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Source: www.tectonica-online.com



1. Melamine + Formaldehyde → Hydroxymethyl Melamine

2. (Poly) Condensation

CondensationMethylolation

Jahromi et al. 1999

Melamin-Formaldehyde (MF) Resins

Jahromi, S. (1999). Storage stability of melamine‐formaldehyde resin solutions, 1. The mechanism of instability. Macromolecular Chemistry and Physics, 200(10), 2230-2239.



• Degree of polymerization/cross-linkage determines

mechanical, thermal and electrical properties of MF resin

Melamin-Formaldehyde (MF) Resins

Inline monitoring by NIR 
Spectroscopy

Source: www.deurowood.com
0 20 40 60 80 100 120

-40

-30

-20

-10

0

10

20

30

40

50

 

 

X: 67.7
Y: 33

Kondensationszeit [min]

Tr
üb

un
gs

pu
nk

t [
°C

]

Trübungspunkt - Zeitlicher Verlauf

X: 67.7
Y: 30.68

Charge A1454-16
Referenzwerte



Use Cases



Chemometrics as a Service (MetaLink)



FFG Projects PAC/imPACts/PSSP



NIR Spectroscopy



NIR Spectroscopy

• Inline FTNIR Process Spectrometer (iRed)

• (Fabry-Pérot) Micro Spectrometer (Spectral Engines)
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Microspectrometry

Kategorie NIRONE 2.0
(Fa. Spectral Engines)

SWS62221-2.5
(Fa. NeoSpectra)

Prozessspektrometer
Fa. iRED

SNR >10000 >3000 >10000
Auflösung, Messzeit 2 nm, ca. 8 sek 8 nm, 8 sek 3 nm, 8 sek

Kalibrierung: 
R2, RMSECV 0,995     0,90 0,921     3,83 0,997     0,95
Validierung: 
R2, RMSEP 0,998     0,87 0,935     3,78 0,998     0,48
Preis (Jahr) 3290€ (2016) 2500€ (2016) ca. 38000€ (2015)



Data Processing/Chemometrics

• Spectroscopy = Hardware & Experimentation &  Data Processing (Chemometrics)
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Experimentation - Robustness

• Spiking experiments
→ Robustify calibration against known sources of variability
→ Validation!
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Chemometrics



Data set shift & Model drift

• Change in 𝑃𝑃 𝑋𝑋 ,𝑃𝑃 𝑌𝑌 ,𝑃𝑃(𝑌𝑌|𝑋𝑋)

Roger, J. M., Diaz, V. F., & Langerodi, R. N. (2025). Cloning instruments, model maintenance and calibration transfer. TrAC Trends in Analytical Chemistry, 118319.
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Sources of Drift

• Known (Δ𝑇𝑇) and unknown (!) sources of variability
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Robustness
Temperature

• Temperature correction
• „Spiking“ experiments
• Modeling out the temperature dependence
• Variable selection
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Anew = A - f(T)
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Variable Selection

• Temperature correction
• Spiking experiments
• Modeling out the temperature dependence
• Variable selection
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Malli, B., & Natschläger, T. (2015). Fused stagewise regression—A waveband selection algorithm for spectroscopy. Chemometrics and Intelligent Laboratory Systems, 149, 53-65.

Malli et al. 2015

RegionsVariables



Robustness
Unknown Drift

• Removing unknown sources of variability
→ Preprocessing
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Calibration Data

„Drift Component“

Removal of Drift Component

1)

2)

3)

4)

(PCA)

(PLS on Residuals)

(Filter)

(Prediction)
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Drift Detection

• Traditional outlier stats (𝑇𝑇2,𝑄𝑄𝑅𝑅𝑅𝑅𝑅𝑅)
• False Alarms
• Violation of crit. limits not always useful 
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Nikzad-Langerodi, R., Lughofer, E., Cernuda, C., Reischer, T., Kantner, W., Pawliczek, M., & Brandstetter, M. (2018). Calibration model maintenance in melamine resin production: Integrating drift detection, smart sample selection and 
model adaptation. Analytica Chimica Acta, 1013, 1-12.

Nikzad-Langerodi et al. 2018

Prediction Error

„Outlier Stats“



Drift Detection

• „Committee Disagreement“
• Prediction variance of a PLS ensemble
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Nikzad-Langerodi, R., Lughofer, E., Cernuda, C., Reischer, T., Kantner, W., Pawliczek, M., & Brandstetter, M. (2018). Calibration model maintenance in melamine resin production: Integrating drift detection, smart sample selection and 
model adaptation. Analytica Chimica Acta, 1013, 1-12.

Nikzad-Langerodi et al. 2018



Model Maintenance
(Dynamic)

• Fuzzy Systems & Latent Variable Models
• „Locally Weighted Regression“
• (Unsupervised) updating of fuzzy rule bases
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Nikzad-Langerodi, R., Lughofer, E., Cernuda, C., Reischer, T., Kantner, W., Pawliczek, M., & Brandstetter, M. (2018). Calibration model maintenance in melamine resin production: Integrating drift detection, smart sample selection and 
model adaptation. Analytica Chimica Acta, 1013, 1-12.

Fuzzy - PLS
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Model Maintenance
Transfer Learning/Domain Adaptation

• Transfer Learning
• Re-use Data/Model from related domain to help learning in new

domain (e.g., recipe/device etc.) 
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Nikzad-Langerodi, R., Zellinger, W., Lughofer, E., & Saminger-Platz, S. (2018). Domain-invariant partial-least-squares regression. Analytical chemistry, 90(11), 6693-6701.

Melamine
Recipes

https://github.com/RNL1/Melamine-DatasetNikzad-Langerodi et al. 2018



Model Maintenance
Transfer Learning/Domain Adaptation

• di-PLS
• Partial Least Squares with Domain Regularization
• Aligns Distributions in Latent Space
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Nikzad-Langerodi, R., Zellinger, W., Lughofer, E., & Saminger-Platz, S. (2018). Domain-invariant partial-least-squares regression. Analytical chemistry, 90(11), 6693-6701.

Λ ∼
1

𝑛𝑛𝑠𝑠 − 1𝐗𝐗𝑆𝑆
𝑇𝑇𝐗𝐗𝑆𝑆 −

1
𝑛𝑛𝑇𝑇 − 1𝐗𝐗𝑇𝑇

𝑇𝑇𝐗𝐗𝑇𝑇

https://github.com/B-Analytics/diPLSlib

Nikzad-Langerodi et al. 2018

Domain
Regularization



Model Maintenance
Transfer Learning/Domain Adaptation

• mdi-PLS
• Global models over multiple domains
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Mikulasek, B., Fonseca Diaz, V., Gabauer, D., Herwig, C., & Nikzad‐Langerodi, R. (2023). Partial least squares regression with multiple domains. Journal of Chemometrics, 37(5), e3477.

Mikulasek et al. 2023



Model Maintenance
Transfer Learning/Domain Adaptation

• GCT-PLS
• Domain regularization for calibration transfer
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Nikzad‐Langerodi, R., & Sobieczky, F. (2021). Graph‐based calibration transfer. Journal of Chemometrics, 35(4), e3319.

Nikzad-Langerodi & Sobieczky 2021



Model Maintenance
Transfer Learning/Domain Adaptation

• Further Reading

30

Nikzad‐Langerodi, R., & Andries, E. (2021). A chemometrician's guide to transfer learning. Journal of Chemometrics, 35(11), e3373.

Nikzad-Langerodi & Andries 2021

Roger et al. 2025



Conclusion

• Bringing NIR to industry requires an interdisciplinary effort
• Spectroscopy = Sensor + Experiment + Chemometrics

• Industrial projects are important drivers of scientific
advancements (in chemometrics)

31



Acknowledgements

The research reported in this presentation has been funded by the Federal Ministry for
Innovation, Mobility and Infrastructure (BMIMI), the Federal Ministry for Economy, Energy
and Tourism (BMWET), and the State of Upper Austria in the frame of the SCCH competence
center INTEGRATE [(FFG grant no. 892418)] in the COMET - Competence Centers for Excellent
Technologies Programme managed by Austrian Research Promotion Agency FFG.

Thomas Reischer
(KremsChem)

IR & Raman Group
(RECENDT GmbH)

Data Science Group
(SCCH GmbH)

Thank You!

Edwin Lughofer
(JKU Linz)


	NIR Spectroscopy @ KremsChem��Ramin Nikzad-Langerodi
	Diapositive numéro 2
	Diapositive numéro 3
	Use Case Presentation
	Use Case Presentation
	Melamin-Formaldehyde (MF) Resins
	Melamin-Formaldehyde (MF) Resins
	Use Cases
	Chemometrics as a Service (MetaLink)
	FFG Projects PAC/imPACts/PSSP
	Diapositive numéro 11
	NIR Spectroscopy
	Microspectrometry
	Data Processing/Chemometrics
	Experimentation - Robustness
	Diapositive numéro 16
	Data set shift & Model drift
	Sources of Drift
	Robustness�Temperature
	Robustness�Temperature
	Variable Selection
	Robustness�Unknown Drift
	Drift Detection
	Drift Detection
	Model Maintenance�(Dynamic)
	Model Maintenance�Transfer Learning/Domain Adaptation
	Model Maintenance�Transfer Learning/Domain Adaptation
	Model Maintenance�Transfer Learning/Domain Adaptation
	Model Maintenance�Transfer Learning/Domain Adaptation
	Model Maintenance�Transfer Learning/Domain Adaptation
	Conclusion
	Acknowledgements

