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1. INTRODUCTION

According to recent progress of global warming, monitoring and observation of natural resources have been regarded as more

and more important tasks. As the ALOS/PALSAR system, space-borne Polarimetric Synthetic Aperture Radar (POLSAR)

sensing using fully or quad polarimetric scattering information is one of the most useful techniques for the periodic or con-

tinuous environmental monitoring. It also makes the required wide area natural resources monitoring possible under severe

conditions where one cannot carry out on-site inspection for understanding the circumstances. So far, by using the POLSAR

image analysis, we investigated water area change of a wetland, ‘SAKATA (Niigata City, Japan)’[1]. The investigation was

carried out based on the image analysis using the scattering power decomposition scheme [2, 3]. It was found from the result

of the image analysis that the double-bounce scattering generated from the boundaries between the water area of the wetland

and the surrounding emerged-plants is considered as a useful marker for estimating the actual wetland water area [1].

In this paper, to verify the generating mechanism of the peculiar double-bounce scattering Pd, we shall carry out detailed

polarimetric scattering analysis for a simple boundary model by using the Finite-Difference Time-Domain (FDTD) method

[4]. The considered model consists of lots of vertical thin dielectric pillars on a perfectly electric conductor (PEC) plate, and

simulates the local boundary between emerged-plants and water areas of the wetland when water level is relatively high. Here,

we make an intensive investigation on the specific feature of Pd for the variations of the material parameters and the biomass

change of the emerged-plants. In the presentation, we will also consider the emerged-plants’ height dependency with respect to

the incident angle change [5],[6].

2. SCATTERED POWER DECOMPOSITION

Let us briefly show the scattering power decomposition procedure for the coherency matrix 〈[T ]〉 derived by the scattering

vectors k P = 1/
√

2 [SHH + SV V SHH − SV V 2 SHV ]T . By using a four-component scattering model [3], 〈[T ]〉 can be

expanded into double-bounce scattering, surface scattering, volume scattering and helix scattering as

〈[T ]〉 = fd[T ]double + fs[T ]surface + fv〈[T ]〉vol + fc〈[T ]〉helix. (1)

According to the decomposition algorithm in Ref.[3], the total scattered power can be successfully decomposed into each

scattering component, Pd, Ps, Pv and Pc. In wetland area monitoring, the double-bounce scattering Pd may be generated from

right angle dihedral structures composed of vertical stems of emerged-plants and water surface when the water level becomes

relatively high. Hence, it can be utilized as a useful marker for distinguishing the true water area of the wetland .

3. FDTD POLARIMETRIC SCATTERING ANALYSIS

As depicted in Fig.1(a), we shall consider polarimetric scattering problem when H and V linear polarized plane waves impinge

on a simplified boundary model, which simulates local boundary region around the wetland and consists of lots of vertical
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(a) Simplified local boundary model.
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(b) εr = 2.0 − j0.05
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(c) εr = 2.5 − j0.30

Fig. 1. Geometry of the problem and the FDTD statistical evaluation results for the variation of the biomass. (a) Simplified

local boundary model (b) FDTD result for dry case (c) FDTD result for slightly wet case

thin dielectric pillars on a perfect electric conductor (PEC) plate. Here, we utilize the Finite-Difference Time-Domain (FDTD)

method to obtain the elements of the scattering vector k P for the considered model. In the FDTD analysis, the cubic cell size

Δ is 0.01 m, and the analytical region is 350 × 350 × 350 cells. Each dimension size of the model is L = 10.17λ (2.40 m),

H1 = H2 = 5.93λ (1.40 m), D1 = 2.54λ (0.60 m) and D2 = 3.60λ (0.85 m) at L-band frequency (1.27 GHz). Additionally,

a trigonal part ‘A’ is attached to reduce the unnecessary back scattering from the horizontal edge of the front side. Thin square

dielectric pillars are randomly located on a part of the base plate (D2 × L area). The cross section of each pillar is 0.01m ×
0.01m. The incident and squint angles are fixed as θ = θi =45o and φ = φi =0o.

We shall show the results of the three different density models (300, 250, and 100 pillars are located on the base plate in each

model), to examine the dependency of the polarimetric scattering feature on the biomass or the volume density of the emerged-

plants. Here the relative permittivity the dielectric pillars is set as εr = 2.0 − j0.05 for dry case, and εr = 2.5 − j0.30 for

slightly wet case. It is observed from the results for both dry (Fig.1 (b)) and wet (Fig.1 (c)) pillars cases that the double-bounce

scattering contribution Pd becomes predominant, regardless of the change of the volume density. The specific polarimetric

feature, large Pd, is still observed even for the sparse volume density case (100 pillars case), although Ps gradually increases

with decrease of the volume density.

Taking into account the above results, we conclude that the double-bounce scattering from the water-emergent boundary

is still considered as a useful marker for distinguishing true water area of the wetland surrounded by not only dense and wet

emerged-plants but also sparse and dry ones.

4. REFERENCES

[1] R. Sato, Y. Yajima, Y. Yamaguchi, and H. Yamada, “Investigation on seasonal water area change in lake sakata based on

polsar image analysis,” IEICE Trans. Commun., vol. E90-B, no. 9, pp. 2369–2375, Sept. 2007.

[2] A. Freeman and S. L. Durden, “A three-component scattering model for polarimetric sar data,” IEEE Trans. Geosi. Remote
Sensing, vol. 36, no. 3, pp. 963–973, May 1998.

[3] Y. Yamaguchi, Y. Yajima, and H. Yamada, “A four-component decomposition of polsar images based on the coherency

matrix,” IEEE Geosi. Remote Sensing Letters, vol. 3, no. 3, pp. 292–296, July 2006.

[4] A. Taflove and S. C. Hangness, “Computational electrodynamics (3rd ed.),” Artech House, June 2005.

[5] R. Sato, Y. Yamaguchi, and H. Yamada, “A monitoring technique for seasonal water area change of wetland based on polsar

image analysis,” Proc. of EUSAR 2008 (CD-ROM), June 2008.

[6] R. Sato, Y. Yamaguchi, H. Yamada, and W.-M. Boerner, “Seasonal change monitoring of wetlands by using airborne and

satellite polsar sensing,” Proc. of IGARSS 2008 (CD-ROM), July 2008.



<<
  /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


