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JPL Interplanetary CubeSat Roadmap
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Overview of Interplanetary Small Spacecraft
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Planetary small spacecraft (e.GubeSat}that fly assecondariesand are deployed at
destinations to perform missions and communicate via mothership or direct to Earth
A Planetary Science and Exploration Value:
A Enhance primaryés science objecti
A Enable new science and exploration in new, potentially dangerous environn
A Novel Technology Demonstrations:
A Mature technology (TRL) of nemstruments or measurements
A Accepthigher risk by exploring dangerous/unknown environments
A Relatively low cost ($1$25M, < 510% of primary mission costs)
A Low additive mass (20 kg withdeployer <10% of primary mission)

A InterplanetaryCubeSat$everage:
A CubeSat community hardware/software heritage, experience
A Miniaturized instrumentation (imagers, sensors, etc.) at << 1 kg
A Autonomous operations and telecommunication technologies

/  JPL’s Infrared
Imagers (M3,
NASA/JPL)

mall Infrared Imager

INSPIRE CubeSat
(Interplanetary)
EPS, Star Tracker

IPEX CubeSat (LEO)
OnBoard Science Decision and Planning
(IPEX, NASA/JBEIPoly



Active Interplanetary CubeSat Projects Provide Heritage

INSPIRE- Navigation MarCO - InSight NEAScout Asteroid

demonstration with Iris Insertion reatime Detection Missior&

beyond Moon Mars relay Lunar Flashlight- Lunar
CubeSat I&T Complete, Awaiting LaunchMarch 2016 Orbiter to search for ice
Workshop Launch to Mars Launch~2018 to NEA/Moon
2015
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DSN Telecom High Data Rate DSN Telecom A  High Resolution Imaging

Cold Gas ACS Cold Gas TCMs A Agile Science Image Processil
Star Tracker Reaction Wheels + Star Tracker A Optical Navigation

C&DH w/Watchdog A  Upgraded Electrical Power A High Performance, Rad Tolera

VHM Magnetometer A C&DH Upgrades C&DH
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Unique Challenges Faced by InterplanetarnfyCubeSats
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Conventionabpacecraft desigapproaches are napplicable to smabats
A Cannotincrease size, moggropellantthicker structure walletc.

A Multi-functional component/ subsystems (lris, cold gas thrusters, imaget

New Challenges in Deep Spac{ Solutions 'y S

Power
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Iris Transponder
Orbit & A
Attitude A

Control

Autonomy A

Lifetime/ A
Environment A

Programmatic A

A Solar collection lova>1 AU

High power requirements
(telecom propulsion)

Direct-to-Earth (DTE)
challenging at large distances
Mothership rels cooperation

Limited mass, volume, power
Reaction wheel-satsoutside
Eart hds

No direct link for long times

Long duratiorcruises
High radiation, severe thermal

Potential risk to primary
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gfield ma g n grapudsion and desatg

To To Do o o Do

Low-powermodes
Power cycling
Higherenergy

storage capacity Clyde Space

30W Solar Panels
On-boarddata compression

Dedicateddeployertelecom
Disruption tolerant networking (DTN)

Off-the-shelf, ACS
Cold gas thrusters

Blue Canyon XB1 Bu:s
Onboardautonomous operations
Agile science algorithms

Radtolerant C&DH;shielding
Short mission durations

Aligning with strategic goals of PI
Standardleployerqy tip-off



Hardware Technology Infusion

Deep Space Deployable Payloads Architecture & Disruption Tolerant Netwc
Provides common housing (heating, power, data), telecom relay at target

IntelliCam Standard Deployment (PDCS)
CubeSat . — . ,
Workshop
2015
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Modular intelligent
camera that
supports optical
navigation
(Justin Boland)

tem

Payload Data and Communicatio8ystem provides commo
2 housing (data, power, thermal), telecom relay at target
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(PSI/Fisk U/ JPL)
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Software Technology Infusion for Science Missions

Agile Science Software enables autonomously maximizing science return

On-board autonomous Dynamic Gain Setting, Autonomous Dust
rapid feature detection, Detection, Data Downlink Prioritization

CubeSat adaptive sampling rate
Workshop

PAONRS

Maximizes chance of
successful data return e
minimizes scheduling
SPACE COMMUNICATIONS ANO MAVIGATION burden for networks
As demonstrated ofextureCam @ @ @ @ without continuous
NASAASTID, EOC-1 connectivity

Koeping the unirerse connected.

Agile Science Referenc®. R. Thompson, S. AChien J. C. CastilleRogez



Technology Infusion for Small Bodies Missions

Primitive Bodies and TerrairRelative Navigation

o Trajectory EDARW Surtacg e
oce gravity
modeling

CubeSat mapping

Workshop

2015 dust and

outgassing

: Relative
\ \ navigation

Analysis
software

Descent
6.DOF guidance
descent .l ot
simulation Optical
navigation

To enable autonomous navigation, trajectory planning, descent and
landing, in unknown/ poorly understood gravitational environments.



Planetary CubeSat Portfolio Overview

Mission Architectures:ishortlived singlefreeflyers, small body hoverer, paof
CubeSatdlying in coordination, twdanders/penetrators at small bod@sg two
independent, longived CubeSainissions

CubeSat

Workshop Technology Demonstrationsnothershipdaughtershipelecommunication
2015 architectures, autonomous navigation and operations, miniaturized
instrumentation, and software for-board processing of science data.

Science Applications/Instruments:

A Measuring magnetic fields, higlesolution images at low altitudes

A Searching for volatiles and water ice (mini spectroneter

A Acquiring acceleration profile optimized with agile science algorithms

A Performing controlled dust adhesion investigation (SKGs
S

Parameter range for secondaBubeSats

Parameter

Dormant Cruise Duration

1002200 days |
CubeSat Mission Duration Most 1-7 days, one 30 days, one 3 years
Sun Range 0.753 AU at destination



Designs Leveraged CubeSat

Subsystem DesignSolution

Computing Radhard LEON processddualcore,200 MIPS),which
supportoon-boardautonomy and agile science algorithms

Telecommunication UHF radio or Iris transpondeD{TE); low, medium, or high gair

CubeSat antennas; refleerray antennas

Workshop

Attitude Control XACT BCT attitude control unit (star trackers, reaction wheels,
2015 IMU)
Orbit Control VACCO cold gas thruster 250.5U;&eV O8 0 m/ s ec)
Power Systems Solar arrays, primary/secondary batteries (avecagsumption:
1-5W)
Structure 3U-6U Al CubeSat structure
Carrier/Deployer PDCS and avionics {50 kg for 3U6U)

Components from JF
CubeSat Database

Designs leverage
components and desig
from MarCO and other
JPL CubeSats
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