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Hyperspectral chemical
Imaging maps food

compaosition In
laboratory and on-line

Hyperspectral imaging combines digital imaging with precise spectral information in each image pixel. It enables
composition mapping in food and agricultural raw materials and products based on differences in the spectral
signatures of the various chemical ingredients. Advances in hyperspectral cameras and image processing solutions
are now making hyperspectral imaging an efficient tool for high throughput laboratory analyses, and even making it
possible to apply it on-line in quality assurance and process control applications.

Near infrared (NIR, 700-2500 nanometres)
spectral analysis is widely used in the
agriculture and food industry, as well as in
many other industries. Traditional NIR
analysers measure bulk properties of samples
taken for analysis, and raw materials and
finished products moving on a conveyer belt.
In several materials and products, their quality
and functionality depend on either uniformity
or certain specific heterogeneity (structure)

in the composition. Thus, being able to assess
the spatial distribution of the composition will
provide very valuable additional information.
NIR hyperspectral imaging makes it possible,
both as a research tool during the
development process of new products and as
a quality assurance and process control tool in
the manufacturing process. This article serves
as an overview of how this new technology
can efficiently solve chemical mapping

problems both in the laboratory and on-line.

Hyperspectral imaging technologies
A hyperspectral image of a sample is collected
in the form of a 3-dimensional data set

(data cube), which has two spatial dimensions
and a spectral dimension. There are two main
approaches to collect the 3-dimensional data
cube. They both require a 2-dimensional
sensor array and, in front of it, a special optic

to separate wavelengths from each other. One
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approach is usually called push-broom
imaging and the second is referred to as
staring imaging'. Their operating principles
are illustrated in Figure 1. A push-broom
imager consists of an imaging spectrograph in
front of the 2-dimensional sensor array.

A line of the target (sample) is imaged onto
the rows of the sensor array (x dimension)

at a time. The spectrograph generates a

spectrum for each point in the line across

'Q'-
Q‘

the second dimension of the array

(A dimension). Therefore, full spectra are
collected at exactly the same time. For
imaging a sample, either the sample or the
imager needs to move or be moved, and
the hyperspectral image (data cube) is built
line by line (in a spatial line scan mode).

In the second approach, an optical
tuneable band-pass filter is integrated in front
of the 2-dimensional sensor array. Thus, the
staring imager acquires an area image (in x
and y dimensions) at a single spectral
waveband at a time. The spectral dimension
of the data cube is collected by tuning the
spectral waveband in time.

Inherently, a push-broom imager is a natural

choice for on-line and other applications where

il

A

Figure 1 Acquisition of hyperspectral image (data cube) by a push-broom imager (left) and by a

tuneable filter imager (right)
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Figure 2 Push-broom hyperspectral imaging workstation for rapid sample analysis. Sample stage

moves from left to right during sample scan

the target or imager itself is in movement.

A tuneable filter imager seems an equally
apparent choice for imaging stationary samples.
The conclusion however is not so simple,
because there are considerable differences in
the optical characteristics in the technologies,
significantly affecting their light collection

efficiency and requirements for illumination.

Figure 3

The most significant difference is in
the light throughput from the sample onto the
sensor array, which is typically 10 to 15 times
higher in a push-broom hyperspectral camera
than in a staring tuneable filter camera. In real
applications, this means:
4 That light intensity (and therefore heat

load) on the sample can be 10 to 15 times

lower in a push-broom camera system.
Many food materials and products are
sensitive to heat load and this significantly
helps these samples to stay
representative during the mapping

4 Alternatively, under the same illumination
conditions, a push-broom camera is able
to collect the hyperspectral image 10 to 15
times faster, increasing the throughput of

the mapping application

Secondly, a push-broom imager only needs a
narrow line to be illuminated on the sample,

which further reduces the overall heat load.

Instrumentation for hyperspectral
imaging in laboratory and at-line

In order to apply push-broom hyperspectral
imaging to map composition in a sample,

the sample has to be moved with respect the
hyperspectral camera. It is accomplished by
using a simple linearly scanning sample stage
beneath a downward looking hyperspectral

camera and line illumination set-up, as shown

Figure 4

in the instrument in Figure 2. The instrument
is a hyperspectral chemical imaging
workstation, SisuCHEMA, from SPECIM,
Spectral Imaging Ltd (Ouly, Finland). For
sample presentation, the sample tray comes
out for sample placement. After the sample is
placed on the tray, and the scan is initiated
from the instrument computer, imaging the
sample takes place fully automatically, and
the tray slides back for sample removal.

The hyperspectral camera employs
SPECIM’s MCT camera and ImSpector N25E
imaging spectrograph, which cover the
spectral range of 970 to 2500 nanometres,
with spectral sampling of 6.3 nanometres.
The MCT sensor has 320 (spatial) x 256
(spectral) pixels, and acquires up to 100
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images per second. The camera can be equipped with various fore
lenses for various fields of view (FOV). The width of the viewing
area is defined by the lens FOV and working distance of the
camera, which is adjustable. Here the range of the viewing area is
from 9.6 millimetres to ca. 200 millimetres, and with 320 pixels,
the imaging resolution ranges from 30 microns to 0.63
millimetres, respectively. The length of the image only depends on
the length of the moving stage, and thus relatively long samples
can be imaged. The sample scan speed depends on the required
spatial resolution (pixel size on sample) and the image rate. Scan
speed v = p r, where p is the required spatial resolution on the
sample and r is image rate from the camera. As an example,
imaging at high spatial resolution of 30 um and with the
hyperspectral camera running at 100 images/s, the scan speed is
3 mm/s. A 10 millimetre long sample is imaged in just 3.3
seconds, and 10 of the samples in a row would be scanned in 33
seconds. In terms of spectra, this corresponds to collecting
32,000 full NIR spectra per second.

Hyperspectral image processing

Processing of the hyperspectral image will depend on the application
purposes, but the same spectral analyses (chemometric) methods
can be used as with NIR bulk analyses. Now they are applied to the
spectra in each image pixel.

For the creation of a quantitative composition mapping
application, first a set of samples with known characteristics is
imaged. Usually it requires that the calibration samples are
characterised by using well established laboratory techniques.
The range of variation in the calibration samples needs to be
representative to that in the actual application samples to
be mapped. A calibration/prediction model is created by analysing
the correlation between the spectral data and the data from the
laboratory characterisations. Application of Principal Component
Analysis (PCA) or Spectral Angle Mapping (SAM) with Partial
Least Squares (PLS) regression is a typical chemometric approach
for building the calibration/prediction model.

Another approach for quantitative composition assessment is
Science Based Calibration (SBC). It is based on the known spectra
of the pure components in the composition. Thus, it requires a
minimal amount of experimental work with calibration samples.
This method works very well when the pure components of the
material or product are available, as typically is the case with
pharmaceutical products. The method might be applicable to
several agri-food applications, too.

Very few chemometric software tools are commercially
available which support the analysis of spectral image data.
Evince Image software from Umbio AB (Umea, Sweden) was
used to process the image data collected with the SisuCHEMA
instrument. Evince Image is specifically developed for visualisation
and processing of hyperspectral image data and building
prediction models for routine chemical imaging applications.

The software includes standard spectral pre-processing tools
(like derivatives, multiple scatter correction), data compression
tools (like PCA, SAM) and regression tools, as well as a very
versatile graphical user interface.
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Assessing quality in

cottage cheese

NIR hyperspectral imaging was used to assess
the quality in cottage cheese. It is a granular
cheese with a grain size of approximately five
millimetres. A range of cheese samples of
varying quality were imaged, and then
analysed in the laboratory for solid content,
moisture and protein. They are the main
chemical quality attributes and influence
sensory characteristics, particularly hardness
of the grains. PCA was applied to generate a

classification model to distinguish samples
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which differ in these three quality factors.
As a first step, the first principal component of
the image was used to remove the
background (sample tray surface) from the
cheese grains. With the background removed,
the internal variations in the samples became
more apparent. Figure 3 (page 56) shows a
classification example in five sample sets.
The PCA score plot on the right in Figure 3
shows two clusters of image pixels which
represent the two main qualities of the grains.
In the pseudo-colour visualisation from the
first three principal components of the sample
sets, the greenish granules are low in solid
content and have high moisture and low
protein content. The reddish granules have
higher solid content and are rich in protein.
The sample sets were imaged with spatial
resolution of 0.15 millimetres and each data
cube included ca .320x390 = 124,800 spatial
pixels with full spectra in 970 to 2500
nanometres. The data cube was collected in
just 3.9 seconds. Once the calibration model
is developed and evaluated, it can be applied

in various image scales. Figure 4 on page 56

shows an image of a single cut cheese grain,
which was canned with 30 micron pixel
resolution. The image reveals higher solid and
protein content in the peripheral and higher

moisture in the central region.

Taking hyperspectral imaging to
real-time on-line applications

Another advantage that push-broom
hyperspectral imaging provides is that the
same hyperspectral camera and illumination
technology and image prediction methodology

developed for analysing samples in laboratory,
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can be directly transferred to on-line
applications. There the samples are in
continuous movement under the push-broom
camera and illumination unit, which are
installed (in a proper enclosure) on the
production line.

As a first step towards on-line quality and
process control, a high throughput
hyperspectral scanner instrument, as
described previously, can be installed near a
production line. Sampling from the production
could be arranged manually, or though an
automated sampler, when it could feed
samples through the hyperspectral scanner in
a continuous flow. It could dramatically
increase the number of samples analysed,
compared to an approach where samples are
taken to an analysis laboratory for
characterisation.

A hyperspectral camera produces a large
amount of data and its processing in real-time
has been a bottleneck for 100 per cent on-line
mapping solutions. Advancements, on one
hand in smart hyperspectral cameras and in

standard multiple core computers on the

other hand, are making it possible to integrate
real-time hyperspectral imaging systems using
off the shelf components. New smart
hyperspectral cameras can be easily
programmed to produce only the spectral data
relevant for a specific application, and output
it at very high speed (hundreds and even
1000 images/s). Standard Windows based
computers make the system flexible to
program and configure for a new application.
The prediction model created by using the
SisuCHEMA scanner and Evince Image
software is transferred to the Evince Online
Server for running the model in real time.

The Hyperspectral NIR camera, which is
installed on the process line together with an
illumination unit, feeds the image data directly
to the server. The server predicts the image
data line by line, and outputs the results to an
operator station for visualisation and/or
through an RS-line to a programmable logic
unit for quality/process control actions.

A typical data processing work-flow in the
on-line system is shown in Figure 5.

NIR hyperspectral imaging combines two
traditional techniques, NIR spectral analysis
and digital image analysis. In addition to a
very powerful chemical imaging tool in R&D
laboratories, hyperspectral imaging and
processing technology is maturing for

real-time quality and process control.h
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