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Field & 

orchard 

analysis

PheNet

(2023-2027)

NIR imaging 

solutions for 
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Farm & 

industry
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MobiLAB

(2022-2025)

Mobile laboratory 

dedicated for the  

demonstration and 

dissemination of  

photonics and 

digital solutions

Laboratory 

analysis

DepiPEST

(2022-2025)

MIR & Raman 

(+ chroma., U10)  

for the detection of 

fraud in pesticides 

products

Laboratory 

analysis

Walprot

(2023-2027)

NIR & NIR imaging

(+ optical sorting 

/chemistry U11) for 

protein crops
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Scientific Director Unit QAP
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Vibrational Spectroscopy

At the CRA-W
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Hyperspectral Imaging at the CRA-W

20 years of history
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Contaminant detection

Maize kernels
Detection of undesirable materials 
in white maize from South Africa

Sound
kernels

13 classes of undesirable materials:
➢ Damaged kernels (heat water, fungus, rodent, …)
➢ Foreign material (other seed or plant material)
➢ Other colour maize (yellow)

Classification with Partial Least Squares Discriminant Analysis (PLS-DA)

One model per contaminant, Two approaches:

Pixel wise (individual spectrum/pixel)

Object wise (average spectrum)
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Contaminant detection

Maize kernels

PLS-DA results:

At object level
8 models have an accuracy of 100%, lowest accuracy = 98%

At pixel level 
Large incidence of errors, with classification accuracy varying 
between 63% - 99.7%

Detection of undesirable materials 
in white maize from South Africa

Starch Water Protein

Important wavelengths for the discrimination 
are related to starch, water and protein
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Authentication & Traceability

Cocoa beans
Discrimination of beans from 
5 different hybrid genotypes

Classification with two methods:
➢ Partial Least Squares Discriminant Analysis (PLS-DA)
➢ Support Vector Machines (SVM)

Two classification strategies:
1) Two-class models (one hybrid against another)

➔PLS-DA and SVM are comparable (prediction error = 0-22.5%)

2) Five-class models (all hybrids together)
➔SVM provides the best results (prediction error = 3.8-23.1%)

Better predictions obtained with the average spectrum of a bean 
instead of its individual pixels
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Quality control & fraud detection

Durum wheat
Detection of potential contamination 
with common wheat

Classification with Partial Least Squares Discriminant Analysis (PLS-DA)

Four discrimination approaches:
1) Kernel morphology

Using 8 geometric features derived from the images at single kernel level

2) NIR spectral profile at kernel level
Using the mean spectrum of each kernel

3) Protein content
Discriminating between high (>12%) or low (<12 %) protein content 

4) Vitreousness of the kernel
Using the percentage of vitreous pixels on each kernel

Common wheat Durum wheat

Philippe Vermeulen
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Quality control & fraud detection

Durum wheat
Detection of contamination 
with common wheat
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DATA FUSION
Better results by combining two approaches (spectral and morphological)

Discrimination approach
Classification 

error [%]
Correct classification 

[%]

Morphology 18 96.5

Spectral profile 9.7 88.3

Protein content 9.7 85.2

Vitreousness 6 88.3

Important wavelengths for the discrimination 
are related to water, fat and protein
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Quality control

Pesticide coating

Philippe Vermeulen

Assessing the coating quality 
and homogeneity

Three cereal species (wheat, barley and spelt)

For each species
➢ Untreated seeds
➢ Treated seed (3 groups of formulation based on 3  active substances)

Dichotomous classification with PLS-DA models

Cereal species

Treated 

Wheat Barley Spelt

Untreated Treated Untreated Treated Untreated

Substance 1

Substance 2

Substance 3

Substance 1

Substance 2

Substance 3

Substance 1

Substance 2

Substance 3
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Quality control

Pesticide coating
Assessing the coating quality 
and homogeneity

Classification performance

Species (sensitivity = 100%)

Treated/untreated (sensitivity = 87-100%)

Type of pesticide (sensitivity = 25-93%)

Homogeneity and quality of the dosage
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Fundamental research

Anatomy of a kernel
Assessing different anatomical 
structures in Barley

Philippe Vermeulen

Source: http://www.sebioenergy.org/2011/speakers/Hicks.pdf

PLS-DA results
32% of cellulose

47% of starch
21% of lipids
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System demonstration

Purity assessment
Online purity assessment of a 
batch of faba beans

Corentin Demoitié

How pure is this sample?

Parameters
Soil & 

pebbles
Plastic 
waste

Insects Plant debris
Broken 
beans

Bean shells
Shriveled 

beans

Sensitivity val. 
(%)

100 99.8 96.3 95.1 96.0 98.0 91.4

Specificity val. 
(%)

97.7 99.8 98.6 96.7 96.3 88.0 92.5

Relevant 
bands in VIP 
scores (nm)

1430, 2048, 
2180, 2363

1688, 1893, 
2269

1682, 2037, 
2064, 2142, 
2252, 2313

1410, 2224, 
2285, 2318

1682, 2075, 
2153, 2318

1450, 1937, 
2213

1143, 2037, 
2108, 2451

Successive classification models (PLS-DA) performances 

Sample purity : 93.2 %

Characteristic spectral response above
2000 nm relevant for discrimination based
on lipids, starch or protein content.
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