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Overview of Talk

Sensor array signal processing

historical perspective and overview

Recent developments and current trends

from ABF to BSS

from 2nd order statistics to HOS

convergence with artificial neural networks

Current research and future challenges

Convolutive mixtures

Semi-blind signal separation



Sensor Array Signal Processing

Techniques have recently "come of age"

Enabled by the digital processing revolution

Impressive research results

Wide range of application areas

Key to improving mobile telephone systems

Could revolutionise design of future radars

Medical diagnostic techniques (ECG, EEG)



Adaptive Null Steering



Adaptive Beamforming
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Array gain Complex weights (represent
phase and amplitude)

Output signal

Minimise output power subject
to look-direction constraint
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Minimise

subject to

Least squares solution (Gauss normal equations)
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LMS Algorithm

Minimise

where

Stochastic gradient update

Minimal computation

Can be slow to converge
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Canonical Problem and GSLC
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QRD Processor Array

Direct residual extraction

Systolic array implementation
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Unstabilised Beam Pattern
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Penalty Function Method

Penalty function

where

Minimise

Closed form solution



Stabilised Beam Pattern



Sonobuoy Array



Application to Sonar
(sonobuoy trials data)

Conventional (fixed) Beamformer   Adaptive Beamformer (stabilised)

Range Range

Bearing Bearing



Blind Signal Separation

Avoids need for array calibration

Foetal heartbeat monitor

HF communications

Independent component analysis (ICA)

Involves use of higher order statistics (HOS)

Requires signals to be non-Gaussian

Typical of man-made signals

Digital communication signals



Signal model (instantaneous)

Data matrix

Unknown mixture matrix A

Unknown signals S

Input signals are non-Gaussian

and statistically independent

Blind Signal Separation
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Signal model

Singular value decomposition (SVD)

Signal subspace

Principal Components Analysis (PCA)
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By definition

Now define

Then

Can only conclude that

Hidden Rotation Matrix
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Independent Component Analysis



Higher Order Statistics

0

0

x

00

0

0

0

0

0
0

0

00

0

0

0

0

x
x

0

0

0

0

0

0

0

0

i

k

j

Fourth order cumulant tensor

Statistically independent signals

Separation         tensor diagonalisation

Need for novel mathematical research
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HF Communications Array



BLISS Trials Results
HF communications data

FSK signal 30dB stronger than SSB voice signal

BLISS algorithm - 16384 samples

TX1 Mode13454kHzSSBTX2 Mode13454kHzFSKAngularOffsetRelativelevelsSampleRateBFOFreq.ReceiveF

BLISS

Voice

Digital

Original

Signal



Foetal Heartbeat Analysis



 Input Data

 

 

 

 

 

 

 

 

 Separated sources

Amplitude
(micro volts)
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Fast ICA (real data)

Find unit norm vector to maximise

Nonlinear adaptive filter (stochastic gradient)

Fixed point (              )

Iterative solution (normalise and repeat)

Deflate/project to find next weight vector
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Convolutive Mixing

Effects of dispersion, multipath etc

Typical of acoustics in a room

Cocktail party effect
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Channel Model

Weighted sum of delayed samples (convolution)

Express in polynomial form (z-transform)

Convolution becomes simple product
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Polynomial Matrices

Convolution is product of z-transforms

Two signals and two sensors

Polynomial matrix

Need for new mathematical algorithms
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Second Order Stage (Convolutive)

Strong decorrelation

Whiten or equalise spectra
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Paraconjugation

Paraunitary matrix

Apply a decorrelation and whitening filter (2nd order)

Hidden paraunitary matrix
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Future Directions

Combine 2nd order and higher order statistics

semi-blind algorithms

Combine PCA and ICA stages

more  robust  algorithms

Broadband adaptive sensor arrays

broadband subspace identification



Acknowledgements

Colleagues at QinetiQ, Malvern

Dr I J Clarke,  Dr C A Speirs,  Dr D T Hughes

Dr I K Proudler,  Dr T J Shepherd, Mr P Baxter

QinetiQ, Winfrith,  Bincleaves, Portsdown

University of Leuven

Dr L De Lathauwer

UK Ministry of Defence

Corporate Research Programme





<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


