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OverviewOverview

�� MutlispectralMutlispectral ImagingImaging

�� Band SelectionBand Selection

�� Average Normalized InformationAverage Normalized Information

�� Stability ExperimentsStability Experiments

�� Discriminatory Power Experiments Discriminatory Power Experiments 

�� Radiance ExperimentsRadiance Experiments



MultispectralMultispectral ImagingImaging

http://www.techexpo.com/WWW/opto-knowledge/why_spectral.html



Why Multispectral?Why Multispectral?

Why multispectral?Why multispectral?

�� Features like material properties are more Features like material properties are more easily detectableeasily detectable in in 
multispectral imagingmultispectral imaging

�� Multispectral images can capture aspects that are Multispectral images can capture aspects that are imperceptibleimperceptible to to 
the human eyethe human eye

(http://www.redlake.com/PDF/Multispectra%20ImagingFoodAgriculture.pdf)



The Need for Band SelectionThe Need for Band Selection

Advantages of Multispectral Imaging:Advantages of Multispectral Imaging:
�� Preserves detailed radiance informationPreserves detailed radiance information

�� Has great discriminative power Has great discriminative power 

Disadvantages of Multispectral Imaging:Disadvantages of Multispectral Imaging:
�� Large amount of dataLarge amount of data

�� TimeTime--consuming data captureconsuming data capture

•• Select a small number of descriptive bandsSelect a small number of descriptive bands

•• Only use the selected bands for further analysis  Only use the selected bands for further analysis  

Solution: Feature Band Selection



Previous WorkPrevious Work

Previous work on feature band selectionPrevious work on feature band selection
�� Fisher Fisher discriminantdiscriminant analysis (Chang et al. 1999)analysis (Chang et al. 1999)
�� PCAPCA--based (Chang et al. 1999)based (Chang et al. 1999)
�� ICAICA--based (Healey and Slater 1999, Du et al. 2003)based (Healey and Slater 1999, Du et al. 2003)
�� CorrelationCorrelation--based (based (RennichRennich 1999)1999)
�� InformationInformation--basedbased

oo Entropy as a measure of discriminative power (Bassett & Entropy as a measure of discriminative power (Bassett & ShenShen 1997)1997)
oo Entropy as a measure of feature stability (Entropy as a measure of feature stability (BajcsyBajcsy & Groves 2004)& Groves 2004)

Previous work on redundancy reductionPrevious work on redundancy reduction
�� Relative entropy (Chang et al. 1999)Relative entropy (Chang et al. 1999)
�� Mutual information (Mutual information (SotocaSotoca et al. 2004)et al. 2004)



Image intensities  Image intensities  
=  =  ff (illumination, scene geometry, surface reflectance)(illumination, scene geometry, surface reflectance)

lightlight cameracamera

surface surface 
normalnormal

Image formationImage formation



Limitations of Previous WorkLimitations of Previous Work

Limitations of existing methods:Limitations of existing methods:

�� Most assume reflectance data Most assume reflectance data 
�� Hard to measureHard to measure

�� Do not consider geometry and illumination changesDo not consider geometry and illumination changes
�� Selected bands in one scene may not be applicable in a Selected bands in one scene may not be applicable in a 

different scenedifferent scene

�� Most have separate feature selection and redundancy Most have separate feature selection and redundancy 
reductionreduction

�� May result in suboptimal solutionMay result in suboptimal solution



Novel Band Selection MethodNovel Band Selection Method

�� Works on scene radiance dataWorks on scene radiance data
�� Uses spectral gradient Uses spectral gradient 

�� The selected bands can be used in different scenesThe selected bands can be used in different scenes

�� Integrates feature selection and redundancy reduction Integrates feature selection and redundancy reduction 
�� Avoid suboptimal solutionsAvoid suboptimal solutions

Contributions:Contributions:
�� Preprocessing with spectral gradientPreprocessing with spectral gradient

�� Feature stability & redundancy are handled simultaneouslyFeature stability & redundancy are handled simultaneously



Criteria for Good Features Criteria for Good Features 

Feature attributes:Feature attributes:

�� Persistent presence Persistent presence 

�� Stable (predictable) valueStable (predictable) value

�� Contributes to selectivity of its classContributes to selectivity of its class

=> increase certainty in identifying a class=> increase certainty in identifying a class

Use entropy to measure certainty. Low entropy indicatesUse entropy to measure certainty. Low entropy indicates

wellwell--ordered information.ordered information.



Average Normalized Information (ANI)Average Normalized Information (ANI)

�� Binary band selection vector W[1..M] (M: Number of bands), Binary band selection vector W[1..M] (M: Number of bands), 

1, i1, ithth band is selectedband is selected

W[iW[i]  =]  =

0, otherwise0, otherwise

�� Average Normalized Information:Average Normalized Information:

measures the stability of the selected band set measures the stability of the selected band set 

measures the variance of the spectral appearancemeasures the variance of the spectral appearance
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ANI: Spectral GradientsANI: Spectral Gradients

Given N radiance spectra for one diffuse material, the iGiven N radiance spectra for one diffuse material, the ithth spectrum is spectrum is 
RRii[1..M], we compute its spectral gradient as:[1..M], we compute its spectral gradient as:
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(( ):): reflectance (reflectance (albedoalbedo) spectrum.) spectrum.

Spectral Gradient:Spectral Gradient:

�� Independent of geometryIndependent of geometry

�� Insensitive to illuminationInsensitive to illumination

In discrete form, the spectral gradient becomes the vectorIn discrete form, the spectral gradient becomes the vector

D=[logR2-logR1 , .. , logRM-1-logRM]



ANI: Joint EntropyANI: Joint Entropy

For one material, the spectral gradient value at the For one material, the spectral gradient value at the jjthth band is a random band is a random 
variable, variable, XXjj. So        . So        can be computed as:can be computed as:( )WH joint
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If equation (1) can not be reliably computed, use the following If equation (1) can not be reliably computed, use the following 
approximation:approximation:

(1)(1)

indindii((WW): the index in ): the index in WW of the of the iithth selected bandselected band



ANI: Spectral Appearance EntropyANI: Spectral Appearance Entropy

A spectral appearance for a material at A spectral appearance for a material at jjthth band is the average spectralband is the average spectral
gradient at the band:gradient at the band:

�� Intuitive Intuitive 
�� Easy to computeEasy to compute
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The spectral appearance of a material at a particular wavelengthThe spectral appearance of a material at a particular wavelength can be can be 
treated as a random variable, sotreated as a random variable, so can also be computed.can also be computed.



AlgorithmAlgorithm

Greedy search for bands that maximize Greedy search for bands that maximize ..

•• Initially select all the bands, i.e. Initially select all the bands, i.e. W[iW[i]=1 for all i.]=1 for all i.

•• At each iteration remove the band j, i.e. At each iteration remove the band j, i.e. W(jW(j)=0, such that F(W) is the   )=0, such that F(W) is the   
biggestbiggest after removing the band.after removing the band.

•• Repeat until the desired number of bands is reached.Repeat until the desired number of bands is reached.
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Stability Experiments on Reflectance DataStability Experiments on Reflectance Data

Human Skin Reflectance SamplesHuman Skin Reflectance Samples

Oulu data (left): Oulu data (left): 10nm spectral resolution10nm spectral resolution

Grasp data (right):Grasp data (right): 1nm spectral resolution1nm spectral resolution



Band Selection ResultsBand Selection Results

Yellow:Yellow: selected bands for selected bands for 
the Oulu datathe Oulu data

Red:Red: selected bands for selected bands for 
the Grasp datathe Grasp data

The results are consistent (big overlap)The results are consistent (big overlap)

Most bands are located in the Most bands are located in the ““WW”” pattern regionpattern region



Band Selection ResultsBand Selection Results
Table 2. Band selection resultsTable 2. Band selection results

430 440 520 530 580 590 600 650 670 69010

430 520 530 580 590 600 650 670 6909

430 520 530 580 590 600 650 6908

430 530 580 590 600 650 6907

530 580 590 600 650 6906

580 590 600 650 6905

580 590 600 6904

580 590 6003

580 5902

Oulu 
database

443 448 456 489 503 525 529 555 562 563 565 567 568 569 
570 572 573 579 580 582 583 584 585 586 588 592 593 594 
595 599 605 607 612 619 651 669 678 681 682 683

40

529 562 565 570 572 573 582 583 584 585 586 588 
593 605 607 612 619 651 682 683

20

562 565 572 573 582 584 585 588 593 605 607 619 
651 682 683

15

565 573 584 588 593 651 6837

GRASP
database

Band Location (nm)
# of 
bands

576.26

559.48

546.42

Location 
Median 

575.45

559.72

546.56

Location 
Mean 

2.34Right Min

0.95Local Max

2.54Left Min

Standard 
Deviation

Feature

Table 1.Table 1.Location of the Location of the ““WW”” patternpattern



Discriminatory Power ExperimentsDiscriminatory Power Experiments

Classify human skin versus mannequin Classify human skin versus mannequin 



Scene Radiance ExperimentsScene Radiance Experiments

Scene radiance at 520nm Scene radiance at 520nm 

•• Manually picked several small patches on each objectManually picked several small patches on each object

•• Selected bands from different patches independentlySelected bands from different patches independently

•• Checked consistency of the resultsChecked consistency of the results



Consistency MeasureConsistency Measure

cc((kk,,nn) ) measures the overlap of the results from different patches measures the overlap of the results from different patches 

( ) ( )nkdknnkc ,, =
k: k: the number of bands to be selectedthe number of bands to be selected
n: n: the number of regionsthe number of regions
dd((kk,,nn): ): the number of distinct bands when the number of distinct bands when kk features are features are 

independently selected from independently selected from nn regions. regions. 



Scene Radiance ExperimentsScene Radiance Experiments

Scene radiance at 520nm Scene radiance at 520nm 



Scene Radiance ExperimentsScene Radiance Experiments

Scene radiance at 520nm Scene radiance at 520nm 



Conclusions and Future WorkConclusions and Future Work

Summary:Summary:

�� Band selection of radiance dataBand selection of radiance data

�� Integrate feature band selection and redundancy reductionIntegrate feature band selection and redundancy reduction

�� Good performance on reflectance as well as radiance dataGood performance on reflectance as well as radiance data

Future Work:Future Work:

�� Further tests on other materialsFurther tests on other materials

�� Dynamic feature band selectionDynamic feature band selection



Thanks!Thanks!


