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1. EXTENDED ABSTRACT

Texture-based segmentation is drawing an ever increasing attention, both because of its applicative importance, more and more

obvious with the high resolutions available nowadays, and because of the technical challenges it presents. As a matter of

fact, a large variety of segmentation tools have been proposed for textured images, from the seminal work of Haralick [1],

to more recent well-known contributions [2, 3], but such tools focus mainly on micro-textures, described by means of local

properties, while they have a hard time modeling, identifying, and eventually segmenting macro-textures. The importance of

macro-textures, on the other hand, cannot be overemphasized, especially when dealing with very high resolution (VHR) remote

sensing images whose resolution goes well below the meter. In such a case, in fact, what we can appreciate in a scene (think of

urban areas) are mostly macro-textured items, like road networks, building blocks, parking lots, lines of trees, and so on, which

are certainly quite difficult to model with micro-textural features.

We recently proposed a new segmentation technique, the Texture Fragmentation and Reconstruction (TFR) algorithm [4,

5, 6], which deals quite effectively with macro-textures. TFR is based on the Hierarchical Multiple Markov Chain (H-MMC)

model [5] for texture representation, and provides a hierarchical output, that is, a sequence of nested segmentation maps varying

for the number of segments and their intrinsic scale. Without dwelling into fine details we can attribute much of H-MMC

description power to its region-wise (as opposed to pixel-wise) approach for texture modeling, which allows one to represent

long-range spatial interactions in a rather straightforward way. As a consequence, the TFR algorithm succeeds in identifying

large-scale textures, in an unsupervised setting, even if composed by just a few instances of their basic structures [5, 6]. In

addition, thanks to the region-wise approach, TFR has a much smaller complexity than comparable techniques, since it escapes

the curse of pixel-wise texture feature extraction. Such an advantage may well become crucial with the huge amount of data

involved with high resolution imagery.

On the down side, one of the main feature of TFR observed in [5, 6] was that the finer the scale (larger n) the worse the

segmentation Sn. In other words the segmentation quality is generally decreasing towards finer scales in the final output.

To understand this phenomenon we must take a deeper look at the processing flow of the algorithm as outlined in the block

diagram of Fig. 1 (a). The first step is the color-based classification, where the image is partitioned in color classes by means

of a MRF-based segmentation algorithm [7]. In this step each color class is also decomposed into the set of its elementary

connected regions, referred to here as fragments. Then, the spatial-based clustering creates the elementary texture components

by collecting together all fragments of the same color which also have similar shape and contextual features. The output of

this block is therefore a first texture segmentation map SN with N texture classes. SN is the finest-scale map of the whole

hierarchical segmentation H = {Sn}n=2,...,N provided by TFR. Coarser and coarser maps, SN−1, . . . , S2, are then obtained in

the third (merging) step through the pairwise fusion of texture classes.

It can be now understood that, in presence of a particularly heterogeneous textural content, in both the color classification

and contextual clustering steps the variability of image data increases the dimensionality of the involved feature spaces, making

the statistics less reliable and consequently reducing the accuracy of these blocks. As a result, texture mixing phenomena are

more likely to appear at finer scale segmentations, while at coarser scales they can partially be solved thanks to some proper

mergings.
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Fig. 1. Flow chart of the binary restriction of TFR (B-TFR) on the left and the proposed R-TFR algorithmon on the right.

This observation originates the variation of TFR proposed here, and called Recursive TFR (R-TFR). The idea is very simple:

since TFR is able to accurately segment the image in a few large regions, each characterized by (more) homogeneous textural

properties, we use it in cascade, by first identifying such macro-regions, and then operating within each of them. For example,

we can first divide an image in urban and vegetation regions by means of a binary TFR (B-TFR) map, and then use again TFR

within each region, thus avoiding the the class overfitting problem outlined above. Then, the obvious generalization, described

pictorially in Fig.1 (right), is to use B-TFR as the basic step to build top-down, recursively, a complete segmentation map. The

final output of this new algorithm is again a hierarchical segmentation, as one can stop the procedure at different steps, or prune

back the tree of segments as desired. Of course, computational complexity increases, but this should not be much of a problem

given the lightness of TFR.

In order to test the effectiveness of the proposed method we experimented with optical remote sensing images, with spatial

resolution below the meter, and the first results are definitely promising.

2. REFERENCES

[1] R. M. Haralick, “Statistical and structural approaches to texture,” Proceedings of the IEEE, vol. 67, no. 5, pp. 786–804,

May 1979.

[2] M. Unser, “Texture classification and segmentation using wavelet frames,” IEEE Transactions on Image Processing, vol.

4, no. 11, pp. 1549–1560, November 1995.

[3] A. Clausi and H. Deng, “Design-based texture features fusion using gabor filters and co-occurrence probabilities,” IEEE
Transactions on Image Processing, vol. 14, no. 7, pp. 925–236, July 2005.

[4] G. Scarpa, M. Haindl, and J. Zerubia, “A hierarchical finite-state model for texture segmentation,” in In Proc. of IEEE
ICASSP’07, Honolulu, HI (USA), April 2007, vol. 1, pp. 1209–1212.

[5] G. Scarpa, R. Gaetano, M. Haindl, and J. Zerubia, “Hierarchical multiple markov chain model for unsupervised texture

segmentation,” IEEE Transactions on Image Processing, pp. 1–14, 2009, to appear.

[6] R. Gaetano, G. Scarpa, and G. Poggi, “Hierarchical texture based segmentation of multiresolution remote sensing images,”

IEEE Transactions on Geoscience and Remote Sensing, pp. 1–13, 2009, to appear.

[7] C. D’Elia, G. Poggi, and G. Scarpa, “A tree-structured Markov random field model for Bayesian image segmentation,”

IEEE Transactions on Image Processing, vol. 12, no. 10, pp. 1259–1273, October 2003.



<<
  /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


