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Multi-section classification improving

integrated fault diagnosis method based on
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Abstract: The integrated diagnosis method of independent component analysis (ICA) and support-vector-machines
(SVM) is improved by multi-section classification. Fault classification model of SVM is designed for each section in the

high dimensional characteristic space. By diagnosing the fault type in different section, we improve the ICA-SVM fault

diagnosis performance. This method has been applied to diagnose 19 types of valve failures on the dynamic actuator refer-
ence platform (DAMADICS). Simulation results show that the ICA-MSVM fault diagnosis method based on multisection
classification effectively improves the accuracy of fault diagnosis.
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Fig. 4 Fault classification effect of ICA-MSVM in three dimensional ICA feature space
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W Ef 2R /% FO F1 F2 F3 Fo6 F7 F9 F10 F13 Fl16 F17 FI18 FI19
ICA-SVM 97.3 89.2 91.8 804 281 602 58 906 321 602 104 821 86.9
ICA-MSVM 986 945 923 941 836 81.7 70.1 921 769 90.1 804 91.1 87.3
5 458 (Conclusion) £ % ik (References):
AN K S Ye s 25 (8] 2 W0 4 250 B ol [1] WANG H, CHAIT Y, DING J L, et al. Data driven fault diagnosis and

IICA-SVMAE il i s 2 Wi i PEBE. | T S FF ) i
20 R T o RSO B, HT LB
M4 7% HH G 40 2R R S SR e 4 B A3 1)
% VI 53 28 75 7206 v B ST pl A7 3 56 % 1) 4 R
AN TR D) HIKS: 22 2 53 2 1n) A A ok — 4k 43 28 1 8,
fIEAFSVM 2y 2 K 5 189 o, 4 o i s 12 T R 1. 4
STDAMADICSHEE - & 19Ff ] [ s p 2, 347
ek H IS ITCA-S VM 2 K 7 740 B 5%, 1)
L4 3 0 MGt 1R £ DD THITCA-S VM [ 12 1B
AR T S WO

5 o3

B g

fault tolerant control: some advances and possible new directions[J].
Acta Automatica Sinica, 2009, 35(6): 739 —747.

WIS, 2505, BB S0 LSy S T 5 VE SRR ). A B AR,
2002, 28(5): 762 —772.

(YANG Zhuqing, LI Yong, HU Dewen. Independent component anal-
ysis: a surver[J]. Acta Automatic Sinica, 2002, 28(5): 762 —772.)
TR, ARAIR. I T 7 6 DT IR 11 2 T s A I g
. PR 5 R H, 2010, 27(3): 296 - 302.

(ZHANG Muguang, SONG Zhihuan. Subspace fault detection
method based on independent component contribution[J]. Control
Theory & Applications, 2010, 27(3): 296 — 302.)

LEE J M, QIN S J, LEE I B. Fault detection and diagnosis based on
modified independent component analysis[J]. AIChE Journal, 2006,
52(10): 3501 —3514.

[2]

[3]

[4]



234 oW @

YoM A %29 %

[5] GEZ Q, SONG Z H. Process monitoring based on independent com-
ponent analysis-principal component analysis (ICA-PCA) and simi-
larity factors[J]. Industrial & Engineering Chemistry Research, 2007,
46(7): 2054 — 2063.

(6] Wz, XUE 7T, KA, 4. 3T NGPP-SVDDI)E o i A i 5
O HIRTAT). B3hfbE4R, 2009, 35(1): 107 - 112.

(XIE Lei, LIU Xueqin, ZHANG Jianming, et al. Non-gaussian pro-
cess monitoring based on NGPP-SVDD[J]. Acta Automatic Sinica,
2009, 35(1): 107 - 112.)

[71 BO C M, QIAO X, ZHANG G G, et al. An integrated method of
independent component analysis and support vector machines for in-
dustry distillation process monitoring[J]. Journal of Process Control,
2010, 20(10): 1133 —1140.

[8] HYVARINEN A, OJA E. Independent component analysis: algo-
rithms and applications[J]. Neural Networks, 2000, 13(4/5): 411 —
430.

[9] CICHOCKI A, AMARI S. Adaptive Blind Signal and Image Process-
ing: Learning Algorithms and Applications[M]. Chichester, England:
John Wiley & Sons, 2003.

[10] ZEWEK, WA . SCRR L S AEHUBR S 12 i i 2 0. 41
B 5, 2007, 26(11): 29 - 35.
(YUAN Shengfa, CHU Fulei. Support vector machines and its appli-

cation in machine fault diagnosis[J]. Journal of Vibration and Shock,
2007, 26(11): 29 -35.)

[11] BARTYS M, PATTON R, SYFERT M, et al. Introduction to the
DAMADICS actuator FDI benchmark study[J]. Control Engineering
Practice, 2006, 14(6): 577 — 596.

[12] KOS J M, BARTYS M, RZEPIEJIEWSKIA P. Actuator fault distin-
guishability study for the damadics benchmark problem control[J].
Control Engineering Practice, 2006, 14(6): 645 — 652.

e R A

RN (1973—), &, BB, FF705 0k 5 Rl A R 4 it
L AR ) 5 R FE I 4%, E-mail: 1j-bcm @ 163.com;

Bt (1985—), 9, LA, W07 ok Tl e R 4
ARG AL, E-mail: byj0911@163.com;

BER  (1982—), B, TREIM, HFFC )5 1) ok Tk R g 5
FEW PR, E-mail: yhrnasa@163.com;

I (1965—), B, BIR, WHHUIT IR b ML RER e s ]
Iy

W54, E-mail: zgmchina@163.com.




<<
  /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


