A NEW “HERA” IN HYPERSPECTRAL IMAGING
A novel Fourier Transform-based hyperspectral camera enabling low light applications.

“HERA IPERSPETTRALE” is the novel hyperspectral camera commercialized by NIREOS.
Thanks to the employed Fourier transform approach and to its 1-cm clear aperture, the
camera is specifically designed to provide an exceptional throughput and sensitivity,
making it the ideal device for low-light applications, such as cultural heritage, biology,
and vegetation studies.

What is Hyperspectral Imaging?
Hyperspectral imaging (HSI) is a powerful analytical technique based on spectroscopy, with the aim of
measuring the light spectrum at each point of an image. While the human eye has only three colour
receptors, for blue, green, and red light, HSI measures the continuous spectrum of the light as a function
of the wavelength λ for each pixel of the scene at coordinates (x, y) with fine spectral resolution. The
HSI data is thus a three-dimensional data cube, as a function of x, y and λ. This extensive informative
content is processed by algorithms that enable the extraction of quantitative parameters related to the
physicochemical properties of the imaged objects, as well as the clustering into different components,
useful for the analysis of congested scenes. In recent years, HSI has been applied to a large variety of
applications, ranging from remote sensing to medical and biological imaging, from agriculture to coastal
and geological prospecting, from military applications to archaeology and conservation science.
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Approaches to hyperspectral imaging
Recently, HSI has been implemented in a wide variety of methods:






The most straightforward approaches are snapshot HSI systems, which employ a matrix of bandpass
filters on the surface of the detector, and spectral HSI systems, which use a tuneable spectral filter (or a
filter wheel) in front of a monochrome camera. The main drawback of these techniques is represented
by the acquisition of a limited and discrete number of bands.
To measure continuous spectra, a common method is spatial scanning HSI, which combines a dispersive
spectrometer with a raster-scanning approach, either in point-scanning (whiskbroom) or line-scanning
(push-broom) modes. This technique is widely applied in industrial quality-control monitoring processes.
However, its main limitation is related to the high losses caused by the entrance slit of the spectrometer.
An alternative HSI method to measure continuous spectra combines a monochrome imaging sensor with
an interferometer. In this approach, known as Fourier transform (FT) imaging spectroscopy, the light of
interest is split into two collinear delayed replicas, whose interference pattern is measured by a detector
as a function of their relative delay. The Fourier transform of the resulting interferogram yields the
continuous intensity spectrum of the light. The FT approach has prominent advantages over dispersive
techniques, namely (i) the multiplex or Fellgett’s advantage, (ii) the étendue or Jacquinot’s advantage,
(iii) the Connes’ advantage, and (iv) a variable spectral resolution, which can be adjusted at will by varying
the maximum scan delay of the interferometer via software, without affecting the throughput of the
device. For more information, please visit https://www.nireos.com/technology.

HERA IPERSPETTRALE’s working principle
HERA IPERSPETTRALE is based on a Fourier transform (FT) approach and
employs a patented common-path birefringent interferometer (CPI, a
modified version of the GEMINI Interferometer from NIREOS) in
combination with an objective and a bidimensional sensor. The novel
CPI guarantees remarkable accuracy, reproducibility, and stability, and
it overcomes the limitations of other prism-based imagers, providing
negligible chromatic dispersion and small geometrical separation
between the interfering replicas, leading to high degree of coherence
at each pixel and a strong interference modulation. All these features
enable the camera to provide high quality spectra.
The three-dimensional HSI data-cube is measured in the time-domain,
by recording multiple monochrome images acquired at different
positions of the CPI. Finally, FTs at all the pixels of the image provide the
hyperspectral data-cube. As a result of an FT, the spectrum at each pixel
is a continuous curve, so the number of bands is virtually unlimited, and
it is not defined by the hardware. HERA IPERSPETTRALE is available in
the “VIS-NIR” (400-1000 nm), "SWIR" (900-1700 nm) and "Extended
SWIR" (900-2300 nm) ranges.
As shown in the picture, the camera works with a staring approach, and it can be mounted on a tripod to easily
measure static samples, without the need of additional equipment or moving parts. This feature, combined with
the remarkable sensitivity, makes the device particularly suitable for scientific experiments or characterization of
samples in R&D departments, in all those applications where the signals are weak (e.g. fluorescence hyperspectral
imaging) or it is not possible to employ powerful illumination lamps that would damage the sample (e.g. biology,
cultural heritage, vegetation,…).
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Application 1: Cultural Heritage
The great throughput and sensitivity of the HERA IPERSPETTRALE are extremely useful in the study of works of art
and cultural heritage, where low-illuminance conditions are mandatory in order not to damage the samples. In
this field, the camera has already been used to investigate the attribution and the dating of paintings, to monitor
their state of conservation and to assess their authenticity.
As an example, we report in the following the results obtained on the “Viterbo Crucifixion”, a 16th century panel
oil painting exposed in the Museum of Colle del Duomo in Viterbo (Italy), and whose attribution is still under
debate. These measurements have been performed in collaboration with the University of Tuscia, the CNR
(Consiglio Nazionale delle Ricerche), and Politecnico di Milano University.
In the figure below, the colour image of the painting is reported for reference, together with the reflectance
spectra of the selected areas. In such applications, the capability to measure the spectra of such a richness of
colours makes the HSI technique a powerful method to gather precious details on the pigments employed by the
painter, thus providing valuable insights for conservation and dating science. In this case, the reflectance data
reveal the presence of precious ultramarine blue and vermillion pigments, attesting the importance of the
committer.

One of the most fascinating features of this painting is related to the figure of St. John, whose face is reported in
the figures below. In fact, one can clearly notice that it has a female aspect when observed in the red-near infrared
region (e.g. at 650 nm, see below), but it assumes more masculine traits and a hollowed aspect when observed
in the UV-blue region (e.g. at 450 nm, see below). This behaviour, which seems to be intentional as it occurs only
in the face of St. John, represents one of the key elements to attribute the painting to Michelangelo.

For more information on this study, click here to download the scientific paper: C. Pelosi et al., “Beyond the visible:
The Viterbo Crucifixion panel painting attributed to Michelangelo Buonarroti”, Microchemical Journal, Volume 154
(2020).
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Application 2: Vertical Farming and Shelf Life
As the food industry deals with highly delicate
products, it is extremely important to
guarantee high-quality standards and adhere
to common quality criteria. Also, the General
Food Law Regulation aims at ensuring a high
level of protection of human life and
consumers' interests concerning food. For
this reason, players in the food industry must
have appropriate quality control measures in
their production lines and quality control
departments.
In this application, HERA IPERSPETTRALE has
been employed in an Italian vertical farm (Agricola Moderna) to evaluate the health of vegetables and monitor
their shelf life, which is a crucial characteristic for assessing the food safety. Thanks to the hyperspectral analysis,
it is possible to detect senescence or signs of illness in advance with respect to the visual monitoring of the plant.
Interestingly, the spectral response of the sample brings information on the chemical and nutrient composition,
such as chlorophyll, anthocyanin, and phenol concentration. These features have been obtained by combining
hyperspectral data acquired both in reflectance and fluorescence conditions.
The figure below reports two sets of spectra of harvested mustard leaves, one referring to reflectance and the
other to fluorescence. For each set, the different colours (blue, green, and orange) refer to different days after
harvesting. Senescence-related changes in the spectra are clearly visible.
-

-

Concerning the reflectance data:
o the growth of the reflectance peak between 500 nm and 650 nm, which relates to the leaves’
hue shifting from green to yellow.
o the change of the reflectance at around 970 nm, which is a sign of a process of dehydration
during the degradation.
Concerning the fluorescence data:
o The decrease of the principal peak at around 750 nm is related to the concentration of
chlorophylls in the leaf and, clearly, its degradation over time is detected.
o The growth of the peak at around 550 nm is related to the concentration of phenols, whose
production is connected to plant stress and senescence.

In the following, we also show two sets of images at different days after harvesting:
-

The first raw refers to the RGB projection of the hyperspectral data, where it is possible to visually
appreciate the change of colour of the leaf.
The second raw reports false-colour intensity images of the chlorophyll index of the same leaf, showing
the decrease of the chlorophyll concentration over time.
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For more details, click here to read full application note.
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NIREOS SRL is a fast-growing start-up and official spin-off company of Politecnico di Milano University, located in
Milan (Italy). Incorporated in 2018, NIREOS is rapidly empowering its business and strategic market positioning
thanks to the development of ground-breaking technologies in the spectroscopy and photonics sector. The
solutions provided by NIREOS, such as interferometers and hyperspectral cameras, are now unlocking new
applications both in the industrial and in the scientific field.
Discover more at: www.nireos.com
or contact NIREOS team at: info@nireos.com
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