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Abstract: Control charts are widely used to identify changes in the production process,
and when it comes to identifying small changes in the process, non-Shewhart control
charts such as exponential weighted moving average (EWMA) and generalized weighted
moving average (GWMA) are better alternatives to control charts than Shewhart X
control chart. In this context, nonparametric control charts are used when the distribution
of quality characteristic of the process is unknown, in which the Sign control chart is one
of the most popular nonparametric control charts. In this paper, for the first time, a
generalized weighted moving average sign control chart using a ranked set sampling
(RSS) design is introduced. The performance of the proposed control chart is evaluated
using simulated data according to the average run length evaluation criterion, and
simulation studies showed that the GWMA sign control chart under the RSS design is
better at detecting small process changes than the EWMA sign control chart under the
RSS design. The performance of the proposed control chart has been evaluated using
simulated data according to the average execution length evaluation criteria in Julia
software, and the simulation studies show that due to changes in the regulatory parameter
a, the GWMAg+_ control chart is more sensitive than the EWMAg+__control chart in

discovering small process changes, also the GWMASESS control chart is more sensitive
than the GWMAgy —and DGWMAgy  control charts are more efficient and sensitive in

identifying small process changes, which shows the advantage of RSS scheme over SRS
scheme. In addition, it was proved that increasing k and the number of cycles and large
values of q decrease ARL, and increase the power of the control chart in identifying
process changes.

Keywords: GWMA sign control chart, EWMA sign control chart, Ranked set sampling,
Nonparametric control chart, Location parameter.

Aim and Introduction

In today's world, simultaneously with the expansion of information technology and the
increasing dependence of human society on it, the relationship between the quality of
services or manufactured products and human well-being has expanded day by day and
has become so necessary that the development of the concept of quality to evaluate,
create, control, improve and Maintaining quality has become inevitable. To improve the
quality of production products of a process, there are various tools in statistical process
control (SPC), of which control charts are one of the most important. Among the
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advantages of using control charts is preventing unnecessary process adjustments, which
leads to improving the process efficiency. Walter Shewhart [1] introduced the X control
chart for the first time. To identify small changes in the process, Roberts [2] introduced a
memory control chart called exponential moving average (EWMA), which was effective
in identifying small changes in the process average. Sheu and Lin [3] extended the
EWMA control chart and introduced another control chart called the generalized
weighted moving average (GWMA\) control chart and showed that the GWMA control
chart is more sensitive than the EWMA control chart in detecting small process changes.
Many control charts are based on the assumption of normality of the data, but since the
distribution of the response variable is not always known, the use of non-parametric
distributions was proposed. Arbuthnot [4] for the first time involved the non-parametric
point of view in hypothesis testing and introduced a non-parametric test called "sign test".
After that, Wilcoxon [5] and Mann and Whitney [6] expanded this view. Amin et al [7]
introduced the Scholarly control chart based on the sign statistic. Yang et al [8] introduced
the nonparametric EWMA sign chart and showed that this nonparametric control chart is
more suitable for monitoring small changes in the process mean when the distribution of
observations is unknown. Hou and Yu [9] introduced the nonparametric CUSUM control
chart to monitor the change of arbitrary distribution and detect the change type
simultaneously.
One of the other factors that play a significant role in the efficiency of control charts is
the sampling method. The simplest and most common sampling method is simple random
sampling (SRS), in which all members of the population have an equal chance of being
selected in the sample. In simple random sampling, the sample size must be large enough
so that the estimates obtained for the parameters of the society are highly accurate. But
sometimes, due to the high cost of sampling and the loss of part of the information due to
sampling, it is not possible to take a large sample and we are forced to take a sample with
a small sample size. And this is the weakness of simple random sampling. In addition to
the mentioned cases, sometimes the measurement of community units is difficult and
expensive, but it is possible to rank community units easily and with little cost, in such a
case, rank set sampling (RSS) is used. Most of the charts that have been introduced so far
have been under the SRS scheme. The RSS scheme was first introduced by Mclintyre [10]
and Takahasi and Wakimoto [11] were the first to put the theoretical foundations of the
rank set sampling scheme on paper and showed that the average RSS scheme is more
efficient than the SRS scheme.
Considering the positive features of the RSS plan compared to the SRS plan, control
charts based on the RSS plan were examined. Muttlak and Al-Sabah [12] introduced X
control chart using RSS scheme and Abujiya and Muttlak [13] introduced X control chart
using dual RSS scheme. Lee [14] showed that X and EWMA control charts under RSS
plan have more power than SRS scheme. Considering the high efficiency of the RSS
method and the uncertainty of the quality characteristic distribution in practical
applications, the investigation of non-parametric control charts using the RSS method
was proposed. Hettmansperger [15] introduced the sign test under the RSS scheme. Abid
et al. [16] introduced the EWMA signal control chart under the RSS scheme and Asghari
et al [17] showed that the efficiency of this control chart under the RSS scheme is more
than the SRS scheme. Ali et al [18] introduced the EWMA signal control chart under the
RSS scheme to monitor small and continuous changes in the process location parameter.
In this research, the GWMA control chart is introduced with a non-parametric approach
under the rank set sampling method called GWMAgs using the exact distribution of the

Shss statistic. The control statistic GWMAs;SSiS as follows:

GWMAg: =¥t (¢ — q)Sks, .., + 9" GWMA ")

+ +
SRss; SRss,

which Siss = X5 ¥, I(X(jy; — 6 > 0)
and
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(X--—9>0)={1 Ui —6>0,
L 0 otherwise

The statistic Sigg can be rewritten as Sies = 2;;155) where the statistic S has a
distribution (Bin (m, p; =1 — H(;(0) ). In controlled conditions, H(0)=1/2 The
mathematical hope and variance of Sfss statistic is E[Sgss] = > and Var[Sgss] = 7 63

2
where §2 = 1 — (%) Zle (Hj 0) - 2) (for more information, refer to Hetmansperger's

article [15]). GWMA4+  isthe initial value of the GWMAg+  statistic and it is assumed
RSS RSSt
n
=
According to the value of the mathematical hope and the variance of the statistic
S RSS™+, the mathematical hope and the variance of the GWMASISss as
t

to be equal to the average of the Sig¢ statistic, that is, GWMASTESSO = E[Sfss]

=2 = 0,822 —§t (gD _
E[GWMAS;sst]—Z and Var[GWMAS;sst]—Qt6o4 where Q. = X'_,(q

a2 . -
q'“)". Therefore, the control limits of the GWMAgy  control chart is in the form of

relation (2):
n
+L [Q.62—
0.3 7
CLGWMASESS =
LCL =——1 /Q 62 r
GWMASESS - 2 t~o 4

In the control limits mentioned in relation (2), L is the coefficient of the control limits and
determines the width of the control limits. This coefficient is determined so that ARL,
has a specific value. Since the Sig statistic has a binomial distribution, it is possible to
obtain L values for an exact value of ARL, under different combinations of GWMAg+

control chart parameters do not exist. Therefore, an approximate value for ARL, is
considered. In this article, ARL, = 370 is considered as the basis of control chart
evaluation. Note that any other arbitrary value can be considered for ARL, By drawing
GWMAS?Esst control statistics at different times on the graph and measuring them with

UCLewma s+ =
SRss

M

S vizN| 3

control limits, the behavior of the process is monitored. If the value of the GWMAS‘+m
t

control statistics is between the control limits, the process is considered under statistical

control. But if the value of the control statistic is outside the control limits, that means we

have GWMAgi > UCL or GWMAg;: < LCL, the process is considered out of
t t

statistical control, and corrective measures are taken to return the process to a state under
control.
Note: If an asymptotic value for Q, as:

t
0 =1m() (¢ - ")’
i=1

be defined, by replacing Q; in the control limits of equation (2), exact control limits
become asymptotic control limits.

Methodology

This research is applied research in line with the introduction of the GWMAg: control

chart. One of the criteria for measuring the performance of control charts is the average
run length (ARL). ARL, means the average number of points plotted on a control chart
before a point fall outside the control limits. The average execution length in under-
control and out-of-control mode is indicated by symbols ARL, and ARL, respectively.
The desired value of ARL, should be large to minimize the number of false alarms and
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also the desired value of ARL; should be small so that changes in the process average can
be detected quickly and corrective actions can be taken to restore the process to a stable
state. There are many methods to calculate ARL including Markov chain, integral
equations and Monte Carlo simulation. In this research, the ARL evaluation criterion has
been calculated using Monte Carlo simulation in Julia software with 50,000 repetitions
with exact and asymptotic control limits for the proposed control chart, and the parameter
values are as follows:
k= {2,3,4,5,6}, g={0.1,0.5,0.95}, o= {0.1,0.3,0.5,0.7,0.9,1}, p= {0.5,0.55,0.6,0.7,0.8}

Findings

According to the ARL values obtained for the GWMASESS control chart, it was proved

that under the fixed values of q and ¢>0.5, with the increase of k, ARL, decreases. It can
also be concluded that increasing the value of g and the number of cycles leads to a
decrease in ARL,. In addition, it was proved that under constant values of parameters Kk,
m, and q when a=1, which represents the EWMAg: control chart, the chart has a lower

ARL than other values of a. So, it can be concluded that the effectiveness of the
GWMASQSS control chart in identifying changes, especially small changes, is better than

the EWMAg;  chart. In addition to the above, the optimal values of the control chart
parameters GWMASESS for different changes (small, medium and large) are summarized

in table (1). In table (1), the difference in the ratio of changes in the process from under
control to out of control means |p; — p,| It is indicated by A and A=0.05 represents small
changes, A=0.1 represents medium changes and A= {0.3, 0.2} represents large changes.
Is. The basis of choosing the values in table (1) is that among the simulated values for
ARL, the lowest value of ARL; corresponding to different values of k, m, a and q under
each value of A is selected and the value of L and the parameters k, m, a and q for this
minimum value ARL, are considered as the optimal value. The following useful results
are obtained from table (1):

1. The GWMAS;SS control chart is more effective in identifying small process

changes than the EWMAg+__control chart.

2. The GWMAS;SS control chart is not an optimal chart for identifying large
process changes, but it can compete with the EWMAS;SS control chart.

3. To monitor small process changes in the control chart GWMAS;{SS large

values for k, m, a and q is recommended.
4. Also, to investigate the effect of the sampling method on the performance of the
GWMA control chart and to compare the proposed control chart with the GWMAS;RS

and DGWMAg+ control charts, the ARL values obtained from the simulation with

equal sample size, are compared. For example, in Figure (1), ARL values in
GWMAgy and DGWMAgy  control charts with sample size n=10 and control chart

GWMASESSwith the same sample size (k=5, m=2 and n=km) are plotted. It can be
seen that the bold curve that shows they are plotted GWMAS;SS control chart is lower
than the other curves, i.e. the GWMAg: and DGWMAgs control charts  which

indicate The reduction of ARL, is this control chart compared to the other two control
charts. Therefore, it can be concluded that GWM A _control chart is more sensitive

in identifying small process changes than GWMAS;RS and DGWMAS;RS control

charts. It should be noted that the obtained result is valid for other values of o, n and
q.
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Table 1: Optimal values of GWMA Siss control chart parameters under different change ratios,
when ARL, = 370.

The optimal design
control limits ~ m |p1 — Dol =A schemes k* q° a* X L ARL, SDRL,
0.05 GWMA 6 095 09 - 2537 1944 6.27
EWMA 6 - - 005 2527 2014 1566
01 GWMA 6 09 09 - 2537 627 420
EWMA 6 - - 005 2521 629 425
exact 2 0.2 GWMA 6 095 1 - 25271 206 122
EWMA 6 - - 005 2521 206 122
03 GWMA 6 095 1 - 2527 116 043
EWMA 6 - - 005 2527 116 043
0.05 GWMA 6 095 09 - 2494 2567 1380
EWMA 6 - - 005 2491 2580 1416
01 GWMA 6 095 1 - 2491 1034 3.76
asymptotic EWMA 6 - - 005 2491 1034 3.76
2 02 GWMA 6 05 09 - 2951 303 179
EWMA 6 - - 0.5 2943 303 1.80
03 GWMA 6 05 1 - 2943 152 0.65
EWMA 6 - - 03 2943 152 0.56

Average Run Length

0.55 0.60 085 0.70 075 0.80

Figure 1- ARL, curve of GWMAgy and DGWMAgy, control charts with n=10 and GWMAg;

control chart with k=5 and m = 2 according to different combinations of p and constant values of
q=0.5 and o = 0.5 and precise control limits

Discussion and Conclusion

In this article, the generalized weighted moving average sign control chart is introduced
under the rank set sampling method. This control chart is a non-parametric and non-
exponential control chart that is effective for identifying small changes in processes where
the quality characteristic distribution is unknown. The average values of the execution
length to check the effectiveness of this control chart and the effect of different parameters
on the proposed control chart are calculated. have become. According to the numerical
values and the graphs drawn, we conclude that due to the changes of the adjustment
parameter a, the GWMAg+__control chart is better than the EWMA: __control chart is

more sensitive to detect small changes in the process, and it can also be concluded that
the GWMAgy__control chart is better than the GWMAgy — and DGWMAg;  control

charts is more efficient and sensitive in identifying small changes, which shows the
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advantage of RSS scheme over SRS scheme. In addition, it was proved that increasing k
and the number of cycles and large values of q decrease ARL, and increase the power of
the control chart in identifying process changes. So, it can be said that the final goal of
this article, which was to introduce a control chart with high efficiency and speed in
identifying small process changes, has been achieved.
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