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Introduction: In-situ identification of trace
minerals, ices, or organics in planetary samples may
be difficult with panchromatic microscopic imagery
and ‘spot’ spectroscopy. The panchromatic imagery
acquired by a microscopic imager provides
morphological information and albedo, but these are
generally insufficient for unambiguous identification.
The spatially-averaged spectra acquired by a non-
imaging (‘point-’ or ‘spot-’) spectrometer may enable
identification of the major components but
identification of unknown trace components is
difficult at best.  With our Compact Micro-Imaging
Spectrometer (CMIS), however, we acquire
spectroscopic data in an imaging format at
microscopic scales. The distinct spectra of individual
grains, provided by our approach, make detection and
identification possible even for trace components in
regolith or heterogeneous samples.

The Compact MicroImaging Spectrometer
breadboard: While the most informative spectra for
many compositional identification purposes are in the
infrared spectral ranges, for a cost-effective proof-of-
concept we initially constructed a breadboard
instrument operating in the visible/near-infrared
(VNIR) spectral range from 0.4 - 1.0 mm, shown in
Figure 1. A version operating in the 0.9 - 1.7 mm
range is near completion, and a 1.2 - 4.0 mm version
is also being constructed.

CMIS is an imaging spectrometer of the
interferometric windowing class, based on a Sagnac
interferometer [1],[2],[3]. In combination with a lens,
the Sagnac interferometer produces a variation in
path-difference as a function of position in the image
plane, producing an interferogram (fringe-pattern)
across the array. This is achieved with stationary
mirrors so there is no need for an internal scan
mechanism. As the instrument acquires successive
frames, relative motion between the object and the

instrument causes the image of the object to scroll
across the field-of-view. The relative motion may be
provided either by a sample-handling mechanism (for
a rover body-mounted instrument) or by an
instrument-positioning arm.

The fringe-pattern is fixed with respect to the
field-of-view so as each point in the object moves
across the field the flux collected from that location is
modulated by the fringe-pattern. The Fourier
transform of this modulation yields the spectrum of
that point in the object. We have developed
processing algorithms that are tolerant to a wide
range of motion so that no special demands are
placed on the sample-handling mechanism or
instrument positioning arm. A significant advantage
of this design is the elimination of internal moving
parts, making the spectrometer inherently more
rugged and reliable.

Sample preparation and data acquisition: We
collected imaging spectrometric data (hyperspectral
datacubes) from mixtures of palagonite (JSC Mars
simulant soil, the dominant constituent) and halite
(the minority constituent, collected from the Great
Salt Lake) with halite concentrations of 0%, 1%, 3%,
10%, and 100% by weight.  Samples of each
constituent were ground and dry-sieved to restrict
particle sizes to a range of 75 to 150 mm. Datacubes
were acquired using the CMIS instrument with a
spatial resolution of 6.7 mm per pixel and 18 spectral

Figure 1: Schematic (left) and photograph (right) of
the proof-of-concept breadboard.

Figure 2:  A 512 x 512 panchromatic image of the
10% halite/90% palagonite mixture.  The overlay is
the 9 x 9 grid used to generate the ‘spot’ spectra in
Figure 3.
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bands over a spectral range of 450 - 850 nm.
Acquired datacubes were analyzed to test the ability
to detect and distinguish the trace component.

Panchromatic microimagery: In order to
simulate the data that would be acquired by a
panchromatic ‘black & white’ microimager, i n
Figure 2 we show a panchromatic image constructed
from a datacube acquired from the 10% halite
sample. Such data provide only morphological
information and albedo, which are generally
insufficient for unambiguous identification.

Non-imaging spectrometry: In order to simulate
the data that would be acquired by a non-imaging
spectrometer, each image plane was divided into nine
equal panels (see Figure 2) and the mean spectrum
was generated from all the pixels in each panel, thus
producing a ‘spot’ spectrum for each region. In
Figure 3 one can see that, while introduction of the
trace component may have slightly increased the
variation of the spot spectra, it would impossible to
identify and difficult to even detect the presence of
the trace component from these data.

Microimaging spectrometry:  Figure 4
demonstrates the power of the spectra acquired in an
imaging format at microscopic scales; individual salt
grains are clearly evident in the 10% halite sample
shown here. This figure also shows a comparison of
the salt grain spectra, spectra of other palagonite
grains, and a background ‘spot’ spectrum. From this
analysis we see that the spectra for these objects,
when analyzed on a grain-by-grain basis, are distinct.
Thus, the ability to acquire spectra in an imaging
format at microscopic scale is a powerful diagnostic,
even in this initial VNIR demonstration where the
spectra of these minerals lack distinct features.  When
applied in the infrared spectral ranges – where
diagnostic spectral features are present –
microimaging spectrometry is expected to be even
more useful as a tool for in-situ planetary science.
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Figure 4: Upper panel: RGB composite image using
three bands selected from a VNIR datacube
acquired by the CMIS.  A single salt grain has been
distinguished in the image (center).  The sample
contains 10% salt by weight.  Lower panel:
Reflectance spectra for the salt grain, several
nearby palagonite grains, and a background
selection (color coded to match top panel).  Several
grains appear to have been contaminated by the
dry-sieve method.

Figure 3: Upper panel: VNIR reflectance spectra
of each of the nine spots in the 100% palagonite
sample, illustrating the data that would be
acquired by a non-imaging spectrometer
performing nine successive measurements with 1
mm fields-of-view.  Lower panel: VNIR spectra of
the same nine regions for the sample with a 10%
halite trace component.  It would be difficult to
detect and impossible to identify the trace
component from these data.
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