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1. INTRODUCTION

Polarimetric SAR (PolSAR) systems have caught the interest of the research community since they are able to provide much
more information than conventional single polarization systems. This interest will gradually increase since several
spaceborne PolSAR missions have been launched in the recent years: ALOS-PALSAR, RADARSAT 2 and TERRASAR-X.
Thus, reliable polarimetric calibration procedures and techniques are mandatory.

Trihedral corner reflectors (TCRs) are commonly employed to calibrate SAR data, as they provide a high backscattering
RCS response for a wide range of incident angles. Nevertheless, the TCRs lack of a cross-polar response, making them
limited for full polarimetric calibration. Different solutions appeared in the 90’s to realize TCRs providing cross-polar
response taking advantage of transpolarizing surfaces composed of fins or corrugations [1]. Such transpolarizing surfaces (or
twist reflector) were placed on one side of the TCR, with the corrugations aligned at 45° with respect of the incident electric
field polarization. However, these corrugations have to be designed at least with a depth of A/4 (the wavelength A is referred
to the operational frequency), and made from a heavy piece of metal, which makes difficult the fabrication process.

A low profile (and low weight) transpolarizing surface was presented in [2]. This novel transpolarizing surface is composed
of a periodic arrangement of metallic square patches with a diagonal slot over a metal ground plane. The potentials of this
transpolarizing surface applied to polarimetric SAR calibrators were studied in [3].

In this work, we would like to assess the performance of the designed low profile transpolarizing surface placed on one side
of a TCR. An initial measurement campaign has been recently carried out at the Universitat Politécnica de Catalunya
(Barcelona, Spain), using a ground based SAR system (UPC-GBSAR) operating at 9.65 GHz (X-band) [5].

2. TRANSPOLARIZING SURFACE DESIGN

A transpolarizing surface has been fabricated according to design guidelines presented in [4]. The square patches have a
width of 4.8 mm, with a gap of 1 mm between adjacent patches. The diagonal slot has a length of 4.8 mm and a width of 1.4
mm. A Rogers RO4003C (& = 3.38) has been used as dielectric substrate. The overall thickness is 1.52 mm (A/20), much
smaller than the A/4 thickness required for the fabrication of the corrugations [2]. Once fabricated, this transpolarizing
surface is placed on the bottom side of the TCR, as shown in Fig. 1 (left). The copolar and cross-polar responses of the
standard (or metallic) and transpolarizing TCRs have been measured in the anechoic chamber and they are shown in Fig. 1
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(right). The standard TCR shows a broadband response with a copolar to cross-polar ratio of more than 30 dB. The
transpolarizing TCR produces a high cross-polar response around 9.8 GHz with a ratio of more than 14 dB.

z i
| |

== Trans-TCR Copolar[ |

| | | === Trans-TCR X-polar

| | Std-TCR Copolar
8 - ——L___L___1_|==-Std-TCRXpolar | |

Reflected E-field (dB)
a

| | | [ [
85 — suT b - S F - k- k-t —
[ VRN I | I
0=~ - — — R TR TN T — — 1
{ i LAEaa N 7S T ]
I~ R N A AN, ,
95 — — — — — — — - T = | S A
| | [ | NSy g
V] N/ A
100 1 1 [V} 1 \ 1 [
8 9 10 12 13 14

Figure 1: Transpolarizing surface placed on the bottom side of the TCR (left), and the measured
back-scattering results (right) of the transpolarizing TCR (solid lines) and standard TCR (dashed lines).

3. FIELD MEASUREMENT RESULTS OF THE TRANSPOLARIZING TCR

Field measurements using the UPC GB-SAR system have been carried out at the Universitat Politécnica de Catalunya
(Barcelona, Spain) to assess the performance of the transpolarizing TCR (Trans-TCR). Measured results are plotted in Fig. 2.
When putting the transpolarizing surface on one side of the TCR under test, a cross-polarization ratio of 14 dB has been
achieved at 9.65 GHz. Notice that, when measured in the anechoic chamber, the maximum cross-polar response of the Trans-
TCR was achieved around 9.8 GHz. Moreover, the maximum back-scattering level with and without the transpolarizing
surface is slightly different; this fact may be due to a change in directivity suffered by the TCR when putting the
transpolarizing surface on one side. However, these initial measurements will be improved in two ways: by using a bigger
Trans-TCR in order to have a higher back-scattering response, and by re-designing the transpolarizing surface in order to
correct the slight frequency shift and finding the best transpolarization ratio around the operational frequency (9.65 GHz) of
the UPC GB-SAR system. Thus, complete results will be presented at the conference, showing the copolar and cross-polar
SAR images of a TCR with and without the transpolarizing surface.
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Figure 2: Measured reflected copolar and cross-polar components of the standard and transpolarizing TCRs.

4. REFERENCES

[1] D. G. Michelson and E. V. Jull, “Depolarizing trihedral corner reflectors for radar navigation and remote sensing,” [EEE Trans.
Antennas Propag., vol. 43, pp. 513-518, May 1995.

[2] P. J. Ferrer, B. Kelem, and C. Craeye, “Design of Broadband Transpolarising Surfaces”, Microw. Opt. Tech. Letters, vol. 48, no. 12,
pp. 2606-2611, Dec. 2006.

[3] P.J. Ferrer et al., “Transpolarizing Surfaces for Polarimetric SAR Systems Calibration”, Proc. of the IGARSS 2007, Barcelona, Spain,
July 2007.

[4] P.J. Ferrer, et al. “Design and Fabrication of a Cross-polarising AMC Surface”, Proc. Of the EuCAP 2007, Edinburgh, UK, Nov. 2007.
[5] Aguasca et al., ”A Solid State L to X-band Flexible Ground-based SAR System for Continuous Monitoring Applications”, Proc. of the
IGARSS 2004, Anchorage, Alaska, Sept. 2004.




<<
  /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


