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Introduction: The Compact Reconnaissance Im-

aging Spectrometer for Mars (CRISM) on the Mars 
Reconnaissance Orbiter (MRO) will conduct a com-
prehensive series of investigations of the Martian sur-
face and atmosphere. The investigations will be ac-
complished using an instrument design that provides 
high spatial and spectral resolutions, extended wave-
length range, and ability to gimbal through a range of 
orientations. Baseline investigations include a near-
global survey to find high science priority sites, full-
resolution measurement of thousands of such sites, and 
tracking of seasonal variations in atmospheric and sur-
face properties. 

Science Overview: The Mars Exploration Payload 
Analysis Group [1] recommended specific hyperspec-
tral imaging investigations to characterize Martian 
geology, climate, and environments of present or past 
life. CRISM's three groups of investigations address all 
of MEPAG's recommendations (Table 1). The first 
group corresponds to two primary objectives of MRO: 
to search for evidence of aqueous and/or hydrothermal 
activity, and to map and characterize the composition, 
geology, and stratigraphy of surface features. These 
investigations are implemented by high-resolution hy-
perspectral mapping of thousands of high priority tar-
gets including candidate sedimentary deposits [2], vol-
canic regions, crustal sections exposed in steep es-
carpments, and sites which exhibit evidence in Mars 
Express/Omega data for concentrations of aqueously 
formed minerals. The second group of investigations 
addresses the primary MRO objective to characterize 
seasonal variations in dust and ice aerosols and water 
content of surface materials, and the secondary objec-
tive to provide information on the atmosphere com-
plementary to other MRO instruments. This group of 
investigations is implemented using a systematic, 
global grid of measurements of the emission phase 
function (EPF) acquired repetitively throughout the 
Martian year. EPF measurements allow accurate de-
termination of column abundances of water vapor, CO, 
dust and ice aerosols, and their seasonal variations [3]. 
At the same time, the grid's repetitive coverage will 
track seasonal variations in water content of surface 

material. Additional, targeted observations of the polar 
caps will investigate their inventory of water and CO2 
ices.  

When not taking targeted or EPF measurements, 
CRISM will conduct its third group of investigations, a 
100-200 m/pixel, ~59-wavelength survey to search for 
evidence of aqueous activity that lacks morphologic 
expression and/or that is below the resolution of previ-
ous spectral mapping. The survey addresses MRO's 
secondary objective to identify new sites with high 
science potential for future investigation, and will be 
particularly important for identification of key Noa-
chian deposits. For example, even at low Martian ero-
sion rates [4], morphologic expressions of Noachian 
hot spring deposits would have been removed in ~109 
yrs, so that such deposits may now exist only as min-
eralized spots in morphologically unremarkable eroded 
escarpments, crater ejecta, and talus. Much of the sur-
vey will be completed before MRO's highest downlink 
rates, so that newly discovered sites can be targeted 
with full-resolution coverage. 

Instrument Overview: CRISM consists of three 
subassemblies, a gimbaled Optical Sensor Unit (OSU, 
Figure 1), a Data Processing Unit (DPU), and Gimbal 
Motor Electronics (GME). The OSU contains VNIR 
(400-1050 nm) and IR (1050-4050 nm) imaging spec-
trographs that share the same 2.06° field-of-view and 
sample the Martian spectrum at 6.55 nm/channel. The 
per-pixel instantaneous field-of-view (IFOV) of 60 
�rad provides a spatial sampling of 15-19 m/pixel 
from MRO’s nominal 255x320 km sun-synchronous 
orbit. 600 cross-track pixels measure a swath 9-12 km 
wide, depending on altitude.  

Both the mechanical design of the instrument and 
its electronic capabilities address the objectives of ra-
diometric accuracy, operational flexibility, and risk 
reduction. The IR focal plane is cooled with doubly 
redundant cryogenic coolers. A side-facing radiator 
cools the spectrometer cavity to decrease instrument 
background. An onboard integrating sphere provides 
radiance calibration, and a shutter provides back-
ground measurements interleaved with Mars meas-
urements. Each focal plane also has a strip down either 
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side that is not illuminated through the spectrometer 
slit, that senses instrument background and scattered 
light simultaneous with each Mars measurement. Op-
tics and the focal planes are enclosed in a housing that 
is gimballed by a high-precision motor/encoder ±60° 
along-track from nadir. During measurement of a tar-
get, along-track scanning takes out most groundtrack 
speed and allows long integration times and high sig-
nal-to-noise ratio (SNR) data to be obtained. At the 
same time, scanning provides the capability to remeas-
ure a spot repeatedly at multiple emission angles (Fig-
ure 2) to characterize the EPF. High spatial resolution 
(~18 m/pixel from 300 km altitude) allows characteri-
zation of the surface at the outcrop scale, and wave-
length coverage to >4000 nm provides sensitivity to 
carbonates even at low abundances. The DPU provides 
lossless or lossy compression of the data stream in real 
time. Key design elements are adapted from the 
CONTOUR and MESSENGER optical instruments. 

Investigation Overview: Figure 3 and Table 2 
summarize CRISM's three complementary data acqui-
sition strategies, which are built around the three steps 
needed to characterize high scientific priority, small-
scale deposits: find the deposits, separate their signa-
ture from that of the atmosphere, and acquire high 
spectral and spatial resolution measurements with high 
SNR. Most of the time the OSU views nadir, building 
up coverage in multispectral survey mode. >90% of 
the planet is expected to be covered at 200 m/pixel and 
~20% at 100 m/pixel. The ~59 wavelengths used are 
clustered at key mineralogic absorptions; any number 
and location of wavelengths is selectable in software. 
We have verified our strategy of characterizing the 
planet in this mode and finding measurement targets 
by resampling AVIRIS data covering a hydrothermal 
deposit in Mauna Kea [5] to CRISM’s spatial and 
spectral sampling, and then analyzing the results using 
a spectral angle mapper (Figure 4). In either of the 
multispectral modes, hundreds-of-meters scale depos-
its are detectable and even subtle mineralogic differ-
ences such as between types of phyllosilicate can be 
distinguished. Resolution both of smaller scale depos-
its and of mineralogic differences improve substan-
tially in the instrument’s native high spectral- and spa-
tial-resolution mode. 

In the second mode of observing, for a group of 
orbits once every ~9° of Ls, EPFs are measured on a 
latitude-longitude grid to track temporal changes in 
atmospheric aerosols, CO, and water vapor. Every 36° 
of Ls a dense grid is taken to track seasonal changes in 

volatile content of the surface Laboratory studies show 
that measurements of 3-�m band depth are sensitive to 
changes in content of adsorbed water approaching 0.01 
wt.-% for data having a signal-to-noise ratio of ~100 at 
that wavelength, which CRISM is expected to exceed. 

The third mode is targeted observations, 3000-
6000 of which will be obtained at key locations. At 
each site, gimballing is used to take out most along-
track motion, so that the field-of-view is slowly 
scanned over a rectangular swath approximately 11 km 
wide and 20 km long (when measured from 300 km 
altitude). Measurements of the swath are bracketed by 
incoming and outgoing measurements of the EPF of 
the centerpoint of the swath at emission angles up to 
70°. Initial high-priority targets are being identified 
using a targeting basemap of results from Viking, 
MGS, and Mars Odyssey. Later, targets will be identi-
fied in Mars Express/Omega data. CRISM’s multis-
pectral survey provides redundancy to Omega data in 
locating targets that have VIS-IR spectral signatures 
but lack obvious morphologic expressions, and it pro-
vides the spatial resolution needed to identify small 
targets not evident in Omega data. 

References: [1] MEPAG, Mars Exploration Pro-
gram: Scientific Goals, Objectives, and Priorities, 
2000. [2] Cabrol, N. and E. Grin, Icarus, 142, 160-
172, 1999. [3] Clancy, R.T., and S. Lee, Icarus, 93, 
135-158, 1991. [4] Presley, M., and R. Arvidson, 
Icarus, 75, 499-517, 1988. [5] Guinness, E. et al., Lu-
nar Planet. Sci. XXXII, 1659, 2001. [6] Milliken, R. 
and J. Mustard, Lunar Planet. Sci. XXXIV, 1345, 
2003. 

 

 
 

Fig. 1. CAD rendering of CRISM's OSU. 
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Table 1. Summary of CRISM Investigation Strategy 

Objective Implementation / Measurement Strategy 
Target observations using previous geologic studies and re-

sults from TES/THEMIS, MOC, etc. 
Use Omega data to find new targets lacking morphologic or 

thermal IR signatures 
Find new targets of interest: aqueous 
deposits, crustal composition 

Find targets below Omega's resolution using near-global mul-
tispectral survey at key wavelengths 

Observe EPF at each targeted observation to quantify atmos-
pheric effects 

Regularly acquire global grids of EPFs to monitor seasonal 
variations in surface and atmospheric properties 

Separate the surface and atmosphere 
Provide information on spatial/seasonal 
variations in aerosols, H2O, CO, and 
ices Sample compositional layering and seasonal change of polar 

ices 
Measure thousands of targets at full spectral resolution and 

high spatial resolution 
Measure key regions of the surface at key wavelengths at 

higher resolutions than multispectral survey 

Measure surface targets with high spa-
tial and spectral resolutions and high 
SNR 

Conduct inflight calibration of background and responsivity to 
provide radiometric accuracy 

 
 
 

Table 2. Summary of CRISM Data Acquisition Plan 
Mode Pointing Description Expected Coverage 

Full resolution 
Spatial pixels unbinned for target - 18 
m/pixel @300 km, 6x binned for EPF

Half resolution short  
Spatial pixels 2x binned for target - 
36 m/pixel @300 km, 6x binned for 

EPF 
Targeted 

Tracking as 
shown in Fig. 2, 
once per target 

Half resolution long  
Spatial pixels 2x binned for target - 
36 m/pixel @300 km, 6x binned for 

EPF; twice swath length  

3000-6000 targets 

Atmospheric 
Survey  

Tracking as 
shown but no 
central swath 

Spatial pixels 6x binned, 72 m/pixel 
@300 km 

9° lon. x 22° lat. 
grid every ~36° of 

Ls  

27° lon. x 22° lat. 
grid every ~9° of 

Ls 
Multispectral survey 

Selected channels, spatial pixels 
10x binned (~200 m/pixel) 

≥90% of Mars 
Multispectral 

Survey  Nadir-pointed 
Multispectral windows 

Selected channels, spatial pixels  
6x binned (~100 m/pixel) 

~20% of Mars plus sampling of sea-
sonal variation at polar cap  

Calibration Mars night  Observations of onboard sphere At least 6 per day 
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Fig. 2. Schematic depiction of key parts of a targeted observation. 
 

 
Fig. 3. Schematic depiction of key attributes of CRISM's measurement plan for the Martian surface and 
atmosphere. 
 

  
Multispectral survey  

(~200 m/pixel, ~59 channels) 
Multispectral window  

(~100 m/pixel, ~59 channels) 
Full resolution 

(~15 m/pixel, 570 ch., 6.55 nm/ch.) 
 
Fig. 4. Analysis of simulated CRISM data acquired in multispectral and hyperspectral modes, completed 
using AVIRIS imaging of Mauna Kea hydrothermal deposits. Red represents deposits of kaolinite, blue 
montmorillonite, and green saponite. 

Sixth International Conference on Mars (2003) 3062.pdf


