
INSTITUTE OF INDUSTRIAL INFORMATION TECHNOLOGY

www.kit.eduKIT ïThe Research University in the Helmholtz Association

Optical measurement of material abundances in 
mixtures incorporating preprocessing to mitigate 
spectral variability

OCM Conference, March 23rd, 2017

Wolfgang Krippner, Sebastian Bauer, Fernando Puente León



Institute of Industrial Information Technology2 Wolfgang Krippner ïOptical measurement of material abundances in mixtures incorporating 

preprocessing to mitigate spectral variability

06.04.2017

Outline

Hyperspectral images for the determination of material 

abundances

General objective

Limitations of existing approaches

Optically measuring material abundances

Spectral filters

Mathematical background

Design methods for spectral filters

Experimental evaluation

Summary
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Hyperspectral images for the determination of

material abundances

Hyperspectral image

Stack of up to several hundreds

intensity images

Spatial information x, y

Spectral informationɚ

Spatial determination of

material abundances
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Hyperspectral images for the determination of

material abundances

Sample of three yellow materials

RGB image

Mean spectra
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Linear mixing model

Hyperspectral image

Matrix of material spectra

Matrix of material abundances

Matrix of model error

Assumption:                               and available

Calculate     :                         é

material material 

Hyperspectral images for the determination of

material abundances
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Hyperspectral images for the determination of

material abundances

Limitations

Need for acquisition of complete hyperspectral image

Costly hardware

Large amount of storage

High computational load

New approach: Optical measurement of material abundances
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Optically measuring material abundances

Spectral filters

Acquiring hyperspectral images and processing

default spectral filter

acquisition processing

scene material
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Optically measuring material abundances

Spectral filters

Acquiring hyperspectral images and processing

Use of customized spectral filters

scene

customized spectral filter 

for material 

scene

acquisition processing

material

acquisition

material
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Mathematical background

For each pixel spectrum   

: filter vector for material

: abundance of material

For each hyperspectral image     

: abundances of material  

By applying spectral filters                         , optically, significantly less 

computational load!

Optically measuring material abundances

material
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Design methods for spectral filters 

Degree of freedom for the calculation of

Starting point: Moore-Penrose pseudoinverse

Applying additional spectral manipulation by non-orthogonal matrix     

Include spectral weighting (ISI index)

Apply spectral discrete cosine transform

Derivation of spectral differences

Incorporation of

knowledge about spectral material variability 

spectral shape of material spectra

Optically measuring material abundances
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Experimental evaluation

Setup

Illumination:

Xenon lamp

Scene

Mirror

EMCCD camera

Spectral filter (AOTF)
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Experimental evaluation

Samples of material mixtures

Mixtures of four color powders

Exhibit deviations from linear 

mixing model

Spectral variability Corresponding mean spectra 

Mixing scheme color powders



Institute of Industrial Information Technology13 Wolfgang Krippner ïOptical measurement of material abundances in mixtures incorporating 

preprocessing to mitigate spectral variability

06.04.2017

Experimental evaluation

Samples of material mixtures

Printed mixtures

Fulfill linear mixing model

Mixing scheme printed mixtures

Magnified pixel of one mixture


