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Background Evolved rock types, such as highly trans-
parent iron-poor silica-rich minerals and glasses, have
been identified in samples returned by the Apollo mis-
sions. These diagnostic materials are not directly per-
ceptible to near-IR spectroscopy and pose a challenge
for detailed characterization through this common type
of remote sensing. However, at longer wavelengths be-
tween 5 and 50 microns, these major rock-forming sili-
cates and other minerals exhibit unique vibrational sig-
natures. Among these spectral features is a peak in ther-
mal emission called the Christiansen Feature. This fea-
ture occurs near a wavelength where the real index of
refraction of the mineral passes through unity, a wave-
length shorter than the fundamental infrared vibrational
features associated with each mineral. There, the spec-
tral emissivity reaches a maximum, and its position is
correlated with the position of the associated fundamen-
tal vibration. The position of this emission maximum
is correlated with average silica content, providing diag-
nostic information of the minerals present [1].

Thermal infrared spectroscopy (TIR) using the
Christiansen Feature can provide an independent esti-
mate of the more common lunar silicates. The only ex-
tensive TIR data for lunar surface compositions are three
band multispectral data collected by the Diviner Lunar
Radiometer on the Lunar Reconnaissance Orbit. While
Diviner has made important discoveries, data are limited
by the small number of bands.

Figure 1: The HyTI spacecraft consists of the follow-
ing: (a) refractive telescope, (b) Fabry-Perot interferom-
eter on an Integrated Dewar Cooler Assembly, (c) cry-
ocooler driving electronics, (d) avionics, (e) cryocooler
compressor, and (f) payload computer.

Instrument NASA’s Earth Science Technology Office
InVEST program has funded the Hyperspectral Ther-
mal Imager (HyTI), a 6U CubeSat equipped with a TIR
hyperspectral imager (HSI) for terrestrial science appli-
cations (Figure 2) [2]. The same instrument is ideally
suited for lunar science when modified for wavelengths
that include the Christiansen Feature, allowing for lu-
nar resource characterization and utilization. This in-
strument will also measure the 6 micron molecular water
feature, time-of-day variations in the temperature of the
lunar surface at high spatial and time resolution for ther-
mophysical studies (Table 1).

The HSI on-board HyTI is based on the Fabry-Perot
Interferometer principle with a “no moving parts” de-
sign, ideal for spaceflight missions. Modified for lu-
nar purposes, it will provide 64 spectral channels of hy-
perspectral data between 6-11 microns. The instrument
detector is a JPL BIRD TIR Focal Plane Array (FPA).
BIRD imagers have high uniformity, low cost, low noise,
and higher operating temperatures than previously flown
TIR FPAs.

By operating in an elliptical, low maintenance lunar
orbit with a perilune of 50 km and apolune of 200 km
the instrument yields a spatial resolution between 10 and
40m (Figure 3), enough to characterize the composition
of individual boulders on the surface. At apolune, the in-
strument pixel is finer than that of Diviner, Chandrayaan-
1 Moon Mineralogy Mapper, and Kaguya Multiband
Imager. These capabilities could determine rock abun-
dances at landing sites and porosity of the surface in
unprecedented detail, useful for estimating geotechnical
properties for future exploration.

Instrument Capabilities
Spectral Range 6-11 µm
Spectral Resolution 13 cm−1

Bandcount 64
Spatial Resolution 10 m (at 50 km)

40 m (at 200 km)
f-number 3.44
Swath Width 2 km (at 50 km)

15 km (at 200 km)
Detector Temperature 70 K
Frame Rate 160 Hz

Table 1: Key instrument capabilities of the lunar modi-
fied HyTI instrument.

Mission Concept The lunar environment is more
stressing on the spacecraft than low-Earth orbit oper-
ation, with higher radiation levels, thermal conditions,
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Figure 2: The HyTI instrument: the Fabry-Perot interferometer can be modified for wavelengths relevant to lunar
resource characterization and utilization.

and limited data rates to Earth. Lunar HyTI will operate
in an elliptical low maintenance orbit with perilune of 50
km and apolune of 200 km (Figure 4).

Data volume will be limited by collecting one scene
per orbit for 15 minutes, with 10 minutes allocated for
cooldown and 5 minutes allocated for data collection.
The swath widths of these scans will range from 2 km
at perilune to 15 km at apolune. Data will not be col-
lected at beta angles less than 30 degrees to avoid the
highest thermal heat loads, and greater than 65 degrees
to provide adequate signal for the instrument.

The total mission data volume will be approximately
3.7 Gbytes, requiring a total mission lifetime downlink
time of 64 hours at 256 kps. This will comprise 500

Figure 3: The size of a HyTI pixel at perilune is 10 me-
ters, enough to characterize the compositions of individ-
ual boulders on the surface.

individual high resolution thermal hyperspectral images
of the lunar surface.

Figure 4: The Lunar HyTI elliptical low maintenance
orbit with perilune of 50 km and apolune of 200 km.

Summary With new initiatives for a long-term lunar
presence such as with Artemis and commercial landers
and rovers, it is more important than ever to character-
ize the surface of the Moon. A mission like Lunar HyTI
will be able to detect and characterize high-silica miner-
als and phosphates, molecular water, and thermal time-
of-day variations, enhancing our understanding of how
the surface has been changed by geologic processes and
providing important scientific input for the design and
implementation of future in-situ resource utilization and
exploration missions.
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