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1. INTRODUCTION

A bistatic synthetic aperture radar (bistatic SAR) is a promising and useful supplement to a classical monostatic SAR system.
Using a bistatic SAR system, where transmitter and receiver are spatially separated, additional information of a scene will be
provided, because the scattering characteristics of objects depends on the line of sight vector to the transmitter and receiver.
Therefore, the image analysis and classification will be improved using appropriate bistatic configurations. Another advantage
of bistatic SAR is the potential cost reduction achievable by using for instance one already existing transmitter and one or
several passive receivers, which are usually much cheaper than the expensive transmit unit. An important application of bistatic
SAR systems is single-pass interferometry with large baselines to get significantly improved height resolutions. The spatial
separation of the active and passive part of a radar has also the advantage of reduced vulnerability for military applications. The
passive and possibly unmanned receiving platform could operate close to the theater of operation, whereas the active transmitter
is located in a safe stand-off range, e.g. on a satellite or stratosphere aircraft.

To validate these advantages, the first experiment with a spaceborne transmitter and an airborne receiver took place in
the mid-nineties in the USA. Due to technological problems and lacking bistatic SAR image processors the interest tapered-
off afterwards until the proposal of an interferometric cartwheel in 2000 [1]. Recently, many bistatic experiments have been
conducted and different processing algorithms to focus bistatic SAR data have been proposed [2, 3, 4, 5].

The first bistatic experiments at FGAN-FHR took place in 2003 and have already been described in detail in [6]. This paper
describes newer bistatic SAR experiments of FGAN-FHR and presents image results. These experiments have been conducted
in 2007 and 2008 with FGAN-FHR’s airborne multi-channel SAR system PAMIR [7] and a stationary ground sensor as well as
PAMIR and the German radar satellite TerraSAR-X. The paper also analyzes the scattering behavior of objects in the bistatic
case in contrast to monostatic data acquisition as well as results from a scene acquired with different bistatic configurations.

Additionally, results of similar bistatic SAR experiments conducted at DRDC ! Ottawa will be presented and discussed. In
contrast to the FGAN setup, here the transmitter was located on an aircraft while the receiver was mounted on a tower.

2. BISTATIC SAR EXPERIMENT WITH THE AIRBORNE SENSOR PAMIR AND A STATIONARY
TRANSMITTER

Several hybrid bistatic SAR experiments have been conducted with a stationary X-band transmitter and PAMIR as receiver on
board a Transall C-160. The reasons for these experiments are manifold. First, we wanted to acquire bistatic SAR data of a
translational variant configuration to verify our developed SAR processors. Second, it is necessary to analyze SAR data with
non-synchronized oscillators, which is often the case for bistatic SAR with transmitters of opportunity (e.g. TerraSAR-X and
PAMIR). Third, we wanted to analyze bistatic SAR images of the same scene, acquired for different flight trajectories and
bistatic angles. The paper explains the data acquisition and presents the image results.

3. BISTATIC SPACEBORNE/AIRBORNE SAR EXPERIMENT WITH TERRASAR-X AND PAMIR

FGAN and ZESS (University of Siegen) used the "Pre-Launch Announcement of Opportunity” for the scientific use of
TerraSAR-X to propose several hybrid bistatic SAR experiments with TerraSAR-X as transmitter and PAMIR as receiver. The
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first of these experiments took place in July 2008. TerraSAR-X operated in a sliding spotlight mode and illuminated a scene of
Skm x 10km. The incidence angle at the scene center was 47°. The airborne platform, a Transall C-160, flew at an altitude of
3300 m with a velocity of 95 m/s on a nearly parallel trajectory with respect to the satellite. PAMIR operated in a right looking
strip-map mode. The variable yaw angle was compensated by the electronically steerable antenna. The incidence angle at the
scene center was 70° which resulted in a bistatic angle of about 23° in the middle of the data take. PAMIR has been adapted to
receive the direct and reflected TerraSAR-X signal. To acquire the data in a pulse operation mode, a reliable synchronization
system has been realized. The paper describes the hardware setup including the pulse synchronization system and discusses the
data acquisition of the direct as well as the reflected TerraSAR-X signal. The processing steps and first image results will be
presented.

4. BISTATIC SAR EXPERIMENT WITH AN AIRBORNE TRANSMITTER AND STATIONARY RECEIVER

Most (if not all) recently demonstrated experimental bistatic SAR images have been acquired using rather steep incidence
angles, resulting in relatively short synthetic aperture times of only a few seconds. DRDC Ottawa has embarked on a project to
demonstrate the feasibility of long-range airborne bistatic SAR with submeter resolutions. As part of an experiment in spring
2006 a stationary receiver was mounted ontop a 25 m tall tower while the transmitter was located on a maneuvering aircraft
in a distance to the scene of about 30 km. Due to the shallow incidence angles a major challenge includes the development of
technology to achieve adequate phase stability between both local oscillators over long periods ( 1-2 min). In order to avoid
a direct link between transmitter and receiver to establish phase coherence DRDC Ottawa uses highly stable ‘free-running’
crystal oscillators [8].

In this paper, the impact of uncompensated phase noise on the image quality will be discussed and the experimental setup
presented. Furthermore, the functionality of the phase noise compensation unit will be demonstrated for the first time based on
experimental bistatic SAR images.

5. ANALYSIS AND COMPARISONS OF THE BISTATIC IMAGE RESULTS USING ALSO MONOSTATIC SAR
AND OPTICAL IMAGES OF THE SCENE

The image results will be analyzed with regard to shadows, RCS, layover effects or scattering behavior in urban as well as rural
areas. Significant differences in contrast to monostatic SAR images are discussed. Additionally, a comparison with optical
images helps to understand some scattering phenomena.

6. REFERENCES

[1] D. Massonet, “Capabilities and limitations of the interferometric cartwheel,” IEEE Trans. Geosci. Remote Sens., vol. 39,
no. 3, pp. 506-520, March 2001.

[2] 1. Walterscheid, A. Brenner, and J. Ender, “Geometry and system aspects for a bistatic airborne SAR-experiment,” in
EUSAR 2004, Ulm, Germany, May 2004, pp. 567-570.

[3] G. Yates, A. M. Horne, A. P. Blake, R. Middleton, and D. B. Andre, “Bistatic SAR image formation,” in EUSAR 2004,
Ulm, Germany, May 2004, pp. 581-584.

[4] P. Dubois-Fernandez, H. Cantalloube, B. Vaizan, G. Krieger, R. Horn, M. Wendler, and V. Giroux, “ONERA-DLR bistatic
SAR campaign: planning, data acquisition, and first analysis of bistatic scattering behavior of natural and urban targets,”
IEE Proc.-Radar Sonar Navig., vol. 153, pp. 214-223, 2006.

[5] J. Sanz-Marcos, P. Lopez-Dekker, J. J. Mallorqui, A. Aguasca, and P. Prats, “SABRINA: A SAR bistatic receiver for
interferobetric applications,” IEEE Geosci. Remote Sens. Lett., vol. 4, no. 2, pp. 307-311, April 2007.

[6] I. Walterscheid, J. Ender, A. R. Brenner, and O. Loffeld, “Bistatic SAR processing and experiments,” IEEE Trans. Geosci.
Remote Sens., vol. 44, no. 10, pp. 2710-2717, October 2006.

[7] A.R. Brenner and J. Ender, “Demonstration of advanced reconnaissance techniques with the airborne SAR/GMTI sensor
PAMIR,” IEE Proc. Radar Sonar Navig., vol. 153, no. 2, pp. 152-162, April 2006.

[8] C. Gierull, C. Pike, and F. Paquet, “Mitigation of phase noise in bistatic SAR systems with extremely large synthetic
apertures,” in EUSAR 2006, Dresden, Germany, May 2006.




<<
  /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


