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Abstract: The present study proposes an attributes sampling plan under the gamma-Poisson distribution for
the resubmitted lots. The design parameters of the proposed plan such as the sample number and the acceptance
number are determined by using two points on operating characteristics curve such that both the producer’s and
the consumer’s risks are satisfied for some specified values of acceptable quality level and rejectable quality
level. The parameters are selected using the minimum average sample number criteria. Extensive tables are
provided for some selected combinations of two quality levels and the results are explained with examples. 
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INTRODUCTION 

Resubmission of lots for sampling plays an important
role in the inspection of products. In this scheme, even if
the submitted lot is not accepted based on a single sample,
it may be resubmitted for further inspection by the
producer as in the case of double sampling plan. In some
situations, the producer may disagree with the results of
the first sample and resampling the same number of items
may be done under the provisions of the contract or
statutes. In some countries, tax on products is assessed
based on a sample result and if the producer does not
agree with the result, a second sample may be used. For
an example, the Indian Central Excise (ICE) authorities
decide about the tax on cotton yarn on the basis of the
second sample if the producer disputes the first sample
results. Resampling is also done for testing food products
where the test procedures are not always accurate or
selecting a sample is difficult. Govindaraju and
Ganesalingam (1997) stated that “in the ante-mortem
inspection of animals a category of SUSPECT is created
for resampling. In post mortem inspection of carcasses,
doubtful cases are marked as RETAINED for further
inspection”. For more detail, reader can refer to Damija
and Hammer (1990). Govindaraju and Ganesalingam
(1997) have investigated and analyzed the situations of
resampling of lots and derived the performance of the
resampling scheme. 

In all the attributes sampling plans, the basic
assumption is that the lot or process fraction defective is
constant, which indicates that the production process is
stable. However, in practical situations, the lots formed

from a process will have quality variations which are due
to process and random fluctuations. As mentioned by
Vijayaraghavan et al. (2008), these variations are
classified as two types: 

C One is within-lot variation (pre-assumed to be
random) 

C Between-lot variation (pre-assumed to be process)
 

When the second type variation is larger than the
within lot, the fraction of defective items in the lots will
vary continuously. In such cases, the decision on the
submitted lots should be made with the consideration of
the between lot variation so that the conventional
sampling plans can be applied. A better approach is to use
Instead, sampling plans based on Bayesian methodology
that can be applied with the prior knowledge on the
process variation in making decision on the disposition of
the lot. For further details about the prior distribution of
the lot fraction defective, Hald (1981) and Calvin (1990).
When the number of defects in the sample is Poisson
distributed, the gamma distribution is the conjugate prior
to the average number of defects. The Poisson distribution
is  being  used  as   an   approximation  to  the  binomial
distribution in this case. Under these situations, Hald
(1981) derived the Operating Characteristic (OC) curve
for the single sampling plan based on an assumed
Gamma-Poisson distribution. Vijayaraghavan et al.
(2008) developed the tables for the selection of
parameters of single sampling plan using the Gamma-
Poisson distribution. As, sampling plans for resubmitted
lots have been widely used in several areas such as in



Res. J. Appl. Sci. Eng. Technol., 4(23): 5171-5176, 2012

5172

Indian Central Excise (ICE) etc. In the literature, there has
been no attempt to develop sampling plans for
resubmitted lots using the Gamma-Poisson distribution.
The purpose of this study is to develop and design
sampling plans for specified requirements under the
conditions of a gamma prior distribution for the process
fraction non-conforming, p and using a Poisson
distribution approximation to binomial distribution. The
purpose of the study is to provide the tables under
proposed plan for industrial use. 

GAMMA-POISSON DISTRIBUTION

The Gamma-Poisson distribution is used in reliability
analysis and Bayesian acceptance sampling plans where
quality parameter is assumed to vary. Recently,
Vijayaraghavan et al. (2008) developed an acceptance
sampling plan using this distribution and compared the
results with a traditional acceptance sampling plan. It is
assumed that the observed number of defects in the
sample drawn from a process is distributed as binomial
with parameters n and p, where n is the sample size and p
is the average fraction non-conforming. As pointed by
Hald (1981) and Schilling and Neubauer (1982), the
Poisson distribution is a suitable model for the number of
non-conforming items in the sample when the ratio of
sample size to the population size is less than 10%, n is
large and p<0.10 is small. For further detail reader can
refer to Vijayaraghavan et al. (2008). We use the Poisson
approximation here. Under the conditions of the Poisson
distribution, the probability of acceptance of a lot under
the single sampling plan having the acceptance number c
is given by: 
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When p varies from lot-to-lot at random, it may be
reasonable to assume that p is distributed as a gamma
distribution because it is the natural conjugate prior for
sampling from the Poisson distribution in Bayesian
applications. The density function of the prior distribution
of p is given by: 
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The parameter a is the scale parameter and the
parameter m the shape parameter. If E (p) =  is given,p
then the scale parameter is obtained by . Here, ma m p=
is either specified or is estimated from the prior
information about the production process. For example, a
method based on moment estimated from historical data
or by assuming percentiles values (say 5 and 95%
percentiles, respectively) of the gamma prior and deriving

parameters values from this assumption. The posterior
distribution of the number of defects, d and the associated
probability of acceptance in a single sampling plan under
the Gamma-Poisson model is given by: 
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RESAMPLING PLAN FOR GAMMA-POISSON
DISTRIBUTION

The concept of a resampling plan was developed by
Govindaraju and Ganesalingam (1997). The following
conditions should hold for applying the plan.

C Discard the results of the original inspection that
resulted in non-acceptance of the lot.

C The consumer has confidence in the producer that the
producer will not take the advantage of the second
sampling. 

The operating procedure of the resampling scheme is
very simple and is given below.
 
C Perform the original inspection, i.e., apply a single

sampling plan as the reference plan under the
Gamma-Poisson distribution with the sample size n
and the acceptance number c. 

C In the case of non-acceptance of the original
inspection, apply the reference plan w times. Accept
the lot on the wth inspection if the lot is not accepted
on (w –1) st resubmission. 

In this study, due to the practical importance of single
sampling, this plan is the reference sampling plan. 

The OC function of the single sampling plan under
the Gamma-Poisson distribution is given by:
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According to Govindaraju and Ganesalingam (1997),
the OC function of the resampling scheme is given by:

(5)( ) ( )( )P p L pp

w
= − −1 1

The Average Sample Number (ASN) function of the
scheme is also given by:

(6)( ) ( )( )( ) ( )ASN p n L p L p
w

= − −1 1
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Table 1: Single sampling plan for resubmitted lots for Gamma-Poisson distribution indexed by p1, p2 and m = 5
P2
------------------------------------------------------------------------------------------------------------------------------------------------------

P1 0.05 0.06 0.07 0.08 0.09 0.10
0.005 138, 1(159.85) 115, 1(128.85) 99, 1(108.44) 21, 0(62.23) 46, 0(22.26) 41, 0(48.46)
0.010 296, 4(358.36) 203, 3(238.36) 137, 2(160.96) 87, 1(106.08) 77, 1(91.27) 69, 1(79.92)
0.015 *** 501, 10(610.42) 248, 5(301.1) 153, 3(186.88) 136, 3(159.93) 96, 2(114.33)
0.020 *** *** 1259, 33(1539.18) 376, 10(458.26) 221, 6(267.29) 148, 4(179.18)
0.025 **** *** *** ** 699, 23(853.62) 301, 10(366.96)
***: Plan does not exist; Value given in bracket is the ASN of the plan at AQL

Table 2: Optimal Gamma-Poisson single sampling plan for resubmitted lots for given p1, p2 and m = 10
P2
-------------------------------------------------------------------------------------------------------------------------------------------------------------

P1 0.05 0.06 0.07 0.08 0.09 0.10
0.005 114, 1(127.2) 95, 1(103.19) 50, 0(60.94) 44, 0(52.6) 39, 0(45.85) 35, 0(40.57)
0.010 155, 2(187.74) 129, 2(148.32) 82, 1(98.46) 72, 1(83.95) 64, 1(72.88) 57, 1(63.60)
0.015 310, 6(377.82) 195, 4(232.56) 139, 3(163.11) 97, 2(115.26) 86, 2(98.88) 57, 1(69.14)
0.020 1125, 28(1376.42) 352, 9(429.34) 194, 5(236.82) 146, 4(174.0) 108, 3(128.23) 78, 2(94.67)
0.025 *** 1520, 47(1859.28) 409, 13(498.14) 218, 7(265.95) 151, 5(182.14) 117, 4(139.53)
***: Plan does not exist; Value given in bracket is the ASN of the plan at AQL

Table 3: Optimal Gamma-Poisson single sampling plan for resubmitted lots for given p1, p2 and m = 25
P2
-----------------------------------------------------------------------------------------------------------------------------------------------------------------

P1 0.05 0.06 0.07 0.08 0.09 0.10
0.005 102, 1(111.66) 85, 1(90.92) 46, 0(55.41) 40, 0(47.22) 36, 0(41.91) 32, 0(36.72)
0.010 137, 2(159.36) 85, 1(102.86) 73, 1(85.24) 64, 1(72.75) 57, 1(63.48) 51, 1(55.84)
0.015 202, 4(242.15) 142, 3(166.65) 98, 2(116.35) 86, 2(98.43) 57, 1(69.08) 51, 1(60.17)
0.020 356, 9(428.95) 195, 5(236.12) 144, 4(169.11) 106, 3(124.2) 76, 2(91.17) 69, 2(80.42)
0.025 768, 23(936.66) 322, 10(391.05) 189, 6(229.26) 126, 4(153.58) 95, 3(116.06) 85, 3(99.68)
0.03 *** 640, 23(780.55) 297, 11(361.24) 185, 7(224.54) 130, 5(157.42) 101, 4(121.07)
0.035 **** ** 549, 23(670.0) 279, 12(339.62) 181, 8(218.87) 132, 6(158.31)
0.04 **** ** 1764, 82(2158.02) 480, 23(585.41) 264, 13(320.28) 178, 9(214.48)
0.045 *** *** *** 1238, 65(1513.45) 427, 23(521.11) 253, 14 (306.53)
0.05 *** *** *** *** 957, 56(1169.23) 384, 23(468.33)
***: Plan does not exist; Value given in bracket is the ASN of the plan at AQL

The basic purpose of an acceptance sampling plan is
to minimize the producer’s risk and the consumer’s risk.
The plan parameters are determined such that the
following inequalities are satisfied:

Pa (p1) $ 1! a (7)

Pa (p2) # $ (8)

In the above equations, p1 is the quality level
corresponding to the producer’s risk, which is called
acceptable quality level (AQL); p2 is the quality level
corresponding to the consumer’s risk, called the rejectable
quality level (RQL). It is important to note that there may
exist multiple solutions, so we alternatively determine
these parameters to minimize the ASN at p2 . This is
analogous to minimizing the average sample number in a
standard double sampling plan, i.e., minimizing ASN (p2)
where (7) and (8) are satisfied and n and c the sample size
and acceptance number are integers. 

The design parameters, the acceptance number c and
sample size n are determined for various values of p1, p2,

", $ and m. Note that the objective function of ASN(p2) is
evaluated at p = p2 because it is larger than that at p = p1.

As pointed out by Govindaraju and Ganesalingam
(1997), we have taken w = 2, the commonly preferred
value and 3, which is the preferred values. However,
similar tables can be constructed by using any values of
w and m. We assumed that the shape parameter of the
Gamma-Poisson distribution is known. The proposed plan
can also be used for the situation where the shape
parameter is unknown. Producers may keep records of the
estimated shape parameter values for specific products
and such data can be used to create a new estimate for m.
From Table 1-3 we observed interesting trends related to
the parameter values.

Table 1-3 present for m = 5, 10 and 25, respectively,
plans   when w = 2  and  Table  3-6 are  constructed  for
w = 3.

From these tables, we can see that the sample size
decreases as the value of shape parameter increases. It is
also seen that the sample size decreases as the p2 increases
and that the sample size increases as p1 increases. We also
note  that  as   the  value   of  w  increases from 2 to 3, the



Res. J. Appl. Sci. Eng. Technol., 4(23): 5171-5176, 2012

5174

Table 4: A optimal Gamma-Poisson single sampling plan for resubmitted lots for given p1, p2, w = 3 and m = 5
P2
--------------------------------------------------------------------------------------------------------------------------------------------------------------

P1 0.05 0.06 0.07 0.08 0.09 0.10
0.005 160, 1(197.40) 81, 0(115.55) 69, 0(94.13) 61, 0(80.64) 54, 0(69.64) 49, 0(61,64)
0.010 220, 2(329.83) 184, 2(251.09) 115, 1(162.21) 100, 1(133.25) 89, 1(113.67) 80, 1(98.70)
0.015 1245, 20(1870.62) 376, 6(551.15) 199, 3(291.67) 138, 2(200.09) 123, 2(168.07) 80, 1(114.95)
0.020 *** *** 566, 12(849.82) 282, 6(413.36) 155, 3(232.53) 110, 2(164.91)
0.025 *** *** *** 1484, 40(2232.07) 377, 10(563.05) 197, 5(296.07)
***: Plan does not exist; Value given in bracket is the ASN of the plan at AQL

Table 5: A Optimal Gamma-Poisson single sampling plan for resubmitted lots for given p1, p2, w = 3 and m = 10
P2
--------------------------------------------------------------------------------------------------------------------------------------------------------------

P1 ` 0.05 0.06 0.07 0.08 0.09 0.10
0.005 81, 0(116.24) 67, 0(91.09) 58, 0(76.01) 51, 0(64.88) 45, 0(55.77) 41, 0(49.91)
0.010 129, 1(192.87) 107, 1(146.76) 92, 1(118.82) 81, 1(100.12) 45, 0(66.73) 41, 0(59.06)
0.015 258, 4(378.95) 144, 2(214.93) 124, 2(169.97) 81, 1(117.65) 72, 1(99.15) 65, 1(85.82)
0.020 701, 15(1044.77) 283, 6(415.43) 154, 3(231.29) 108, 2(161.20) 96, 2(133.87) 65, 1(97.55)
0.025 *** 750, 20(1126.17) 301, 8(445.09) 187, 5(270.57) 120, 3(177.0) 87, 2(130.40)
***: Plan does not exist; Value given in bracket is the ASN of the plan at AQL

Table 6: A optimal Gamma-Poisson single sampling plan for resubmitted lots for given p1, p2, w = 3 and m = 25
P2
--------------------------------------------------------------------------------------------------------------------------------------------------------------

P1 0.05 0.06 0.07 0.08 0.09 0.10
0.005 73, 0(101.93) 61, 0(81.12) 52, 0(66.55) 46, 0(57.34) 41, 0(49.97) 37, 0(44.28)
0.010 113, 1(159.04) 95, 1(124.14) 81, 1(99.97) 46, 0(69.0) 41, 0(59.28) 37, 0(51.87)
0.015 185, 3(258.59) 125, 2(171.88) 81, 1(118.03) 71, 1(97.29) 63, 1(82.16) 57, 1(71.64)
0.020 356, 9(428.95) 195, 5(236.12) 144, 4(169.11) 106, 3(124.2) 76, 2(91.17) 69, 2(80.42)
0.025 566, 15(843.98) 264, 7(387.72) 156, 4(230.41) 116, 3(167.17) 84, 2(123.57) 75, 2(103.13)
0.03 2587, 82(3891.02) 472, 15(704.47) 249, 8(363.28) 158, 5(230.47) 122, 4(171.36) 93, 3(130.47)
0.035 *** 1405, 52(2111.42) 405, 15(605.33) 218, 8(325.29) 140, 5(210.36) 110, 4(160.78)
0.04 *** *** 968, 41(1451.53) 354, 15(528.36) 211, 9(310.02) 142, 6(208.33)
0.045 *** *** *** 734, 35(1099.35) 315, 15(470.81) 190, 9 (283.21)
0.05 *** *** *** *** 585, 31(875.88) 283, 15(421.99)
***: Plan does not exist; Value given in bracket is the ASN of the plan at AQL

values of plan parameters are also increased. For example,
when " = 5%, $ = 10%, p1 = 0.005, p2 = 0.05, m = 5 and
w = 2, the values of plan parameters are c = 1 and n = 138
and as w changes from 2 to 3, the sample size increases
from 138 to 160. This means that as the number of
resubmission increases, the sample size needed for
inspection also increases. 

Example: Suppose that an experimenter wants to run an
experiment to make a decision on a product whether to
accept or reject it. Assuming that the life time of the
product follows the Gamma-Poisson distribution with
shape parameter m = 5. Further, the experimenter decides
to repeat the inspection process for two times (w = 2).
Suppose one wants to find the parameters of a resampling
scheme for specified ARL (p1) = 0.015, LTRL (p2) = 0.10
with " = 5% and $ = 10%. Then from Table 1, we can
find the values of the parameters as n = 96 and c = 2 with
ASN = 114.33. This sampling plan is interpreted as: select
a random sample 96 from the lot and put them on the test.
Accept the lot if the number of defects is less than 2. If
more than 2 defects are occurred, select again the same
sampling plan after improving the quality of the lot by the

producer. Accept the lot if less than 2 defects are recorded
this time. However, reject the lot, otherwise without
giving another chance of improvement. 

Comparative study: In this section, we will compare the
results of the proposed plan with the single sampling plan
provided by Vijayaraghavan et al. (2008) when the shape
parameter is 5 or 25. We placed the sample size and the
acceptance number of the proposed plan as well as of the
existing single sampling plan based on Gamma-Poisson
distribution in Table 7 and 8. 

The sample size of the proposed plan is smaller than
the sample size of the single sampling plan for all the
combinations of the AQL and RQL. The ASN of the
proposed plan is also less than the sample size of the
existing plan. Similarly, the acceptance number of the
proposed plan is also reduced as compared to the existing
plan for all the combinations of the AQL and RQL. For
some of the combinations of AQL and RQL, the Gamma-
Poisson single sampling plan does not exist but the
resampling plan exists for such combinations also. 

Figure 1 provides the OC curves of the proposed
Gamma-Poisson  resampling  schemes  along   with  the
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Table 7: Comparison of proposed plan with Vijayaraghavan et al. (2008) plan when m = 5
P2
-------------------------------------------------------------------------------------------------------------------------------------------------------------

P1 0.05 0.06 0.07 0.08 0.09 0.10
0.005 138, 1(191.3) 115, 1(124.2) 99, 1(106.2) 71, 0(66.1) 46, 0(58.1) 41, 0(53.1)
0.010 296, 4(523.11) 203, 3(264.6) 137, 2(166.4) 87, 1(119.3) 77, 1(106.3) 69, 1(96.3)
0.015 ***+++ 501, 10(1911.54) 248, 5(492.15) 153, 3(276.9) 136, 3(176.6) 96, 2(138.5)
0.020 ***+++ ***+++ 1259, 33+++ 376, 10(1433.54) 221, 6(451.18) 148, 4(262.11)
0.025 ***+++ ***+++ ***+++ ***+++ 699, 23+++ 301, 10+++
Values given in bracket are n and c from the existing plan in Vijayaraghavan et al. (2008); ***: Plan does not exist; +++: Gamma-Poisson single
sampling plan does not exist

Table 8: Comparison of proposed plan with Vijayaraghavan et al. (2008) plan when p1, p2, " = 5%, $ = 10% and m = 25
P2
-------------------------------------------------------------------------------------------------------------------------------------------------------------

P1 0.05 0.06 0.07 0.08 0.09 0.10
0.005 102, 1(114.2) 85, 1(69.1) 46, 0(59.1) 40, 0(52.1) 36, 0(46.1) 32, 0(42.1)
0.010 137, 2(173.4) 85, 1(120.3) 73, 1(103.3) 64, 1(72.2) 57, 1(64.2) 51, 1(57.2)
0.015 202, 4(286.8) 142, 3(192.6) 98, 2(124.4) 86, 2(109.4) 57, 1(80.3) 51, 1(72.3)
0.020 356, 9(559.18) 195, 5(285.10) 144, 4(185.7) 106, 3(114.6) 76, 2(113.5) 69, 2(87.4)
0.025 768, 23(1735.62) 322, 10(534.21) 189, 6(283.12) 126, 4(197.9) 95, 3(144.7) 85, 3(115.6)
0.03 *** 640, 23(1446.62) 297, 11(496.23) 185, 7(282.14) 130, 5(190.10) 101, 4(143.8)
0.035 *** *** 549, 23(1239.65) 279, 12(484.26) 181, 8(281.16) 132, 6(199.12)
0.04 *** *** 1764, 82+++ 480, 23(1085.62) 264, 13(460.28) 178, 9(280.18)
0.045 *** *** *** 1238, 65+++ 427, 23(964.62) 253, 14 (441.30)
0.05 ***+++ ***+++ ***+++ ***+++ 957, 56+++ 384, 23(868.62)
***: Plan does not exist; Values given in bracket are n and c of the Gamma-Poisson single sampling plan; +++: Gamma-Poisson single sampling plan
does not exist

Fig. 1: Operating characteristic curves of Poisson single
sampling plan, Gamma-Poisson single sampling plan
and Gamma-Poisson resampling schemes corresponding
to p1: 0.01 (" = 0.05); p2: 0.06 ($ = 0.10)

Fig. 2: Operating characteristic curves of Poisson and Gamma-
Poisson resampling schemes with n: 150; c: 3 and
Different m values

Fig. 3: Operating characteristic curves of Poisson single
sampling plan, Gamma-Poisson single sampling plan
and Gamma-Poisson resampling schemes for same
sample size and acceptance number

Gamma-Poisson single sampling plan and the
conventional Poisson single sampling plan. From this
figure, it can be observed that the OC curve of the
proposed Gamma-Poisson resampling plan has a more
desirable shape. For better quality, i.e., for smaller values
of fraction nonconforming, the OC curve of the Gamma-
Poisson resampling scheme coincides with the OC curve
of the conventional Poisson single sampling plan. As
quality deteriorates, the OC curve of the Gamma-Poisson
resampling scheme moves toward that for the Gamma-
Poisson single sampling plan and comes close to it
beyond the indifference quality level. It indicates that all
the Gamma-Poisson resampling schemes, in general,
protect the producer’s interest against higher lot rejection
at good quality levels and at the same time safeguard the
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consumer’s interest against lower lot rejection at poor
quality levels. 

Figure 2 gives the OC curve of Gamma-Poisson
resampling plan for different shape parameters. From this
figure, it is seen that almost all the curves have equal
probability of acceptance for small fraction non-
conforming, but the probability of acceptance varies
according to the shape parameters for high fraction non-
conforming. It gives a picture that for higher values of m,
the Gamma-Poisson resampling plan gives better
protection to the consumers. In general, Gamma-Poisson
resampling plan has a higher probability of acceptance
than the other existing Gamma-Poisson sampling plan for
a fixed sample size and a fixed acceptance number. This
can be easily observed from Fig. 3. 

CONCLUSION 

In this study, we discussed the resubmitted sampling
under the Gamma-Poisson distribution. The design
parameters of the proposed plan are determined by
considering the producer and the consumer risks. The
proposed plan is better than the ordinary single sampling
plan for the Gamma-Poisson distribution in terms of the
sample  size.  The  proposed  plan  provides  the  reduced
sample size and the acceptance number as compared to
the existing sampling plan. So, the resubmitted scheme 

can replace the ordinary sampling scheme for the
industrial  use.  The  extension  of this proposed plan to a
group sampling the development for other distributions
may be future research areas. 
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