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Outline
1. Where on Mars can we land?

‐MSL Landing Constraints
2. What data do we have?

‐ Spatial Data Products
3. Image Integration into a Geographic 

Information System (GIS)
‐ Georeferencing and Rectification
‐ Resolution Pyramid

4. The Future of Landing Site Spatial 
Analysis
‐ Tactical and Strategic Planning 
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MSL Landing Sequence
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MSL Landing Constraints
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Latitude +‐30 degrees
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Elevation < ‐1 km
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Thermal Inertia > 100 TIU
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Science Sites
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MOLA Relief <100m over 1km
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Eberswalde
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Gale
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Holden
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Mawrth
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Eberswalde: HiRISE Footprints
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Gale: HiRISE Footprints
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Holden: HiRISE Footprints
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Mawrth: HiRISE Footprints
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Area of the ellipse: 
392.68 km2

Ortho Photo Coverage: 
369.11 km2 (94.00%) 

Orthophotos ‐ Eberswalde

Calef – Spatial Analysis of MSL Landing Sites ‐ 2011



Area of the ellipse: 
392.68 km2

Ortho Photo Coverage: 
312.19 km2 (79.50%) 

Orthophotos ‐ Gale
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Area of the ellipse: 
392.68 km2

Ortho Photo Coverage: 
333.45 km2 (84.92%) 

Orthophotos ‐ Holden
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Area of the ellipse: 
392.68 km2

Ortho Photo Coverage: 
372.05 km2 (94.75%) 

Orthophotos ‐Mawrth
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Elevation Data Volume = 4 x 
MARS!

Modified from Kirk et al. EPSC/DPS, 2011

M
illions of Points

Billions of Points



Eberswalde

All ellipses are 20x25 km Sites use same color scale for 
slopes, different for elevations

Modified from Kirk et al. EPSC/DPS, 2011



Gale

Modified from Kirk et al. EPSC/DPS, 2011



Holden

Modified from Kirk et al. EPSC/DPS, 2011



Mawrth

Modified from Kirk et al. EPSC/DPS, 2011



Adirectional Slope Distributions

Randy Kirk et al. EPSC/DPS, Nantes 2011
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GIS Integration and Georeferenceing
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Image Georeferencing



Horizontal and Vertical 
Transformation Statistics

Randy Kirk et al. EPSC/DPS, Nantes 2011



Resolution Pyramid
HRSC (12.5m/pixel)



Resolution Pyramid
CTX (6m/pixel)



Resolution Pyramid
HiRISE (0.25 m/pixel)



Resolution Pyramid
HiRISE to HiRISE



Cumulative Fractional Area



Inescapable Hazard ‐ Crater



(Barely) Escapable Hazard – ‘Mesa’
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Fuel Allocation Failure M
aps



Touchdow
n 

Failure M
aps

Maps show the 
probability of 
failure from 
rocks and slopes 
convolved with 
the probability 
of landing within 
each 150 m cell.



Future Tactical and Strategic Planning
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Mineralogy across traverse routes

Description and image taken from:
Milliken, R. E., et al. (2010), Paleoclimate of Mars as captured by 

the stratigraphic record in Gale Crater, Geophys. 
Research  Letters, 37, L04201, doi:10/1029/2009GL041870.

CRISM RGB mineral parameter 
maps (red = Fe‐minerals, green = 
Fe/Mg‐clay minerals, blue = 
sulfates) overlain on CTX mosaic.

Bright red regions correspond to 
olivine‐bearing dunes, green 
regions contain nontronite, and 
dark blue regions contain sulfates. 
Orange and magenta regions 
contain sulfates and clay minerals 
in variable proportions.

Can get through mineral strata 
observed from orbit



55

Cratered Plains –
No obvious Mobility 
Concerns

Dark Dunes
Appear Fresh
Many Exceed 30°
Mobility
Impediment

Sample Strata Here

Drive up Canyon
Here

Can Access Mineral 
Strata in CRISM
Can drive up 
mound

Gale Crater

9/29/10 Golombek et al., MSL Data Products



Therm
al Inertia M

aps

Fergason et al. (2006a)
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Automated Texture Analysis to 
identify geologic features



Traverse Cost M
aps

Paolo Bellutta
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Traverse Cost M
aps
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Traverse Cost M
aps
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Rachael 
Hoover



‘Toe Dip’ to Targets

Rachael 
Hoover



Dunes? No Problem!

Rachael 
Hoover



Traverse Options at Gale

Rachael 
Hoover



Gale Traverse Planning
Paolo Bellutta



Where do you want to go?
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Questions?
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