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Abstract : Control charts are one of the most effective tools used in quality control
to monitor various quality characteristics in a process with the aim to improve quality
of the product. Usually, in Shewhart control charts, the normality assumption met for
the data, but sometimes there is lack of information regarding the statistical
distribution of the observations. For this reason, non-parametric control charts are
used in this situation. In this research, non-parametric sign charts are introduced to
deal with the lack of information regarding observations’ statistical distribution.
Nonparametric Generalized Weighted Moving Average Sign Control Chart (NS
GWMA) designed using statistical design and average run length (ARL) and its
statistical performance was studied. But statistical design is not enough to ensure the
performance of a control chart, so in the next steps, economic design (ED) and
economic-statistical design (ESD) were applied using cost model of Lorenzen and
Vance, in order to optimize both statistical and economical characteristics of the
control chart. The results show that the non-parametric sign-generalized weighted
moving average sign control chart performed well in detecting small shifts in the
process and also had optimized cost and time to perform.

Keywords: Economic Design, Generalized Weighted Moving Average,
Exponentially Weighted Moving Average, Sign Control Chart, Nonparametric
Control Chart

1- Introduction

Control charts are one of the most valuable tools for statistical control of the process
to improve the quality of the process in the construction stage, as well as a tool for
checking the stability of the process and identifying the factors involved in the
possible departure of the process from the controlled state. . To compare the
performance of control charts, criteria such as average execution length are used.
When the process is under control, the average length of execution should be large
enough to avoid false alarms, but when the process is out of control, the average length
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of execution should be small enough so that the control chart gives an out-of-control
warning in the shortest possible time. Declare the control of the process. In a general
classification, control charts are divided into two categories: Shewhart and non-
Shewhart. In Shewhart's control charts, only the information of the last sample is used
to monitor the process, therefore, these charts will not have the necessary sensitivity
to identify and show small deviations in the desired characteristic of the process. On
the contrary, the statistic for non-Shewhart control charts depends not only on the last
logical subgroup but also on the samples of previous subgroups. This enables non-
Schawhart control charts to easily detect small transitions in the production process.
Also, control charts will have different shapes in different situations. In other words,
whether or not the distribution of the studied observation data is clear will determine
whether the control chart is parametric or non-parametric.

According to Shinley's argument [1], the main purpose of parametric and non-
parametric control charts is generally to monitor and improve the quality of a process
in the field of statistical process control. Parametric control charts are always designed
based on the assumption that the observations in the process follow a specific
distribution such as the normal distribution, but in many cases such an assumption is
not established, for this reason parametric control charts lose their effectiveness for
monitoring the process. In this case, non-parametric control charts, which are not
sensitive to whether or not the distribution of observations is specific, are useful.

After the introduction of control charts by Schuhart in 1924, Best and Neuhauser [3],
several researches were conducted in this field, which were often based on the
assumption of normality of observations.

Yoraston and Zimmer [4] and Amin et al. [5] stated that the non-normality of
observations can be a serious problem for the design of Shewhart control charts,
although at that time non-Shewhart control charts had not yet been introduced, Kani
et al. [6] so From examining the problems related to the quality control of the process
and the challenges related to the non-normality of the observations, they concluded
that the exponentially weighted moving average control chart maintains its stability
under non-normal distributions. In this way, non-Shewhart control charts were
introduced, and many researchers used non-Shewhart control charts to solve the
problem of the sensitivity of the Shewhart control charts to the non-normal
distribution of observations.

2- Methodology

In this research, two non-parametric signal control charts have been introduced as
methods for monitoring the considered process, and the performance of each has been
compared using the average execution length (ARL) to determine which control chart
is faster than the other in which state , detects changes: exponential weighted moving
average sign control chart and generalized weighted moving average sign control
chart .Non-parametric control chart of exponentially weighted moving average sign
Exponentially weighted moving average sign (EWMA-Sign) control chart, which is a
non-parametric control chart has been described in detail in many studies, including
Riyad et al. [7] and Montgomery [8] The statistics related to this control chart are
defined as follows:
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EWMAy, = AN+ (1—2) EWMAy,_, ()

so that <A< 1

. Nonparametric control chart of generalized weighted moving average sign

The control chart statistic of the generalized weighted moving average sign (GWMA-
Sign) at time t is defined as follows:

t
GWMA, = Z(q(j—l)a _ qja)Nt—j+1 + qu ™
=

In this statistic, the following conditions must be met at the same time:

0<g<1
O<a <1

t
Z(q("_l)‘z -¢)+q" =1
j=1

There are two modes for obtaining the control limits of the GWMA nonparametric
sign chart. The first mode is the use of asymptotic control limits and the second mode
is the use of exact control limits. In precise control limits, the values change with time,
and in the term, they are time-varying, and in asymptotic control limits, they have
constant state values. In this research, constant state (asymptotic) control limits have
been used. Therefore, by using the mean values and the asymptotic variance of this
graph, we have a non-parametric sign:

veL =24 29
B RRARY \
CL—n
"2 ()
n nQ
Ll=5-L17 (#)

In this research, in order to estimate the average values of execution length in GWMA
non-parametric sign charts, numerical simulation method has been used. In this
simulation, the values related to the average execution length in the controlled mode
are shown with the symbol ARLO and the average values of the execution length in
the out-of-control mode are shown with the symbol ARL1.

After the introduction of the mentioned models, the numerical simulation method has
been used to estimate the average values of the execution length. In this simulation,
the values related to the average execution length in the controlled mode are shown
with the symbol ARLO and the average values of the execution length in the out-of-
control mode are shown with the symbol ARL1. The method of work is that first, the
statistical value of the non-parametric sign graph, the exponential weighted moving
average and the generalized weighted moving average are calculated in the controlled
state, so that the optimal values are determined in order to receive the lowest amount
of false alarms. In the next step, a change or in the term of control charts, a transition
with different values is created in the process in order to determine which non-
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parametric control chart proposed in this research will discover these changes in the
process sooner. of the control for the two desired non-parametric sign charts, after
calculating the optimal values for the parameters involved in the process, they have
been compared.

Tablel:Optimal non-parametric sign diagram under transfer ratios and different sample sizes
per ARL, = 370

Optimized design
n A= |p; — pol Method ARL,
7 = PE I

Jed GWMA /a7 JAY - Y/FYE F4/40

EWMA - - /¥ Y/FVY YARN

" GWMA AN /4 - Y/#Y YA/AVY

EWMA - - /0 Y/FAY JEVAR

10 X GWMA /A /4 - Y/AY . 7/77¥
EWMA - - YA Y/AY¥ F/0%%

GWMA /48 /4 - Y/AAY Y/FYA

8 EWMA - - ¥ /AA- Ry

e GWMA DAL /4 - Y/¥AaY VYA

EWMA - - ar Y/FAY YV/FY

GWMA AV /4 - Y/VYVa VV/F A

Y. o EWMA - - AR Y/VYY¥ ARVARAI
X GWMA s /A - Y/avy YAy

EWMA - - ¥ia Y/40) Y/AVY

Oy GWMA /¥ k4 - AVARAT V/4YY

EWMA - - VA% Y/avy Y/ A

In using control charts, we must pay attention to a very important point, that the
performance of a control chart is appropriate when, in addition to complying with
statistical requirements, it also includes important economic requirements such as
cost, time, etc. For this reason, in the advanced stage, a number of economic
constraints are applied and an economic design and then a statistical-economic design
are performed for the mentioned control chart using Lorenzen and Vance's cost model.

The general form of statistical-economic design of control charts will be as follows:

minE(C)/ E(T)

ARL.> ARL_ ()

ARL; < ARLy
So that ARL_ is the lower bound value for the average run length in the controlled
state and ARLy is the upper bound value for the average run length in the out of
control state.

So that ARLL is the lower bound value for the average run length in the under control
state and ARLU is the upper limit value for the average run length in the out of control
state. In this research, the initial values for the upper limit of the average run length in
the out of control state and the lower limit for the average The length of execution in
controlled mode is determined as follows:

ARL, >370 V)
ARLy <20
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Table 2:Numerical results of economic statistical design of generalized weighted moving
average control chart with Lorenzen and Vance cost model
6 p [ n L a q h ARLo ARL, | E(A) E(C) E(T)
R4 0 YIAVE <IN “IAYY VIYYA FYYAY \dh\id YYD AAERigd ARAATAYZ4
1<V \Vf Y/AYyY -/34¥ AAN ATANAY FYYin-y AR \Y/vas \YFAY/AY V-V FAYY
- “IN Y Y/AfA ANAl < IPYY YIVFE feVI-AR AARAY VVIYYY ARERR P/ Ve VOIVEY
LA Y \iRTas Ai4d <IYY OIVEA favna VIYYE VYO VYOY/A VeNY/eaf
R4 Y YIATY iatd LIACAS < IFAA ARYIATARY \IAYZ4 YYIPVE Yayfiofa Ve rqv g
A4 \# Y/IARY <IAA Nidddd AT ARV OIfEY VA0V E YYYA/QDA AYYIE
s < /A \# Y/aoyY <IAY <IYEA VIYY Y- IfY ATARAN ANZAZYN Y-V 000 VY /ABA
RS VO Y/agA ia%d RATQ} Y/-YY AAATARSS VIYYO \2IvFA ARRARAR N VYAF
Rid VY AT INAS -/vag <IFYD FavIEYA VF/00 YEIXE YYAVIYYY ARATART)
-V 0 Y/iaga < IYAZ - [POF <IVEE OAYIEPY O/IFYA YelNY YiFa/ora AR AR
" < /A W Y/a0Y LIAARY AR ATEER! FrVITY Y/AYo A=A VAYE[ o ARAZER 7N
RS WY Y/-ff RiNZ4 AR VIOVY fYoiyseo V/OFY \PIVES \YAV[-YE V-#IYYA

As we can see in Table 2, for each value of 0, the values related to the average time
in each quality cycle and the average cost in a quality cycle show a downward trend.
That is, by increasing the value of the change size in the control chart, the average
time and also the average cost to execute this process has decreased, also by increasing
the value of the change size, the amount of the expected cost per time unit for each
cycle (E(A)) has a significant decrease, and in general, these values also have a
downward trend for each value of 6. With the increase of the value of 0, we see that
the value related to the expected cost per unit of time has increased.

3- Discussion and Conclusion

In the models of economic design and economic statistical design, it was found that
with the increase in the size of the change (shift) in the quality characteristic, the
expected cost per unit of time for each quality cycle has decreased, and this fact shows
that the desired control chart has a good performance. Both in terms of complying
with statistical constraints and in terms of being optimal compared to economic
constraints (cost and time).
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