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Abstract

A new control chart, namely, modified exponentially weighted moving average

(EWMA) control chart, for monitoring the process variance is introduced in

this work by following the recommendations of Khan et al.15 The proposed

control chart deduces the existing charts to be its special cases. The necessary

coefficients, which are required for the construction of modified EWMA chart,

are determined for various choices of sample sizes and smoothing constants.

The performance of the proposed modified EWMA is evaluated in terms of

its run length (RL) characteristics such as average RL and standard deviation

of RL. The efficiency of the modified EWMA chart is investigated and com-

pared with some existing control charts. The comparison reveals the superior-

ity of proposal as compared with other control charts in terms of early

detection of shift in process variation. The application of the proposal is also

demonstrated using a real‐life dataset.
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1 | INTRODUCTION

Control chart is an important tool of statistical process control for monitoring the process deviation and improving the
quality of the products (see Montgomery1). Two types of control charts, ie, variable and attribute, are commonly used in
statistical process control literature. Variable control charts are used when the quality characteristics of interest is
numeric such as height, weight, or temperature, while the attribute control charts are developed for the non‐numeric
characteristics of the interested quality as the good/defective items, satisfied/not‐satisfied, or the small/medium/large
items. The variable quality characteristics provide more information about the process as compared with the attribute.2

The control charts for location are developed for monitoring the process average, while the dispersion charts are applied
for monitoring the process variation. Dispersion charts are considered first to monitor the process variation as it is com-
mon assumption of the Shewhart average chart to assume that the process standard deviation rests constant (see Acosta‐
Mejia et al3). The dispersion charts have been explored by many quality control researchers including Lowery et al.4

Exponentially weighted moving average (EWMA) chart was introduced by Roberts,5 and, originally, it was developed
for normally distributed data. Nowadays, EWMA charts have widespread usage in analytical processes (Abbasi6), indus-
trial production processes (Lucas and Saccucci7), public health surveillance (Woodall8), and other procedures. An
EWMA chart dominates the Shewhart chart in detecting small to moderate shifts in terms of statistical performance.
The general form for the two‐sided EWMA chart is given in many textbooks, including Montgomery.1 The EWMA sta-
tistic is the exponentially weighted average of the previous as well as the current observations. The typical weight
parameter λ (ranging from 0 to 1), also known as a smoothing parameter, performs well for small values (between
wileyonlinelibrary.com/journal/qre QualReliabEngng Int. 2020;36:328–339.
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0.05 and 0.25) for monitoring the production processes.1 A lot of work has been done in the literature on designing and
studying the performance of EWMA control charts including.9-11

The researchers are continuously endeavoring to develop a robust technique for the early detection of the shifted pro-
cess so that the losses incurred by the manufactured process are avoided. Gan12 developed the modified EWMA control
chart for the monitoring of the binomial counts. Later, Gan13 introduced three modified EWMA statistics for detecting
smaller shifts in the process for which the Shewhart chart is less effective. Patel and Divecha14 proposed a modified
EWMA chart for monitoring the process mean when small and abrupt shifts occur in the process. Recently, in order
to increase the fast detecting ability of the EWMA statistic, a modified EWMA statistic was introduced by Khan
et al.15 Unlike the conventional EWMA statistic, a second parameter k is introduced in it for quick detection of the small
process shifts. It has been observed that the modified EWMA statistic is capable of detecting overall mean shift as com-
pared with the traditional EWMA statistic. Latterly, Schmid16 proposed modified EWMA control chart for monitoring
the time series data. Other work on the development of EWMA control charts based on modified EWMA statistics
includes Aslam et al,17 Khan et al,18 Herdiani et al,19 Zhang et al,20 Lampereia et al,21 etc. All these articles concluded
that the modified EWMA control chart is more capable of detecting early shift in process parameter under study as com-
pared with the traditional EWMA control chart. Therefore, this article proposes an EWMA control chart using modified
EWMA statistic for efficient monitoring of process variation.

The rest of the paper is organized as follows: design of the proposed chart is developed in Section 4. In Section 3, the
performance of the proposed chart is given. In Section 4, the designing for the estimation of parameters of the modified
EWMA chart is explained. In Section 5, the designing of the out‐of‐control performance of the proposed chart and its
comparison is elaborated. The application of the proposed chart is demonstrated in Section 6. Finally, the conclusions
and the future recommendations are given in the Section 7.
2 | DESIGN OF THE PROPOSED CHART

It is assumed that the quality of interest Xt(t ≥ 1) follows the normal distribution with mean μ and variance σ2. Our
interest is only to detect any change in the process of dispersion δ2t ¼ σ2t =σ

2
0, where σ2t is shifted variance and σ2

0 in‐

control variance. Without loss of generality, it is assumed that μ = 0. Define a random variable Yt ¼ ln S2t =σ
2
0

� �
, where

S2t =σ
2
0 is a gamma distributed random variable with parameters (n − 1)/2 and 2δ2t = n − 1ð Þ. The resulting distribution of

Yt is log‐gamma distribution, and Lawless22 showed that it can be approximated by a normal distribution, ie,
Yt ≈ N μY ; σ

2
Y

�
), where

μY ¼ ln δ2t
� �

−
1

n − 1
−

1

3 n−1ð Þ2 þ
2

15 n−1ð Þ4 and σ2Y ¼ 2
n − 1

þ 2

n−1ð Þ2 þ
4

3 n−1ð Þ3 −
16

15 n−1ð Þ5.
Based on this assumption, we propose a control chart using modified EWMA statistic for monitoring the process

variation.
Let a random sample Xt1,Xt2,…,Xtn of size n is drawn at time (or subgroup) t and measure Yt. The modified EWMA

statistic, denoted by Mt, having a smoothing constant λ at time t can be defined as

Mt ¼ 1 − λð ÞMt−1 þ λYt þ k Yt − Yt−1ð Þ (1)

Here, M0 = 0 and Yt ¼ ln S2t =σ
2
0

� �
is log‐transformed random variable, which is ratio of sample variance to population

variance. The smoothing constant in the range of 0.05 < λ ≤ 0.25 is usually recommended by Montgomery.1 The con-
stant −1 ≤ k ≤ 1 may be chosen independently of λ, but here, the optimal choice of k, ie, k = −λ/2, is used (derived by
Khan et al15). Further note that, when k = 0, the modified EWMA statistics reduces to Crowder and Hamilton23 EWMA
statistic, and, at k = 1, it reduces to Patel and Divecha14 first order auto‐correlated EWMA statistic.

After successive substitution, statistic Mtdefined in Equation (1) can be rewritten as

Mt ¼ 1−λð ÞtM0 þ∑t−1
i¼0 1−λð Þi λþ kð ÞYt−i − kY t−i−1½ � (2)

The mean and variance of modified EWMA statistic are given as follows.
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E(Mt) = μY and

V Mtð Þ ¼ λ þ 2λkþ 2k2
� �

2 − λð Þ σ2Y (3)

The process working at dispersion level σ20 is considered in‐control. To detect an increase in process variance (δ2t > 1Þ,
the EWMA statistic Qt= max (Mt,0) signals an out‐of‐control if Qt is greater than

UCL ¼ LQ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λ þ 2λkþ 2k2
� �

2 − λð Þ

s
σ2
Y (4)

where LQ can be determined for fixed value of n and to achieve a desired ARL0.

Similarly, a decrease in process variance is detected when �Qt= min (Mt,0) is less than

LCL ¼ −L�Q

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λ þ 2λkþ 2k2
� �

2 − λð Þ

s
σ2Y (5)

where L�Q is control charting constant and can be determined for fixed value of n to achieve a desired ARL0.

The limits defined in Equations (3) and (4) are called one sided control limits of the modified EWMA statistic. How-

ever, the two sided control limits for modified EWMA chart can be determined using both statistics �Qt and Qt. In the
rest of this article, we will consider a two sided modified EWMA control chart.

The two sided control limits for the modified EWMA are defined as

LCL ¼ −L

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λ þ 2λkþ 2k2
� �

2 − λð Þ

s
σ2Y

UCL ¼ L

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λ þ 2λkþ 2k2
� �

2 − λð Þ

s
σ2Y

9>>>>>>=
>>>>>>;
; (6)

where L ¼ LQ ¼ L�Q is control chart coefficient need to be determined for a fixed value of n, λ, k, and desire in‐controlARL0.
The proposed modified EWMA chart is based on two constants λ and k. The proposed chart is the extension of the existing
control charts. The proposed control chart reduces to control chart proposed by Crowder and Hamilton23 when k = 0.

The proposed modified EWMA control chart will signal if Mt > UCl or Mt < LCL; otherwise, the process is declared
to be work under in‐control scenario. The probability of signal can be found as

Prob:of signal ¼ Pr Mt > UCL or Mt < UCL δ2t
��� �

(7)

3 | THE PERFORMANCE EVALUATION

The average run length (ARL), which is the mean of run length (RL) distribution, is the most important and widely used
measure to evaluate the performance of control charts. The ARL is defined as the average number of subgroups until an
out of control signal is raised. In case, the process is in‐control, the ARL should be sufficiently large to avoid too many
false alarms, while, for the out‐of‐control process, the ARL should be sufficiently small for rapid detection of shift.

ARL0 ¼ 1= 1 − Pr LCL < Mt < UCL δ2t ¼ 1
��� �� �

(8)

and

ARL1 ¼ 1
Prob:of Signal

(9)
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The accurate measure of ARL has been thoroughly discussed by Hussain et al.24 ARL for the EWMA chart have been
discussed by Chananet et al25 and Li et al.26

The Equations (8) and (9) can be solved easily if the probability density function of modified EWMA statistic Mt is
known. The exact distribution of modified EWMA statistic defined in Equation (1) is more explicit and, up to our
best knowledge, is not available in the literature. Therefore, the RL characteristic of the proposed control chart
can be investigated through Monte Carlo simulation method. For this purpose, the following algorithm in R package
is developed and RL characteristic are obtained for various choices of parameters.

The following algorithms have been used in R to find the results of this study.

Algorithm 1: Determination of control charting constant (L).

Step 1. Sample of size n is drawn from normal distribution (0, 1), without loss of generality, and Yi ¼ ln S2i =σ
2
0

� �
is

calculated.
Step 2. Using the value of Yi obtained in step 1, modified EWMA statistic Mt is calculated for a specified value of λ
and k. This process is repeated up to 10 000 times, and, at the end of this step, we have 10 000 modified EWMA
statistics.

Step 3. The control charting constant L is determined to satisfy the in‐control condition of Pr
(LCL < Mt < UCL) = 1 − α.

Step 4. The above steps 1 to 3 are repeated 1000 times, and, at the end of this step, we have 1000 L values for specific
choice of n, λ, and k.

Step 5. Finally, the average value of L is chosen for further analysis with standard deviation in the range 0.0044–0.060.
Algorithm 2: Determination of run length characteristics.

Step 1. Control limits of the modified EWMA chart are constructed using the charting constant determined in above
algorithm for specific choice of n, λ, and k.

Step 2. Sample of size n is drawn from normal distribution (0, σ21), and Yi ¼ ln S2i =σ
2
1

� �
is calculated.

Step 3. Using the value of Yi obtained in step 2, modified EWMA statistic Mt is calculated.
Step 4. The probability of signal using the Equation (7) and run length using the Equation (9) are calculated.
Step 5. The above steps 1 to 4 are repeated 10 000 times, and, at the end of this step, we have 10 000 average run
length values.

Step 6. Finally, the average and standard deviation of 10 000 average run length values. These ARL and
SDRL are used.
TABLE 1 The control chart multiplier L for various values of n, λ and k to achieve the in‐control ARL0 = 200

k n

λ

0.05 0.10 0.15 0.20 0.50

0 5 1.194 1.570 1.761 1.971 2.009
8 1.285 1.616 1.835 2.010 2.025
10 1.360 1.672 1.870 2.027 2.052
15 1.473 1.758 1.933 2.057 2.088

−λ/2 5 0.975 1.269 1.469 1.635 2.107
8 1.121 1.386 1.550 1.681 2.164
10 1.207 1.467 1.620 1.735 2.274
15 1.340 1.590 1.725 1.821 2.367

1 5 4.122 3.824 3.640 3.515 3.296
8 4.082 3.803 3.624 3.481 3.164
10 4.045 3.785 3.601 3.465 3.105
15 4.001 3.762 3.585 3.440 3.055
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4 | DESIGNING FOR THE ESTIMATION OF PARAMETERS OF THE
MODIFIED EWMA CHART

The traditional design procedure for selecting the parameters of EWMA charts based on only the ARL may lead to high
probability of false out‐of‐control signal for some types of EWMA charts as discussed by Chan and Zhang.27 They also
recommended the procedure for selecting the parameters based on the ARL and standard deviation of the RL (SDRL)
with the constraint that SDRL ≤ ARL when the process is in‐control and out‐of‐control. Using the algorithm 1, a Monte
Carlo simulation approach with 10 000 iterations is used to approximate the RL distribution of the proposed modified
EWMA chart. Note that Kim28 and Schaffer and Kim29 indicated that 5000 replications are sufficient to estimate the
ARL to an acceptable level of precision in many control chart settings. The zero state or initial state ARLs are computed
in this study. The control charting constant L is determined in such a way that the two one‐sided charts produce equal
individual ARL0 so that the overall ARL0 of the two‐sided chart is approximately equal to 200. The values of L, for a fixed
value of n, λ, k, and ARL0= 200, are given in Table 1.

From Table 1, it can be seen that

a. The control charting constant depend on k, n, and λ for a fixed ARL0.
b. The values of L decreases with increase in sample size when other parameters are fixed.
c. Increase in smoothing weight increase the value of L for a fixed k and n except the value of k = 1.
5 | OUT ‐OF ‐CONTROL PERFORMANCE

Suppose that the process goes out‐of‐control with respect to variance and σ21 ¼ ρ:σ20 be the new process variance with ρ
time change in σ20. Under the assumption that the data follows a normal distribution with mean 0 (without loss of gen-
erality) and variance σ21, the probability of signal given in Equation (7) can be redefined as

Pout ¼ Pr Mt > UCL σ2
1

��� �
orP Mt < LCL σ21

��� �
Pout ¼ Pr Mt > UCL σ2

1

��� �þ P Mt < LCL σ21
��� �

Pout ¼ 1 − FMt UCL ρσ20
��� �þ FMt LCL ρσ20

��� � (10)

where FMt :ð Þ be the cumulative density function of Mt.
The exact probability density function of modified Mt is explicitly complicated and is not available in close form.

Therefore, again we have used simulation procedure to determine the empirical CDF of Mt. The above algorithm 2 is
used and Pout determined for various choices of n, k, λ and ρ.

In Tables 2‐5, the values of ARL and SDRL have been estimated using the above mentioned equations. The zero state
RL performance of the modified EWMA control chart for the sample of size 5 and 10, the smoothing constant λ=0.05
and 0.10 and control constant k = 0, −λ/2 and 1 are given for different shift levels 0.50 to 2.00. It can be observed from
these tables that SDRL is always smaller than ARL for all the process settings. A control chart scheme is considered as a
better one if it has smaller ARL values, so the proposed chart is studied at different choice of k to identify the suitable
value of k.

Table 2–5 shows that

1. The proposed chart tends to become Crowder and Hamilton23 chart when the control k = 0.
2. The proposed control chart performs better for the choice of k = −λ/2 than any other value of k (0 or 1 considered

here). For example, when a sample of n = 5 and λ = 0.05 is used, then a shift of 0.70 is detected by an average sam-
ples of 19.104 for the existing chart (k = 0), while the proposed control chart detects the same shift in average of
samples of 15.424 (k =−λ/2). This shows that the proposed chart is 23% better in detecting this shift. The same per-
formance can be seen for other process settings.

3. The modified EWMA control chart performs better than the case when k = 1 (as considered by Patel and
Divecha14), for example, when a sample of n = 5 and λ = 0.05 is used, then a shift of 0.70 is detected by an average
samples of 29.717 for the existing chart, while the proposed control chart detects the same shift in average of sam-
ples of 15.424. This shows that the proposed chart is 93% better in detecting this shift. The same performance can be
seen for other process settings.



TABLE 3 Zero state run length performance of the MEWMA chart at n = 5 and λ = 0.10

ρ

k = 0 k=−λ/2 k = 1

ARL SDRL ARL SDRL ARL SDRL

0.50 3.987 1.567 2.106 0.986 5.445 3.099

0.60 9.177 5.470 4.086 2.896 17.189 11.234

0.70 21.123 17.209 11.037 9.556 38.334 26.223

0.80 60.223 51.890 35.888 30.022 90.990 80.224

0.90 110.445 98.990 102.924 91.990 130.776 122.113

1.00 201.005 192.113 200.628 192.556 200.888 189.445

1.10 85.456 76.003 76.998 69.977 101.12 94.332

1.20 42.220 35.344 32.755 27.564 72.339 63.224

1.30 25.539 19.223 18.706 12.867 48.228 39.002

1.40 16.435 10.066 12.532 7.725 31.097 21.091

1.50 13.112 7.199 9.976 5.378 25.489 13.223

2.00 8.509 3.244 5.020 2.114 14.559 8.223

Abbreviations: ARL, average run length; MEWMA, modified exponentially weighted moving average; SDRL; standard deviation of the run length.

TABLE 2 Zero state run length performance of the MEWMA chart at n = 5 and λ = 0.05

ρ

k = 0 k = −λ/2 k = 1

ARL SDRL ARL SDRL ARL SDRL

0.50 4.567 2.345 2.287 1.154 7.314 5.670

0.60 8.995 7.956 4.933 3.005 16.161 14.223

0.70 19.104 14.234 15.424 13.256 29.717 26.745

0.80 40.097 31.658 29.671 23.228 55.216 52.325

0.90 85.707 65.323 77.093 68.098 104.284 93.2715

1.00 200.747 188.776 201.071 189.751 200.890 192.356

1.10 84.345 75.563 71.508 60.005 96.345 85.456

1.20 33.756 25.097 26.504 20.534 61.345 55.445

1.30 18.677 11.876 15.841 10.054 41.223 34.449

1.40 13.087 7.082 11.170 9.113 25.334 19.777

1.50 10.542 5.667 9.083 4.264 18.544 14.332

2.00 6.793 3.045 5.005 1.813 11.223 7.556

Abbreviations: ARL, average run length; MEWMA, modified exponentially weighted moving average; SDRL; standard deviation of the run length.
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The comparative efficiency of the proposed chart has also been shown on the graph. It can be seen in the Figures 1‐3.
The proposed chart shows better efficiency in early detecting the out‐of‐control process for all process settings at
different shift levels.

5.1 | Comparison with other EWMA charts

Further, the efficiency of the proposed modified EWMA variance chart is compared with the recently proposed charts
by Huwang et al30 and Zou and Tsung.31 Fixing the in‐control ARL of two charts, the out‐of‐control ARL is measured
for both charts at various values of ρ as efficiency measure. The results of out‐of‐control ARL are provided here in
Table 6 and Table 7 for ARL0. However, the results can be determined for any other value.

Table 6 and Table 7 reveals that the proposed modified EWMA variance chart performs better than the charts of
Huwang et al30 and Zou and Tsung.31 The efficiency of the proposed chart in terms of producing smaller values of



TABLE 5 Zero state run length performance of the MEWMA chart at n = 10 and λ = 0.10

ρ

k = 0 k=−λ/2 k = 1

ARL SDRL ARL SDRL ARL SDRL

0.50 2.980 1.107 1.676 0.524 4.309 3.002

0.60 4.329 2.128 2.766 1.455 7.998 4.978

0.70 15.224 9.298 8.433 6.766 33.234 21.223

0.80 78.334 64.297 52.211 48.550 108.334 98.768

0.90 142.223 136.556 105.671 99.224 167.889 151.244

1.00 200.005 192.334 200.211 191.456 199.098 189.223

1.10 42.099 36.445 31.366 25.446 68.345 59.456

1.20 20.334 14.234 13.033 7.953 42.998 36.890

1.30 13.229 9.078 8.232 4.005 28.334 21.003

1.40 11.870 7.345 6.356 2.493 20.889 14.334

1.50 8.889 4.329 5.366 1.809 15.754 9.329

2.00 5.768 2.248 3.912 0.825 9.356 4.982

Abbreviations: ARL, average run length; MEWMA, modified exponentially weighted moving average; SDRL; standard deviation of the run length.

TABLE 4 Zero state run length performance of the MEWMA chart at n = 10 and λ = 0.05

ρ

k = 0 k=−λ/2 k = 1

ARL SDRL ARL SDRL ARL SDRL

0.50 4.223 2.005 1.850 0.653 7.889 4.889

0.60 8.778 5.334 3.672 2.417 15.224 9.225

0.70 29.334 21.234 16.871 10.077 54.334 43.532

0.80 156.445 143.223 144.05 130.091 165.223 155.229

0.90 177.445 170.089 159.009 141.223 186.056 156.228

1.00 200.998 192.345 200.934 196.058 201.279 191.287

1.10 35.445 29.770 29.116 22.572 71.890 60.011

1.20 21.224 17.556 12.535 6.758 43.245 37.220

1.30 14.283 10.990 8.333 3.508 28.346 20.078

1.40 8.724 5.332 6.609 2.255 15.489 9.881

1.50 7.665 3.020 5.661 1.709 12.114 6.546

2.00 6.670 1.776 4.243 0.8042 10.134 3.078

Abbreviations: ARL, average run length; MEWMA, modified exponentially weighted moving average; SDRL; standard deviation of the run length.
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out‐of‐control ARL increases with the increase in sample size. The proposed chart is better than Huwang et al30 control
chart for small shift in the process, which is desirable in the industry.
6 | ILLUSTRATIVE EXAMPLE

The application of the proposed modified EWMA chart is investigated in this section using a real dataset given by Jones‐
Farmer et al.32 The data consist of patients' waiting time (in minutes) for a colonoscopy procedure. Jones‐Farmer et al32

shown that the process is in‐control with respect to dispersion parameter. In order to highlight the ability of the mod-
ified EWMA structure to detect changes in the process dispersion parameter, we have introduced contaminations in the
original data by multiplying the last six observations by three similar to Abbasi and Miller.33 Then, the Crowder and



FIGURE 1 ARL curves of the modified EWMA chart at A, λ = 0.05 and B, λ = 0.10 for n = 5 when process variance increases [Colour

figure can be viewed at wileyonlinelibrary.com]

FIGURE 2 ARL curves of the modified EWMA chart at A, λ = 0.05 and B, λ = 0.10 for n = 10 when process variance decreases [Colour

figure can be viewed at wileyonlinelibrary.com]

FIGURE 3 ARL curves of the modified EWMA chart for n = 5 and λ = 0.05 for up and down shifts in variance [Colour figure can be

viewed at wileyonlinelibrary.com]
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TABLE 6 Zero state run length performance of the proposed EWMA with Zou and Tsung31chart at ARL0 = 370.00

ρ

λ=0.05

Modified EWMA chart at k =−λ/2

Zou and Tsung31 chartn = 5 n = 10

ARL SDRL ARL SDRL ARL SDRL

1.00 369.092 350.220 368.995 347.400 370.067 355.505

1.10 123.346 114.45 115.334 99.122 123.055 115.098

1.20 57.045 38.980 48.766 23.334 58.098 39.955

1.30 32.322 21.908 27.698 15.332 33.889 25.660

1.40 21.900 12.898 17.443 9.089 23.657 14.230

1.50 17.334 6.890 14.190 4.556 18.909 7.905

2.00 6.113 4.234 4.909 3.245 7.129 5.220

Abbreviations: ARL, average run length; EWMA, exponentially weighted moving average; SDRL; standard deviation of the run length.

TABLE 7 Zero state run length performance of the proposed EWMA with Huwang et al30 chart at ARL0 = 200.00

ρ

λ=0.05

Modified EWMA chart at k = − λ/2

Huwang et al30 chartn = 5 n = 10

ARL SDRL ARL SDRL ARL SDRL

0.50 2.287 1.154 1.850 0.653 6.531 4.898

0.60 4.933 3.005 3.672 2.417 9.940 7.045

0.70 15.424 13.256 16.871 10.077 16.925 12.233

0.80 29.671 23.228 144.05 130.091 34.042 27.520

0.90 77.093 68.098 159.009 141.223 91.410 78.586

1.00 201.071 189.751 200.934 196.058 199.000 189.660

1.10 71.508 60.005 29.116 22.572 103.011 90.105

1.20 26.504 20.534 12.535 6.758 49.082 38.552

1.30 15.841 10.054 8.333 3.508 29.062 21.253

1.40 11.170 9.113 6.609 2.255 20.360 14.558

1.50 9.083 4.264 5.661 1.709 15.402 10.998

2.00 5.005 1.813 4.243 0.8042 6.931 4.045

Abbreviations: ARL, average run length; EWMA, exponentially weighted moving average; SDRL; standard deviation of the run length.

FIGURE 4 Modified EWMA control chart for patients data at lambda = 0.10 [Colour figure can be viewed at wileyonlinelibrary.com]
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Hamilton23 chart, named as CH chart, and the proposed modified EWMA chart are constructed using λ = 0.10 and

k ¼ −
λ
2
in Figure 4 below.

It is obvious from Figures 4 that the CH chart detects out‐of‐control signals at five sample points, whereas the pro-
posed modified EWMA chart detects all the six problem points. Hence, it is concluded that the modified EWMA chart is
more efficient than the CH EWMA chart to detect shift in dispersion more quickly.
7 | CONCLUSIONS AND RECOMMENDATIONS

In this article, a modified EWMA control chart is proposed for efficient monitoring of the process dispersion following
the work of Khan et al.15 The control charting constant L, which is necessarily required for the construction of the pro-
posed control chart, is determined using Monte Carlo simulation. The performance of the proposed modified EWMA
control chart is measured in terms of RL characteristics such as ARL and SDRL for several process dispersion level set-
tings using simulation. Tables of the ARL and the SDRL are generated for different shift levels, different smoothing con-
stant values, and different control constant values. The proposed control chart has been compared with two existing
charts. It has been observed that the proposed chart is efficient in quick detection of the out‐of‐control process as com-
pared with existing control charts for monitoring process dispersion. These results are very helpful for the practitioners
and researchers for monitoring the process dispersion. Further work along the direction to develop modified EWMA
control charts for the monitoring multivariate process dispersion and attribute process can be done, and authors are cur-
rently working on this.
ACKNOWLEDGEMENTS

The authors are deeply thankful to the editor and reviewers for their suggestions to improve the quality of the paper.
ORCID

Muhammad Aslam https://orcid.org/0000-0003-0644-1950
REFERENCES

1. Montgomery DC. Introduction to statistical quality control. 7th ed. New York: John Wiley; 2012.

2. Balamurali S, Jun CH. Repetitive group sampling procedure for variables inspection. J Appl Stat. 2006;33(3):327‐338.

3. Acosta‐Mejia CA, Pignatiello JA, Rao BV. A comparison of control charting procedures for monitoring process dispersion. IIE Trans.
1999;31(6):569‐579.

4. Lowry CA, Champ CW, Woodall WH. The performance of control charts for monitoring process variation. Commun Stat Simul Comput.
1995;24(2):409‐437.

5. Roberts SW. A comparison of some control chart procedures. Dent Tech. 1966;8:411‐430.

6. Abbasi SA. On the performance of EWMA chart in presence of two components of measurement error. Qual Eng. 2010;22(3):199‐213.

7. Lucas JM, Saccucci MS. The exponentially weighted moving average control schemes: properties and enhancements (with discussion).
Dent Tech. 1990;32:1‐12.

8. Woodall WH. The use of control charts in health‐care and public‐health surveillance. J Qual Technol. 2006;38(2):89‐104.

9. Crowder SV. A simple method for studying run length distributions of exponentially weighted moving average charts. Dent Tech.
1987;29:401‐407.

10. Crowder SV. Design of exponentially weighted moving average schemes. J Qual Technol. 1989;21(3):155‐162.

11. Lucas JM, Saccucci MS. Exponentially weighted moving average control schemes: properties and enhancements. Dent Tech.
1990;32(1):1‐12.

12. Gan F. Monitoring observations generated from a binomial distribution using modified exponentially weighted moving average control
chart. J Stat Comput Simul. 1990;37(1–2):45‐60.

13. Gan F. Monitoring Poisson observations using modified exponentially weighted moving average control charts. Commun Stat Simul
Comput. 1993;19(1):103‐124.

14. Patel AK, Divecha J. Modified exponentially weighted moving average (EWMA) control chart for an analytical process data. J Chem Eng
Mater Sci. 2011;2(1):12‐20.

https://orcid.org/0000-0003-0644-1950


SAGHIR ET AL.338
15. Khan N, Aslam M, Jun CH. Design of a control chart using a modified EWMA statistic. Qual Reliab Eng Int. 2017;33(5):1095‐1104.

16. Schmid W. On EWMA charts for time series. In: Frontiers in Statistical Quality Control. Springer; 1997:115‐137.

17. Aslam M, Saghir A, Ahmad L, Jun C‐H, Hussain J. A control chart for COM‐Poisson distribution using a modified EWMA statistic. J Stat
Comput Simul. 2017;87(18):3491‐3502.

18. Khan N, Yasmin T, Aslam M, Jun C‐H. On the performance of modified EWMA charts using resampling schemes. Oper Res Dec.
2018;3:29‐43.

19. Herdiani ET, Fandrilla G, Sunusi N. Modified exponential weighted moving average (EWMA) control chart on autocorrelation data.
J Phys Conf Ser. 2018;979(1):012097.

20. Zhang G, Li N, Li S. A modified multivariate EWMA control chart for monitoring process small shifts. Proceedings of 2011 International
Conference on Modelling, Identification and Control, Shanghai, China, June 26‐29, 2011.

21. Lampreia SPGF, Requeijo JFG, Dias JAM, Vairinhos VM, Barbosa PIS. Condition monitoring based on modified CUSUM and EWMA
control charts. J Qual Main Eng. 2018;24(1):119‐132.

22. Lawless JF. Statistical models and methods for lifetime data. New Jersey: John Wiley and Sons; 2003.

23. Crowder S, Hamilton M. An EWMA for monitoring a process standard deviation. J Qual Technol. 1992;24(1):12‐21.

24. Hussain S, Song L, Ahmad S, Riaz M. On auxiliary information based improved EWMA median control charts. Scientia Iranica.
2018;25(2):954‐982.

25. Chananet C, Sukparungsee S, Areepong Y. The ARL of EWMA chart for monitoring ZINB model using Markov chain approach. Int J
Appl Phys Math. 2014;4(4):236‐249.

26. Li ZH, Zou CL, Gong Z, Wang ZJ. The computation of average run length and average time to signal: an overview. J Stat Comput Simul.
2014;84(8):1779‐1802.

27. Chan LK, Zhang J. Cumulative sum control charts for covariance matrix. Stat Sincia. 2001;11(3):767‐790.

28. Kim MJ. Number of replications required in control chart Monte Carlo simulation studies. Ph.D. dissertation, University of Northern
Colorado, 2005.

29. Schaffer JR, Kim MJ. Number of replications required in control chart Monte Carlo simulation studies. Commun Stat Simul Comput.
2007;36(5):1075‐1087.

30. Huwang L, Huang CJ, Wang YHT. New EWMA control charts for monitoring process dispersion. Comput Stat Data Anal.
2010;54:2328‐2342.

31. Zou C, Tsung E. Likelihood ratio based distribution free EWMA control charts. J Qual Technol. 2010;42(2):174‐196.

32. Jones‐Farmer LA, Jordan A, Champ CW. Distribution‐free phase I charts for subgroup location. J Qual Technol. 2009;41(3):304‐316.

33. Abbasi SA, Miller A. On proper choice of variability control chart for normal and non‐normal processes. Qual Reliab Eng Int.
2012;28:279‐296.

AUTHOR BIOGRAPHIES
Aamir Saghir is currently working as Associate Professor of Statistics in MUST, Mirpur‐10250 (AJK), Pakistan. His
current research interests include process monitoring and probability modelling.

Dr Muhammad Aslam did his MSc in Statistics (2004) from GC University Lahore with Chief Minister of the Pun-
jab merit scholarship, MPhil in Statistics (2006) from GC University Lahore with the Governor of the Punjab merit
scholarship, and PhD in Statistics (2010) from National College of Business Administration & Economics Lahore
under the kind supervision of Prof Dr Munir Ahmad. He worked as a lecturer of Statistics in Edge College System
International from 2003 to 2006. He also worked as Research Assistant in the Department of Statistics, GC Univer-
sity Lahore from 2006 to 2008. Then he joined the Forman Christian College University as a lecturer in August 2009.
He worked as Assistant Professor in the same university from June 2010 to April 2012. He worked in the same
department as Associate Professor from June 2012 to October 2014. He worked as Associate Professor of Statistics
in the Department of Statistics, Faculty of Science, King Abdulaziz University, Jeddah, Saudi Arabia, from October
2014 to March 2017. He taught summer course as Visiting Faculty of Statistics at Beijing Jiaotong University, China,
in 2016. Currently, he is working as a Full Professor of Statistics in the Department of Statistics, King Abdul‐Aziz
University Jeddah, Saudi Arabia. He has published more than 365 research papers in national and international
well‐reputed journals including, for example, IEEE Access, Journal of Applied Statistics, European Journal of Oper-
ation Research, Information Sciences, Journal of Process Control, Journal of the Operational Research Society,
Applied Mathematical Modeling, International Journal of Fuzzy Systems, Symmetry, International Journal of
Advanced Manufacturer Technology, Communications in Statistics, Journal of Testing and Evaluation, and Pakistan



SAGHIR ET AL. 339
Journal of Statistics. His papers have been cited more than 3200 times with h‐index 30 and i‐10 index 92 (Google
Scholar). His papers have been cited more than 1900 times with h‐index 23 (Web of Science Citations). He is the
author of two books published by VDM, Germany, and Springer, respectively. He has published eight chapters in
well‐reputed books. He is also HEC‐approved PhD supervisor since 2011. He supervised five PhD theses, more than
25 MPhil theses, and 3 MSc theses. Dr Muhammad Aslam is currently supervising two Master theses in Statistics. He
is reviewer of more than 70 well‐reputed international journals. He has reviewed more than 150 research papers for
various well‐reputed international journals. He received meritorious services award in research from National Col-
lege of Business Administration & Economics Lahore in 2011. He received Research Productivity Award for the year
2012 by Pakistan Council for Science and Technology. His name Listed at 2nd Position among Statistician in the
Directory of Productivity Scientists of Pakistan 2013. His name Listed at 1st Position among Statistician in the Direc-
tory of Productivity Scientists of Pakistan 2014. He got 371 positions in the list of top 2210 profiles of Scientist of
Saudi Institutions 2016. He is selected for “Innovative Academic Research & Dedicated Faculty Award 2017” by
SPE, Malaysia. He received King Abdulaziz University Excellence Awards in Scientific Research for the paper enti-
tled “Aslam, M., Azam, M., Khan, N. and Jun, C.‐H. (2015). A New Mixed Control Chart to Monitor the Process,
International Journal of Production Research, 53 (15), 4684–4693.” He received King Abdulaziz University citation
award for the paper entitled “Azam, M., Aslam, M. and Jun, C.‐H. (2015). Designing of a hybrid exponentially
weighted moving average control chart using repetitive sampling, International Journal of Advanced Manufacturing
Technology, 77:1927–1933 in 2018.” Prof Muhammad Aslam introduced the area of Neutrosophic Statistical Quality
Control (NSQC) the first time. His is the founder of neutrosophic inferential statistics (NIS) and NSQC. His contri-
bution is the development of neutrosophic statistics theory for the inspection and process control. He originally
developed theory in these areas under the Neutrosophic Statistics. He extended the Classical Statistics theory to
Neutrosophic Statistics originally in 2018. He is the member of editorial board of Electronic Journal of Applied Sta-
tistical Analysis, Neutrosophic Sets and Systems, Asian Journal of Applied Science and Technology, and Pakistan
Journal of Commence and Social sciences. He is also member of Islamic Countries Society of Statistical Sciences.
He is appointed as an external examiner for 2016/2017 to 2018/2019 triennium at The University of Dodoma, Tan-
zania. His areas of interest include reliability, decision trees, Industrial Statistics, acceptance sampling, rank set sam-
pling, neutrosophic statistics, and applied Statistics.

Alireza Faraz is working as senior research professor at Logistikum, School of Management, Steyr Campus Univer-
sity of Applied Sciences Upper Austria. His current research interests include control charts and process
improvement.

Dr Liaquat Ahmad is currently working as Associate Professor in the Department of Statistics and Computer Sci-
ence since 2006. He holds PhD (Statistics) degree from Pakistan and MPhil (Statistics) degree from GC University,
Lahore. He did his Masters in Economics and Education from University of the Punjab and PGD (Post Graduate
Diploma) in Demography from Social Sciences Research Centre, University of the Punjab, Lahore. He has published
more than 20 research articles in the international highly reputed impact factor journals. His area of research is
Industrial Statistics with particularly focusing repetitive group sampling control charts using different estimators.
He also has 13‐year experience of teaching Statistics at different levels in the Punjab Education Department. His
areas of interest include Statistical quality control, Biostatistical data analysis, Bayesian Statistics, Econometrics,
and Educational Measurements. He is also actively providing the services of Biostatistical data analysis to the faculty
and the research scholars of the university since 2006. He is member of university time table committee. He has
served as hall superintendent, and currently, he is serving as Principal Officer Estate Management Department.
He is also ORIC liaison member.

Cedric Heuchenne is working as Professor at Logistikum, School of Management, Steyr Campus University of
Applied Sciences Upper Austria. His current research interests include control charts and process improvement.
How to cite this article: Saghir A, Aslam M, Faraz A, Ahmad L, Heuchenne C. Monitoring process variation
using modified EWMA. Qual Reliab Engng Int. 2020;36:328–339. https://doi.org/10.1002/qre.2576

https://doi.org/10.1002/qre.2576

	cover
	qre.2576


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




