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1. INTRODUCTION 

Traditional statistical process control methods recommend monitoring a 

process by selecting rational subgroups of equal size at fixed sampling 

interval. If the sample statistics fall between fixed control limits, the 

process is said to be in-control. Shewhart [1931] control charts provide an 

excellent result in detecting large process mean shifts. However, small 

and moderate shifts in process mean are expected in reality. Consequently, 

several alternatives control methods have been proposed to improve the 

performance of the Shewhart control charts. Some of these methods 

include run rule, EWMA, CUSUM, etc. In recent years, variable design 

parameters control charts have received much attention. 

The idea of varying the X  control chart parameters as a function of what 

is observed from the process was introduced by Reynolds, etc [1988] and 

Runger & Pignatiello [1991]. In their paper, they compare the fixed and 

variable sampling interval X  control charts that indicate the variable 

sampling interval control chart is substantially more efficient. The idea of 

variable sampling interval was extended to CUSUM (see Reynolds, Amin 

& Arnold [1990]) and EWMA (see Reynolds [1996] and Capizzi & 

Masarotto [2003]) charts. It shows in the paper mentioned above that 

adaptive CUSUM and EWMA are considerably more efficient than fixed 

design parameters cumulative sum (CUSUM) and exponentially weighted 

moving average (EWMA) control charts. The sample size was the second 

design parameter to be considered variable. Costa [1994] considers the 

sample should be large if the sample statistics of the preceding sample is 

close to but not actually outside the control limits and small if the sample 

statistics is close to the target. In his paper, the properties of the variable 

sample size X  chart are obtained using Markov chains. It shows that the 

variable sample size X  chart is substantially quicker than the traditional 
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X  chart in detecting moderate shifts in the process. Subsequently, both 

the design parameters of sampling interval and sample size were 

considered by Prabhu, Montgomery & Runger [1994] and Costa [1997].  

They show that the X  chart with variable sampling interval and sample 

size are quicker than the traditional X  chart in detecting shifts in the 

process. Costa [1999b] extends the study of the X  chart with variable 

design parameters to include variable control limits. His paper shows that 

X  chart with variable all design parameters make more powerful than 

the CUSUM chart scheme in detecting shifts in process mean. Costa 

[1998] and [1999a] extended these studies for processes that are 

monitored by both X  and R charts. And a Markov chain model is used 

to determine the properties of the joint X  and R charts with variable two 

or three design parameters. Their scheme improves the joint X  and R 

charts performance in terms of the speed of detected the process mean 

and/or variance shifts. The properties of the adaptive control charts are 

evaluated using the average time to signal (ATS) and/or the adjusted 

average time to signal (AATS) in most paper that mentioned above. The 

Markov chain approach has been used to derive ATS and AATS. Costa 

[1999c] is given a Fortran computer program for the computation of the 

ATS and AATS for adaptive X  control charts with one, two, or all 

three-design parameters variable. Yang & Su [2004] proposes adaptive 

control charts to monitor two dependent process steps, and their ATS is 

calculated by Markov chain approach to measure the performance of the 

performance of these proposed control charts. 

A concept of economic design control chart is a good approach used in 

selection of these three parameters. Duncan’s [1956] model for the 

economic design of X  control charts has been widely studied in the 

literature. Chiu [1975] proposes a cost function model for the current 
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control of the number of defectives by an np-chart. In his paper, a 

loss-cost function is established and the method of minimizing it is 

studied, which leads to an algorithm for the determination of the most 

economic control parameters. Banerjee & Rahim [1988] modifies 

Duncan’s cost function model for the economic design of X  control 

charts is extended to deal with situations involving the Weibull shock 

model. Banerjee & Rahim [1987] presents an alternative approach to the 

development of cost function model using renewal theory. Depending 

upon the state of the process at every sampling time, we can compute the 

expected residual cycle time and the expected residual cycle cost. This 

expected value, together with the associated probabilities, leads us to 

formulate the renewal equation. Yang [1997] first extended the approach 

to economic control charts for two dependent processes. In her paper, the 

multiple assignable cause economic models for an individual X chart and 

cause-selecting control chart are proposed. Yang & Chen [2003] is 

extended to two dependent processes with two failure mechanisms. 

The adaptive economic control charts are considered by Parkhideh & 

Case [1989], Ohta & Rahim [1997], Prabhu, Montgomery & Runger 

[1997], Park & Reynolds [1999] and Magalhaes, Epprecht & Costa 

[2001]. The above articles derive the cost function model using 

complicated mathematical. Costa & Rahim [2001] considers the 

economic design of the variable all design parameters. The Markov chain 

approach allows us to obtain the chart’s properties much more easily than 

the approach used by Park and Reynolds [1999]. 

In this article, a renewal theory approach is used to derive an expression 

for the expected cost per unit production time of adaptive sampling 

interval economic control chart. We have analyzed economic models for 

the design of control charts using a renewal equation approach. The main 
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objective is to demonstrate the mathematical simplicity achieved by 

adopting a renewal theory. 


