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Science versus Safety

A The highest science return is G PR T
often in very challenging terrain 5 =i
for landing.

A Current landing systems cannot
access these sites because of
the high risk
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Recent NASA Mars Surface Vehicles
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Development Challenges for MSL



) MSL Baseline Mission ¥
¢t A Land somewhere flat and smooth 1+ ©
' and then drive kilometers to e

d most interesting science
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oy Technology Beyond MSL ’,,
A A Landing accurately A
| in rough terrain P S
A Fast and safer driving
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Safe and Precise Landing

CTX image on DEM from L. Edwards and K. Edgett
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Two Landing Problems to Solve

Terrain Relative Navigation (TRN) Hazard Detection (HD)

A Avoids known large hazards seen A Avoids unknown small hazards
from orbit through on-board map (rocks, scarps) through on-board
relative position estimation terrain mapping during landing

A Allows selection of landing ellipses A Allows selection of landing ellipses
with large hazards (e.g., hills, with a large number of small hazards
craters) (e.g., rock fields)  gm,

Ianding\site using TRN

i T = ~® nominal landing site
nomi nght(lpatl'b g safe site
from HD nominal site
25km x 20km landing ellipse local terrain around touch down
TRN and HD

A are complimentary and use different technology
A increase number of selectable landing sites
A reduce mechanical complexity of the landing system



Terrain Relative Navigation (TRN)

TRN Algorithms
Terrain relative navigation (1) Features tracked in (2) landmarks matched to

combines inertial descent imagery ‘\\\f\\\\\ B referece
measurements with :
(1) landmark matches
between a descent image
and a reference map and

(2) features tracks through a
stream of images to estimate
map relative position attitude

and velocity. TRN
enables
TRN Hardware pin-point T e\
landing N
3D map locations tion
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Landing Hazard Detection (HD)

HD builds an elevation map from on-board lidar
data, computes a safety probability across the map
and directs the lander to target the safest reachable
Iandlng site '

HD Components

i HD lidar generatesan ©
elevation map from one
image
i HD algorithm identifies =
safe sites free of rocks and A
slopes

HD Algorithm
Collect Lidar points Generate DEM Safety Map

T MSL Hazard Constraints
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