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1 INTRODUCTION 

    In the past eighty years, Shewhart control charts are useful tool in real industry. 

The control charts with upper control limit and lower control limit are used to detect if 

the process shifts for maintaining the stable quality. Before using the control charts, 

we need to determine three design parameters. The three design parameters are, the 

sampling interval, t, the sample size, n, and the control limit coefficient, k. Since the 

Shewhart control charts do not have good detect ability for process with small shift, 

the adaptive control schemes are proposed to improve the performance. 

    The properties of the X  charts with variable sampling intervals (VSI) were 

studied by Reynolds, Amin, Arnold and Nachlas (1988). It is the first literature to 

consider the problem of using VSI chart to monitor the process mean. The results in 

this article have shown that the VSI X  control chart can reduce the time required by 

the chart to detect small and moderate shifts in the process mean. Subsequently, 

Reynolds and Arnold (1989), Reynolds (1989), Runger and Pignatiello (1991), 

Runger and Montgomery (1993), Amin and Miller (1993), Reynolds (1995), Reynolds, 

Arnold and Baik (1996), and Reynolds (1996) have extended to study the properties 

of control charts with the variable sampling intervals. Chengalur, Arnold and 

Reynolds (1989) were the first to consider the problem of using VSI control charts to 

simultaneously monitor the process mean and variance. The findings in these papers 
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are that the adaptive VSI charts are substantially more efficient than the 

corresponding static charts with fixed sampling intervals. 

    Daudin (1992) considered the X  charts with double sampling, that is, two 

samples are taken from the process each time, but the second sample is necessary only 

if the first one is not enough to decide if the process is in control. Prabhu, Runger and 

Keats (1993) and Costa (1994) proposed and examined the properties and 

performance of variable sample sizes (VSS) X  charts.  

    Prabhu, Montgomery and Runger (1994) studied the properties of the X  chart 

with both the sample sizes and sampling intervals variable (VSSI) under the 

assumption that the shift in the process mean occurs at the beginning when process is 

just starting. Costa (1997) focused on the VSSI X  chart under the assumption that 

the process starts in statistical control. These papers found that the VSSI X  chart is 

quickly than the VSI or VSS charts in detecting moderate shift in the process. Costa 

(1999a) also extended the VSSI scheme to the joint X  and R charts. 

    Costa (1999b) studied the variable parameters (VP) X  chart, which is the X  

chart with all the variable design parameters, including the sample size, the sampling 

interval and the control limit coefficient. Costa (1998) also extended the VP scheme to 

the joint X  and R charts. The VP feature improves the joint X  and R control 

charts performance in terms of the speed with which the process mean and/or variance 
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shifts are detected. 

    Tagaras (1998) presented the substantial recent developments in the statistical 

and economic design of adaptive charts that allowed some of their design parameters 

to change during production. Comparisons between adaptive and static charts are 

provided and discussed. It is concluded that utilization of adaptive charts can improve 

the effectiveness of process monitoring significantly.  

    Zhang (1984) proposed the cause-selecting control chart by using the residuals to 

monitor the second step of two dependent process steps. The cause-selecting control 

chart is similar to the regression control chart of Mandel (1969) in that a control chart 

is constructed for a variable only after the observations have been adjusted for the 

effect of some other random variables. The cause-selecting control chart of Zhang is 

design to further distinguish between controllable assignable causes and 

uncontrollable assignable causes. The controllable assignable causes may only affect 

the current subprocess but not previous subprocesses. The uncontrollable assignable 

causes may only affect previous subprocesses that can not be controlled at the current 

subprocess. Therefore, using the cause-selecting control chart can determine if the 

second step is out-of-control. It is better than using two individual Shewhart control 

charts on the two dependent process steps. Wade and Woodall (1993) reviewed the 

concepts of the cause-selecting chart and examined the relationship between the 



 4

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

cause-selecting approach proposed by Zhang (1984) is an improvement over the use 

of separate Shewhart control charts for each of two related quality characteristics. The 

cause-selecting system takes into account the relationship between the two dependent 

processes that the separate charts do not. The correlation between the two dependent 

process steps does have an impact on the ability of the cause-selecting control charts 

to detect shifts in the second step. The smaller the correlation the harder it is for the 

charts to detect the shift. The cause-selecting control chart approach also has an 

advantage over the multivariate Hotelling 2T  chart in that it provides diagnostic 

information regarding which subprocess is out of control. 

    However, Zhang (1984) and Wade and Woodall (1993) considered the 

cause-selecting chart with sample size one. The studies about construction of 

cause-selecting charts with sample size greater than one are discussed by Yang (2005) 

for joint X  and e  cause-selecting charts. The properties of the joint VSS X  and 

e  charts were studied in Yang and Su (2006), the charts with VSI scheme were 

proposed in Yang and Su (2007a), and the VSSI X - e  charts were addressed in Yang 

and Su (2007b). 

    Yang and Yang (2006) addressed the 2
x-SX  and 2

e-Se  charts for two dependent 

process steps with over-adjusted means and variances. Yang and Chen (2007a) 
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extended their concept to design the charts with variable sampling intervals. Yang and 

Chen (2007b) also discussed the properties of the VSI 2
xSx Z-Z  and 2

eSe Z-Z  charts 

for the process with correct adjustment. In these papers, they fit a general regression 

model of Y  and X  by using all samples. However, another method also proposed 

by Kang and Albin (2000) is to obtain a synthetic regression model by average all 

regression models which are fitted using each sample. They recommended the method 

because it can get an unbiased estimator of variance and reflect the variability within 

the samples. 

    Many papers discussed about using a single control chart to monitor both the 

process mean and variance at the same time. Chen and Cheng (1998) proposed using 

a Max chart to combine X  and xS  charts for a single step, and it is a good method 

to monitor the process. However, use double Max charts to monitor two dependent 

steps have not been discussed yet. In our study, the 2
xSx Z-Z  control charts, the 

V-U  control charts and the Max-M control charts are extended to control mean and 

variance on two dependent steps. And we also consider the adaptive control scheme in 

the V-U  control charts and the Max-M control charts. The next section describes 

the concept of two dependent process steps. The design of VP V-U  control charts 

and VP Max-M control charts are described in section 3 and section 4 respectively. 

Section 5 illustrates the application of V-U  and Max-M control charts for two 
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dependent steps, a numerical example is given and some data analyses results are used 

to compare their performance. Finally, we give the study summary and future 

research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


