse log logistic distribution, respec-

tively. Time truncated SSIP has been studied by several

authors which includes Dodge and Roming (1941), Gupta

(1962), Gupta and Groll (1961), Rosaiah and Kantam

(2005), Tsai and Wu (2006), Baklizi et al. (2004),

Balakrishnan et al. (2007), Aslam et al. (2010), Al-Omari

(2015), Tripathi et al. (2020) and Saha et al. (2021). Also,

GSIP is widely used by engineers in corporate world as

GSIP is cheaper than any other ASIP because it minimises

the cost as well as time. Most of the ASIPs mentioned

above take into account quality of the present lot but do not

consider the quality of previous lot(s). In this scenario,

chain sampling plan (ChSP) [see, Dodge (1955)] occupies

an important place in the literature of ASIP(s). In ChSP, for

sentencing a lot, one is not only dependent on the quality of

the current sample but also depends on the quality of the

past sample(s). ChSP is also known as ChSP-1 plan [see,

Dodge (1955)]. ChSP-1 is a plan with zero acceptance

number and was developed for inspection by attributes as

well as by variables [see, Govindaraju (2006), Govindaraju

and Balamurali (1998)]. It depends on chain of the past lot

results, i.e., quality of past lot or inspection of past lot plays

an important role in the decision making process for sen-

tencing a lot. For more details, the readers may refer to

Balamurali and Usha (2013), Govindaraju and Subramani

(1993). Usually, ChSP-1 uses the past results only when a

non-conforming unit is observed in the current sample.

Govindaraju and Lai (1998) developed a modified version

of ChSP-1 plan, known as MChSP-1 plan. However, the

MChSP-1 plan can only be used for inspection by attributes

based on Poisson model. Recently, Luca (2018) developed

an extension of MChSP-1 plan, known as MChSP plan.

MChSP is applicable for both attribute as well as variable

inspection plan. Tripathi et al. (2021) extended the work of

Luca (2018) under the time truncated scheme for Darna

distribution. Several authors have carried out numerous

studies on production and process analysis related to

manufacturing industries and some of them are: Qu et al.

(2020), Eldib et al. (2018), Ding et al. (2021), Han and

Xiao (2020), Moslehi et al. (2021), Sarkar and Gunturi

(2021), Zhou (2021), Zhang et al. (2020), Gan et al. (2020)

and Li et al. (2020).

The main purpose of this article is to introduce a new

sampling inspection plan called a modified chain-group

sampling inspection plan (MChGSIP) which is basically a

combination of MChSP and GSIP. This sampling plan is

particularly useful for cases where quality characteristics

are described by attributes only. The motivation to perform

the life test in groups for the proposed plan is that the use

of groups allow the experimenter to accommodate multiple

items in a tester and conduct the time truncated life test for

more than one item simultaneously. The multiple number

of items in a tester is called a group and the number of

items in a group is called the group size. When the required

number of testers are equal to the number of items to be

inspected in SSIP, the cost of inspection increases as

compared to GSIP. Hence, by using GSIP, substantial

testing time and cost can be reduced. The proposed

MChGSIP makes use of previous lot results and perform

life test in groups. Due to this, MChGSIP is preferable to

GSIP and SSIP. Presently, due to time and cost constraint,

quality control engineers and researchers in industries

prefer to use the time truncated life test during the

inspection process. In this kind of test, inspection may have

to be stopped at a pre-specified time point. Hence, a

decision rule may be made and the lot may be considered

good and acceptable if the number of defective items found

in the sample did not exceed the acceptance number during

the pre-specified time point.

Rest of the article is organized as follows: Related work

is discussed in Sect. 2. In Sect. 3, methodology of the

proposed plan is discussed. Brief description of inverse

log-logistic distribution (ILLD) and proposed plan for

ILLD is described in Sect. 4. Results are presented and

discussed in Sect. 5. For illustrative purposes, four real data

sets are analyzed in Sect. 6. Finally, concluding remarks

and future scope of the proposed study are placed in Sects.

7 and 8.

3 Methodology of MChGSIP for attributes

In this section, methodology of MChGSIP for attributes is

discussed. Here the plan parameters of the MChGSIP are

number of groups (g), acceptance number (c) and the

number of chained sample results (i). The MChGSIP plan

is determined by the triple of natural numbers (g, c, i) and

the flowchart of the proposed plan is displayed in Fig. 1.

The values of group size (r), truncation time (t0), pro-

ducer’s risk (a) and consumer’s risk (b) are assumed to be

pre-fixed. Now, procedure of the time truncated MChGSIP

plan for a pre-specified truncation time t0 is:
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1. Select n items from a particular lot and allocate r items

to g groups, i.e, n ¼ r � g. Start with normal inspection

for a pre-fixed experiment time t0.

2. Inspect all the groups simultaneously and record the

number of non-conforming units (D) upto pre-fixed

experiment time t0.

3. If D� c the lot is accepted provided that there is at

most 1 lot of the preceding i lots in which the number

of defective units D exceeds the criterion c, otherwise,

reject the lot.

Two point approach is used for the determination of plan

parameters of the proposed plan for the pre-fixed values of

r, t0, a and b. However, these pre-fixed values are not the

plan parameters of the proposed plan. The probability of

acceptance of GSIP, denoted by Pa, is given by:

Pa ¼
Xc

i¼0

rg

i

� �
pið1� pÞðrg�iÞ

¼
Xc

i¼0

f ðrg; p; iÞ
ð3:1Þ

where p is the probability that the observed number of

failures occur before the pre-specified experimental time t0,

i.e., Fðt0Þ is the cumulative distribution function (CDF) of

lifetime of sample items of submitted lot. Then the

probability of failure (p) of the items before experimental

time t0 is obtained from the Eq. (3.2) and is given by:

p ¼ Fðt0Þ ð3:2Þ

Now, the OC function of MChSP, denoted by PacðpÞ is

given by [see for details, Luca (2018)]:

PacðpÞ ¼ P Pi þ iPi�1ð1� PÞ
� �

ð3:3Þ

where P ¼ Pðdn;p � cÞ is defined as the probability that the

observed number of defective units found in a lot is less

than the criterion c [see, Luca (2018)]. By using Eq. (3.1),

we can obtain the OC function of the proposed MChGSIP,

denoted by PacgðpÞ and is given by:

PacgðpÞ ¼
Xc

i¼0

f ðrg; p; iÞ
Xc

i¼0

f ðrg; p; iÞ
 !i"

þ i
Xc

i¼0

f ðrg; p; iÞ
 !i�1

1�
Xc

i¼0

f ðrg; p; iÞ
 !3

5

ð3:4Þ

Now, our interest is to determine the parameters of the

proposed plan, which are mentioned above by triplet of

natural number (g, c, i). To obtain the OC function of

MChGSIP, first we have to find out the probability of

Yes

No

Yes                                                                                                 No

Start

Inspect a sample of size n=g r from the current lot and 
observe the number of defec�ves units Δ in each “g” group

Is Δ>c ?

Δ ≤c in the preceding i samples and at most one 
lot exceed the criterion

Reject the 
lot

Is at most 
one lot 

exceed the 
criterion?

Accept the 
current lot

Fig. 1 Flow chart of MChGSIP
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acceptance of GSIP under the AQL and LQL, respectively

and are given by

Pa0 ¼
Xc

i¼0

f ðrg; p0; iÞ ð3:5Þ

Pa1 ¼
Xc

i¼0

f ðrg; p1; iÞ ð3:6Þ

With the help of Eqs. (3.5) and (3.6), we will determine the

expressions of OC functions of the proposed MChGSIP

plan at the considered two points AQL and LQL, respec-

tively and are given in Eqs. (3.7) and (3.8) as

Pacgðp0Þ ¼
Xc

i¼0

f ðrg; p0; iÞ
Xc

i¼0

f ðrg; p0; iÞ
 !i"

þ i
Xc

i¼0

f ðrg; p0; iÞ
 !i�1

1�
Xc

i¼0

f ðrg; p0; iÞ
 !3

5

ð3:7Þ

Pacgðp1Þ ¼
Xc

i¼0

f ðrg; p1; iÞ
Xc

i¼0

f ðrg; p1; iÞ
 !i"

þ i
Xc

i¼0

f ðrg; p1; iÞ
 !i�1

1�
Xc

i¼0

f ðrg; p1; iÞ
 !3

5

ð3:8Þ

Producer’s risk (probability of rejection of a good lot),

denoted by a and consumer’s risk (probability of accep-

tance of a bad lot), denoted by b is used in the computation

for determination of plan parameters of the proposed plan.

The objective of the producer is that sampling plan which

minimizes the chance of rejection of a good lot at

acceptable quality level (AQL) while consumer wants to

minimize the chance of accepting a bad lot at limiting

quality level (LQL). Determine the plan parameters of the

proposed plan in such a way that the lot acceptance prob-

ability of a good lot is larger than the producer’s confidence

level ð1� aÞ and that the lot acceptance probability of a

bad lot is smaller than consumer’s risk (b). Therefore, two-
point approach (at AQL and LQL) is used to determine the

plan parameters of the proposed plan by using the fol-

lowing non-linear optimization problem:

Minimize, average sample number (ASN):

n ¼ g� r subject to
ð3:9Þ

Pacgðp0Þ� ð1� aÞ ð3:10Þ

Pacgðp1Þ� b ð3:11Þ

The plan parameters are determined by using the above

non-linear optimization problem for various values of

producer’s risk and consumer’s risk. In the above opti-

mization problem, our aim is to minimize sample size n,

where n depends on number of groups g with each of group

size r, i.e., minimize the number of groups g in such a way

that g satisfies the above optimization problem for given r.

Results are reproducible for various choices of AQL, LQL,

a and b. For achieving this, the experimenter should follow

the following steps for the determination of plan parame-

ters of the proposed plan:

1. Choose the values of plan parameters of MChGSIP

(g, c, i).

2. Now check whether, (g, c, i) satisfies the Eqs. (3.9)–

(3.11) simultaneously for prefixed values of AQL,

LQL, a and b or not.

3. If satisfies the Eqs. (3.9)–(3.11) then finalize chosen

value of the plan parameters, otherwise repeat the steps

1 and 2.

4 MChGSIP for ILLD

Chiodo et al. (2018) proposed a new distribution for

extreme wind speed modelling called the ILLD. This dis-

tribution is a particular case of inverse Burr distribution

[see, Chiodo and De Falco (2016)] and also known as

Dagum distribution. The probability density function

(PDF) and the CDF of ILLD with shape parameter k and

scale parameter s are given by

f ðt; k; sÞ ¼ ksk

1þ ðstÞ
k

h i2
tkþ1

; t[ 0; k[ 0; s[ 0 ð4:1Þ

and

Fðt; k; sÞ ¼ 1

1þ ðstÞ
k

h i ; t[ 0; k[ 0; s[ 0: ð4:2Þ

The rth moment about origin is obtained by Chiodo et al.

(2018) and is given by

EðXrÞ ¼ lr ¼ srB 1þ r

k
; 1� r

k

� �
;

The mean of ILLD is given as

l ¼ sB 1þ 1

k
; 1� 1

k

� �
; ð4:3Þ

where B(u, v) is the beta function and is defined as

Bðu; vÞ ¼ CðuÞCðvÞ
CðuþvÞ .

Survival characteristics of any life time model is often

measured in terms of it’s hazard rate function (HRF). The

HRF for a specified value at t ¼ t0 is given as
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Hðto; k; sÞ ¼

ksk

1þð st0Þ
k

h i2
tkþ1
0

1� 1

1þð st0Þ
k

h i

8
<

:

9
=

;

ð4:4Þ

The ILLD exhibits increasing, decreasing and up-side

down bathtub (uni-modal) hazard rate shapes [see, Fig. 2]

which are very common in reliability studies and lifetime

data analysis. In quality control analysis, if shape param-

eter of a distribution is unknown it is very difficult to

design the acceptance sampling plan. Thus, in quality

control analysis, the scale parameter is sometimes called

quality/characteristic parameter. Therefore, it is assumed

that the distribution function depends on time only through

the termination ratio (t0=l0). Hence, it is better to use ILLD
for the truncated life test of MChGSIP.

Now to describe the computation of truncated life test of

the MChGSIP plan when items of a lot belongs to the

ILLD. Lot quality is measured by the lot mean and we have

observed that the higher value of l, better is the lot’s

quality, where l is defined in Eq. (4.3). Suppose in a

production process, a producer claims that the specified

mean lifetime of the units of a process is l0, while the

actual mean lifetime of the item is l, where

l0 ¼ s0B 1þ 1

k
; 1� 1

k

� �
;

i.e.,

s0 ¼ l0=B 1þ 1

k
; 1� 1

k

� �

Now, if our interest is to make inference whether the actual

mean lifetime l is larger than specified lifetime l0, then the
usual procedure is to take a random sample from that lot

and perform a truncated life test for pre-fixed time point,

say, t0, where t0 can be some multiple of l0, i.e.,

t0 ¼ a� l0, where a is a positive constant. A product is

considered to be acceptable for consumer’s use, if the

sample information supports the hypothesis

H0 : l� l0:

The expression of Pacg(p) can be written in terms of p,

where p is the CDF of ILLD. Now, p can be written in the

form of l0 and is given by:

p ¼ 1

1þ l
l0B 1þ1

k;1�1
kð Þ

� �
1

t0
l0

� �

8
<

:

9
=

;

k
2
64

3
75 ð4:5Þ

0 1 2 3 4 5

0.
0

0.
5

1.
0

1.
5

Hazard rate function

x

H
(x

)

β = 0.8, τ=0.5

β =1.8,τ=1.5

β = 3, τ=2
β = 3, τ=3
β = 1, τ=1
β = 4, τ=3

Fig. 2 Hazard rate function of ILLD
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p can be obtained for the given values of (l=l0), (t0=l0)
and known value of shape parameter k. Now for the given

producer’s risk a and consumer’s risk b, determine the plan

parameters of the proposed plan, which ensure l� l0, can
be found by the solution of above discussed two point

approach [see, Eqs. (3.9)–(3.11)]. All the plan parameters

have been recorded for the defined termination ratio

(t0=l0), quality level (l=l0), group size r and the known

values of shape parameter k.

5 Results

5.1 Comparative study

In this section, a comparative study has been done among

the proposed MChGSIP, GSIP and SSIP. For comparison

of all the three plans, the minimum number of groups g is

required for taking decision regarding the acceptance or

rejection of the lot. Here, minimum number of groups g in

case of MChGSIP for a prefixed value of group size

r ¼ 5; 10, producer’s risk a ¼ 0:05, consumer’s risk b ¼
0:10 and various values of AQL and LQL are presented in

Table 2 The plan parameters (g, c, i) of MChGSIP for r=(5,10,15) when a ¼ 0:05 and b ¼ 0:10

AQL

ðp0Þ
LQL

ðp1Þ
r g c i Pacgðp0Þ Pacgðp1Þ

0.01 0.02 5 120 10 3 0.9533257 0.0949371

0.03 5 73 9 3 0.9957442 0.0931588

0.04 5 49 8 3 0.9992039 0.0997336

0.05 5 35 7 3 0.9995756 0.0974133

0.06 5 26 6 3 0.9996377 0.0849579

0.07 5 19 5 3 0.999593 0.0905988

0.08 5 14 4 3 0.9992929 0.0854923

0.09 5 10 3 3 0.9983962 0.0843262

0.10 5 7 2 3 0.9947673 0.0685760

0.11 5 5 1 3 0.9823117 0.0894337

0.12 5 – 0 3 – –

0.01 0.02 10 60 10 3 0.9533257 0.0949371

0.03 10 37 8 3 0.9953206 0.0815820

0.04 10 25 6 3 0.9989401 0.0828586

0.05 10 18 5 3 0.9994885 0.0759371

0.06 10 13 4 3 0.9996377 0.0849579

0.07 10 10 4 3 0.9994646 0.0598251

0.08 10 7 4 3 0.9992929 0.0854923

0.09 10 5 4 3 0.9983962 0.0843262

0.10 10 4 4 3 0.9923361 0.0282539

0.11 10 2 4 3 0.9823117 0.0894337

0.12 10 – 4 3 – –

0.01 0.02 15 40 10 3 0.9533257 0.0949371

0.03 15 25 8 3 0.9948639 0.0711878

0.04 15 17 6 3 0.9987838 0.0683580

0.05 15 12 5 3 0.9994885 0.0759371

0.06 15 8 4 3 0.9997777 0.0423992

0.07 15 7 4 3 0.9993068 0.0383967

0.08 15 5 4 3 0.9990315 0.0503874

0.09 15 4 4 3 0.9968476 0.0207996

0.10 15 4 4 3 0.9761277 0.0004319

0.11 15 2 4 3 0.9601647 0.0078934

0.12 15 – 4 3 – –
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Tables 4 and 5, respectively. Similarly, two point approach

is used to obtained the minimum number of groups for the

GSIP and SSIP for the same given set-up as MChGSIP

plan. A comparison table [see, Table 6] is presented to

show that the proposed plan performs better than the GSIP

and SSIP in terms of minimum number of groups g under

the same set-up of known values of r, a and b. In some of

the cases, MChGSIP is required same number of groups as

in case of GSIP and SSIP for sentencing the lot. Hence, use

of the proposed plan is preferable rather than the GSIP and

SSIP, where decision (acceptance or rejection of the lot) is

taking on the basis of current sample only, for the reason

that past information plays a significant role to take a

decision regarding the lot sentencing criteria.

An advantage to develop MChGSIP is that it uses the

past information about the quality of the lot and this

advantage makes the proposed plan very special over the

GSIP and in particular SSIP. Also, mathematical support

has been provided to show the performance of the

MChGSIP as compared to GSIP and SSIP. Hence it can be

concluded that it would be better to adopt proposed

MChGSIP in place of GSIP and SSIP.

5.2 Discussion of tables, figures and hypothetical

examples

Table 1 represents the plan parameters (g, c, i) of the

proposed plan for the group size r ¼ 5; 10 when the pro-

ducer’s risk a ¼ 0:05 and consumer’s risk b ¼ 0:10 for the

given values of AQL(p0) and LQLðp1Þ. From Table 1, it is

observed that the number of groups decreases for fixed

values of AQL with increasing values of LQL. Also, when

AQL increases, required number of groups decreases

rapidly and the similar trends hold for both the considered

group sizes (r ¼ 5; 10). In some cases, we can not find out

the minimum number of groups which is denoted by blank

space (—) in the Table 1. One more interesting result we

have noted from Table 1 that when the group size is just

doubled, i.e., r ¼ 5 to r ¼ 10, then the minimum number of

groups are just becoming half (or near to half) of the

minimum number of groups required in r ¼ 5.

Table 2 represents the minimum number of groups of

the proposed MChGSP for the different group sizes r ¼
5; 10; 15 respectively and for the given values of AQL(p0)

and LQLðp1Þ. In Table 2, similar results are observed, i.e.,

the number of groups decreases for fixed values of

AQL(p0) with increasing values of LQLðp1Þ and also this

results hold for each group size ðr ¼ 5; 10; 15Þ. When

Table 3 The plan parameters (g, c) of GSIP for r=(5, 10) when a ¼ 0:05 and b ¼ 0:10

AQL LQL r=5 r=10

ðp0Þ ðp1Þ g c Pa0 Pa1 g c Pa0 Pa1

0.01 0.02 – 10 – – – 10 – –

0.03 87 8 0.9670424 0.09407425 44 8 0.9649683 0.08763963

0.04 65 6 0.9531504 0.02378741 32 6 0.9562347 0.02681252

0.05 39 4 0.9526281 0.03122419 19 4 0.9567750 0.03679024

0.06 27 3 0.9526341 0.03552376 13 3 0.9577573 0.04382779

0.07 16 2 0.9534468 0.07503369 8 2 0.9534468 0.07503369

0.05 0.10 – 10 – – – 10 — —

0.12 – 8 – – – 8 — —

0.14 – 6 – – – 6 — —

0.18 10 5 0.9622238 0.0928591 5 5 0.9622238 0.09285919

0.20 8 4 0.9519717 0.0759145 4 4 0.9519717 0.0759145

0.10 0.20 – 10 – – – 10 — –

0.25 – 8 – – – 8 — –

0.30 7 7 0.9580981 0.0552828 4 7 0.9580981 0.05528289

0.35 5 5 0.9666001 0.0826247 – 5 — —

0.38 4 4 0.9568255 0.0726116 2 2 0.9597602 0.0834512

0.15 0.30 – 10 – – – 10 — —

0.40 6 8 0.9722218 0.0940112 3 8 0.9722218 0.09401122

0.50 – 5 – – – 5 — —

0.55 – 3 – – – 3 — —
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group size increases, number of groups decreases for the

same set of values of AQL(p0) and LQLðp1Þ. In some

cases, required number of groups is same irrespective of

the groups size and also found that the same number of

groups required when the value of LQLðp1Þ is too large.

Sometimes we are not able to figure out the minimum

number of groups required for the same considered set-up

of AQL(p0) and LQLðp1Þ which is denoted by blank space

(—) in Table 2.

Table 3 contains the plan parameters of GSIP for the

same group sizes as considered in MChGSIP, i.e.,

(r ¼ 5; 10) at the pre-fixed values of AQL(p0) and

LQLðp1Þ. If AQL(p0) is fixed and LQL increases then the

minimum number of groups deceases for both the consid-

ered group sizes ðr ¼ 5; 10Þ. Also, it is observed from

Table 3 that when the group size increases from r ¼ 5 to

r ¼ 10, the required number of groups is just half (or near

to half). Blank space (—) in Table 3 denotes that we are

unable to find out the minimum number of groups required

for the considered set-up of AQL(p0) and LQLðp1Þ in case

of GSIP.

Tables 4 and 5 represents the plan parameters (g, c, i) of

the proposed MChGSIP when the items of the lot follow

the IILD with known shape parameters k ¼ 2; 3, for the

pre-fixed group sizes r ¼ ð5; 10Þ, producer’s risk a ¼ 0:05

and for the different values of consumer’s risk b ¼
ð0:25; 0:10; 0:05; 0:01Þ corresponding to the given termi-

nation ratio ðt0=l0Þ ¼ ð0:5; 1Þ, respectively. Also,

probability of acceptance PacgðpÞ of the proposed

MChGSIP have been presented in Tables 4 and 5 corre-

sponding to given quality level ðl=l0Þ ¼ ð2; 3; 4; 5; 6; 7; 8Þ.
From Tables 4 and 5, it is observed that as b decreases for a

given set of values of r, a ¼ ðt0=l0Þ and ðl=l0Þ, the

minimum number of groups are also decreases for that set

up. Also, when quality level l=l0 increases with fixed b,
the minimum number of groups are also decreases. How-

ever, this decreasing behaviour of required number of

groups are not true for all the quality levels considered

here. For example, considered the set up from Table 4,

where group size r ¼ 5, termination ratio ðt0=l0Þ ¼ 0:5,

b ¼ 0:25 and quality level ðl=l0Þ ¼ 5, minimum number

of groups g ¼ 2 and acceptance number c ¼ 2 respectively.

As increase the quality level for this set up, minimum

number of groups and acceptance number are remain same.

Also, as b decreases for the fixed values of quality level

ðl=l0Þ, termination ratio t0=l0 and group size r, the

required number of groups g increases. Another important

observation from Tables 4 and 5 is that the number of

groups decreases when termination ratio ðt0=l0Þ increases
in both cases of group sizes r ¼ 5; 10.

Table 6 shows the comparison study among the

MChGSIP, GSIP and SSIP in terms of minimum number of

groups g which is required for taking decision regarding

the acceptance or rejection of the lot. For the more details

discussion of Table 6, the readers may see the Sect. 5.1.

0.02 0.03 0.04 0.05 0.06 0.07

20
40

60
80

10
0

12
0

AQL=0.01

LQL

nu
m

be
r o

f g
ro

up
s

r=5
r=10

0.10 0.12 0.14 0.16 0.18 0.20

0
5

10
15

20
25

AQL=0.05

LQL

nu
m

be
r o

f g
ro

up
s

r=5
r=10

0.20 0.25 0.30 0.35

0
5

10
15

AQL=0.10

LQL
nu

m
be

r o
f g

ro
up

s

r=5
r=10

0.30 0.35 0.40 0.45 0.50 0.55

0
2

4
6

8
10

AQL=0.15

LQL

nu
m

be
r o

f g
ro

up
s

r=5
r=10

Fig. 3 Number of groups for the different choices of AQL

Int J Syst Assur Eng Manag (October 2022) 13(5):2307–2326 2319

123



Figure 3 is a graphical representation of Tables 1 and 2

which shows the trend of minimum number of groups for

the fixed value of AQL(p0) and various choices of

LQL(p1). From Fig. 3, we observe that if group size

increases (r ¼ 5 to 10), then the required number of groups

decreases. Break point (or blank space) in Fig. 3 indicates

that no value of required number of groups g found for the

corresponding combination of AQL(p0) and LQL(p1).

Figure 4 shows the comparison of required minimum

number of groups for different choices of group size r ¼
5; 10; 15 when AQL is fixed with varying LQL. The trend

of required number of groups g in Fig. 4 is similar to the

trend that it is observed in Fig. 3, i.e., required number of

groups decreases when the group size increases

r ¼ 5 to 15.

The motivation of incorporating the Fig. 5 is to compare

the proposed plan MChGSIP with GSIP and SSIP in terms

of required number of groups for given values of LQL(p1)

and for group size r ¼ 5; 10. From Fig. 5 it is observed that

the performance of the proposed MChGSIP is better than

the GSIP and SSIP in terms of required number of groups

for the same set up. For more details of comparison aspect

of the proposed plan, the readers may refer to Sect. 5.1 and

Table 6. Also, it is observed that the number of groups get
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closer for MChGSIP and GSIP for all considered set-up of

AQL(p0) when LQL(p1).

Hypothetical example 1 Suppose that the producer’s risk

a and consumer’s risk b are assumed to be 0.05 and 0.10,

respectively. Also, the values of AQL ðp0Þ and LQL ðp1Þ
are 0.05 and 0.14, respectively and these values are known

to experimenter to apply the two point approach for the

estimation of plan parameters of the proposed plan. From

Table 1, the obtained plan parameters are g ¼ 13, c ¼ 6

and i ¼ 2 for pre-fixed group size r ¼ 5. Hence, based on

these plan parameters, the proposed MChGSIP is described

as:

• Select a sample of size 65 from a submitted lot.

Allocate 5 items to 13 groups, i.e., n ¼ r � g and start

with normal inspection.

• Inspect all the groups simultaneously and record the

number of non-conforming units (D).

• If D� 6 the lot is accepted provided that there is at most

1 lot of the preceding 2 lots in which the number of

defective units D exceeds the criterion 6, otherwise,

reject the lot.

Hypothetical example 2 Suppose that producer claims

specified mean lifetime of items is l0 ¼ 4 unit and the

lifetime of items follow the ILLD quality characteristic

with shape parameter k ¼ 3, consumer’s risk b ¼ 0:10,

producer’s risk a ¼ 0:05, group size r ¼ 5 and true mean

of items l ¼ 12. Now experimenter wants to test lifetime

of the items for 2 units. For the above explained specifi-

cations, we have termination ratio ðt0=l0Þ ¼ 0:5 and

quality level l=l0 ¼ 3. From Table (6), plan parameters

are g ¼ 66, c ¼ 54 and i ¼ 2. Now the MChGSIP is

described as:

• Select a sample of size 330 from a submitted lot.

Allocate 5 items to 66 groups, i.e., n ¼ r � g and start

with normal inspection.

Table 7 Model fitting summary

of the considered real data sets
Data set MLE lðĤÞ AIC BIC K-S statistic p value

I s ¼ 2:4985; k ¼ 4:1185 �146:2736 296.5473 301.7576 0.0902 0.3896

II s ¼ 63:9946; k ¼ 3:3465 �113:3730 230.7460 233.0170 0.0943 0.9866

III s ¼ 44:6332; k ¼ 1:5332 �58:8539 121.7079 122.5037 0.2146 0.6179

IV s ¼ 128:7373; k ¼ 28:0146 �141:3850 286.7699 290.1477 0.1204 0.6078
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• Inspect all the groups simultaneously and record the

number of non-conforming units (D).
• If D� 54 the lot is accepted provided that there is at

most 1 lot of the preceding 2 lots in which the number

of defective units D exceeds the criterion 54, otherwise,

reject the lot.
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Fig. 7 Histogram density, empirical and theoretical CDFs, P–P plot for data set II
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Probability of acceptance of the lot under the above men-

tioned specification is 1.0000000 for the quality ratio

ðl=l0Þ ¼ 3.

If practitioners conduct the experiment under the same

set-ups using the proposed plan for ILLD, then they can use

presented results for the decision purpose to judge the

quality of lot and also able to determine the probability of

acceptance to the corresponding set-up. This study con-

tribute to the industry and save the producers as well

consumers. Moreover, practitioners can extend the results

for different choices for shape parameter in a similar line.

6 Real life examples

To illustrate our proposed methodology, four real life

examples are considered and the actual data sets are pro-

vided in ‘‘Appendix’’ for reference. For the applications of

these data sets, at first, check whether the considered data

sets comes from ILLD or not by goodness-of-fit test and

two discrimination criteria (AIC and BIC) based on the

likelihood-function evaluated at the MLEs of the parame-

ters. The values of MLEs of the parameters, lðĤÞ, AIC,
BIC, K-S Statistic with corresponding p values are dis-

played in Table 7. It can be observed from Table 7 that the

ILLD is reasonably well fitted for the considered data sets.

Further, Histogram-density, Empirical and Theoretical

CDFs and P–P plot of the considered model are also dis-

played in the Figs. 6, 7, 8 and 9, respectively and these

figures are used to show how well data sets are fitted the

probability distribution.

Data I For the empirical analysis, we use a dataset from

Nichols and Padgett (2006). The data set consists of 100

breaking stress of carbon fibers (in Gba). Assumed that the

lifetime of breaking stress of carbon fibers follow ILLD

and MLEs of s and k are ŝ ¼ 2:4985 and k̂ ¼ 4:1185.

Suppose, the experimenter wants to establish the mean

lifetime of breaking stress of carbon fibers is 1.65 unit with

consumer’s risk 0.05, when the shape parameter

k ¼ 4:1185. Also assume that the life test would be ter-

minated at 0.825. This leads to termination ratio

ðt0=l0Þ ¼ 0:75. Optimal plan parameters for the considered

specifications are g ¼ 15, c ¼ 3 and i ¼ 2 when group size

r ¼ 5. Now, if the experimenter desires to set up the

MChGSIP plan for the above mentioned specifications,

then procedure is as follows:

• Select a sample of size 75 from a submitted lot.

Allocate 5 items to 15 groups, i.e, n ¼ r � g and start

with normal inspection and test the units upto trunca-

tion time 1.65 Gba.

• Inspect all the groups simultaneously and record the

number of non-conforming units (D).
• If D� 3 the lot is accepted provided that there is at most

1 lot of the preceding 2 lots in which the number of

defective units D exceeds the criterion 3, otherwise the

lot is rejected.
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Fig. 9 Histogram density, empirical and theoretical CDFs, P–P plot for data set IV
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If true mean lifetime of breaking stress of carbon fibers is

3.30 minutes, i.e., quality ratio is ðl=l0Þ ¼ 2 then proba-

bility of acceptance of lot for the considered specifications

of experimenter is 0.9994453.

Data II This data set was considered by Lawless (2003)

which represents the number of millions revolutions to

failure for 23 ball bearings and is considered to illustrate

the proposed plan. Assumed that the lifetime of above ball

bearings data set follow ILLD and MLEs of s and k are

s ¼ 63:9946 and k ¼ 3:3465. Suppose, experimenter wants

to set the mean life time for ball bearings is 45 minutes

with consumer’s risk 0.25 and with shape parameter

k ¼ 3:3465. Also assume that the life test would be ter-

minated at 22.5 minutes with consumer’s risk 0.25. This

leads to termination ratio ðt0=l0Þ ¼ 0:5. Hence, the optimal

plan parameters for the considered specifications are g ¼ 5,

c ¼ 1 and i ¼ 2 when group size r ¼ 3. Now, if the

experimenter desires to set up the MChGSIP plan for the

above mentioned specifications, then procedure is as

follows:

• Select a sample of size 15 from a submitted lot.

Allocate 3 items to 5 groups, i.e, n ¼ r � g and start

with normal inspection and test the units up to

truncation time 22.5 minutes.

• Inspect all the groups simultaneously and record the

number of non-conforming units (D).
• If D� 1 the lot is accepted provided that there is at most

1 lot of the preceding 2 lots in which the number of

defective units D exceeds the criterion 1, otherwise

reject the lot.

If true mean lifetime of the ball bearings is 0 minutes, i.e.,

quality ratio is ðl=l0Þ ¼ 2 then probability of acceptance

of lot for the considered specifications of experimenter is

0.9766474.

Data III The data set is taken from Lawless (2003) and

represents the break down times (in minutes) of electrical

insulating fluid subject to a 30 KV voltage stress. Assumed

that the lifetime of above data set follow ILLD and the

MLEs of s and k are s ¼ 44:6332 and k ¼ 1:5332. Suppose

the experimenter wants to set the mean lifetime of small

electric carts is 30.5 minutes with consumer’s risk 0.05 and

shape parameter k ¼ 1:5332. Assuming that life test would

be terminated at 15.25 minutes. This leads to termination

ratio ðt0=l0Þ ¼ 0:5. Optimal parameters for the considered

specifications are g ¼ 3, c ¼ 3 and i ¼ 2 when group size

r ¼ 3. If experimenter desires to set up the MChGSIP plan

for the above mentioned specifications then procedure is:

• Select a sample of size 9 from a submitted lot. Allocate

3 items to 3 groups, i.e, n ¼ r � g and start with normal

inspection and test the units upto truncation time 15.25

minutes.

• Inspect all the groups simultaneously and record the

number of non-conforming units (D).
• If D� 3 the lot is accepted provided that there is at most

1 lot of the preceding 2 lots in which the number of

defective units D exceeds the criterion 3, otherwise

reject the lot.

If true mean lifetime of small electric carts is 122 minutes,

i.e., quality ratio is ðl=l0Þ ¼ 4, then probability of

acceptance of lot for the considered specifications of

experimenter is 0.9789872.

Data IV Data set is given in Montgomery et al. (2011).

The data set represents the time to failure in hours of an

electronic component subjected to an accelerated life test.

Assuming that the data set follows ILLD distribution and

MLEs of s and k are s ¼ 128:73733 and k ¼ 28:01468.

Suppose, the experimenter wants to set the mean lifetime

of electronic component subjected to an accelerated life

test is 132 minutes with consumer’s risk 0.25 and shape

parameter k ¼ 28:01468. Also assume that the life test

would be terminated at 118.8 minutes. This leads to ter-

mination ratio ðt0=l0Þ ¼ 0:90. Optimal parameters for the

considered specifications are g ¼ 20, c ¼ 1 and i ¼ 2 when

group size r ¼ 2. If experimenter desires to set up the

MChGSIP plan for the above mentioned specifications then

procedure is:

• Select a sample of size 40 from a submitted lot.

Allocate 2 items to 20 groups, i.e, n ¼ r � g and start

with normal inspection and test the units upto trunca-

tion time 118.8 minutes.

• Inspect all the groups simultaneously and record the

number of non-conforming units (D).
• If D� 1 the lot is accepted provided that there is at most

1 lot of the preceding 2 lots in which the number of

defective units D exceeds the criterion 1, otherwise

reject the lot.

If true mean lifetime of electronic component subjected to

an accelerated life test is 264 minutes, i.e., quality ratio is

ðl=l0Þ ¼ 2 then probability of acceptance of lot for the

considered specifications of experimenter is 1.

7 Conclusions

In this article, a new ASIP, MChGSIP is introduced.

Methodology of MChGSIP for attributes under time trun-

cated scheme is discussed along with the flowchart of

proposed ASIP. Further, ILLD is used to develop the time

truncated MChGSIP. To show the performance of

MChGSIP over SSIP and GSIP, a comparative study is

included in the paper and it is found that MChGSIP is more

efficient than SSIP and GSIP. Also, plan parameters of
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time truncated MChGSIP are calculated for different sets

of ða; bÞ. Results regarding the plan parameters of the

proposed plan are represented through the figures for better

comprehension of trends of findings. Moreover, tables for

plan parameters of time truncated MChGSIP for ILLD are

presented for various values of shape parameter. Discus-

sion on tables, figures and hypothetical examples is pro-

vided. Further, four real life examples are provided to show

the applicability of the proposed plan in real life situation.

In a nutshell, the MChGSIP plan enables us to reduce the

minimum number of groups to reach a decision about

sentencing a lot by using past samples and save the cost

and time of an experimenter. Hence, it would be preferable

to use MChGSIP over other existing plans.

8 Future scope

Development of proposed time truncated MChGSIP for

some other lifetime distributions may be a fruitful area in

the future research. These developments are beneficial for

the practitioners or industrialist so they can use the

tables directly for determination of plan parameters and

take a decision regarding lot quality based on plan

parameters.

Appendix

Data set I

0.39, 0.81,

0.85,

0.98, 1.08, 1.12, 1.17,

1.18,

1.22, 1.25,

1.36, 1.41, 1.47, 1.57,

1.57, 1.59, 1.59, 1.61, 1.61, 1.69, 1.69,

1.71, 1.73, 1.8, 1.84, 1.84, 1.87,

1.9, 1.92, 2.0, 2.03,

2.03, 2.05,

2.12, 2.17, 2.17,

2.17, 2.35, 2.38,

2.41, 2.43, 2.48, 2.48,

2.5, 2.53, 2.55, 2.55,

2.56, 2.59, 2.67, 2.73, 2.74, 2.76, 2.77,

2.79, 2.81, 2.81, 2.82, 2.83, 2.85, 2.87, 2.88,

2.93, 2.95, 2.96, 2.97, 2.97, 3.09, 3.11, 3.11,

3.15, 3.15, 3.19,

3.19, 3.22, 3.22, 3.27, 3.28, 3.31, 3.31, 3.33,

3.39, 3.39, 3.51, 3.56,

3.60, 3.65, 3.68, 3.68,

3.68, 3.70, 3.75, 4.20,

4.38, 4.42, 4.70,

4.90, 4.91, 5.08, 5.56.

Data set II

17.88, 28.92,

33, 41.52, 42.12, 45.60,

48.40, 51.84, 51.96, 54.12,

55.56, 67.80, 68.64, 68.64,

68.88, 84.12, 93.12, 98.64, 105.12,

105.84,

127.92, 128.04, 173.40.

Data set III

7.74, 17.05,

20.46, 21.02, 22.66, 43.40,

47.30, 139.07, 144.12, 175.88, 194.90.

Data set IV

127, 124, 121, 118, 125,

123, 136, 131,

131, 120, 140, 125,

124, 119, 137, 133, 129, 128, 125, 141,

121, 133, 124, 125, 142, 137, 128, 140, 151, 124,

129, 131, 160, 142, 130, 129, 125, 123, 122, 126.
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