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Statistical Process Control
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Statistical Process Control

Univariate SPC
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Principal Component Analysis
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Reconstructed data
X = XPP'

Q statistic
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PCAZF|FALT=SPC
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Multiway PCA

AS T — G B
T SRITTT—HRE2RITTT—HRIZE
. 23 x B
254
INYTF 1 2 3 N
EH EM EH g
N x B




MSPC: Multiway PCA

Control Charts
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Classification of MSPC

Linear Nonlinear
correlation PCA ANN / NL-PCA

quality / output | PCR, PLS ANN / NL-PLS / SVR

Continuous Batch
static original :
dynamic dynamic multiway

Even a continuous process has various features, e.g.,
startup, static operation, grade-transition, and shutdown.
Therefore, several MSPC methods need to be used in a

unified framework.
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MSPC: Dofasco® = {5
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B Start-up operation

¥ Run-time operation
- Process transition

B Shutdown operation
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PSE: Dofasco: Run-Time Operation Monitoring
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PSE| pofasco: Start-Up Operation Monitoring
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Dofasco: Human Machine Interface

General casting information
(heat number, steel grade, casting speed, etc.)

SPE and HT control charts

Graphical representation of
mould and its surrounding
thermocouples

(Dudzic and Zhang, IFAC Symp. DYCOPS, 2004)




IKXOIO] Dofasco: Human Machine Interface

Contribution plot
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Dofasco: Integrated Monitoring System
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"Application of Statistical Process Monitoring with
External Analysis to an Industrial Monomer Plant"
ADCHEM (2004)
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"Product Quality Estimation and Operating Condition
Monitoring for Industrial Ethylene Fractionator"
J. Chem. Eng. Japan, Vol.37, No.3, pp.422-428 (2004)
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| - 11 T431 tray #29 temp.

Porge T431 bottom temp.

T431 top temp.
T431 tray #37 temp.
T432 tray #129 temp.
Flow rate from T432 to T431
T431 reboiler flow rate
Product ethylene flow rate
. T432 reflux flow rate
—Q " 1516 17 10. T432 internal reflux flow rate
I ¢ 11. T432 purge flow rate

12. T432 reflux ratio

351 13. T432 top pres.

|—> ’ Promlone combressor 14. T431 feed ethane conc.
7 Py P 15. C351 #2 discharge pres.
@ 16. C351 #2 discharge temp.

©ONOOhWNE

10 Product Ethylene 9

Ethane 17. C351 #4 suction pres.
&_’ 18. V359 level (cooling propylene)
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(Kano et al., J. Proc. Cont., 2000)
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MSPC® & B

PCA-based MSPC was revisited by Kresta et al. (1991)

Multiway PCA / PLS ( Nomikos and MacGregor, 1994 )
Multiblock PCA / PLS ( MacGregor et al., 1994 )
Dynamic PCA (Kuetal., 1995)

Multiscale PCA ( Bakshi, 1998 )

Recursive PCA (Qinetal., 1999)

Model-based PCA ( Rotem et al., 2000 )

Moving PCA ( Kano et al., 2000 )

DISSIM ( Kano et al., 2000 )

Lifted PCA ( Shah and Tangirala, 2002 )
And so on...
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Demonstration

Independent Component Analysis (ICA)
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Observed information
GEERT—4)

Essential information
(FOtvREHFEDITS
AERLGER)

L/ — )L DIETHE




Original Signals

ICAZFIALT=SPC

Observed Signals

Sphered Signals

Reconstructed Signals
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Motivation

ICA-SPC V&2 PCA-SPC LYHLEBNTULNADITTIEXZLY.

Variables Method
Gaussian PCA-SPC
Non-Gaussian ICA-SPC
Mixture ?

ICA-SPC & PCA-SPC ##i&9 H_&IZ&kY,
ST HEERERAMERED R EZEIRTES
HFLLWMSPCFEZZIRET 5.

Combined MSPC (CMSPC)




Combined MSPC (1/2)
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Combined MSPC (2/2)

‘K4‘ 0.1 ‘K“‘ <01 project onto the

measurements  Non-Gaussian Gaussian original space
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Monitored Variables

RIERM: 58 X1 reactor temperature
X2 rector level
B —RITDNT x3 reactor outlet flow rate
10,000YbDT—3%EM 4 coolant flow rate
LWTARLZETH X5 reactor feed flow rate
X6 MV of level controller
. SRR @ x7 MV of outlet flow controller
o l 5 J;* . x8 MV of temperature controller
— 7 . X9 MV of coolant flow controller
}:._:Z' d fé Eb
@ T 4 @
. \J J P
—

X0 (IC)- - - - - - - - - - ' * (Johannesmeyer and Seborg, 1999)




E RS R I 2x (CSTR)

PCA- ICA- .
USPC SPC  SPC CMSPC fault / disturbance

N 94.7 115 96.6 95.4 normal operation

F1 1.0 1.4 1.1 1.1  dead coolant flow meas.

F2 /7.9 8.7 8.8 8.8  bias in temp. meas.

F3 7.0 2.6 1.4 1.4  coolant valve stiction

F4 495 23.1 1.0 1.0 feed flow rate - step

F5 524 60.1 57.6 5/7.6 feedconcentration - ramp

F6 60.0 61.8 55.8 55.8 coolantfeedtemp. -ramp

F7 79.3 86.2 2.5 2.5  upstr. pres. in coolant line - step
F8 61.7 6.6 1.0 1.0  downstr. pres. in outlet line - step





<<
  /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 1.6
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /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.)
    /JPN <>
  >>
  /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


