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Abstract— This paper suggests a supervised classification pro-
cess based on polarimetric time-frequency signatures by neural
networks. The learning basis of the neural network is a set of
canonical targets and the classification process is applied on
anechoic chamber data. The results show different advantages
but it is limited by the learning basis, the angular excursion and
the frequency bandwith.

I. INTRODUCTION

Conventional radar imaging techniques consider targets as a
set of bright points. Indeed, it considers scatterers as isotropic
for all the directions of presentation and white in the frequency
band[1], [2]. Recent studies showed, using time-frequency
analysis, the angular and frequency behavior of the spatial
distribution of all image scatterers [3], [4], [5]. These represen-
tations, called hyperimages, showed that some scatterers were
neither isotropic nor white. For example, this is the case with
modern high-resolution SAR sensors using wide bandwidth
and wide azimut beam width. This non-stationary behavior
of scatterers can be explained by their material (dispersive),
their geometry (anisotropic and dispersive) or their orientation
(anisotropic). These studies show that some scatterers are non-
stationnary in the energetic way.

Polarimetry is another information source about the ge-
ometry and the orientation of scatterers in radar imaging.
Recent studies showed, using time-frequency analysis and
polarimetric coherent decompositions, the polarimetric angular
and frequency behavior of the spatial distribution of all image
scatterers [6], [7]. These representations, called polarimetric
hyperimages, showed that some scatterers were not polarimet-
ric stationnary.

The aim of this paper is to classify scatterers according to
their energetic or polarimetric behaviors. This paper presents
the construction of polarimetric time-frequency signatures.
Then, the signature of canononical targets is extracted and
a process of classification is designed by neural networks to
discriminate data from anechoic chamber.

II. POLARIMETRIC HYPERIMAGES

A full polarimetric radar is generally designed to transmit
and receive microwave radiations horizontally (h) or vertically
(v) polarized. The polarimetric generalization of the scattering
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coefficient is called the scattering matrix [S] or Sinclair matrix:

si= |5 - g

The wavelet transform is applied on each of the four polari-
metric channels. The resulting Sinclair scattering matrix now
depends on the frequency and on the illumination angle and
is called hyper-scattering matrix:
o Shh (I‘, k) Shv (I‘, k)

[S](r, k) = [ Sun(r, k) Syy(r, k) ] . (2)
By applying the polarimetric coherent decompositions to the
hyper-scattering matrix, we obtain, on one hand, a polarimetric
evolution of the scatterers versus emitted frequency and obser-
vation angle, on the over hand a polarimetric spatial response
for each frequency and angle of illumination. This defines the
polarimetric hyperimage concept [6], [7] see Fig. 1.

Fig. 1. Algorithm process to obtain polarimetric hyperimages

All in all, for each reflector located at 9 = (x¢,90)”
we can extract its feature [ (zo, Y0, f,0) for each frequency
f and for each angle 6. This aspect is the one we have
decided to point out in order to see if this quantity can be
interpretable in terms of target characteristics. This signature
is called polarimetric time-frequency signature.

i

III. CLASSIFICATION PROCESS
A. The multi-layer Perceptron

A multi-layer perceptron is a feedforward artificial neural
network model that maps sets of input data onto a set of



appropriate output. It is a modification of the standard linear
perceptron in that it uses three or more layers of neurons
(nodes) with non linear activation functions, and is more
powerful than the perceptron in that it can distinguish data
that is not linearly separable or separable by a hyperplane [8].
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Fig. 2. Architecture of the multi-layer perceptron

The structure of a node is

¢ (Z}":o Whj l‘j)
function, wy; is the weight of the j-th input of the k-th
node, x; is the input, y; is the output of the k-th node. We
choose the softmax activation function because we are in
a classification problem with p-class [9]. Our multi-layer
perceptron is a three layers whose the number N;, of nodes
of the input layer is equal to the number of input and the
number N,,; of nodes in the output layer is equal to the
number of class to obtain a probability density whose the
maximum defines the scatterer class. The number Nj; of
nodes of the hidden-layer is Np; = v/ N;,, Noywe. The structure
of our multi-layer perceptron is described by Fig. 2.

defined by wy, =
where ¢ is the transfer or activation

B. The learning Basis

The learning basis is composed of seven canonical targets:
trihedral, dihedral, head of weapon, plate, two cylinders,
and cone. The backscattering coefficient is measured for a
frequency bandwith between 12 GHz and 18 GHz with a
sampling step of 7.50 MHz and for an angular excursion
between —20 and 20 with a sampling step of 0.5. From the
image the polarimetric time-frequency signatures are extracted
and selected manually. Then, the signature is translated in the
angle domain to release the orientation phenomena. Indeed,
two scatterers of same nature with different orientation must
have the same classification.This learning basis is sent to the
neural network for a supervised learning based on the scaled
conjugate gradiant algorithm.

IV. RESULTS

The target under study is a ”Cyrano” weapon model in steel.
The backscattering coefficient is measured for a frequency
bandwith between 12 GHz and 18 GHz with a sampling step of
7.50 MHz and for an angular excursion between —20 and 20

with a sampling step of 0.5. From the image the polarimetric
time-frequency signatures are extracted and sent to the neural
network. The results of the extended span are represented
on Fig. 3. The head of “Cyrano” is classified as a head of
weapon. The trailing edges of wing are identified as dihedral.
It can be explained by the fact the responses of the edges
and of diplane are directive responses. The closed air exit is
classified as a specular plate because the response is directive.
The open air intake is identified as a head of weapon because
the polarimetric time-frequency signature is isotropic and non-
dispersive. For the stabilizers the classification is a melting pot
of cylinder, head of weapon and cone contribution.

Classification by Mulilayer perceptron

Range X, meters
R

< © o © o o o

2 8 & R & &

E 3 g E g g 8

s & 2 2 g

& &

o — — (rejected)

Cross-range Y, meters

Fig. 3. Classifications results obtained by the multi-layer perceptron in using
the extended Span

V. CONCLUSION

The polarimetric hyperimages allow to extract polarimetric
time-frequency signatures. These signatures charcterize scat-
terers and a supervised classification highlight this point of
view. Future work will consist to improve the learning basis
and will use it to classify scatterers on SAR images.

REFERENCES

[1] M. Soumekh, Fourier Array Imaging. Englewood Cliffs: Prentice Hall,
1994.

[2] ——, Synthetic Aperture Radar Signal Processing
Algorithms. New York: John Wiley and Sons, 1999.

[3] J. Bertrand and P. Bertrand, “The concept of hyperimage in wide-band
radar imaging,” IEEE Trans. Geosci. Remote Sensing, vol. 34, no. 5, pp.
1144-1150, Sept. 1996.

[4] J. P. Ovarlez, L. Vignaud, J. C. Castelli, M. Tria, and M. Benidir,

“Analysis of sar images by multidimensional wavelet transform,” IEE

Proc. Radar. Sonar. Navig., vol. 150, no. 4, pp. 234-241, Aug. 2003.

M. Tria, J. P. Ovarlez, L. Vignaud, J. C. Castelli, and M. Benidir,

“Discriminating real objects in radar imaging by exploiting the squared

modulus of the continuous wavelet transform,” IEE Proc. Radar. Sonar.

Navig., vol. 1, no. 1, pp. 27-37, Feb. 2007.

[6] M. Duquenoy, J. Ovarlez, L. Ferro-Famil, L. Vignaud, and E. Pottier,
“Study of dispersive and anisotropic scatterers behavior in radar imaging
using time-frequency analysis and polarimetric coherent decomposition,”
in Proc. IEEE radar conference, Verona,USA, Apr. 24-27, 2006, pp.
180-185.

, “Study of dispersive and anisotropic scatterers behavior in radar

imaging using time-frequency analysis and polarimetric coherent decom-

positions,” in Proc. sixth European Conference on Synthetic Aperture

Radar (EUSAR’06), Dresden,germany, May 16-18, 2006.

C. Bishop, Neural networks for pattern recognition. England: Oxford

University Press, 1995.

[9] L. Nabney, Netlab : Algorithms for pattern recognition.

: with MATLAB

[5

—_

(71

[8

—

USA: Springer.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /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 false
  /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 false
  /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 false
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Acro8.recommended.6Dec2006_FontEmb'] Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


