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1. INTRODUCTION 

    Control charts are important tools in statistical quality control. They are used to 

effectively monitor and determine weather a process is in-control or out-of-control. 

The emphasis in control charting techniques traditionally has been focused on 

monitoring the mean of a quality characteristic. Shewhart (1931) first developed the 

X  control chart to monitor the process mean. The control chart is easy to implement, 

hence it has been widely used for industrial process. However, there exists a major 

disadvantage of the Shewhart control chart that it is relatively insensitive to small 

shifts of process parameters. Recently, in the literature, more attention has been 

focused on the importance of monitoring process variation. Since a change in the 

process variation can affect the statistic being plotted on a means chart, awareness of 

the change in process variation can prevent an erroneous interpretation of the chart 

being used to monitor the mean. Two basic and simple charts that Montgomery (2005) 

and many others recommend for monitoring the standard deviation, σ , of a quality 

characteristic are the Shewhart R- and S-charts. Since the Shewhart-type charts, they 

are also insensitive to small shifts in the process.  

Roberts (1959) first introduced the exponentially weighted moving average 

(EWMA) control chart and shows, by simulation, that EWMA control chart is 

powerful for detecting small shifts in the mean of a process. Crowder (1987a, 1987b) 

provides a numerical procedure and a computer program to calculate the 

approximated average run length of the EWMA control charts. Crowder and Hamilton 

(1992), MacGregor and Harris (1993) and Castagliola (2005a, 2005b) proposed the 

EWMA control chart to monitor the process variance or range. Since EWMA control 

charts are sensitive in detecting small changes in the process mean and variance, the 

EWMA technique has received a great deal of attention and gained extensive 

applications in the field of quality control. Gan (1995) proposed two EWMA control 
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charts to monitor the process mean and variability, simultaneously. Using two control 

charts to control mean and variance sometimes are inconvenient and time-consuming. 

Chen, Cheng, Xie (2001, 2004) and Costa, Rahim (2006) discussed the approach of 

combining two EWMA control charts into one chart.  

All above papers only consider a single process step. However, most of products 

are produced by several different process steps, recently. For monitoring a process 

with two dependent steps, a powerful and popular approach proposed by Zhang (1984) 

is called cause-selecting control chart. The cause-selecting control chart is constructed 

for values of the outgoing quality Y  that is adjusted for the effect of the in-coming 

quality X . The advantage of this approach is that it is easy to determine the second 

step of the process is out-of-control. Wade and Woodall (1993) review and analyze the 

cause-selecting control chart and examine the relationship between the 

cause-selecting control chart and Hotelling 2T  control chart. In their opinion, the 

cause-selecting control outperforms the Hotelling 2T  control chart and the higher 

the correlation the easier it is for the cause-selecting chart to detect the shift. 

Therefore, it seems reasonable to adopt the cause-selecting control chart to monitor a 

process with two dependent process steps. 

In this article, (1) we propose three kinds of EWMA control charts, 
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charts, to monitor the process mean and variance for a single process step, and (2) 

extend the three kinds of EWMA control charts in (1) to control two dependent steps. 

The performance of the proposed control charts is measured by using the Markov 

chain approach. The application of the proposed control charts is illustrated by using 

some numerical examples, and the performance of the proposed charts is compared by 

using some numerical examples. 


