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TheoriticalTheoritical approachapproach
ofof randomrandom texturestextures

Textures -> fluctuations at a small scale, 
uniformity at a large scale. 
It requires the use of a probabilistic approach
A random texture is completely known from its
Choquet capacity.
Good candidates for texture descriptors can be
provided by estimates of probabilities obtained
after dilations (or erosions) by compact sets.
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Texture segmentationTexture segmentation
FromFrom Image to pixelsImage to pixels
Classification of pixels Classification of pixels intointo texturestextures: : needsneeds
for a for a local local characterizationcharacterization of texturesof textures

TransformTransform the image by the image by dilations, dilations, erosionserosions («(« pixelpixel » » 
approachapproach), and ), and generategenerate a a multispectralmultispectral imageimage fromfrom
the collection of compact sets Kthe collection of compact sets K
Use of the Use of the local local estimatesestimates of of T(K), T(g)T(K), T(g) insideinside a a 
neighborhoodneighborhood B(x)B(x), to , to generategenerate a a multispectralmultispectral imageimage
Use of Use of measuresmeasures µµii withwith a compact support a compact support KKii and and 
estimateestimate µµii(A) (A) , to , to generategenerate a a multispectralmultispectral imageimage; ; 
examplesexamples: : linearlinear filtersfilters, , multiscalemultiscale convolution, local convolution, local 
measurementmeasurement of Minkowski of Minkowski functionalsfunctionals of a RS,…of a RS,…
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Texture Texture propertiesproperties descriptiondescription

Texture properties calculated for each pixel, 
accounting for local properties in neighborhoods
with varying scales.
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LinearLinear FiltersFilters : Curvelets (1): Curvelets (1)

DirectionalDirectional and and 
frequentialfrequential filteringfiltering

4 4 frequenciesfrequencies
16 angles16 angles

DescriptorDescriptor
dimension = 26dimension = 26
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Curvelets (2)Curvelets (2)
Lowest
Frequency

Highest
Frequency

Low Frequency, 8 angles
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Curvelets (3)Curvelets (3)

High Frequency, 16 angles
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MorphologicalMorphological description (1)description (1)
Erosion

Dilatation

Opening

Closing
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MorphologicalMorphological DescriptorsDescriptors (2)(2)
Succession of Succession of openingsopenings andand closingsclosings by by 

structuringstructuring elementselements ((diskdisk, segment) of , segment) of increasingincreasing
sizessizes. . 

DifferencesDifferences betweenbetween thethe twotwo sucessivesucessive
operationsoperations

Opening
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MorphologicalMorphological DescriptorsDescriptors (2)(2)
Open

Disk

Close

Disk

Open

H line
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MorphologicalMorphological DescriptorsDescriptors(3)(3)
Close

H line

Open

V line

Close

V line
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Texture Texture descriptorsdescriptors
The texture descriptors is a combination of:

26 curvelets, combining 4 frequencies and 16 
directions
126 morphological operations, with disks, vertical 
and horizontal lines as structuring elements and
the series of sizes : 

Opening/Closing, [2, 4, 8, 16, 32] x 2 +1 pixels.
Opening/Closing, [1, 2, 3, 4, 5, 7, 9, 12] x 2 +1 pixels.
Erosion/Dilatation, [1, 2, 3, 4, 5, 7, 9, 12] x 2 +1 pixels.

Each descriptor is averaged in a window sizing
between 1x1 and 60x60.
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MethodologyMethodology

…

Images
Textural 

Descriptors Projection Classification

Descriptors
calculation

Machine learning / 
Pattern recognition

Find the best descriptor projection to separate
classes
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LinearLinear Discriminant Discriminant AnalysisAnalysis (LDA)(LDA)

DiscriminantDiscriminant AnalysisAnalysis:  to classify objects into :  to classify objects into 
one of two or more groups based on a set of one of two or more groups based on a set of 
features describing the objects (e.g. Texture features describing the objects (e.g. Texture 
properties.)properties.)
SupervisedSupervised learninglearning methodmethod: : itit needsneeds thatthat eacheach
objectobject ownsowns an an identifiedidentified label.label.
Produces Produces new variablesnew variables, as a linear , as a linear 
combinations of the initial descriptors that are combinations of the initial descriptors that are 
effective to separate effective to separate classesclasses
Use Use ofof independentindependent training training andand testingtesting pixels to pixels to 
evaluateevaluate errorserrors withwith a a goodgood accuracyaccuracy..
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SimulatedSimulated randomrandom texturestextures

Boolean RF Sequential Alternate RF Dead leaves RF

Boolean RS Poisson mosaic RS Binary dead leaves RS
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Patchwork images (1)Patchwork images (1)
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Patchwork images (2)Patchwork images (2)
4 images.

Very small areas 
with different
textures 
compared to the
size of the primary
grain.

Avalaible on the
internet

www.cmm.ensmp.fr/~cord/Synthetik_Texture/
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LearningLearning ProceduresProcedures

1.1. LearningLearning fromfrom original images «original images « ORIORI »»
Best Best separationseparation ofof thethe twotwo texturestextures

2.2. LearningLearning fromfrom patchwork images patchwork images 
«« PATCHWPATCHW »»

Best Best separationseparation eveneven on border areason border areas

ORI PATCHW
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MisclassificationMisclassification errorerror

All pixels All pixels ofof patchwork image are patchwork image are 
projectedprojected on on thethe firstfirst LDA axis LDA axis andand
classifiedclassified. . 
UsingUsing thethe knowledgeknowledge ofof thethe maskmask, , thethe
misclassificationmisclassification errorerror isis evaluatedevaluated..

ORIORI PATCHWPATCHW
LearningLearning test test errorerror 1.01.0 15.515.5

MisclassificationMisclassification errorerror 29.529.5 15.715.7
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AveragingAveraging windowwindow sizessizes
OnlyOnly a a smallsmall box box 
3x3 3x3 slightlyslightly
improvesimproves thethe resultsresults
DescriptorDescriptor sizessizes
wellwell adaptedadapted

ORI

PATCHW

ItIt needneed a 35x35 a 35x35 
averagingaveraging windowwindow..
Textural motif are Textural motif are 
largerlarger for for binarybinary
imagesimages
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LocalizationLocalization ofof misclassifiedmisclassified pixelspixels
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LocalizationLocalization ofof misclassifiedmisclassified pixelspixels
Without averaging With 35x35 averaging
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Final classification Final classification errorserrors
LDA vs SVMLDA vs SVM

LDALDA SVMSVM

15.7 %15.7 % 9.7 %9.7 %

14.8 %14.8 % 9.4 %9.4 %

13.5 %13.5 % 12.1 %12.1 %

18.1 %18.1 % 19.3 %19.3 %
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EfficiencyEfficiency of of descriptorsdescriptors

LargerLarger contribution to the LDA projection: contribution to the LDA projection: diskdisk
structuringstructuring elementelement ((isotropicisotropic textures)textures)
ErosionsErosions--Dilations Dilations mostmost relevant for relevant for binarybinary
imagesimages
OpeningOpening//closingclosing mostmost relevant for relevant for greygrey levellevel
imagesimages
Curvelets more relevant for Curvelets more relevant for binarybinary imagesimages
Large Large scalescale structuringstructuring elementselements irrelevantirrelevant herehere
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Extension to more textures (4)Extension to more textures (4)
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Extension to more texturesExtension to more textures

Classification
Error
Rate:
28%

mask
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ConclusionConclusion
Basic Basic morphologicalmorphological image transformations image transformations andand
curveletscurvelets provideprovide efficient texture efficient texture descriptorsdescriptors atat
thethe pixel pixel scalescale
This description This description combinedcombined withwith statisticalstatistical
learninglearning methodmethod isis efficient for efficient for thethe segmentation segmentation 
accordingaccording to to thethe local texture.local texture.
TheThe training training procedureprocedure hashas to to bebe mademade on a on a 
selectionselection ofof pixels pixels fromfrom thethe patchwork image in patchwork image in 
orderorder to to minimizeminimize thethe boundaryboundary effecteffect..
SuccessfulSuccessful application application ofof thethe methodologymethodology to to 
texture extraction on texture extraction on steelsteel platesplates
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