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Abstracts: A simple scattering model for radar backscattering from vegetated surfaces is developed based on the
radiative transfer technique. The number of input parameters of the model is minimized to simplify the scattering
model. The validity of the model is examined by comparison between the computation outputs and scatterometer
measurements for the backscattering coefficients of green-onion (scallion) fields.

1. INTRODUCTION

The radar scattering from natural earth surfaces involves complicated electromagnetic wave interactions, because
of the randomly oriented complex geometries of the various scattering particles. The vector radiative transfer theory
is a common technique to compute polarimetric microwave scattering from randomly distributed scatterers [1].
However, the existing approximate scattering models are still complicated because of too many input parameters
[2].

In this study, we develop a relatively simple model for microwave scattering from a vegetation canopy, which has
only ten input parameters and shows a reasonably good accuracy. This model employs the iterative vector radiative
transfer theory to compute the backscattering coefficients including the first-order multiple scattering effects [3].
We model the vegetation canopy with two layers; a soil surface layer and a vegetation layer. The vegetation layer
contains randomly oriented and positioned leaves, branches and trunks. The polarimetric backscattering coefficients
of scallion fields are measured with a well-calibrated C-band ground-based scatterometer and the measurements are
compared with those estimated using the simple model.

2. MODEL DERIVATION

In this scattering model, the radar backscattering from two-layered vegetation canopy comprises five main
scattering mechanisms such as (1) ground-vegetation-ground scattering, (2) vegetation-ground scattering, (3)
ground-vegetation scattering, (4) direct vegetation scattering, (5) direct ground scattering. The backscattering
cocfficients of a vegetated surface are obtained from the 4x4 transformation matrix which can be computed using
the extinction matrices of the vegetation canopy, the reflectivity matrix of the ground surface, and scattering-
mechanism matrices corresponding to five scattering mechanisms. The scattering-mechanism matrices can be
computed using the phase matrices for vegetation particles. The phase matrix can be computed by integration of the
Mueller matrix multiplied with the distribution function of the scattering particles. The Mueller matrix functions are
calculated using the scattering matrices of scatterers. In the formulation, we also assumed that the scatterers are
randomly and sparsely distributed and there is no correlation between them.

The radar scattering characteristics of the scattering particles are obtained using the existing scattering models.
Natural leaves and branches usually have complicated shapes and sizes. Coniferous leaves are modeled by
spheroids for the computation purpose, while the deciduous leaves modeled by thin disks. The physical optics (PO)



technique with the impedance sheet theory is used for computing the radar cross section (RCS) of the leaves [4].
Branches and trunks usually have cylindrical shapes. The PO model is also used for scattered field of a finite
cvlinder with arbitrary cross section and orientation. Oh et al.”’s model [5] is used for backscattering from a bare
soil surface.

After examining the sensitivities of the backscattering coefficients on each input parameters are examined, we
select only ten most important input parameters, which are (1) the volumetric moisture content mv (cm’/cm’), (2)
the rms surface height s (cm) of the ground surface, (3) the height # (m) of the vegetation layer, (4) leaf density #,
(m), (5) leaf length /; (cm), (6) leaf width #; (cm), (7) branch density 7, (m™), (8) branch length Z, (cm), (9) trunk
density », (m™), and (10) trunk length /; (m).

3. MEASUREMENTS

The backscattering coefficients of green-onion farming fields are measured at 5.3 GHz at various incidence angles
by a ground-based polarimetric C-band scatterometer which consists of an automatic vector network analyzer, an
orthogonal mode transducer (OMT), a horn antenna, an 8-m boom structure, an antenna support, and two step
motors for controlling azimuth and elevation angles. The polarimetric scatterometer is calibrated with the
differential-Mueller-matrix calibration technique [6] by measuring the polarimetric responses of a conducting
sphere at the main beam of the antenna system.

The ground truth data of the fields are measured to get ten input parameters of the simple model. For example, the
ground truth data of the green-onion fields include number of clusters per unit area, number of stalks per cluster,
number of leaves per stalk, stalk heights, stalk diameters, leaf lengths, leaf diameters, stalk angles, leaf angles,
moisture contents of vegetation, height profiles of the soil surface, soil moisture contents. The measurements are
used to examine the validity of the simple model for vv-, hh-, hv-polarized backscattering coefficients.

4. CONCLUDING REMARKS

A simple microwave backscattering model is developed for estimating the backscattering coefficients of vegetation
canopies. The simple model has only ten input parameters for a vegetation canopy. The validity of this model is
examined against the scatterometer measurements of green-onion (scallion) fields.

REFERENCES

[1] F. T. Ulaby, M. K. Moore, and A. K. Fung, Microwave Remote Sensing, Active and Passive, vol. 1, Artech House,
Norwood, MA, USA, 1982.

[2] F. T. Ulaby, K. Sarabandi, K. McDonald, M. Whitt and M. C. Dobson, “Michigan microwave canopy scattering model,”
Int. J. Remote Sensing, vol. 11, no. 7, pp. 1223-1253, 1990.

[3]1L Tsang, J. A. Kong, R. T. Shin, Theory of Micirowave Remote Sensing, John Wiley & Sons, 1985

[4] Y. Oh and J. Y. Hong, “Re-examination of analytical models for microwave scattering from deciduous leaves,” IET
Microwaves, Antennas, Propag., vol. 1, no. 3, pp. 617-623, June 2007.

[5]1 Y. Oh, K. Sarabandi, F.T. Ulaby, “Semi-empirical model of the ensemble-averaged differential Mueller matrix for
microwave backscattering from bare soil surfaces,” IEEE Trans. Geosci. Remote Sensing, vol. 40, no. 6, pp.1348-1355.
June 2002.

[6] K. Sarabandi, Y. Oh and F.T. Ulaby, “Measurement and calibration of differential Mueller matrix of distributed
targets,” IEEE Trans. Antenna Propagat., vol. 40, pp. 1524-1532, Dec. 1992.




<<
  /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


