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Missions providing useful data for 
geological mapping

• Lunar Reconnaissance Orbiter (LRO)
• LOLA
• LROC (Lunar Reconnaissance Orbiter Camera)

• WAC (Wide Angle Camera)
• NAC (Narrow Angle Camera)

• SELENE - Kaguya
§ TC (Terrain Camera)
§ MI (Multispectral Imager)
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Main Moon data repositories
…or access points/mirrors

Google Moon

ODE – Orbital Data Explorer

PILOT – Planetary Imager Locator Tool

LROC Quickmap 

USGS Astrogeology 

Jmars



European Union’s Horizon 2020 – grant agreement No 871149

• NASA mission

• Launched from Cape Canaveral in June 2009

• Data provided (this list is limited to those
useful to geologic mapping):

• Global image coverage (LROC WAC, 100 
m/pixel)

• High resolution imaging (LROC NAC, 0.5 
m/pixel)

• Lidar-based topography (LOLA, 118 m/pixel)

• Stereo Topography (LROC, 1m/pixel)

• Thermal maps for cold traps (DIVINER)

• Global UV mapping (LAMP)

LRO - Lunar Reconnaissance Orbiter

Source: Arizona University
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NAC – Narrow Angle Camera (Robinson et al., 2010)

Sources: NASA/GSFC/ASU

Sources: 
NASA/GSFC/ASU
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ASU LROC Quickmap
https://quickmap.lroc.asu.edu

Source: NASA/GSFC/ASU



European Union’s Horizon 2020 – grant agreement No 871149

LROC Quickmap: image consultation
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LROC Quickmap: products download
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Mercury – MESSENGER Quickmap
https://messenger.quickmap.io
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Mars data

Source: NASA/GSFC
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Missions providing useful data for 
topography/photogrammetry (but not only)

• Mars Global Surveyor (MGS, 1999-2006)
• MOLA (Lidar ~460 m/pixel)
• MOC (Camera, 1.5 – 12 m/pixel)

• Mars Odissey (2001-ongoing)
• THEMIS (Thermal camera ~100 

m/pixel)

• Mars Express (MEX, 2003-ongoing)
• HRSC (Camera, 12.5 m/pixel)
• OMEGA (Spectrometer, 0.3-5 km/pixel)

• Mars Reconnaissance Orbiter (MRO, 2007 - ongoing)
• CTX (Camera ~6 m/pixel)
• CRISM (Spectrometer, 15-19 m/pixel)
• HiRISE (Camera 0.25 m/pixel)

• ExoMars Trace Gas Orbiter (TGO, 2007 - ongoing)
• CaSSIS (Camera 4.5 m/pixel)
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Main Mars data repositories
…or access points/mirrors

Google Mars
ODE – Orbital Data Explorer

PILOT – Planetary Imager Locator Tool
HiRISE webpage

ASU CTX webpage
ESA PSA – Planetary Science Archive

Jmars
Murray Lab

HRSC FU Berlin portal
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MOLA – Mars Orbiter Laser Altimeter

(Smith et al, 2001)

Source: NASA/GSFC
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MOLA – Mars Orbiter Laser Altimeter

Source: NASA/GSFC
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MOLA – Mars Orbiter Laser Altimeter
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MOC – Mars Orbiter Camera

• Panchromatic camera with targeted observations

• Resolution between 1.5 and 12 m/pixel

• Stereo capabilities for DTM reconstruction

Source: NASA/MSSS

Source: ASP guidebook 
(Shean et al., 2016)
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MOC - Coverage

Source: 
modified 
from PDS-
ODE
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THEMIS – Thermal EMISsion camera
THEMIS is a system that acquires thermal images

• It consists into two multi spectral subsystems:

- IR (Thermal Infrared Imager) in 10 bands ->  6.78-10.21 microns
- VIS (visible) in 5 bands -> 0.425-0860 microns

• IR: global mosaic at 100 m/pixel both in daytime and nighttime
Very useful for detecting geologic contacts

• VIS: 10 m/pixel

This resolution helps fill in the gap between large-scale geological images from the 
Viking orbiters in the 1970s and the very high-resolution images from the currently
orbiting Mars Global Surveyor.

Source: Christensen et al., 1998, 2001 and THEMIS website
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THEMIS – Thermal EMISsion camera

Source: THEMIS/ASU

Daytime Infrared
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THEMIS – Thermal EMISsion camera

Source: THEMIS/ASU

Nighttime Infrared
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MEX HRSC – High Resolution Stereo Camera
• 1 nadir channel
• Color filters in nadir (BL, GR, IR)
• 2 stereo channels (Left + Right)
• Stereo DTMs can be generated in-

house or available by the 
instrument team at  100 m of grid 
spacing

• 1 super resolution channel 

Swath width: 52 km
Swath length: 300 km (minimum)

Archive FTP url: 
ftp://psa.esac.esa.int/pub/mirror/MA
RS-EXPRESS/HRSC/

DTM 
registered on 
MOLA

Nadir 
channel

Credits: ESA/DLR/FU Berlin (G. Neukum)

ftp://psa.esac.esa.int/pub/mirror/MARS-EXPRESS/HRSC/MEX-M-HRSC-3-RDR-V3.0/
ftp://psa.esac.esa.int/pub/mirror/MARS-EXPRESS/HRSC/MEX-M-HRSC-3-RDR-V3.0/
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MEX HRSC – High Resolution Stereo Camera

Credits: ESA/DLR/FU Berlin (G. Neukum)
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MEX HRSC – DTM + Nadir+color coverage

Source: 
modified 
from PDS-
ODE
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MRO CTX – ConteXT Camera

Source: THEMIS/ASU

• Used to give context to HiRISE images

• Average resolution 6 m/pixel (but can go up to 4-5 meters)
• Only one panchromatic channel

Swath width: 30 km
Swath length: variable between 50 km and 300 km

• Almost global coverage
• Possibility to create stereoscopic DTMs where there is sufficient overlap of images
• Data are provided "raw" as they are acquired by the instrument or processed via PILOT/ASU website/ODE
• Archive URL: https://pdsimg.jpl.nasa.gov/data/mro/mars_reconnaissance_orbiter/ctx/

Source: NASA/MSSS – Malin Space Science Systems, (Malin et al., 2006)
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5 km

MRO CTX – ConteXT Camera mosaics
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MRO CTX – Coverage

Source: 
modified 
from PDS-
ODE
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MRO HiRISE – High Resolution Imaging Science Experiment

HiRISE (McEwen et al., 2006) offers unprecedented resolution with three 
types of data:
• Experiment Data Record (EDR) data set
• Reduced Data Record (RDR) data set
• Digital Terrain Model (DTM) data set

• Ground resolution of 0.25 m/pixel!
• Designed for stereoscopy -> DTM with 1 meter resolution
• Has three filters (RED, Blue/Green, NIR)

Data are delivered already calibrated and projected ready to use
http://hirise.lpl.arizona.edu

DTMs can be generated "in house" or use those provided by the HiRISE 
science team at https://www.uahirise.org/dtm/

Targeted HiRISE observations can also be requested with HiWISH tool 
https://www.uahirise.org/hiwish/

Source: NASA-JPL-Caltech/ASU 

https://www.uahirise.org/dtm/
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Sensor and images
• EDR (Experiment Data Record): contains all data collected all of the 14 

CCD available that present two output channels (14x2)
14 CCD with 2 outputs
10 red
2 infrared
2 blue/green

• When the electronics reads the data collected by the CCD it divides it 
into two parts per channel (left + right)

• Each HiRISE observation sends 28 image files to Earth (14 CCD x 2)

• RDR: Reduced Data Record: EDR mosaic and radiometrically corrected, 
geometrically corrected and projected.

• Swath size typically 
12x6 km in RED channel
12x 1.2 km in the RED+IR+B/G channels

MRO HiRISE – High Resolution Imaging Science Experiment

Source: Mars Reconnaissance Orbiter JPL Document Number D-32005, NASA-JPL/ASU 
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Source: NASA-JPL-Caltech/ASU, image ESP_036128_1755 

MRO HiRISE – High Resolution Imaging Science Experiment
Some image examples: RSL and MSL-Curiosity rover



European Union’s Horizon 2020 – grant agreement No 871149

Source: NASA-JPL-Caltech/Arizona State University

MRO HiRISE – High Resolution Imaging Science Experiment
Some DTM+ image examples and ASU repository
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Source: 
modified 
from PDS-
ODE

MRO HiRISE – Coverage
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Credit: ESA-ATG medialab

ExoMars trace Gas Orbiter - TGO
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Sources: Thomas et al., 2017, University of Bern

ExoMars TGO – CaSSIS – Colour and Stereo Surface Imaging System 

Colour stereo coverage at ~4.5 m/pixel /targeted)
• Panchromatic at 650 nm
• IR at 950 nm
• NIR at 850 nm
• Blue/Green at 150 nm

• Swath width: 7-9 km

• Swath length: 40-50 km

Data available at 

ESA PSA
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Source: ESA/Roscosmos/Ube/CaSSIS

ExoMars TGO – CaSSIS – Colour and Stereo Surface Imaging System 

Korolev crater

More images and news at https://www.cassis.unibe.ch
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Source: ESA/Roscosmos/CaSSIS

ExoMars TGO – CaSSIS coverage at early 2021

Public CaSSIS data are accessbile at ESA 
PSA (sorry no map search…yet)

https://archives.esac.esa.int/psa

DTMs are generated and provided by 
INAF-OAPD to registered users
https://cassis.oapd.inaf.it/archive/

Source: INAF-OAPD

https://archives.esac.esa.int/psa
https://cassis.oapd.inaf.it/archive/
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Source: Nireos, Adapted from Giannoni et al 2018 J. Opt. 20 044009

A new layer of information

Source: adapted from CRISM website, JHU/APL and Cristophe et al. 2009

CRISM data cube 

Spectral imaging
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A new layer of informationSpectral imaging: CRISM

VNIR 
detector: 
0.4-1.0 μm 

IR detector: 
1.0-4.0 μm 

60 cm

S. Murchie et al. (2007)

Image credits: NASA

Optical design
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A new layer of informationSpectral imaging:CRISM
• 0.4 - 4.0 μm spectral range

• High-resolution, hyperspectral  
targeted images (18-36 m/pixel @ 
300 km, 544 spectral channels)

Targeted images have typical hourglass shape

Credits: NASA/JPL-Caltech/MSSS/JHU-APL/Purdue/USGS
Modified from S. Murchie et al. (2007)

OMEGA spectrometer (MEX) CRISM targeted observation
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A new layer of informationSpectral imaging: CRISM

Credits: NASA/JPL/JHUAPL/Applied Coherent Technology

CRISM Map-projected Targeted Reduced 
Data Records (MTRDRs)

• Full spectral range joining VNIR and IR;
• The IR is already corrected for geometric, 

photometric, atmospheric, and 
instrumental effects;

• Removal of spectral channels with suspect 
radiometry (“bad bands”).

MTRDRs are currently best available data
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A new layer of informationSpectral imaging:CRISM

Credits: NASA/JPL/JHUAPL/Applied Coherent Technology

.img browse 
products that can 
be directly put in 
GIS project

With browse products you can 
quickly assess the mineralogy of 
a CRISM scene

Refer to Viviano-Beck et al. 
(2014) for common browse 
products and their 
interpretation.

Check out presentation from 
last year (Spectral data in the 
sedimentary deposits of Mars)

CRISM Map-projected Targeted Reduced 
Data Records (MTRDRs)

Browse products
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ExoMars TGO – CaSSIS – Colour and Stereo Surface Imaging System 

Increasing resolutionSmaller scale

Tips for organizing a MARS GIS project
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How to visualize on the fly planetary data
• Google Earth (limited to Moon and Mars)
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Google Earth – HiRISE scouting and download
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Google Earth – CTX scouting and download
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Main Planetary Data Repositories for visualization 
and download of data useful for mapping

• PDS (NASA)
• PSA (ESA)
• ODE (NASA)
• PILOT (USGS)

• Astropedia (USGS)
• JMARS (Arizona State University)
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PDS – Planetary Data System

• https://pds.nasa.gov
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ESA PSA -Planetary Science Archive
• https://archives.esac.esa.int/psa/



European Union’s Horizon 2020 – grant agreement No 871149

ODE – Orbital Data Explorer
Part of the PDS Geosciences Node

https://ode.rsl.wustl.edu
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ODE – Mars data download

In the cart select the data products 
and the preferred format

Select the desired 
products and update the 
cart
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PILOT – Planetary Image Locator Tool
USGS metadata-based browser for image data

Processing via server with POW (Processing on the Web)
https://pilot.wr.usgs.gov

https://pilot.wr.usgs.gov/
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PILOT – Planetary Image Locator Tool
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PILOT – Planetary Image Locator Tool
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PILOT – Planetary Image Locator Tool

You can click on the map, choose your specific location by drawing polygons or use 
pre-defined categories

When you select the images you want to download you can choose projection and 
file format.

By clicking “add job”  and inserting the email address you will receive a link to 
download GIS-ready data when they are ready
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Astropedia (USGS Astrogeology)
USGS mapping and processed data products repository (mosaics, USGS geologic maps, shapefiles, 

databases and useful tools)
https://astrogeology.usgs.gov/

https://astrogeology.usgs.gov/
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LOLA - Lunar Orbiter Laser Altimeter
Global DEM topography at ~118 m/pixel

LOLA global altimetry, source USGS Astrogeology Sources: NASA/GSFC/ASU
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• Lunar global mosaic by stitching together 15.000 images acquired
between 2009 and 2011

• Resolution: 100 m/pixel in 7 bands

WAC – Wide Angle Camera

LROC Wac Global Mosaic, USGS Astrogeology

(Robinson et al., 2010)

Sources: NASA/GSFC/ASU

LROC Wac Global DEM, 118 m/pixel
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MOLA – Mars Orbiter Laser Altimeter
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Astropedia (USGS Astrogeology) – quick example

«Original» is the GIS-ready dataset
«Sample» is a thumbnail version of how the dataset looks like

Clock to downlaod original data
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Astropedia WMS (USGS Astrogeology)
• WMS: Web Map Service
• Has several advantages:
• You can work on huge image mosaics 
• You don’t have to download any data (you can save disk soace)
• You can work on old computers 

• But also disadvantages:
• Not possible to extract topographic information
• You depend on the quality of your internet network

All WMS USGS Astrogeology can be found here

https://astrowebmaps.wr.usgs.gov/webmapatlas/Layers/maps.html



European Union’s Horizon 2020 – grant agreement No 871149

Astropedia (USGS Astrogeology) - WMS
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Astropedia (USGS Astrogeology) - WMS
When you click “connect” a list of available basemap layers will appear
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Astropedia WMS (USGS Astrogeology)
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Murray Lab for Mars data visualization (and download)
http://murray-lab.caltech.edu

• QGIS CTX global mosaic streaming
• CTX tiles download
• HiRISE download
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Mars Express HRSC (High Resolution Stereo Camera) portal
https://maps.planet.fu-berlin.de/

• Multi-orbit DEMs
• CTX Pan-Sharpened 

Color HRSC
• Equalized multi-orbit 

mosaics
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The MarsSI service
https://marssi.univ-lyon1.fr/MarsSI/

https://marssi.univ-lyon1.fr/MarsSI/
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JMARS – Java Mission Planning and Analysis for Remote Sensing

https://jmars.mars.asu.edu

• data analysis
• mission planning 
• visualization
• Mapping capabilities
• Crater counting capabilities
• Map streaming
• Import custom raster/vectors
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JMARS – Java Mission Planning and Analysis for Remote 
Sensing

https://jmars.mars.asu.edu

It is a geospatial information system (GIS) developed by ASU's Mars Space Flight Facility to provide mission
planning and data-analysis tools to NASA scientists, instrument team members, students of all ages and the 
general public. JMARS has been available to the public since 2003. It is used in over 65 countries and has over 
6,000 active users.

Source: Jmars-Arizona University

https://jmars.mars.asu.edu/
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JMARS – Java Mission Planning and Analysis for Remote 
Sensing https://jmars.mars.asu.edu

• Tables and shapefiles can be imported as well as created and exported
• All data are streamed via the application, with custom maps, databases and thematic basemaps
• Used for several purposes among which observation strategy planning (e.g. HiRISE, CaSSIS)
• Can stream shape models of asteroids in a 3D viewer

Mars Example

Moon Example

https://jmars.mars.asu.edu/

