
ISIS SUPPORT FOR THE MRO/CRISM INSTRUMENT.  K. J.  Becker1 and J. A. Anderson1, 1U.S. Geological 
Survey, Flagstaff, Arizona, 86001 (kbecker@usgs.gov).  

 
 
Introduction:  The Integrated Software for Im-

agers and Spectrometers (ISIS) [1] provides support 
for many NASA missions [2].  The U. S. Geological 
Survey (USGS) Astrogeology Science Center (ASC) is 
currently working on data ingestion software and a 
camera model for the Compact Reconnaissance Imag-
ing Spectrometer for Mars (CRISM) hyperspectral 
imager on the Mars Reconnaissance Orbiter (MRO) 
spacecraft [3].  The addition of CRISM compliments 
the High Resolution Imaging Science Experiment 
(HiRISE) [4], MRO Context Camera (CTX) [5], and 
Mars Color Imager (MARCI) [6] instruments already 
supported in ISIS.  ISIS provides a common carto-
graphic processing software system to reduce and ana-
lyze data from MRO instruments for research scientists 
and the general public. 

Instrument Overview:  CRISM’s objectives are to 
characterize Martian aqueous mineralogy and crustal 
composition, seasonal variation in the surface and at-
mosphere, and identify new targets of scientific inter-
est.  Global studies are characterized using ~70 chan-
nel mapping at 100-200 meters/pixel; key regional 
targets are mapped at 15-19 meters/pixel [3]. 

A 10 cm diameter Ritchey-Critien telescope feeds a 
pair of Offner convex-grating spectrometers. Along-
track-scanning to remove image motion smear is ac-
complished by mounting the entire optical assembly on 
a one-axis gimbal attached to the nadir deck of the 
MRO spacecraft. One spectrometer, denoted as visible-
near infrared (VNIR), uses an array of silicon photodi-
odes. The other, denoted as infrared (IR), uses an array 
of HgCdTe diodes. Both detectors have a 640 X 480 
(spatial x spectral) format of 27-mm square pixels.  A 
thorough discussion of objectives and specifications 
for CRISM can be found in [3]. 

ISIS Overview: The ISIS system is designed to 
support NASA spacecraft missions such as Voyager, 
Viking, Galileo, Mars Global Surveyor, MRO, Mercu-
ry Surface, Space Environment, Geochemistry and 
Ranging (MESSENGER) [2] and many others. ISIS 
provides three major functions: (1) ingestion and con-
version of raw instrument data into ISIS format, (2) 
radiometric calibration from raw to I/F (generally), and 
(3) a camera/sensor model to geometrically render raw 
data into commonly used map projection products. 
One of ISIS’s major strengths is it provides a flexible, 
object oriented, application programming interface 
(API) implemented in C++ that supports manipulation 
of a variety of simple and complex image devices [7]. 

Ingestion: The ISIS application, crism2isis, pro-
vides the ability to ingest CRISM PDS [8] data prod-
ucts in ISIS.  These products are available from the 
CRISM data products site, 
http://geo.pds.nasa.gov/missions/mro/crism.htm. Only 
a subset of CRISM products can be ingested into ISIS 
and cartographically processed.  The current supported 
types are: Derived Data Records (DDR), Multispectral 
Reduced Data Records (MRDR), and Targeted Re-
duced Data Records (TRDR).  All of these datasets are 
multispectral in nature.  

DDRs: A DDR accompanies each observation 
pointed at Mars' surface, and includes information 
needed to map project data calibrated to units of radi-
ance or I/F, or to process them further to Lambert al-
bedo corrected for photometric, atmospheric, and 
thermal effects. 

There are two types of information in DDRs: geo-
metric information (latitude, longitude, incidence, 
emission and phase angles) and information on surface 
physical properties (slope magnitude and azimuth, 
thermal inertia).  

MRDRs: A map-projected multispectral RDR 
(MRDR) consists of several or more strips of multi-
spectral survey data mosaicked into a map tile. Thus a 
map tile is constructed from a large number of TRDRs. 
The mosaic is uncontrolled. 

TRDRs: A TRDR is comparable to a scene-viewing 
EDR except that image data has been converted to 
units of radiance using level-4 and level-6 Calibrated 
Data Records (CDR), and the list file is converted into 
physical units using a level-6 CDR. 

Additional formats may be added if requested. 
Camera Model: ISIS provides camera models for 

both the CRISM VNIR and IR detectors. Development 
of this model is provided in ISIS as a plugin. The ISIS 
camera model plugin architecture provides a flexible 
development and distribution mechanism. This method 
allows for complete development of the camera model 
with very little ISIS dependencies, typically relying 
only on the ISIS Camera C++ class. The ISIS build 
system creates a plugin, a specialized dynamically 
shared library of the complete instrument camera mod-
el. These plugins can be easily modified and shared 
outside the normal ISIS distribution. Only a small 
amount of specialized C++ code is required to model 
CRISM’s instrument geometric properties. We have 
designed and developed a camera model in ISIS 
providing a cartographic mapping model for the 
CRISM instrument. 
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Figure 1 shows a CRISM TRDR projected using 
the ISIS camera model and the same image projected 
by the CRISM instrument team.  Note the ISIS projec-
tion engine assumes scan lines are contiguous.  Due to 
problems with a stuck gimbal [9], lines are actually 
imaged as shown in the image on the right in Figure 1.  
The CRISM team provides datasets that have these 
lines trimmed off.  

Processing with ISIS: Most NASA sponsored 
missions provide spacecraft ephemeris (location and 
attitude) data via the Navigation Ancillary and Infor-
mation Facility (NAIF) spacecraft, planet, instrument, 
camera-matrix, and event (SPICE) [10] kernels. 
CRISM utilizes SPICE kernels to provide geometric 
rectification of both VNIR and IR data. 

After VNIR and/or IR data is ingested, users must 
run the spiceinit application to associate the proper 
SPICE kernels with each image. Processing of the 
SPICE kernels for a given image observation provides, 
at a minimum, latitude and longitude coordinates of the 
observed body for every detector pixel.  

ISIS provides powerful, generalized cartographic 
mapping applications and tools that are used to create 
map products.  Using a series of ISIS applications such 
as cam2map, photomet, map2map and automos, users 
can create geologic maps of different projections and 
pixel resolutions. 
 

 
Recent improvements to the ISIS projection appli-

cation, cam2map [11], provide selectable projection 
algorithms that are more efficient for certain instru-
ment types.  When projecting CRISM data, it is best to 
use the forward projection with a small blocksize (4 or 
less).  Due to the gimbal being stuck on occasion, there 

are some observations where adjacent image lines are 
not contiguous in ground coverage. These observations 
are easily identifiable where adjacent image lines 
(CRISM is essentially a line scan instrument) appear 
smeared.  Special processing is needed in order to pro-
duce a better cartographic map product from observa-
tions where the gimbal is stuck. 

Visual inspection of these types of images often re-
veals lines at the top of the image that appear to have 
no contiguous features identifiable.  Simply remove, 
using the crop application, or null the image lines us-
ing the trim or qview applications.  qview is an interac-
tive image display application that has the ability to 
replace the lines with the user selectable values; setting 
these lines to the ISIS special NULL pixel value will 
remove the smear from the projected map. 

All the necessary SPICE kernels for CRISM VNIR 
and IR support are shipped with the ISIS system. Users 
need only install the March 2013 version of the ISIS 
system and base and MRO mission ancillary data to 
begin processing CRISM data. 

Conclusion:  ISIS will provide support for the 
MRO/CRISM instrument in the March 2013 release.  
The inclusion of CRISM in ISIS provides scientists 
and researchers with a single, common data fusion 
approach to comparing and analyzing not only MRO 
data, but also data returned from other Mars missions.  
Generalized applications in the ISIS system provide a 
powerful, consistent approach to processing data ac-
quired by numerous NASA spacecraft instruments that 
are supported by ISIS. 

Future Work: We will be making improvements 
to ISIS forward projections whereby individual pixels 
can be projected efficiently and retain discontinuities 
between adjacent lines and samples.  This will elimi-
nate the smear seen in the ISIS projection of CRISM 
data. Other instruments, such as Dawn VIR [12], will 
also benefit from this improvement. 
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