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MOTIVATION: WHAT IS ADAPTATION? 

Adaptation endows systems and devices with learning 
abilities. 
 
 
The human being is a fantastic example of an adaptive 
system; a continuous learning experience from 
childhood to adulthood. 
 
 
Broadly, adaptive systems interact with their 
environment; learn from the interaction; and adjust their 
behavior for optimal performance. 
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WHAT IS AN ADAPTIVE FILTER? 

It is generally a digital filter whose coefficients vary in 
time according to certain rules. 

 
Objective: The filter output should track a reference 
signal in a certain optimal  

    manner. 
 
Property: The filter is able to 

    respond to variations in the  
    statistical properties of its 
    signals. 

 

Output tracks reference signal 
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APPLICATION: CHANNEL ESTIMATION 
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APPLICATION: CHANNEL EQUALIZATION 
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RICH HISTORY 

Early results can be traced back to the 1950s; maybe 
1940s with the contributions of Kolmogorov, Wiener, 
Krein, and Levinson in related areas: 

 
Plackett (1950): “modern” RLS or recursive least-squares. 
Robbins and Monroe (1951): Stochastic approximation. 
Widrow and Hoff (1960): LMS filter. 
Kalman (1960):  Kalman filter. 

 
 

Gauss (1795, at the age of 18) was the 

    forerunner in formulating the powerful least 

    squares criterion and its recursive version. 
Carl F. Gauss 
(1777-1855) 

http://en.wikipedia.org/wiki/Image:Carl_Friedrich_Gauss.jpg
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Interest in communications, bioengineering & 
information technologies have motivated heightened 
research on adaptive systems in order to: 
Understand their limits of performance. 
Develop variants that meet more stringent  
    specifications. 
 

Applications: 
Wireless networks. 
Wireless communications. 
Wearable computing. 
Biometrics. 
Voice over IP. 
DSL. 
Home phone networking. 
HDTV. NOMAD wearable system 

HRL wearable system 
Lokomat ETH 

E911 eLocate UCLA 

WLAN 

CDMA 

GPS 

MODERN TECHNOLOGIES 
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LECTURE #01 

SCALAR AND REAL-VALUED  
MEAN-SQUARE ERROR ESTIMATION 
 
Sections in order: A.1, 1.1, A.2, 1.2, 1.3 
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RANDOM VARIABLES 
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 GAUSSIAN DISTRIBUTION 
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 GAUSSIAN DISTRIBUTION 
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 RAYLEIGH DISTRIBUTION 

Lord Rayleigh  
  (1842-1919) 
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 RAYLEIGH DISTRIBUTION 
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 CHEBYSHEV’S INEQUALITY 
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 CHEBYSHEV’S INEQUALITY 

P. L. Chebyshev 
  (1821-1894) 

http://images.google.com/imgres?imgurl=http://www.swlearning.com/quant/kohler/stat/biographical_sketches/Chebyshev_4.jpeg&imgrefurl=http://www.swlearning.com/quant/kohler/stat/biographical_sketches/bio7.1.html&h=326&w=240&sz=13&hl=en&start=1&um=1&tbnid=LPbomlYWPcCuuM:&tbnh=118&tbnw=87&prev=/images?q%3DChebyshev%26svnum%3D10%26um%3D1%26hl%3Den%26rls%3Dcom.microsoft:en-us:IE-SearchBox%26rlz%3D1I7SNYI
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 ZERO-VARIANCE RANDOM VARIABLE 
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INITIAL ESTIMATION PROBLEM 
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MEAN-SQUARE ERROR 
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ARGUMENT 

A. Kolmogorov 
  (1903-1987) 

N. Wiener 
(1894-1964) 

http://images.google.com/imgres?imgurl=http://www.mipt.vcu.edu/img/Kolmogorov_2.jpg&imgrefurl=http://www.mipt.vcu.edu/mipt2.html&h=244&w=204&sz=9&hl=en&start=14&tbnid=M889Ckr8YnInSM:&tbnh=110&tbnw=92&prev=/images?q%3DKOLMOGOROV%26gbv%3D2%26svnum%3D10%26hl%3Den
http://en.wikipedia.org/wiki/Image:Norbert_Wiener_3.JPG
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WHY MSE? 
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MMSE PERFORMANCE 
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INTUITION 
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EXAMPLE 
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DEPENDENT OBSERVATIONS 
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MSE CRITERION 
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DEPENDENCY & CORRELATEDNESS 
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INDEPENDENT RANDOM VARIABLES 
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OPTIMAL MSE ESTIMATOR 



              EE210A: ADAPTATION AND LEARNING (A. H. SAYED) ELECTRICAL ENGINEERING DEPARTMENT 39 

ARGUMENT 
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ARGUMENT 
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ARGUMENT AND INTUITION 
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EXAMPLE 



              EE210A: ADAPTATION AND LEARNING (A. H. SAYED) ELECTRICAL ENGINEERING DEPARTMENT 43 

EXAMPLE 
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EXAMPLE 
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EXAMPLE 
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EXAMPLE 
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EXAMPLE 



              EE210A: ADAPTATION AND LEARNING (A. H. SAYED) ELECTRICAL ENGINEERING DEPARTMENT 48 

ORTHOGONALITY PRINCIPLE 
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ORTHOGONALITY PRINCIPLE 
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OROTHOGONALITY PRINCIPLE 
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ARGUMENT 


	Slide Number 1
	MOTIVATION: WHAT IS ADAPTATION?
	WHAT IS AN ADAPTIVE FILTER?
	APPLICATION: CHANNEL ESTIMATION
	APPLICATION: CHANNEL EQUALIZATION
	RICH HISTORY
	MODERN TECHNOLOGIES
	REFERENCES
	LECTURE #01
	RANDOM VARIABLES
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	MEAN-SQUARE ERROR
	ARGUMENT
	WHY MSE?
	MMSE PERFORMANCE
	INTUITION
	EXAMPLE
	DEPENDENT OBSERVATIONS
	MSE CRITERION
	Slide Number 36
	Slide Number 37
	OPTIMAL MSE ESTIMATOR
	ARGUMENT
	ARGUMENT
	ARGUMENT AND INTUITION
	EXAMPLE
	EXAMPLE
	EXAMPLE
	EXAMPLE
	EXAMPLE
	EXAMPLE
	ORTHOGONALITY PRINCIPLE
	ORTHOGONALITY PRINCIPLE
	OROTHOGONALITY PRINCIPLE
	ARGUMENT


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /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 /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /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 true

  /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



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



