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In this paper, a control chart scheme has been introduced for the mean monitoring using gamma distribution for belief statistics
using multiple dependent (deferred) state sampling under the neutrosophic statistics. The coeflicients of the control chart and the
neutrosophic average run lengths have been estimated for specific false alarm probabilities under various process conditions. The
offered chart has been compared with the existing classical chart through simulation and the real data. From the comparison, it is
concluded that the performance of the proposed chart is better than that of the existing chart in terms of average run length under
uncertain environment. The proposed chart has the ability to detect a shift quickly than the existing chart. It has been observed that
the proposed chart is efficient in quick monitoring of the out-of-control process and a cherished addition in the toolkit of the

quality control personnel.

1. Introduction

The control chart is a key technique to statistical process
control to ensure the quality of the production process. The
technique of control chart requires the construction of a
central line, and two control limits are known as the lower
control limit (LCL) and upper control limit (UCL). The
quality characteristic of interest is then plotted on this chart
for the quick monitoring of an observation falling outside
these two limits. The idea of control chart was floated by
Shewhart A. Walter during the 1920s, and plenty of control
chart techniques has been developed by researchers but
remained unsuccessful to develop a robust control chart
technique. Gamma distribution is the commonly employed
probability distribution for estimating time between events
in physical sciences. The gamma distribution is a well-fitted
distribution to the failure between events and an excellent
alternative to normal, log normal, and nonparametric ap-
proaches and routinely used in the control chart literature
[1]. It has been concluded that the gamma distribution
approaches to the normal distribution when the shape pa-
rameter is very large. Aslam et al. [2] proposed an MDS

sampling chart using the transformation of the gamma to
normal distribution. Aslam et al. [3] developed a control
chart for the belief estimator using the interested quality
characteristic which follows the gamma distribution. Zhan

et al. [4] investigated the gamma chart for monitoring r*

event in the time occurring events. Bhaumik and Gibbons
[1] developed one-sided prediction intervals for environ-
mental-based quality characteristics for gamma distribution.
Al-Oraini and Rahim [5] developed an economic control
chart using constraints to the optimization problem for
gamma-distributed quality characteristics. Several research
studies including [6-8] have used gamma distribution in
developing control chart.

The technique of multiple dependent state (MDS)
sampling was announced by Wortham and Baker [9] in
which the decision for in-control process or out-of-control
process is established upon not only the current information
of the process but also considers the previous record of the
process. Soundararajan and Vijayaraghavan [10] developed
the acceptance sampling plan for the fixed number of units
for fixed acceptance and limiting quality levels which involve
the least sum of risks. Soundararajan and Vijayaraghavan
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[11] proposed a search procedure using conventional
sampling plans for smaller sample sizes. Kuralmani and
Govindaraju [12] presented the techniques and tables of
MDS sampling plan for the selection of minimum sample
size. The MDS sampling plans for the least sampling size
were proposed by Govindaraju and Subramani [13] for
indicated acceptable quality and limiting quality levels.
Balamurali and Jun [14] suggested an MDS sampling plan
for the normal distribution for variables. Aslam et al. [15]
designed an MDS sampling control chart for average
monitoring with two control limits. Aslam et al. [16] de-
veloped an MDS sampling plan for variable quality char-
acteristics under process loss consideration. Aslam et al. [17]
suggested an exponential distribution for the MDS sampling
chart for a normal approximation using transformation.
Aslam et al. [18] developed an attribute control chart for
MDS sampling as compared to the traditional control charts.
Balamurali et al. [19] designed an MDS sampling plan for the
gamma-Poisson distribution using the Bayesian statistics.
Yan et al. [20] proposed an MDS sampling plan based upon
the coefficient of variation for the normally distributed
quality characteristics. Aldosari et al. [21] developed an MDS
sampling control chart for attribute quality characteristics
using the repetitive group sampling scheme. Zhou et al. [22]
adopted the MDS sampling scheme using a joint adaptive np
chart for improved checking of the manufacturing process.
Afshari and Sadeghpour Gildeh [23] described the MDS
sampling plan for an attribute using the fuzzy environment.
Aslam et al. developed an MDS sampling plan for the
measurable quality characteristics by joining the features of
the repetitive group sampling and MDS sampling for the
process capability index.

There are many situations in the real world when the
information may be determinate or indeterminate [24]. Such
data are dealt with the theory of neutrosophic statistics
introduced by Smarandache [25]. The neutrosophic statistics
is defined as the generalization of conventional statistics (see
[26]). During the last few years, the application of neu-
trosophic statistics has attracted the attention of various
researchers due to its nice properties as the conventional
statistics cannot be used when our data consist of vague,
incomplete, uncertain, soggy, or unclear observations. Ye
et al. [27] investigated different properties and measure the
effect of indeterminate joint roughness coeflicient values
using neutrosophic numbers. Aslam [28] proposed a neu-
trosophic sampling plan for the loss consideration processes.
Aslam and Al-Marshadi [29] developed a neutrosophic
sampling plan for the regression estimator. Aslam and Arif
[30] suggested a neutrosophic sampling plan for examining
electrical devices. Aslam et al. [31] proposed a chart for
reliability data under neutrosophic statistics. Aslam et al.
[32] developed a control chart scheme for checking the
inconsistency under the neutrosophic interval technique.
Aslam et al. [33] developed an attribute control chart for the
neutrosophic statistics. Jansi et al. [34] developed a
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correlation measure for the Pythagorean neutrosophic sets
using the dependent neutrosophic components. Mur-
alikrishna and Kumar [35] developed a neutrosophic
technique for data relating to linear space. The application of
neutrosophic statistics in the quality control literature can be
seen in works including [34-43].

Aslam et al. [44] proposed the control chart for the gamma
distribution using the belief statistic for the single sampling
plan. By exploring the literature and best of our knowledge,
there is no work on the control chart using the belief statistic
for MDS. The process monitoring using the belief statistic for
neutrosophic statistics under the gamma distribution using
MDS sampling has not been studied by any researcher yet. In
this paper, we will present the MDS control chart using the
belief statistic under neutrosophic statistics. We expect that the
proposed chart will perform better in neutrosophic average
run length as compared to the previous chart in an uncertain
environment. It is expected that the proposed chart will able to
detect shifts earlier than the existing chart. In addition, it is
expected that the proposed chart will ensure the quality of the
product according to ISO 9001: 2015 Quality Management
Systems (https://www.iso.org). The rest of the article is or-
ganized as follows: the scheme of the planned chart is given in
Section 2. We described the simulation study of the planned
chart in Section 3. Section 4 describes the advantages of the
planned chart. A comparison of the planned chart with an
existing control chart has been given in Section 5. Conclusions
are described in the last section.

2. Scheme of the Planned Chart

Let Ty be the neutrosophic time between events of the
interested quality characteristic from the gamma distribu-
tion having cumulative distribution function as

ay-1 ’tN/b t b J
P(Tysty)=1- ) e(J'N/N)
=0 '

(1
where ay and by are the shape and scale parameters, re-
spectively. Under the particular condition when ay =1,
then this distribution tends to form the exponential dis-
tribution. Wilson and Hilferty [45] described that if T' is
distributed from the gamma distribution, then the trans-
formation Ty, = T¥? follows the normal distribution.
The random variable T, has the mean and variance as
follows:
.y byT(ay +1/3)
br; = E(Ty) = T(ay) > (2)

_ 13
or, =by

I(ay+2/3) (T(ay+1/3)\’
Tren ol K
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Then, the approximately normal distribution of Ty, can
be described as

I - N(b}vﬂr(%’ +13) i [r (ay +2/3) _(F(aN + 1/3)>2]>.

T(ay) I (ay) I'(ay)

(4)

Data are collected for belief statistics with the assump-
tion of a single observation (n= 1) of the targeted quality of
interest. We assume that the k'™ observation be Ty and Oy =
(T, T,,...,T}) for the k™ iteration of the vector of ob-
servation. We further assume that O, = (T},O,_;) and
B(0O,) are the posterior belief and the prior belief is B(O;._,).
Here, our purpose is to select a new observation by updating
B(Oy) using B(Oy_,). We required the updated posterior
belief for the gamma distribution under the transformed
variable T, = T1/*. For this purpose, the following equation
is developed:

B(okN) = B(Tkw’ OkN—l)

B(Ok l)eTITI_l‘T;] /”T;] (5)
= - N— .
(0, )¢ " +(1-8(0, )

It is to be noted that the variable T} is without the
subscript k.

Let the statistic proposed by Fallah Nezhad and Akhavan
Niaki [46] as

_ B0,
oy = —— ©)
1-B(0y,)
The above expression can be written as follows:
ZkN = ZkaleT;]iuT;l /UT;G . (7)

Let the specified starting value of Z;, = 1 and B(O,) = 0.5
are being used, then the statistic given below follows nor-
mally distributed quality characteristic having zero mean
and k variance [46]. Then, the lower and upper control limits
of the proposed control chart are given by

UCLIy = Lyyky, (8)
LCL1y = L,y \kn» 9)
UCL2y = Lyykns (10)
LCL2y = LZN\/E, (11)

where L denotes the chart coefficient to be estimated using
the type I error and in-control average run lengths of the
process.

The technique of the planned chart is elaborated in the
subsequent steps as follows:

Step 1: choose an item randomly at the k™ subgroup
and calculate its quality characteristic T . Convert
Ty, = T,lcf and then compute

T*N — Yp»
ln(ZkN) = ln(ZkN - 1) + kT*Tst (12)
kN

Step 2: if LCLy < In(Z; )<UCLy, announce the
process as the in-control process, and if
In(Z; )>UCLyorln(Z ) >LCLy;, then the process is
confirmed as out of control.

The measures of the planned chart for the in-control and
the out-of-control process are computed with the assumption
that we change the scale parameter of underlying distribution
while the shape parameter remains fixed during the entire
process. Let by and b, denote the scale parameter of the in-
control and out-of-control process. The probability that the in-
control process is stated as the out-of-control process when
actually process is in-control may be expressed as

P,on = P(LCL2y <In(Z, ) <UCL2y). (13)

After some simplification, equation (13) can be written as
follows:

Pion = 2((1) (LZN)) - L (14)

Similarly, the probability for in-decision can be written
as

P(LCLly < In(Z, ) <LCL2y)
+P(UCL2y <In(Z, ) <UCL1y) (15)
= Z[CDN (L1N) - Dy (LZN)]'

Here, it is worth noting that P, does not involve k.
The probability of in-control for the proposed chart is given
by

P,n = Pyoy +|[P(LCLIy < In(Z; ) <LCL2y)

16
+ P(UCL2y < In(Z ) <UCL1y )] * Py (o)

After some simplification, equation (16) can be written as
follows:

Py = 20y (Lyy) = 1) + [2[@y (Lin) = On (Lon)]]

x (20 (Loy) - D)™
(17)



The evaluation of the functioning of the developed
control chart is judged by calculating the average run length
(ARL) that is very commonly suggested by the quality
control researchers [47]. It is defined as the average of all the
samples until the process shows the deterioration. The ARL
of the in-control manner may be determined as follows:

1

ARL,=——
0 1_PinN

(18)

It is very common that no process operates smoothly for
a long time without any alteration in the process. So the
evaluation of the changed process provides us the effec-
tiveness of the proposed scheme in haste and prompt in-
dication of the out-of-control process. Let the scale factor of
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the gamma distribution has been moved from b, to b, = sb,
where s is the amount of shift. Then, the average and the
variance of the changing process are calculated as follows:

E(Ty |byy) = “%33”?(”)/3), (19)

« s |Tlay +2/3) (T(ay +1/3) ’
Var(T [buv) = b“{ T (ay) ( T (ay) ) '
(20)

Thus, the mean and variance of In(Z; ) at by which
follows an approximately normal distribution are given as
follows:

T(ay +1/3)T(a)(s" - 1)

E[n(Zy,)[b1,) =k . (21)
VI (ay +2/3)/T (ay) - (I (ay + 1/3)/T (ay))
Var (ln(ZkN) 'b1n> = kyS™?. (22)
So, the probablhty of the out-of-control process for the
shifted process at k™ sample is calculated as follows:
P,,n = P(LCL2y < In(Z, ) <UCL2y), (23)
Pyun = P{In(Z, ) <UCL2y | by = by} - P{In(Z; ) <LCL2y | by = by},
(24)
P,y = P{ln )<t fly | by = bux } - PJin(2,) L2 fly |y = b
L2glky - kN.F(aN +1/3)IT (ay)(s"” - 1)/\/r (ay +2/3)IT (ay) - (T (ay + 1/3)/T (ay))’ )
mlN =0 W
N
(25)
~L2yky —<kN.T(aN +173)/T (ay)(s"* = 1)\ (ay +2/3)/T (ay) - (T (ay + 1/3)/T (ay))? )
-0

The probability of in-decision for the shifted process is
given by

P(LCLIy < In(Z; ) <LCL2y) + P(UCL2y < In(Z, ) <UCLLy). (26)
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The simplified form of equation (26) is given by
—LzN\/E; —ky - T(ay +1/3)/T (ay)(s" - 1)/\/F(aN +2/3)T (ay) - (T (ay + 1/3)/T (ay))’
=@ PRE
N
1/3 2
q)(—mN\/Z; —ky T (ay + 13)/T (ay)(s"* = 1)AT (ay + 213)/T (ay) - (T (ay + 1/3)/T (ay)) )
- +

(27)

+

L1N\/ﬁ; ky - T(ay +1/3)/T (ay)(s" = 1)/\T (ay +2/3)/T (ay) - (T (ay + 1/3)/T (ay))*
® kNSZ/3

) @(LzN\/ﬁ —ky - T(ay + 1/3)/T (ay)(s"” - 1)/\/F(aN +2/3)/T (ay) = (T (ay + 1/3)/T (ay)) )

The probability of in-control for the shifted process is
given by

| L2y \ky —ky.T(ay +1/3)/T (ay)(s" = 1)/\T (ay +2/3)/T (ay) - (T (ay + 1/3)/T (ay))’
Planjmiy =| @
'kNSZB

. @(—LzN\/E,; kT (ay + 1/3)/T (ay) (s = 1)/\[T (ay + 2/3)/T (ay) — (T (ay + 1/3)IT (ay)) ))

k SZ/3
N

(D(—LZN\/E ~ky.T(ay + 1/3)/T (ay)(s" - 1)/\/r (ay +2/3)IT (ay) - (T (ay + 1/3)/T (ay)) )

k SZ/3
N

_(D(_ng ~ky.T(ay + 1/3)/T (ay)(s" - 1)/\/F(aN +2/3)/T (ay) - (T (ay + 1/3)/T (ay)) )

+(D(L1N\/£; kT (ay + 1/3)/T (ay)(s"* = 1)/\T (ay + 2/3)/T (ay) — (T (ay + 1/3)IT (ay)) )

0 L2y ky —ky.T(ay + 13T (ay)(s™ = 1)/\T (ay +2/3)/T (ay) - (T (ay + 1/3)/T (ay))’

. (@(Lzm/g —ky.T(ay + 1/3)/T (ay) (s - )/\/r (ay +2/3)/T (ay) - (T (ay + 1/3)/T (ay)) )

VkyS7?
—L2yvky —ky.I'(ay +1/3)/T (ay) (s"* - 1)/\/r (ay +2/3)IT (ay) — (T (ay + 1/3)/T (ay)) "
- Vs |

(28)



Similarly, the expression for the (k + j)™ sample of the
shifted process as the change occurs at k — th sample is given
as

P{RL = _]} 2(1 - P‘lmt,kNJr])(l - Pll)ut,kNJrZ)

..(1—P1 P!

(29)
out, ky+j-1 ) out, ky+j*

Here, RL is a run-length random variable indicating the
out-of-control process.

So, the ARL of the shifted process is specified as follows:

1 1 1
ARL N = Py o1 + 2(1 - Pout,kN+l)P0ut,kN+2
1 1 1

+ 3(1 - Pout,k,\,+1)(1 - Pout,kN+2)P0ut,kN+3 LI
(30)

Suppose 1, be the in-control specified ARL. Then, the
procedure to compute the control chart coeflicient and ARL
of the shifted process may be followed as

Step 1: select a series of control chart coefficient Ly
Step 2: compute Ly such that ARLyy >r,

Step 3: for a constant value of ky and many values of
shifts s, we calculate Péut,k\, using equation (18)

Step 4: compute ARL, for fixed ky and various shifted
values of s.

The values of NARL for various parameters are pre-
sented in Tables 1-4. From Tables 1-4, it can be witnessed
that NARL decreases as k increases from ke[3,5] to ke
[8,10]. For example, from Table 1, the values of NARL are
[121.05, 100.93], [62.51, 40.35], and [33.11, 17.9] for the
shifts, s=1.10, 1.20, and 1.30 and when ke[3,5] and when
ke[8, 10] from Table 2, then the values of NARL are [90.67,
76.19], [31.95, 21.57], and [13.29, 8.13] for r, =200. We also
observe that as a decreases from ae[l1.95, 2.05] to
ae[0.95, 1.05 ], the values of NARL increase.

3. Comparison of the Planned Chart with the
Existing Chart

In this section, the benefits of the neutrosophic control chart
under MDS sampling for the belief statistics will be dis-
cussed. Aslam et al. [44] proposed the control chart for belief
statistics using the single sampling when the observations
collected are vague, incomplete, unclear, imprecise, or un-
certain and showed that it was an effective and efficient chart
as compared to chart under classical statistics. According to
[48, 49], a control chart having the smaller values of ARL is
said to be a more efficient chart. In this section, we will
compare the proposed chart with Aslam et al. [44].

3.1. Compression in NARL. We will compare the planned
neutrosophic chart using MDS sampling for the belief
statistics with the existing neutrosophic chart for belief
statistics provided by Aslam et al. [44]. As described earlier,
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TaBLE 1: The values of NARL when a=195and2.05 and
k =3and5.

ae[1.95,2.05]; ke[3,5]
kin [3.2104, 3.2996]  [3.4042, 3.4512]  [3.1128, 3.2105]
Kon [2.0148, 2.1321]  [2.0843,2.2099]  [2.2992, 2.337]
Shift (s) ARLy
4.00 [1.11, 1.02] [1.12, 1.02] [1.16, 1.03]
3.00 [1.34, 1.10] [1.38, 1.11] [1.47, 1.13]
2.80 [1.45, 1.14] [1.50, 1.16] [1.62, 1.19]
2.50 [1.71, 1.25] [1.80, 1.28] [2.00, 1.33]
2.25 [2.13, 1.42] [2.29, 1.47] [2.60, 1.55]
2.00 [2.99, 1.76] [3.31, 1.85] [3.85, 2.01]
1.90 [3.60, 2.01] [4.05, 2.13] [4.75, 2.34]
1.80 [4.49, 2.37] [5.14, 2.55] [6.10, 2.84]
1.70 [5.86, 2.94] [6.86, 3.23] [8.20, 3.66]
1.60 [8.09, 3.91] [9.69, 4.41] [11.68, 5.07]
1.50 [11.93, 5.7] [14.71, 6.63] [17.81, 7.78]
1.40 [19.03, 9.37] [24.26, 11.34] [29.38, 13.51]
1.30 [33.11, 17.9] [43.88, 22.69] [53.00, 27.34]
1.20 [62.51, 40.35] [86.59, 54.10] [104.3, 65.43]
1.10 [121.05, 100.93]  [175.52, 144.23]  [213, 175.21]
1.00 [200.56, 200.33]  [301.11, 301.00] [371.94, 371.38]
0.80 [137.4, 72.63]  [201.93, 103.4]  [264.41, 134.97]
0.75 [96.92, 41.99] [139.73, 58.2] [192.24, 78.17]
0.70 [64.90, 23.81] [91.62, 32.07] [133.4, 43.87]
0.60 [26.44, 7.87] [35.66, 9.91] [57.36, 13.44]
0.50 [10.07, 3.05] [12.88, 3.53] [21.57, 4.47]
0.40 [3.86, 1.57] [4.62, 1.69] [7.36, 1.92]
0.30 [1.71, 1.10] [1.88, 1.13] [2.57, 1.18]
0.25 [1.29, 1.02] [1.36, 1.03] [1.66, 1.05]
0.15 [1.01, 1.00] [1.02, 1.00] [1.04, 1.00]
0.10 (1, 1] [1, 1] [1, 1]
0.05 1, 1] 1, 1] [, 1]

NARL is used for examining the efficiency of any chart for
the speedy and rapid indication of the out-of-control situ-
ation. From Table 5 by matching the ARLs of the planned
chart with the existing Aslam et al. [44] chart, it can be
witnessed that ARL measures of the planned control chart
are lesser than the NARL values of the existing chart for all
process shifts, s. For example, for a shift of 0.75, the existin
chart is expected to detect the shift from 116™ to 218"
sample. On the other hand, the proposed chart will detect the
shift from 78" to 192" sample. From this study, it is
concluded that the proposed chart has the ability to detect a
shift earlier than the existing chart. Therefore, the use of the
proposed control chart in the industry will help to improve
the quality of the product. This finding is the same as
mentioned in ISO 9001: 2015 Quality Management Systems
(https://www.iso.org).

3.2. Comparison by Simulation Study. The comparison of the
planned chart with the existing chart has also been presented
by simulation data given in Tables 6 and 7. Thus, the first 20
observations are created from the in-control process having
ky = [3,5], ay = [1.95,2.05], and by, = [2,2.2] and the next
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TaBLE 2: The values of NARL when a = 1.95and 2.05 and k = 8 and 10.

a€[1.95,2.05]; ke[8, 10]

kin [3.022, 3.7678] [3.6019, 4.2229] [3.3592, 3.6508]
Kon [2.0893, 2.1015] [2.0616, 2.1804] [2.1514, 2.2392]
Shift (s) ARLy
4.00 [1, 1] [1, 1] [1, 1]
3.00 [1.02, 1.01] [1.02, 1.01] [1.03, 1.01]
2.80 [1.04, 1.01] [1.04, 1.01] [1.04, 1.02]
2.50 [1.08, 1.03] [1.08, 1.04] [1.09, 1.04]
225 [1.17, 1.08] [1.17, 1.09] [1.19, 1.1]
2.00 [1.37, 1.19] [1.38, 1.21] [1.42, 1.23]
1.90 [1.52, 1.27] [1.54, 1.31] (1.6, 1.33]
1.80 [1.76, 1.40] [1.8, 1.45] [1.88, 1.49]
1.70 [2.14, 1.60] [2.22, 1.68] [2.35, 1.74]
1.60 [2.82, 1.96] [2.98, 2.1] [3.19, 2.18]
1.50 [4.08, 2.64] [4.47, 2.91] [4.84, 3.06]
1.40 [6.77, 4.14] [7.74, 4.76] 8.5, 5.09]
1.30 [13.29, 8.13] [16.17, 9.89] [18.04, 10.8]
1.20 [31.95, 21.57] [42.16, 28.11] [47.94, 31.51]
1.10 [90.67, 76.19] [130.59, 107.63] [153.49, 125.65]
1.00 [201.15, 202.12] [301.9, 303.82] [373.1, 374.48]
0.80 [47.94, 26.73] [61.2, 35.94] [75.35, 42.64]
0.75 [25.69, 12.79] [30.64, 16.47] [37.74, 19.25]
0.70 [13.77, 6.55] [15.52, 8.06] [18.97, 9.22]
0.60 [4.34, 2.34] [4.53, 2.62] [5.31, 2.84]
0.50 [1.81, 1.31] [1.82, 1.37] [1.99, 1.43]
0.40 [1.14, 1.04] [1.13, 1.05] [1.17, 1.06]
0.30 [1.01, 1] [1.01, 1] [1.01, 1]
0.25 1, 1] 1, 1] 1, 1]
0.15 [1, 1] [1, 1] [1, 1]
0.10 [, 1] 1, 1] 1, 1]
0.05 1, 1] 1, 1] 1, 1]

TaBLE 3: The values of NARL when a = 0.95and 1.05 and k = 3and 5.

a¢€[0.95,1.05]; ke[3, 5]

kin [3.4983, 3.6534] [3.449, 3.8141] [3.6313, 4.0783]
Kon [1.9746, 2.1033] [2.0774, 2.185] [2.1067, 2.2228]
Shift (s) ARLy
4.00 [1.55, 1.18] [1.62, 1.2] [1.65, 1.21]
3.00 [2.27, 1.47] (2.4, 1.52] [2.54, 1.54]
2.80 [2.59, 1.59] [2.81, 1.66] [2.95, 1.69]
2.50 [3.36, 1.89] [3.70, 1.99] [3.94, 2.05]
2.25 [4.50, 2.34] [5.06, 2.52] [5.46, 2.63]
2.00 [6.69, 3.25] [7.73, 3.6] [8.49, 3.82]
1.90 [8.16, 3.88] [9.54, 4.37] [10.57, 4.68]
1.80 [10.22, 4.82] [12.13, 5.53] [13.56, 5.98]
1.70 [13.21, 6.26] [15.95, 7.33] [18.02, 8.02]
1.60 [17.71, 8.59] [21.81, 10.32] [24.93, 11.45]
1.50 [24.75, 12.62] [31.16, 15.58] [36.08, 17.56]
1.40 [36.14, 20.02] [46.75, 25.56] [54.85, 29.32]
1.30 [55.12, 34.6] [73.6, 45.9] [87.6, 53.65]
1.20 [86.83, 64.46] [120.38, 89.28] [145.3, 106.53]
1.10 [136.74, 122.13] [197.6, 177.02] [241.52, 215.44]
1.00 [200.78, 200.53] [301.32, 301.36] [371.79, 372.22]
0.80 [235.2, 154.47] [362.15, 229.88] [447.56, 281.83]
0.75 [206.85, 111.91] [318.34, 164.28] [391.37, 199.76]
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a€[0.95,1.05]; ke[3,5]
0.70 [171.25, 76.55] [263.51, 110.72] [321.6, 133.47]
0.60 [101.35, 32.33] [156.15, 45.21] [187.25, 53.49]
0.50 [51.53, 12.72] [79.21, 17] [93.29, 19.66]
0.40 [22.91, 4.98] [34.67, 6.23] [40.1, 6.98]
0.30 [8.84, 2.17] [12.8, 2.49] [14.5, 2.67]
0.25 [5.21, 1.57] [7.26, 1.72] (8.1, 1.8]
0.15 [1.78, 1.06] [2.15, 1.08] [2.29, 1.09]
0.10 [1.18, 1] [1.28, 1] [1.32, 1.01]
0.05 [1.01, 1] [1.01, 1] [1.01, 1]
TaBLE 4: The values of NARL when a = 0.95and 1.05 and k = 8 and 10.
a¢[0.95,1.05]; ke[8, 10]
kin [3.1112, 3.779] [3.7071, 4.0566] [3.522, 3.7427]
Kon [2.0442, 2.1009] [2.0576, 2.1815] [2.1181, 2.2313]
Shift (s) ARLy
4.00 [1.07, 1.02] [1.07, 1.03] [1.08, 1.03]
3.00 [1.24, 1.11] [1.25, 1.12] [1.27, 1.13]
2.80 [1.32, 1.15] [1.34, 1.17] [1.36, 1.18]
2.50 [1.52, 1.27] [1.57, 1.3] [1.61, 1.32]
225 [1.85, 1.44] [1.95, 1.49] [2.01, 1.53]
2.00 [2.53, 1.8] [2.75, 1.9] [2.86, 1.96]
1.90 [3.02, 2.05] [3.34, 2.2] [3.49, 2.28]
1.80 [3.73, 2.44] [4.23, 2.65] [4.45, 2.76]
1.70 [4.85, 3.04] [5.64, 3.38] [5.97, 3.55]
1.60 [6.68, 4.07] [8.02, 4.65] [8.56, 4.93]
1.50 [9.9, 5.99] [12.32, 7.05] [13.29, 7.57]
1.40 [16, 9.91] [20.8, 12.14] [22.71, 13.23]
1.30 [28.58, 19.01] [39.04, 24.38] [43.33, 27.09]
1.20 [56.37, 42.68] [81.05, 57.77] [92.08, 65.84]
1.10 [115.95, 104.55] [173.78, 150.2] [204.15, 177.31]
1.00 [200.13, 201.81] [305.58, 303.31] [371.16, 370.54]
0.80 [117.09, 75.62] [168.59, 107.95] [204.29, 129.77]
0.75 [78.76, 43.72] [108.53, 60.82] [131.47, 72.62]
0.70 [50.62, 24.77] [66.61, 33.53] [80.64, 39.68]
0.60 [19.34, 8.19] [23.42, 10.38] [28.09, 11.95]
0.50 [7.13, 3.15] [8.07, 3.69] [9.44, 4.08]
0.40 [2.80, 1.60] [3.00, 1.74] [3.36, 1.83]
0.30 [1.40, 1.11] [1.43, 1.14] [1.51, 1.16]
0.25 [1.14, 1.03] [1.15, 1.04] [1.18, 1.05]
0.15 [1, 1] [1, 1] [1, 1]
0.10 1, 1] 1, 1] 1, 1]
0.05 1, 1] 1, 1] 1, 1]

20 observations are created from the deteriorated process
having s*by = [2,2.2] where s=1.40. Figure 1 shows the
proposed chart, Figure 2 shows the Aslam et al. [44] chart,
and Figure 3 shows the Shewhart chart under the classical
statistics. By comparing these figures, it can be seen that the
proposed chart detects shift near to 33™ sample. On the
other hand, Figures 2 and 3 do not show any shift in the
process. Figures 1-3 have been given for simulated data
which show better detecting ability of the indeterminacy
data of the proposed chart. From the simulation study, it is

concluded that the proposed chart is better in detecting the
shift in the process while the existing chart does not detect
the shift. Therefore, the use of the proposed chart will
minimize nonconforming items.

4. Application of the Proposed Chart in the
Healthcare Department

In this section, we will discuss the application of the pro-
posed chart using the Urinary Tract Infection (UTI) data
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TaBLE 5: The NARL values of the proposed and the existing charts when ae[1.95,2.05] and k = 3, 5.

a€[1.95,2.05]; ke[3,5]

Existing

Existing

Existing

ky Proposed Proposed Proposed
kin [2.8071, 2.8141] [3.2104, 3.2996] [2.9354, 2.9416] [3.4042, 3.4512] [3.0003, 3.0012] [3.1128, 3.2105]
Kon [2.0148, 2.1321] [2.0843, 2.2099] [2.2992, 2.337]
Shift (s) ARLy
4.00 [1.28, 1.06] [1.11, 1.02] [1.32, 1.07] [1.12, 1.02] [1.34, 1.07] [1.16, 1.03]
3.00 [1.76, 1.24] [1.34, 1.10] [1.88, 1.28] [1.38, 1.11] [1.95, 1.31] [1.47, 1.13]
2.80 [1.98, 1.34] [1.45, 1.14] [2.13, 1.4] [1.50, 1.16] [2.22, 1.43] [1.62, 1.19]
2.50 [2.5, 1.58] [1.71, 1.25] [2.75, 1.68] [1.80, 1.28] [2.89, 1.73] [2.00, 1.33]
2.25 [3.27, 1.97] [2.13, 1.42] [3.67, 2.13] [2.29, 1.47] [3.91, 2.22] [2.60, 1.55]
2.00 [4.75, 2.74] [2.99, 1.76] [5.48, 3.05] [3.31, 1.85] [5.92, 3.22] [3.85, 2.01]
1.90 [5.74, 3.28] [3.60, 2.01] [6.71, 3.7] [4.05, 2.13] [7.29, 3.93] [4.75, 2.34]
1.80 [7.13, 4.05] [4.49, 2.37] [8.47, 4.66] [5.14, 2.55] [9.28, 4.98] [6.10, 2.84]
1.70 [9.18, 5.24] [5.86, 2.94] [11.1, 6.12] [6.86, 3.23] [12.26, 6.61] [8.20, 3.66]
1.60 [12.32, 7.12] [8.09, 3.91] [15.19, 8.51] [9.69, 4.41] [16.96, 9.28] [11.68, 5.07]
1.50 [17.4, 10.34] [11.93, 5.7] [21.93, 12.67] [14.71, 6.63] [24.76, 13.98] [17.81, 7.78]
1.40 [26.08, 16.27] [19.03, 9.37] [33.74, 20.51] [24.26, 11.34] [38.61, 22.94] [29.38, 13.51]
1.30 [41.89, 28.25] [33.11, 17.9] [55.90, 36.86] [43.88, 22.69] [64.99, 41.90] [53.00, 27.34]
1.20 [72.12, 54.92] [62.51, 40.35] [99.88, 74.68] [86.59, 54.10] [118.35, 86.58] [104.3, 65.43]
1.10 [127.96, 115.71] [121.05, 100.93] [185.00, 165.6] [175.52, 144.23] [224.15, 196.69] [213, 175.21]
1.00 [200.02, 204.41] [200.56, 200.33] [300.17, 306.26] [301.11, 301.00] [370.82, 371.83] [371.94, 371.38]
0.80 [152.58, 98.67] [137.4, 72.63] [227.95, 143.72] [201.93, 103.4] [281.15, 172.31] [264.41, 134.97]
0.75 [119.34, 67.59] [96.92, 41.99] (177.29, 97.32] [139.73, 58.2] [218.11, 116.09] [192.24, 78.17]
0.70 [90.73, 45.44] [64.90, 23.81] [134.07, 64.61] [91.62, 32.07] [164.56, 76.64] [133.4, 43.87]
0.60 [49.26, 19.71] [26.44, 7.87] [71.88, 27.17] [35.66, 9.91] [87.73, 31.78] [57.36, 13.44]
0.50 [24.63, 8.22] [10.07, 3.05] [35.26, 10.86] [12.88, 3.53] [42.65, 12.45] [21.57, 4.47]
0.40 [11.21, 3.44] [3.86, 1.57] [15.56, 4.26] [4.62, 1.69] [18.55, 4.75] [7.36, 1.92]
0.30 [4.64, 1.6] [1.71, 1.10] (6.1, 1.82] [1.88, 1.13] [7.09, 1.95] [2.57, 1.18]
0.25 [2.91, 1.22] [1.29, 1.02] [3.68, 1.32] [1.36, 1.03] [4.19, 1.37] [1.66, 1.05]
0.15 [1.27, 1] [1.01, 1.00] (1.4, 1.01] [1.02, 1.00] [1.49, 1.01] [1.04, 1.00]
0.10 [1.03, 1] [1, 1] [1.05, 1] (1, 1] [1.07, 1] [1, 1]
0.05 (1, 1] 1, 1] [1, 1] [1, 1] [, 1] [, 1]
TaBLE 6: The simulated data for the proposed control chart.
Sr. no. B (k) z (k) In (ZkN)
1 [0.007, 0.569] [0.007, 1.323] [-5.016, 0.28]
2 [0.374, 0.246] [0.598, 0.326] [-0.515, —1.122]
3 [0.308, 0.888] [0.445, 7.959] [-0.811, 2.074]
4 [0.702, 0.991] [2.359, 105.995] [0.858, 4.663]
5 [0.454, 0.006] [0.832, 0.006] [~0.184, —5.084]
6 [0.744, 0.447] [2.906, 0.808] [1.067, —0.214]
7 [0.64, 0.269] [1.781, 0.368] [0.577, —1.001]
8 [0.035, 0.972] [0.036, 34.967] [-3.327, 3.554]
9 [0.896, 0.565] [8.659, 1.3] [2.159, 0.263]
10 [0.155, 0.493] [0.183, 0.973] [~1.698, —0.027]
11 [0.273, 0.882] [0.375, 7.501] [-0.981, 2.015]
12 [0.917, 0.727] [11.026, 2.656] [2.4, 0.977]
13 [0.499, 0.964] [0.997, 26.938] [~0.003, 3.294]
14 [0.732, 0.818] [2.735, 4.492] [1.006, 1.502]
15 [0.023, 0.261] [0.023, 0.353] [-3.754, —1.041]
16 [0.465, 0.988] [0.868, 79.71] [-0.141, 4.378]
17 [0.146, 0.841] [0.171, 5.303] [-1.768, 1.668]
18 [0.873, 0.972] [6.844, 34.4] [1.923, 3.538]
19 [0.95, 0.021] [19.136, 0.021] [2.952, —3.85]
20 [0.605, 0.723] [1.531, 2.606] [0.426, 0.958]
21 [0.277, 0.02] [0.383, 0.02] [-0.96, —3.89]
22 [0.954, 0.853] [20.717, 5.789] [3.031, 1.756]
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Sr. no. B (k) z (k) In (ZkN)
23 [0.875, 0.97] [7.015, 32.67] [1.948, 3.486]
24 [0.577, 0.876] [1.364, 7.06] [0.311, 1.954]
25 [0.808, 0.952] [4.216, 19.804] [1.439, 2.986]
26 [0.902, 0.995] [9.252, 206.617] [2.225, 5.331]
27 [0.535, 0.645] [1.15, 1.816] [0.14, 0.597]
28 [0.44, 0.221] [0.786, 0.283] [-0.24, —1.262]
29 [0.965, 0.999] [27.261, 933.686] [3.305, 6.839]
30 [0.532, 0.992] [1.135, 131.102] [0.126, 4.876]
31 [0.425, 0.999] [0.74, 1913.741] [-0.301, 7.557]
32 [0.592, 0.819] [1.450, 4.517] [0.371, 1.508]
33 [0.995, 0.977] [193.48, 43.177] [5.265, 3.765]
34 [0.456, 0.479] [0.838, 0.919] [~0.177, —0.085]
35 [0.672, 1.000] [2.053, 2577.057] [0.719, 7.854]
36 [0.683, 0.968] [2.159, 30.231] [0.770, 3.409]
37 [0.635, 0.288] [1.738, 0.404] [0.553, —0.907]
38 [0.358, 0.991] [0.559, 111.696] [-0.582, 4.716]
39 [0.927, 0.930] [12.662, 13.193] [2.539, 2.580]
40 [0.634, 0.847] [1.733, 5.526] [0.550, 1.710]
TaBLE 7: The simulated data for the existing chart.
Sr. no.# B (k) z (k) In (Z; )
1 [0.352, 0.515] [0.543, 1.063] [0.61, 0.061]
2 [0.237, 0.825] [0.31, 4.718] [-1.171, 1.551]
3 [0.25, 0.424] [0.334, 0.735] [~1.096, —0.308]
4 [0.767, 0.87] [3.291, 6.721] [1.191, 1.905]
5 [0.569, 0.042] [1.322, 0.044] [0.279, —3.125]
6 [0.877, 0.019] [7.107, 0.019] [1.961, —3.939]
7 [0.359, 0.834] [0.56, 5.039] [-0.58, 1.617]
8 [0.806, 0.968] [4.153, 29.856] [1.424, 3.396]
9 [0.02, 0.881] [0.021, 7.412] [-3.88, 2.003]
10 [0.662, 0.071] [1.958, 0.077] [0.672, —2.57]
11 [0.909, 0.963] [9.933, 26.211] [2.296, 3.266]
12 [0.959, 0.142] [23.368, 0.166] [3.151, —1.797]
13 [0.232, 0.99] [0.302, 95.866] [-1.199, 4.563]
14 [0.063, 0.965] [0.067, 27.253] [-2.701, 3.305]
15 [0.918, 0.146] [11.154, 0.172] [2.412, -1.763]
16 [0.086, 0.109] [0.094, 0.122] [-2.364, —2.105]
17 [0.936, 0.944] [14.55, 16.968] [2.678, 2.831]
18 [0.198, 0.265] [0.248, 0.36] [-1.396, —1.02]
19 [0.214, 0.605] [0.271, 1.533] [-1.304, 0.427]
20 [0.507, 0.411] [1.028, 0.699] [0.027, —0.359]
21 [0.98, 0.998] [49.554, 414.687] [3.903, 6.028]
2 [0.984, 0.278] [60.027, 0.385] [4.095, —0.954]
23 [0.752, 0.979] [3.034, 46.245] [1.11, 3.834]
24 [0.857, 0.713] [5.976, 2.482] [1.788, 0.909]
25 [0.267, 0.946] [0.364, 17.361] [-1.01, 2.854]
26 [0.744, 0.166] [2.904, 0.199] [1.066, —1.614]
27 [0.577, 0.974] [1.363, 36.773] [0.31, 3.605]
28 [0.79, 0.589] [3.761, 1.432] [1.325, 0.359]
29 [0.841, 0.657] [5.275, 1.914] [1.663, 0.649]
30 [0.969, 0.808] [31.497, 4.206] [3.45, 1.436]
31 [0.557, 0.959] [1.257, 23.411] [0.229, 3.153]
32 [0.763, 0.998] [3.228, 572.344] [1.172, 6.35]
33 [0.94, 0.998] [15.578, 631.372] [2.746, 6.448]
34 [0.165, 0.848] [0.197, 5.575] [-1.625, 1.718]
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Sr. no.# B (k) z (k) In (Z,)
35 [0.873, 0.451] [6.898, 0.822] [1.931, —0.196]
36 [0.836, 0.688] [5.091, 2.207] [1.628, 0.792]
37 [0.983, 0.928] [56.62, 12.949] [4.036, 2.561]
38 [0.783, 0.956] [3.61, 21.757] [1.284, 3.08]
39 [0.631, 0.883] [1.712, 7.528] [0.538, 2.019]
40 [0.361, 0.998] [0.565, 488.171] [-0.571, 6.191]
15
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FiGure 1: The proposed control chart using simulated data.
from a big hospital. According to Santiago and Smith [50],

“the hospital would like to track the frequency of patients

being discharged who had acquired a UTI while in the
10 - hospital as a way to quickly identify an increase in in-
fection rate or, conversely, monitor whether forthcoming
UCLU =6.71 . . . .
o process or material changes result in fewer infections.
5 UCLL =519 o e Because the root cause often differs based on gender, male
o oo:?\o ,t;‘°<3 X \‘ 0 ’/ and female patients are charted separately and this ex-
z o 00,0\0 /d. o e '1\,“0,"‘ :\DO/o' /0000/0\00 ample focuses on males.” Aslam et al. [44] presented the
% oo ‘6,/”(‘0’ 9 \\0.' Vi ‘\ \ od 1° /\f:’oe,o 0° \}100 ° neutrosophic form of UTI data which is shown in Table 8.
= 001 ; \\’.' 'g'o 3 8d o ol u ° Suppose  that ky =[3,5], ay=[1.952.05], and
il 5 by = [2,2.2]. The four control limits for the UTT data are
5 ° ° LCLL =-5.19 given as follows:
LCLU = -6.71 UCLIy = Ly ky = [5.3915,7.1789],
-10 4
! - x T . LCL1, = —Lyy+ky = [-5.3915,~7.1789],
Sample number (31)
 ma, UCL2y = Lyyky = [3.9823,5.1412],
-~ In(Zt)y

FIGURE 2: The existing chart proposed by Aslam et al. [44]. LCL2y = ~Loy yky =[-3.9823,-5.1412].
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TaBLE 8: The UTI data.
Sr. no.# B (k) z (k) In (ZkN)
1 [0.712, 0.448]  [2.471, 0.813] [0.905, —0.207]
2 [0.201, 0.89] [0.251, 8.101] [-1.382, 2.092]
3 [0.099, 0.897] [0.11, 8.668] [-2.211, 2.16]
4 [0.245, 0.087]  [0.325,0.095]  [-1.123, —2.354]
5 [0.417, 0.655]  [0.715, 1.896] [-0.335, 0.64]
6 [0.083, 0.033] [0.09, 0.034] [~2.405, —3.373]
7 [0.555, 0.397]  [1.245, 0.658] [0.219, —0.419]
8 [0.719, 0.114]  [2.555, 0.129] [0.938, —2.051]
9 [0.893, 0.915] [8.361, 10.723] [2.124, 2.372]
10 [0.697, 0.097]  [2.296, 0.108] [0.831, —2.23]
11 [0.573, 0.193] [1.341, 0.239] [0.294, —1.432]
12 [0.234, 0.701] [0.305, 2.346] [-1.187, 0.853]
13 [0.932, 0.072]  [13.773, 0.078] [2.623, —2.55]
14 [0.533, 0.165] [1.143, 0.197] [0.133, —1.622]
15 [0.134, 0.015]  [0.155, 0.016]  [-1.867, —4.157]
16 [0.674, 0.955] [2.071, 21.464] [0.728, 3.066]
17 [0.008, 0.563] [0.008, 1.286] [-4.799, 0.251]
18 [0.241, 0.939]  [0.317, 15.27] [-1.149, 2.726]
19 [0.481, 0.123] [0.928, 0.14] [-0.074, —1.967]
20 [0.044, 0.433]  [0.046, 0.764]  [-3.071, —0.269]
21 [0.109, 0.928] [0.123, 12.969] [-2.098, 2.563]
2 [0.56, 0.236] [1.275, 0.308] [0.243, —1.176]
23 [0.025, 0.844]  [0.026, 5.411] [-3.666, 1.688]
24 [0.027, 0.153]  [0.028, 0.181] [-3.574, —1.71]
25 [0.826, 0.59] [4.739, 1.438] [1.556, 0.363]
26 [0.125, 0.872] [0.143, 6.795] [-1.942, 1.916]
27 [0.011, 0.361]  [0.011, 0.565]  [-4.488, —0.571]
28 [0.025, 0.198] [0.026, 0.247] [-3.667, —1.399]
29 [0.567, 0.69] (1311, 2.23] [0.271, 0.802]
30 [0.909, 0.175]  [9.999, 0.211] [2.303, —1.554]
31 [0.325, 0.8] [0.482, 4.006] [-0.731, 1.388]
32 [0.126, 0.998]  [0.144, 519.999]  [-1.941, 6.254]
33 [0.474, 0.728] [0.901, 2.671] [-0.104, 0.982]
34 [0.35, 0.022] [0.539, 0.022]  [-0.619, —3.809]
35 [0.425, 0.049] [0.74, 0.051] [-0.301, —2.971]
36 [0.876, 0.723]  [7.063, 2.614] [1.955, 0.961]
37 [0.177, 0.068]  [0.215, 0.072]  [-1.539, —2.625]
38 [0.371, 0.99] [0.591, 100.78] [-0.526, 4.613]
39 [0.043, 0.173]  [0.045, 0.209]  [-3.108, —1.565]
40 [0.117, 0.191] [0.132, 0.235] [-2.022, —1.446]

Using the given information, the value of Z, when Z, = 1
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FIGURE 4: The proposed chart for UTI data.

and B(O,) = 0.5 is calculated as follows:

Zi, = Zi, e PRI = [0.985, 54.568). (32)
The neutrosophic statistic In (Z ) is plotted on four
control limits in Figure 4. The planned control chart
shows the out-of-control process after the 6 sample. The
measures of In (Z; ) are also plotted in Figure 5 using the
chart of neutrosophlc statistics proposed by Aslam et al
[44] which shows the out-of-control process at the 32nd

sample. The same data were also plotted in Figure 6 using
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FIGURE 5: Aslam et al. [44] chart for UTI data.

the Shewhart chart which is incapable to identify the out-
of-control situation. Therefore, the planned chart is effi-
cient in identifying the out-of-control situation more
swiftly. The use of the proposed control chart in the
hospital will help to identify the UTI patient quickly as
compared to the existing charts.
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5. Conclusions

In this article, the planning of a control chart for gamma-
distributed belief statistic using MDS sampling under the
neutrosophic statistic has been offered. The parameters of the
planned chart have been estimated for vague data using code
programming for R language. Neutrosophic average run
lengths for indeterminacy intervals under different process
settings for various shift levels have been calculated. The
comparison of the planned scheme with the existing chart has
been made which shows the better identifying skill of the out-
of-control process. It has been perceived that the proposed
scheme is a valuable accumulation in the toolkit of the quality
control professionals for the monitoring of neutrosophic data.
A real-world example has been added for the practical ap-
plication of the planned scheme by the quality control workers.
The proposed chart ensures the producer/customer that the
product manufactured using the proposed control chart will be
according to the given specification limits and good quality
product as mentioned in ISO 9001: 2015 Quality Management
Systems (https://www.iso.org). The proposed chart can be
applied in the industry to minimize the nonconforming
product. The proposed chart has the limitation that it can be
applied when the quality of interest follows the normal dis-
tribution. The proposed control chart for nonnormal distri-
butions can be considered as future research. The planned chart
can further be extended for the multivariate probability dis-
tributions. The proposed control chart using the cost model can
be studied as future research.
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