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Overview

« The importance of vision systems for future planetary
exploration

« The Lander Vision System for precision landing on Mars
« The Hazard Detection System for safe landing on the Moon



Comets

Vision requred to access best science sites
and land near pre-deployed assets Vision required to safely acquire a sample

Europa Asteroids
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Vision required to land safely on science site Vision required to pick up boulder

N

Enceladus The Moon
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Vision required to land near water plumes Vision required to access permanently lit terrain
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Mars 2020 Overview

LAUNCH CRUISE/APPROACH ENTRY, DESCENT & LANDING SURFACE MISSION
* Atlas V 541 Rocket * 7.5 month cruise * MSL EDL System: guided entry, » Prime mission of at least 1.5 Mars years
« Period: Jul-Aug 2020 « Arrive Feb 2021 powered descent, and sky crane « 20 km traverse distance capability

* Augmented by range trigger: 16 x 14 « Enhanced surface productivity

km landing ellipse

* Augmented by TRN: enables safe
landing at a greater number of
scientifically valuable sites * Prepare for human exploration of Mars

» Seeking signs of past life
* Returnable cache of samples

* Access to landing sites =30° latitude,
< - 0.5 km elevation

* Deliver a 1050 kg rover



Olivine +
Pyroxene

JEZERO

+ Deltaic/lacustrine deposition
with possible igneous unit
and hydrous alteration

» Mineralogic diversity
including clays and
carbonates

» Shallow water carbonates?

Candidate Mars 2020 Landing Sites

NE SYRTIS

» Extremely ancient igneous,
hydrothermal, and
sedimentary environments

* High mineralogic diversity
with phyllosilicates, sulfates,
carbonates, olivine

* Possible serpentinization and
subsurface habitability
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COLUMBIA HILLS

» Carbonate, sulfate, and
silica-rich outcrops of
possible hydrothermal origin.
Hesperian volcanics.

* Potential biosignatures
identified

* Previously explored by MER
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Cruise Stage Separation

Sky Crane Details
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Terrain Relative Navigation: A New @/ et Propulsion Laboraton
Cap abi I ity for E D L California Institute of Technology
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LVS Problem Statement

LVS estimates position during parachute descent.

sun elevation between 38° & 49°
sun azimuth between 256° & 292°

+/-15" elevation and +/-35" azimuth off nadir angle < 45° & angular rates < 50°/s
difference between map and landing horizontal velocity < 70 m/s & vertical velocity between 60 and 115 m/s
o coarse landmark matching _ _
o fine landmark matching
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STS Problem Statement ‘@ e Ty

STS selects a safe landing site that avoids landing hazards and the back shell.

Hazard Map Safe Target Map
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find a safe site in < 2.6 seconds
that is reachable and avoids the backshell

Avoid hazards that are up to 200m wide °||

80 60 40 20 0 =20 -40 -60 -80
Distance in the x-direction

9



Jet Propulsion Laboratory
California Institute of Technology

TRN Flight Interfaces

Descent Stage
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LVS Field Tests Movie Pt
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AUutONOMOUS =
Landing and
Hazard
Avoidance
Technology

South Pole



3D Points Example Flash Elevation Map
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HDS Hardware/Sensors

« Gimbaled Flash Lidar: 2D InGaAs APD (128X128 pixels),
8-cm (1o) range precision, 1° FOV, 50 mJ, 1.06um class IV
laser

- @B - Lidar Electronics: sensor controller, data handling, laser

Computef - driver, sensor power distribution

Rl « . Dedicated LN200 IMU for high-rate state propagation

« Compute Element: Tilera Tile-64 multicore processor,
Xilinx FPGA, 10 Gb/s XAUI interconnect, data logger

« ’-ﬁlas’h%idar Sen
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DEM Generation

Reconnoiter Flash

(to plan mosaic path)
Seamless HDEM

(from images mosaic)

parallelized
processing

Slew Lidar  ~=" 3
(mosaic image collection) 7
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¥
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Morpheus and HDS Movie
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DEM Evaluation
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Safe Site Selection
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Conclusion

* Future Challenges

— Position Estimation
« match without knowledge of altitude or attitude
* match at night or through dust
« match under large changes in illumination
— Hazard Detection
« 5kg hazard detection system
 survive the radiation of Europa
* image a 100x100m area at 5cm/pixel

* Open Questions

— What is the right balance between pushing the envelope on
technology versus decreasing infusion risk?

— Should flight missions be required to infuse technology?
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