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modified EWMA control method
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for change detection in processes
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This study investigates the efficiency of a modified exponentially weighted moving
average (EWMA) control method using conditional expected delay to improve
its efficiency in detecting changes in a process over time. While the modified
EWMA control method is commonly used for this purpose, it can sometimes
experience delays in detecting changes. The proposed method aims to address
this limitation by incorporating conditional expected delay. The study utilizes
simulations to conduct a performance comparison between the modified EWMA
control method and the conventional EWMA control, employing the metric of
conditional expected delay. Simulation results demonstrate the modified EWMA
control method with conditional expected delay in terms of accurately and
rapidly detecting changes. Overall, this study concludes that the integration of
conditional expected delay into the modified EWMA control method can increase
its effectiveness in detecting changes in a process. This has significant practical
implications for a variety of industries that require timely and accurate detection
of changes to maintain product quality and optimize processes.
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1. Introduction

Shewhart control charts and control charts using the EWMA statistic are two widely used
methods for monitoring and improving the quality of manufacturing and business processes.
Shewhart control charts were first introduced by Walter A. Shewhart in the 1920’s. This
method involves plotting process data on a chart with upper and lower control limits based
on the mean and standard deviation of the data. The data points are compared to these limits
to detect any variations or changes in the process. Shewhart control charts are considered a
standard tool for statistical process control (SPC) and are commonly used in manufacturing
and quality control applications [1]. In contrast, control charts using the EWMA statistic
are a more recent development that uses a modified exponentially weighted moving average
(EWMA) control method to detect changes in a process. This method calculates a weighted
average of the data over time, giving more weight to recent data points, and compares it to
a control limit. Control charts using the EWMA statistic are more sensitive to changes in
the process, making them suitable for detecting smaller or gradual changes [2]. In summary,
Shewhart control charts rely on the mean and standard deviation of the data, while control
charts using the EWMA statistic use a modified EWMA method to calculate a weighted
average of the data. Both methods are useful for process monitoring and quality control
applications and have their unique advantages. More information can be seen in Lucas and
Saccucci [3] and Roberts [4].
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The modified exponentially weighted moving average (EWMA)
control chart is a statistical process control method used to monitor
and improve the quality of manufacturing and business processes.
The traditional EWMA control chart calculates a weighted average
of the data over time, with more weight given to recent data points.
However, the traditional EWMA control chart is less responsive
to small or gradual changes, and its performance can be affected
by process drift. In conclusion, the modified EWMA control chart
is a modified version of the traditional EWMA control chart that
incorporates a CED factor. This modification makes the chart
more responsive to small or gradual changes in the process and
reduces false alarms. The modified EWMA control chart has been
successfully applied in various industries and is a valuable tool
for process monitoring and quality control. Information on these
control charts can be seen in Patel and Divecha [5], Khan et al. [6],
and Khan et al. [7].

To overcome these limitations, the modified EWMA control
chart uses a conditional expected delay (CED) factor. This factor
adjusts the weight given to recent data points based on the
probability of a change in the process. By incorporating this
factor, the modified EWMA control chart is more sensitive to
small or gradual changes in the process and better able to handle
process drift. Research studies have shown that the modified
EWMA control chart is an effective tool for detecting process
changes and reducing false alarms generated by traditional EWMA
charts. It has been successfully used in various industries, such
as manufacturing, healthcare, and finance. Haq and Woodall [8]
proposed a method to calculate CED for the modified EWMA
control chart. More applications of EWMA control charts can be
seen in Li et al. [9], Supharakonsakun and Areepong [10], and
Taboran and Sukparungsee [11].

In the EWMA chart, the smoothing constant plays a key role in
determining how much weight is given to old vs. new data. A small
smoothing constant results in a smoother EWMA chart that is less
sensitive to short-term changes in the data. When the smoothing
constant is small, the EWMA chart will be more stable and less
reactive to short-term changes as it places greater emphasis on older
data points. This can be beneficial in scenarios where the process
being monitored is relatively stable, and the focus is on identifying
significant shifts or trends over longer periods. However, if the
process being monitored is subject to frequent and rapid changes,
a larger smoothing constant may be more appropriate as it will
make the chart more sensitive to short-term changes and better
able to detect shifts or trends that occur over shorter periods. In
summary, the choice of smoothing constant should depend on
the characteristics of the process being monitored and the goals
of the analysis. Haq and Woodall [8] presented a critique on the
modified EWMA chart by considering only a specific region of
smoothing constant. The existing literature strongly indicates that
no single control chart can achieve a flawless performance under
all assumptions and with all control chart parameters. In terms
of discontinuing the utilization of the control chart employing
the modified EWMA method, it is evident from the research by
Haq and Woodall [8] that they exclusively focus on instances
where the performance of this modified EWMA-based chart is
inferior compared to the control chart using the conventional
EWMA technique. In a recent study conducted by Khan and
Aslam [12], they demonstrated the enhanced effectiveness of the
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modified EWMA control chart compared to the traditional EWMA
control chart. This improvement was evident in terms of the
average run length (ARL). As mentioned by Patel and Divecha
[5], the modified EWMA chart performs better for large values of
smoothing constant. In this study, we will present the design of
the modified EWMA control chart to evaluate the CED values for
various values of the smoothing constant and shifts. We will show
that the modified EWMA control chart performs better than the
EWMA control chart in terms of CED.

2. Modified EWMA chart

It is postulated that the quality characteristic of interest,
denoted as Y;, conforms to a normal distribution with a mean of
and a variance of o2. With this postulation as the basis, Khan et al.
[7] proposed a control chart that generalizes the modified EWMA
statistic presented by Alpaben and Jyoti [13]. The modified EWMA
statistic based on sequence Y; proposed by Khan et al. [7] is given by

My=QQ—-M)Mi1 + 1Y+ k(Y= Y1) (1)

The modified EWMA statistic represents a broadening of the
traditional EWMA and the EWMA statistic initially put forward by
Alpaben and Jyoti [13]. It is worth highlighting that k, a constant
in the formula, is best optimized by minimizing the variance of
M;, which is achieved when k is equal to _7}‘, see Khan et al. [7].
When M falls within the designated range of the lower control limit
(LCL) and upper control limit (UCL), the process is considered to
be in control.

3. Performance evaluation of Khan
et al.’s [7] chart

Now, we will compare the efficiency of the control chart
proposed by Khan et al. [7] with the traditional EWMA control
chart. Let § denote the shift in the process and t denote the delays
in the shift. Note that t presents the in-control sample before a shift
in the process and the control chart reduces to a zero-state control
chart when t = 0, and more information can be seen in Riaz et al.
[14]. Note that Haq and Woodall [8] restricted their comparison
by considering the small values of the smoothing constant. From
Patel and Divecha [5] and Khan et al. [7], it is clear that the
modified EWMA control chart performs better when A > 0.10.
In this section, we will present the advantages of the control chart
proposed by Khan et al. [7] over the traditional EWMA chart
in terms of conditional expected delay (CED). The computation
of CED holds significant practical implications across diverse
industries that rely on timely and precise change detection to
uphold product quality and streamline processes. The utilization of
Monte Carlo simulation to calculate CED adds a robust dimension
to this evaluation. Within this simulation framework, a shift is
introduced while considering predetermined subgroups to be in
control prior to the shift occurrence. The evaluation performance
of both control charts will be done using the same parameters and
using a Monte Carlo simulation. Several figures are presented to
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FIGURE 1
(A, B) CED profile when A = 0.075.
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FIGURE 2

(A, B) CED profile when A = 0.085.
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FIGURE 3
(A, B) CED profile when A = 0.10.
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(A, B) CED profile when A = 0.15.
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(A, B) CED profile when A = 0.20.
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(A, B) CED profile when A = 0.30.
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show the efficiency of the modified EWMA over the traditional
EWMA in terms of CED. Figures 1A, B, 2A, B are presented to
verify the results of our codes with reference to Haq and Woodall
0.075 and
A = 0.085, along with various values of §, are presented as shown

[8]. Utilizing our codes, the same figures for 1 =

in Haq and Woodall [8]. Figures 3A, B is presented when A =
0.10. Figures 4A, B is presented when A = 0.15. Figures 5A, B is
presented when A = 0.20 and Figures 6A, B is presented when
A = 0.30. When = 0.075, Haq and Woodall [8] considered
the large shifts (§ = 0.5, 1.0,2.0) to show the disadvantage of the
modified EWMA control chart. From Figures 1A, B, it is clear that
the modified EWMA has lower values of CED when A < 0.25.
When A = 0.085, Haq and Woodall [8] considered the large shifts
(6 = 0.5, 1.0, 2.0) to show the disadvantage of the modified EWMA
control chart. From Figures 2A, B, it is clear that the modified
EWMA has lower values of CED when § < 0.25. When A =
0.10, Figures 3A, B depicts that the modified EWMA control chart
performs better than the traditional EWMA control chart in terms
of CED when § < 0.25. When A = 0.15, Figures 4A, B depicts
that the modified EWMA control chart performs better than the
traditional EWMA control chart in terms of CED for small and
large values of §. When A = 0.20, Figures 5A, B depicts that the
modified EWMA control chart performs better than the traditional
EWMA control chart in terms of CED when § < 0.50. When
A = 0.30, Figures 6A, B depicts that the modified EWMA control
chart performs better than the traditional EWMA control chart in
terms of CED when § < 0.50. In a nutshell, for A values below
0.010, the modified EWMA control chart demonstrates superior
performance compared to the EWMA control chart when dealing
with minor changes. Conversely, when the change is substantial
(8§ > 0.25), the traditional EWMA control chart exhibits better
results than the modified counterpart. Notably, an interesting
observation emerges as A increases: the enhanced efficiency of the
modified EWMA control chart becomes evident even in scenarios
involving significant shifts. This dynamic underscores the nuanced
relationship between the smoothing constant and the effectiveness
of the modified EWMA control chart across various magnitudes of
process shifts.

4. Conclusion

This study investigated the efficacy of a modified exponentially
control method that
incorporated conditional expected delay to improve the efficiency

weighted moving average (EWMA)

of change detection in a process over time. While the modified
EWMA control method is commonly used for this purpose, it can
sometimes experience delays in detecting changes. To address this
limitation, the proposed method integrated conditional expected
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