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The Design of Robust Control Chart for
A Contaminated Process

Yong-Jun Kim"-Dong-Hyuk Kim®-Young-Bae Chung™*

* Graduate School of Industrial & Management Engineering, University of Incheon
“ Department of Industrial & Management Engineering, University of Incheon

Purpose: In this study, we research the hurdle rate method to suggest the robust control chart for a con—
taminated process less vulnerable to fault values than existing control charts.

Methods: We produce the results of p, ARL values to compare the performance of two control charts, z—s
that has been used typically and TM-TS that is suggested by this paper. We implement the simulation focusing
on three cases, change of deviation, mean and both of them.

Results: We draw a conclusion that the TM-TS control chart has better efficiency than z—s control chart

over the three cases.

Conclusion: We insist that applying TM-TS control chart for a polluted process is more effective than z—s
control chart.
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Table 2. p, ARL values for N(0,1) and N(0,bo)

N=50 b=2.0 b=4.0 b=6.0 b=2.0 b=4.0 b=6.0
p#t p#k
B 0.026 0.031 0.047 o 0.078 0.109 0.123
z TMy,
ARLZL ARL%:
39.07 32.76 21.40 12.89 9.20 8.15
b=2.0 b=4.0 b=6.0 b=2.0 b=4.0 b=6.0
p#k p#k
S 0.055 0.083 0.095 510 0.083 0.121 0.140
ARLZk ARLZt
18.20 12.08 10.54 11.20 8.26 7.13
3.000 2.000
2.000 +—xhbar 1.000 T illl —TM
f
1.000 1 - —=—c \ S
1l e
0.000 W ——UCL e ucL
5|9 1317212528
-1.000 A : 1 —=—LCL LCL
-2.000 -2.000
(a) (b)
4 000 4.000
3.000 E 5.000 T
1 P ——s l ! ——Ts
a1 | FIE; |
2.000 i I 2.000 i I
N —=—CL ATt —=—CL
1.000 #H#;#; ——UucL 1.000 #FF## ——ucL
¥ +
0.000 T 0.000 -~
15 91317212529 15 9 1317212529
(© (d

Fig. 1. Comparison with z— s, TM-TS for N(0,1) and N(0,2)
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Table 3. p, ARL values for N(0,1) and N(u+a,1)

N=50 a=1.0 a=3.0 a=5.0 a=1.0 a=3.0 a=5.0
p#k pak
B 0.008 0.004 0.001 0.036 0.021 0.010
X TMlO
ARL%: ARLZ:
126.99 243.19 702.50 27.97 47.62 97.46
a=1.0 a=3.0 a=5.0 a=1.0 a=3.0 a=5.0
p#k pak
s 0.017 0.008 0.006 510 0.029 0.014 0.011
ARL%: ARLZ:
60.27 123.52 160.98 34.42 71.08 93.35
2.000 1.500
1.000
1.000 +—xhar 1 *1 ——TM
R . 0500 ——i—1 .
| | [ij+] CL f MIRIIEY f CL
0.000 0.000 W
| —s—UCL —+—UCL
15 ‘9&13}1?212 29 0,500 _1ih |1§_1?212§g5~
-1.000 LCL + ——LCL
-1.000
-2.000 -1.500
(@ z Y= (h) TM ¥ =
2.500 2.500
2.000 2.000
* *
1500 +H—H ﬁ;ﬁ t TS 1500 +{— ir 1w L
AR LRy o, Ve
1000 m —— 1.000 %Hﬁ&ﬁ —1
I " [ 17 TR
osoo LA Y0 Ly osop L PRV e
1? I
0.000 T 0.000 -~

15 91317212529

(©) s #Y&=

15 913172123529

(@ TS B =

Fig. 2. Comparison with z— s, TM-TS for N(0,1) and N(1,1)

02



ERHG IR

M 402 ™M 35/335

Table 4. p, ARL values for N(0,1) and N(p+a,bo)

N=50 a=2, b=2 a=4, b=4 a=6, b=6 a=2, b=2 a=4, b=4 a=6, b=6
pak p#k
. 0.020 0.011 0.008 _ 0.034 0.021 0.020
€ TM,,
ARLZ: ARL%
50.62 89.12 131.18 29.40 47.62 49.64
a=2, b=2 a=4, b=4 a=6, b=6 a=2, b=2 a=4, b=4 a=6, b=6
pak p#k
S 0.023 0.049 0.055 s 10 0.039 0.080 0.425
ARLZ: ARL%
43.72 20.36 18.14 25.53 12.53 2.35
3.000 2.000
2.000 1
N ——xhar 1.000 7 il +—TM
1000 +
il s ——— l| 2 ||f#' A i —s—CL
0.000 - ' 0.000
——ucL ——ucL
100 L5 91317212579 118 aly 1?2121;@9
—weLCL -1.000 4 LCL
-2.000
-3.000 -2.000
(@) z #He= (b) TM #%=
4.000 4.000
3.000
——s Y —— TS
2.000 -
—a—CL —a—CL
—a—ucL 1.000 - —a— L
{J
0,000 T

15 91317212529

(©) s #Y&=

15 913172123529

(@ TS B =

Fig. 3. Comparison with z— s, TM-TS for N(0,1) and N(2,2)




N
0k
N

N
ofn
o

i)
0z
02
£

0

Kang, Jihoon and Kim, Seoungbum(2011), “Boots-
trap-Based Fault Identification Method”, 7he
Korean Society for Quality Management, Vol. 39,
No. 2, pp. 234-243.

Chung, Youngbae and Yeom, Gyeongcheol(2010),
Statistical Quality Management, Seongandang.
Braun, W. J. and Park, D.(2008), “Estimation of
o for Individuals Charts”, Jownal of quality technol-
ogy, Vol. 40, pp. 332-344.

Rocke, D. M.(1989), “Robust Control Charts”, 7ech-
nometrics, Vol. 31, No. 2, pp. 173-184.
Schoonhoven, M., Riaz, M. and Does, R. J. M. M.
(2011), “Design and Analysis of control charts for
Standard Deviation with Estimated Parameters”,
Journal of Quality technology, Vol. 43, No. 4, pp.

20124 749 269 A4, 20129 8¢

307-333.

Schoonhoven, M. and Does, R. J. M. M.(2012), “A
Robust Standard Deviation Control Chart”, 7ecfn-
ometrics, Vol. 54, No. 1, pp. 73-82.

[7] Tatum, L. G.(1997), “Robust Estimation of the
Process Standard Deviation for Control Charts”,
Technometrics, Vol. 39, No. 2, pp. 127-141.

[8] Tukey, J. W.(1977), Exploratory data analys is,
Reading, MA: Addison-Wesley.

[9] Wang, T., Li, Y. and Cui, H.(2007), “On We ighted
Randomly Trimmed Means”, Journal of Systems
Science and Complexity, Vol. 20, No. 1, pp. 47-65.

[10] Woodall, W. H. and Montgomery, D. C.(1999),
“Research Issues and Ideas in Statistical Process
Control”, Journal of Quality Technology, Vol. 31,
No. 4, pp. 376-386.

(6]

99 44, 20124 8¢9 99 A=





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


