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Introduction: We are developing an ultra-compact 

imaging spectrometer (UCIS) [1, 2] for use in future 

landed or rover missions to the Moon under the Devel-

opment and Advancement of Lunar Instrumentation 

(DALI) program. Our instrument, named UCIS-Moon, 

is a short wavelength (SWIR) imaging spectrometer  

that will collect reflectance spectra between 600 – 3600 

nm at a spatial resolution from centimeters to meters, 

when mounted on landed mission mast. Spectra from 

this wavelength range detect common lunar igneous 

minerals, OH species, molecular H2O, water ice, and or-

ganics (Fig. 1). Data from UCIS-Moon will therefore 

provide information about lunar volatiles and geology. 

To achieve the instrument’s science goals at the lunar 

surface (Table 1), we are developing a thermal design 

that will permit UCIS-Moon to operate in the challeng-

ing lunar surface thermal environment at most times of 

day and within permanently shadowed regions. We are 

also developing advanced onboard processing capabili-

ties that, if needed, will enable rapid return of the most 

important spectral products in a downlink-constrained 

scenario.  

 

 
Fig. 1: Laboratory measurements showing the character and diversity 

of volatiles distinguishable with spectral range of UCIS-Moon 

 

Science goals: Despite recent advances in the field 

of remotely studying lunar volatiles, there are many un-

knowns related to the origin, form, abundance, compo-

sition, mobility, and accessibility of surface OH/H2O lu-

nar volatiles. UCIS-Moon will use high spatial and 

spectral resolution imaging spectroscopy to map lunar 

volatiles at a single landing site. Data from UCIS-Moon 

will also be used to simultaneously identify lunar min-

erals and their associated geologic context. This will 

provide insight into lunar igneous processes and evolu-

tion, resolve questions related to lunar stratigraphy, and 

demonstrate the optical effects of space weathering. The 

specific measurements needed to achieve the goals and 

objectives for UCIS-Moon are summarized in Table 1.  

Optical Design: We have completed a preliminary 

optical design for UCIS-Moon (Fig. 2). This design in-

cludes a two mirror telescope and a compact Offner 

spectrometer that accommodates a 600-pixel-cross 

Table 1: Lunar science enabled by UCIS-Moon and associated meas-
urement requirements 

Goal Objective Measurement 

 
 
 
 
 
 
 
 
Volatile Goals: Un-
derstand sources, 
distribution, tem-
poral variability, 
and ISRU potential 
of lunar volatiles 

Resolve OH and 
H2O absorption 
bands at the scale 
of rocks and out-
crops 

1.85 – 3.6 µm 
spectral range with 
≤20 nm spectral 
sampling and SNR 
≥50 

Spatially resolve 
mineral absorp-
tions, OH, and H2O 
absorptions at the 
scale of rocks and 
outcrops. 

IFOV ≤ 1.7 mrad (5 
mm at 3 m, 5 cm at 
30 m) 

Resolve OH and 
H2O concentration 
in rocks and rego-
lith and map spatial 
variation; monitor 
temporal variability 
of solar wind gen-
erated OH 

Measurements at 
multiple times of 
the lunar day, in-
cluding very early 
to mid-morning and 
afternoon to late 
evening to capture 
periods of possible 
volatile content 
change 

Geology Goals: 
Understand Igne-
ous Processes; 
Lunar Stratigra-
phy; and Space 
Weathering on the 
Moon  

Identify key miner-
als and lithologies; 
map spectral prop-
erties of rocks & 
soils of multiple ex-
posure ages 

0.6 – 2.5 µm spec-
tral range with ≤20 
nm spectral sam-
pling and SNR 
≥100 

Map the spatial re-
lationships be-
tween materials 

IFOV ≤ 1.7 mrad (5 
mm at 3 m, 5 cm at 
30 m) 

 

Table 2: UCIS-Moon instrument characteristics 

Platform Lunar lander/rover 

Wavelength range 600-3600 nm 

Sampling 10 nm 

Spectrometer architecture Offner 

FOV ≥ 30 degrees 

IFOV 1.15 mrad 

SNR 
>100 @ <2500 nm 
>50 @ >2500 nm 

Spectral uniformity <5% (req. <10%) 

Spatial uniformity <5% (req. <10%) 
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track field CHROMA focal plane array provided by 

Teledyne Imaging Sensors Inc. The expected optical 

performance characteristics fulfill all science measure-

ment requirements and are summarized in Table 2. 

 

 
Fig. 2: Preliminary UCIS-Moon spectrometer and telescope end-to-end 

designed system layout. 

 

Operations in the lunar thermal environment: 

Depending on location and time of day, lunar surface 

temperatures can range from ~100 – 400 K, and may be 

even lower in permanently shadowed regions [3]. 

UCIS-Moon’s performance is tied directly to its operat-

ing temperature, and we are completing thermal subsys-

tem design trade studies that accommodate these chal-

lenging thermal environments.  Both the FPA sensor 

and optics need to operate at temperatures below ambi-

ent daytime lunar temperature.  UCIS-Moon will use a 

cryocooler to cool the FPA, and mass, power, and com-

plexity trade-offs for using either a second cryocooler 

or M3-like radiator [4] to cool the optics are under in-

vestigation. 

Onboard data processing: We will adapt state-of-

the-art onboard data processing algorithms to optimize 

return of high priority spectroscopic measurement and 

products.  For limited downlink situations, hese algo-

rithms will prioritize the most scientifically important 

data for downlink, and reduce file size of individual data 

products through the creation of browse products. Spe-

cifically, we are investigating three potential onboard 

processing algorithms: band depth mapping, band shape 

least square fitting, and matched filtering [5-7]. We also 

evaluate application of these algorithms in wavelength 

ranges greater than 2.5 μm, where thermal emission can 

play a significant role at lunar surface temperatures 

great than ~300K. Thermal emission complicates inter-

pretation of volatile and mineral absorption features 

since key absorption features are identified as minima 

in reflectance data, and UCIS-Moon will measure total 

surface radiance (reflected solar plus thermal emission). 

To test these algorithms, we have simulated UCIS-

Moon data using Moon Mineralogy Mapper (M3) spec-

tra and RELAB data. M3 data contain tens of thousands 

of lunar surface spectra, but only extend to 3 μm.  

RELAB has a handful of spectra from lunar materials 

that cover the full UCIS-Moon wavelength range 

through 3.6 μm. To create a simulated dataset of thou-

sands of UCIS-Moon like data, we calculated the joint 

distribution of the M3 and RELAB data of lunar samples 

at short wavelengths.  We used this to calculate the con-

ditional, simulated M3 data using known RELAB data 

values at longer wavelengths, as demonstrated for a sin-

gle (~water-free) spectrum in Fig. 3. [8] 

 
Fig. 3: A pixel from the M3G20090209T054031 M3 scene with I/F val-

ues extrapolated to 3.75 um using conditioned spectral properties tech-
nique. 

 

Future work: Development of UCIS-Moon is ex-

pected to proceed through 2022, at which point the in-

strument is expected to be at TRL-6.  
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