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Why metrology?
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measurement of surface physical / optical properties
direct relationship between image and physical content

Complete physical meaning to be preserved
accuracy, uncertainty and bias are quantifiable
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FIGURE 1*(a) Grayscale, (b) color, (c) hyperspectral image I@|9019
Adapted from Li, Q. , He, X., Wang, Y., Liwu, H., Xu, [Engjneedng: d Guo,[EEFF;:tf"r.lnaag%O Ieggsrﬁ%eweof
Achi evements and Challenges, o J. Bi omed. Opt ., 18, 10 (2013) .




Overview of texture analysis

Stateof the art: co-occurrencematrix[1], localbinarypattern [2] etc.
originallydevelopedfor grayscalemages

Adaptationfor hyperspectraimageswith U bandsi'lhmetrologicallyinvalid
crosschannelprocessing3]
bandby-band(marginal)processing3]
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FIGURE 2 (a) Cross:hannel, (b) baneby-band I@|9019
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Problems of hyperspectral texture analysis

Curseof dimensionality
bandselection[4,5,6], dimensionalityreduction[7,8,9]

resultdependenton datal'h incomparable

Spectrumibcontinuousfunction"(@_) overthe wavelength_
hyperspectrabcquisitionlbdiscretesequenceY {i(O)H _[_ h [}
spectralbandslhhighlycorrelated,not independent
vectorialrepresentation,.2-norm Nhnot adapted

Reflectance

NA

Uv — > NIR X

Wavelength &
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Defining texture
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FIGURE 4Sample spectra from texture I( : |901 9

IEEE International Conference
on Image Processing




X |

(@)

FIGURE § (a) Texture = (b) spectral + (c) spatial distribution I@|9019 |

IEEE International Conference
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FIGURE 6 rSDOM in proposed texture definition I@|9019
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Hyperspectral texture feature

|@1Ro1s



—\

Frompsychophysical research to application

Juleszonjecture texture discriminationfrom low-order statistics[10]
probability of a chosenpoint havingcertainvaluel'hspectraldistribution
probability of two chosenpoints havingcertainvaluesl hspatialdistribution

Cooccurrencernatncesl‘bd|str|but|on of pixelpairsdefinedby an offset
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FIGURE T(a) Graya O £ S A Y |-@&irrefige tatrix ()2'@'9019

IEEE International Conference
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Approximation by sum and difference histograms

Originaldefinition Mimpracticalfor hyperspectraimage
Unser[11]: approximationby sum(spectral)and difference(spatial)histograms

Fultbandprocessing hspectraldifferenceof pixel pair
bandselection,dimensionalityreduction"hnot required
analysigndependentfrom spectralcount"lhmetrologicalapproach

(b)

FIGURE 8 Illustrations of histogram from: I@ I 901 9
\ 13 (a) grayscale, (b) color, (c) hyperspectral image IEEE International Conference

on Image Processing




Describing spatial distribution:
Foectral Difference OccurrenceMatrix

distribution

0 Definewith distancetiand orientation [
£) Determinepixelpairs("YR'Y) with i

e ExpresspectraldifferenceY Yof all pairsasprobability distribution

Prob(AS)

AS

(@) (b) (€)

FIGURE § Calculating SDOM: (a) plcuk (b) plxel palrs ICI9019
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SDOM: a working example
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FIGURE 10 (a) Texture; (b) magnified: texton (yellow), ICI9019
\ 15 background (cyan), (c) SDOM LEEE International onference
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