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ABSTRACT

From a methodological viewpoint, a classification process consists of associating a pattern
(sample) to a class label opportunely chosen from a predefined set of class labels. In the literature,
two main approaches to the classification problem have been proposed: the supervised and the
unsupervised approaches. Supervised techniques require the availability of a training set for learning
the classifier. Unsupervised methods, known also as clustering methods, perform classification just
by exploiting information conveyed by the data, without requiring any training sample set. The
supervised methods offer a higher classification accuracy compared to the unsupervised ones, but in
some applications it is necessary to resort to unsupervised techniques because training information is
not available.

In this work, we focus the attention on hyperspectral image clustering. Compared with
conventional multispectral data, hyperspectral data are characterized by a higher spectral resolution
giving thus the opportunity to push further the information extraction capability. However,
hyperspectral imagery involves a greater quantity of data to memorize and to process. Moreover,
given a specific classification problem, hyperspectral data often exhibit redundant information,
calling thus for opportune band (feature) selection algorithms. While feature selection has been
widely studied in the supervised classification context, little has been done in the image clustering
context due to the lack of training samples. Another intrinsic problem in image clustering in general
and in hyperspectral image clustering in particular is how to set a priori the number of data classes
because of the absence of prior information.

In the literature, there are still few published works dealing with the clustering of remote sensing
hyperspectral images. In [1], the hybrid supervised-unsupervised approach to image classification
was improved by introducing the concept of cluster-space classification for hyperspectral data.
Cluster-space representation is used for associating spectral clusters with corresponding information
classes automatically, thus overcoming the manual assignment of clusters and classes carried out in
the hybrid approach. In [2], a method of hyperspectral band reduction based on rough sets and fuzzy
C-means clustering was proposed. It consists of two steps. First, the fuzzy C-means clustering
algorithm is used to classify the original bands into equivalent band groups. Then, data
dimensionality is reduced by selecting only the band with maximum grade of fuzzy membership
from each of the groups. In [3], the authors presented a two-stage hierarchical clustering technique
for classifying hyperspectral data. First, a “local” segmentator performs region-growing
segmentation by merging spatially adjacent clusters. Then, a “global” segmentator clusters the
segments resulting from the previous stage using an agglomerative hierarchical clustering scheme
based on a context-free similarity measure. In [4], a two-step unsupervised artificial immune
classifier for multi/hyperspectral images was presented.

In this paper, we propose a novel clustering system for hyperspectral images capable, without any
a priori knowledge about the investigated area, of solving simultaneously three different problems: 1)



cluster parameter estimation; 2) selection of the most discriminative features; 3) class number
estimation. Given the hyperspectral nature of data, we suppose that samples are normally distributed.
In this way, each image pixel takes origin from a multivariate Gaussian distribution described by a
mean vector and a covariance matrix assumed to be diagonal in order to simplify the clustering
problem. Accordingly, the image is statistically described by a mixture of Gaussian distributions.
The cluster parameter estimation issue becomes the one of determining the mixture parameter values
that best approximate the image distribution. The feature selection has the purpose to reduce data
redundancy and to remove the bands that are characterized by a strong noise component. Both cluster
parameter estimation and feature selection issues are simultaneously faced by a multiobjective
approach based on particle swarm optimization (PSO) [5]. In an optimization problem formulated
within a PSO framework, it is necessary to define the ingredients of the PSO algorithm, namely the
particle position and the fitness functions. In our case, the position of each particle is simply a vector
that concatenates all the variables to estimate, i.e., the cluster parameters and the features to select.
Concerning the fitness functions, we propose to optimize jointly two different criteria: the likelihood
function to estimate the cluster parameters and the Bhattacharyya distance to select the most
discriminative features. The last issue, i.e., the class number estimation, is handled by repeating the
PSO process in a predefined range of values of class number and thus optimizing the minimum
description length (MDL) criterion [6]. At the end of the learning process, a classification map is
generated by applying the maximum a posteriori (MAP) decision criterion for each image pixel.

To illustrate the performance of the proposed system, we conducted an experimental study based
on both simulated and real (AVIRIS and ROSIS) hyperspectral images. Simulated images were
generated by varying the number of classes and their prior probabilities, the number of total features
and of noisy features, and the noise intensity. The results were compared with those yielded by the k-
means algorithm applied before and after a feature reduction step based on principal component
analysis. In general, the obtained experimental results show that interesting performances can be
achieved though the processing context is completely unsupervised.

Keywords: Feature selection, hyperspectral images, image clustering, k-means algorithm,
multiobjective optimization, particle swarm optimization (PSO).

REFERENCES

[1] X. Jia and J. A. Richards, “Cluster-space representation for hyperspectral data classification,” IEEE
Trans. Geosci. and Remote Sens., vol. 40, no. 3, pp. 593-598, 2002.

[2] H. Shi, Y. Shen, and Z. Liu, “Hyperspectral bands reduction based on rough sets and fuzzy C-means
clustering,” in Proc. 20th IEEE Instrumentation and Measurement Technology Conference, Vail, USA,
May 20-22, 2003, vol. 2, pp. 1053—-1056.

[3] S. Lee and M. M. Crawford, “Hierarchical clustering approach for unsupervised image classification of
hyperspectral data,” in Proc. IEEE Geosci. and Remote Sens. Symp., Anchorage, Alaska, Sep. 2024,
2004, vol. 2, pp. 941-944.

[4] Y. Zhong, L. Zhang, B. Huang, and P. Li, “An unsupervised artificial immune classifier for
multi/hyperspectral remote sensing imagery,” IEEE Trans. Geosci. and Remote Sens., vol. 44, no. 2, pp.
420-431, 2006.

[5] Y. Bazi and F. Melgani, “Semisupervised PSO-SVM regression for biophysical parameter estimation,”
IEEE Trans. Geosci. and Remote Sens., vol. 45, no. 6, pp. 1887-1895, 2007.

[6] . Rissanen, Stochastic Complexity in Statistical Inquiry, Singapore: World Scientific, 1989.




<<
  /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


