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Monitoring of production of blood
components by attribute control
chart under indeterminacy

Nasrullah Khan!, Muhammad Aslam?*, P. Jeyadurga® & S. Balamurali®

The existing control chart for monitoring the blood components by attribute is designed using
classical statistics. The existing attribute control chart can be applied only when the experimenter is
sure about the proportion of defective or all the observations in the sample are determined. In this
paper, new attribute control charts for monitoring the blood components under the neutrosophic
statistics will be presented. The design of the proposed control chart is given under the neutrosophic
statistical interval method. The applications of these control charts demonstrate that the proposed
control charts are quite effective, adequate, flexible, and informative for monitoring the blood
components under uncertain environment.

One can ensure the consistency of process output by using statistical process control (SPC) techniques in which
the product quality is measured during the manufacturing process. The stability of the process is maintained
until the occurrence of causes of process variation. Once the cause affects the process, then the process is come
back into an in-control state by detecting and removing such cause. The occurrence of two types of causes namely
common cause and assignable cause are involved in process variation. It is important to mention that the com-
mon causes cannot be identified whereas unavoidable. The variations due to these causes are also referred to as
random causes of variation. But the non-random variation is occurred due to the presence of assignable causes
that are definite and specific. In addition, the out-of-control state of the process or process instability is attained
by the occurrence of assignable causes. Hence, the detection of causes and the analysis of process variation are
achieved by the tool of SPC namely the control chart. The control chart visually represents the process varia-
tion over the period of time. There are two types of control charts available in the literature such as attribute
control chart and variables control chart and they are respectively applied to monitor the production process
where the quality characteristic of the product is non-measurable and measurable. Variables control charts yield
more information about the process and involve a minimum sample size since it utilizes quantitative data. In
general, variables control charts are designed under the assumption that the parametric form of the distribution
of the quality characteristic is known or specified in advance. Many authors have designed and investigated the
performance of different variables control charts based on such assumptions. However, some authors proved
that the performance of the control charts designed with basic assumption will be unreliable if the pre-specified
distribution is invalid. To overcome the drawback, some nonparametric (or distribution-free) control charts
have been designed using various methods see, for example! 6. In addition’, proposed some other nonparametric
control charts, most of them depend on the ordering information on the observed data.

However, the construction of attribute control chart is easier than that of variables chart since the simple
calculation is involved in attribute chart construction. Some of the attribute control charts are p-chart, np-chart,
u-chart, and c-chart and the applications of these control charts can be found in different situations. A number
of studies are available on attribute control chart designing (see for example®-'%).

In practice, it is not justifiable to classify an item as defective since it possesses some faults which may not
make great effect on the functions of the item, for example, a scratch on the surface of the electronic devices do
not affect the function of the device while, it does not mean that the device is “good”. There is some ambiguity in
classification of the sample items either defective or non-defective with respect to the specified attribute quality
characteristics. But, it is possible to classify the items based on the faults of it and we can also obtain more than
two categories (defective or non-defective) of the sample items. Hence, the exact value for proportion defective
cannot be obtained and there will be no clear information about proportion defective. Under this situation, one
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can use the fuzzy concept introduced by'® because the fuzzy concept is applicable where the information is vague,
imprecise, and incomplete. Later, the neutrosophic logic was introduced by'” to investigate the indeterminate
data. Although neutrosophic logic seems like fuzzy logic, in neutrosophic logic three cases of membership
function are considered such as degree of truth-membership 7, degree of falsity membership F and degree of
indeterminacy membership I. ®proposed neutrosophic statistical methods to interpret and organize the data
which are indeterminate and mentioned that neutrosophic statistics is an extension of classical statistics. One
can use neutrosophic statistics in any field where the parameters involved are uncertain or indeterminate. The
neutrosophic logic is applied for various aspects, for example, **discussed the application of neutrosophic number
linear programming method in production planning. Recently, acceptance sampling plans and control charts
are designed under neutrosophic statistics (see, for example, 22!). *'designed an attribute np control chart and
determined the optimal parameters under neutrosophic statistics such that the in-control average run length
(ARL) is as close as to the specified ARL values because ARL is considered as one of the most important perfor-
mance measures in evaluating and comparing the performance of the control charts (see* for more information).

Blood is a necessary liquid of the body and consists of four important components namely, plasma, platelets,
and red and white blood cells. The attribute and variable control charts have been widely used in monitoring
and improving the blood components. As mentioned by* that the control charts can affectively monitor the
variation and the causes of the variations in the blood components. In particular, to control the count of residual
leucocytes and to identify whether the blood components manufacturing process is affected by any assignable
causes or not, *used p-chart, np-chart, u-chart and c-chart. For this purpose, the variable number of samples
of platelets, apheresis, leucocyte-depleted in additive solution was taken in sequence order. The monitoring of
these blood components is done according to the rules are specified by the American association of blood banks
standards®*. Hence, the control charts are important tools to check whether the blood components are according
to the given specification limits. These provide the immediate signal when the blood components are slightly
away from the target or the given specification limits. However, *discussed the construction of attribute control
charts using classical statistics, and the status of the process was determined based on constant control limits.
But, in practice, there is a possibility to produce a different number of items during the manufacturing process
in each specified period. In this circumstance, the control chart with constant control limits is not applicable
to monitor the process. Hence, the control chart having variable control limits will be suitable to handle this
problem. That is, the control limits are calculated using variable sample size and such control limits are known
as variable-width control limits.

The existing p-chart and u-chart can be applied only when there is no Neutrosophy in sample size or obser-
vations. To the best our knowledge, no one has studied the construction of the attribute control charts namely
p-chart and u-chart simultaneously under neutrosophic statistics for monitoring the blood components. There-
fore, in this study, we attempt to construct above-mentioned control charts under neutrosophic statistics using
real data. The estimation of the proportion defective and the calculation of control limits from the data are
explained.

Designing of control charts for attribute
As mentioned earlier, attribute control charts are used to monitor the non-measurable quality characteristic (i.e.,
count data or attribute data) and two types of attribute data are yes/no type data and counting data. In yes/no
type data, the sample of items are inspected for the specified quality characteristic and classified as either non-
defective or defective if it meets the specification or not. Generally, p-chart is frequently used to monitor this
type of data and in p-chart implementation the subgroup sizes need not be the same. Especially, p-chart plots
proportion defective (or fraction nonconforming) over time. The following conditions to be satisfied in order to
use the p-chart and are as follows. (1) The probability that the product to be defective p should be the same for
each sample item. (2) The possibility of an item possessing the characteristic should be independent of the same
of other items. (3) The same inspection procedure should be followed for each sample and it must be consistently
carried out from sample to sample. In this chart construction, binomial distribution can be used to estimate the
distribution of the counts. Sometimes, the classification of an item as defective or non-defective does not make
much sense when there is complexity in the item’s nature. Also, an item possessing some characteristics may not
greatly affect the functions of the item (for example, bubbles on glass) and such characteristics are considered as
defects. A defect occurs when something fails to meet a preset specification for which it cannot be considered
as defective. Under this situation, the number of defects on the item is counted and this is called counting type
data. In order to monitor these types of data, one can use a u-chart. The number of defects per inspection unit
over time is plotted in the u-chart and the area of the possibility that the defect will occur vary in the u-chart.
In all these control charts, there are two control limits involved namely lower control limit (LCL) and upper
control limit (UCL). Then the process is considered as in-control if the sample points lie between control limits.
Otherwise, the process is declared to be out-of-control. In particular, the control limits are used to decide the
state of the manufacturing process. Control charts can be designed under two situations such that the size of the
sample is fixed and the same will be variable. In general, the control charts are designed under the assumption
that the values involved in such designing are known or specified earlier. One can estimate such required values
using the data obtained from the production process when it is not known, in practice. In this study, we discuss
the construction of the control chart for the case of estimation of required values with a variable sample size.
Therefore, we are able to obtain variable control limits in each chart construction.

Designing of p-chart. In all the proposed control charts construction, the value of LCL is considered to
be zero if the estimated value of the same is less than or equal to zero. The traditional procedure of estimating
proportion defective (say p) is as follows. From the production process, m number of samples each with different
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size is taken. The number of defective items contained in each sample is counted and denoted by D; where i=1,
2, ..., m, and the proportion defective p is calculated using the following formula.

p= Z:%:I Di
Sy ni

Then the LCL and UCL for p-chart are respectively denoted by LCL, and UCL, and determined as follows.

ﬁ(l _ﬁ) (1a)

LCL,=p—3
p =P ni

~(1—3
UCL, =p+3 1% (1b)
1
In p-chart construction, the value of p; for each sample plotted against the sample number. Then the process
is declared as in-control if the plotted points lie between control limits.

Designing of u-chart.  This type of control chart (i.e., u-chart) is also known as a control chart for defects
(or nonconformities) and these charts are used to monitor the average number of defects per unit %. The aver-
age number of defects per unit is obtained as 4 = > 1" | u; / S nj where u; = x; / n; and x;, n; are number of
defects in the ith sample with size n;, respectively. Then the control limits are denoted by LCL, and UCL, and
are obtained as

LCL, =7 — 3] = (2a)
n;
u

LCL, =i+ 3| = (2b)
n;

Designing the methodology of control charts for an attribute using neutrosophic
statistics

p-chart.  Obviously, in most of the conventional attribute control charts, there is a pair of control limits
involved in designing but the same chart designed under neutrosophic statistics consists of two pairs of control
limits, that is, one pair of the lower control limits corresponding to lower value involved in neutrosophic and the
other pair of upper control limits corresponding to upper value involved in neutrosophic statistics. »’introduced
the exponentially weighted moving average (EWMA) chart and used the Laplace transformation to study run
length under interaction using the classical statistics. Therefore, the formulas for finding the control limits for an
attribute p-chart under neutrosophic statistics are given as follows.

LCL; = max |0,p; — 3 IM (3a)
LCL, = max |0,p, — 3 p“(ln; Pu) (3b)
UCL =p;+3 @ (3¢)
UCL, =p,+3 M (3d)

where p; = Y1 Dy /31 njand p, = -1, Dyi /> nui, Dy and D, denote the number of defective items
in the ith sample with sample sizes n, and #,, respectively. Sometimes, when we determine the control limits, the
average value of n (i.e., 77) is used instead of n; and n,,.

u-chart. Following equations are used to determine the control limits for u-chart under neutrosophic sta-
tistics.
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LCL; = max {O,ul =34/ :l} (4a)
1
LCL, = max |:O,uu =34 uu} (4b)
ny
UCLy =7y + 3y | — (4¢)
n

UCL, =7, +3 tu (4d)

ny

where u; = > i, uli/Z:‘ﬂ:1 g Uy = Yy Mui/Z;L My Ul = xli/”l and u,; = xui/nu. x; and x,; denote the
number of defects contained in the ith sample with sample sizes #; and n,, respectively. In this study, we discuss
the designing of p-chart and u-chart under neutrosophic statistics using real-time data.

Application of control charts for an attribute using neutrosophic statistics

A manufacturing company of producing a lot of blood components and the manufacturer wants to inspect the
residual leucocyte count per sampling of platelets, apheresis, leucocyte-depleted in additive solution. The com-
pany is uncertain about the sample size to be used for inspection purpose. The sample size is selected in interval
rather than the exact ample size. The values of the lower sample size and upper sample size are shown in Tables 1
and 2. From these tables, it is clear that the existing p-chart and u-chart under classical statistics cannot be applied
for the monitoring of blood components. For this purpose, the attribute control charts based on neutrosophic
statistics is recommended to inspect the residual leucocyte count in each of the lots, and also there are 30 lots.
In this inspection, we consider the performance of the p-chart and u-chart.

p-chart with a variable sample size. The residual leucocyte count data for 30 lots with a variable sample
size are provided in Table 1. From this data, we can determine the control limits for p-chart under neutrosophic
statistics. For this data, p; and p,, are calculated as follows.
30 30
_ 1 Dy 1 _ 1 Dui 16
P = % = — =00085and p, = ==L — > — 01290
iz 118 Dimimui 124
We consider the variable sample sizes to calculate the control limits therefore, the control limits for p-chart
under neutrosophic statistics are calculated as follows.

0.0085(1 — 0.0085)
LCL; = max |0, 0.0085 — 3| ———

nj

0.1290(1 — 0.1290)
LCL, = max |0, 0.1290 — 3,/ ———— ="~

ny

0.0085(1 — 0.0085)
n

UCL; = 0.0085 + 3

0.1290(1 — 0.1290)

UCL,, = 0.1290 + 3\/
ny

Using the control limits formulae, we can calculate the control limits for the lower and upper value of the
data under neutrosophic statistics and reported in Table 1.

The performance of the proposed p-chart for residual leucocytes count data is shown in Fig. 1. From this
figure, it is understood that the process is under control since the proportion defective for each sample lies
between control limits. In addition, from Fig. 1, it is clear that several points are near UCL; and UCL,, and that
several points lie in the indeterminate interval which needs industrial engineers’ attention.

u-chart with a variable sample size.  Table 2 presents the residual leucocyte count data for 30 lots with a
variable sample size along with calculated control limits. For the calculation of control limits for u-chart under
neutrosophic statistics, % and 7, are calculated as follows.

Scientific Reports |

(2021) 11:922 | https://doi.org/10.1038/s41598-020-79851-5 nature research



www.nature.com/scientificreports/

Lower value Upper value
No. of defective Sample Proportion Control limits No. of defective Sample proportion Control limits
Sample number, i | Sample size, n; | items, D;; Defective, D;;/n; | LCL, | UCL, | Sample size,n,; | items, D, defective, D,;/n,; | LCL, | UCL,
1 4 0 0 0 0.146 5 1 0.2 0 0.579
2 3 0 0 0 0.167 3 0 0 0 0.710
3 4 0 0 0 0.146 4 0 0 0 0.632
4 4 0 0 0 0.146 4 0 0 0 0.632
5 4 0 0 0 0.146 5 1 0.2 0 0.579
6 4 0 0 0 0.146 4 1 0.25 0 0.632
7 4 0 0 0 0.146 4 0 0 0 0.632
8 4 0 0 0 0.146 4 0 0 0 0.632
9 5 0 0 0 0.132 6 1 0 0 0.540
10 4 0 0 0 0.146 4 1 0 0 0.632
11 3 1 0.33 0 0.167 3 2 0.1667 0 0.710
12 4 0 0 0 0.146 4 0 0 0 0.632
13 4 0 0 0 0.146 4 0 0 0 0.632
14 4 0 0 0 0.146 4 0 0 0 0.632
15 4 0 0 0 0.146 4 0 0 0 0.632
16 4 0 0 0 0.146 4 0 0 0 0.632
17 4 0 0 0 0.146 4 1 0.25 0 0.632
18 4 0 0 0 0.146 5 0 0 0 0.579
19 4 0 0 0 0.146 4 0 0 0 0.632
20 4 0 0 0 0.146 4 0 0 0 0.632
21 4 0 0 0 0.146 4 0 0 0 0.632
22 4 0 0 0 0.146 4 1 0.25 0 0.632
23 4 0 0 0 0.146 4 2 0.5 0 0.632
24 4 0 0 0 0.146 4 1 0.25 0 0.632
25 4 0 0 0 0.146 4 0 0 0 0.632
26 4 0 0 0 0.146 5 0 0 0 0.579
27 4 0 0 0 0.146 4 0 0 0 0.632
28 4 0 0 0 0.146 4 1 0.25 0 0.632
29 3 0 0 0 0.167 4 2 0.5 0 0.632
30 4 0 0 0 0.146 4 1 0.25 0 0.632
118 1 124 16

Table 1. Residual leucocytes count an attribute for 30 lots with corresponding variable control limits.

30 30
U 6 - Uyi 15
=== 2 0517 and @, = =21 — 22— 01163

S0 116 0y 129

The control limits for u-chart under neutrosophic statistics are calculated using the following formulae. We
can obtain variable control limits since variable sample sizes are used in the calculation.

0.0517
LCL; = max |0, 0.0517 — 3
n
0.1163
LCL, = max |0, 0.1163 — 3
ny
0.0517
UCL; = 0.0517+ 3
ny
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Lower value Upper value
No. of defective Sample proportion Control limits No. of defective Sample proportion Control limits
Sampl ber,i | Sample size, n; | items, x;; defective, x;; / ny; LCL;, | UCL;, | Sample size,n,; | items, x,; defective, x,;/n,; |LCL, | UCL,
1 4 0 0 0 0.393 5 1 0.2 0 0.574
2 3 0 0 0 0.446 3 0 0 0 0.707
3 4 0 0 0 0.393 4 0 0 0 0.628
4 4 2 0.5 0 0.393 4 2 0.5 0 0.628
5 4 3 0.75 0 0.393 5 1 0.2 0 0.574
6 4 0 0 0 0.393 4 0 0 0 0.628
7 4 0 0 0 0.393 4 0 0 0 0.628
8 4 0 0 0 0.393 4 0 0 0 0.628
9 4 0 0 0 0.393 6 2 0.33 0 0.534
10 3 0 0 0 0.446 4 0 0 0 0.628
11 4 1 0.25 0 0.393 5 0 0 0 0.574
12 3 0 0 0 0.446 4 1 0.25 0 0.628
13 4 0 0 0 0.393 4 0 0 0 0.628
14 4 0 0 0 0.393 4 0 0 0 0.628
15 4 0 0 0 0.393 4 1 0.25 0 0.628
16 2 0 0 0 0.534 4 0 0 0 0.628
17 4 0 0 0 0.393 4 0 0 0 0.628
18 4 0 0 0 0.393 5 2 0.4 0 0.574
19 4 0 0 0 0.393 4 0 0 0 0.628
20 4 0 0 0 0.393 4 0 0 0 0.628
21 4 0 0 0 0.393 4 0 0 0 0.628
22 4 0 0 0 0.393 4 0 0 0 0.628
23 6 0 0 0 0.330 7 3 0.4286 0 0.503
24 4 0 0 0 0.393 4 0 0 0 0.628
25 4 0 0 0 0.393 4 0 0 0 0.628
26 3 0 0 0 0.446 5 2 0.4 0 0.574
27 4 0 0 0 0.393 4 0 0 0 0.628
28 4 0 0 0 0.393 4 0 0 0 0.628
29 4 0 0 0 0.393 4 0 0 0 0.628
30 4 0 0 0 0.393 4 0 0 0 0.628
116 6 129 15

Table 2. Residual leucocytes count attribute for 30 lots with corresponding variable control limits.

0.1163

ny

UCL, = 0.1163 + 3

Figure 2 shows the performance of the proposed u-chart for residual leucocytes count data and the process is
declared as out-of-control because the defects per unit of 5th sample lie beyond the control limits. In addition,
from Fig. 2 that the several points lie in an indeterminate interval which needs industrial engineers’ attention.

Concluding remarks

In this paper, new attribute control charts for monitoring the blood components under the neutrosophic statistics
was presented. The design of the proposed control chart was given under the neutrosophic statistical interval
method. The proposed control chart can be applied when there is uncertainty in the observations or in the sam-
ple size. The application of the proposed chart was given using the blood component data. From the analysis, it
can be concluded that the proposed chart is flexible in monitoring the blood components. The proposed chart
gives the results in indeterminate intervals which are required in uncertainty. The hematologists can apply the
proposed control chart for monitoring the blood-related diseases. The proposed control chart can be applied in
medical sciences for monitoring various diseases. The proposed control chart using the other sampling schemes
can be considered as future research.

Data availability
The data is given in the paper. The data is taken from https://www.sciencedirect.com/science/article/pii/S1473
050218301277.
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