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ABSTRACT

The performance of parametric and nonparametric control charts that are carefully cre-
ated for zero-inflated count data—which are commonly modeled using zero-inflated Poisson
(ZIP) and zero-inflated binomial (ZIB) distributions—is thoroughly assessed in this study.
The evaluation of the three primary control chart performance metrics—average run length
(ARL), median run length (MRL), and standard deviation run length (SRL)—forms the ba-
sis of the comparative analysis. The performance evaluation’s new results clearly show that
nonparametric control charts are more effective at identifying shifts in the probability of
small-scale inflation. On the other hand, changes in large-scale inflation are better detected
by parametric control charts. These empirical observations are further substantiated through
the applications of real-world data, which serves as a robust case study for assessing the ef-
fectiveness of both types of control charts in practical settings.

Keywords: Average run length; Median run length; Standard deviation run length; Zero-
inflation binomial; Zero-inflation poisson

1. Introduction tion models in count data both ZIB and

In quality control, data often shows ZIP models were created. These models
more zeros than expected, especially when help identify zeros caused by specific fac-
counting occurrences due to factors beyond tors rather than random chance. For exam-
chance. To address this issue, zero infla- ple, they can distinguish between products

with no defects due to high quality stan-
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dards and those with no defects due to ran-
dom variation.

Zero-inflated Poisson (ZIP) and
zero-inflated binomial (ZIB) control charts
are significance designed to handle data
with excessive zeros, a common issue
that traditional parametric control charts
struggle to address. These specialized
charts offer a better solution for managing
data with zero inflation characteristics (see
more detail in [1, 2]).

Parametric and nonparametric con-
trol charts are two main types used in qual-
ity control. Parametric control chart, pio-
neered by Shewhart [3], rely on known sta-
tistical distributions (like Normal or Pois-
son) to monitor quality characteristics in
manufacturing and service processes [4].
Nonparametric control charts, developed
for situations where the population distri-
bution is unknown or process parameters
cannot be estimated, use methods like rank-
based analysis [5, 6].

Parametric control charts are used
when the data are normally distributed or
when the mean and standard deviation pa-
rameters can be estimated. Otherwise, these
charts may not be suitable for monitor-
ing process changes. Control charts, first
introduced in [3], are valuable tools for
detecting significant shifts in process out-
puts. Modern process monitoring systems
often used Cumulative Sum (CUSUM)
and Exponentially Weighted Moving Aver-
age (EWMA) control charts, respectively
[7, 8]. These charts, known as time-
varying control charts, consider both past
and current data. The Modified Exponen-
tially Weighted Moving Average (Modified
EWMA) chart [9], is an improvement on
the EWMA chart by increasing the term of
the difference value of adjacent data. If the
mean process increases, the term that makes
the statistic Modified EWMA also increase,
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which makes the detection faster.

An appropriate substitute for a para-
metric control chart in circumstances where
assumptions are not addressed is a nonpara-
metric control chart (NP). NP charts of-
fer several benefits, including ease of use,
flexibility, robustness to outliers, and the
elimination of variance estimation. Gra-
ham [10] suggested an EWMA-SR chart in
2011 to track slight but consistent changes
in the process mean. Additionally, to de-
tect changes in the average of a continu-
ous distribution, the Wilcoxon sign-rank-
based MEWMA chart (MEWMA-SR) was
developed. The MEWMA-SR chart per-
forms well, especially for small subgroup
sizes and small changes, as shown by the
evaluation and numerical results (see [11—
13]).

While many production processes
follow a normal distribution, quality char-
acteristics can sometimes have non-normal
or discrete distributions. For instance, a
zero-inflated binomial (ZIB) distribution is
frequently used to describe the percentage
of defective products or the total number
of defects. The zero-inflated Poisson (ZIP)
distribution is appropriate for counting pro-
cedures, and a binomial distribution is ap-
propriate when gauging quality by the quan-
tity of nonconformities.

Numerous studies, spanning from
earlier periods to the present, have focused
on quality control methods specifically de-
signed for ZIB and ZIP data that have
been addressed. Xie et al. [14] compared
various control chart methods for defect
data, which is directly relevant to apply-
ing control charts for zero- inflated mod-
els. Li et al. [15] presented a control
chart specifically for ZIP distributed data,
making it directly relevant to understand-
ing how zero-inflation affects control chart
designs and interpretations in quality con-
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trol. A cumulative sum (CUSUM) con-
trol chart tailored for ZIP data was pro-
posed by Zhu et al. [16]. It is a useful
resource for comprehending sophisticated
control chart methods that take manufactur-
ing or defect data with zero inflation into
account. Exponentially weighted moving
average (EWMA) control charts for zero-
inflated Poisson processes were covered by
Zhou et al. [17]. It presents statistical meth-
ods designed specifically for quality con-
trol in situations with zero inflation. Al-
though not unique to models with zero in-
flation. Phantu et al. [18] investigated
the mixed DMA-EWMA control chart for
both symmetric and asymmetric distribu-
tions which the performance of the mixed
control chart is superior to single control
chart. A thorough analysis of control charts
for count data was given by Castagliola et
al. [19], which is crucial for comprehending
how ZIB and ZIP models fit into the larger
framework of control chart methodologies.
Although not directly about control charts,
Beyene et al. [20] discussed applications of
zero-inflated models in data sets with ex-
cess zeros, offering context for the kinds of
data where these models would be useful in
quality control. Bakar etal. [21] proposed a
control chart for ZIB data, extending tradi-
tional binomial control charts to handle sit-
uations where excessive zeros occur, such
as in defect monitoring.

Investigating parametric and non-
parametric control charts made especially
for integer data characteristics that adhere
to ZIP or ZIB distributions is the aim of this
study. Of particular interest is their capac-
ity to identify changes in data that contains
a large number of zeros.

The following is the structure of the
article’s following sections: Inflation distri-
butions, nonparametric properties, and con-
trol chart features are briefly reviewed in
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Section 2. Section 3 assesses how well the
control chart detects changes in the proba-
bility of the extra zero parameter. In Sec-
tion 4, the control chart’s use with simu-
lated and real-world data is demonstrated
and contrasted with alternative approaches.
Section 5 concludes with a summary of the
main conclusions, a discussion of the limi-
tations, and possible future research direc-
tions.

2. Materials and Methods
2.1 Zero-inflated distributions

This research focuses on the study
of data from a counting process in which
a large number of zeros occur. This is
sometimes called a zero-inflation distribu-
tion, which in industry tends to occur with
high yield process.

2.1.1 Zero-inflation binomial

A generalization of the regular bino-
mial distribution, the zero-inflated binomial
(ZIB) distribution can be used to simulate
count processes with an excessive number
of zeros. As with the conventional binomial
distribution, if X is a ZIB random variable,
it is defined on 0, 1, ..., n by definition, and
its probability mass function (pmf.) equals
when x = 0 as following:

fZIB(O|¢’n’ p) = ¢ + (1 - ¢)fB(0|”,P),
while for xin{1, 2, ...,n}

fZIB(-x|¢’n’ p) = ¢ + (1 - ¢)fB(X|I’l, p)a

where
fa(xln, p) = (Z) pr(L=-p),

is the pmf. of the binomial distribution,
where p € [0, 1] is the probability of a pre-
defined event and ¢ € [0, 1] is the zero-
inflation parameter. The ZIB distribution
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and the binomial distribution with param-
eters n and p coincide if ¢ = 0. Otherwise,
if ¢ = 1, the ZIB distribution reduces to the
Dirac distribution on x = 0. Furthermore,
the cumulative distribution function (cdf.)
of X is given by

fzi(x|¢,n,p) = ¢+ (1 — ¢)Fp(x|n, p),

where
S (n
Fg(x|n,p) = () “1-p)F,

(xIn. p) ZO pra-p)
is the cdf. of the standard binomial distri-
bution with parameters n and p.

The following two expressions pro-
vide the mean and variance of the ZIB dis-
tribution with parameters (¢, n, p), respec-
tively.

uzig =np(l—¢),

and
62,5 =np(1—p+npg)(1-¢).

2.1.2 Zero-inflation poisson

In order to fit count data with ex-
cessive zero values—which can be thought
of as a combination of a degenerate dis-
tribution at zero with probability 1 — p
and a Poisson distribution with probabil-
ity p, zero-inflated Poisson regression mod-
els have been introduced widely. Letting
Y1,,Y, be a sequence of independently and
identically random variables, in which ¥; ~
ZIP(p,6;) then the pmf. of the ZIP model
is

p+(1-ple? ;y =0,

Vi ,6;

(1-p)™ —— i

where 0 < p < 1, assuming a fixed prob-
ability, is the likelihood of excessive ze-
ros. The following are the ZIP random vari-
able’s mean and variance: uzyp = (1-p)6,
and 0'%11, =(1-p)(0+ pb?).

P(Yi=yi)={

iyvi=1,2, ...,
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This section, which is divided into
three sections, presents relevant theory.
The control chart’s nonparametric charac-
teristics are covered in detail in Section
2.1. The conceptual design of the tra-
ditional control chart as an exponentially
weighted moving average (EWMA) control
chart and its conversion to an exponentially
weighted moving average (MEWMA) con-
trol chart are explained in Section 2.2. It
also proposes the modified exponentially
weighted moving average based on sign
rank (MEWMA-SR) control chart and dis-
cusses the current nonparametric control
chart that has been converted into an ex-
ponentially weighted moving average based
on sign rank (EWMA-SR) control chart.
Lastly, Section 2.3 describes the process for
assessing achievement.

2.2 Sign rank

Take into consideration
A; = An, A, ..., Ay a sample of size
n from a procedure that has an arbitrary
distribution with a process target (). Eq.
(2.1) represents the distribution of the
observed quantity and the desired quantity,
indicated as within groups,

B =Am—a, t=1,23...k=1,273,...

2.1
The S, statistic is calculated as:
n
— _ 1 7ﬁtk > 07
Si= kz_; Tuewhere I = { 0 ,otherwise.

The sign statistic for the case of the
control state is the total number of observa-
tions that fit a binomial distribution with the
in control parameter (n, p = 0.5). The pro-
cedure, whichis p = P(8 < 0) = P(B8 >
0) = 0.5 for an in control process, is repre-
sented by the fraction. On the other hand,
when the process becomes uncontrollable,
q #0.5.
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Finding J;; the absolute rank differ-
ence |A;x — «| within the subset " is im-
portant. The following is the expression of
the sign rank statistic:

n

SR = Ik

k=1
where
1 (A —a) >0
Lix=90 (A —a) =0
-1 ;(Apr—a) <0

2.3 The characteristics of control charts
The control chart under examination
can be shown as follows:

2.3.1 Exponentially Weighted Mov-
ing Average (EWMA) control chart

This control chart is a time-weighted
technique that incorporates historical data
and was first presented by [7] in 1959. Par-
ticularly when handling small changes, it
exhibits remarkable sensitivity in identify-
ing variation in the process. Eq. (2.2),
which represents the EWMA statistic, can
be explained as follows:

EWMA, = 2Y,+(1-)EWMA,_1,1 = 1,2, ...

2.2)
where the parameter A, which ranges from 0
to 1 applied to weight historical data. With
independent and regularly spaced observa-
tions Y;, the initial value EWM Ay is typi-
cally assumed to be expectation of process
observation . Consequently, the follow-
ing equation can be used to characterize the
mean and variance:

E(EWMA) = uo,
and

% t
V(EWMA,) =0 | == (1= (1= .
2.3)
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where 1 and o2 are the mean and variance.
As t approaches infinity from Eq. (2.3), the
variance asymptotically is
9 A
V(EWMA) = 0 ——. 2.4)
2-21

Thus, the control limit of the EWMA chart
follows Eq. (2.4)

A
UCLEwma/LCLEwMmA = potL10/ Ok

2.5

The desired ARL, is represented by

L1, the width of control limit for the

EWMA chart. The Monte Carlo simulation

method can be used to determine this value
in order to reach the desired ARLy.

2.3.2 Modified Exponentially
Weighted Moving Average (MEWMA)
control chart

The MEWMA control chart was ini-
tiated by appending the additional term
k(Y; — Y;_1) to the EWMA statistic in
order to improve detection performance.
MEWMA statistics for the same dataset
were higher than the EWMA chart after
this adjustment [9]. The MEWMA chart’s
statistics are as follows:

MEWMA; =AY, + (1 - A)MEWMA;_4
+k(Yt - Yt_]_),t = 1, 2,
(2.6)

The constant k is represented in the
equation. When £ is set to 1, the MEWMA
chart statistic takes on a similar form with
k = 1 (see details [9]). The following are
the MEWMAt mean and deviation for an in-
control process:

E(MEWMA) = p (2.7)

and

o A+ 22k + 2k

V(MEWMA) =
( ) =0t

. (2.8)
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The MEWMA chart’s upper and
lower control limits are described as fol-
lows:

UCLyEwMA/LCLMEWMA

[A+ 22k + 2k?
= Mo Loo % (29)

The MEWMA chart’s control limit
width is determined by the control limit
coefficient Lo, whose value is chosen to
achieve an in control average run length
(ARLy).

2.3.3 Exponentially Weighted Mov-
ing Average-Sign Rank (EWMA-SR) con-
trol chart

[8] states that a normal distribution
is assumed by this commonly used control
chart for production processes. However, it
becomes clear that non-normal distributions
can be seen in production processes. To ad-
dress this, a nonparametric method called
the EWMA-SR control chart is presented,
which is meant to track variations in the pro-
cess mean. The mathematical definition of
the EWMA-SR statistic is Eq. (2.10).

EWMA - SR, = ASR, + (1 - ) EWMA
~SR,_q, t=1,2,....
(2.10)

where A is the weight with a range of 0 <
A < 1. The following describes the EWMA -
SRt mean and asymptotic variance for the
controlled process:

E(EWMA - SR) =0 (2.11)
and
4 [(n(n-1)(2n+1))
V(EWMA-SR) = 5 ; .
(2.12)
Consequently, the EWMA-SR

chart’s upper and lower control limits

match the definitions listed below:

UCLEwma-sr/LCLEwMA-SR

ZiL3\/ A (n(n+1)(2n+1))’
22 6

(2.13)

where the desired ARLO selects the L3 coef-
ficient, which is used to determine the con-
trol limits of the EWMA-SR chart, and the
mean number of samples is anticipated prior
to a false alarm.

2.3.4 Modified Exponentially
Weighted Moving Average-Sign Rank
(MEWMA-SR) control chart

The MEWMA-SR chart was created
by the MEWMA sign by adding a sup-
plementary rank phase, which works es-
pecially well when the process changes
slightly [10]. The process median can be
monitored with the help of SR statistics.
The following statistical value is present in
the MEWMA-SR chart:

MEWMA — SR; =ASR; + (1 - A)MEWMA
—SR;_1+ k(SR; — SR;_1),

t=1,2,... (2.14)

The mean and asymptotic variance of

the MEWMA-SR control chart are as fol-
lows:

E(MEWMA - SR) = 0 (2.15)
and
2
V(EWMA — SR) = %
n(n—l)(2n+1). (2.16)

6

Thus, the asymptotic control limit of
the MEWMA-SR control chart is as fol-
lows:

UCLyewmA-srR/LCLMEWMA-SR
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\//1 +21k +2k2n(n-1)(2n+1)
+Ly s
2-2 6

(2.17)
where L4 is the factor of control limit
for the MEWMA-SR chart, corresponding
with the designated ARLg, The MEWMA-
SR will determine whether samples are
out of control for MEWMA - SR, >
UCLMEWMA-SRor MEWMA—-SR; <
LCLMEWMA — SR.

2.4 Comparison of control chart and cal-
culation step

In the literature on statistical process
control, run-length metrics like average,
standard deviation, and median—referred
to as ARL, SRL, and MRL, respectively—
are used to evaluate the control chart’s per-
formance. Prior to an out-of-control sam-
ple, the samples’ average, standard devia-
tion, and median are known as the ARL,
SRL, and MRL. Additionally, in-control
ARL, or ARLy, is measured when the pro-
cess is in a stable state, whereas out-of-
control, or ARL{, is calculated when the
process is unstable or shifted.

Eq. (2.18) provides a mathemati-
cal expression for the average run length
(ARL), where RL is the number of samples
needed before the system becomes uncom-
fortable for the first time. It can be calcu-
lated in this way:

Y1 RL,

ARL = (2.18)

The standard deviation run length
(SRL) is a statistical measure used in qual-
ity control and process monitoring to ana-
lyze the variability of run lengths before a
signal is detected. It provides insights into
how consistent or variable the performance
of a process is over time. It can be calcu-
lated as follows:

SRL = VE(RL;)? - ARL?.

(2.19)
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The median run length (MRL) is a
statistical measure often used in quality
control and process monitoring. It provides
insights into the average performance of a
process by measuring the length of time (or
number of units) until a change or an outlier
1s detected. Thus, the MRL is calculated as
follows:

MRL = Median(RL;). (2.20)

Using a Monte Carlo simulation with
100,000 iterations (N) and ARLy = 370
in-control case parameters, the run length
properties of the control chart can be inves-
tigated. In order to align the final value with
roughly the ARL equivalent, selecting the
control limit coefficient is crucial.

The following are the steps that de-
scribe the process of finding a solution:

Step 1: Create N arbitrary samples,
such as the ZIP and ZIB distributions, from
the zero-inflation distribution.

Step 2: Fit the observed count data
to the zero-inflation distribution. Section 2
explains the process for fitting two models.

Step 3: For every control chart, esti-
mate the expected proportion of zero with
regard to UCL and LCL.

Step 4: Determine the L at ARLg
values of 370 by computing the suggested
tracking numerical data.

Step 5: Determine which weighting
values (1) are present in the control chart
and the percentage of zero for ZIP (¢) and
ZIB (6 when the process is out of control.

Step 6: Determine the control chart’s
statistics and control limits.

Step 7: Write down the control
chart’s run length (RL) until the data sur-
passes the control limit.

Step 8: To calculate the ARLI,
SRL1, and MRL1 and assess the con-
trol chart’s efficacy, repeat iteration 20,000
times (V).
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For each control chart, the aver-
age run length value was finally calcu-
lated. The EWMA, MEWMA, EWMA-
SR, and MEWMA-SR charts were then
used to compare the performance of the
suggested chart. Additionally, assuming a
fixed ARL for all charts, a chart is deemed
the best for performance comparison if its
ARL; is smaller than that of the others.

3. Performance Evaluation of ZIB
and ZIP Model

In this study, the performance control
chart is analyzed. In Section 3.1 (in control)
and Section 3.2 (out of control), the results
are carried on from Monte Carlo simulation
and compared the performance of the pro-
posed chart with the four charts currently in
use are presented. In Section 3.3 a compar-
ison of a case study control chart is shown.

The in control and out of control per-
formance of the ZIB and ZIP models for the
control chart when the ZIB and ZIP parame-
ters are known are examined in this section.

3.1 In-control performance

Calculate the run-length distribution
of the ZIB and ZIP models for the EWMA,
MEWMA, EWMA-SR, and MEWMA-SR
charts. We set the smoothing constant for
the control chart w = 0.05.

In the simulation study of the ZIB
model, given ARLy = 370, the IC values
of ZIB parameters ¢g = 0.1,0.5,0.9, and
po = 0.1,0.5. Next, in the simulation study
of the ZIP model, IC values of ZIP param-
eter 6p = 0.1,0.2 and pg = 0.1, 0.5.

These values are used for the design
of all charts. Furthermore, the IC standard
deviation of the run length (SRLg) is re-
ported to obtain more information about the
run-length distribution. In addition, The
IC median of the run length distribution
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(referred as M RLy) is reported about data
trend.

3.2 Out-control performance

Monitoring increases in the ZIP and
ZIP parameter dispersion parameters is of
interest to us in this study. All of the
ARLq, SRLy, and MRL; charts’ perfor-
mance comparison results can be displayed
as follows.

3.2.1 Comparison control chart of
ZIB model

We study the OOC performance of
the ZIB for EMWA, MEWMA, EWMA-
SR and MEWMA-SR charts when ARL( =
370 and either one ZIB parameters ¢ shift
from ¢g to ¢1 = (1 + )¢pg. The results are
shown in the Tables 1 to 6. From these ta-
bles, we observe the following:

Table 1 shows that, for a fixed value
of p and a specific sample size n, as ¢g in-
crease, all charts become more effective, as
indicated by a decrease in ARL;. For in-
stance, when (pg, n, ¢g) = (0.1,200,0.1)
and n 0.01. The MEWMA-SR chart
demonstrates the best performance. Next,
when 0.05 < n < 0.10, the EWMA-SR
chart is the most effective performance. Fi-
nally, for n > 0.10, the EWMA chart is
one of the most suitable control chart for de-
tecting shift in dispersion parameter of ZIB
model. The comparison of ARL; perfor-
mance with increasing dispersion parame-
ter of ZIB model yield the same numerical
results as SRL; and MRL;.

Next, Table 2 presents the ZIB model
with parameters (0.1,200,0.5). The nu-
merical results indicated that the MEWMA-
SR chart performs best when 7 = 0.01. Fol-
lowing this, the EWMA-SR chart shows the
most effective performance when 0.05 <
n < 0.10. Finally, the EWMA chart per-
forms best when 7 > 0.10. The numerical
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Table 1. Performance of EWMA, MEWMA, EWMA-SR, and MEWMA-SR chart for ZIB distribu-
tion when ARLq = 370, proportion of zero ¢ = 0.1, and py = 0.1.

Shift EWMA MEWMA EWMA-SR MEWMA-SR
() L1 =5.746 Lo = 4.288 L3 =5.127 Ly =4.169
ARL SRL MRL ARL SRL MRL ARL SRL MRL ARL SRL MRL
0.01 361.03 357.7 338 35832 35456 331 353.97 350.89 328 352.12 347.51 323
0.05 346.13 342.05 312 342.56 339.16 307 340.41 336.62 304 34531 340.12 305
0.1 32803 324.18 284 32517 321.52 275 32546 321.74 272 330.48 32655 273
0.15 297.43 29457 259 298.18 29457 260 299.51 29578 261 308.41 304.91 26l
02 26418 261.5 227 26537 26197 229 267.36 26233 230 269.45 264.31 231
025 240.18 23674 197 241.72 237.01 200 243.59 240.87 203 244.82 240.16 205
03 15234 148.69 133 15531 151.63 137 15525 15285 139 15426 1512 142
0.35 10635 10237 85 10948 10533 88 108.79 1055 90 110.72 107.64 87
04 9234 8942 74 9253 8957 77 9332 89.63 79 9592 9161 76
0.5 4229 3874 31 434 4088 35 4395 4025 38 5077 4627 26
1 3421 3012 22 3572 3175 24 3669 3295 25 3905 334 25

The median run length is MRL, the standard deviation of RL is SRL, and the minimum of ARLI is bolded.

Table 2. Performance of EWMA, MEWMA, EWMA-SR, and MEWMA-SR chart for ZIB distribu-
tion when ARLq = 370, proportion of zero ¢ = 0.5, and py = 0.1.

Shift EWMA MEWMA EWMA-SR MEWMA-SR
) L1 =5.638 L, =4.274 L3 =5.116 Li=4.133
ARL SRL MRL ARL SRL MRL ARL SRL MRL ARL SRL MRL

0.01 35857 355.11 335 35621 352.67 332 35128 347.06 329 349.55 3452 325
0.05 343.18 339.17 310 34022 33696 308 338.65 33458 306 34229 33836 310
0.1 32696 324.69 282 32441 320.12 281 323.53 319.65 280 328.12 324.52 284
0.15 296.13 29231 256 298.18 2946 258 299.51 29585 259 30841 304.86 265
02 26253 25841 224 26371 259.13 227 26594 2614 228 266.03 262.11 230
025 238.62 234.61 194 239.05 23452 195 24127 23785 196 24231 23741 197
03 150.85 146.56 130 153.65 149.64 132 153.33 15036 134 15428 15037 132
0.35 10452 100.64 82 107.37 10323 83 10648 10275 85 108.72 10497 84
04 8921 8546 71 9057 86 72 9188 87.64 73  93.68 89.66 72
0.5 3996 3522 28 41.14 3645 29 4201 3851 30 4758 4353 29

1 3023 2657 19 3563 3158 21 3429 3056 22 3675 3255 22

The median run length is MRL, the standard deviation of RL is SRL, and the minimum of ARL; is bolded.

results are reflected inthe ARL{, SRLq, and
M R L minimum values.

Table 3 illustrates the ZIB model with
parameters (0.1, 200, 0.9). The results show
that the MEWMA-SR chart performs best
when 7 = 0.01. Subsequently, the EWMA-
SR chart demonstrates optimal performance
for 0.05 < n < 0.10, while the EWMA
chart is most effective when n > 0.10.
These findings are evident from the mini-
mum values of ARL{,SRL1, and MRL;.
The results for the average run length, me-
dian run length, and standard deviation of

166

run length from Tables 1-3 are shown in Fig.
1.

Furthermore, Tables 4-6 illustrates
the performance of all control charts with
a fixed pg = 0.5 and varied ¢¢ = 0.1,0.5
and 0.9, respectively. The numerical re-
sults for pg = 0.1 are identical to those for
po = 0.5. The results for the average run
length (ARL), median run length (MRL),
and standard deviation of run length (SRL),
as summarized in Tables 4-6, are presented
in detail in Fig. 2 for further illustration and
analysis.
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Table 3. Performance of EWMA, MEWMA, EWMA-SR, and MEWMA-SR chart for ZIB distribu-
tion when ARLq = 370, proportion of zero ¢ = 0.9, and py = 0.1.

Shift EWMA MEWMA EWMA-SR MEWMA-SR
) Ly =5597 Ly = 4.245 Ls = 5.069 Ly=4112

ARL SRL MRL ARL SRL MRL ARL SRL MRL ARL SRL MRL
001 35692 35297 334 35347 349.15 331 349.83 34502 331 346.53 342.62 329
0.05 34054 33652 310 3382 33461 309 33517 33125 308 34047 3365 310
0.1 32452 320.15 280 32234 319.64 281 32098 31638 279 32653 32247 280
0.15 29435 290.18 154 296.07 29547 155 29825 29564 157 30534 301.75 156
02 26028 25638 222 26145 25833 224 26321 259.86 225 263.75 259.64 224
025 23627 232.65 192 23649 23275 193 237.53 23452 194 240.13 23675 193
03 14837 14507 128 15159 14892 129 151.83 147.65 130 152.6 148.63 130
035 10245 98.66 80 10463 10032 82 10458 99.64 84 10592 9286 83
04 8.1 8256 68 8861 8497 70 881 843 71  90.65 8677 70
05 3625 332 25 3873 3487 26 4018 365 27 4466 4121 27
1 286 2482 16 3328 3065 17 3352 3087 18 3443 3166 17

The median run length is MRL, the standard deviation of RL is SRL, and the minimum of ARL; is bolded.
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Fig. 1. Performance of EWMA, MEWMA, EWMA-SR, and MEWMA-SR chart for ZIB distribution
with p = 0.1: (al)-(a3) is ARL, (b1)-(b3) is SRL, and (c1)-(c3) is MRL.
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Fig. 2. Performance of EWMA, MEWMA, EWMA-SR, and MEWMA-SR chart for ZIB distribution
with p = 0.5: (al) - (a3) is ARL, (b1) - (b3) is SRL, and (c1) - (c3) is MRL.

Table 4. Performance of EWMA, MEWMA, EWMA-SR, and MEWMA-SR chart for ZIB distribu-
tion when ARLy = 370, proportion zero¢ = 0.1, and py = 0.5.

Shift EWMA MEWMA EWMA-SR MEWMA-SR
o) L1 =5.897 L, = 4.325 L3 =5.261 Ly =4.287
ARL SRL MRL ARL SRL MRL ARL SRL MRL ARL SRL MRL
0.01 35253 34826 340 34985 34557 338 34625 343.01 337 343.86 33952 336
0.05 346.13 34275 319 34256 338.53 318 33529 331.64 316 338.53 3342 317
0.1 325.63 321.66 294 324.12 320.14 293 323.53 319.57 292 32791 32267 294
0.15 29573 291.58 267 297.66 29541 268 29741 293.65 270 305.01 30149 296
02 26178 257.65 227 26321 259.64 229 26592 261.06 230 26647 26137 228
025 237.8 233.66 185 23827 23467 186 240.09 23646 190 241.63 237.57 188
03 15234 147 137 15375 1495 139 15395 1497 140 153.37 15035 139
035 10421 1017 86 107.72 103.68 88 106.33 102.17 89  108.37 104.69 87
04 8822 8432 45 89.66 8569 46 91.64 8737 48 9327 89.77 48
0.5 3956 3562 24 4137 376 25 4247 386 25 4582 4131 25
1 3063 2655 16 3258 2864 17 3465 3047 17 3628 3255 17

The median run length is MRL, the standard deviation of RL is SRL, and the minimum of ARL; is bolded.
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Table 5. Performance of EWMA, MEWMA, EWMA-SR, and MEWMA-SR chart for ZIB distribu-
tion when ARLq = 370, proportion of zero ¢ = 0.5, and py = 0.5.

Shift EWMA MEWMA EWMA-SR MEWMA-SR
(m L1 =5.766 Lo =4.297 L3 =5.137 Ly=4.115
ARL SRL MRL ARL SRL MRL ARL SRL MRL ARL SRL MRL
0.01 348.62 344.06 338 34523 341.66 337 343.64 33943 337 33857 33486 335
0.05 3446 3402 317 3407 336.05 316 33248 32952 314 3363 33261 315
0.1 3239 319.04 292 32178 31675 290 320.97 316.53 289 324.66 3209 290
0.15 292.86 289.65 264 29527 291.64 268 29534 29131 269 297.64 29546 267
02 25849 2542 224 260.63 25645 225 263.56 259.82 226 264.69 26033 225
025 23328 23042 183 23542 231.06 186 237.12 234.68 187 238.13 234.85 186
03 14876 144.64 135 15032 146.54 137 151.66 14731 138 152  148.61 138
035 10125 873 83 10344 8934 86 10465 10053 89 10549 101.64 87
04 8542 81.65 41 8747 8358 42 89.25 86 43 9029 8623 42
05 36.65 3255 20 3953 3568 21 4051 361 22 4126 2716 22
1 27.06  23.5 14 3063 2656 16 3178 2846 15  33.64 29.07 15

The median run length is MRL, the standard deviation of RL is SRL, and the minimum of ARL; is bolded.

Table 6. Performance of EWMA, MEWMA, EWMA-SR, and MEWMA-SR chart for ZIB distribu-
tion when ARLq = 370, proportion of zero ¢ = 0.9, and py = 0.5.

Shift EWMA MEWMA EWMA-SR MEWMA-SR
) L1 =5.766 Ly =4.297 L3 =5.137 Li=4115

ARL SRL MRL ARL SRL MRL ARL SRL MRL ARL SRL MRL
001 34526 34199 335 341.69 33726 333 34052 33626 331 334.6 33078 328
0.05 340.61 336.04 316 33728 334.16 315 32827 324.62 314 33332 3296 315
0.1 321.53 31748 290 317.68 314.65 289 31586 311.69 287 32035 31621 290
0.15 289.53 285.65 262 29253 289.64 263 293.14 289.65 265 295.86 291.65 264
02 2553 2517 221 257.07 25433 224 26039 25647 226 261.11 257.82 225
025 23017 22655 180 23355 23042 182 234.09 230.19 185 23562 231.65 184
03 14562 141.02 132 147.63 144.64 134 14825 14463 135 14733 14461 135
035 9834 9481 81 10025 8646 83 10134 8675 84 10354 99.65 83
04 8246 78.63 38 8569 84.62 40 8694 8202 41 8722 8431 40
05 3356 2959 19 3625 3216 21 3821 3487 22 3874 3453 21
1 2541 2146 12 2864 2416 13 2864 2416 15 3066 2637 14

The median run length is MRL, the standard deviation of RL is SRL, and the minimum of ARL; is bolded.

3.2.2 Comparison control chart of
ZIP model

The OOC. performance of the ZIP
model for EMWA, MEWMA, EWMA-SR,
and MEWMA-SR charts is evaluated when
dispersion ZIP parameters 6 shift from their
IC values of 8y = 0.1,0.2, and pg =
0.1, 0.5, respectively. The results are pre-
sented in Tables 7-10, and the following ob-
servations can be made:

Table 7 indicates that for a set value
of p and a particular sample size n, as 6
increase, all charts become more effective,
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resulting in a decrease in ARL;. For exam-
ple, when (pq, n, 8g) = (0.1,200,0.1) and
n = 0.01, the MEWMA-SR chart performs
optimally. Next, the EWMA-SR chart per-
forms best when 0.05 < < 0.10. When
n = 0.15, the MEWMA chart works best.
Finally, for n > 0.15, the EWMA chart is
one of the best at spotting shifts in the dis-
persion parameter of the ZIP model. When
ARL; performance is compared with in-
creasing dispersion parameters in the ZIP
model, the numerical findings are identical
to SRL, and MRL;.
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Table 7. Performance of EWMA, MEWMA, EWMA-SR, and MEWMA-SR chart for ZIP distribu-
tion when ARLq = 370, proportion of zero 6 = 0.1, and py = 0.1.

Shift EWMA MEWMA EWMA-SR MEWMA-SR
() L1 =5.746 Lo = 4.288 L3 =5.127 Ly =4.169

ARL SRL MRL ARL SRL MRL ARL SRL MRL ARL SRL MRL
0.01 37242 368.12 357 370.61 3655 352 36521 360.12 348 364.18 359.64 345
0.05 367.59 362.53 336 36599 361.53 334 359.16 356.25 332 361.03 35648 335
0.1 34211 339.65 320 338.67 3352 318 33596 331.63 316 347.06 343.08 319
0.15 31856 31546 297 31456 310.62 294 3195 31496 296 320.17 3165 297
02 289.42 28547 264 292.32 288.64 265 297.42 294.67 266 29831 294.58 265
025 261.01 257.89 238 27048 26675 240 27396 269.42 241 285 28146 240
03 22411 22031 203 231.63 228.65 205 234.14 230.64 198 237.94 234.88 197
035 186.26 183.46 173 19147 187.65 175 207.56 20471 176 210.32 207.46 175
0.4 143.86 140.98 114 15235 14893 116 16341 160.75 118 1672 163.59 117
0.5 89.68 8513 65 9343 9074 67 112.05 107.56 68 118.64 114.02 67
1 2482 2032 16 3406 3057 17 5493 5078 17 571 4956 17

Bold is the minimum of ARL;, SRL is the standard deviation of RL, and MRL is the median run length.

Table 8. Performance of EWMA, MEWMA, EWMA-SR, and MEWMA-SR chart for ZIP distribu-
tion when ARLq = 370, proportion of zero 6 = 0.2, and py = 0.1.

Shift EWMA MEWMA EWMA-SR MEWMA-SR
@) Ly =5.746 Lo =4.288 L3 =5.127 Ly =4.169
ARL SRL MRL ARL SRL MRL ARL SRL MRL ARL SRL MRL

0.01 37242 368.12 357 370.61 3655 352 36521 360.12 348 364.18 359.64 345
0.05 367.59 362.53 336 36599 361.53 334 359.16 356.25 332 361.03 35648 335
0.1 34211 339.65 320 338.67 3352 318 33596 331.63 316 347.06 343.08 319
0.15 318.56 31546 297 31456 310.62 294 3195 31496 296 320.17 3165 297
02 289.42 28547 264 29232 288.64 265 29742 294.67 266 29831 294.58 265
0.25 261.01 257.89 238 27048 266.75 240 27396 269.42 241 285  281.46 240
03 22411 22031 203 231.63 228.65 205 23414 230.64 198 23794 23488 197
035 186.26 18346 173 19147 187.65 175 207.56 20471 176 21032 207.46 175
04 143.86 14098 114 15235 14893 116 163.41 160.75 118 167.2  163.59 117
0.5 89.68 8513 65 9343  90.74 67 112.05 107.56 68 118.64 114.02 67

1 24.82 20.32 16 34.06  30.57 17 5493  50.78 17 57.1 49.56 17

Bold is the minimum of ARL;, SRL is the standard deviation of RL, and MRL is the median run length..

Table 8 shows the ZIP model’s pa-
rameter (0.1, 200, 0.2). The numerical find-
ing showed that the MEWMA-SR chart op-
erates best at 0.01. The EWMA-
SR chart indicates optimal performance for
0.05 < n < 0.10. Next, The MEWMA
chart is also the best at detecting parameter
shift when n = 0.15. Finally, the EWMA
chart performs best when 7 is greater than
0.10. The numerical results are reflected in
the minimum values for ARL{, SRL, and
MRL,. Fig. 3 provides a detailed illustra-
tion of the results for the average run length
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(ARL), median run length (MRL), and stan-
dard deviation of run length (SRL) as sum-
marized in Tables 7-8.

Furthermore, Tables 9-10 presents
the performance of all control charts under
a fixed probability parameter of pg = 0.5
and varying dispersion parameter of 6y =
0.1, and 0.2, respectively. The numerical
outcomes for the probability parameter of
po = 0.1 are indistinguishable from those
obtained for pg 0.5. The results for
the average run length (ARL), median run
length (MRL), and standard deviation of
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Fig. 3. Performance of EWMA, MEWMA, EWMA-SR, and MEWMA-SR chart for ZIP distribution

with (p) =0.1: (al)-(a2) is ARL, (b1)-(b2) is SRL, and (c1)-(c2) is MRL.

Table 9. Performance of EWMA, MEWMA, EWMA-SR, and MEWMA-SR chart for ZIP distribu-
tion when ARLq = 370, proportion of zero 6 = 0.1, and p = 0.5.

Shift EWMA MEWMA EWMA-SR MEWMA-SR
) Ly =5.746 L = 4.288 L3 =5.127 Ly=4.169
ARL SRL MRL ARL SRL MRL ARL SRL MRL ARL SRL MRL
001 37586 370.16 358 36429 361.84 355 3715 366.53 354 36133 357.23 352
0.05 352.65 348.19 339 34938 34563 337 346.66 342.13 332 349.03 34561 334
0.1 328.16 324.63 302 3259 320.14 299 321.01 318.06 296 32645 322.53 298
0.15 284.17 280.64 267 28348 279.64 265 28535 284.66 268 29143 2875 269
02 2411 23719 223 24006 236.82 220 25443 250.13 222 25936 255.64 225
025 21935 215.64 194 22342 22034 195 22563 221.51 196 22642 22374 197
03 17543 17131 153 178.64 17426 156 17972 17542 157 181.02 178.01 157
035 124.05 12178 102 12934 12534 104 13129 127.99 105 133.64 13042 104
04 9436 9075 74 9635 9565 76 982 9421 78 9957 9547 76
0.5 5324 4867 26 5533 5133 28 575 5346 29  58.64 5462 28
1 1249 922 8 1342 1067 10 1426 1102 11 1534 1269 10

Bold is the minimum of ARL;, SRL is the standard deviation of RL, and MRL is the median run length..

run length (SRL) from Tables 9—10 are vi-
sually represented in Fig. 4 for clarity and

analysis.

3.3 Illustrative example

This section presents a practical ex-
ample of the Zero-Inflated Binomial (ZIB)

distribution, where the binomial probabil-
ity of observing defects is 0.0197 and the

proportion of zero-defect batches is 0.762.
The dataset, which contains 150 observa-
tions from a manufacturing process produc-
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ing hand brake cables, highlights the num-
ber of defects per batch. Each batch con-
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Fig. 4. Performance of EWMA, MEWMA, EWMA-SR, and MEWMA-SR chart for ZIP distribution
with (p) =0.1: (al)-(a2) is ARL, (b1)-(b2) is SRL, and (c1)-(c2) is MRL.

Table 10. Performance of EWMA, MEWMA, EWMA-SR, and MEWMA-SR chart for ZIP distribu-
tion when ARLq = 370, proportion of zero 6 = 0.2, and p = 0.5.

Shift EWMA MEWMA EWMA-SR MEWMA-SR
() L, =5.746 Lo =4.288 L3 =5.127 Ly =4.169
ARL SRL MRL ARL SRL MRL ARL SRL MRL ARL SRL MRL
0.01 370.01 367.14 354 361.64 35742 351 371.5 36594 350 361.33 35899 348
0.05 348.65 34523 336 345.66 340.7 334 342.77 33817 329 34565 341.78 330
0.1 32523 32262 298 32145 317.65 297 318.69 315.26 296 322.19 318.7 302
0.15 282.75 2855 263 280.75 27646 261 283.02 28042 262 285.05 280 261
0.2 238.29 235.64 220 238.26 2352 218 25147 2473 220 256.65 25246 222
0.25 217.21 215.8 192 22049 216.85 194 223.67 219.64 195 22433 220.17 164
0.3 173.46 170.63 151 175.65 173.64 153 177.69 17457 154 179.62 17525 153
0.35 1221 1205 100 125.12 123.63 103 131.29 12846 104 130.14 12791 102
04  91.66 88.7 72 9483 91.85 73 9546  91.53 74 97.99  92.67 78
0.5 51.76  48.64 24 52.64  49.67 25 55.01 4937 24 56.2 50.31 24
1 10.7 8.02 6 11.6 8.33 7 12.65 9.66 7 13.16  10.96 7
Bold is the minimum of ARL;, SRL is the standard deviation of RL, and MRL is the median run length..

sists of 20 cables inspected and categorized conforming cables better and offers insights
as conforming or non-conforming [22]. The into improving the manufacturing process.
data presented in Fig. 5 show that 76.2% In this analysis, EWMA, MEWMA,

of the batches are defect-free, necessitating EWMA-SR, and MEWMA-SR were evalu-
a ZIB model to account for this excess of ated for monitoring changes in a manufac-
zero-defect observations. The model allows turing process with data following a Zero-
us to understand the distribution of non- Inflated Binomial (ZIB) distribution. The
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Fig. 5. Performance of EWMA, MEWMA, EWMA-SR, and MEWMA-SR chart for ZIP distribution

with (p) = 0.5: (al) - (a2) is ARL, (b1) - (b2) is

Average Run Length (ARLy) was set at
268.74, meaning false alarms would occur
roughly every 268 observations when the
process is under control.

—_ - —

Fig. 6. Dataset.

The results showed that the EWMA
chart detected a process change at the 119th
observation, present in Fig. 6, while the
MEWMA, EWMA-SR, and MEWMA-SR
charts detected changes earlier, at the 115th
observation, displayed in Figs. 7-9, respec-
tively. The results indicate that the lat-

SRL, and (c1) - (c2) is MRL.

ter three charts are more sensitive and ef-
fective in detecting process shifts, mainly
when dealing with ZIB distributions. Faster
detection allows for quicker corrective ac-
tion, enhancing quality control in manufac-

turing.
0.7 115th
()
0.6 R
0.5
0.4
0.3
0.2
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0
— O Oh @I~ 0w n oW O
mENMFTNOE0RS S =g
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Fig. 7. EWMA chart.
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Fig. 9. EWMA-SR chart.

Fig. 10. MEWMA-SR chart.

4. Conclusion, Limitation and Fu-
ture Research Idea

The study examines the effective-
ness of parametric and nonparametric
control charts, such as modified EWMA
(MEWMA) and exponentially weighted
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moving average (EWMA) charts, as
well as their nonparametric equivalents,
MEWMA-sign rank (MEWMA-SR) and
EWMA-sign rank (EWMA-SR). In ad-
dition, the numerical results from the
simulation mothod are shown that the
proposed control chart is superior to other
control charts for tiny magnitude of change
where 1. The data employed for this
analysis is categorized into zero-inflated
binomial (ZIB) and zero-inflated Poisson
(ZIP) models. The parameters were set
to increase the zero inflation component
of the distribution while maintaining the
same distribution parameters. Based on
the simulation results, nonparametric
control charts are more sensitive to changes
in the zero-inflation component of ZIB
and ZIP models than parametric charts.
In addition, for moderate to significant
increases in the dispersion parameters of
ZIB and ZIP models, parametric control
charts demonstrate superior performance
in detecting changes compared to nonpara-
metric control charts. This study, however,
departs from the assumption of constant
parameters by analyzing the control chart
performance in situations where the zero
parameters of the ZIP and ZIB models
are changed.  Therefore, under these
conditions, the effectiveness of the chart
should be reassessed. The effectiveness
of parametric and nonparametric control
charts will be investigated further in the
context of data counting with other zero
inflation models that optimize with process
monitoring under inflation and deflation
data and robustness to contaminated outlier
case study.
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