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Introduction:  The Compact Reconnaissance Im-

aging Spectrometer for Mars (CRISM) Analysis 
Toolkit (CAT) is an IDL/ENVI-based software system 
for analyzing and displaying data from the Compact 
Reconnaissance Imaging Spectrometer for Mars 
(CRISM). We will describe CAT’s capabilities and 
discuss recent updates to CAT’s map projection and 
summary product generation functions. 

CRISM:  CRISM [1] is a hyperspectral imaging 
spectrometer onboard the Mars Reconnaissance Orbit-
er. It covers the visible-near IR spectral range 0.4-3.9 
µm at ~10 nm spectral resolution. The spectrograph 
consists of two channels, the VNIR channel covering 
0.4-1 µm, and IR covering 1-3.9 µm. Both spectro-
graphs are fed by a common telescope, with a dichroic 
beansplitter dividing incoming light between the short 
and long wavelength channels. 

Each channel employs a two dimensional array de-
tector, imaging the entrance slit along one dimension 
and dispersing spectra along the other. Both channels 
acquire imagery with 640 pixels in the spatial dimen-
sion. The visible channel returns up to 107 spectral 
bands, while the IR channel returns up to 438 bands. 
Spectral sampling is 6.55 nm, and the effective band-
pass including optical effects varies from ~9 nm in the 
visible to 17 nm at the longest IR wavelengths.  

CRISM data are acquired in either a pushbroom 
configuration, with the entrance slit oriented perpen-
dicular to the ground track, or in targeted mode, where 
the instrument is gimbaled in the along-track direction 
to reduce the apparent ground speed of the slit image. 
In both cases, multiple frames are acquired to build an 
“image cube” with 1 spectral and 2 spatial dimensions.   
Pushbroon (mapping) mode data are acquired by star-
ing at nadir, acquiring image frames at 15 or 30 Hz, 
and coadding pixels along-slit to achieve spatial sam-
pling of 100 or 200 m square pixels over long swaths.  
Mapping modes include MSP, HSP, HSV, MSW, and 
MSV, which return different combinations of spectral 
bands. Full resolution targeted observations  (FRT, 
FRS) attain spatial sampling up to 18 m from MRO’s 
~370 km orbital altitude, over a butterfly-shaped 
ground footprint roughly 10 km wide. Reduced resolu-
tion targeted modes (HRL, HRS) provided lower data 
volume by coadding pixels. Two additional targeted 
modes result in non-square pixels (ATO, ATU). The 
observing parameters for different types of observa-
tions pointed at Mars' surface are summarized in Ta-
ble. 1. 

 

Table 1. Summary of CRISM Mars surface observa-
tion types. 

Class 
Type 

Spatial 
Sampling 
(m/pxl) 

Mapping/ 
Targeted 

VNIR 
Bands 

IR 
Bands 

MSP ~200 M 19 55 
MSW ~100 M 19 55 
HSP ~200 M 107 154 
HSV ~200 M 107 N/A 
MSV ~100 M 90 N/A 
FRT ~20 T 107 438 
HRL ~40 T 107 438 
HRS ~40 T 107 438 
ATO ~20x10 T 107 438 
FRS ~20 T 107 438 
ATU ~20x40 T 107 438 

 
CRISM data are processed and delivered to the 

PDS at several different calibration levels [3]. For both 
targeted and mapping data, “targeted reduced data rec-
ords” (TRDRs) are in sensor space: ‘RA’ image cubes 
are calibrated to radiance without further processing, 
and ‘IF’ cubes are reduced to I/F and filtered to re-
move some detector noise. Qualifying targeted data 
that include accompanying "emission phase functions 
(EPFs)" are further processed to “Map-projected Tar-
geted  Reduced  Data  Record”  (MTRDR) images. 
MTRDRs  correct for atmospheric gas absorptions and 
photometric effects, normalize aerosol effects to the 
geometry closest to nadir in the data, mitigate the ef-
fects of spectral smile, join the visible and IR channels 
to provide a single cube covering the instrument’s full 
range, map-project the composite cube, and flag "bad 
channels" with degraded calibration [2].  See the 
CRISM Data Product Specification [3] for a detailed 
description of all data products. 

CAT Functions:  CAT’s primary functions include 
opening CRISM data files and deriving ENVI headers 
from PDS labels. Compatible CRISM products include 
TRDRs, Map projected Reduced Data Records 
(MRDR or “map tiles”), MTRDRs [2,3], Derived Data 
Records (DDRs, which contain geographic and photo-
metric parameters), and Calibration Data Records 
(CDRs). For TRDRs, additional functions include ap-
plication of photometric and atmospheric gas correc-
tions, calculation of summary products, and map pro-
jection. CAT runs as an ENVI add-on, so ENVI’s 
built-in image display and spectral analysis tools are 
available once CRISM data are  loaded and processed. 
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Much of CAT’s functionality is replicated by the 
processing now incorporated into the newly developed 
MTRDR products [2]. However, CAT remains the tool 
of choice for viewing spectra and for processing tar-
geted observations lacking EPFs and for strips of map-
ping data. CAT also allows the analyst to go back to 
the original calibrated data and confirm that interesting 
spectral features are not introduced by the I/F noise 
filtering or MTRDR corrections. 

Recent Updates:  Recent updates to the CAT in-
clude those to the map projection and the summary 
parameter calculation capabilities. The CAT map pro-
jection has been updated to conform to MRO project 
standards, matching the projection applied to MTRDR 
data including latitude of origin, datum, and names. 

Updated spectral summary parameters [4] have 
been incorporated. Summary parameters are derived 
from reflectances at key wavelengths to highlight spec-
tral features characteristic, for example, of specific 
minerals. The revised summary parameters take ad-
vantage of hyperspectral sampling to  improve original 
parameters [5] and mitigate spurious signals due to 
photometric effects, noise, etc. 

Among other improvements is the ability to remove 
“disconnected frames” from map projected scenes. 
These can result when CRISM is acquiring a targeted 
observation but before the gimbal is begins tracking 
the surface, producing a set of staggered frames that 
are offset from the main portion of the scene.  

Summary:  We will present an overview of 
CRISM data products and CAT workflow, including 
updates. A separate coordinating workshop is antici-
pated that will provide hands-on guidance. 

References: [1] Murchie S. et al. (2007) JGR, 112, 
10.1029/2006JE002682. [2] Seelos F. P. et al. (2016) 
LPS XLVII, abstract #1783. [3] S. Murchie, E. Guin-
ness and S. Slavney (2016) Mars Reconnaissance Or-
biter CRISM Data Product Software Interface Specifi-
cation, pds-geosciences.wustl.edu/missions/mro/ 
crism.htm. [4] Viviano-Beck C. E. et al. (2014) JGR-
Planets, 119, 10.1002/2014JE004627. [5] Pelkey S. M. 
et al. (2007) JGR-Planets., 112, E08S14, 
doi:10.1029/2006JE002831. 

 
 
 

7121.pdf3rd Planetary Data Workshop 2017 (LPI Contrib. No. 1986)


