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MRO / CRISM overview 
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CRISM is 1 of 6 MRO Instruments to Map 
Mars' Surface and Atmosphere 

CRISM, HiRISE, 
and CTX 

characterize 
surface geologic 

features 
 
 

MARCI, MCS, 
and CRISM track 

spatial and 
seasonal 

variations in the 
atmosphere 
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Hardware overview 
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CRISM Hardware Overview  

Gimbal allows observations at multiple 
geometries to separate surface and 

atmosphere (±60° along-track) 

Gimbal Motor 
Electronics 

controls gimbal 

Radiator pointing toward 
evening terminator cools 
spectrometer optics to -

70C to -80C 

Baffle with 1-time 
deployed cover cuts out 

of field stray light 

3 cryocoolers keep IR detector at 
110-125K to control noise 

Internal calibration: shutter for dark measurements, 
integrating sphere for radiometric calibration 

Optical Sensor Unit 

Data Processing 
Unit controls 

data acquisition, 
pixel binning, 
data editing 

Wavelength range 0.4-3.9 µm 
Spectral sampling 6.55 nm/channel 
Spatial sampling 18 m/pixel from 300 km 
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CRISM Optics  

2 different detectors 

3 shutter 
positions: scene, 
sphere, closed 
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VNIR Detector (0.36-1.05 µm) 
IR Detector (1.00-3.92 µm) 

Image 
brightnes

s 

2 
1 

1 

2 

3 Optical "zones" 
on detector 
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Each readout of the detector is 1 line of 
a spatial image. The whole image is 
built as MRO moves along its ground 

track. 

Each pixel has a spectrum whose 
absorptions can be compared with 

minerals 

  Along slit 

  A
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Each pixel 
has a 
spectrum 

1 frame 

Successive 
frames 

Basic Structure of the Data: Successive 
Frames Acquired Along Track  
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Instrument Configuration for 
Operation 
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Key Instrument Settings Control the  
Type of Observation being Taken  

• Pointing 
– Fixed at nadir 
– Track a point and repeatedly scan across it (nadir or 

limb) 
• Number of wavelengths 

– All 544 with useful data 
– Subsets (72, 94, or 262 selected VNIR+IR wavelengths 

or all 107 VNIR) for global mapping 
• Frame rate 

– 1 Hz (for internal calibration) 
– 3.75 Hz (hyperspectral observations) 
– 15 or 30 Hz (global mapping) 

• Spatial pixel binning 
– None (18 m) or 2x (36 m) for high-resolution observations 
– 5x (100 m) or 10x (200 m) for global mapping 

 

Primary 
variables that 

are set to 
define 

observation 
types 

These 
variables are 

set to 
manage data 
volume and 
to "square" 
the pixels 
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CRISM Rotation 

+60º -60º 
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Changes to the Way  
CRISM Operates 

• Mars has MUCH more compositional diversity than imagined 
– New observing modes were constructed to get high spatial resolution and 

better wavelength coverage 
 

• CRISM has taken on an increasing role in monitoring the atmosphere 
– The MCS instrument is used differently than originally anticipated 
– CRISM added a new kind of observation to track water vapor, trace gases 
– We started observing the planet’s limb to address new science (vertical 

structure of the atmosphere) 
 

• The hardware is aging 
– In 2010 the gimbal began to get sticky so that scan range was reduced 
– The coolers, required for IR data, are less efficient and now require 

occasional power toggling. We use them only part of the time. (When the 
coolers are off, only VNIR data are taken.) 
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Types of Observations 
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• "Targeted" because s/c 
actively points 

• Up to 11 images at 
varying emission angles: 
"Emission phase function" 

• Central image may be 
unbinned (18 m/pixel), 2x 
binned (36 m/pixel), or 
10x binned (~180 m/pixel) 

• 1st 5 and last 5 are 10x 
binned 

• Central high-resolution 
swath for geology; whole 
set to separate surface/ 
atmosphere 

Idealized 
footprints for 

target at 
nadir 

First Basic Observation Type: Gimbaled  
(example shown is Full-Resolution Targeted) 

1st 5 images discontinued Sep. 2010 due to gimbal stickiness 
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Types of Gimbaled Observations: 
Surface Pointed 
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 FRT: 1x binned,  
  18 m/pixel,  
  544 channels.  
  High-priority targets. 

HRS: 2x binned, 
  36 m/pixel,  
  544 channels.        
  Limited data volume. 

HRL: 2x binned, 
  36 m/pixel,  
  544 channels.   
  Coverage. 

100 km 

EPF: 6-13 images,  
10x binned, 180 

m/pixel, 544 channels. 
Free-standing for 

atmospheric 
monitoring. Also 

included with FRT, 
HRL, HRS. 
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New beginning Mar. 2011: 
“ATO’s”: FRT’s with high along-track overlap frame- 
  to-frame, allowing recovery of 3-12 m/pixel resolution. 
Beginning June 2012 we will deliver a text file listing 
   FRTs taken in this mode. 
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Types of Gimbaled Observations: 
Limb-Pointed 

500 km 

New in July 2009:  
LMB: ~36 images per orbit past both terminators, 10x binned, 880 m/pixel, 544 channels.  

Group of 2-3 orbits every 2 months. 
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• Lower-resolution strips to build a global map for 
context & to find new targets, and sample the 
atmosphere 

• At first selected wavelengths, commonly 72 
• Beginning 2010 hyperspectral strips also used 
• 5x-binned to 100 m/pixel, or 10x to 200 m/pixel 
• 72-channel multispectral "noodles” are  

mosaicked to create a global map 

1 orbit 3-min segment 

544 colors 72 colors 

Second Basic Observation Type: Nadir  
(example shown is Multispectral Survey) 
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Different Types of Nadir Observations  

200 m/pixel strips: 
  MSP: VNIR+IR ≥72 ch. 
New in Jan. 2010:  
  HSP: VNIR+IR, 262 ch. 
  HSV: VNIR only, 107 ch. 

100 m/pixel strips: 
  MSW: VNIR+IR, ≥72 ch. 
  (discontinued July 2008) 
New in Jan. 2012:  
  MSV: VNIR only, 107 ch. 

100 km 

North 

550 km 
long 

TOD: 180 m/pixel, 544 
channels. Samples of 
atmosphere to monitor 
trace gases. 

SURFACE MAPPING: 

ATMOSPHERE MONITORING: 
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Current Status of Observing Plan 
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Summary of CRISM Measurement Strategy 
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Campaign 1: Multispectral Survey to Provide 
Global Context and Find Targets  

Through March 2012 77% of Mars has been mapped at VNIR and IR 
wavelengths at low atmospheric opacity, using 54,600 VNIR+IR strips. 
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Campaign 2: Monitor Spatial and Seasonal 
Variations in Aerosols and Trace Gases 

Atmospheric water vapor 

TODs begin IR operation becomes intermittent 

MY28 MY29 MY30 

Over 3 Mars years, 6518 EPFs have been taken in grids, plus 21,340 with targets. 
~28,000 TODs have been taken.  

1098 individual limb scans have been taken in 16 groups. 
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Campaign 3: Targeted Observations Directed 
at High-Priority Sites 

21,340 targeted observations have been taken. 15,057 are at full resolution (18 m/pixel) 
and 6,282 are at half resolution (36 m/pixel). The highest concentrations are at major 
outcrops of phyllosilicate- and sulfate-bearing deposits formed in wet environments.  

Locations of targeted observations, overlain on MOLA elevation map 
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Targeted Observation Data Product 
Overview 
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A High-Resolution Targeted Observation 
is a Collection of Related Images 

Image 00 

Images 01-05 

Image 06 

Image 07 

Image 08 

Images 00-0D 

Image 0E 

10x-binned 
EPF images 

Unbinned dark 
images for 
calibration 

10x-binned 
EPF images 

Unbinned dark 
images for 
calibration 

 
File names for all the 

images share a unique  
8-digit hex target ID, e.g., 

00003E12 
 

Each image has a unique 
hex counter in the file 

name (00, 01, …, 0D, 0E) 
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After Sept. 2010 Restrictions on Gimbal 
Angle Led us to Drop 5 Incoming Images 

Image 00 

Images 01-05 replaced with darks 

Image 06 

Image 07 

Image 08 

Images 00-0D 

Image 0E 
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Calibrated Data = TRDRs* 
Separate VNIR and IR TRDRs   

Multiband image of radiance; 
assembled from multiple frames 

A separate ASCII table with house-
keeping from each frame of the data 

Detached PDS label for each image, giving the observation 
time and setup, and all the files used to process the data  

Scene radiance,  
units W m-2 sr-1 µm-1 

Scene I/F, unitless  

Multiband image of I/F; 
assembled from multiple frames 

* Targeted Reduced Data Records 
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TRDR Nomenclature 

• FRT = Class Type  
– FRT (Full Resolution Targeted Observation) 
– HRL (Half Resolution Long Targeted Observation) 
– HRS (Half Resolution Short Targeted Observation) 
– EPF (Atmospheric Survey EPF) 
– LMB (Limb Scan) 
– TOD (Tracking Optical Depth Observation) 
Mapping: 
– MSP (Multispectral Survey, VNIR+IR, 200 m/pix) 
– HSP (Hyperspectral Survey, VNIR+IR, 200 m/pix) 
– HSV (Hyperspectral Survey, VNIR only, 200 m/pix) 
– MSW (Multispectral Window, VNIR+IR, 100 m/pix) 
– MSV (Hyperspectral Window, VNIR only, 100 m/pix) 

• 00003E12 = 8-digit hexadecimal Observation ID 
• 07 = Hex counter for image within observation  
• IF166 = Processing, internal command macro used  

– RAnnn – Radiance / Macro# 
– IFnnn – I/F / Macro# 

• L = Sensor ID 
– S for VNIR 
– L for IR 

• TRR3 = TRDR, current version = 3 
• IMG = file extension 

– IMG for binary image data  
– LBL for detached ASCII PDS label 
– TAB for detached ASCII table of housekeeping 

 

 

FRT00003E12_07_IF166L_TRR3.IMG  
The file name fully describes the type of 
data, which detector it comes from, the 
version of the processing, and gives the 

unique ID and counter 
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Backplanes =DDRs* 
Separate VNIR and IR DDRs   

Multiband images of backplanes; one-for-one 
correspondence with spatial position in TRDR 

A detached PDS label gives the companion observation, its 
time and setup, and describes each layer of the DDR  

Backplanes, various units  

• Geometric information for every pixel of 
an image including lat, lon, i, e, and g. For 
map projection, photometric correction.  

• Additional information includes elevation, 
slope magnitude and azimuth, and TES 
bolometric albedo and thermal inertia. 
Used for data analysis. 

* Derived Data Records 
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DDR Nomenclature  

• FRT = Class Type  
– FRT (Full Resolution Targeted Observation) 
– HRL (Half Resolution Long Targeted Observation) 
– HRS (Half Resolution Short Targeted Observation) 
– EPF (Atmospheric Survey EPF) 
– LMB (Limb Scan) 
– TOD (Tracking Optical Depth Observation) 
Mapping: 
– MSP (Multispectral Survey, VNIR+IR, 200 m/pix) 
– HSP (Hyperspectral Survey, VNIR+IR, 200 m/pix) 
– HSV (Hyperspectral Survey, VNIR only, 200 m/pix) 
– MSW (Multispectral Window, VNIR+IR, 100 m/pix) 
– MSV (Hyperspectral Window, VNIR only, 100 m/pix) 

• 00003E12 = 8-digit hexadecimal Observation ID 
• 07 = Hex counter for image within observation  
• DE166 = Processing, internal command macro used  

– DEnnn – Derived information / Macro# 
• L = Sensor ID 

– S for VNIR 
– L for IR 

• DDR1 = DDR, current version = 1 
• IMG = file extension 

– IMG for binary image data  
– LBL for detached ASCII PDS label 

 

 

FRT00003E12_07_DE166L_DDR1.IMG  
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Usage of DDRs  

= , 

I/F in sensor space Latitude, longitude, 
incidence, emission, and 

phase angle Map-projected I/F data or 
other data from DDRs (e.g., 

slope, elevation, etc.) 

f 

Note: Map convention is planetocentric, positive east longitude 
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CRISM Analysis Tool (CAT) 
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CAT: CRISM Analysis Toolkit 

• Runs as extension to ENVI (ITT VIS) 
• Tools to: 

– Open and display CRISM images 
– Apply certain standard corrections 
– Produce summary parameters 

 
• The following summarizes key CAT operations on TRDRs 

that analysts in the user community commonly do 
• Later you’ll see that much of this is pre-applied to MTRDRs, 

plus CAT capabilities for MTRDRs 
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CAT Startup 

• When CAT installed, ENVI starts with CAT menu added 
– includes CAT version number 

• Additional CAT-specific items added under Help and 
Display/Tools menus 
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Open CRISM File 

 INPUT DATA: 
– CRISM PDS image file (*.IMG) 
– Corresponding PDS label (*.LBL) 

• example: FRT000064D9_07_IF166L_TRR3.IMG 
              FRT000064D9_07_IF166L_TRR3.LBL 
 

select input file in the 
ENVI dialog box that 

pops up 

Opens CRISM data in ENVI  
Available Bands and  

Display windows 
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Typical Processing Steps 

File selection 
dialog… then make 

selections for an 
atmospheric 
“correction” 

Pick the “volcano scan” file to use… Select scaling wavelengths… 
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Atmospheric Correction 
Behind the Scenes 

• Atmospheric Correction: to correct for absorption by CO2 
– “Volcano scan”: special observation viewing nadir on traverse across 

Olympus Mons 
– Atmospheric transmission ~  (base spectrum) / (summit spectrum) 
– Correct a scene spectrum by scaling the transmission to match the 

scene at 2 wavelengths near the CO2 2-micron band, then divide 
• One near absorption peak, one in wings 
• Adjusts for variable atmospheric optical depth- elevation, season… 
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Spectral Analysis Utilities 

• Summary Parameters: algebraic measures of the 
strengths and positions of possible mineral 
absorptions, and measures of the spectral 
continuum.  
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Map Utilities 

• Project Single Cube Data 
– Map projection using coordinates from DDR 
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Java CRISM Analysis Tool (JCAT) 
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JCAT 

• Available free at http://crism.jhuapl.edu/JCAT  
• Password protected, contact Hari.Nair@jhuapl.edu for access 

 
• JCAT has core CAT capabilities and the most basic ENVI 

capabilities: 
– Download CRISM files from the PDS (TRDR, DDR files) 
– Map project images, either stereographic (default) or rectangular 
– Manipulate image data - choose display bands, perform contrast 

stretches, save to PNG format 
– Plot and export pixel spectra (I/F or ratioed) 
– Export overlay for use with Google Mars 

• Still development code, but being used by the Mars Exploration 
Student Data Teams (MESDT) 
 

http://crism.jhuapl.edu/JCAT�
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JCAT Screenshot 
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Accessing CRISM Data Via 
PDS Geosciences Node 
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Getting CRISM Data from the PDS 

•Planetary Data System (PDS) Geosciences Node - 
http://geo.pds.nasa.gov/ 

•PDS CRISM Archives: 
http://geo.pds.nasa.gov/missions/mro/crism.htm  

•Orbital Data Explorer: http://ode.rsl.wustl.edu/mars/ 
– Specialized PDS web tool 
– Allows users to: 

• search, retrieve, and order PDS products 
• search across missions and instruments (e.g. CRISM, HiRISE, CTX) 
• search across PDS nodes 
• search via maps and forms 
• search MRO coordinated observations 

http://geo.pds.nasa.gov/�
http://geo.pds.nasa.gov/missions/mro/crism.htm�
http://ode.rsl.wustl.edu/mars/�
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Orbital Data Explorer (ODE) 

SEARCH for Products 

RETRIEVE and View 
Products MAP 

Products 
See Handout 
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Accessing Data Via 
http://crism-map.jhuapl.edu/ 
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Navigating CRISM-map 

Select layers to show as basemap 

Each black spot is a CRISM targeted observation 
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Zooming in onto a region of interest 

Click and drag a rectangle to zoom to area  

Zoom in and out 
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Finding images in an area 

Select region where you want to see individual 
CRISM observations; click and drag out a 

rectangle… 
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Finding images in an area 

…or use the binocular tool and type in the 8-
character observation ID 
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List of images in area 

Select “L” sensor to see browse  
version of the observation 
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The Materials Available for Each 
Observation 

Link to 
coordinated 
HIRISE, CTX  

NOTE: This will be extensively updated over the next  
6-9 months to include new materials you will see today 

Link to data 
at the PDS  

Background 
on browse 
images 

Observation details “Browse” versions of data 
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