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ABSTRACT 

 Recently, due to the advancement of remote sensors, optical remote sensing has 
been a significant increase in the number of spectral bands in acquired data, going from 
multispectral to hyperspectral. Hyperspectral imagery with hundreds of bands offers high 
spectral resolution and provides the potential accuracy in detection and classification of 
targets unresolved in multispectral images. However, higher spectral resolution increases the 
computation complexity in image processing. Thus, how to improve the accuracy with less 
computation complexity is the main challenge for hyperspectral image classification. 
 A common issue in hyperspectral image classification is to improve the class 
separability with a reduction of dimensionality of hyperspectral data. Several approaches 
have been proposed to reduce the dimensionality. Principal components analysis (PCA) has 
been widely applied for band selection, which extracts the feature based on the eigenvalues 
of the image correlation matrix. Recently, there are some classifiers using subspace-based 
techniques, such as the orthogonal subspace projection (OSP), noise subspace projection 
(NSP) and signal subspace projection (SSP) [1], which project the undesired pixels onto 
some orthogonal subspaces, noise or signal subspaces, to achieve dimensionality reduction. 
The above classifiers, trained by images with known ground truth data, are employed in 
human supervision. However, in some situations, when the ground truth data is not available, 
it is necessary to develop an unsupervised classification as a useful step toward defining 
spectral classes. Some existing unsupervised classifiers for multispectral images, such as 
eigen-region-based segmentation technique [2], require multidimensional search and 
intensive computation complexity to do the image classification. Thus, it is unappropriate to 
directly employ these methods for hyperspectral image classification. 
 In this study, we propose an efficiet hierarchical classifier shown in Fig. 1 for 
hyperspectral images, which exploits high degree correlations in spectral and spatial 
domains. To reduce the dimensionality of hyperspectral data, we first examine the spectral 
correlations between hyperspectral image bands. Bands with highly correlated features are 
grouped together by using a recursive algorithm which searches the group centers and 
reorders the original image bands. Thus, each group contains a set of highly correlated bands, 
and the image correlation matrix can approximate to be a sparse matrix, it RdiagRR ,
where iR  is the correlation matrix of the ith image group. Next, the image feature of each 
group is extracted by the transformation i

T
iiz x , where i is composed of the principal 

eigenvectors of iR . As shown in Fig. 1, the dimensionality of hyperspectral data ,,...,1, Lixi

is reduced to K after the transformation. Based on the extracted features, our classifier 
partitions the image using a binary quaternion- moment-preserving (BQMP) thresholding 



technique [4]. As we know from [3] and simulation results, spectrum of normal AVIRIS 
images can be divided into four major groups according to the spectral correlation. In the 
first stage of the proposed classifier, we choose four principal features 4,..,1,izi , which 
correspond to four major groups, respectively, and express the hyperspectral data as the 
quaternion kzjzizz ...ˆ 4321z . By keeping the quaternion moments invariant during the 
BQMP thresholding process, the image is partitioned into some proper regions. Afterwards, 
we examine the variance of each image region and select one with large variance which can 
be further partitioned by the principal features extraction and the BQMP thresholding. To get 
more accurate classification results, we may perform the above partition procedures in 
spectral and spatial domains, recursively. Generally, the proposed classifier requires only 

2/1 K  computations of conventional PCA in feature extraction, if image is partitioned into K
groups. And the computation in the BQMP thresholding is of order of data size N. 

We have conducted the experiments on the AVIRIS images to validate the efficiency 
of the proposed schemes. According to the hierarchical BQMP method, the AVIRIS image is 
partitioned into 3 regions. Simulation results in Fig.2 validate the efficiency of the proposed 
scheme which can identify the target (building area) more accurate than other existing 
methods.  

      (a) original image      (b) Classification results 
               by the proposed method 
              (   : building,   : water 
             : vegetation) 

       

        

    

(c ) Wiener filter                 (d) NSP 

    

(e) SSP       (f) proposed method 

Fig. 2 Simulation results. (b) : classification results by the 
proposed method, (c)~(e) : detection results of some 
supervised classifiers with training data marked ‘*’ in (a). 
(f) : detection results of the proposed method.  
(Target signature is building represented by white color) 

Fig. 1 Block diagram of the hierarchical BQMP classifier 

References: 
 

[1] Lena Chang and C. M. Cheng, “A combined signal 
subspace projection and partial filtering approach to target 
detection for hyperspectral images,” proc. of IGARSS 
2006.

 

[2] Lena Chang, “Multispectral Image Compression Using 
Eigen-region-based Segmentation,”Pattern Recognition , 
Vol. 37, No.6, pp.1233-1243, 2004. 

 

[3] AVIRIS Images Website, http://aviris.jpl.nasa.gov
 

[4] S. C. Pei and C. M. Cheng, “Color image processing by 
using binary quaternion-moment-preserving thresholding 
technique,” IEEE Trans. on Image Processing, vol. 8, no. 
5, pp.1-16, 1999. 

Select the region needed to be further partitioned 

…………Reordering and partition image into K groups

1,1x 1,1 mx

1
Transformation

1,2x 2,2 mx 1,kx mkkx ,

1z kz2z

2
Transformation

K

Transformation

Hyperspectral Image

classified results
in the second 
stage

….

Classification by BQMP thresholding

Select four principal features

(classification results
in the first stage)

(select the vegetation area 
to be further partitioned)

Select the region needed to be further partitioned 

…………Reordering and partition image into K groups

1,1x 1,1 mx

1
Transformation

1
Transformation

1,2x 2,2 mx 1,kx mkkx ,

1z kz2z

2
Transformation

K

Transformation

Hyperspectral Image

classified results
in the second 
stage

….

Classification by BQMP thresholding

Select four principal features

(classification results
in the first stage)

(select the vegetation area 
to be further partitioned)



<<
  /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


