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MARS LANDING SITE CARTOGRAPHY PRIOR TO MGS

The ability to produce precision cartographic products for landing sites needed to assess / select sites and then support mission operations for targeting the landing and roving operations were limited prior to the 1996 Mars Global Surveyor mission because of:

· Inaccurate gravity field yielded inaccurate orbits > a few km

· Older star trackers gave inaccurate pointing knowledge and control leading to errors on the ground > a few km

· No absolute control for control network ties to inertial space > a few km

· Cameras used vidicons having low metric accuracies - 10’s to 100’s of meters

· Large errors in spin axis, spin rate and location of prime meridian > a few km

Cartography for the 1996 Mars Pathfinder project landing site prior to launch and landing utilized the standard stereo cartographic approach with Viking Orbiter imaging data (Dr. Michael Carr, US Geological Survey).  The map used to locate the lander / rover on the surface of Mars after landing is shown in Figure 1.  Panoramic images from the surface were correlated to this map that was found to have an absolute error of a few kilometers, primarily in latitude, the most accurate Mars map at that time.
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	Figure 1. Most precise cartographic map of Mars at the time of Mars Pathfinder landing


GLOBAL AND LOCAL CARTOGRAPHIC ACCURACY ADVANCES FROM MGS

The 1996 Mars Global Surveyor mission represented a major milestone in the cartographic precision at Mars.  This spacecraft carried the Mars Orbiter Laser Altimeter (MOLA – Dr. David Smith, NASA Goddard Space Flight Center) that produced a global digital terrain model (DTM) having a spatial resolution of 300 m in latitude, 200m near the poles and up to 2 km at the equator in longitude, and an absolute precision of ~1 meter on the surface and <1 meter in radius.  Figure 2 shows this global DTM (http://pds-geosciences.wustl.edu/missions/mgs/mola.html).
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	Figure 2.  MGS MOLA global DTM


This global DTM now provides absolute control to the stereo photogrammetric process at the accuracy level that one can correlate control points in orbiter images to the DTM.  This DTM has provided an increase in absolute cartographic accuracy by more than an order of magnitude and is global.  The first use of this global DTM  product for a landing site on Mars was for the 1998 Mars Polar Lander (Figure 3.).  This showed the full power of the DTM since a precision digital image model (DIM) could be derived directly from the DTM without orbiter imaging at high enough spatial resolution sufficient for mission planning and landing operations.  Since stereo photogrammetry was not needed in this case, there were no errors due to spacecraft orbit and attitude, etc.

MGS Mars Orbiter Camera (MOC – Dr. Michael Malin, Malin Space Sciences System) and Viking Orbiter images were tied to the MOLA data in the area of Airy 0, and the 
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	Figure 3 MOLA ground tracks and DIM for Mars Polar Lander site


earth-based tracking of Viking Orbiters 1 and 2 and MPF were used to update the cartographic reference surface and system of Mars and were captured by the IAU / IAG 2000 report.

Stereo photogrammetry was then augmented with MOLA latitude, longitude and radial control for the production of precision cartographic maps of Airy 0 (Figure 4.a), the Mars
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	Figure 4. Precision cartographic maps of: a. Airy 0; b. Beagle 2; c. Opportunity; d. Spirit


Express Beagle 2 site (Figure 4.b), the Mars Exploration Rover Opportunity site (Figure 4.c) and the Mars Exploration Rover Spirit site (Figure 4.d).  Both Viking Orbiter images and Mars Odyssey Thermal Imaging System data (THEMIS - Dr. Philip Christensen, Arizona State University) provided the orbiter imaging for increased spatial resolution to the MOLA data.  During these processes to produce the cartographic map products, the absolute precision continued to improve from the kilometer to the 100 m level due to improved orbits from the MGS and ODY produced precision Mars gravity field / orbits and the use of precision star cameras for precision attitude.  As an example, the MER Opportunity site map was determined to have an accuracy of 100 meters after landing.

HIGH RESOLUTION IMAGING

Another major improvement for the stereo photogrammetric effort was the significant increase in spatial resolution and stereo coverage.  The Mars Express High Resolution 

Camera System (HRSC – Dr. Gerhard Neukum, Freie University) produces 9 channel multi-color / photometric coverage in stereo (Figure 5.) and the super resolution channel producing images at a few meters / pixel.   The MGS MOC produces images at 1-meter resolution and additionally provides stereo by looking off nadir with a change in spacecraft attitude.  The Mars Reconnaissance Orbiter High Resolution Image System Experiment (HiRise – Dr. Alfred McEwen, University of Arizona) produces images having a spatial resolution of 35 centimeters and stereo with off-nadir viewing and has 
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	Figure 5. HRSC stereo / color / photometric image 
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	Figure 6. Viking Lander 1 as viewed by MRO HiRise


resolved the Viking, Pathfinder and MER Landers / Rovers and their entry systems on the surface of Mars (Figure 6.)

CONCLUSIONS

Precision cartography for Mars landing sites is now commonplace:

· Global MOLA DTM exists for absolute control to < 100 m

· Precision gravity field exists to compute orbits to < meters

· Precision star cameras exist to provide control / knowledge to <100 m

· Precision camera CCD detectors exist having negligible metric errors

· THEMIS multi-spectral IR global coverage at 100 m / pixel exists

· Will augment the Viking Orbiter MDIM’s by USGS @ 230 m / pixel

· Precision absolute control points exist < meters

· MRO HiRise images of VL-1, VL-2, MPF, MER A and B against Mars background (surface features in global control network)

· Precision overlapping, stereo, and multispectral imaging of sites

· ODY THEMIS VIS and MRO CRISM - 18 m / pixel

· MEX HRSC - stereo at <15 m / pixel

· MGS MOC and MEX SRC < a few m / pixel

· MRO HiRise - 35 cm / pixel
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