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Introduction
In quality monitoring the mean and r.ariance u,ere monitored separatcl,v b1, using Shel,,,har1.
cumulative sum (CUSUM) and exponentially weightcd moving average (EWMA) control
chafis.Gan (.1991) emphasized that quality monitoring is rcally a bivaliate problem, r.vhich
should not be dealt with as two separate univarite problerrs. Monitoring the mean or
variance separately might deceive quality control engineers into making inferences
conceming the mean or tlre variance charl r,r,ithout making refercnce to the other. Thcrefole
joint monitoring of process mean and variance became necessity. Gan (1997) discusscd tu,o
types of Shelvhart cornbined schems one rvith rcctangular control region and other u.ith
elliptical contr-ol region. The CUSUM and EWMA chafis can be combined for joint
monitoring and it is given Gan (1995). Max charting scheme for joint ruonitoring u'as
proposed by Chen and Cheng (1998). Max EWMA and EWMA-ser.nicircle schemes r.vere
proposed by Chen et al in 2001 and 200,1 respectively. For comparir.rg the perfonnances of
these combined joint monitoring schemes, a standard method is reqr-rired and it is proposed
in this paper. The average run length (ARL) properties of thc cornbinecl schemes wcre used
lor comparing the performances.

Nlethodolog-_v
The ARL is the average ntimber of samples taken until an out-of-control signal is issued in
quality control schemes. The control limits lor a quality control schcmes are usgally
deten.nined based on fhe ARL consideration and the perfonlances of the dilferent quality
control charting schemes are compared by using the out of control ARLs for particular shift
in process mean. The scheme u,hich gives lorvest out-of-control ARL u,hen there is a shift
in process tnean is considered to be the best scheme. The same tcchnique is follor,vecl to
compare the perfonr.rance of the control charting schemes lor the process variance. Let X,;
denote a cefiain quality characteristic of a process uhere I is the sample nnmber, j is the j'f'
unit of the sample and j : 1,2, ..., n. It is assumed that X,j's are independcntly and
identically normally distributed random variables r,vith n.rean plp and standard deviation o..
For a standard cornparison the sarnple mcan X, and sample valiance Sr2 can be stanclardized

os U, =fff, arrd t/. : o-' l, (t=;n - t)l respecyivety wher.e H(:!:l'sl;, -
\

1) = H(*; v): P(W <w)forW-Xj. tl.re chi-square clistribution u,ith v degrees ol
freedorr. For each sample there rvill be a standardizcd rlean U, and standardized variance
V,. Any schemes lor monitoring U, will have the Upper Control limit (UCLNI) and lorver'
control limit (LCL'r) r'vith in control ARL of ARL\1. In the same \\,ay any schemes fbr-
monitoring V, will have the Upper Control limit (UCL\ ) and lovn,er control limit (LCL1 )
i.vith in control ARL of ARL1.. The combined charting schemes lor monitoringU, and V,lvill
have the in-control ARL of ARL. rvhere #=fi;+r*|rntr tect.rnique can be
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programmed in any advance statistical softw'are and comparison of the combincd charling
schcmes become easy and standard. Any studied schemes can be compared among them
usilrg the indcx

Es,a6: too-(ARL,'' "r:gl:':l- AR 
)xroo

Where
Es,a,6 = Ef f icincy of S scheme f or Lshiftinmelnandd shi-ftinuariance
ARLon-of-rontrot = Out- of - controlARL f or LshiftinmeanandS shi.ft

invarianceforSScheme
ARLMi,, : MinimumOut- of - ontrolARL f or Ashiftinmeanand6 shift

invclriance among the schemes.
Discussion and Conclusion
A sample comparison of combined monitoring schemes is shown in Figure 1. fbr a

simulated data. In this comparison threcShewhart combincd schemes rvith rectangular

control region (SS.), elliptical control region (SS") and distance control region (SD) are

cornpared for efficiency. The cor.nparison of efficiency of different corr-rbined schen-rcs is
r erv obvious in this proposed mcthod.
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Figure 1: Efficiency Index E5,n,5 for Dillerent shifts in d for ARI- 250
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