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1. INTRODUCTION 
The physical reasons for the presence of nonlinearity in hyperspectral data are well 
known and have been described in a number of publications (see [14, 2, 3] and references 
therein).  While many approaches to hyperspectral imagery analysis have relied on linear 
methods as an excellent first approximation, data driven methods that directly model this 
nonlinear structure are an important goal for many hyperspectral image applications 
where departures from linearity can influence the quality of derived products. 

In several papers, we have previously developed a scalable methodology for 
parameterization of nonlinear structure in hyperspectral imagery (HSI) [2, 3].  There are 
many potential areas of application, including land-cover classification [3, 8], delineation 
of bathymetry and bottom type in water scenes [5, 6, 7, 9], and anomaly finding [5, 8].  A 
couple of our recent papers have focused on ways to further improve these 
representations by improving the manner in which the spectral neighborhood size is 
characterized and directly estimated from the data [1, 8].  In this paper, we focus on the 
local curvature and in particular the scale on which these changes occur, which is directly 
related to the notion of estimating the spectral neighborhood size.

2. SUB-MANIFOLD DESCRIPTIONS, NEIGHBORHOOD SIZE, AND INTRINSIC 
DIMENSIONALITY 

It turns out that the scale on which neighborhood sizes tend to occur for particular classes 
appears to be an important additional dimensionality that is useful from the standpoint of 
class separation. Thus, we can use this scale as an important descriptor of particular 
classes of data, and this is the basis for an improved description of the data, one which is 
related to class separation.  In particular, the scale of the neighborhood size can be 
quantified and added as an additional dimension in a feature space along with the 
manifold coordinate description which resulted from among other steps, the adaptive 
neighborhood estimation.  Quantization of the neighborhood size occurs during the 
estimation procedure which we outlined in [8]. 



3. INTERCOMPARISONS IN HSI DATA 

In order to explore this idea, we have used several different data sets from a number of 
different hyperspectral sensors, such as PROBE, HyMAP, PHILLS, CASI, and AVIRIS.
In the presentation, we will describe how adding the additional feature dimension of 
neighborhood scale, derived from an adaptive neighborhood, can enhance the use of 
manifold coordinate representations of hyperspectral imagery.  We draw illustrations 
from several applications areas such as land-cover classification, in water retrievals, and 
anomaly finding. 

4. REFERENCES

[1] Ainsworth T. L., C. M. Bachmann, and R. A. Fusina, “Local Intrinsic Dimensionality from Non-linear Manifold 
Coordinates,” Proc. IGARSS’07, 2007. 

[2] Bachmann, C. M., T. L. Ainsworth, and R. A. Fusina, “Exploiting Manifold Geometry in Hyperspectral Imagery,” 
IEEE Trans. on Geoscience and Remote Sensing, 43(3):441-454, 2005. 

[3] Bachmann, C. M., T. L. Ainsworth, and R. A. Fusina, “Improved Manifold Coordinate Representations of Large 
Scale Hyperspectral Imagery,” IEEE Trans. Geosci.  Rem. Sens., 44(10):  2786-2803, 2006. 

[4] Bachmann, C. M., T. L. Ainsworth, and R. A. Fusina, “Classification Benchmarks for Full-Scene Manifold 
Coordinate Representations of Large-Scale Hyperspectral Scenes,” Presentation at the International Geoscience & 
Remote Sensing Symposium IGARSS’06, Denver, Co., July/August 2006.  

[5] Bachmann, C. M., T. L. Ainsworth, D. B. Gillis, S. J. Maness, M. J. Montes, T. F. Donato, J. H. Bowles, D. R. 
Korwan, R. A. Fusina, G. M. Lamela, and W. J. Rhea, “A New Data-Driven Approach to Modeling Coastal 
Bathymetry from Hyperspectral Imagery Using Manifold Coordinates,” Proc. MTS/IEEE Oceans 2005 
Conference, Washington, D.C., Sept. 2005. 

[6] Bachmann, C. M.,  T. L. Ainsworth, D. B. Gillis, S. J. Maness, M. J. Montes,  J. H. Bowles, D. R. Korwan, R. A.  
Fusina, T. F. Donato, G. M. Lamela, and W. J. Rhea, “Modeling Coastal Waters from Hyperspectral Imagery 
Using Manifold Coordinates,” Proc. of the International Geoscience & Remote Sensing Symposium 
(IGARSS’06), Denver, Co., July/August 2006.  

[7] C. M. Bachmann, T. L. Ainsworth, R. A. Fusina, M. J. Montes, J. H. Bowles, D. R. Korwan, “Bathymetric 
Retrieval from Manifold Coordinate Representations of Hyperspectral Imagery,” Proc. IGARSS’07. 

[8] C. M. Bachmann, T. L. Ainsworth, R. A. Fusina, “Automated Estimation of Spectral Neighborhood Size in 
Manifold Coordinate Representations of Hyperspectral Imagery: Implications for Anomaly Finding, Bathymetry 
Retrieval, and Land Applications,” Proc. IGARSS’08. 

[9] C. M. Bachmann, T. L. Ainsworth, R. A. Fusina, M. J. Montes, J. H. Bowles, D. R. Korwan, D. B. Gillis, 
“Bathymetric Retrieval from Hyperspectral Imagery Using Manifold Coordinate Representations,” IEEE Trans. 
on Geoscience and Remote Sensing, in press. 

[10] J. A. Costa, A. O. Hero, “Geodesic Entropic Graphs for Dimension and Entropy Estimation in Manifold 
Learning,” IEEE Trans. Sig. Proc. 52(8): 2210-2221, 2004. 

[11] J. A. Costa, A. O. Hero, “Manifold Learning Using Euclidean K-Nearest Neighbor Graphs,” Proc. ICASSP, 2004.  
[12] Y. Chen, M. M. Crawford, J. Ghosh, “Applying nonlinear manifold learning to  

hyperspectral data for land cover classification,”  Proc. IGARSS 2005, pp. 4311-4314. 
[13] T. Han, D. Goodenough, “Nonlinear feature extraction of hyperspectral data based on local linear embedding  

(LLE),” in Proc. IGARSS 2005, pp. 1237-1240. 
[14] C. D. Mobley, Light and Water: Radiative Transfer in Natural Waters.San Diego, CA: Academic, 1994. 
[15] J. B. Tenenbaum, V. de Silva, J. C. Langford, 2000.  “A global geometric framework for nonlinear dimensionality  

reduction,” Science, 290(5500): 2319-2323. 



<<
  /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


