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A Robust Control Chart for Variability
with Modified Trimmed Mean and
Standard Deviation

S. Sathish* and SK . K hadar Babu*

Abstract : Control Chart is useful to identify the process is under control or not. Usually, Mean and Standard
deviation of the samples plays a vital role for the construction of control charts. This paper mainly focuses on
the dispersion measures like, Range, Quartile deviation and Standard deviation as the quality characteristics.
Classical method of estimating the parameters of the sampling distribution may be affected by the presence of
outliers. In order to overcome such situation, robust estimators, which are the functions of the all sample
observations and to estimate the trimmed measures, are introduced in Engineering machine learning
applications. Authors are estimate the trimmed measures, which are constructed with the data between 25%
to 75% sample observations and construct the control chart for variability. Finally, this robust control chart is
compared with s-chart in terms of its efficiency to detect outliers or assignable causes of variation.
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1. INTRODUCTION

Shewhart control chart for sample standard deviationisawidely used processcontrol technique. Performance
of control chart isdepending on designingitslimits, as narrowing or widening limitsinfluence probability of type 1
andtype2 errorsrespectively . Itsperformance canaso affected by the presence of outliers. Assample standard
deviation isdefined on all datapointsin asample, it isinfluenced by theextreme values present inthe subgroup. I
subgroup takeninphase 1 contain outliers, 3-agmalimitsof s-chart may inflateand outliersremain unnoticed. This
chart isbased on the assumption that the underlying distribution of qudity characteristicsis approximetely normaly
distributed, even though the actual process dispersion of shaslong right tail. If robust measures are used to
estimate processdispersonand to construct thelimits, It can overcome such problem.

A robust estimator isan estimator that isinsengtive to changesin the underlying distributionand also resstant
againgt the presence of outliers. There are many robust measures of location and scale available in literature.
Wilcox (2012) sayshy substituting robust measuresof location and scalefor the usual mean and standard variance,
it should bepossibleto obtaintes gatisticswhichare insengtiveto the combined effectsof varianceheterogeneiety
and non-normality. When robust measures are used to estimate parameters of quality characteristics constructing
limits, control chart proceduresbecomerobust. Rocke (1989) suggested that in order to identify outlierseasily,
limits of acontrol chart should frame on robust measureswhile non-robust measuresshould plotted onit.

2.REVIEW OFLITERATURE

Iglewicz andLangenberg (1986) proposed meanrangechart with control limitsdetermined by Trimmed mean
of the subgroup means and the trimmed mean of the range. Rocke (1989) proposed standard deviation control
charts based onthe mean or thetrimmed mean of the subgroup rangesor subgroup Inter Quartile Ranges. Severa
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authors havedeveloped robust control chart based on various measures of scale namely MedianAbsolute Deviation
Tukey (1948), Trimmed mean and itsstandard error are more appealing because of itscomputational smplicity.
Apart fromthat, these measures are less affected by departuresfromnormality than the usua mean and sandard
deviation.

Standard error of trimmed mean isnot sufficient to estimate process diperson because of trimming subgroup
(Dixon and Yuen, 1974). Of trimmed Standard estimator of variance of trimmed isobtained through Winsorization
(Wilcox, 2012). Caperraand Rivest , (1985) derived an exact formulafor variance of thetrimmed meanasa
function of order statistics, when trimmed percentageis small.

Melan Terek and MatusTibensky(2014) dealswith an analysisof how to use certain measuresof locationin
anaysisof wages, some of thesituations, the meanislocated intail of the distribution and givesvery biased idea
about thelocationof thedistribution . then by using trimmed mean and M-estimators are characterised and explained
about the nature of the data.

Astrimmed makesreductionindispersion, the effect of lossdueto trimming so that itsrobust qualitiesarenot
much distributed. A robust control chart for controlling process dispersonisdeveloped based onthis modified
measure.

3.METHODSAND DISCUSS ONS

Usually, the control chartsare useful to determine whether the processisunder control or not. Actually
themachinary vauesare X, X,,, ............. , X, anorder statistics.

Thefind mean of all sample observationssay X1, X2.......... Xn . Thenwecan obtain mean of means of

thedifferent samplestakenfromthe machinary dataavailablein VI T.After that obtain sandard deviation of the
samples means. Then construct control limitsUCL, CL and LCL.

Thecontrol limits x + 3x CL = X

Upper control limit UCL = x + 36X

Lower control limit LCL = x —35x

The givenall sample meansarewithin the control limits, then processisunder control otherwiseit isnot under
control. If it isnot under the control the processthenwe suggest to the machine expert to the sandard machinary
part usng statistics processcontrol technique.

Let X, Xo o, , X, aresample merged vauesthenthe number of valuesnot finite. Thenif we apply
theusua proceduresit will take moretimeand expenses.

Inorder to overcomethus situations, we are neglecting 50% of the data by using some standard statitical
procedures.

Let X1,X2,........ . Xn arethesample means. Thenwritethe dataasaorder tatistics. Then find the 50% of
data scattered in between the Box —plot by using Intra Quartile Range (Q3-Q1).

We can takethe datafrom Q1 to Q3 asaorder statisticslike X1 <, X2 <, .........< Xn and (neglecting
50% data).
Starting from 0 to 25% and 75% to 100%. Thenfind mean and standard deviation for the above said data.

Then construct control limitsfor the given order statigticslike X1<,X2 <, ........,< Xn
CL
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Let thedataX, <X, <X,<X,<..... <X, beaset of nobservations collected fromthe population and Let
the sample sizen may be afinite or infinite .Inthis situation, the estimation of the mean and standard deviationiis
difficult. The construction of control chartsare obvioudy dependsonthe standard characterigticslike Meanand
Standard deviation. Thegivendatais set of observationswith different samples and finding mean for each sample
isof coursedifficult. But the control chartsfor variability, we can find the standard measures and fix the following
limitsfor congruction of control chart.

Lower cortrol chart = X —3c;; ; Central Line= X and Upper control Limit= X —3c._ ;

The mean of the sample observations X and the standard deviation o .

Now, Thedatacan bearranged inascending order with respect to the different sample meansand neglecting
the 50% of the data by using some standard measuresfor variability. The measure of variability play avital rolefor
the construction of control charts. To draw the BOX-PLOT to the arranged datafor the meansof the different
samplesand it coversthe datafromfirst quartile to third quartile of the arranged one. For the construction of
plotting thedataon graph used the R programming. In Robust dataanalyss, Wilcox(2003) fixing the proportion of
observationsto betrimmed ,without looking at the data ,avoid certain theoretical problemswhenoneistesting
hypothesis.

Figure (1) graphically illustrates one of the practicad advantage ofa25% to 75% data can be used for finding
trimmed mean and trimmed standard deviation. Withthe help of 50% data, obtained mean and standard deviation
for construction of the control chart for variability.

TheTrimmed M ean with therange of the data already given isasfollows:

1 n-n,
e D IS
1 ~
= ——) 17" (X, =X);
aﬂ Var (X) n_nl_ n2 Zn,n1+1( n )

By using the above measures we can again find the Lower control Limit, Central Lineand Upper Control
Limit.

We draw thecontrol chart for variability with the help of thetrimmed mean and trimmed standard deviation
anditinfigure(2). Thecaculated all means of the samplesare scatted withinthe control limits thenthe processis
under control .Otherwisethe processisout of control.

4. NUMERICAL ILLUSTRATIONS

A food company puts mango juiceinto cansadvertised ascontaining 10 ounces of thejuice. Theweight of the
juice drain from cansimmediately after filling for 20 samplesare taken by random method.

The samples means of the given values:

9.510.0 10.0 10.5 11.5 11.5 12.0 12.5 12,5 13.0 13.0 13.5 13.5 13.514.0 15.0 15.0 16.5
17.5 185

Min.1st Qu. Median Mean3@Qu. Max.
950 11.50 13.00 13.15 14.25 18.50
GrandMean = 13.15;

Standard Deviation = 2.455391;

Upper Control Limit = 20.51617,
Control Limit = 13.15;

Lower control limit = 5.783826;
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New method applied for calculationsisasfollows:
Median (Mo) = 13.0 #By grouping procedure
N+1/4 = 9+1/4=5

Q1 = 12, Q3 =15,
Mode = 13.0, X =135, 0x=9.5
LCL = 10.45,

CL = 135;
UCL = 16.15

Since all the points are fall in within control limitsthenthe processisunder control and hencethereis
nothing toworry.
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Fig. 1. Boxplot diagram
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Fig. 2. Mean Chart for the original data.
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Fig. 3. Control Chart with Trimmed mean.

Fromfigure— 1, we observe that the process or product isunder control by usng dl observations. But the
Figure-111, isconstructed by using thetrimmed mean and Trimmed Standard Deviation. Findly , we concludethat
the both methodsare applicable for theincoming lotsare under control or not.

The data by using both the methods. Then the taken processisunder control. Here proposed technique gives
the conclusionswith 50The% of the dataindexed with Quartile Range which we call asRobust modified control
chart for variability with trimmed mean and trimmed standard deviation.

5.CONCLUSION

We observethat therobust techniqueis easily given the processis under control or not with 50% the data
only. But the usud proceduretakes maximumtime and money. Finally, we proposed method isgood for process
control instatistical Quality control. For the convenience of the control chart , we can use and apply for process
and product control with the valuesbetween the above 25% and below 75% of theincoming lots. It is convenient
to congtruct control chartswith minimum number of observationsis possible. Thismethod isaso thefeasiblefor
the processand product control techniques.
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