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The MatrixNIRTM Chemical Imaging System (Malvern instruments Ltd) is a
near infrared hyperspectral imaging spectrometer gathering spectraland spatial
data (hypercube) simultaneously by recording sequential images of a pre-
defined sample; each image plane is collected at a single wavelength band.

1 image = 10 - 100 kernels
1 kernel =  100 - 3500 pixels
Surface analysed : 1 - 25 mm²/kernel

HYPERSPECTRAL  IMAGING
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Instrument parameters:
- Wavelength range: 900-1700 nm by step of 
10 nm
- Reflection mode
- 16 coadds/wavelength 
- Average on 4 scans/image
- 1 acquisition = 1 image = 240 * 320 pixels 
= 76800 spectra
- 1 pixel = 80µm * 80 µm = 0.0064 mm2
- Analysed surface = +/- 5cm2
- Time of acquisition = 5 min/image

In the framework of the COEXTRA FP6 project (GM and non-GM supply chains:
their CO-EXistence and TRAceability), the CRA-W is in charge to investigate the
potential of NIR hyperspectral imaging together with chemometricsfor GMO
(Genetically modified organisms) detection.

CONTEXT

Two main studies have been performed:
STUDY 1: Detection of transgenic soybean by hyperspectral imaging
STUDY 2: Detection of transgenic barley by hyperspectral imaging

X = pixels number
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Surface analysed : 1 - 25 mm²/kernel
1 pixel = 1 spectrum
1 kernel = 1 mean spectrum 

1 pixel = 1 spectrum
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10 mean spectra

for 10 kernels

Transgenic
20070092 GMO 815-2 GMO 816-3 GMO 816-9 GMO 816-15 20070093
20070094 GMO 815-3 GMO 816-4 GMO 816-10 20070091
20070098 GMO 815-4 GMO 816-5 GMO 816-11 20070099
20070100 GMO 815-5 GMO 816-6 GMO 816-12 20070095
20070096 GMO 816-1 GMO 816-7 GMO 816-13 20070097

GMO 815-1 GMO 816-2 GMO 816-8 GMO 816-14 GMO 814 

No transgenic

The dataset used in Study 1 contains 372 spectra coming from the following samples: 
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76.223.87327Non GMO

010014.385.7GMO

Non GMOGMONon GMOGMO

% classified as...% classified as...Belonging 
to...

Test (external valid)Loocv (internal valid)
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010014.385.7GMO

Non GMOGMONon GMOGMO

% classified as...% classified as...Belonging 
to...

Test (external valid)Loocv (internal valid)

10001000Non GMO

22.277.80100GMO

Non GMOGMONon GMOGMO

% classified as...% classified as...Belonging 
to...

Test (external valid)Loocv (internal valid)

10001000Non GMO

22.277.80100GMO

Non GMOGMONon GMOGMO

% classified as...% classified as...Belonging 
to...

Test (external valid)Loocv (internal valid)

22.277.80100GMO

Non GMOGMONon GMOGMO

% classified as...% classified as...Belonging 
to...

Test (external valid)Loocv (internal valid)

22.277.80100GMO

Non GMOGMONon GMOGMO

% classified as...% classified as...Belonging 
to...

Test (external valid)Loocv (internal valid)

In this case, the best results for the
test set in averageare obtainedwith

STUDY 1 - SOYBEAN

X = pixels number

Each kernel used in this study has been measured twice (both sides of the
kernel) in order to include a large part of information. A large number of spectra
has been collected coming from different origins, different varieties andsome of
them being transgenic. Once the kernels have been measured with the camera,
two approaches can be applied: 1) working with all the pixels for each kernel
(each kernel contains +/- 3500 pixels); or 2) working only with the mean
spectrum of each kernel considering this mean as representative of the
characteristics of the kernel.

In order to determine the mean of each kernel a mask has been constructed by a
process of erosion in order to determine the contour of each grain. This mask is
based on the different intensities found in the image.

Spectra before and after SNV correction

PLS-DA results ANN results

Different chemometric tools (PLS-DA, ANN and SVM) have been used in
order to discriminate between GMO and not GMO. The results, expressed as
the percentage of correctly classified samples, are shown in the following
tables for both calibration and test (independent) sets.
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In all data sets the results have shown that a good discrimination could be
performed according to the variety and the presence of GM material.

Next figures show the PCA results showing the differentiating according to
the origin (a) and according to the presence or not of transgenic material
(b,c,d) in barley.

Image of 10 barley kernels
obtained with the NIR camera

Mask of the image of 10 barley
kernels used to calculate the
mean spectrum of each barley
kernel
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Image of soybean grains obtained with the NIR camera and mask from the previous image
93.76.31000Non GMO

22.277.80100GMO

93.76.31000Non GMO

22.277.80100GMO test set in averageare obtainedwith
PLS-DA (88.1%) and ANN (88.9%).

STUDY 2 - BARLEY

SVM results

This study consists on NIR imaging analysis of barley samples collected in
Belgium (Gembloux) and United Kingdom. In total 642 spectra have been
obtained measured at 81 wavelengths (900:10:1700nm) including samples with
different varieties and samples being transgenic and not transgenic.
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When working with the whole data set, the PCA results do not show conclusive
results concerning discrimination between GMO and not GMO. Then PCA
models have been performed on individual varieties.

Mean spectra obtained for each 
of the 10 grains represented in 
the previous figure 
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