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A New Paradigm for Deep Space

\ : /—f/ :
= Exploration i
CubeSats and SmallSat Form Factors

% Can Achieve Targeted Science Goals Independently

- Augment Monolithic Flagship Missions

Low-Cost and Essentially Expendable

— Can be sent to harsh environments
- Radiation Belts of Jupiter
- Ring Plane of Saturn
- Atmosphere of Venus B T =
. Plumes of Enceledus T R T T
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A Pandora’s Box-of Interplanetary
CubeSaits Is Opening

- New Enabling Technologies will support
Interplanetary Exploration with SmallSats

- NASA (and ESA to some Extent) has adopted the
Interplanetary CubeSat Model, supporting missions
and studies

- NASA Interplanetary CubeSat Missions

- MarCO
- EM-1 (13 Interplanetary Cube

« Planetary Science Deep Space SmallSat Studies (PSDS3) program
« Research Opportunities in Earth and Space Science (ROSES-17)

- Numerous White Paper Studies Underway




A New Era- Egaﬁling Technologies

New Enabling Technologies will support
Interplanetary Exploration with SmallSats:

- New Launch Venhicles and Increased Access (Secondary
Payloads to Earth Escape)

- Miniaturized Propulsion Systems Capable of Producing
Reasonable Av

- Small, Highly Capable Science Instruments
- High Performance Comms and Ranging Systems
Radiation Harde ' ‘

Each will be considered within the context of —

upcoming missions with a focus on Lunar
IceCube....




Unique Challenges Faced by Interplanetary CubeSats

Conventional spacecraft design approaches are not applicable to CubeSats

m New Challenges in Deep Space | Potential Solutions

Power

Telecom

Orbit &
Attitude
Control

Autonomy
Lifetime

/Environment

Programmatic

e Solar collection low a >1 AU
e High power requirements
(telecom, propulsion)

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

*Limited mass, volume, power
e Reaction wheel e-sats outside
Earth’s geomagnetic field

*AV tip-off

e No direct link for long times

e Long duration cruises e High
radiation, severe thermal

e Potential risk to primary
*Cost-efficient Missions (S15-
40M)

e Low-power modes
e Power cycling
e Higher energy storage capacity

e On-board data compression
e New Comms Designs
e Disruption tolerant networking (DTN)

e Off-the-shelf, ACS

* Cold gas thrusters (propulsion and de-
sats)

*Spiral Thrusting

e Onboard autonomous operations
e Agile science algorithms

*Rad-tolerant components
e Short mission durations

e Aligning with strategic goals of
Sponsor
*Acceptance of Higher Risk Posture



MarCO

Mars Cube One




MarCO- Mars Cube One

« JPL Mission to Observe Mars InSight Lander EDL (2018)
« 26U Interplanetary CubeSats- Mars Flyby

Mechanical Fit Check
> Includes all external fiight fike Technolo gy

hardware

- Prevalidate NLASHI Canister fit Innovat | ons.

 Deep Space
Comms System

* ReflectArray
Antenna

* Ranging
Transponder

 ACS Thrusters

Tyvak NLASHI Canist;er (with MarCO) Vacco Thrusters Blue Canyoq Technologies A o I nn Ovatlve T h e rmal

—— T _-‘ o s . 2 —. '7'.

— s - ~ e Hirm Management

A § B N sl |  Rad Hard
Subsystems




National Aeronautics and Space Administration

Heavy Launch Vehlcle SLS

EM-1 %
Space Launch System SLS + Orlon
ISS, Moon, NEAs and Beyond
EM-1 Scheduled for 2019




SLS Architecture Reference Configuration s
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Space Launch Sysi

Solid Rocket Booster ' 4

Launch Vehicle o urpose

Stage Adapter

Interim Cryogenic
Propulsion Stage

Vi)

RS-25 Main Engines

P sInitial Configuration
_-\é ‘ « /0 tons to Escape v
ore Stage and o
~ Vehicle Avionics . *8.4 million Ibs of

thrust (10% more than
Saturn V)

*Evolved Configuration

" 9.2 million Ibs of
thrust .
130 tans to Escape v

R
www.nasa.gov/sls’ I8
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CUBESAT
EXPLORERS

GOING TO DEEP SPACE
WHERE FEW CUBESATS
HAVE EVER GONE

EXPLORATION MISSION-1:

LAUNCHING

SCIENCE & TECHNOLOGY
SECONDARY PAYLOAQS

BEFORE.

ORION
STAGE

ADAPTER'
SUPPORTS BOTH \ @,
PRIMARY MISSION

AND SECONDARY SECONDARY :
"";ISAYLOADS [ .: PAYLOADS 1‘
! THE RING THAT WILL .
CONNECT THE ORION SHOEBOX SIZE
SPACECRAFT TO NASA'S e PAYLOADS'EXPAND
SLS ALSO HAS ROOM J. OUR KNOWLEDGE
FOR 13 HITCHHIKER * FOR THE JOURNEY
@ PAYLOADS TO MARS
o @ =

TRAVELING THOUSANDS OF .

MILES BEYOND THE MOON, - AVIONICS - 5

WHERE NO CREW VEHICLE (SELF-CONTAINED AND INDEPENDENT X
HAS GONE BEFORE FROM THE PRIMARY MISSION)

SEND CUBESATS ON THEIR WAY #RiDeONSLS



13 SmallSat Secondary Payloads on EM-1

Multi Purpose Crew Vehicle

Stage Adapter (MSA)

MPCV
e MSA Diaphragm
MPCV Stage Adapter
(MSA) —

Interim Cryogenic
Propulsion Stage
(ICPS)

Launch Vehicle Adapter
(LVSA)

LVSA Diaphragm

Core Stage

Block 10001

4t |AA Interplanetary SmallSat 2017



EM-

1 Missions

Equuleus

Program Mission Payload Lead

HEOMD AES Lunar Flashlight NIR instrument NASA JPL
\Water Ice in PSRs

HEOMD AES  |[Near Earth Asteroid Scout Imager to characterize asteroid NASA MSFC
dynamics and surface

HEOMD AES BioSentinel Radiation Exposure Induced NASA Ames
Genetic Damage Experiment

SMD CUSP Heliophysics Experiments SWRI

HEOMD AES Lunar IceCube Broadband IR cryocooled Morehead State and
Transport Physics of Water Ice Partners

SMD LunaH- Map Neutron Spectrometer Arizona State and JPL
Location and Distribution of H

NEXT STEP SkyFire Test Innovative IR Spectrometer Lockheed-Martin

STMD Centennial Challenge Winners [TBD- 3 Winners TBD

EM-1 Argo-Moon Camera Italian Space Agency

EM-1 Omontanashi \Various JAXA




NASA Video

https://www.youtube.com/watch?v=0ZvDAAl JMO&feature=youtube

4™ |AA Interplanetary SmallSat 2017


https://www.youtube.com/watch?v=OZvDAAI_JM0&feature=youtube

All EM-1 Missions are
6U Interplanetary CubeSats

Small Satellites for
Space Research

Based on 10 x 10 x 10
cm units

EM-1 Cubes are 6U
14 kg B e i

113 mm x 239 m x 365 (s el f
mm \

Canisterized PSC
Deployer

Pushing the Envelope for
Tech that can Fit in a 6U

4™ |AA Interplanetary SmallSat 2017



NEA Scout

NASA SMD Mission
NASA MSFC and JPL
Flyby of Asteroid 1991VG

~ » NEA orbit, rotation,
. .* “composition, particulate

environment, volatile
resources, and soil
properties

Capture a series of high
resolution (10 cm/pixels)
iImages to determine global
shape, spin rate, pole
position, regional
morphology, regolith
properties, spectral class,
and for local environment
characterization



NEA Scout

JPL INSPIRE
Spacecraft Bus

JPL/CalPoly IPEX
Agile Science Algorithms

Heritage and Technology Infusion

COTS
NEA Camera

Byt
MSFC NanoSail-D
Solar Sail




. e NASA SMD Mission
Lunar Flashlight . pianamsec
E e Map the lunar south pole -
for volatiles in PSRs (26 K)

e |R spectrometer measures
“the reflected spectrum
diagnostic of surface

compositional mix among

: rock/dust, regolith, water

B <. _ _ice,CO2 methane ice

i e f_C\HA) and.

- pdsmbly am,monla ice (NH3)




Barbara A. Cohen [NASA Goddard Space Flight Center;
barcara.a.cchen@nasa.gov)

Payload design for the

Lunar Flashlight mission:

lluminating the Moon’s South Pole— ==
| o

Paul Hayne, Jose Camacho, Chris Paine, Glenn Sellar,
Quentin Vinckier {Jet Propulsion Laboratory); Ben
Greenhagen (JHU Applied Physics Laboratory), David
Paige (UCLA), Karlton Crabtree {Photon Engineering)

- - —— —

Water at the Lunar Poles? o — ——
Recent reflectance data from LRO instruments suggest waler icaand Ohiér volaties rmay be present

on the surface in lunar permanently mulm@m&mnmqu

[Gladstone et al. 2012, Zuber el al. .

kilometer scale. After being ejected in cislunar space
by SLS, Lunar Flisshlight maneuvers into & low-enengy
polear ocbit with a perlune of 10-30 km above the
lunar south pole.

in two ways: 1) spatie tons in
mmmmmmnm

— ¥ - -~ -
=] , - The Lunar Flashlight Payload
"{ B e Ty Lunar Flashlight will be the first planstary mission to use an active multi-band reflectometer
fis o1 Consnuum [COTS): + Observe permanently shadowed and eclipsed ground within 80°S
N~ / it povte bt an oo « 1ms time pulsing of 4 lasers, plus one dark ms .
. ; \| -/ \ / . Abeorpticn + Independent laser power subsystem and powear monitoring
B A v V] / S e L + 1-single pixel detector reflectometer sensitive over 1-2um
i + Raw data collection transfer from SC to groul ems
\L/ Raw data collection and fer from SC nd syst
peme o Passive radistor
(detector underneath) Incoming
1 Laser receiver, [ o
Payload anals i chvi 14 m
DILAS lasers (" o r:r,m.n l",s/a g 889 mm”jlm.
+ Passhvay cocked by
Laser wxermal rdutor
thermal sink Laser EPS
Payload digita
electronics Paraboloid
Detactor mirror
+ 1mm diameder Telacdyne Judson
Laser batteries WGaAs dedctor Mirvor Surface:
2z 3-pask * 22um cutoll + AR-comed akminum bae
+ 1AM mspensivity a":":"’ R S
. curvalura:
+ Datactor opsrtional T 208 K % ]

ﬂoﬂ?&' a32.e
memnmgk

Lumar Flachiight ConOpe




LunaH Ma P LunaH-Map is a 6U CubeSat that will enter a polar

orbit around the Moon with a low altitude (5-12km)

perilune centered on the lunar South Pole.

*Carries two neutron spectrometers that will produce

maps of near-surface hydrogen (H)

*Maps H within permanently shadowed craters to

determine its spatial distribution,

*Maps H distributions with depth (< 1 meter)

*Maps the distribution of H in (PSRs) throughout the

South Polar Region

*Tech Infusion: EP, Miniaturized Neutror
&)

Spectrometers .

Arizona State University and
Partners




Biosentinel

3. >
9.

Growth.and metabolfc i

activity of the yeast cglls -

will be measured using a
3-color LED detection
system and the metabolic
indicator dye alamarBlue

4% |AA Interplanetary SmallSat 2017

NASA SMD Mission
NASA Ames

Biology above LEO
Uses a simple model |

organism to detect,

‘measure, and correlate the -

impact of space radiation to
. living organisms over long

durations beyond Low Earth
Orbit - = '+ a

Separates the effects of-

gravity and radlatlon on

- living systems
,""Bi-Qs'e‘nsor_'uses the budding
- yeast S. cerevisiae to detect
~ and measure double strand

breaks (DSBs) that occur in
response to ambient space
radiation -



Lunar IceCube

A Morehead State
B8 NASA GSFC

s Pt | siasi I
ol (e o Tecawiag

Goal is to Investigate the Location,
Abundance and Transport Physics of Water

Ice from a highly inclined orbit with 100 km
perilune



http://www.bing.com/images/search?q=nasa+jpl&view=detailv2&&id=EAEEAAD6EAA45CFBB324A50C3784CE5DF7D13BC6&selectedIndex=31&ccid=if9vD+Xf&simid=608031490005535299&thid=OIP.M89ff6f0fe5dfb95d330335d9db5766c2H0
http://www.bing.com/images/search?q=nasa+jpl&view=detailv2&&id=EAEEAAD6EAA45CFBB324A50C3784CE5DF7D13BC6&selectedIndex=31&ccid=if9vD+Xf&simid=608031490005535299&thid=OIP.M89ff6f0fe5dfb95d330335d9db5766c2H0

Lunar IceCube ConOps

Uses an Innovative Propulsion System and Low Energy Trajectory

+» De-tumble

orient to targel
first lunar fly-by

= Target Earth
fiy-by

Separation
From SLS

Lunar Fiy-by 1

~1_7 million km
{0.013ALU) max
Earth distance
187 Days Cruise

..... __--".

= 90 days spiraling |
phase around the

moon

f L,

e
|

I — i
________ J Full success criteria
25 urhitq. at <100km
Minimum success

criteria 1 orbit at
<Z200km altitude
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SmallSat Propulsion Systems

New, Innovative Systems in Development including:

e Cold Gas Propulsion Systems (NEA Scout)
e Green Monopropellant (Lunar Flashlight)

e Solar Sails (NEA Scout)

e Solar Electric Propulsion
— RF lon Engines (Lunar IceCube, LunaH Map)
— Pulsed Plasma Thrusters

Represents a significant challenge for small spacecraft...

24
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SmallSat Propulsion Systems

Represents a significant challenge for small spacecraft...
Lunar IceCube Example

Lunar Trajectories Require Significant AV

e LEO to GEO 3.95 kms (no plane change)

e LEO to GEO 4.2 kms (plane change - 28 deg)
e LEO to Lunar Orbit 5.9 kms

e GEO to Lunar Orbit 3.9 kms™?

e Earth Escape to Lunar 2.8 kms™

25
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Lunar IceCube
Propulsion System

Innovative RF lon Engine

Electric Propulsion

Busek Company

Solid-State lodine Propellant



NC‘. |

A S/
N g

RF lon Engine

Subsystems Accomplishments - Busek BIT-3 cm

« Radiation Tolerant PPU Design and
Engineering Model Complete

* Mini-RF Cathode Operational
« Test Fired with Xenon and with lodine

* Propellant Filling Test Successful with new

Hasteloy Metal Tank

* Projected Performance on Lunar IceCube:
v ISP: 1906 sec
v' Thrust: > 0.8 mN

RF cathode operating
together with the
BIT-3 thruster, both
on xenon propellant

BIT-3 Firing
with lodine
propellant at
58wW

2/13/2018 FYir

- AES Mid-Year

Lunar IceCube
BIT-3 Final Design

Engineering
Model of Lunar
IceCube BIT-3
Thruster

27



BIT-3 System: Thruster vs. Power

* |ceCube can allocate
maximum 65W to
propulsion, so BIT-3 is de-
scale to a 2.5cm thruster

—Isp will be ~2,000sec
(including neutralizer flow)

—Thrust will be ~0.8mN, est.

—With 1.5kg iodine mass, the
propulsion system can
provide > 1.2 km/s deltaV
capability to a 14kg
spacecraft

Thrust, mN

0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

BIT-3 Thruster Firing at the Busek Facilities

Thrust System Isp
40 45 50 55 60 65

Power Input to Propulsion PPU, W

Estimated Performance of a New, Scaled-Down lodine BIT-3
Thruster; Isp Includes Neutralizer Flow

3600
3200
2800
2400
2000
1600
1200
800
400
0

System Isp, sec



Interplanetary Superhighway (IPS)

g (?L\oow g Developed by M. Lo and.S.
S son C TR T Ross at JPL, the IPS uses low
\\//\J oRer energy manifold trajectories
15 MILLION Ao 1.5 MALION K based on stable and unstable

manifolds and ballistic
capture. Manifolds are
created by Lagrange points
through n-body effects and
can now be modeled for
realistic interplanetary
trajectories

Interplanetary Superhighway Makes Space Travel Simpler // NASA 07.17.02: "Lo
conceived the theory of the Interplanetary Superhighway. Lo and his colleagues
have turned the underlying mathematics of the Interplanetary Superhighway
into a tool for mission design called "LTool," ... The new LTool was used by JPL
engineers to redesign the flight path for the Genesis mission"
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Transfer Trajectory with Low Thrust
(Sun-Earth Rotating Coordinate Frame)

= e Lunar Orbit
x | 77— o Sxs.  (Blue Circle)
" Low Thrust = =

\'\QFC (green) Capture Lunar

\\
\
\
\
X
\
\\
‘.\
.\ ‘

N
N

Sun — Earth Line

J Transfer
N Assist \a) | Low Thrust

oast arc (Blue)

Low Thrust
arc (red)

ow Thrust
arc (red)

Coast arcs Lunar

(Blue) Encounter
»y * ,
Sun SEM_L1 Axas
@ ° 1 27 Jun 2018 08:5655.676 Time Step: 115200.00 sec
R T AR AR, T Tl Ren Y B A
- | IceCube utilizes a minimal DV transfer trajectory harnessing expertise of

i GSFC flight dynamics.

.

-

erplanetary SmallSat 2017
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Communications Ranging Systems

JPL Iris X-Band Deep Space
CubeSat Transponder- Lunar
lceCube uses lrisv 2.1

Increasingly Sophisticated
SDRs

ReflectArray Antennas
Inflatable Antennas

Deployable High Gain _8 i
Reflectors _ R e




Miniaturized Science Instruments

Neutron Spectrometer- LunaH Map
JPL IR Imager- NEA Scout
Miniaturized Cryocoolers

DRAFT BIRCHES IR Spectrometer HW Architecture

OBOX (~230 Kelvin) Detector Readout
Electronics (DRE)

(~300 Kelvin)

Optical Input

Teledyne HIRG 2
IR Detector (~115 Kelvin)

G10 Spacers Radiator

BIRCHES IR Spectrometer- Lunar IceCube

* High-resolution point spectrometer with microcryocooler, 1.5U
in<2.5kg, <5W

e Detector Cooled to £ 120K to provide long wavelength
coverage

*  Mercury Cadmium Telluride (HgCdTe) two-dimensional focal
point array (FPA)

* 1024 x 1024 pixels giving ResoILMtion t(1 nmry@m%migrons) -

IAA Interplaneta 017
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Radiation Hardened/Tolerant Systems

TID and SEUs (from Solar Events and Cosmic Rays) occur at significantly higher
levels beyond the Earth’s Magnetic Field

Lunar IceCube Requirements:

Parts shall meet Linear Energy Transfer Threshold (LETth) of > 37 MeV-cm2/mg for
soft errors from single events (SEU, Single Event Transients, etc).

Parts shall meet 10 krads (Si) Total lonizing Dose (TID) assuming 50 mil Al shielding.

Amelioration Methods Include:

e Triple Mode Redundancy

e Radiation Tolerant FPGA-Based Processors
e Multiple Processors

e FSW Healing

e NASA MAPTIS Database

Lunar IceCube and Tranponer are Rad Hard, other systems are Rad Tolerant

33
4% |AA Interplanetary SmallSat 2017
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C&DH

Space Micro Proton400k Single Board Computer

1 Ghz, 32-bit (per core) dual core processor

128 to 512 DDR 3/2 with EDAC 1 Mbyte EEPROM 32 Gb RH Flash

Power: 8 to 12 Watts

OS: Linux Board Support Package (BSP)
— VxWorks Board Support Package
Radiation Tolerence:

SEL: >63 (MeV-cm2/mg)

SEU: <1 per 1,000 days (1.0 E-4, 90%
— W.C. GEO, Orbit dependent)
— TTMR™ technology for SEU detection/mitigation

TID 100krad (Si), Orbit dependent

SEFI 100% recoverable
— H-Core™ technology for SEFI detection/mitigation




Solar Array Gimbals

Cryocooler
Electronics Box

GNC: BCT XACT— 1

X-Band Transponder
JPL Iris v.2.1

UHF Deep Space
Beacon
(Under C&DH)

—_—

+X Face

X-Band INA _—T1"

(Under C&DH)

X-Band ssm7 g
C&DH

Proton 400K Lite

X-Band Patch
Antennas

Pumpkin Solar Array
Solar Panel

(Just Betow Gambals) Pumpkin Solar Arrays

Birches IR
Spectrometer

y Detector Readout
0\ Electronics Box GNC: BCT XACT
Cryocooler

Battery Module

Cryocooler Electronics Box

Solar Arrays Gimbals

lodine Tank

) 1““\-22?5“" Proton 400K Lite (Under Transponder)
UHF Dipole
Antenna X-Band Transponder

Busek BIT-3 Busek
RF lon Thruster

Pumpkin EPS

/ UHF Deep Space Beacon
)

UHF Dipole Antenna
Busek Bit-3 RF lon Thruster

lodine Tank
BIRCHES IR Spectrometer

Battery Module
Cryocooler

X-Band LNA X-Band SSPA

FY17 - AES Mid-Year

35
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Future Interplanetary CubeSat Missions (A Subset)

AIDA Asteroid Impact and Deflection Didymos and
Assessment Didymoon
DARCSIDE  3U CubeSat with Europa Europa

Clipper spacecraft to study
Europa's atmosphere with high
energy particle detector

PrOVE “Primitive Object Volatile Targeted
Explorer (PrOVE) Approaching
Comet
CUVE Venus UV Experiment Venus
Atmosphere

A AN Iaterplanetary SmallSat 2017

ESA/NASA

NM State

NASA
GSFC

JPL

2020

Concept
for mid-
2020s

>2020

>2020

36
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Planetary Science Deep Space SmallSat (PSDS3)
Missions Studies- 13 Selected

wission | Desription | estination {0 | Date___

BOLAS Bi-sat Observations of the Moon NASA GSFC >2022
Lunar Atmosphere above Swirls

PRISM Phobos Regolith lon Sample Phobos NM State >2022
Mission
PrOVE “Primitive Object Volatile Targeted NASA >2022
Explorer (PrOVE) Approaching  GSFC
Comet
10 Others Various Asteroids, JPL, GSFC, >2022

Venus, Jupiter SAO, JHU-
APL, UMd...

37
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Design and Development Challenges

*Power Budgets Require 100 W or more of prime power

*Significant AV Requirement Dictates Complex Low Energy
Manifold Trajectory

*\Volume of Subsystems Pushing the 6U Envelope

*Few COTS Radiation-Tolerant Components/Subsystems Exist for
CubeSats

*Thermal Management is a Challenge with Limited Space Frame
and Radiating Surface

*Constrained Resources

*Many Aspects Do Not Scale

*But... iCubes are Designed by Outstanding Teams, Using
Innovative Technologies and a New Paradigm for Solar System

Exploration



Interplanetary CubeSat Conferences Emerge in Europe
and the US

7th Interplanetary CubeSat Workshop
Paris, France
29-30 May 2018

iCubeSat 2018, the seventh Interplanetary CubeSat Workshop, will address the opportunities, technical

challenges, and practicalities of space exploration with CubeSats. The workshop will provide a unique

environment for open practical collaboration between academic researchers, industry professionals,

policy makers and students developing this new and rapidly growing field. Science Goals and Instrumentstion

2 - 2, = e 2 k neta; : i stems, Al( =
Talks on astrodynamics, attitude control and determination systems, citizen science, citizen space é::l?;la % rfySM:sslio; = ?]y—t B 'l and 1 ;::t‘uAr: i =
exploration, communications, landers, launch opportunities, open source approaches, outreach, allenges of Small Sateflites for interplan ry Appacstions

payloads, policy, power systems, propulsion, reentry systems, ride-shares, science missions, Pruposed SP‘"-""“‘t SUbSY?'!"‘? and Te.chnologies
software, standardization, structures, systems engineering and other related topics are all welcome. Munagemen!. System: Engmeemg. Polxcy and Cost

The workshop will be held on or near the campuses of I'Observatoire de Paris and Ecole Normale
Supérieure of Paris Sciences et Lettres in central Paris, France.

Abstracts due 1% April 2018 via iCubeSat.org

~7-8 May 2018
California Institute Of
Technology
Pasadena, California

-

WWWlCubeSat»erg i www.intersmallsatconference.org
D —

© 22517 recmmary “ul et Covlescca A 1T meanad

COSPAR Scientific
Hosted by ,Home of JIPL. Commission BO.2
Anchor Sponsorship by tecxweeo manvin 77 .
Planetary Science
Enabled by CubeSats
and Microprobes




In Conclusion

We have are entering a New Era of Space Exploration with
Small Satellite Platforms

— New Enabling Technologies LY

— New Highly Capable Launch Vehicles like SLS
— Access to Soyuz through GK

Ushered in by :

— New Paradigm of SmallSats as secondary payload “probes”
MarCO will likely be the First Interplanetary CubeSat

EM-1 CubeSats are Imminent: 13 SmallSats to beyond-LEO
PSDS3s.and Many Others are Planned

Many Opportunities for Future Lunar and Planetary
Exploration and for Training Future Generations of

o



Me transmitte sursum, Caledoni




