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Hyperspectral imaging is currently a very well-known and much used technology for measuring features in different fields, such
as chemistry, geology, medicine, food and agriculture, either spaceborne (satellites), airborne (drones) or at close proximity
(e.g. field scanning, industrial sorting lines or microscopy). Its background is two-fold, and it can be considered as a special
case of spectroscopy (“imaging spectroscopy”) or a special case of imaging (“spectral imaging”). Current practice is to use
adjectives such as multi and hyper added to “spectral imaging” in order to characterise the number of wavelength bands. In
this paper we propose the community to use scientifically sound terminology, like “imaging spectroscopy” or “spectral imag-
ing”, without using ambiguous adjectives. Further, we encourage the community to define and agree upon clear adjectives to
describe the number of variables in the naming of our imaging technique.

Historical notes

Spectroscopy has its origin in the 17"
century when Isaac Newton demon-
strated that white light from the sun
could be dispersed into a continuous
series of colours, coining the word spec
trum to describe this phenomenon.
Later, Kirschoff and Bunsen' found a rela-
tionship between the chemicals and the
specific spectrum of light emitted when
gases are burned. Traditionally, single
("point") spectra are measured within a
single spatial region, however, this tech-
nique has been extended to scanning
multiple spectra in a spatial preserving
way, resulting in imaging spectroscopy.
Conversely, spectral imaging finds its
background in imaging. The first photo-
graphs only depicted different values of
grey, where a pixel's grey value denotes
the light reflection over the whole visible
spectrum. In colour imaging, each pixel
consists of a red, green and blue pixel,
similar to the light receptors in a human
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eye. By extending the number of wave-
bands per pixel the technique of spectral
imaging was born.

The term “hyperspectral imag-
ing" originated in the mid-1980s from
the remote sensing community with
the development of the Airborne
Imaging Spectrometer (AIS) at NASA's
Jet Propulsion Lab, an airborne instru-
ment capable of imaging large regions
of the Earth in the short-wavelength
infrared (SWIR) wavelength range
(1200-2400 nm).** The subsequent
development of NASA's Airborne
Visible/Infrared Imaging Spectrometer
(AVIRIS) expanded the application
of spectral imaging to a wide range
of tasks, from vegetation monitor-
ing to mineral mapping on the Earth’s
surface. The term “imaging spectros-
copy” is now preferred over "hyper-
spectral imaging” by NASA.* However,
use of the term "hyperspectral imaging”
has persisted and grown in both the
scientific and non-scientific vernacular.
Indeed, a recent paper title search in
Web of Science indicates that in excess
of three times more articles have been
published in the past 10 years with the
words “hyperspectral imaging” in the
title than with “imaging spectroscopy”.

Figure 1 depicts the number of hits for
both terms as function of time. From
this graph we clearly see that although
“imaging spectroscopy” is used much
earlier than "hyperspectral imaging”, the
latter increased exponentially and over-
took “imaging spectroscopy” in 2005.

Discussion

Currently, it is common practice to subdi-
vide spectral imaging into multispectral
imaging for images with a few wave-
band values and hyperspectral imag-
ing for images composed of hundreds
of waveband values. In our opinion this
subdivision is prone to subjectivisms,
which is proven by the fact that some
papers use “multispectral” for images
with 25 wavebands® while others use
"hyperspectral” for the same number
of wavebands.® In the literature "hyper-
spectral” mainly is related to imaging,
but there are a few examples where
"hyperspectral analysis” refers to plain
spectroscopy,” adding further ambigu-
ity to the term. To make it even more
confusing sometimes “superspectral” is
used for 10-20 bands.®° The question
also arises: what's beyond hundreds
of wavebands? In literature, the term
“ultraspectral” is used for images with
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512 wavebands'® while others use it for
images with more than 2000 bands."

Although with regard to the process-
ing of data envisaged in publications,
indicating the number of spectral vari-
ables in the name of the imaging tech-
nique has its advantages. For example:
the complexity of the algorithms and
the suitability of different analysis
approaches (e.g. chemometrics, image
analysis or hybrid approaches) may differ
according to the number of wavebands.
Nevertheless, the use of ambiguous
terms, as mentioned above, does not
contribute to the clarity of the research
publications.

A side effect of using the term hyper-
spectral imaging is that often the term
hypercube is used as a reference to
hyperspectral image data. From a
Web of Science search over the period
2015-2019, we found 38 articles
having "hyperspectral” in the title that
mentioned the term "hypercube” in
the title, abstract or keywords. A typical
example is the development of convo-
lutional sparse coding techniques for
hyperspectral images.'

In geometry, a hypercube is an
n-dimensional analogue of a square
(n=2) and a cube (n=3)."® Spectral
image data in general is a three-dimen-
sional array with spatial information in the
first two dimensions and spectral infor-
mation in the third dimension (Figure 2).
It is seldom a cube, as the spatial and
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Figure 1. Web of Science title search hits for "hyperspectral imaging”, “multispectral imaging” and
“imaging spectroscopy”. Updated from Reference 14.

spectral dimensions most often differ
from each other. Therefore, hypercube
is not a proper term to describe spectral
image data.

Conclusion

To conclude, we propose that the
community promote the use of scientifi-
cally sound terminology, such as “imag-
ing spectroscopy” or “spectral imaging”,
without using exaggerated adjectives.
Furthermore, we advise against the use
of inappropriate terms, like hypercube for
a three-dimensional (x,y,) data array or

hyperspectral analysis for point spectros-
copy.

References

1. G. Kirchhoff and R. Bunsen,
“Chemical analysis by observa-
tion of spectra”, Ann. Phys. Chem.
Poggendorff 110, 161-189
(1860). https://doi.org/10.1002/
andp.18601860602

2. W.C. Chiou, “NASA image-based
geological expert system-devel-
opment project for hyperspectral
image-analysis”, Appl. Opt. 24(14),

h

Spectrum
= 1
e
©
0
© 05
O
2
5 ,_,\j\
2
4?00 500 600
wavelength [nm]

700

Pixel

N
i

Spectral Image

Figure 2. A spectral image depicted as three-dimensional data array.
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