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Abstract: Quality control is essential in the textile industry, as defects in fabrics, yarns, dyeing, and finishing directly affect
production efficiency and customer satisfaction. This study proposes a fuzzy chain sampling plan to handle the variability
commonly found in textile processes. A case study has been carried over the data obtained from original inspection reports by
applying fuzzy chain sampling techniques for varying: sample sizes, number of defectives, acceptance number and chain lengths.
The defect proportion is modeled as a triangular fuzzy number, and a-cut decomposition is used to generate fuzzy acceptance
intervals. By using single-sampling plan acceptance probabilities are computed through the Poisson distribution for fuzzy
acceptance intervals. A decision rule is chosen by selecting an appropriate defuzzification or fuzzy decision method. One option is
to require that the centroid value of the chain acceptance probability exceeds a chosen threshold T. Chain acceptance is determined
based on consecutive acceptable samples. The plan is optimized by adjusting the chain length and acceptance number to balance
producer’s and consumer’s risks while minimizing inspection effort. The highest probability of acceptance when the defect
proportion lies roughly between 5% and 8% is also determined. The resulting plan offers a more flexible and reliable approach to
quality assessment in textile manufacturing.
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1. Introduction

Quality control in the textile industry is critical, because defects (in fabrics, yarns, dyeing, finishing etc.) can
strongly affect downstream processes and end customer satisfaction. Combining chain sampling plan with fuzzy
probability theory allows more realistic, flexible quality control, especially in textile manufacturing where materials
and processes have inherent variability. In this paper a case study using chain sampling plan and fuzzy probability
theory have been carried over a number of inspection reports which has used textile quality control standards for
inspection.

To design a fuzzy chain sampling plan, the sampling units are obtained from the inspection report and the
acceptance rule for a single sample is being considered. For each sample, the acceptance probability is calculated
using the Poisson cumulative distribution  P(defects <c) [1].

The chain rule is specified to determine how historical information is used, to accept a lot only when both the
current sample and the previous 'i'samples each contain no more than 'c’ defectives. Assuming independence, the
chain acceptance probability for a defect proportion p is obtained because the plan requires i + 1 consecutive
acceptable samples.
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The defect proportion is then fuzzified by defining it as a triangular fuzzy number p = (al, a2, a3). Using a-
cut decomposition, the fuzzy parameter is converted into an interval for each a € [0,1][13].

For each value of p in this interval, the single-sample acceptance probability is computed, and the chain
acceptance probability is obtained as [Psample (p)]i+1, producing for each a-level a fuzzy acceptance interval
[Pa,min(a), Pa,max(a)] [4].

A decision rule is chosen by selecting an appropriate defuzzification or fuzzy decision method. One option is
to require that the centroid (or modal) value of the chain acceptance probability exceeds a chosen threshold T(such as
0.4 or 0.9). A more conservative option is to require that the lower bound at a selected a-level (such as a = 0.5) meets
the threshold. Alternatively, other fuzzy decision rules, such as maxi-min criteria or a-cut acceptance rules, may be
used.

Finally, the plan is optimized by varying the chain length 'i" and possibly the acceptance number 'c’ to satisfy
producer’s and

consumer’s risk requirements or to minimize inspection cost. By computing the expected number inspected or
the associated inspection cost for different combinations of (i, c¢), the most efficient and balanced plan can be
selected.Alsothe highest probability of acceptance when the defect proportion lies roughly between 5% and 8%is
determined.

2. Literature Review:

Ezzatallah Baloui Jamkhaneh and Bahram Sadegpour Gildeh (2011) have argued on acceptance sampling plan
when the fraction of defective products is a fuzzy number and it is being modeled based on the fuzzy Poisson
distribution [1] [2] [3] [4] [5]. V.Sangeetha and K.S Karunya (2022) studied and compared the two stage chain
sampling plan's operating characteristics curve to a fuzzy two stage chain sampling curve [15]. An attribute chain
sampling

plan design process is presented in this article by K. Rebecca Jebaseeli Edna and  V.Jemmy Joyce (2013)
[12].Nandhni Devi and G.Uma (2018), used a Poisson distribution with OC curves of various sample sizes and a set
acceptance number to examine the effects of fuzzy on Quick Switching Systems [11]. In the year (2020), V. Jemmy
Joyce K. Rebbeca Jebaseeli Edna developed an acceptance modified chain sampling plan , when the fraction defective
(p) is a fuzzy number [13]. Julia T. Thomas and Mahesh Kumar (2022), developed a fuzzy EOQ model in the presence
of inspection errors in single sampling plans [8].The proportion of fraction of defectives using fuzzy techniques, o cut
intervals and determining the acceptance probability has been taken from the above citations with modifications.

2.1 Statistical Quality Control (SQC): 1t is a statistical method for determining the extent to which quality
goals are being met without necessarily checking every item produced and for indicating whether or not the
variations which occur are exceeding normal expectations.

2.2 Acceptance Sampling: Acceptance sampling is a branch of statistical science that deals with techniques for
deciding whether to accept or reject a lot depending on the findings of sample inspection. An acceptance-
sampling scheme is defined as a specific set of procedures that typically consists of acceptance sampling plans
in which lot sizes, sample sizes, and acceptance criteria or the amount of 100% inspection and sampling are
related.

2.3 Chain Sampling Plan: The Chain Sampling Plan is a sampling procedure in which a lot may be accepted
based on the number of defectives in the current sample and the acceptance history of the preceding samples.

2.4 Fuzzy Chain Sampling Plan: This plan is a sampling procedure in which acceptance and rejection of a lot
is determined using fuzzy number or fuzzy membership function and the decisions depend on the previous
samples of the chain.
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2.5 Operating Characteristic Curve (OC curve): It represents the relationship between the probabilities of
accepting a lot Pa and the proportion of defectives ‘p’ in the lot.

3. Methodology
a. Decide the sampling unit & acceptance rule for the sample
Sample size is n and acceptance number is c.
For one sample the sample acceptance probability is the Poisson CDF P(defects < c), for small p withA = np:
eI
X!

Prge @ ¥ 2 = mp 3]

Fuzzify the Defect Proportion using Statistically principled approach Fuzzify p as a triangular fuzzy
number p = (al, a2, a3).

e al is the lowest expected defect rate
e a2 is the actual observed defect rate from proportion

e a3 is the possible upper limit if inspection variation or higher defect tendency occurs.[13] Compute pooled
statistics:

Total defects = dcurrent + dprevious (1) + dprevious (2)
Total inspected =n * 3

p pool = Total defects / n*3 = a2 Standard error:

SE= V-"p pool { 1—p pool)

n&3

95% Confidence Interval for: z = 1.96, Lower CI = Max (0, p pool - z * 1.96) Upper CI = Min(1, p pool + z*
1.96)

Fuzzy fraction proportion of defectives are p = (a1, az, a3)

(a) o-cut decomposition is computed for each a€[0,1] as o cut bounds

pla] = [a1+ (az- a1)a, a3 - (a3 - a2)a].
Poisson parameter: is Adlow(a) = 1 - piow(a), Anigh(@) = 1 - phigh(x).

The fuzzy acceptance probability band is: Pa(i)[ct] = [Pajiow(i) [a], Pa,up(i) [c]] [4]

(b) Decision rule: A defuzzification decision method, is used as follows

Centroid (defuzzified) P-Peeroia = giﬂiﬂg. A rotroid = 1% Proontroid
P, centroid 1s computed using the Poisson distribution with (¢, d.anmcia) as the parameters.
If centroid chain acceptance probability = threshold the lot 1s accepted.

(c) Deciding the chain al:ceptance{ probability for defective proportion:

Accept lot only if the current sample and the previous isamples each individually show
< cdefectives. Under independence, for eachp in this interval Poyg.(p) and then chain acceptance probability
P59 (i; D) = [Prample(p)]#+1. s computed.
For the o level an interval,
P (a)P  (a)l=P(Dlal=[PE>(;1 (a)), P==(G4 (a)) ]
a a high a low

a, min A, max

15 obtained.

(d) Decision rule: A defuzzification/decision method, is used as follows Centroid (defuzzified) p:
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- _aytaytas | (M= (n-p i+

3 a.centrol centroid

We require the centroid (or modal) chain acceptance probability > threshold T(e.g. 0.4 or 0.9 depending on
risk appetite),and the lower bound at some @ (say a=0.4) > threshold.

Based on Fuzzy Decision Theory

Membership value Meaning

0.0-04 Rejection zone
0.4-0.6 Uncertain / Marginal
2 0.6 Acceptance zone

(e) Optimizing the plan:

By varying i and c to meet constraints producer’s/consumer’s risk, inspection cost we can compute expected
number inspected or inspection cost for different (i, c)and pick the best tradeoft.

(f) Fuzzy Chain Sampling Plan to maximize acceptance probability

To determine the highest probability of acceptance when the defect proportion lies roughly between 5% and
8%. To maximize the acceptance a larger acceptance number c, and small chain length i is considered (i=0 gives
maximum acceptance; i> 0 reduces acceptance as we require several consecutive acceptable samples), binomial
cumulative probabilities are used to compute per-sample acceptance:

Puampie(n,p.c) = ¥ nCop™ (1-p)™>
Chain acceptance: P2 chain (1;0,0,€) = (Psamgle(n,p,c)) 71
¢ = [nx0.08 + 2]

nx0.08n times is the expected number of defects at the worst-case 8% rate; adding a small margin (+2) makes
the plan permissive enough to keep acceptance high across 5% — 8%. And we can use chain length i= 0 for maximum
acceptance.

3. Secondary Data Obtained From Inspection Reports for Case Study TABLE1.

Final Inspection Plan
. Inspec ; Major | Minor :
. Offer & PEC| Sample Size as per AQL Level II J Inspecti
Report | Descript| [spectio tion - Defect| Defect P
No. ion nDate | Order | Preferred | D2MP | Major | MinO on
Quantity | Quanti Lot Si le P ! r § S Result
ty otSize | gj,e ass Pass
2154 | T-Shirt 41‘4'1 1.2 1969/2003 | 125 58(1)_ 125 7 10 7 9 Pass
1868 | T-Shirt 41‘5'1 1.2 2820/3000 | 125 58(1)_ 125 7 10 7 8 Pass
1879 | T-Shirt 41‘9'1 1.2 1911/2003 | 125 58(1)_ 125 7 10 7 7 Pass
2196 | T-Shirt 42‘6'1 1.2 2469/2505 | 125 58(1)_ 125 7 10 7 8 Pass
1904 | T-Shirt 42‘9'1 1.2 2875/3000 | 125 58(1)_ 125 7 10 7 9 Pass
2160 | T-Shirt 41‘5'1 1.2 1977/2003 | 125 58(1)_ 125 7 10 7 9 Pass
AW?25 | T-Shirt ;9'1 1.2 1538/1631 | 125 58;6 125 5 5 4 4 Pass
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In the above inspection reports sample sizes are n = 80, 125, 200, acceptance numbers for n = 80 are ¢ = 3 and
S(major defect), c= 3 and 7(minor defect), for n= 125 it is taken as 5 and 7(major defect), 5 and 10 (minor defect), for
n =200 it is taken as 3 and 7(major defect), 3 and 7 (minor defect). Chain length is taken as i =2 as per the acceptance
quality level in the industry.

3. (a) Evaluation of Sample Inspection data and acceptance probability with reference to the data as in TABLE
1.

In the above inspection reports for sample size n = 125, considering the acceptance values as 7 and 10, and the
current lot major defect as 7 and minor defect as 8, for previous lot major defective dprevious(1) is 5 and minor
defective is 9 and in the earlier previous lot dprevious(2) majordefective is 9 and minor defective is 11(using average
history), according to auditors statement [ | 2%variation around average acceptable rate is allowed. Fuzzy defectives
proportion are  p: al =0.04, a2 = 0.056, a3 = 0.072, Chain length is taken as i=2, decision threshold Pa = 0.5 are the
input parameters and single acceptance probabilities are obtained and the fuzzy decision rule is obtained initially. The
same procedure is repeated for all the sample sizes with varying acceptance values in the following tables by

considering the major defects.

TABLE 2.1n = 125, ¢ = 7(major defect), al = 0.04, a2 = 0.056, a3 = 0.072
o pa low pa high Aa low Aahigh Pa low Pa high Decision
0 0.04 0.072 5 9 0.86662832 | 0.32389696 | Marginal
6 4
0.25 0.044 0.068 5.5 8.5 0.80948528 | 0.38559710 | Marginal
3 2
0.5 0.048 0.064 6 8 0.74397976 | 0.45296080 | Accept
9
0.75 0.052 0.06 6.5 7.5 0.67275778 | 0.59871383 | Accept
6
1 0.056 0.056 7 7 0.59871383 | 0.59871383 | Accept
6 6
Centroid 0.056 0.056 7 7 0.59871383 | 0.59871383
6 6
TABLE 2.2n = 125, ¢ = 5(major defect), al = 0.024, a2 = 0.04, a3 = 0.056
o pa low pa high Aa low Aahigh Pa low Pa high Decision
0 0.024 0.056 3 7 0.91608205 | 0.30070827 | Marginal
8 6
0.25 0.028 0.052 3.5 6.5 0.85761355 | 0.36904068 | Marginal
3 4
0.5 0.032 0.048 4 6 0.78513038 | 0.44567964 | Accept
7 1
0.75 0.036 0.044 4.5 5.5 0.70293043 | 0.52891868 | Accept
5 7
1 0.04 0.04 5 5 0.61596065 | 0.61596065 | Accept
5 5
Centroid 0.04 0.04 0.61596065 | 0.61596065

TABLE 2.3n = 80, ¢ = 3(major defect), al = 0.0125, a2 = 0.037, a3 = 0.0625
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pa high Aa low Aa high Pa low Pa high Decision
a pa low
0 0.0125 0.0625 1 5 0.98101184 | 0.26502591 | Marginal
3 5
0.25 0.0186 0.0561 1.49 4.49 0.93560637 | 0.34398594 | Marginal
6
0.5 0.024 0.0497 1.98 3.98 0.86071423 | 0.43738719 | Accept
7 2
0.75 0.0308 0.0433 2.47 3.47 0.76396936 | 0.54311988 | Accept
1 4
1 0.037 0.037 2.96 2.96 0.65619275 | 0.65619275 | Accept
9 9
Centroid 0.037 0.037 0.65619275 | 0.65619275
TABLE 2.4n = 80, ¢ = 5(major defect),, al = 0.0375, a2 = 0.0625, a3 = 0.0875
pa high Aa low Aahigh Pa low Pa high Decision
a pa low
0 0.0375 0.0875 3 7 0.91608205 | 0.30070827 | Marginal
8 6
0.25 0.0437 0.0812 3.5 6.5 0.85761355 | 0.36904068 | Marginal
3 4
0.5 0.05 0.075 4 6 0.78513038 | 0.44567964 | Accept
7 1
0.75 0.0562 0.0687 4.5 5.5 0.70293043 | 0.52891868 | Accept
5 7
1 0.0625 0.0625 5 5 0.61596065 | 0.61596065 | Accept
5 5
Centroid 0.0625 0.0625 5 5 0.61596065 | 0.61596065
TABLE 2.5n =200, ¢ = 7(major defect), al = 0.025, a2 = 0.035, a3 = 0.045
o pa low pa high Aa low Aahigh Pa low Pa high Decision
0 0.025 0.045 5 9 0.86662832 | 0.32389696 | Marginal
6 4
0.25 0.027 0.0425 5.5 8.5 0.80948528 | 0.38559710 | Marginal
3 2
0.5 0.03 0.04 6 8 0.74397976 | 0.45296080 | Accept
9
0.75 0.032 0.0375 6.5 7.5 0.67275778 | 0.52463852 | Accept
6
1 0.035 0.035 7 7 0.59871383 | 0.59871383 | Accept
6 6
Centroid 0.035 0.035 7 7 0.59871383 | 0.59871383
6 6
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TABLE 2.6n = 200, ¢ = 3(major defect), al = 0.005, a2 = 0.015, a3 = 0.025

o pa low pa high Aa low Aa high Pa_low Pa_high Decision
0 0.005 0.025 1 5 0.98101184 | 0.26502591 | Marginal
3 5
0.25 0.0075 0.0225 1.5 4.5 0.93435754 | 0.34229595 | Marginal
6 6
0.5 0.01 0.02 2 4 0.85712346 | 0.43347012 | Accept
0.75 0.0125 0.0175 25 35 0.75757613 | 0.53663266 | Accept
3 8
1 0.015 0.015 3 3 0.64723188 | 0.64723188 | Accept
9 9
Centroid 0.015 0.015 3 3 0.64723188 | 0.64723188
9 9

3. (a)Interpretation of data from the Tables 2.1 to 2.6:

decreases, leading to stable acceptance probability. At a = 1 and at the centroid, the acceptance probability converges
to around 0.6 in all the cases, which satisfies the acceptance criterion. Hence, the final decision is to accept the lot,

From the above data at low a values ranging from (0 — 0.5) there is high uncertainty which leads to risky
decisions. At high a value ranging from (0.75 — 1) there is low uncertainty and reliable decisions can be taken. Centroid
value is around

0.6 and gives the most balanced and stable result.

The analysis shows that as the confidence parameter o increases, uncertainty in probability and rate parameters

indicating a reliable and optimal outcome.

0.8

0.6

0.4

3(b) Graphical Interpretation of Table 2.1 — 2.6

AcceptanceProbability- Paatn=125,c=7

0.25 0.5 0.75 1

al
pha

Fig 1.1-Acceptance Probability - Pa at n=125, ¢ =7
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AccentanceProbahilitvPaforn=125.c=5
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Pahigh
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0.8

0.6

Fig 1.2- Acceptance Probability - Pa at n=125, ¢ =5

ProbabilityofAcceptancewheren =80andc=5

0.25 0.5 0.75 1 Centroid
alpha

Fig 1.3-Acceptance Probability - Pa at n=80 , ¢ =5
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Probability of Acceptance n=80, ¢=3

1
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0 0.25 0.5 0.75 1 Centroid
Fig 1.4-Acceptance Probability - Pa at n=80 , ¢ =3
ProbabilityofAcceptancePaforn=200,c=7
1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2 0.75 1 Centroid

mes Palow === Pahigh

Fig 1.5 - Acceptance Probability - Pa at n=200, ¢ =7
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—%— Pa low at n = 200 c=7 —%— Pa lowat n =200 c=3

Fig 1.6 - Acceptance Probability - Pa at n=200, ¢ =3

Fig 1.7 - Acceptance Probability — OC curve for Pa versus alpha 3 (¢) Consolidated Graphical interpretations
(Fig.1.1 - 1.7)

The graphical representation illustrates the variation of acceptance probability with respect to the confidence
parameter a. It is observed that the acceptance probability increases monotonically and converges to 0.6063 as a
approaches unity for varying values of n and c. This convergence indicates stabilization of the decision process,
validating the selection of 0.6 as the acceptance threshold. Hence, higher values of a ensure reliable and consistent
decision-making.

Result:

The fuzzy chain sampling analysis confirms that the inspection result, pass aligns it with a quantitative
evaluation. Despite a moderate defect rate, the chain history and fuzzy probability interval indicate controlled
variability and acceptable process quality. Thus, the lot may be accepted under the Chain Sampling Plan with fuzzy
probability reasoning, providing a balanced decision under uncertainty.

4. Deciding the chain probabilities:
Methodology to get chain probabilities
Choose the chain length i (0,1,2,3, ...).
1. Foreach p (e.g., 0.040, 0.048, 0.056, 0.064, 0.072), we compute Psample(p)

2. Compute chain acceptance: Pa,chain(i; p) =Psample(p) i+1
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1TABLE 3:

a . N Pa| npa
Falow: | pebigh | low | nign | P ! chai chai P R
@ @ n @ n@ ain @ ain‘ @
p p pa Pa palow”(i | pahigh”(
a 2 low high +2) i+2)
1 h ~ A+l
) ! (i+1 )
w lgl )
0 0.04 0.072 5 9 0.86662 0.32389 | 0.75104 | 0.10490 0.65087 | 0.03397
0.1 |0.0416 | 0.0704 |52 |88 0.844921 0.34783 | 0.71389 | 0.12098 0.60318 | 0.04208
0.2 |0.0432 | 0.0688 |54 |8.6 0.821658 0.37277 | 0.67512 | 0.13895 0.55472 | 0.05179
03 |0.0448 | 0.0672 |56 |84 0.796975 0.39865 | 0.63516 | 0.15892 0.50621 | 0.06335
0.4 | 0.0464 | 0.0656 |58 |82 0.771025 0.42540 | 0.59448 | 0.18097 0.45836 | 0.07698
0.5 | 0.048 0.064 6 8 0.743979 0.45296 | 0.55350 | 0.20517 0.41179 | 0.09293
0.6 | 0.0496 | 0.0624 |62 |78 0.716016 0.48120 | 0.51267 | 0.23156 0.36708 | 0.11142
0.7 |0.0512 | 0.0608 |64 |7.6 0.687321 0.51004 | 0.47241 | 0.26014 0.32469 | 0.13268
0.8 | 0.0528 | 0.0592 | 6.6 |74 0.658082 0.53933 | 0.43307 | 0.29087 0.28499 | 0.15688
09 |0.0544 | 0.0576 | 6.8 |72 0.628485 0.56894 | 0.39499 | 0.32369 0.24824 | 0.18416
1 0.056 0.056 7 7 0.598713 0.59871 | 0.35845 | 0.358458 | 0.21461 | 0.21461

Considering per—sample Pa at p=0.056: Psample= 0.598713

For i=0, chain Pa = 0.5987138361' = 0.598713836 =~ 0.59871 For i=1, chain Pa = 0.5987138362%=
0.3584576 ~ 0.35845 For i=2 chain Pa = 0.5987138363°~0.2146139~0.21461

Interpretation from the table regarding chain values

The analysis shows that as the confidence parameter a increases, uncertainty in probability and rate parameters
decreases, at pa low leading to stable acceptance probability and at pa high as a increases uncertainty increases. At i
= 0 highest acceptance is , at centroid p = 5.6%. We can accept 59.9% of lots, at i =1, the centroid value is 0.358458257

a moderate acceptance of the lot is considerable with caution.

Graphical representation of Table 3:
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5. Application Fuzzy Chain Sampling at different combinations of chain length (i) and
acceptance number (c), with the defect proportion modeled as a triangular fuzzy number at
alpha equal to 0.5 of the data obtained from the inspection reports as in the following Table
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0|5 0.024 | 0.04 | 0.056 | 0.04 | 5 0.615 | 0.032 | 0.048 | 0.785 | 0.445 | 0.615 | 0.785 | 0.445 YES
0 |6 0.032 | 0.048 | 0.064 | 0.048 | 6 0.606 | 0.04 | 0.056 | 0.762 | 0.449 | 0.606 | 0.762 | 0.449 YES
0 |7 0.04 | 0.056 | 0.072 | 0.056 | 7 0.598 | 0.048 | 0.064 | 0.743 | 0.452 | 0.598 | 0.743 | 0.452 YES
0 |8 0.048 | 0.064 | 0.08 | 0.064 | 8 0.592 | 0.056 | 0.072 | 0.729 | 0.455 | 0.592 | 0.729 | 0.455 YES
0|9 0.056 | 0.072 | 0.088 | 0.072 | 9 0.587 | 0.064 | 0.08 | 0.716 | 0.457 | 0.587 | 0.716 | 0.457 YES
0 | 10 | 0.064 | 0.08 | 0.096 | 0.08 10 | 0.583 | 0.072 | 0.088 | 0.705 | 0.459 | 0.583 | 0.705 | 0.459 YES
1 5 10.024 | 0.04 | 0.056 | 0.04 5 | 0.615 | 0.032 | 0.048 | 0.785 | 0.445 | 0.379 | 0.616 | 0.198 YES
1 6 | 0.032 |0.048 | 0.064 | 0.048 | 6 | 0.606 | 0.04 | 0.056 | 0.762 | 0.449 | 0.367 | 0.580 | 0.202 YES
1 7 0.04 |0.056 | 0.072 | 0.056 | 7 | 0.598 | 0.048 | 0.064 | 0.743 | 0.452 | 0.358 | 0.553 | 0.205 YES
1 8 | 0.048 | 0.064 | 0.08 | 0.064 | 8 | 0.592 | 0.056 | 0.072 | 0.729 | 0.455 | 0.351 | 0.531 | 0.207 YES
1 9 1 0.056 |0.072 | 0.088 | 0.072 | 9 | 0.587 | 0.064 | 0.08 | 0.716 | 0.457 | 0.345 | 0.513 | 0.209 YES
1 10 | 0.064 | 0.08 | 0.096 | 0.08 10 | 0.583 | 0.072 | 0.088 | 0.705 | 0.459 | 0.339 | 0.498 | 0.21 YES
2 5 10.024 | 0.04 | 0.056 | 0.04 5 1 0.615 | 0.032 | 0.048 | 0.785 | 0.445 | 0.233 | 0.483 | 0.088 YES
2 6 | 0.032 |0.048 | 0.064 | 0.048 | 6 | 0.606 | 0.04 | 0.056 | 0.762 | 0.449 | 0.222 | 0.442 | 0.090 YES
2 7 0.04 |0.056 | 0.072 | 0.056 | 7 | 0.598 | 0.048 | 0.064 | 0.743 | 0.452 | 0.214 | 0.411 | 0.092 YES
2 8 | 0.048 | 0.064 | 0.08 | 0.064 | 8 | 0.592 | 0.056 | 0.072 | 0.729 | 0.455 | 0.208 | 0.387 | 0.094 NO
9 1 0.056 |0.072 | 0.088 | 0.072 | 9 | 0.587 | 0.064 | 0.08 | 0.716 | 0.457 | 0.202 | 0.368 | 0.096 NO
2 | 10 | 0.064 | 0.08 | 0.096 | 0.08 10 | 0.583 | 0.072 | 0.088 | 0.705 | 0.459 | 0.198 | 0.351 | 0.097 NO
3 5 10.024 | 0.04 | 0.056 | 0.04 5 | 0.615 | 0.032 | 0.048 | 0.785 | 0.445 | 0.143 | 0.379 | 0.039 NO
3 6 | 0.032 |0.048 | 0.064 | 0.048 | 6 | 0.606 | 0.04 | 0.056 | 0.762 | 0.449 | 0.135 | 0.337 | 0.040 NO
3 7 0.04 |0.056 | 0.072 | 0.056 | 7 | 0.598 | 0.048 | 0.064 | 0.743 | 0.452 | 0.128 | 0.306 | 0.042 NO
3 8 | 0.048 |0.064 | 0.08 | 0.064 | 8 | 0.592 | 0.056 | 0.072 | 0.729 | 0.455 | 0.123 | 0.282 | 0.043 NO
3 9 | 0.056 [0.072 | 0.088 | 0.072 | 9 | 0.587 | 0.064 | 0.08 | 0.716 | 0.457 | 0.119 | 0.263 | 0.043 NO
3 | 10 | 0.064 | 0.08 | 0.096 | 0.08 10 | 0.583 | 0.072 | 0.088 | 0.705 | 0.459 | 0.115 | 0.248 | 0.044 NO
4 5 10.024 | 0.04 | 0.056 | 0.04 5 1 0.615 | 0.032 | 0.048 | 0.785 | 0.445 | 0.088 | 0.298 | 0.017 NO
4 6 | 0.032 |0.048 | 0.064 | 0.048 | 6 | 0.606 | 0.04 | 0.056 | 0.762 | 0.449 | 0.081 | 0.257 | 0.018 NO
4 7 0.04 |0.056 | 0.072 | 0.056 | 7 | 0.598 | 0.048 | 0.064 | 0.743 | 0.452 | 0.076 | 0.227 | 0.019 NO
4 8 | 0.048 | 0.064 | 0.08 | 0.064 | 8 | 0.592 | 0.056 | 0.072 | 0.729 | 0.455 | 0.073 | 0.206 | 0.019 NO
4 9 | 0.056 |0.072 | 0.088 | 0.072 | 9 | 0.587 | 0.064 | 0.08 | 0.716 | 0.457 | 0.069 | 0.188 | 0.020 NO
4 | 10 | 0.064 | 0.08 | 0.096 | 0.08 10 | 0.583 | 0.072 | 0.088 | 0.705 | 0.459 | 0.067 | 0.175 | 0.020 NO

Interpretation of the Fuzzy Chain Sampling Plan Results from the Tabulated data

The table presents acceptance probabilities for a fuzzy chain sampling plan under different combinations of

chain length (i) and acceptance number (c), with the defect proportion modeled as a triangular fuzzy number.

437

For i = 0 (no chain effect), the acceptance probabilities are the highest across all values of ¢, indicating a more
lenient inspection policy. All combinations in this case with threshold value greater than 0.4 satisfy the decision
criterion, as reflected by “YES” in the final column.




As the chain length i increases, the chain acceptance probability decreases sharply, since acceptance requires
multiple consecutive samples to meet the acceptance condition. This demonstrates the strengthening of consumer
protection through the chain mechanism.

6. Fuzzy Chain Sampling Plan to maximize acceptance probability

To determine the highest probability of acceptance when the defect proportion lies roughly between 5% and
8%.To maximize the acceptance a larger acceptance number c, and small chain length i is considered (i=0 gives
maximum acceptance; i> 0 reduces acceptance as we require several consecutive acceptable samples), binomial
cumulative probabilities are used to compute per-sample acceptance:

Peample(n,p.c) =} nCyp™ (1-p)*=
and chain acceptance:

Pa,l:h:un(lm:psc):(anPlE(ILp:c ) i_l-
where c='nx0.08 + 2'and nx 0.08n times is the expected number of defects at the worst-case 8% rate;
adding a small margin (+2) makes the plan permissive enough to keep acceptance high across 5%-8%. And we

can use chain length i= 0 for maximum acceptance.c="n:0.08+2"is computed per-sample acceptance and chain

acceptance for p=0.5, p=0.065 (mid), and p=0.08.

6(i) Chain length i=0 (single-sample rule — maximum acceptance)

n ¢ (rule) Pa @ p=0.05 Pa @ p=0.065 Pa @ p=0.08
80 9 0.993466 0.965604 0.894815
125 12 0.989994 0.936605 0.799634
200 18 0.994176 0.936764 0.749439

Interpretation: using the rule we get very high acceptance at 5% and good
acceptance even at 8% (=75-90% depending on n). This meets the “highest acceptance”

objective.

6 (ii) Chain length i=1(one prior-sample required acceptable — mild protection)

n c Pa_chain @ Pa_chain @ Pa_chain @
p=0.05 p=0.065 p=0.08
80 9 0.986974 0.932391 0.800694
125 12 0.980088 0.877229 0.639415
200 18 0.988387 0.877526 0.561659
Interpretation:

A good acceptance is obtained at 5% but acceptance drops at 8% .for n=200
acceptance = 56%).

TABLE 6:

Sweep of (i,c) and average acceptance probability across p = 0.05 ,0.06 ,0.07, 0.08

i

n

[V

Pa@0.05

Pa@0.06

Pa@0.07

Pa@0.08

AvgPa

Meets
Threshol
d
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20 | 4 0.99742606 | 0.99436585 | 0.989293196 0.98165560 | 0.99068517 | Yes
8 1 8
32 |5 0.99540025 | 0.98905262 | 0.97800674 0.96096998 | 0.98085740 | Yes
4 5 7 1
50 |6 0.98821355 | 0.97107590 | 0.941686364 0.89812821 | 0.94977601 | Yes
2 6 9
80 |9 0.99346571 | 0.97871205 | 0.947603574 0.89481498 | 0.95364908 | Yes
9 1 1 1
125 | 12 0.98999386 | 0.96232206 | 0.901081136 0.79963414 | 0.91325780 | Yes
7 7 5 4
200 | 18 0.99417644 | 0.96720022 | 0.890709081 0.74943881 | 0.90038114 | Yes
2 7 9 2
20 |4 0.99485874 | 0.98876345 | 0.978701027 0.96364771 | 0.98149273 | Yes
4 9 9 7
32 |5 0.99082166 | 0.97822509 | 0.956497183 0.92346331 | 0.96225181 | Yes
6 4 6 5
50 |6 0.97656602 | 0.94298841 | 0.886773209 0.80663429 | 0.90324048 | Yes
5 5 8 7
80 |9 0.98697413 | 0.95787727 | 0.897952533 0.80069384 | 0.91087444 | Yes
6 9 9 9
125 | 12 0.98008785 | 0.92606376 | 0.811947213 0.63941476 | 0.83937839 | No
6 1 6 9
200 | 18 0.98838679 | 0.93547627 | 0.793362668 0.56165854 | 0.81972107 | No
8 9 3 2
20 | 4 0.99229803 | 0.98319262 | 0.968222267 0.94597018 | 0.97242077 | Yes
7 4 1 7
32 |5 0.98626413 | 0.96751609 | 0.935460691 0.88742053 | 0.94416536 | Yes
9 7 4
50 |6 0.96505578 | 0.91571333 | 0.835062239 0.72446102 | 0.86007309 | No
5 3
80 |9 0.98052497 | 0.93748603 | 0.850903029 0.71647285 | 0.87134672 | No
6 1 2
125 | 12 0.97028096 | 0.89117159 | 0.731630317 0.51129788 | 0.77609518 | No
6 3 9
200 | 18 0.98263087 | 0.90479287 | 0.706655333 0.42092871 | 0.75375194 | No
5 7
20 | 4 0.98974392 | 0.97765317 | 0.9578557 0.92861692 | 0.96346743 | Yes
2 7 6 1
32 |5 0.98172757 | 0.95692433 | 0.914886861 0.85278449 | 0.92658081 | Yes
5 5 5 6
50 |6 0.95368120 | 0.88922715 | 0.786366724 0.65065889 | 0.81998349 | No

1

1

1
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3 80 |9 0.97411794 | 0.91752888 | 0.806318751 | 0.64111064 | 0.83476905 | No
4 2 1 4
3 125 | 12 | 0.96057220 | 0.85759409 | 0.659258276 | 0.40885124 | 0.72156895 | No
5 3 4
3 | 200 [ 18 [ 0.97690846 | 0.87511586 | 0.629424323 | 0.31546031 | 0.69922724 | No
2 9 9 3
4 20 |4 0.98719638 | 0.97214494 | 0.947600127 | 0.91158200 | 0.95463086 | Yes
7 3
4 32 |5 0.97721187 | 0.94644852 | 0.894765516 | 0.81950030 | 0.90948155 | Yes
8 5 5 6
4 50 |6 0.94244068 | 0.86350706 | 0.7405110282 | 0.58437511 | 0.78270842 | No
7 1 1
4 | 80 | 9 [ 096775278 | 0.89799657 | 0.76407053 | 0.57367540 | 0.80087382 | No
4 4 5 3
4 | 125 | 12 | 095096059 | 0.82528171 | 0.594045196 | 032693141 | 0.67430473 | No
2 8 4
4 [ 200 | 18 | 097121937 | 0.84641226 | 0.56063396 | 0.23641820 | 0.65367095 | No
9 7 9 4

Best Overall Combination

e Sample size (n) =20

e Acceptance number (c) = 4

e Chain length (i) =0

e Average Acceptance Probability (Avg Pa) =0.9907

Interpretation of the Sweep of (i,c) and Average Acceptance Probability

The table examines the effect of chain length (i) and acceptance number (c¢) on the acceptance probability (Pa)
across defect proportions p = 0.05,0.06,0.07, For all combinations of (i,c), the acceptance probability consistently
decreases as the defect proportion increases, indicating that the sampling plan is sensitive to deteriorating quality
levels.

When i=0 (single-sample plan), the average acceptance probability (Avg Pa) is the highest across all values of
¢, showing a more lenient inspection policy.

As the chain length i increases from 0 to 4, the Avg Pa steadily decreases, reflecting the strict requirement of
accepting multiple consecutive samples.

7. Results and Conclusions

Acceptance probabilities were computed using the Poisson distribution for the given sample size and acceptance
number, showing a decrease in acceptance as the defect proportion increased.

Modeling the defect proportion as a triangular fuzzy number captured uncertainty in textile inspection data
more effectively than a crisp probability without rejecting the lots and considering the lots with simple constraints.

a-cut decomposition produced fuzzy intervals of acceptance probabilities at different confidence levels,
resulting in a banded fuzzy operating characteristic curve instead of a single curve.
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Chain acceptance probabilities decreased with increasing chain length, indicating improved consumer
protection through stricter acceptance criteria.

Defuzzification using the centroid method provided a representative acceptance probability for decision-
making. Conservative decision rules based on lower a-cut bounds further reduced the risk of accepting poor-quality
lots.

Optimization of plan parameters showed that suitable combinations of chain length and acceptance number can
balance producer’s risk, consumer’s risk, and inspection cost.

Overall, the fuzzy chain sampling plan demonstrated greater flexibility and realism compared to conventional
chain sampling plans in textile quality control.
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