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Still Keeping the Process on Target: EWMA Charts 

This month’s publication introduces the Exponentially Weighted Moving Average (EWMA) control chart.   

Just the name is enough to scare me away from the chart.  But, it is not really that complicated.   The 

primary purpose of the EWMA control chart is to detect small shifts from the process average or target – 

just like the CUSUM chart we introduced last month.  Both of these charts are “time-weighted” charts.  

This means that they take into account past data.  The EWMA accounts for this past data differently 

than the CUSUM chart does.  And both have a slightly different purpose than the classical control chart. 

Since January 2004, our monthly publications have covered a number of different control charts.  These 

charts are primarily Shewhart control charts, e.g., X̅-R, X̅-s, and X-mR control charts.  These types of 

control charts are very useful in monitoring a process for statistical control or to see the impact of your 

process improvement efforts.  They are not necessarily the best at detecting small shifts from the 

average, although you can increase the sensitivity of these charts by using the zone tests and run tests in 

addition to the points beyond the control limits test for out of control conditions.    

 The primary purpose of the EWMA control chart is to detect small shifts or to detect 

when the process has drifted off target.  In this publication we will compare the EWMA 

control chart to the individuals control, show how to calculate the EWMA statistic and 

the control limits, and discuss the weighting factor,, used in the calculations. 
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Introduction to the EWMA Control Chart 

The EWMA control chart, like all control charts, is a method of 

looking at variation over time.  The objective of using a EWMA 

control chart is to detect small shifts in the process average 

quickly.  Normally, this “process average” is the desired value of 

the process average – the target.   The EWMA control chart can be 

used with individual samples or subgroups.  We will use individual 

samples in this publication. 

While many variable control charts are two charts, e.g., X-mR individuals control chart, the EWMA 

control chart is actually one chart.  For each successive sample, a value of EWMA is calculated.  This 

calculation involves weighting the previous data.  So, past data influences the value of EWMA.  The 

values of EWMA are then plotted on a chart.  The control limits are then calculated and added to the 

chart.   
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And now the chart is then ready to be interpreted – the most important aspect of control charting.   We 

will start by comparing the EWMA control chart with the individuals control chart and then show how 

the calculations are done. 

Comparing the Individuals Control Chart to the EWMA Control Chart 

Suppose we are a monitoring a process stream for a certain product characteristic, X.  It is important 

that we keep this product characteristic at an average value of 30.  We sample once an hour.  The data 

for the past 20 hours are shown in Table 1. 

Table 1: Product Characteristic Data 

Sample X  Sample X 

1 32.0  11 29.6 

2 27.0  12 28.1 

3 33.0  13 29.9 

4 29.3  14 31.3 

5 30.1  15 30.1 

6 27.0  16 31.2 

7 31.0  17 32.6 

8 30.1  18 33.3 

9 31.2  19 34.8 

10 30.5  20 29.9 

 

These data were used to construct an individuals control chart.  The X 

chart for these data are shown in Figure 1.  The individual X values are 

plotted on this control chart.  The average and control limits are 

calculated and added to the control chart.  The moving range chart is 

shown in Figure 2.  The range between consecutive samples is plotted on 

this chart.  The average range and control limits are calculated and 

added to this control chart. 

Now it is time to interpret the charts.   The X chart shows our process to be in statistical control.  There 

are no points beyond the control limits and no non-random patterns (such as seven in a row above the 

average).  The average is 30.6.  Is that close enough to 30?  Good question.  Maybe.  Maybe not.  The 

upper control limit is 36.4 and the lower control limit is 24.8.  In the classical sense, as long as the 

process remains unchanged, this is the range it should operate in: from 24.8 to 36.4 with a long term 

average of 30.6.   Some folks would move the “average” of the X chart to 30 since this is where you are 

trying to control the process.  This is not recommended because the out of control tests really do not 

apply to an artificially set average.   

The moving range is shown in Figure 2.  Note that there is a run of 12 points in a row below the average 

range.  A special cause is present.  Something has happened to decrease the variation the process.  If we 

could find out what happened and implement it permanently, we would reduce the variation in the 

process.  We will come back to this issue later. 
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Figure 1: X Chart 

 

Figure 2: Moving Range Chart 
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The value of sigma (the standard deviation) can be estimated from the average moving 

range.  For a moving range of 2, the estimated value of sigma is the average range divided 

by 1.128.    For this example, the estimated value of sigma is 1.95.  This will be used later 

in the calculation of the EWMA control limits. 

Now let’s take a look at what the EWMA control chart looks like in this situation.  For each sample result, 

a value of EWMA is calculated.  We will cover those calculations below.  Remember, the EWMA is 

influenced by past data.  As will be shown below, it gives less weight to older data points.   The value of 

EWMA is then plotted along with the control limits.   Figure 3 is the EWMA control chart based on the 

data in Table 1. 

Figure 3: EWMA Control Chart 

 

Note that, with the EWMA control chart, the center line is the target value.  It does not have to be.  You 

can use the average, but if the objective is to keep the process on target, the center line should be the 

target value.  The control limits on the EWMA start out curved and then level out.  We will explore that 

below.  Note that these control limits are tighter than the ones for the individuals control chart. 

The only out of control test that applies for the EWMA control chart is a point beyond 

the control limits.  From Figure 3, you can see that there is one point beyond the UCL.  

It occurs at point 19.  This is a signal that the process has moved off the target value.  

The reason for this shift should be investigated and corrected.  At a minimum, the 

process has to be adjusted to bring it back to target.   

So, the EWMA control chart did produce a signal that the X chart missed.  But just 

looking at the EWMA chart caused us to miss the signal on the moving range chart – 

www.spcforexcel.com


 5 © 2014 BPI Consulting, LLC 
  www.spcforexcel.com 

the long run below the average.  So, it is probably advantageous to look at the range chart when you are 

doing a EWMA control chart. 

Now, let’s take a look at how the EWMA statistic is calculated and how to influence the sensitivity of the 

EWMA control chart for picking up process changes. 

Calculating the EWMA 

To calculate the EWMA, you have to decide on a weighting factor,. This defines how much weight is 

given to previous data points.  It is common to use 0.2.  That was the value of  used in Figure 3.  The 

value of EWMA for sample i is defined as the following: 

𝐸𝑊𝑀𝐴𝑖  = 𝑧𝑖 =   𝜆𝑋𝑖 + (1 −  𝜆)𝑧𝑖−1 

where 

zi = ith EWMA 

Xi = ith sample result 

= the weighting factor (0 <  ≤ 1) 

zi-1 = (i-1)th EWMA 

Since the calculations use i – 1, you have to figure out how to handle the first sample when i = 1.  After 

all, there is no sample 0.  You handle this by setting the Zi-1 for sample 1 to the average of all the data or 

to the target.   The average for all the data is 30.6, but we will use the target value of 30.  Thus z0 = 30. 

The first sample result is 32.  The value of z for sample 1 is: 

𝑧1 =   𝜆𝑋1 + (1 −  𝜆)𝑧0 = .2(32) + (1 −  .2)(30) = 30.4 

The second sample result is 27.  The value of z for sample 2 is: 

𝑧2 =   𝜆𝑋2 + (1 −  𝜆)𝑧1 = .2(27) + (1 − .2)(30.4) = 29.72 

Table 2 shows the results of the calculations for all the samples. 

Table 2: Calculations of EWMA 

Sample X z  Sample X z 

1 32.0 30.4  11 29.6 30.088 

2 27.0 29.72  12 28.1 29.690 

3 33.0 30.376  13 29.9 29.732 

4 29.3 30.161  14 31.3 30.046 

5 30.1 30.149  15 30.1 30.057 

6 27.0 29.519  16 31.2 30.285 

7 31.0 29.815  17 32.6 30.748 

8 30.1 29.872  18 33.3 31.259 

9 31.2 30.138  19 34.8 31.967 

10 30.5 30.210  20 29.9 31.554 
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The values of z are plotted on the EWMA control chart.  The center line on the chart is either the target 

(which we are using) or the process average.  All that is left is to calculate the control limits. 

Calculating the Control Limits for the EWMA Control Chart 

The control limits depend on the number of samples.  The UCL and LCL for the ith sample are given by: 

𝑈𝐶𝐿𝑖 = 𝜇0 + 3𝜎√
𝜆

(2 − 𝜆)
[1 − (1 −  𝜆)2𝑖] 

 

𝐿𝐶𝐿𝑖 = 𝜇0 −  3𝜎√
𝜆

(2 − 𝜆)
[1 − (1 −  𝜆)2𝑖] 

where 0 = the target, and  = the estimated standard deviation from the moving range chart.  Note that 

there is the value of “2i” under the square root.  This is why the control limits are variable and seem to 

curve at first and then level off.  As i becomes very large, the control limits approach these values: 

𝑈𝐶𝐿 = 𝜇0 + 3𝜎√
𝜆

(2 − 𝜆)
 

𝐿𝐶𝐿 = 𝜇0 − 3𝜎√
𝜆

(2 − 𝜆)
 

The control limits for the first sample are then given by: 

 

𝑈𝐶𝐿𝑖 = 30 + 3(1.95)√
0.2

(2 − 0.2)
[1 − (1 −  .2)2(1)] =  31.17 

 

𝐿𝐶𝐿𝑖 = 30 −  3(1.95)√
0.2

(2 − 0.2)
[1 − (1 −  .2)2(1)] =  28.83 

 

As i becomes very large, the control limits approach the following values: 

𝑈𝐶𝐿 = 𝜇0 + 3𝜎√
𝜆

(2 − 𝜆)
= 30 + 3(1.95)√

0.2

(2 − 0.2)
= 31.95 
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𝐿𝐶𝐿 = 𝜇0 − 3𝜎√
𝜆

(2 − 𝜆)
= 30 − 3(1.95)√

0.2

(2 − 0.2)
= 28.05 

 

The calculated control limits are then added to the EWMA control chart along with the values of z and 

the center line.  The finished chart is shown in Figure 3.  The 19th sample is out of control – it is beyond 

the upper control limit. 

The Values of  

The example above used a weighting factor, , equal to 0.2.  The 

control limit equations also used 3 as the multiplier for sigma – i.e., 

we used ± 3 sigma limits.  You can vary the values of l and the 

multiplier for sigma to change the sensitivity of the chart.  The 

values of 0.2 and 3 provide pretty good sensitivity in most cases, 

picking up shifts of 1 sigma with about ten samples.   

More information on this topic can be found in the paper “Exponentially Weighted Moving Average 

Control Schemes: Properties and Enhancements”, Technometrics, Vol. 32.  Another good reference for 

the EWMA control chart is the book “Introduction to Statistical Quality Control” by Douglas 

Montgomery.  But staying with the values we used in this example will work fine for most applications. 

Summary 

This month’s publication introduced the Exponentially Weighted Moving Chart (EWMA).  This type of 

control chart is useful when trying to keep a process on target or to detect small shifts in the process 

average.  The EWMA statistic is plotted over time.  The center line on the control chart is usually the 

target.  The control limits depend on the number of samples and will start out curved before they level 

out.  Only points beyond the control limits apply for out of control points. 

Upcoming Release of SPC for Excel Version 5 

We are preparing to release version 5 of our SPC for Excel software.  This new version is packed with 

new techniques.   These include: 

 26 different charting options to monitor your processes 

 Multiple histograms 

 Group histograms 

 Non-normal process capability 

 Box-Cox and Johnson data transformation 

 Distribution fitting 

 Power and sample size calculations 

 Maintain customized formatting on charts when updating 

Purchase our version 4 at current pricing between now and October 15 and qualify for a free upgrade 

to version 5. 
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Our anticipated release data is October 15, 2014. For more details on SPC for Excel Version 5, please 

click here.   

Quick Links 

Visit our home page 

SPC for Excel Software 

Preview of Version 5 

SPC Training 

SPC Consulting 

SPC Knowledge Base 

Ordering Information 

Thanks so much for reading our publication. We hope you find it informative and useful. Happy charting 
and may the data always support your position. 
 
Sincerely, 
 
Dr. Bill McNeese 
BPI Consulting, LLC 
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