A

AJTEMIS

Advanced Exploration Systems
(AES) Small Spacecraft Missions

Spanish Small Satellites International Forum
Malaga, Spain

Andres Martinez, Program Executive, Small Spacecrafts
Advanced Exploration Systems (AES) division

HEOMD, NASA Headquarters

February 23, 2022



Joseph S. Ames

NACA

=

1915

National Aeronautics and Space Administration

Langley

National Advisory Committee for Aeronautics

Ames Lewis Armstrong

1939 1940 1946



National Aeronautics and Space Administration

Goddard Institute

Plum Brook Glenn Research Independent V&V for Space Studies
Station Center Facility

T

Ames Research
Center

Goddard Space
0 Flight Center

G Headquarters

- a Wall Flight
Armstrong Flight y ) FC;E?Iit;g

ResearchCenter
o ] Langley
| A Research
= Jet Propulsion _ ) . Center

Laboratory

Kennedy Space
Center

White Sands Test flj JohnsonSpace
Facility Center Stennis Space

Michoud Center Marshall Space

Assembly Facility Flight Center



Spain and U.S.A. - Along history of Spaceflight Partnerships

g B ey R J
The Maspalomas Tracking Station — Mercury 1962 —
1963, Gemini 1965 — 1966, and Apollo 1968 - 1972

i

The Robledo de Chavela Station— Received images
from Mars transmitted by Mariner 4 — July 1965

National Aeronautics and Space Administration

Intasat (1974 — 1976) - first Spanish Satellite. Launch
provided by NASA on 15 November 1974

The Arenosillo Launch Range (from 1966) — Judi-
DART sounding rocket

The Space Shuttle Emergency landing (from 1983) at the
Spanish Air Force base at Saragoza

1984, the Air Force base at Morén (Seville) was also
designated as a base for
emergency landings of the Shuttle fleet




Spain and U.S.A. - Along history of Spaceflight Partnerships

Mars Environmental
Dynamics Analyzer
(MEDA), a set of sensors
that will provide
measurements of
temperature, wind speed
and direction, pressure,
relative humidity and dust
size and shape.

The principal investigator is
Jose Rodriguez-Manfredi,
Centro de Astrobiologia,
Instituto Nacional de Tecnica
Aeroespacial, Spain.

National Aeronautics and Space Administration

Mars 2020 Rover
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Small Satellites Supporting Human Exploration "
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Sputnik — OCT 1957
(83.6Kg, 58 cm)

Apollo Program is the deployment of small spacecraft during the Apollo 15 and Apollo 16
missions as the command module left lunar orbit. The Particles and Fields Subsatellite

Exolorert - FEB 1658 (PFS) series, built by TRW, was designed to study the plasma, particle, and magnetic
(13.97Kg, 205.1 cm, 15.2 cm) field environment of the Moon as well as to map the lunar gravity field.

These units were the first small spacecraft released into
space from a containerized deployment system.

National Aeronautics and Space Administration



TechEdSat-1

Mission Description Spacecraft Specifications:

NASA Ames Research * Mass:  1.2kg

Centered mentored * Quantity: One 1U cubesat o g SA B
students from San Jose « Orbit: 400 km x 400 km @ 51.6 incl. /’7 !, V |
State University. The > G 10 x 10 x 11 cm Al i ui

mission was to

demonstrate: e Communication: UHF band

* Launched: HTV-4 (JUL 21, 2012

1.) the capabilities of the
JAXA J-SSOD aboard the
ISS, and be one of the first
cubesats to be deployed
from the ISS.

2.) Iridium and OrbComm
inter-satellite communication
as a method of eliminating
the requirement for a
physical ground station in
small satellite missions.

3.) Ability for engineering
students to deliver a flight
system to be up-massed to
the International Space
Station for deployment to
space.

National Aeronautics and Space Administration


videos/TechEdSat-1.wmv

Mission Description

NASA Ames Research Centered,
in collaboration with Purdue
University, Texas A&M University,
and Santa Clara University
delivered SporeSat.

SporeSat was a fundamental
space biology science mission in
support of human exploration to
investigate biophysical
mechanisms of plant gravity
sensing using a “lab-on-a-chip”
experimental approach.

The unicellular germinating
Ceratopteris richardii fern spore
was studied in outer space.

SporeSat was to determine gravity | .

thresholds for calcium ion (Ca?*)
channel activation in wild-fern
spores.

National Aeronautics and Space Administration

SporeSat

Spacecraft Specifications:

Mass: 5.2kg

Quantity: One 3U cubesat

Orbit: 350 km x 350 km @ 51.6 incl.
Size: 10x 10 x 30 cm
Communication: UHF, and S band
Launched: SpaceX-3 (April 2014)

-

X -
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NASA Ames Research Center - Small Satellites
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NASAs Deep Space Exploration System

EXPLORATION MISSION-1:

LAUNCHING

SCIENCE & TECHNOLOGY
SECONDARY PAYLOAI?S

13

CUBESAT
EXPLORERS

GOING TO DEEP SPACE
WHERE FEW CUBESATS
HAVE EVER GONE

BEFORE.
ORION :

STAGE

ADAPTER’
SUPPORTS BOTH \
PRIMARY MISSION ‘

AND SECONDARY

SECONDARY

_~PAYLOADS [ /8 PAYLOADS
. THE RING THAT WILL ;
CONNECT THE ORION SHOEBOX SIZE
SPACECRAFT TO NASA'S —_ PAYLOADS EXPAND
| SLS ALSO HAS ROOM ‘" OUR KNOWLEDGE
FOR 13 HITCHHIKER * FOR THE JOURNEY  *
~a <! ‘\\v PAYLOADS J. TO MARS '
§ = |\
. . ORION. = r
‘SPACECRAFT .
TRAVELING THOUSANDS OF .
MILES BEYOND THE MOON, : AV|°N|CS '
WHERE NO CREW VEHICLE (SELF-CONTAINED AND INDEPENDENT
HAS GONE BEFORE FROM THE PRIMARY MISSION)
' SEND CUBESATS ON THEIR WAY #RipeONSLS

National Aeronautics and Space Administration 10



Artemis-1

The first uncrewed, integrated flight test of NASA’s Orion spacecraft and Space Launch System rocket, launching from a
modernized Kennedy spaceport

spLAsHDOWN @ @ RE-ENTRY INTERFACE ENTER EARTH ORBIT @ OUTBOUND TRAJECTORY CORRECTION (OTC) 4 ORBIT INSERTION

Pacific Ocean landing Enter Earth’s atmosphere Perform the perigee raise maneuver As necessary adjusttrajectory— _ _ Enter Distant Retrograde

within view of the U.S. for Lunar jn§ertion to DRO TS _ Orbit for next 6-10 days
/ Ay,

Navy recovery ships

Heliocentric Disposal
Precludes re-contact

@ FINAL RETURN TRAJECTORY

CORRECTION (RTC)
Precision targeting for

-~ Earth entry

LAUNCH ‘1
SLS and Orion
lift off from pad
39B at Kennedy
Space Center

@ RETURN POWER
FLY-BY (RPF)

RPF burn prep and
return coast to

Earth initiated

JETTISON

ROCKET

BOOSTERS -~

Solid rocket ' DISTANT
boosters RETROGRADE
separate ORBIT (DRO)

Burn maneuver and
solar panel adjustment;
37,000 miles from the
surface of the Moon

EARTH orBIT @
Systems check
and solar panel
adjustments

CUBESATS DEPLOY

TRANS LUNAR . ICPS deploys 13 CubeSats total
OUTBOUND POWERED FLY-BY

INJECTION (TLI) BURN
Results in DRO insertion;

\
Burn lasts for approximately Ny e
20 minutes ‘W - 62 miles from the Moon

Lo JETTISON LAUNCH ABORT SYSTEM @ RETURN TRAJECTORY BURN
INTERIM CRYOGENIC . & CORE STAGE SEPARATION Precision Trajectory Burn . RETURN TRANSIT
PROPULSION STAGE (ICPS) The LAS is no longer needed, aiming for Earth’s Return Trajectory Correction
SEPARATION Orion could safely abort at atmosphere burn prep; travel time 6-10 days
The ICPS provides enough thrust to Anytime; core stage separation
circularize orbit and commit Orion to TLI and engine shut down ~ Launch -~ Earth Orbit — TransLunar — Lunar Orbit — Trans Earth — Earth Re-entry --- Payload Orbit/Disposal |

11
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AES Artemis Small Spacecraft Missions
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Lunar IceCube

BioSentinel

a
/] Q Enabling interplanetary researc!
¢~ with small spacecraftplatforms'
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* Downfink Using X-Band Feed and DSN Eq &
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verfying DSS-17
Sgnal Pan

Exp_ands DSNpapabilities by utilizing non-NASA

National Aeronautics and Space Administration

£ Mission Ops Center at MSU

AES Small
Spacecraft
Missions
contribute to key
Human Exploration
Strategic
Knowledge Gaps
and to Advance
Key Technologies

12



NEA Scout

Why is this project important?

 Serves as a robotic reconnaissance mission to fly by and return data from an
asteroid representative of near-Earth asteroids that may one day be human
destinations.

* Furthers our scientific understanding of Near Earth Asteroids and Addresses
Strategic Knowledge Gaps (SKGs) for future Near Earth Asteroid exploration

» Demonstrates solar sail propulsion for use on future robotic and science
exploration and science missions

Project Objectives

* Image/characterize a NEA during a slow flyby (e.g. 1991VG)

» Enable asteroids as potential destinations for human exploration

» Characterize a candidate NEA with an imager to address key NEO SKG’s
» First Solar Sail Navigation and Control to observe an interplanetary body
* Largest non-spin stabilized solar sail

* First use of active translation table to control solar salil

* Full on-board image processing pipeline and analysis, a pathfinder for deep
space science autonomy

S JPL

Jet Propulsion Laboratory

Marshall Space California Institute of Technology

Flight Center

Target Reconnaissance
with medium field
imaging
Shape, spin, and local
environment

Close Proximity
Imaging
Local scale morphology,
terrain properties,
landing site survey
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BioSentinel ! |

i
Why is this project important? osenting
* BioSentinel is a deep space mission to detect, measure and correlate .9 G

the impact of space radiation on living organisms over long durations.

* BioSentinel is a free-flyer mission carrying the BioSensor and linear
energy transfer (LET) Spectrometer instruments. The BioSensor is a
self-contained biology-based radiation sensor using yeast, a simple
model organism.

» The yeast cells will receive ionizing radiation in desiccated state and in
suspension; the BioSensor measures cell growth and metabolic activity.

Project Objectives

» Develop an instrument with autonomous life support technologies to
study the biological effects of the space radiation environment at
different orbits

« Study living cells’ response to deep-space radiation — work that could
help astronauts on future long-duration missions.

* First CubeSat to combine biological studies with autonomous capability
& physical dosimetry beyond LEO. Far beyond the protection of Earth’s
magnetosphere (~0.3 AU from Earth at 6 months; ~40 million km)

« BioSentinel will allow to compare different radiation & gravitational
environments (deep space, LEO, lunar surface...)

* Develop a radiation biosensor useful for other missions

4®

/ Ames Research Center

National Aeronautics and Space Administration
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Lunar IceCube |

Why is this project important?

» The mission goal is to prospect for water in ice, liquid, and vapor forms
and other lunar volatiles from a highly inclined lunar orbit (100 km
perilune) using NASA GSFC’s BIRCHES infrared (IR) spectrometer: a
miniaturized version of the instrument used on OSIRIS REX: OVIERS.

« Potentially lends insight into the location and transport physics of water
on the Moon in support of future Human Exploration.

Cryocooler Dectroncs Box

GNC: BCT XaL0T

PumpcinEPS

Project Objectives

 Prospect for water in ice, liquid, and vapor forms and other lunar
volatiles from a low-perigee, inclined lunar orbit using NASA GSFC’s
BIRCHES - IR spectrometer.

« Demonstrates enabling technologies for exploration of the Solar System Al | e
with small satellites, including an innovative RF lon engine combined j 1 AT P prw—r—
with a low energy trajectory to achieve lunar capture. The Busek BIT-3 iV

uses solid-state iodine as the propellant generating significant Av (1.3
km/s)

* Precision Ranging HW and Processes .
» Operate in a near rectilinear halo orbit (NRHO) around the Moon

‘: UHF Deep Space 5 escon

. UHF DipcisArzenna

Busesx §it-3RF lon Thruster

ledine Tank
L =5 IR Spectrometes

X A\
B e~ Y
@

1
XBandna |

(X

b

Jet Propulsion Laboratory
California Institute of Technology
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LuniR w
3

Why is this project important?

 LunIR will observe the lunar surface and characterize things like
material composition, thermal signatures and future potential landing
sites. What that translates to at its core? Looking for water on the
moon!

 LunIR will accomplish its mission by completing a flyby of the Moon.
The spacecraft will continue then collecting data to address NASA's
knowledge gaps related to transit and long-duration exploration to Mars
and beyond. <

Project Objectives

 Pathfinder small satellite mission hosting a mid-wave Infra-Red (MWIR)
sensor. During lunar flyby, LunIR will collect and downlink surface
imagery. The MWIR sensor system includes an integrated micro-
cryocooler and a high temperature nBn-based 1 Megapixel focal plane.

* LunIR hosts a visible wavelength camera that will be used for on-board
navigation processing using the moon

 Data from both will be used for post-processing applicability toward a
low Size, Weight and Power (SWaP) common sensor suite for relative
navigation.

LOCKHEED MARTIN J

National Aeronautics and Space Administration



Deep Space Network (DSN) - Deep Space Station 17 (DSS-17) @(

Why is this project important? * L ?\
 Serves as a test-case for other non-NASA ground stations ’emung terpanetary researctys ‘

. .- . . : 4 W e Space Tl P LRO Demonstrations:
to provide auxiliary deep space navigation and tracking A A " P/ Develops an operational - drey Tty RO WS
su pport for small Spacecraft missions. | MarCO Demonstrations: / capability to support Artemis-1 :«M Eavemmert 0D, OV

_ = Dounien L X B Foed and MarD e Sy SmallSat missions LR oty s e ety b
» Ground segment support for Artemis, Moon to Mars, and R P e il
Beyond! First Opportunistic
. A i il ; Multiple Spacecraft
Provides opergtlon_al capability _to support Artemis 1 Per Antenna (OMSPA)
CubeSat missions in the 2021 timeframe: Bt it

Artemis Missions Supported by DSS-17 at MSU:

Lunar IceCube  LunIR CAPSTONE LunaH Map X
a4
BioSentinel NEA Scout Lunar Flashlight CuSP T
First § Demodulated Frames from MarCO OMSPA o=
. . . "thmuau?nwo: wo.mlmm-ﬂ ]
Project Objectives T TR e A RO .
I o . Mission Ops Center at MSU
» Expand DSN capabilities by utilizing non-NASA assets to P : A
provide communication and navigation services to small AR
spacecraft missions to the Moon and inner solar system o = —
g 0 ong g &= B, f = A
* Provide operational capability to support Artemis SmallSat . 7 % N T ts G2 TR S
missions [ Woreheadstateniv |
» Enable interplanetary research with small spacecraft j
platforms ;

JPL,Pasadenall

m Jet Propulsion Laboratory
California Institute of Technology

CenterNOCC),DTF-217 DeepBpaceperationsenter?
(psoc)a

National Aeronautics and Space Administration 17
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CAPSTONE

Why is this project important?

* The Cislunar Autonomous Positioning System Technology Operations and Navigation
Experiment (CAPSTONE) is expected to be the first spacecraft to operate in a near
rectilinear halo orbit (NRHO) around the Moon. In this unique orbit, the CubeSat will
rotate together with the Moon as it orbits Earth and will pass as close as 1,000 miles
and as far as 43,500 miles from the lunar surface.

* Following a three-month trip to the Moon, CAPSTONE will enter a near rectilinear halo
orbit, which is a highly elliptical orbit over the Moon’s poles, to verify its characteristics
for future missions and conduct a navigation demonstration with NASA's Lunar
Reconnaissance Orbiter.

Project Objectives

«  Verify the characteristics of a cis-lunar near rectilinear halo orbit NRHO/three-body
Earth-Moon Operations for future spacecraft. Demonstrate entering and maintaining
this unique orbit.

+  Demonstrate the Cislunar Autonomous Positioning System’s (CAPS) ability to
generate spacecraft-to-spacecraft navigation services that allow future spacecraft
to determine their location relative to the Moon without relying exclusively on tracking
from Earth. CAPSTONE spacecraft communicates with LRO to demonstrate
relative measurements and components of autonomous navigation system

« Pathfinder — Document operational experience and lessons learned for insertion into
and operation in a lunar NRHO. Mitigate technical risks of NRHO operations and
validate navigation and stationkeeping analysis and simulation and directly transfer
that experience and lessons to inform NASA Gateway planning activities.

+ Demonstrate one way ranging using chip scale atomic clock (CSAC) integrated with
IRIS radio.

N S STELAR
/)\ sAdpvaA n ((Z:ECI! @ Tylvq k ROCKET LAS EHPLORATY A m

National Aeronautics and Space Administration
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400,000 KM

1,300,000 KM



AES Artemis Small Spacecraft Missions — Ready!

‘ - Develops an operational
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HEOMD/AES Deep Space SmallSats: Deep Space Station 17 (DSS-17)
&

) .
A g

) / : : - ' LRO Demonstrations:

. . Enabling interplanetary researchy, _
& = with small spacecraft platforms § #

4

: . Deve|ops an operationa[ : Routinely Tracking LRO at S-band
r : & o « Intermediate Frequency (IF) Systems and
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» Downlink Using X-Band Feed and DSN Equipment’ SmallSat mISSIOnS %) 6 Telemet Bioas Sent DugER rom

+ Downlink Using X-Band Feed and MarCO Receiver System
* OMSPA Using X-Band Feed and Custom SDR-based Multiple
Receiver System -

DSS-17 to JPL DSOC over the NASA
Mission Backbone- verifying DSS-17
Signal Path
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Multiple Spacecraft
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Expands DSN capab|I|t|es by ut|I|zmg non- NASA

First 5 Demodulated Frames from MarCO OMSPA
- Demonstration on May 6, 2018 from DSS-17, : R
* D. Abraham, Z. Towfic, S. Finley (JPL) N \

C. Conner, M. Stratton, R. Kroll (Morehead State)
. S Fra LA

Mlssmn Ops Center at MSU

Natior L5
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Small Spacecraft Coordination Group NASA

Formed to advise the SMD, STMD, and HEOMD Associate
Administrators on strategy to guide cross-agency initiatives, policies, )
and programmatic scope

it % « Strategy and Implementation

Science
New Observation Methods

» Safety, Mission Assurance, & Reliability

e « Services and Infrastructure
EXPLORE ' .
NASA SMALL SPACECRAFT * Launch Accommodation and Rideshare e

Strategic Plan Exploration

’-\ | » Cybersecurity and Enterprise Protection i (e e Ceps

« Commercial Partnerships & New Space

 International Relationships and Outreach )

www.nasa.gov

e e
Small Spacecraft Virtual Institute: https://www.nasa.gov/smallsat-institute e —
Technology

Spacecraft Subsystems
National Aeronautics and Space Administration



Thank you!

EXPLORE

with us

National Aeronautics and Space Administration



You are the Artemis Generation - Connect with us

Andres Martinez .
Program Executive, Small Spacecrafts,
Advanced Exploration Systems division,

Human Exploration and Operations Mission .
Directorate at NASA Headquarters in
Washington, D.C.

Learn more about Artemis at

Sign up for NASA updates at

Thank you!


https://www.nasa.gov/specials/artemis/
https://blogs.nasa.gov/artemis/
https://lp.constantcontactpages.com/su/hHN32CZ/nasagov
https://twitter.com/nasaartemis?lang=en
https://www.instagram.com/nasaartemis/?hl=en
https://www.facebook.com/NASAArtemis/

