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Developing a skip-lot sampling plan by variables based on the EWMA and the overall yield index for multiple quality characteristics

Developing a product acceptance plan procedure for multiple characteristics has attracted the quality assurance experts and acceptance sampling has been extensively used in practical applications for product inspections, and several sampling plans have been established for different situations and purposes. When a submitted lot's quality is good and stable, skip-lot sampling plans (SkSPs) are an effective sampling procedure to reduced inspection cost and time. This manuscript develops the variables SkSP of type 2 (SkSP-2) by incorporating the process overall yield index for multiple characteristics and exponentially weighted moving average (EWMA) statistic of the process yield index . This plan is suitable for today's high-yield process environments and products, with multivariate normal distributed quality characteristics under bilateral specification limits. The plan parameters are solved by an optimization model with nonlinear constraints, which minimizes the average sample number (ASN) and satisfies the quality and risk requirements specified by the producer and consumer. The performance and efficiency of the proposed SkSP-2 based on the EWMA statistic are examined in terms of the operating characteristic and ASN curves. Additionally, tables of the plan parameters under selected conditions are provided. Finally, the plan is applied to a real industrial problems.

Introduction

Acceptance sampling is a useful tool for quality control and product acceptance in any supply chain; it treats the question of quality determination. Acceptance sampling is used to validate the compliance of a lot. A random sample is inspected and the result of this inspection determines whether the batch is validated or not. There are two approaches to acceptance sampling, by attributes; you base your decision about the entire lot on the number of defects or defective items in the sample. The alternative approach is acceptance sampling by variables, in which you use a measurable characteristic to evaluate the sampled items. More details about these two plans can be found in [START_REF] Collani | A Note on Acceptance Sampling for Variables[END_REF], [START_REF] Seidel | Is Sampling by Variables Worse than Sampling by Attributes? A Decision Theoretic Analysis and a New Mixed Strategy for Inspecting Individual Lots[END_REF], [START_REF] Govindaraju | Chain Sampling Plan for Variables Inspection[END_REF], [START_REF] Balamurali | Repetitive Group Sampling Procedure for Variables Inspection[END_REF], [START_REF] Balamurali | Multiple Dependent State Sampling Plans for Lot Acceptance Based on Measurement Data[END_REF], [START_REF] Tsai | Acceptance Sampling Plans under Progressive Interval Censoring with Likelihood Ratio[END_REF], [START_REF] Vangjeli | ASN-Minimax Double Sampling Plans by Variables for Two-Sided Specification Limits When the Standard Deviation Is Known[END_REF], [START_REF] Aslam | Repetitive Acceptance Sampling Plans for Burr Type XII Percentiles[END_REF]Aslam et al. ( , 2014)), Yen et al. , [START_REF] Tamirat | Acceptance Sampling Plans Based on EWMA Yield Index for the First Order Autoregressive Process[END_REF], Wu et al. (2020). According to the sampling method, scholars have developed different types of sampling plans such as single sampling plan (SSP), double sampling plan (DSP), multiple sampling plan, sequential sampling plan, etc.

One of the most economical sampling plans is the skip-lot sampling plan (SkSP), [START_REF] Dodge | Skip-Lot Sampling Plan[END_REF] originally proposed it without considering the reference plan (SkSP-1), it was designed for situations that involve costly or destructive testing. It is used for the inspection for bulk material or products manufactured in successive lots.

The main concept is that when the quality of the lots is stable, we can randomly inspect a certain proportion of the lots, which reduces the inspection time and cost. These plans required a single determination or analysis to ascertain the lot's acceptability or nonacceptability. Thus, [START_REF] Perry | Skip-Lot Sampling Plans[END_REF] further developed a SkSP-2 integrating the concept of reference sampling plan, which is a given lot-inspection plan tested by attributes, and the lot will move to skip-lot sampling under certain conditions, so the plan SkSP-2 follows the next logical step-each lot to be inspected is sampled according to some attribute lot-inspection plan. When the fraction of lots inspected under skipping inspection is one, the SkSP-2 will reduce to the given reference-sampling plan.

Since then, scholars link SkSP with different reference plans, such as SSP, DSP, repetitive group sampling plan (RGSP). They have also considered quality characteristics with different distributions, and they used process capability indices (PCIs) to measure and quantify the quality of products or processes, or they can have different operating procedures. [START_REF] Vijayaraghavan | Construction and Selection of Skip-Lot Sampling Inspection Plans of Type SkSP-2 Indexed by Indifference Quality Level and Maximum Allowable per Cent Defective[END_REF] developed skip-lot sampling plans of type SKSP-2, with a single-sampling plan, which has a zero acceptance number as a reference plan indexed by the indifference quality level and maximum allowable proportion defective. [START_REF] Vijayaraghavan | Design and Evaluation of Skip-Lot Sampling Inspection Plans with Double-Sampling Plan as the Reference Plan[END_REF] presents a design for skip-lot sampling by attributes inspection plans with the double-sampling plan as the reference plan. [START_REF] Aslam | OPTIMAL DESIGNING OF A SKIP LOT SAMPLING PLAN BY TWO POINT METHOD[END_REF] proposed a designing methodology to determine the plan parameters of a skip-lot sampling by attributes using two points on the operating characteristic curve. Aslam, Balamurali, Azam, et al. (2013) established an optimal designing of skip-lot sampling plan of type 2 (SkSP-2) based on time-truncated life tests considering two-stage group sampling plan as the reference plan under Burr type X and XII distributions. Aslam, Balamurali, Jun, et al. (2013) proposed the skip lot sampling plan of type SkSP-2 using a group acceptance sampling plan for a timetruncated experiment as the reference plan, called SkGSP-2. It is suitable when the lifetime of a product follows either the Weibull distribution or the generalized exponential distribution and the quality level of the product is measured by percentile ratios of the underlying distribution. Similarly, [START_REF] Suresh | Optimal Designing of Skip Lot Sampling Plan of Type SkSP-2 with Double Sampling Plan as the Reference Plan under Generalized Exponential Distribution[END_REF] developed an optimal designing methodology to determine the parameters for skip-lot sampling plan of type SkSP-2 plan with double sampling plan as reference plan, when the lifetime of the product follows generalized exponential distribution. "Most of studies of SkSP have concentrated on attributes inspection, however research on variables SkSPs is relatively rare" (Chien-Wei Wu, Amy H. I. [START_REF] Wu | A Variable-Type Skip-Lot Sampling Plan for Products with a Unilateral Specification Limit[END_REF]). [START_REF] Balamurali | Optimal Designing of SkSP-2 Skip-Lot Sampling Plan for Normally Distributed Quality Characteristics[END_REF] proposed a designing methodology to determine the optimal parameters of a skip-lot sampling plan of type SkSP-2 when the quality characteristic under study follows a normal distribution. Adel Ahmadi Nadi, Bahram Sadeghpour Gildeha & Robab Afshari (2020) developed two repetitive types of sampling plans for processes with multiple quality characteristics based on the overall yield index . Their plans can be implemented for mutually independent and normally distributed characteristics. Chien-Wei Wu, Amy H. I. [START_REF] Wu | A Variable-Type Skip-Lot Sampling Plan for Products with a Unilateral Specification Limit[END_REF] developed a variable SkSP-2 for unilateral specification limit based on the one-sided PCIs. Chien-Wei Wu, Jr-Tzung Chen & Shih-Wen Liu (2020) attempted to integrate the concept of the SkSP and the process yield index to develop a variables SkSP of type 2 (SkSP-2) with an based single sampling plan (SSP) as the reference plan with a normally distributed quality characteristic under bilateral specification limits.

Most sampling plans in the literature are "memoryless"; they only base the final decision on the current information of the lot. The EWMA sampling scheme takes into concern the accumulated quality history to accept or reject the inspected lot. "The EWMA is a statistic for monitoring the process that averages the data in a way that gives less and less weight to data as they are further removed in time." (Čisar and Čisar [2011], [START_REF] Lucas | Exponentially Weighted Moving Average Control Schemes: Properties and Enhancements[END_REF]). [START_REF] Yen | A Lot Inspection Sampling Plan Based on EWMA Yield Index[END_REF] As discussed above, the attractive features of SkSP-2 sampling plan, EWMA statistics and the index motivated us to develop variable sampling plans based on and EWMA. The rest of this paper is organized as follows. In Section 2, we discuss the process yield index, the overall yield index as its generalization and the statistical properties of their natural estimators. In Section 3, we explain the operating procedures and construct the proposed plan. In Section 4, we evaluate the impact of the EWMA parameter on the behaviour and the efficiency of SkSP-2 sampling plan. To demonstrate the applicability and effectiveness of the proposed plan two industrial examples are presented in section 5. Finally, we provide our final remarks in Section 6.

Process yield for multi-quality characteristics

Process yield is the most common criterion used in the manufacturing industry for measuring process performance, let us suppose that the quality characteristic X follows a normal distribution , and it has an upper specification limit (USL) and lower specification limit (LSL). Conventionally, products manufactured between the specification limits are treated to be correspondingly conforming and those outside the specification limits are considered to be equally nonconforming. Process yield is the proportion of products that respect the specification limits, defined as:

(1)

Where is density function of the measured characteristic X. [START_REF] Boyles | Brocess Capability with Asymmetric Tolerances[END_REF] defined the index, , to obtain an accurate measure of the process yield, as follows:

(2)

Where is the cumulative distribution function (cdf) of the standard normal variable, and it can be related to the process yield by the expression and with the process nonconformities in ppm as . The index is function of unknown parameters . To estimate the yield index , we consider the natural estimator by replacing the sampling estimates the sample mean, and the sample variance, in (1). [START_REF] Lee | On the Distribution of the Estimated Process Yield Index S Pk[END_REF] derived the asymptotic distribution of in the form of a normal distribution with mean and variance , Where ϕ is the probability density function of the standard normal distribution and: Let be a random vector of characteristics, the overall process yield can be defined as:

where and are the specification limits for the th component of . Chen et al. (2003) developed a general formula of the single characteristic yield index , for a quality vector with mutually independent and normally distributed characteristics, denoted by as:

(3)

Where denotes the value of the th quality characteristic. And it can be also related to the overall process yield by the expression , and with nonconformities with . Table 1 summarizes the corresponding process yields as well as nonconformities in parts per million (PPM) for (see Wu [2007] and [START_REF] Pearn | Production Quality and Yield Assurance for Processes with Multiple Independent Characteristics[END_REF]), including the most The quantity is the proportion of total variance due to the th principal components among the total process variation, which used to reduce the problem dimensionality by selecting the significant components. The components of the vector are the new quality characteristics that are uncorrelated and normally distributed. Pearn et al. (2006) extended and defined the index to evaluate the performance of a process based on the principal components as:

(5) 

Design of the proposed plan

In this section, we will be representing our based SkSP-2 sampling plan based on the exponential weighted moving average of the overall yield index for assessing the acceptability of a lot when the quality characteristics of each product follow a multivariate normal distribution.

Operating procedure

The operating procedure for the proposed based SkSP-2 according to the basic SkSP-2 introduced by [START_REF] Perry | Skip-Lot Sampling Plans[END_REF] 

Probability of acceptance

Robert L. [START_REF] Perry | Skip-Lot Sampling Plans[END_REF] Shih-Wen Liu (2020). The probability of acceptance, i.e. OC function of the proposed SkSP-2 plan, which determines the probability of lot acceptance with respect to the process nonconformities p in ppm, is derived as follows [START_REF] Perry | Skip-Lot Sampling Plans[END_REF]):

(6)

Where is the probability of acceptance under the reference-sampling plan (here we apply the variables single sampling plan based on the exponential weighted moving average (EWMA) of the overall yield index . The asymptotic sampling distribution of can be derived as normal distribution from the asymptotic sampling distribution of (7)

In the following, the probability of acceptance will be noted as and it can be expressed as follows:

When is large, then:

(8)

Mathematical model:

In this model, we are going to use the average sample number (ASN) for the SkSP-2, which is a function of the number of nonconformities (PPM) and it is dependent on the selected reference sampling plan to be the objective function to minimize. The -based SSP is used as the reference plan, thus according to the formula by [START_REF] Perry | Skip-Lot Sampling Plans[END_REF]:

(9)

Since we have two levels and , the use of ASN of a single point is not equitable. To estimate appropriately the ASN function [START_REF] Wu | An Efficient Inspection Scheme for Variables Based on Taguchi Capability Index[END_REF] proposed the use of as the objective function by taking the average of the ASN evaluated at two quality levels :

(10)

Therefore, the optimization model of the SkSP-2 based on the index is as follows:

(11)

Subject to

4 Results and analysis:

The plan parameters

We can see that the plan parameters are determined by and sample size, critical acceptance value, clearance number, fraction of lots inspected under skipping inspection and exponential weighted moving average (EWMA) parameter, respectively.

In this research, to simplify the mathematical model and to consider the ease of use in practice, analyses of the relationships among the parameters is done for and . In the skip-lot sampling process, both the producer and the consumer can determine the sampling fraction based on past transaction records. If the quality of previous products is good and the consumer has confidence on the producer, can be set. If previous quality is above average, can be set (see [START_REF] Montgomery | Introduction to Statistical Quality Control[END_REF]; [START_REF] Perry | Skip-Lot Sampling Plans[END_REF]). The clearance number m is a positive integer and can typically be established between 1 and 10 for practical uses, as recommended by [START_REF] Aslam | OPTIMAL DESIGNING OF A SKIP LOT SAMPLING PLAN BY TWO POINT METHOD[END_REF].

In order to determine the optimal parameter for the SkSP-2 plan, Chien-Wei Wu, Amy H. I. [START_REF] Wu | A Variable-Type Skip-Lot Sampling Plan for Products with a Unilateral Specification Limit[END_REF] examined the relationships between the parameters when ranges from 1 to 10 based on the frequently used quality and risk levels stated by both the producer and the consumer, so, the optimal values of can be obtained for . Therefore, in this paper the effect of on and for is examined and displayed in Figures

[1-3],
respectively. It can be perceived in Figure 1, 2 and 3 that the curves of and are concave function of , when it ranges from 1 to 10. and decline expressively, as soon as is between 1 and 3. 

The OC curve

In order to show the sensitivity of the test procedure, the OC curves of the proposed plan are depicted in Figure. 4(a,b). Which shows that the OC curves under the proposed based SkSP-2 plan is rather sensitive to the value of . When the number of nonconformities is lower than the point of intersection between curves (185 PPM the buyer. The results show that the discriminatory power of the based SkSP-2 becomes better as decreases. Furthermore, it is only requires a smaller sample size. For practical use of the proposed plan, the smaller values of can be considered, so that we can get more economy under the better protection. Figure.5 (a,b) shows the impact of the number of characteristics v for . Thus, the results validate that the plans protect both contract parties well, but principally the consumer. Therefore, practitioners could use the parameters obtained in a reliable manner.

Industrial applications

We considered the use of the proposed based SkSP-2 and its systematic operating procedure to a real-world problem. Products with independent quality characteristics were considered. We study the case discussed by [START_REF] Pearn | Production Quality and Yield Assurance for Processes with Multiple Independent Characteristics[END_REF] for manufacturing dual-fiber tips, which are used for making fiber optic cables. Four quality characteristics was considered, and the specifications of characteristics are presented in Table 4. We supposed that a buyer agree to take the produced lot when the actual quality level is with a probability of , and the manufacturer prefers that a lot of products is accepted by the consumer when with a probability of . In this case, we apply the proposed based SkSP-2 to sentence the lots, with and , by referring to Table 3, the sample size and the critical acceptance value can be obtained, i.e. and

. Following the procedure of the SkSP-2 plan, we randomly select a sample of size from a stable process. Table 5 show the sample means standard deviations , the th estimated individual yield index , and process quality levels (the information in this table was described by [START_REF] Pearn | Production Quality and Yield Assurance for Processes with Multiple Independent Characteristics[END_REF]). ). The same procedure will be conducted for the next lot, and the inspector should record the present outcome to calculate the consecutive times of accepting the lot. If , the sampling process will shift to the skipping inspection. Otherwise, the normal inspection remains for the succeeding submissions. Note that a sample of is required for filling the specified quality and risk requirements if the variables SkSP-2 were applied here under identical circumstances. Thus, the proposed based SkSP-2 can deliver the same security with smaller sample and less sampling, significantly reducing the cost of inspecting the product quality characteristic.

In the case of correlated characteristics, we refer to the case of carbon fiber tubing manufacturing process discussed by Adel Ahmadi Nadi, Bahram Sadeghpour & Gildeh RobabAfsharia (2020). Three correlated and normally distributed quality characteristics was considered, the inner diameter, thickness, and length of the tubes in inches, where the engineering specification limits were specified as and respectively. The overall yield index was estimated as , then based on our decision criteria , the lot could be accepted, and the same procedure of based SkSP-2 will be conducted as previously.

Conclusion

In statistical quality control, industrials frequently need to inspect more than one quality characteristics to evaluate the performance of the process. In literature various sampling plans have been designed for different circumstances and purposes and scholars focus on single characteristic case in the development of these acceptance-sampling plans, however multiple quality characteristics has been neglected. One of the most economical plan that diminishes the inspection time and cost remarkably is the Skip-lot sampling which can be applied when the production is relatively stable, products with good quality and/or when the inspection is costly or destructive.

In this paper, we developed a variable skip-lot sampling plan based on exponential weighted moving average (EWMA) of the overall yield index to deal with lot sentencing while considering the quality of current lot and preceding lots in multivariate normal processes. We derive the OC function of the suggested based SkSP-2 based on the asymptotic sampling distribution of the unbiased estimators. We investigated the effect of the EWMA parameter on the performance of the SkSP-2 plan. When the quality of the products is relatively good or stable, the proposed sampling plan needs fewer samples to achieve better discriminatory power compared to the conventional SkSP-2 (case ), thus it has more flexibility and economy under better protection to both vendors and buyers.

For convenience in practical applications, this study prepares tables of plan parameters based on commonly used risk levels and quality requirements.

Users can refer to the tables when making lot sentencing. In this study, the proposed SkSP assumes that the quality characteristics of interest follows a multinormal distribution. However, this may not be true for every quality characteristics.

As a result, it can be a future study to develop variable-type SkSPs for other distributions.

( 2011 )

 2011 proposed an overall yield-measure index (which is a generalization of the index ) for measuring the performance of multi-normal processes with mutually independent characteristics, and derived an approximation of the distribution of the proposed overall capability indices. Chen et al. (2003) considered a generalization of the yield index proposed by Boyles, for processes with multiple characteristics denoted by for the bilateral case, and established a relationship between the generalization and the process yield.

  derived the probability of acceptance for the skip-lot sampling plan under reference-sampling plan. This paper develops a SkSP-2 based on the overall yield index , specified by five parameters comprising and sample size, critical acceptance value, clearance number, fraction of lots inspected under skipping inspection and exponential weighted moving average (EWMA) parameter, respectively. When and the number of quality characteristics , the proposed plan reduces to the -based SkSP-2 described by Chien-Wei Wu, Jr-Tzung Chen &
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 123 Figure 1. ASN of the proposed SkSP-2 versus under , and
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  Fig4.a), the slope of the OC curve under the SkSP-2 based on EWMA becomes steeper

  

  We describe the design of our plan based on this simplified version of the asymptotic distribution. To cover the application variety of the proposed plans to the larger class of correlated quality characteristics, we can use principal component

	Table 1. analysis (PCA), which is a well-known statistical technique for reducing the values and the corresponding nonconformities
	Yield dimensionality of a datasets, and minimizing information loss. PCA is used to convert a PPM
			1.00	0.997300204	2699.796
	1.10 1.20 number of (possibly) correlated variables into a (smaller) number of uncorrelated linear 0.999033152 966.848 0.999681783 318.217
	1.30 1.33 variables (W.L. Pearn, Cheng Y.C [2010]). 0.999903807 0.999933927	96.193 66.073
	1.40 1.50 As For a multivariate normal distribution with mean vector 0.999973309 26.691 0.999993205 6.795	and
			1.60	0.999998413	1.587
	covariance matrix	1.67 1.70	0.999999456 0.999999660 with eigenvalue-eigenvector pairs 0.544 0.340	for
			1.80	0.999999933	0.067
	1.90 of the covariance matrix . Then the th principal component is given by 0.999999988 0.012
			2.00	0.999999998	0.002
	the linear combination			for	. For the
	commonly used performance requirements: transformed vector Y, we find that:	and	. The
	index is a function of unknown parameter pairs	, which must be estimated
	based on observations. The estimated index	is determined by replacing	with the
	estimators of	individual indices	,	, in (3). Pearn et al. (2006)
	derived the asymptotic distribution of the estimator and R.A. Johnson, D.W. Wichern (2002). as:
	where	are the corresponding parameters and index of the th characteristic,
	respectively. Pearn and Cheng (2010) studied the behavior of the approximate variance
	to determine a more reliable lower confidence bound. Thus, they proposed a shorter and
	simpler form of	as:		
					(4)

Table 2 .

 2 (n, k) values of the proposed plan with various λ under If not, reject the lots and return to normal inspection. Note that there is a decreasing trend on sample size as the value of decreases. Compared with general

	When rises from 4 to 10,	and

Table 4 :

 4 Specifications of characteristics for the dual-fiber tips[START_REF] Pearn | Production Quality and Yield Assurance for Processes with Multiple Independent Characteristics[END_REF] 

	Characteristic	LSL	USL
	core diameter	126 µm	128 µm
	Wedge	7.5°	8.5°
	capillary diameter	1.795 mm	1.805 mm
	capillary length	6.00 mm	6.5 mm

Table 5 .

 5 Sample information for each of the four characteristics of dual-fiber tips[START_REF] Pearn | Production Quality and Yield Assurance for Processes with Multiple Independent Characteristics[END_REF] 

	Characteristic			
	core diameter	126.8	0.2458	1.1488
	Wedge	7.99	0.0959	1.7289
	capillary diameter	1.8009	0.00097	1.4601
	capillary length	6.255	0.04053	2.0418
	Pearn and Wu (2006) demonstrated the multi-normality and the
	independence of the quality characteristics, so the		based SkSP-2 was
	applied to evaluate whether the submitted lot would be accepted or rejected. The
	estimator is calculated as		, hence based
	on the sample observations and plan-operating procedure	
	, the consumer would definitely accept the lot. The number of lots
	consecutively accepted will become (i.e.