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Hyperspectral imaging 

1 cm Cotton 
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 « Grey level operations » 



Multivariate image 



UNFOLDING 



MIA-PCA 1990 
Χ 

MIA-PLS 2000 
Χ 

MIA-MCR 2004 

Multivariate Image Analysis  
 

UNFOLDING 



D C ST 

MCR-ALS R. Tauler 1995, A. de Juan 2004 

MCR bilinear model 
holds for every pixel of 

the data cube 

D 

MIA - MCR 

C= D(ST)+

ST = C+D
ALS 
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Multivariate curve resolution 
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Multivariate curve resolution 
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NIR reflectance 
Heavily mixed spectra 

Rank > 2  
No pure pixels 
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1 cm 

Clear spatial information 
Many pixels  



 « Grey level operations » 



NICER 

« By any means » 

Image processing 



Image processing 

NICER 

Total variation algorithms 
(Rudin et al. 92, Xu et al. 2012) 

 

άὭὲ ἓ ἓ╣╥ ‗ Ὥ ȟ Ὥȟ Ὥȟ Ὥȟ
ȟ

 

άὭὲ ἓ ἓ╣╥ ‗ Π ὴ ȿ ᴁɿØἱᴁπ ᴁɿÙἱᴁπ π 

=˂ 1l˂ow h˂igh=˂ 1l˂ow h˂igh

  Chimiométrie 2018 Paris 

Segmented smoothing 
(Rippe et al., 2012) 

TV 
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MCR-ALS with NN and TV constraints on C (LOF: 5.46 %) 
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How? 

oliviercadic.com 



Spatial information 

? 

MCR-ALS OF HSI DATA 

C= D(ST)+

ST = C+D



Refold / unfold step: 
 - Spatial information is recovered 
 - Image processing constraints can be applied in a map-wise way and individually for each component 

MCR-ALS OF HSI DATA 

  Journal of Chemometrics, 2015 

C= D(ST)+

ST = C+D



- Smoothness 
- Sparseness 

- Segmentation 
- Edge preserving smoothing (TV, RTV) 

- Χ 
 

Image processing constraints 

Journal of Chemometrics, 2016 
Applied Spectroscopy, 2018 

ACA, 2018 

Smoothing Edge enhancement

2 µm

=

2 µm

Observation Latent structure

PSF

2 µm

=

2 µm

Observation Latent structure

PSF

Deconvolution



Should we care? 

http://www.codeops.tech/blog/ 



- have a chemical/physical meaning 
 
- help interpretability 
 
- improve reliability 
 
- reduce rotational ambiguity 

 
 
 
 
 
 
 
 
 
 

THE IMPORTANCE OF CONSTRAINTS IN MCR-ALS 

Constraints should  



- have a chemical/physical meaning 
 
- help interpretability 
 
- improve reliability 
 
- reduce rotational ambiguity 

 
 
 
 
 
 
 
 
 
 

THE IMPORTANCE OF CONSTRAINTS IN MCR-ALS 

Constraints should  



Fiber Semen Cotton Semen distribution 

NN MCR-ALS on 3 replicates 

Variability is in the semen component spectrum 


