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1. ABSTRACT

Imaging spectroscopy [1], also known as hyperspectral imaging, is concerned with the measurement, analysis, and
interpretation of spectra acquired from a given scene (or specific object) at a short, medium or long distance by an airborne or
satellite sensor. The Hyperspectral Imaging Network' (HYPER-I-NET) [2] is a four-year Marie Curie Research Training
Network” designed to build an interdisciplinary European research community focusing on this technology, which has opened
new perspectives in many Earth Observation related applications [3]. The network is currently formed by a multidisciplinary
team composed of fifteen highly experienced European partner organizations, and the theme of the network is at the
confluence of heterogeneous disciplines, such as sensor design including optics and electronics, aerospace engineering,
remote sensing, geosciences, computer sciences including high performance computing, signal processing, and Earth
Observation related products. In particular, activities in this network intend to cover all the different aspects that comprise the
entire hyperspectral data processing chain, ranging from sensor design and calibration/validation [4, 5] to advanced data
processing [6], and science applications [7].

Although hyperspectral imaging has been a very active area recently, we believe that no sufficient attention has been given to
research activities covering the entire data processing chain and, as a result, we feel that the abilities in this area are
fragmented throughout various specialized research teams and companies, a fact that has largely resulted in the lack of data
standardization and validation procedures. In this regard, the proposed network aims at providing a timely and unique
opportunity to bridge the gap between the operational procedures of hyperspectral imaging and the development of techniques
for efficient data exploitation and management. As a result, our planned activities are specifically directed towards
overcoming the boundaries between traditionally disjoint disciplines such as sensor design, data processing and application
insight. Resulting from this effort, we expect to introduce new standardized frameworks for hyperspectral data processing and
validation.

In this paper, we outline the activities that have been carried out in the four main areas covered by HYPER-I-NET during the
first two years of the project:

1. Hyperspectral sensor specification. The main goal of this activity is to investigate the sensor requirements for various
applications and develop new sensor specifications. For this purpose, the tasks carried out comprise the analysis of
application needs in terms of derived parameters and variables in different application fields such as agriculture, forestry,
geology, phenology/limnology or urban management, with the ultimate goal of compiling spectral databases to determine
the spectral response related to the individual variables and parameters and to translate the observed needs into
performance requirements of new hyperspectral sensors by developing a dedicated hyperspectral instrument model
(optical layout and transfer, noise, etc.)

2. Processing chain definition and implementation. The main goal of this activity is to settle the basis for the generalization
of a well-defined hyperspectral data collection and processing chain that might serve as a standardized procedure for
processing this type of data in Europe. For this purpose, the tasks carried out comprise the definition of a processing
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chain able to address needs from scientific applications and constraints imposed by sensor design, and the preliminary
implementation of the processing chain steps. The expected outcome of this activity is a series of standardized
hardware/software processing techniques able to deal with the intrinsic complexity of the data, along with a detailed
processing chain definition and implementation report.

3. Calibration, validation and definition of standardization mechanisms. This activity is focused on the
calibration/validation of hyperspectral sensors and the result from various processing steps of the processing chain
described above. This is a crucial step to reduce the overall uncertainties introduced by hyperspectral imaging
instruments. For this purpose, the tasks carried out comprise an inventory of existing calibration equipment and
methodologies as well as an inventory of methods and processors for onboard, laboratory and vicarious calibration and
assimilation, interaction with scientists and researchers.

4. Science applications. This activity is aimed at compiling relevant applications and methods applied using imaging
spectrometer data, and creating a product catalogue of both. The main task carried out in this activity comprise the
definition of an algorithm theoretical baseline document (ATBD) listing methods used for selected applications,
complemented partly by available models and source code.

Along with a detailed description of the progress made in the four main areas listed above, this paper also describes the
training activities carried out during the first two years of the project. Being an educational project, HYPER-I-NET is
particularly focused on the training of young researchers in the four above-mentioned topic areas, and it is the goal of the
project to provide young researchers involved in the network with the required background and expertise on the multiple
disciplines involved in hyperspectral imaging.

2. REFERENCES

[1] A. F. H. Goetz, G. Vane, J. E. Solomon, B. N. Rock, ”Imaging spectrometry for Earth remote sensing,” Science, vol. 228, pp. 1147-
1153, 1985.

[2] A. Plaza, A. Mueller, T. Skauli, Z. Malenovsky, J. Bioucas, S. Hofer, J. Chanussot, V. Carrere, 1. Baarstad, J. Nieke, T. Hyvarinen, P.
Gamba, J. A. Benediktsson, M. E. Schaepman, B. Zagajewski, “HYPER-I-NET: European research network on hyperspectral
imaging,” Proceedings of the IEEE International Geoscience and Remote Sensing Symposium (IGARSS), pp. 4790-4793, Barcelona,
Spain, July 2007.

[3] R. O. Green et al., “Imaging spectroscopy and the airborne visible/infrared imaging spectrometer (AVIRIS),” Remote Sensing of
Environment, vol. 65, pp. 227-248, 1998.

[4] R. Richter, A. Mueller, M. Habermeyer, S. Dech, K. Segl, H. Kaufmann, “Spectral and radiometric requirements for the airborne
thermal imaging spectrometer ARES,” International Journal of Remote Sensing, vol. 26, pp. 3149, 2005.

[5] K. L. Itten, F. DellEndice, A. Hueni, M. Kneubiihler, D. Schldpfer, D. Odermatt, F. Seidel, S. Huber, J. Schopfer, T. Kellenberger, Y.
Biihler, P. D'Odorico, J. Nieke, E. Alberti, K. Meuleman, “APEX - the Hyperspectral ESA Airborne Prism Experiment,” Sensors, vol.
8, pp. 6235-6259, 2008.

[6] P. Gamba, A. Plaza, J. A. Benediktsson, J. Chanussot, “European perspectives in hyperspectral data analysis,” Proceedings of the IEEE
International Geoscience and Remote Sensing Symposium (IGARSS), pp. 4794-4797, Barcelona, Spain, July 2007.

[7] L. J. Kooistra, G. W. W. Wamelink, G. Schaepman-Strub, M. E. Schaepman, H. F. Dobben, U. Aduaka, O. Batelaan, “Assessing and
predicting biodiversity in a floodplain ecosystem: Assimilation of net primary prodution derived from imaging spectrometer data into a
dynamic vegetation model,” Remote Sensing of Environment, vol. 112, pp. 2118-2130, 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


