
Integrated Fault/State Estimation for 
Two-Dimensional Linear Time-Varying Systems 

Abstract

Keywords—fault/state estimation, two dimensional systems, 
time-varying systems, unbiased minimum variance.  

m nX R
X m n I

X
X

Authorized licensed use limited to: The University of British Columbia Library. Downloaded on November 29,2021 at 20:12:23 UTC from IEEE Xplore.  Restrictions apply. 



x i j A i j x i j

A i j x i j

D i j d i j D i j d i j

F i j f i j F i j f i j

y i j C i j x i j D i j v i j

F i j f i j

nx i j R py i j R mu i j R

A i j A i j C i j kD i j kF i j

k
sd i j R vv i j R

i j i j

i j i j

d i j d i j
v i j v i j

R i j

Q i j

Tm n mnT

i j i j

for i i and j j
else

f i j

f

f

f i j A i j f i j

A i j f i j

fkA i j k

TT Tx i j x i j f i j

x i j A i j x i j

A i j x i j D i j d i j

D i j d i j

y i j C i j x i j D i j v i j

f

A i j F i j
A i j

A i j

f

A i j F i j
A i j

A i j

D i j
D i j

D i j
D i j

C i j C i j F i j

x i j z i j

J i j y i j

z i j G i j z i j

G i j z i j H i j y i j

H i j y i j

n qx i j R x i j lz i j R

G i j G i j H i j H i j
J i j

x i j
x i j

x i j x i jx i j

x i j trace x i j x i j x i j x i j

x i j x i j
x i j x i j

Authorized licensed use limited to: The University of British Columbia Library. Downloaded on November 29,2021 at 20:12:23 UTC from IEEE Xplore.  Restrictions apply. 



S i j A i j H i j C i j

G i j S i j

S i j A i j H i j C i j

G i j S i j

x i j
x i j

e i j x i j x i j

e i j G i j e i j

G i j e i j S i j D i j d i j

S i j D i j d i j

J i j D i j v i j

S i j A i j H i j C i j
x i j

G i j S i j

S i j A i j H i j C i j

G i

je i j GG

x i j
j S i j

H i j D i j v i j

G i j J i j D i j v i j

G i j J i j D i j v i j

I
S i j I J i j C i j I

I

x i j x i j

x i j x i j e i j e i je i j e i j

d i j v i j d i j v i jd i j v i j

e i je i x i j

x i j

i j

S i j
S i j

C i j
C i j

C i j A i j C i j A i j

i j A i j A i j

i j G i j G i j

H i j H i j J i j

i j i j i j

T T Ti j i j i j

T
T i j

rank i j rank
i j

Ti j
T Ti j i j

i j
rank i j rank

i j

rank i j

I
I

I
rank rankC i j

I
C i j

i j
rank

i j

I
I

C i j I
rank rank

C i j I

A i j A i j

i j a b

a i j i j

b I i j i j

Authorized licensed use limited to: The University of British Columbia Library. Downloaded on November 29,2021 at 20:12:23 UTC from IEEE Xplore.  Restrictions apply. 



i j i j

I i j i j

i j a b

i j i j
a b

I i j i j

e i j

i j i j i j

e i

ii

i j

e i j J i j D i j v i j
e i j J i j D i j v i j

D i j v i j
D i j v i j

D i j v i j C i j i j

i j D i j d i j D i j d i j

P i j

T

T

P i j e i j e i j

i j i j i j

i j i j i j

iii

ii

T

T

i j i j i j

i j i j i j

i j i j i j

i j i j i j

iiii

i

P i j
i j

trace P i j

T
X i j i j i j

b
i j i j

i j i j

T

T

T T

T

i j b i j i j b

b b

P i j J i j

D i j Q i j D i j J i j

e i j e i j

J i j D i j Q i j D

T T

i j

P i j J i j

D i j Q i j D i j J i j

T

T

T

T

T

T T

J i j D i j Q i j D i j

D i j Q i j D i j

D i j Q i j D i j

D i j Q i j D i j

C i j D i j R i j D i j

D i j R i j D i j C i j

Authorized licensed use limited to: The University of British Columbia Library. Downloaded on November 29,2021 at 20:12:23 UTC from IEEE Xplore.  Restrictions apply. 



T

T

T

T

T

a i j i j
i j b

i j i j

a b

b

D i j R i j D i j

D i j R i j D i j
TC i j

i j i j

I i j i j

A i j
i j

i j
A i j C i j

D i j D i j D i j

F i j F i j F i j

f i j f i j f i j

w i j N v i j N

i j

for i for j
f i f j

else else

x i j

x i j

f i j

Authorized licensed use limited to: The University of British Columbia Library. Downloaded on November 29,2021 at 20:12:23 UTC from IEEE Xplore.  Restrictions apply. 



IEEE Transactions on Automatic Control, 

IEEE Transactions on Automatic Control, 

Iet Control Theory & 
Applications, 

Multidimensional Systems and 
Signal Processing, 

Automatica, 

Automatica, 

International 
Journal of Robust and Nonlinear Control, 

IEEE Transactions on Circuits and Systems I: 
Regular Papers, 

IEEE Transactions on Circuits 
and Systems I: Fundamental Theory and Applications, 

Chemical Engineering Science, 

Annual Reviews in Control, 

IEEE Transactions on Industrial Electronics, 

IEEE Transactions on Industrial Electronics, 

International Journal of Robust and Nonlinear 
Control, 

International Journal of Systems Science, 

IEEE Transactions on Circuits and 
Systems I: Regular Papers, 

Journal of Process Control, 

Systems & Control Letters, 

IFAC 
International Symposium on Fault Detection,Supervision and Safety 
for Technical Process, 

Automatica, 

Automatica, 

Automatica, 

Circuits, Systems and Signal Processing, 

IEEE Multidimensional (nD) 
Systems International Workshop, Thessaloniki

Authorized licensed use limited to: The University of British Columbia Library. Downloaded on November 29,2021 at 20:12:23 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


