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Abstract— This research discusses the comparison between two control charts classical & robust for both types (EWMA-SMQ) and 

(EWMA-SM) for the exponentially weighted moving average, which is showed that the robust (EWMA-SMQ) chart for the process is 

a superior alternative to the (EWMA-SM) chart when the outliers are present in the data. Generally, the (EWMA-SMQ) chart enables 

easier detection of outliers in the subgroups and is also more sensitive to other forms of out-of-control situations when outliers are 

present. Hence, the (EWMA-SMQ) becomes a preferred alternative to be taken and applied in quality control. The data used in this 

research represent the weights of the Al-Sabah Iraqi newspaper published by the Iraqi media networks. Twenty-five samples were 

taken and each sample consisted of five observations. These samples were taken at different production times, as the average weight of 

the newspaper was approximately (150) g. Through the application of the classical control chart (EWMA), exit four points for the upper 

and lower control limits, and the application of (EWMA-SM), (4) points are out of the upper and lower limits of the control; the control 

limits have been extended from the top and bottom sides of the (EWMA-SM) chart, making it less sensitive to the diagnosis of the shift 

in the mean process. The (EWMA-SMQ) chart detected extra points out of control. There were (7) points out of the upper and lower 

limits for the control, tight control limits of the (EWMA-SMQ) chart from the top and bottom sides. Due to this narrowness, three 

additional points were detected. Therefore (EWMA-SMQ) chart is more robust than the (EWMA-SM) control chart. This research 

aims to make a comparative study between the classical and robust for both types (EWMA-SM) & (EWMA-SMQ) for the exponentially 

weighted moving average control chart. The most important result of the research that the (EWMA-SMQ) chart is more suitable than 

the (EWMA-SM) & classical (EWMA) when outliers are present in the data. This gives importance to it to control the quality of the 

product. By this robust chart, the outliers must be detected, investigated and the special cause removed if possible. The presence of 

outliers will reduce the sensitivity of a control chart. The (EWMA-SMQ) control chart is more sensitive to out-of-control conditions 

when outliers are present in data. The limits computed from the estimate of the interquartile ranges for the (EWMA-SMQ) chart are 

less influenced by outliers than the (EWMA-SM) chart where the limits are computed based on the sample ranges. Thus the (EWMA-

SMQ) chart is more robust than the (EWMA-SM) chart. 
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I. INTRODUCTION

The statistical tools are used to control the quality of the 

output and to monitor its control charts. The concept of 

quality is occupied a wide scope in productive, 

administrative, and practical applications, and the quality 

control charts were widely used in industries. The purpose of 

their use is to monitor processes and detect the out-of-control 

patterns. Power control charts lie in their ability to diagnose 

the shift in processes and to distinguish abnormal situations. 

Some previous studies designed the first control chart, and 
several attempts were appeared to develop what began 

Shewhart  [1], [2]. The focus was on what goes wrong on 

Shewhart’s chart that it is less sensitive in detecting of small 

continuous and medium changes the average process 

changed, and try to reduce the limits of control to less than 

three standard deviations from the use of scientific methods. 

The scientist has moved to moving and weighted average 

methods to reduce control limits, helping to reduce 
differences between values, which reduces their deviations. 

Along with extensive use of the chart, other types of charts 

appeared like exponentially weighted moving average charts 

developed [3], the basic goal of this chart is to detect small 

shifts in the control process's goal. Various robust control 

charts appeared, such as a robust exponentially weighted 
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moving average, and the robustness is the right key for proper 

design and application, and implementation. Since Shewhart 

chart proved to be inefficient in detecting small changes in the 

average process, they were limited to detecting large 

deviations only. The alternative solution that treats this 

situation is using control charts exponentially weighted 

moving average classical and robust within the same 

objective. It is subject to detect small deviations in the process 

of productivity that does not appear in the Shewhart chart. It 

deals with current and past observations of the production 

process. The main objective of this research is to make a 
comparative study between the traditional and robust control 

charts for the exponentially weighted moving average. Actual 

data were used to represent the weights of Al-Sabah Iraqi 

newspaper for twenty-five samples of this research, every 

sample consisted of five observations, these samples were 

taken at different times. 

Previous research also provided a run-length distribution of 

exponentially weighted moving average charts and presented 

average operating length (ARL) and standard deviation of 

operation lengths [3]. These were subject to assume a normal 

distribution of observations and then expanded the study for 
many abnormal distribution cases. Another study [4] 

completed scales in the rate of operating length and graphics 

in the selection of optimum values for control charts 

parameters of (EWMA) in designing the (EWMA) control 

chart. Abbas [5] presented several (EWMA) control chart 

schemes based on individual measurement, the sample mean, 

sample range, and moving range statistics. In 1990, the 

(EWMA) control chart was studied, and it was concluded that 

the chart was useful in detecting cyclical changes in the 

average process [6]. It showed that a fast initial response 

(FIR) feature is useful for the (EWMA) chart, especially for 
small values of smoothing constants. Raza [7] proposed a new 

(EWMA) control chart based on (SC) statistic that the area 

below the straight line is a control area that makes the control 

method simpler than other methods and can detect the source 

and direction of the change that occurs during the sampling 

period. Each of them found that this chart was more efficient 

than the Shewhart chart in detecting random deviations that 

occur during the production processes. 

Some previous studies concerned the design and 

optimization of the (EWMA) control chart for areas under 

control and outside under normal distribution assumption [8], 

[9]. Sharaf [10] used the (EWMA) chart for individuals 
indicating that this chart can be considered a new weighted 

average of all previous and current observations, and it is not 

sensitive to normal assumption and therefore is a perfect chart 

for individual observations. The robustness of the (EWMA) 

control chart for individual observations was observed where 

the (EWMA) chart is more robust to the small values of the 

smoothing parameter (�) [11]. (EWMA) The control chart 

was modified, and the modification effectively detected the 

sudden change in the average process [12]. The benefit of 

using the modified (EWMA) chart lies in a good performance 

when the observations follow the normal distribution, 
whether independent or correlated. 

The (EWMA) charts were developed [13] under different 

robust scale estimators (i.e., Gini’s mean difference (G), Sn, 

Qn, MAD. The performance of these charts were compared by 

calculating expected out of control points and expected 

widths under non-symmetric distribution (i.e., Gamma & 

exponential) [14] [15]. This simulation study showed that 

among six robust estimators, the chart based on estimator Qn 

relatively performed well for non-normal processes in terms 

of its shorter expected width and more expected out of control 

points, showing its sensitivity to detect the out-of-control 

signal. 

II. MATERIALS AND METHODS 

A.  Classical Exponentially Weighted Moving Average Chart  

Control charts (EWMA) for the process-mean, provide us 

more sensitivity for the small shifts. It is more than the 

Shewhart chart for the arithmetic mean. It is a good alternative 

to the Shewhart chart when our attention focuses on detecting 

small shifts. It has flexibility in the calculation by choosing a 

weight factor and use this factor to balance primary and recent 

data [16].  

The construction of (EWMA) is concerned with 

monitoring the mean of any production process expressed by 

(Zi) using weighting weight according to the following 
formula: 

 (����)� = 
� = ��� + (1 − �)
��� (1) 

 

Where (�) represents a smoothing constant, whose value is 

determined by the period (0 < � ≤ 1), small values of (�) is 

useful in diagnosing small shifts in the process, and large 

values are useful in diagnosing large shifts in the process. 


� = �� , so that the starting point 
� can be taken as the 

average initial value or 
� = �̄� if there are subgroups. 


�: The mean of historical data (Target). 

��: The observations at the time. 

�: The number of the observations to be monitored. 

�: Smoothing Constant. 

A value of � = 1 implies that only the most recent 

measurement influences the (EWMA). Thus, a considerable 

value of � (closer to 1) gives more weight to recent data and 

less weight to older data, a small value of  � (closer to 0) gives 

more weight to older data. The value of �is usually set 

between (0.2 and 0.3), although this choice is somewhat 

arbitrary [16] give tables that help the user select �. 

Sequential values for 
� where i=1, 2,…,n  named the 

exponentially weighted moving average. If the observations 

are randomly independent in contrast��, 
� would be: 

 ���
� = �� � �

����  1 − (1 − �)��! (2) 

and therefore, the limits of control chart (EWMA) are:  

 #$% = ��& �
���  1 − (1 − �)��! (3) 

 

Either if we have subgroups equal to (m) , and each 

subgroup consist of number of observation equal to (n) , we 

compute the arithmetic mean for the subgroups (�̄�) (The 

arithmetic mean for the subgroup i) , the formula of 
� is as 

follows : 

 (����)� = 
� = ��̄� + (1 − �)
��� (4) 
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The starting point will be (����)� = �� = �̄�, where that 

�̄� = ∑ (̄�)�*+
,  . The control limits are in the case of averages for 

subgroups (�̄�) is  

 #$% = �̄� + 3��& �
.(���)  1 − (1 − �)��! (5) 

%$% = �̄� − 3�& �
.(���)  1 − (1 − �)��!. The standard 

deviation is obtained in several ways:  

 If � is known, it will be compensated. 

 It will be estimated by using the range,�/ = 0
12, where R 

represents the difference between the largest value and 

the lowest value, d2 is fixed control. When we have 

several samples, and each has a range, the mean range 

of the samples is 3� , and the standard deviation is 

estimated according to the formula �/ = 0�
12 . 

 Are estimated using the standard deviation of the 

samples according to �/ = 4�
56 where 7� represent the 

mean and standard deviation of the samples, C4 is the 

fixed control. 

B.  The Robust Exponentially Weighted Moving Average 
chart  

We mentioned that the (EWMA) chart is a good alternative 

to the Shewhart chart in diagnosing small shifts in the process. 

The outliers consist of exceptional single values that occur for 
special reasons, these outliers must be diagnosed and verified 

and the cause removed if possible. The presence of outliers 

reduces the sensitivity of a control chart because the control 

limits extend. Thus, the detection of outliers become more 

difficult. Moreover, the extended limits make them more 

difficult for other types of signals out of control to be detected. 

Therefore, the robust (EWMA) control chart suggested for the 

mean process to diagnose easier for the outliers and increase 

sensitivity to other causes out of control when there are 

outliers. These outliers must be detected, investigated and the 

special cause removed if possible. Outliers' presence will 
reduce the sensitivity of a control chart because the control 

limits are stretched so that the outliers' detection becomes 

difficult. 

Furthermore, these stretched limits also make it more 

difficult for other types of out-of-control signals to be 

detected. Suggestion a robust (EWMA) chart (EWMA-SMQ) 

chart for the process mean as a superior alternative to the 

standard EWMA (EWMA-SM) for the process mean. The 

(EWMA-SMQ) chart is constructed based on the limits that 

are set using an estimate of the process standard deviation 

using the average of the subgroup’s interquartile ranges rather 

than the average of the subgroups range in the case of the 
(EWMA-SM). 

C.  The Robust (EWMA-SM) chart 

The (EWMA-SM) chart is based on the following statistic  

 (���� − 7�)� = 8�̄� + (1 − 8)   (6) 

Where  �̄� is the mean of sample i and (α) is a weighting 

constant.  In the estimation of the limits based on the process 

data, (m) subgroups of size (n) are taken, the average of (m) 

sample means is �̄�  , �̄� is used as the starting point, (���� −
7�)� = �̄� . The average of the (m) sample ranges is computed 

to be(3�). 

The upper and lower control limits of the (EWMA-SM) 

chart are: 

 %$% = �̄� − 9�3�  (7) 

Where  

 9� = :
12√. & <

��<   (8) 

Where d2 is a standard constant whose value depends on the 

sample size (n).  

D. The Robust (EWMA-SMQ) Chart 

The (EWMA-SMQ) control chart depends on the same 

statistics as the previous one mentioned in the equation (6). 

We rewrite it in an accordance with the (EWMA0SMQ) 

control chart as follows:  

 (���� − 7�=)� = 8�̄� + (1 − 8) (9) 

Where  �̄� represents the mean of sample i, (m) subgroups of 

size (n) each must be taken to compute the estimate of the 

process mean. The average of (m) sample mean will be used 
as the starting point in computing (EWMA-SMQ) i chart, i.e. 

(���� − 7�=)� = �̄� . 
In (EWMA-SMQ) chart, the interquartile range (IQR) is 

defined as �> − �? , where it is order statistics, @ = A.
BC  and  

b=n-a+1. The mathematical expectation of (IQR) can be de 

defined as  

 �(D=3) = E�
F�(   (10) 

Where E�
F

 is a constant whose value depends on the sample 

size (n), it is shown in table (1). The standard deviation (�() 

is estimated by: 

  �/( = GF0
12H

 (11) 

Where (D=3) is the average of subgroup interquartile ranges. 
Assuming that all the observed data are independent from one 

sample to another, then 

 I@J(���� − 7�=)� = I@J(�̄) <
��< (12) 

  �(KLMN�4MF)� = OP
√. & <

��< (13) 
The equation (11) uses the average interquartile range to 

estimate the standard deviation of (EWMA-SMQ). The limits 

of the (EWMA-SMQ) control chart is:  

 #$% = �̄� + 3 GF0
12H

& <
��< (14) 

 $$% = (���� − 7�=)� = �̄� (15) 
 %$% = �̄� − 3 GF0

12H
& <

��< (16) 

Accordingly, the calculated control limits based on equation 
(16) will be as follows: 
 %$% = �̄� − Q�D=3 (17) 

G1 for different samples sizes, (n) and smoothing 

constants. 
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III. RESULTS AND DISCUSSION 

The data used in this research represent the weights of Al-

Sabah Iraqi newspaper published by the Iraqi media network, 

twenty-five samples were taken, and each sample consisted of 

five observations, these samples were taken at different times 

of production, as the daily weighted of the paper was 

approximately (150) g. Table 1 represents the weight of the 
Iraqi newspaper Al-Sabah measured by grams.  

TABLE I 

THE WEIGHTS OF AL-SABAH NEWSPAPER 

Processes   
Sample  

5X  4X 3X  2X  1X 
148 148.1 148.6 148.8 150.3 1 

149.3 150.7 150.1 150.2 150.9 2 
146.4 148 146.8 145.7 146 3 
150.3 149.1 150.3 151.5 150.2 4 
150.8 150.7 148.7 148.4 149.1 5 
148.6 149.8 151.8 150 152.2 6  

147.7 149.5 149.3 148.4 147.1 7 
150.3 151.3 151.5 149.8 149.9 8 
148.7 148.4 147.9 149.3 149.7 9 
150.3 151.5 150.2 150.3 149.9 10 
146.3 145.5 145.7 146.3 145.9 11 
149.6 149.9 151.7 150.4 151.9 12  
147.8 148.2 147.8 148.9 146.9 13 
145.4 147.2 145.6 145.7 144.5 14 
148.7 150.4 150.6 148.6 149.6 15  

153.3 152.1 151 151.6 151.3 16  
148.2 150 149.4 149.9 149.2 17  
147.1 148.5 149.1 148.9 149.6 18 
148 147.6 146.3 145.8 145.4 19  

149.5 150 152.7 149.9 150 20 
147 147 147.9 146.2 147.6 21 

148.9 149 151.2 150.2 149 22  
151 152 151 150.8 150.7 23 

147.5 145.6 144.9 144.2 144.6 24 
150.9 150.7 152.8 151.3 150.4 25  

A.  Calculating the Classical (EWMA) control Chart 

From Table 2, we obtained the value of  0.149x  , we 

take 2.0 , using the equation (4), we obtained values of 

iEWMA)(  

For the first sample a value of  1)(EWMA  be  

(����)� = 
� = (0.2)(148.76) + (0.8)(149.0)
= 148.95 

Similarly, we calculate the other samples, even the sample 

(25)  

(����)�Z = 
�Z = (0.2)(150.44) + (0.8)(148.48)
= 148.87 

All values are shown in Table 2. The standard deviation is 

estimated according to �/ = 0�
12 = �.�[B

�.:�[ = 0.93 Where we 

obtained 3� = 2.164from Table 2, and so we obtained the 

value of E� = 326. Moreover, to calculate the classical 

(EWMA) chart's control limits, we use the equations 

mentioned in (5). 

For the first sample, the control limits will be  

#$%� = 149.00 + 0.2494 = 149.25 

$$%� = 149.00 

%$%� = 149.00 − 0.2494 = 148.75 

Similarly, we calculate the control limits for the other sample 

and up to the twenty-five samples. The values of control limits 

are all shown in Table 3. Figure 1 shows the limits of control. 

 

 
Fig.1 The control limits for the classical (EWMA) chart 

 

Figure 1 shows that there are (4) points out of the upper and 

the lower control limits. The classical (EWMA) control chart 

detects out of control points at subgroups 8, 10, 14, and 24. 

B. Calculating the Robust (EWMA) Control Chart 

From Table 2, we obtained the values of both  

 00.149X   ,       XEWMA 
0

)(    ,      64.1R   
By using equation (6), (EWMA-SM) values can be 

obtained for twenty-five samples. These are the same values 

that we have obtained in the traditional (EWMA) chart 

application side. Using equation (7), we fined the robust 

(EWMA-SM) control limits. We obtained the value of 

9�(]*^.2,_*`) = 0.192, or can be obtained manually through the 

formula in equation (8) to find the control limits. 

#$%(KLMN�4M) = 149.00 + (0.192)(2.164) = 149.42 

$$%(KLMN�4M) = 149.00.  

%$%(KLMN�4M) = 149.00 − (0.192)(2.164) = 148.58  

Figure 2 shows the control limits for the robust (EWMA-SM) 

chart. 

 

 
Fig. 2 The control limits for robust (EWMA-SM) chart 

 

Figure 2 shows that there are four points out of the upper 

and lower control limits. The (EWMA-SM) control chart 

signals at subgroups 8, 10, 14, and 24. Widening the (EWMA-
SM) chart limits so that the chart is less sensitive in detecting 

shifts in the mean.  
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C.  Calculating the Robust (EWMA-SMQ) Control Chart 

We obtained the values of a=2 and b=4;  we can also find 

them manually where  

@ =  �/4! + 1 

@ =  5/4! + 1 = 2 

b = � − @ + 1 

b = 5 − 2 + 1 = 4 

Interquartile Range (IQR) = c(>) − c(?) 
=  c(B) − c(�)  

 

To find the interquartile ranges, the observations are 

arranged in each of twenty-five subgroups. By subtracting the 

Q2 from Q4 for all subgroups, we obtained the values of 

interquartile ranges. It is shown in the Table 2. 

By using the equation (11), we obtained  

�/d = 0.896
0.9900 = 0.9051 

By using equation (14) we obtained the value  

�/(KLMN�4MF) = 0.896
0.9900(2.2361) (0.3333) = 0.1349 

To find the control limits, we used the equations (17), the 

value ofQ� = 0.4517. It can also be calculated manually 

according to the formula in equation (16). Thus, the control 

limits are as follows: 

#$%(KLMN_4MF) = 149.00 + 0.4517(0.896) = 149.40 

$$%(KLMN�4MF)^ = c�� = 149.00 

%$%(KLMN_4MF) = 149.00 − 0.4517(0.896) = 148.60 

Figure (3) shows the control limits of the robust (EWMA-

SMQ) chart. 

 

 
Fig 3. The control limits for robust (EWMA-SMQ) chart 

 

Figure 3 shows that there are seven points out of the upper 

and lower control limit. The (EWMA-SMQ) control chart 

signals at subgroups 8, 10, 14, 15, 19, 21, and 24. The 

(EWMA-SMQ) control chart detects three additional out of 

control points (i.e., subgroups 15, 19, and 21) besides the four 

points at subgroups 8, 10, 14, and 24. 

 

 

 

TABLE II 

THE VALUES SUBGROUPS SAMPLE MEANS, SAMPLE RANGES, SAMPLE 

INTERQUARTILE RANGES AND EWMA STATISTICS 

EWMA IQR R X  sample 

148.95 0.7 2.3 148.76 1 

149.21 0.6 1.6 150.24 2 

148.69 0.8 2.3 146.58 3 

149.01 0.1 2.4 150.28 4 

149. 12 2.0 2.4 149.54 5 

149.40 2.0 3.6 150.48 6 

149.20 1.6 2.4 148.4 7 

149.43 1.4 1.7 150.36 8 

149.30 0.9 1.8 148.8 9 

149.68 0.9 2.4 151.22 10 

148.93 0.6 0.8 145.94 11 

149.28 1.8 2.3 150.7 12 

149.00 0.4 2 147.92 13 

148.34 0.3 2.7 145.68 14 

148.59 1.7 2 149.58 15 

149.16 0.3 1.1 151.46 16 

149.20 0.7 1.8 149.34 17 

149.09 0.6 2.5 148.64 18 

148.59 1.8 2.6 146.62 19 

148.95 0.1 3.2 150.42 20 

148.59 0.6 1.7 147.14 21 

148.80 1.2 2.3 149.66 22 

149.26 0.2 1.3 151.1 23 

148.48 1 3.3 145.36 24 

148.87 0.1 1.6 150.44 25 

 896.0IQR164.2R  00.149X  
 

TABLE III 

 CONTROL LIMITS FOR THE ROBUST AND CLASSICAL CONTROL CHARTS 

����4MF  ����4M ����5f Samples 

LCL UCL LCL UCL LCL UCL  

148.60 149.40 148.58 149.42 148.75 149.25 1 

148.60 149.40 148.58 149.42 148.68 149.32 2 

148.60 149.40 148.58 149.42 148.64 149.36 3 

148.60 149.40 148.58 149.42 148.62 149.38 4 

148.60 149.40 148.58 149.42 148.61 149.39 5 

148.60 149.40 148.58 149.42 148.60 149.40 6 

148.60 149.40 148.58 149.42 148.59 149.41 7 

148.60 149.40 148.58 149.42 148.59 149.41 8 

148.60 149.40 148.58 149.42 148.59 149.41 9 

148.60 149.40 148.58 149.42 148.59 149.41 10 

148.60 149.40 148.58 149.42 148.59 149.41 11 

148.60 149.40 148.58 149.42 148.59 149.41 12 

148.60 149.40 148.58 149.42 148.59 149.41 13 

148.60 149.40 148.58 149.42 148.59 149.41 14 

148.60 149.40 148.58 149.42 148.59 149.41 15 

148.60 149.40 148.58 149.42 148.59 149.41 16 

148.60 149.40 148.58 149.42 148.59 149.41 17 

148.60 149.40 148.58 149.42 148.59 149.41 18 

148.60 149.40 148.58 149.42 148.59 149.41 19 

148.60 149.40 148.58 149.42 148.59 149.41 20 

148.60 149.40 148.58 149.42 148.59 149.41 21 

148.60 149.40 148.58 149.42 148.59 149.41 22 

148.60 149.40 148.58 149.42 148.59 149.41 23 

148.60 149.40 148.58 149.42 148.59 149.41 24 

148.60 149.40 148.58 149.42 148.59 149.41 25 
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IV. CONCLUSIONS 

This study found that by the application of (EWMA) 

classical control chart, exit four points out of control for the 

upper and lower limits control. The first point (149.43) was at 

the eight subgroup and the second point (149.68) was at the 

ten subgroup; these two points are out of the upper control 

limit. The third point (148.34) was at the fourteen subgroup 
and the fourth point (148.48) was at the twenty-four subgroup; 

these two points are out of the lower control limit. The 

presence of outliers in data of subgroups reduces the control 

chart's sensitivity because the control limits are stretched so 

that the outliers' detection becomes more difficult. 

This study also found that through the application of 

(EWMA-SM), four points are out of the upper and lower 

limits of control. The first point (149.43) was at the eighth 

subgroup and the second two-point (149.68) was at the ten 

subgroups; these two points are out of the upper control limit. 

The third point (148.34) was at fourteen subgroups, and the 
fourth point (148.48) was at twenty-four subgroups; these two 

points are out of the lower control limit. 

The control limits have been extended from the top and 

bottom sides of the (EWMA-SM) chart, making it less 

sensitive to the diagnosis of the shift in the mean process. The 

upper limit of control will be (149.42). The lower limit of 

control will be (148.58); its expansion could not diagnose 

other points out of control because of its expansion. However, 

it identified the same points mentioned in paragraph 3; the 

traditional control chart identified the same points. 

The (EWMA-SMQ) chart detected extra points out of 

control from the bottom side, which is (148,59), (148.59), 
(148.59) belonging to subgroups (15), (19), (21), respectively. 

In addition to the previous points identified by the two charts 

((EWMA) & (EWMA-SM) at subgroups (8), (10), (14), (24), 

respectively. Due to narrowness limits control of the 

(EWMA-SMQ) chart, three additional out of control points 

were detected, which were belonging to subgroups (15), (19), 

(21), respectively, which were mentioned in figure 3. Both the 

(EWMA-SM) & (EWMA-SMQ) charts were able to diagnose 

the points out of control from the top, but only (EWMA-

SMQ) chart was able to diagnose the shift in the process by 

detecting points from the bottom out of control, while 
(EWMA-SM) failed to diagnose them. 

Widening the (EWMA-SM) chart limits so that the chart is 

less sensitive in detecting shifts in the mean. On the contrary, 

the (EWMA-SMQ) chart does not face this problem since its 

limits are computed based on the average sample interquartile 

range. Tight the limits of (EWMA-SMQ) so that the chart is 

more sensitive when outliers are present in data. (EWMA-

SMQ) the chart is more robust than the (EWMA-SM) chart 

because outliers less influence the (EWMA-SMQ) chart 

compared to the (EWMA-SM) chart whose limits are 

computed based on the sample ranges. The (EWMA-SMQ) 
chart is superior to the (EWMA-SM) chart when only outliers 

present. 
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