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Introduction: Recent data from the Lunar Recon-

naissance Orbiter Diviner instrument have clearly 

demonstrated the utility of thermal infrared (TIR) re-

mote sensing for compositional and thermophysical 

studies [e.g. 1-2], while measurements at shorter wave-

lengths have discovered water on the lunar surface [3-

5]. Interrogation of the lunar surface at TIR wave-

lengths enables characterization of bulk silicate miner-

alogy, space weathering, lunar surface temperature, 

rock abundance, surface roughness, regolith tempera-

tures and distribution of water. Characterization of 

these surface properties at 10 m spatial resolution 

would greatly aid landing site selection and human 

sortie planning efforts.      

A two year PIDDP program has demonstrated that 

hyperspectral imaging at TIR wavelengths can be car-

ried out at high spatial resolution, using a low-resource 

spectrometer that uses minimal cooling, and hence 

power [6-9]. Equipped with a 50 cm telescope (similar 

to MRO HiRISE), this instrument would return TIR 

hyperspectral images (tuned to the 2-12 μm region 

most important to detecting water and mineral phases 

on the Moon), and temperature images used to retrieve 

surface physical properties, at approximately 10-meter 

resolution. This instrument, HiTES, would produce 

compositional images of primary igneous minerals 

with a methodology complementary to the NIR Chan-

drayaan-1 M
3
 and characterize the surface thermophys-

ical properties (including rock abundance, surface 

roughness and thermal inertia) at decameter scale to 

support Golden Spike landing site selection and human 

sortie planning and safety.  

A Spectral Complement to M
3
, SP, and Divin-

er: TIR spectroscopy is sensitive to minerals not de-

tectable by NIR spectroscopic instruments, including 

feldspars. TIR spectra can also distinguish between 

glassy materials with variable SiO2 abundance, which 

is required for remotely distinguishing between pyro-

clastic deposits of variable composition. For surfaces 

with particle sizes > ~60 μm, linear spectral mixture 

analysis can be performed on HiTES data, resulting in 

mineral modal abundances in addition to detections. In 

the 2-3.5 micron region, the presence of water can be 

inferred. 

Thermophysical Properties at Unprecedented 
Spatial Resolution: The 10-meter thermal imaging 

inherent to this technique will allow determination of 

thermophysical properties at that scale. Landing site 

characterization and planning of human sorties on the 

lunar surface will be greatly aided by knowledge of the 

decameter-scale rock abundance, surface roughness, 

and regolith temperatures of the local region.  

Technology: HiTES is a spatial interferometer 

equipped with a HgCdTe detector array. The detector 

array, which operates at 65 K, is the only cooled ele-

ment in the system. Based on terrestrial experiments 

using a prototype instrument, we have calculated that 

there is sufficient thermal signal to collect hyperspec-

tral data without image motion compensation, simpli-

fying the instrument and its impact on spacecraft oper-

ations. The cryocooler is only run just prior to, and 

during data collection, which results in minimum pow-

er consumption. The instrument uses a two tempera-

ture calibration at an intermediate focal plane allowing 

very small and low power sources, and a single tem-

perature instrument cover for through-optics calibra-

tion. The addition of 2-3 narrow band channels in the 

25-50 µm range would allow the detection of oxide 

phases such as ilmenite and spinel while providing 

greater leverage for rock abundance calculations.  

Instrument and Data Characteristics 

Spectral Range  3-12 microns 

Spectral Resolution  10 wavenumbers 

Spatial Resolution  10 meters 

Swath Width  3.2 km 

Swath Length  Swath Length arbitrary 

Mass  50 kg (scaled from HiRISE 

Power 10 watts (during data collection) 

Demonstration: A HiTES prototype has been built 

and flown for several months verifying the perfor-

mance predictions in [7]. It has collected thermal hy-

perspectral data at 35 cm resolution demonstrating the 

ability to detect major minerals and a variety of gases.  
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