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CHAPTER 1 

 

INTRODUCTION 

 

 

1.1 The Control Chart 

The history of process monitoring is very old and it had always been there 

informally in one form or the other. Formally on 16 May 1924, Dr. Walter A. 

Shewhart introduced control charting procedures for process monitoring. Later, 

Statistical Process Control (SPC) became an important branch of process monitoring. 

In SPC, processes are monitored for their stability with respect to different parameters 

using statistical techniques like Control Charts, Check Sheets, Pareto Diagrams, 

Histograms etc. The statistical techniques for process monitoring are now referred to 

as the SPC tool-kit.  

SPC is a collection of different methods that are used to examine a process and 

to improve the quality of its products (cf. Does, Roes and Trip (1999)). Out of these 

methods, the control chart is the most important and the most commonly used tool. 

According to Montgomery (1996): “Control chart is a graphical display of a quality 

characteristic that has been measured or computed from a sample versus the sample 

number or time. It contains a center line, that represents the average value of the 

quality characteristic corresponding to the in-control state, and the two horizontal 

lines called upper and lower control limits”. The lines mentioned are abbreviated by 

CL, UCL and LCL. 

Control charts for quantitative quality characteristics (e.g. weight, volume etc.) 

are referred to as variables control charts whereas control charts for qualitative quality 
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characteristics (e.g. defective/non-defective, good/bad etc.) are referred to as 

attributes control charts. This study deals with variables control charts. In variables 

control charts, control charts for location and spread parameters are generally of most 

interest. Location charts monitor the process mean while dispersion charts monitor the 

process spread. These control charts are used for detecting changes in the process with 

respect to some quality characteristics. The changes may occur both in the average as 

well as in the spread of the relevant quality characteristic. It is therefore, essential to 

control both of them using control charts, one for the process average and the other 

for the process spread. 

The literature on process control provides a variety of charts to monitor 

dispersion and location parameters of any process. These include Shewhart-type 

control charts, Cumulative Sum (CUSUM) charts (cf. Page, 1954) and Exponentially 

Weighted Moving Average (EWMA) charts (cf. Roberts, 1959). To refer a few of the 

papers which have inspired our research: Pearson (1932) considered the percentage 

limits for the distribution of the range when samples are from a normal distribution. 

Ferrell (1953) used midranges and medians for constructing control charts. Goel and 

Wu (1971) determined Average Run Lengths (ARLs) and contour nomograms for 

controlling means of normal populations using CUSUMS schemes. Chiu (1974) 

discussed about controlling of means of normal populations using CUSUMS designs. 

Chiu and Wetherill (1974) gave a simplified scheme for the economic design of the 

X  chart. Schilling and Nelson (1976) examined the non-normality effect on the 

design structure of the X  chart. Langenberg and Iglewicz (1986) constructed control 

charts using trimmed means and ranges. White and Schroeder (1987) discussed the 

idea of simultaneous control charts. Rocke (1989) and Tatum (1997) discussed about 

robust control charts. Battaglia (1993) used the idea of regression based statistical 
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process control. Pappanastos and Adams (1996) provided an alternative design for the 

Hodges-Lehmann control chart. Ramalhoto and Morais (1999) developed Shewhart 

control charts for the scale parameter of a Weibull control variable. Gonzalez and 

Viles (2000, 2001) developed designs of X  and R control charts for the case of a 

Gamma distribution. Yeh et al. (2003) proposed the V-chart for monitoring process 

variability. Woodall et al. (2004) considered the idea of control charts for the 

situations where the quality of product is better characterized by a relationship 

between a quality characteristic of interest and one or more explanatory variables. Shu 

et al. (2004) considered a Shewhart control chart and an EWMA control chart for 

regression residuals. Khoo and Quah (2004) developed some new multivariate control 

chart designs for process dispersion by transforming the standard control chart 

statistics. Chang and Gan (2004) developed Shewhart control charts for variance 

components. 

Control charts work in two phases namely Phase-I and Phase-II (cf. Woodall 

and Montgomery, 1999). Phase-I is for retrospective analysis where an initially 

selected set of samples from a process is examined for stability with respect to 

different process parameters. Phase-II is for prospective analysis where future 

samples are examined for any changes in the process parameters. The stable state of a 

process is generally referred to as “In-control situation” and its compliment as “Out-

of-control situation”. Once Phase-I signals an in-control situation, the initial set of 

samples is used to obtain stable parameter estimates to be used for prospective 

analysis of the parameters.  

 In Phase-I, we expect that if there are some inconsistent values (outliers) in the 

initial set of samples, there should be high chances for their detection during 

retrospective analysis. In Phase-II, it is expected that if there are some shifts in 
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process parameters, these should be detected as early as possible during prospective 

analysis. For these purposes, a variety of control charts are available based on 

Shewhart type control charts or CUSUM and EWMA type charts.  

 Following the pioneering work of Walter A. Shewhart, researchers have 

developed a variety of control charts to monitor parameters of any process using 

different classifications and different approaches. Farnum (1994) classified two basic 

types of control: threshold control and deviation control. Threshold control is 

concerned with detecting large shifts while deviation control is concerned with 

detecting small shifts in process parameters. The Shewhart type control charts are 

regarded as threshold control charts while non- Shewhart control charts (e.g. CUSUM 

and EWMA charts) are regarded as deviation control charts. There are different 

approaches which have been used to improve the efficiency of control charts in 

detecting changes in process parameters: e.g. Battagglia (1993) used a regression 

based approach, Chun (2000) used a nonparametric control charting approach, 

Muttlak and Al-Sabah (2001) used a ranked sampling approach, Reynolds and Arnold 

(2001) used a variable sample size approach, Jones et al. (2004) used a CUSUM 

approach, Knoth (2005) used an EWMA approach, Chen and Huanga (2005) used a 

synthetic control charting approach, and He and Grigoryan (2006) used a double 

sampling approach.  

This study proposes different Shewhart type control charts for spread and 

location parameters. The two major concerns of this study are i) Improved process 

monitoring, ii) Robust process monitoring. For improved monitoring of a process 

parameters, use of auxiliary information has been introduced in designing the control 

charts and for robust monitoring of a process, use of robust estimators has been made 
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in designing the control charts. Furthermore, some extensions to EWMA type control 

charts are part of this study. 

 

1.2 Outline of the Thesis 

This thesis contributes to the SPC tool-kit by proposing new control charts for 

the sake of improvement and robustness. Chapters 2 and 3 introduce the use of 

auxiliary information in control charts (Shewhart type) for improved monitoring of 

process location and spread parameters. Chapter 4 presents some univariate control 

charts (Shewhart and EWMA type) for robust monitoring of process spread and 

location parameters. Chapter 5 presents a bivariate generalization of the control chart 

for robust monitoring of the process bivariate spread parameter. Finally, the thesis 

ends with a list of references for this study and a summary.  

It is worth mentioning that  

i) an article entitled “Monitoring Process Mean Level Using Auxiliary Information” 

from the contents of Chapter 2 regarding the rM  chart has been accepted for 

publication in Statistica Neerlandica (cf. Riaz, 2008a);  

ii) an article entitled “Monitoring Process Variability Using Auxiliary Information” 

from the contents of Chapter 3 regarding the rV  chart has been published in 

Computational Statistics (cf. Riaz, 2008b);  

iii) an article entitled “A Process Variability Control Chart” from the contents of 

Chapter 3 regarding the tV  chart has been accepted for publication in Computational 

Statistics (cf. Riaz and Does, 2008a); 

 iv) an article entitled “On Improved Monitoring of Process Variability” from the 

contents of Chapter 3 regarding the zV  chart has  been published in Interstat (cf. 

Riaz, 2007); 
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 v) an article entitled “A Dispersion Control Chart” from the contents of Chapter 4 

regarding the Q  chart has been published in Communications in Statistics - 

Simulation and Computation (cf. Riaz, 2008c);  

vi) an article entitled “A Mean Deviation Based Approach to Monitor Process 

Variability” from Chapter 4 regarding the MD  chart has been accepted for 

publication in Journal of Statistical Computation and Simulation (cf. Riaz and 

Saghir, 2008);  

vii) an article entitled “Probability Weighted Moments Approach to Quality Control 

Charts” from the contents of Chapter 4 regarding the pwS  chart has  been published in 

Economic Quality Control (cf. Muhammad and Riaz, 2006); 

 viii) an article entitled “Monitoring Process Variability Using Gini’s Mean 

Difference” from the contents of Chapter 4 regarding the G  chart has  been published 

in Quality Technology and Quantitative Management (cf. Riaz and Saghir, 2007);  

ix) three articles from Chapter 4 regarding EWMA charts have been published in 

Interstat (cf. Riaz and Abbasi, 2007a and 2007b; Abbasi and Riaz, 2007); 

x) An article from Chapter 4 regarding EWMA charts has been accepted in Fourth 

International Conference on Statistical Sciences (ICSS) - University of Gujrat, 

Gujrat. Pakistan. 2008- May 9-11, Organized by Islamic Countries Society of 

Statistical Sciences (ISOSS)(cf. Riaz and Abbasi, 2008); 

xi) an article entitled “A Comparison of Different Design Schemes for the X  Chart” 

from the contents of Chapter 4 regarding the X  chart has been submitted for 

publication in Journal of Quality Technology (cf. Schoonhoven, Riaz and Does, 

2008);  



 7

xii) an article entitled “An Alternative to the Bivariate Control Chart for Process 

Dispersion” from the contents of Chapter 5 regarding the G
%

 chart has been accepted 

for publication in Quality Engineering (cf. Riaz and Does, 2008b). 
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