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Introduction: Permanently shadowed regions
(PSRs) at the north and south pole of the Moon have
garnered immense scientific interest due to their ability
to trap and harbor volatiles. Of principal significance is
H2O water ice, which has long been predicted to exist
within cold traps near the lunar poles [1], and more
recently detected from orbital remote sensing [2, 3] and
in situ measurements [4]. These deposits constitute
a valuable resource for scientific study as they would
provide a pristine historical record of the delivery of
water to the Earth-Moon system from bodies such
as comets and asteroids. As well, if ice is present if
sufficient quantities, it could be extracted in-situ and
used to sustain future human explorers to the Moon’s
surface.

An important requirement for future landed missions
to PSRs will be to locate the presence of ice on the sur-
face in order to perform sample extraction and/or fur-
ther analyses. This task, however, is made difficult by
the absence of direct light that would illuminate the sur-
face. Active remote sensing equipment such as LiDAR
or a lamp could be employed, however there are draw-
backs associated with these techniques such as large
power usage and increased mass and volume accommo-
dations. A simpler approach is to use passive remote
imaging using the diffuse illumination received to the
PSRs. Although PSRs do not receive direct sunlight,
they lie perennially exposed to faint sources of radiation
such as scattered solar flux from neighboring topogra-
phy, Lyman-α photons (Ly-α, 121.6 nm) from the in-
terplanetary medium (IPM), and far-ultraviolet (FUV)
and visible photons from stars. These diffuse sources of
light provide enough illumination to observe ice at low
concentrations (1-2%), as has been shown by the Lunar
Reconnaissance Orbiter (LRO) Lyman Alpha Mapping
Project (LAMP) instrument [2]. Therefore, multispec-
tral imaging using visible and FUV bands should be ca-
pable of distinguishing between ice and regolith due to
a strong absorption feature of water ice at ∼ 165 nm [7];
the viability of this approach, however, will depend on
local ice concentrations, the available photon flux in the
respective wavelength regimes, and instrument sensitiv-
ity.

In this work, a proof of concept for a frost detection
imager using reflected Lyman-α starlight is presented.
An ice-covered lunar surface is simulated inside a vac-
uum chamber, which is then illuminated with a lamp
containing UV and visible output designed to simulate
the intensity of the background starfield. The simulated
lunar surface is imaged with a camera utilizing a UV

and visible filter pairing; UV/VIS image ratioing is sub-
sequently performed in order to discern frost from the
lunar regolith stimulant in order to demonstrate the ca-
pability of this technology for locating the presence of
ice on the lunar surface. The limitations of this tech-
nique, with respect to ice concentration and instrument
sensitivity, are explored experimentally.

Experimental Set up: The experiments described
here were conducted using a 14-liter cryo-vacuum
chamber operated within the Planetary Volatiles Lab-
oratory at York University. A turbomolecular pump is
be used to evacuate the chamber down to a pressure
of 10-10 atmospheres, and the samples are cooled to
subzero temperatures using liquid nitrogen. The lunar
regolith simulant (JSC-1A) and ice samples are held in
a small cylindrical copper container (3-inch diameter)
located in the center of the chamber. The sample holder
contains four holes, each of which is 0.75 inches in
diameter and 2.25 inches in depth. One of the sample
holes is filled with pure water ice, another is filled with
pure regolith simulant, while the remaining two are
comprised of 20% and 60% water-ice.

To simulate the diffuse light sources that illuminate
the lunar PSRs, the samples are be irradiated with an
RF-powered Ly-α light source with peak output be-
tween 110 and 180 nm, and a small but sufficient output
in the visible regime. A camera is interfaced at the top
of the vacuum chamber, which is equipped with a back-
thinned CMOS sensor at a 1920×1200 pixel resolution
and is operable with a UV or visible filter.

Results: Experimental images of the samples using
the UV and Visible filters are provided in Figures 1 and
2, respectively. A ratioed image of the UV and Visible is
shown in Figure 3. Within each image, sample 1 is pure
water ice, sample 2 is pure regolith simulant, sample 3
is 20% water ice and sample 4 is 60% water ice.

At Ly-α wavelengths, ice has low reflectivity, and thus
appears darker than the regolith in the UV image. In the
visible image, however, this behavior is reversed. When
the two images are ratioed, the ice becomes dark (mean
ratio 0.01) while the pure regolith is observed to be
about 6-7 times brighter at visible wavelengths than at
UV (mean ratio of 0.15). The UV/Vis ratio observed in
the regolith is higher than expected based bi-directional
reflectance data of Apollo samples, which suggest that
lunar regolith is about twice as reflective at visible wave-
lengths.

The 20% and 60% mixtures, however, exhibit simi-
lar brightness ratios to the pure regolith sample. Ad-
ditionally, as can be seen in histograms of the UV/Vis
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Figure 1: Colormap of the UV Image of ice and lunar
regolith simulant mitures. (1) Pure water ice; (2) pure
regolith simulant, (3) 20% ice, (4) 60% ice.

Figure 2: Colormap of the visible Image of ice and lunar
regolith simulant mixtures. See Fig. 1 for reference to
numbered samples.

brightness ratio for the four samples shown in Figure
4, a single peak in the UV/VIs brightness distribution
is observed for all samples. While a single peak is ex-
pected for the endmember cases, a bimodal distribution
should occur for the samples comprised of ice and re-
golith. A likely cause of the non-bimodal distribution is
unintended sublimation of the uppermost ice in the 20%
and 60% samples prior to imaging. While some ice may
still be present, at the time of imaging, the majority of
ice within mixtures has sublimated away, leaving only
regolith visible from the vantage point of the camera.
Thus, samples 2-4 are indistinguishable in our experi-
mental images, and are representative of the dry end-
member case. Given this, the experiments conducted
provide a characterization of the two endmember cases

Figure 3: Colormap of the UV/Visible ratioed Image of
ice and lunar regolith simulant mixtures. See Fig. 1 for
reference to numbered samples.

Figure 4: Histogram of the UV/Vis brightness ratio for
each sample studied.

only: pure water and dry regolith. Intimate mixtures of
the two may exhibit linear scattering properties, how-
ever significant overlap is expected in the distribution
of the ratioed UV/Vis brightness within a single image,
which complicates a diagnostic assessment of water ice
abundance. Future work will consist of further charac-
terization of the endmember cases.
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