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Abstract 
In Situ imaging spectroscopy provides a way to 
address complex questions of geological evolution 
for both aqueous and igneous processes by mapping 
mineral composition at the spatial scale of rocks and 
outcrops.  Examination of locations studied by the 
Mars Exploration Rovers Spirit and Opportunity can 
provide examples of the potential utility and define 
the needed measurement requirements.  A compact 
instrument is needed to be able to adequately address 
these science questions from a rover platform.  The 
Ultra Compact Imaging Spectrometer (UCIS) is an 
instrument designed to address the science need and 
implementation constraints. 

1. Visible to Short Wavelength 
Infrared Imaging Spectroscopy 
Spectroscopy from 500-2600 nm is an established 
technique for measuring the mineralogy of igneous 
and sedimentary rocks. Minerals and rocks exhibit 
absorption features in the Visible to Short 
Wavelength Infrared (VSWIR) that are highly 
diagnostic of their structure and composition (Figure 
1).  

Figure 1: Diagnostic clay, sulfate, and carbonate 
spectra (from Clark et al 2007 [1]) 

2. Examples from the MER Mission 
Mars contains a wide range of aqueous minerals.  
Opportunity found extensive evaporite sequences at 
Eagle Crater, Endurance Crater, and Victoria Crater 
in Meridiani Planum. Hematite, jarosite, plus other 
unidentified sulfate and silicate minerals form a 
complex layered structure with gradients in elemental 
composition [e.g.,2, 3, 4].  Meanwhile at Gusev 
Crater Spirit has explored complex alteration 
sequences including potential clays [5], hydrothermal 
deposits [6], silica-rich deposits [7,8] and carbonates 
[9].  Examples of these deposits will be presented 
and the potential for imaging spectroscopy will be 
explored to resolve key unanswered questions.  

 

3.  The Ultra Compact Imaging 
Spectrometer (UCIS) 
In Situ instrumentation is highly mass and power 
constrained. The Ultra Compact Imaging 
Spectrometer (UCIS) is an imaging spectrometer 
operating from 500-2600 nm with 10 nm spectral 
sampling.  UCIS is an Offner spectrometer with 
Moon Mineralogy Mapper (M3) heritage.  However, 
the optics of UCIS are much more compact than M3 
(Figure 2).  This allows for significantly lower 
instrument mass and volume. Imaging spectrometers 
have strong thermal design constraints that impose 
stringent requirements for operating temperature and 
stability.  UCIS thermal design uses a cryo-cooler to 
reach its operating temperature in conjunction with a 
Variable Conductance Heat Pipe for thermal control 
(Figure 3). Key characteristics of the UCIS 
spectrometer are provided in Table 1. 

A proto-type UCIS spectrometer is currently under 
development at the NASA Jet Propulsion Laboratory.  
The instrument incorporates flight-like optics and 
detectors. However, commercial off the shelf 
electronics are used.  The UCIS prototype also has a 



non-flight thermal design since it is being designed to 
work in terrestrial field demonstrations.  Instrument 
completion is expected in early 2012. 

 

 

 

Figure 2: Optical Schematic of the UCIS Instrument 
Spectrometer. 

Table 1: Key UCIS Characteristics 

Characteristic Value 
Wavelength Range 500-2600 nm 
Wavelength Resolution 10 nm 
IFOV 2 mrad 
FOV 32° 
Focus 1.5 m-∞ 
Optical Head 2.5 kg 
Electronics Mass 2.0 kg 
Optical Head Volume 18cm x 18cm x 18cm 
Electronics Volume 10cm  x 6cm x 2cm  
Operating Power 6.9-8.9 W 
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Figure 3: Cooling Architecture of the UCIS 
Instrument Optical Head. 
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