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@ Outline

Europa lander mission

— Goals

— Challenges

— Concept of Operations

Lidar system design

— Challenges

— Key technologies and approaches
Brassboard prototype design

ELSA Elsewhere

Summary
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@[ Europa Lander Mission Goals
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1. Life

— Search for evidence of life

PLUME MATE

ICE BLOCKS

—_ Assess the habitability of Y ICEI;RVASLERES DIAPIRS
Europa via in situ
techniques

3. Context

— Reconnaissance for future
robotic exploration ROCK

INTERIOR &

‘[ i ICE FRACTURES

OCEAN

~100 km

HYDROTHERMAL VENTS
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@ Challenges to Landing on Europa

Unknown Terrain Ultra-high Radiation

Current highest resolutionimage is
6 meters per pixel

lonizing radiation of
electrons and protons
generated by Jupiter’s

Clipper mission could provide 50 ‘SN  magnetosphere

cm imagery over2 km swaths

3\ \l\ - 4 N
——1 Europa

e 1.5 Mrads with 25 mm Al

T S — Cloud H H
Ganynfe_d“.e‘ “ Shle Idlng

Not enough resolution for lander
hazard avoidance

\ '\
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S

— | “r.\ callisto 150 krads in “vault”

Limited SWaP

Fbelncinltentsf' ) - 40+ kg of science equipment
ades ofice

could be up to . ;“‘ » Sky crane without atmosphere
50 meters high ' AR to parachute with

)55

Conamara Chaos, Atacama Desert, A * Limited battery power
Europa Chile ] N

Lidar is the best technology for rapid high-resolution imaging in ultra-high radiation environment
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&3 Europa Lander OV-1

Initial NOT TO SCALE
1 Coarse DEM
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@ Challenges to ELSA Design

Performance Requirements Ultra-high Radiation

Optical system must have line-of-
sight to surface

— Optical head must be outside vault

* Dynamicrange:
— Altimetry: 10 m to 10,000 m
— Mapping: 500 m to 5,000 m
* Fine mapping:

Radiation damage concernsto

laser, optics, and detector

— Precision: 5 cm xyz
— Accuracy: 100 cm

* *6 degreefield-of-view

Potential radioluminescence and
Cherenkov radiation

Limited SWaP

o | v | nred — Radiation hardness pushes . ,ﬁ Weight: 7 kg
: |_Sunlight at Top of the Atmosphere us to Wavelengths of peak < ’ : \ :» Size: 15,625 cm3= (25 cm)3
| levels \ | R

5250°C Blackbody Spectrum

Compact optics

Competitive with signal link

Radiation at Sea Level

Limited power:

Narrowband filter design aEEEes R — Laser
limited by wide field-of-view g

Spectral Irradiance (W/mZ2/nm)

250 500 750 1000 1250 1800 1750 2000 2250 2500 — Data processing

Wavelength (nm)
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[E]

ELSA Overview

Real-time 3D Mapping & Hazard Avoidance

Key Technologies & Approaches

Low-SWaP Ladar System

Novel FPA Technology

design

Flight-traceable

32 x 2048
Si APDs

Simpllified Scan Architecture

%

J:Slmulated 3D Image

L= Frd
T

Goal: Land 1-m2 lander on unknown rough terrainin extreme radiation environment

Multi-function ladar: Altimetry, course & fine 3D mapping

e i

Real-time mapping 100 m x 100 m at 5-cm resolutionin 1 secohd and lmage processmg in 1 second

Curre nt phase of program is to develop, build, and testa brassboard prototype ;- i

ELSA-7
LS 11/15/2022

LINCOLN LABORATORY

MASSACHUSETTS INSTITUTE OF TECHNOLOGY



Presenter Notes
Presentation Notes
The challenge NASA has is to successfully land on the surface of Europa without prior knowledge of terrain to the resolution they need to avoid hazards.  From what little information they have, the expectation is the terrain is very challenging with possible tall spikes of ice.  The lab has been tasked to design and build a prototype ladar imaging system that can collect and process a 100m diameter circle with 5cm resolution in under two seconds.  There are a number of difficult challenges for the design, including a very extreme level of radiation due to the proximity to Jupiter, real-time processing, and low SWaP requirements.  One of the novel developments for the project are a new long format Geiger-mode array, developed by division 8, that enables a simple 1D scan of the scene.  This is another example application where Geiger-mode APDs really shine due to their sensitivity and precision.


@ Lidar Scan and Array Format

Flood lllumination Line Scan 2D Scan

Samamamamasisasisiss %ﬁ
32 x 2048

pixel detector 128 x 256
: S pixel detector

2Kk

E)ixel detector -

L

Line scanner selected
as best balance between
array design, link, and
processing complexity

+ Simple optics, scan mirrors & » Fairly simple optics, 1D scan + Array similar to already fielded
data processing mirrors ladar systems
* Very challenging array design « Limited tolerance to pixel loss « More complex scanning and

* Link challenges data processing

» Bestlink

* Improved link
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]gq Geiger-Mode Avalanche Photodiode
' (GmAPD) Detector Technology

Photodiode Modes of Operation Geiger-mode APDs provide:
for MIT/LL Digital Pixel FPAs +  Single-photon sensitivity
A * Lots of current — easy digitization
Gain Geiger * Fast breakdown — excellent(sub-ns) time resolution
d mode APD * TEC accessible temperatures — low SWAP
100 - * Large formatarrays
10 |- i e Stable operation compared to linear mode APD
1 , overbias
< DC bias N S
' > Device Cross-section
breakdown Reverse
voltage Bias ST N T T N
Lenslet array
A single photon Gm APD array
absorbed by the T H H 9
overbiased APD GmAPD o o
generates a fast R Digital readout circuit
rush of current Single APD
Cross section
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Presenter Notes
Presentation Notes
This chart gives a short introduction to Geiger-mode avalanche photodiodes (APDs), depicting the different modes of operation for a photodiode.  As an ordinary photodiode, one carrier is generated for every photon absorbed.  A linear-mode APD generates M carriers (up to M=1000) for every absorbed photon.  In the Geiger-mode, the number of carriers generated is theoretically infinite, though in practice it is limited by the circuit the APD operates in to ~1e7.



]gq Ongoing ELSA Assembly and Integration

+ 532 nm, 10 kHz, + 92x2048pix J'-’ M A )
250 mW, 490 ps * 500ps timing
+ Rad-hard R _
« Space-traceable . ‘ E
design ST Hi|||1||‘H||i|H!||H||||||\|l||||H|H||H||HHH‘|‘ r|||||ﬁlHhIHll\hll\llH\HIMI\IHUHMHIIHH\MI

« Completed

TR

« Completed

Electronics & Firmware

* Real-time mapping on
4x rad-tolerant FPGAs

* PCBs in fabrication

Opto-mechanical
. T

* Integratedw/lasers

* Tx & Rx assembled

and aligned
 FPGA processing

* Next: integrate camera implemented
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]gq ELSA Brassboard Validation Testing

August 21, 2008
NASA Photo / TonyLandis
ED08-0208-15

CAD Model
of BBU Design

BBU test vehicle and mounting is TBD

« Final BBU testingto coverall modes of
operation, as test vehicle permits

« Daylight testing limited from significantly
more solar background than Europa

ELSA brassboard will demonstrate flight-traceable design with + Radiation testingto be done on specific

real-time FPGA processing and rad hard GmAPD camera

components

ELSA-11 BBU: Brass Board Unit

B o2o GmAPD: Geiger-mode Avalanche Photodiode
SWaP: Size, Weight, and Power
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ELSA Elsewhere
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Optimized for a Europa mission, ELSA design could be utilized for other space missions
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@ Summary

 NASA has a strong interest to explore Europa for signs of life

« Existing imagery of Europa lacking enough detail for site selection and hazard
avoidance

« ELSA’s high resolution imagery and altimetry enables autonomous hazard avoidance
and safe landing on Europa

 The ELSA design brings significant technical challenges

« MIT Lincoln Laboratory has pushed technology and engineering to meet these
challenges

 ELSA brassboard prototype is scheduled to be tested in 2023

« ELSA design general enough to be used for other missions (Enceladus, Moon, etc.)
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Contact Information

Luke Skelly

skelly@Il. mit.edu
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@[ Media Attributions

 Solar Spectrum.png « https://www.jpl.nasa.qgov/images/layered-bedrock
— Name: Solar Spectrum — Source: NASA/JPL-Caltech/University of Arizona
— Author: https://en.wikipedia.org/wiki/User:Dragons flight

 https://solarsystem.nasa.qgov/news/786/nasas-newly-

— License: - _ _ arrived-osiris-rex-spacecraft-already-discovers-
https://en.wikipedia.org/wiki/en:GNU Free Documentation Li water-on-asteroid/
cense

— Source: NASA/Goddard/University of Arizona
* https://www.eso.org/public/images/potw1522a/

— Name: AtacamaDesert
— Author: ESO/B. Tafreshi (twanight.orq)
— License: https://creativecommons.org/licenses/by/4.0

 https://solarsystem.nasa.gov/resources/547/dickinso
n-crater-on-venus/?category=planets venus

— Source: NASA/JPL-Caltech

] o * https://photojournal.jpl.nasa.gov/figures/PIA17204 fi
 Jupiter magnetosphere schematic.jpq al.ipg

— Author: John Spencer
— License: http://creativecommons.org/licenses/by-sa/3.0/

» https://europa.nasa.qov/resources/130/a-closer-look-at-
chaos-on-europal

— Source: NASA/JPL/ASU

 https://moon.nasa.qgov/resources/48/the-moons-surface/
— Source: NASA
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