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OFrFice oF THE CHIEF TECHNOLOGI

TeEcHNOLOGY DEVELOPMENT !

Develop subsystem technologies that will result in
transformational capabilities for small spacecraft.

"Push" technalogiesfcapabilities considered for
THL advancement from 3/4 to 5ul'ﬁ may., 1r1-clude.
= formation flying i

= I{-:ng I'_ife power systems
= precision pointing /

© = deployable apertures - =
= autonomous SWarm E;perations
- miniaturized p’:inctad instrumentation
= multifunctional systems
= plug- E!;nd play systems -
« advanced thermal management system
- heat- and radiation- t‘?lera nt electronics
- propellant-lsss or highly efficient propulsio

= other technology Enat}Lers it

= proximity operations
= robotics ;
= space-to-space power tr'ahsmissi::r_'l_': "
= other system interoperability s
= electro-optics imaging & sensing

T

_?b Prcgrarn |-I'I"-"E!3‘!I'I'IEI'II Strategy: ”
] - 3DIH.':11: tec nology development projects - ../ g
e Sﬂllﬂl‘t tua-r.‘:hnnl:uIi:|-g3.-r flight demaonstration projects = /"

= c:llrec:t ta'e.--n::hnq:n-Inc:-g;..r Emdﬁ ght projects

an clqs:andarr_'ls

nasa-gﬂwﬁfﬁces.foct n
M.NASA.QWEE - - . e

- - o i § -

- = payload recovery

- advanced power systems (long Ilf-a

3 - i . =
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gy =
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TECHNOLOGY |
DEMONSTRATION

De'ure-lop and operate a series of MNASA-focused
small spacecraft demonstration mlss'i:ansv”

Competitively selected missions are éxpec:led tor
provide technology focused demonstrations such as:

= formation flying :

- arbital debris remowval :
- autonomous/collaborativefcloss™
proximity operations 5

or space-to-space transmission)
= advanced propulsion
= miniaturized remote sensors
-« deployable apertures
= autonomous Swarm
= robofics ;
= interoperable systems

G Points oF CoNTACT .
: Andrew Petro
Program Executiva
MASA Haadgueartars®
s Ofice of the Chief Technologist
arndngwy | pelro @ nasa. oy
202 368.0310

Bruce Yost
Program Manager - SSPT |
MASA-Ames Research Cemter
bruce . WostE Nasa. go
ES50.604. D551

Michawed Skidmore
Daputy Program Managear - SSPT
BASA-Armves Aesearch Cenler
rmichael.g. skidmore @nasa gov
E50. 604 6069

-




wst Small Spacecraft at Ames:
Where We are Going

* Trend is for Smaller Technology

« Concurrent applications

- Solid'R&D Foundations

« Well-Informed Make or Buy Decisions

- Constrained Btg ets

. Internatlonal |aberative Focus

* Next Genera‘uo orkferce Training
N % ‘.

ARC Small Spacecraft and Mi

terprlse

\\



“}“ Spacecraft Mission Sizing

e Larger Spacecraft Excel at:

— Large Diameter Sensors, Optics, Antennas, Detectors
— Large Scale Investigations, Several Instruments

— Lower calculated risk per individual mission

— Lowereost per kilogram

— Utilize “ProvenlLaunchers”

Smaller Spacecraft Excel at:

— Simple Focused-Missions, SCI
— Unique Data Obtamea#n Near Ter olar Cycle)

— Short Duration MlSSlonéT<14 days for Landers, <2 years orbiter:\_
— Diversity of operating sites, landing8ikes ORG

— Lower Cost Enables Increased Nuher Of Mic Sio0s %

— Faster Learning Cycle Lead to Lower Co
— If New Technology Sooner, Lowers Cost of Fl; lip
— Smaller Teams, Fewer Interfaces, tmproved C _

echnology or Ops Demo

N S 3
N e
5

- "'1.‘__4-

ADVANCES IN MINIATURIZATION ARE CLOSING THE GAP!



http://www.nasa.gov/mission_pages/kepler/ ; ol g Bheii AEa

Kepler is a space observatory launched by ! : o
NASA to discover Earth-like planets orbiting Radiator

other stars. The spacecraft, named in honor

of the 17th-century German astronomer Solar

Johannes Kepler,

Array

Star

Launch date: March 7, 2009 3:49 AM Orbit Trackers

height: 92,955,807 miles (149,597,871 km)

(2]

Speed on orbit: 3.661 miles/s (5.892 km/s)

Cost: USs$ 5o million

Launch site: Cape Canaveral Air Force

Station Launch Complex 17
Manufacturer: Ball Aerospace

Kepler Planet Count
Confirmed Planets: 74
Planet Candidates: 2,321
Eclipsing Binary Stars: 2,165

Y "'\! —
Thruster "‘?-’High Gain
Modules (1) Antenna

Photometer |
The Kepler photometer is basically a Schmidt telescope design with a
0.95-meter aperture and a 105 square deg (about 12 degree

diameter) field-of-view (FOV). Itis pointed at and records data from just a

single group of stars for the three and one-half or more year duration of the mission.
The photometer is composed of just one "instrument," which is, an array of 42 CCDs
(charge coupled devices). Each 5o0x25 mm CCD has 2200x1024 pixels.



http://www.google.com/search?hl=en&client=safari&rls=en&q=kepler+telescope+launch+date&sa=X&ei=YbL3T_PUDePq2QWNtJj9Bg&ved=0CIUBEOgT
http://www.google.com/search?hl=en&client=safari&rls=en&q=kepler+telescope+launch+date&sa=X&ei=YbL3T_PUDePq2QWNtJj9Bg&ved=0CIUBEOgT
http://www.google.com/search?hl=en&client=safari&rls=en&q=kepler+telescope+orbit+height&sa=X&ei=YbL3T_PUDePq2QWNtJj9Bg&ved=0CIcBEOgT
http://www.google.com/search?hl=en&client=safari&rls=en&q=kepler+telescope+orbit+height&sa=X&ei=YbL3T_PUDePq2QWNtJj9Bg&ved=0CIcBEOgT
http://www.google.com/search?hl=en&client=safari&rls=en&q=kepler+telescope+speed+on+orbit&sa=X&ei=YbL3T_PUDePq2QWNtJj9Bg&ved=0CIkBEOgT
http://www.google.com/search?hl=en&client=safari&rls=en&q=kepler+telescope+cost&sa=X&ei=YbL3T_PUDePq2QWNtJj9Bg&ved=0CIsBEOgT
http://www.google.com/search?hl=en&client=safari&rls=en&q=kepler+telescope+launch+site&sa=X&ei=YbL3T_PUDePq2QWNtJj9Bg&ved=0CI0BEOgT
http://www.google.com/search?hl=en&client=safari&rls=en&q=launch+complex+17&stick=H4sIAAAAAAAAAONgVuLUz9U3SCk2yjYEAFSxJc4NAAAA&sa=X&ei=YbL3T_PUDePq2QWNtJj9Bg&ved=0CI4BEJsTKAA
http://www.google.com/search?hl=en&client=safari&rls=en&q=launch+complex+17&stick=H4sIAAAAAAAAAONgVuLUz9U3SCk2yjYEAFSxJc4NAAAA&sa=X&ei=YbL3T_PUDePq2QWNtJj9Bg&ved=0CI4BEJsTKAA
http://www.google.com/search?hl=en&client=safari&rls=en&q=kepler+telescope+manufacturer&sa=X&ei=YbL3T_PUDePq2QWNtJj9Bg&ved=0CJABEOgT
http://www.google.com/search?hl=en&client=safari&rls=en&q=kepler+telescope+manufacturer&sa=X&ei=YbL3T_PUDePq2QWNtJj9Bg&ved=0CJABEOgT
http://www.google.com/search?hl=en&client=safari&rls=en&q=kepler+telescope+manufacturer&sa=X&ei=YbL3T_PUDePq2QWNtJj9Bg&ved=0CJABEOgT
http://www.google.com/search?hl=en&client=safari&rls=en&q=kepler+telescope+manufacturer&sa=X&ei=YbL3T_PUDePq2QWNtJj9Bg&ved=0CJABEOgT
http://www.google.com/search?hl=en&client=safari&rls=en&q=kepler+telescope+manufacturer&sa=X&ei=YbL3T_PUDePq2QWNtJj9Bg&ved=0CJABEOgT
http://www.google.com/search?hl=en&client=safari&rls=en&q=kepler+telescope+manufacturer&sa=X&ei=YbL3T_PUDePq2QWNtJj9Bg&ved=0CJABEOgT
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html
http://www.nasa.gov/mission_pages/kepler/spacecraft/index-mission.html

Innovation in Small
Satellites

O/OREOS



Platform Versatility

O/OREQOS

ARC6U+

ARCQuad (22U+)
LCROSS

SpaceX
Dragon COTS

ISS NanoRacks Cubelab
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National Aeronautics and Space Administration

INNOVA ON/ .
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Earth Sczence
- Atmospheric science
* Biospheric Science

* Applications for Societal Benefit
* Airborne Science

* New Concepts for Earth Science

www.nasa.gov

Areas

Space Science
* Research

* Advanced Instruments & Sensors
» Missions




Observation and discovery Discover how the
of our solar system'’s universe works, explore
anetary objects. ...strategy ~ how the universe

To develop a scientific
understanding of Earth'é"
system and its response .'.“- ~Plane‘5k_ary

to natural or human- " - Envi en;s on progressing from began and developed
induced changes, and to . ”H sm“g cted | lntg its prc:\s;entEforr:,
improve prediction of system ing and finally i‘:\;’(\ s;aarc or Earth-
climate, weather, and . A i X ike planets.

natural hazards. - -."\l" S

) : > = _‘..-' Al T |

Atmospheric Composition -Hellogghb‘-é- e Planets Around Other Stars

-Weather M h : The Biq B

-Carbon Cycle & Ecosystems agnetosp Shs T i . o
-Spa'ce.E'nVIronment . *SmallBe ark Energy, Dark Matter

-Water & Energy Cycles . .

-Climate Variability & Change
-Earth Surface & Interior



http://science.nasa.gov/earth-science/focus-areas/atmospheric-composition/
http://science.nasa.gov/earth-science/focus-areas/atmospheric-composition/
http://science.nasa.gov/earth-science/focus-areas/earth-weather/
http://science.nasa.gov/earth-science/focus-areas/earth-weather/
http://science.nasa.gov/earth-science/focus-areas/carbon-cycle-and-ecosystems/
http://science.nasa.gov/earth-science/focus-areas/carbon-cycle-and-ecosystems/
http://science.nasa.gov/earth-science/focus-areas/carbon-cycle-and-ecosystems/
http://science.nasa.gov/earth-science/focus-areas/water-and-energy-cycle/
http://science.nasa.gov/earth-science/focus-areas/water-and-energy-cycle/
http://science.nasa.gov/earth-science/focus-areas/climate-variability-and-change/
http://science.nasa.gov/earth-science/focus-areas/climate-variability-and-change/
http://science.nasa.gov/earth-science/focus-areas/surface-and-interior/
http://science.nasa.gov/earth-science/focus-areas/surface-and-interior/
http://science.nasa.gov/heliophysics/focus-areas/heliosphere/
http://science.nasa.gov/heliophysics/focus-areas/space-environment/
http://science.nasa.gov/planetary-science/focus-areas/exploring-the-inner-solar-system/
http://science.nasa.gov/planetary-science/focus-areas/outer-solar-system/
http://science.nasa.gov/planetary-science/focus-areas/small-bodies-of-the-solar-system/
http://science.nasa.gov/planetary-science/focus-areas/small-bodies-of-the-solar-system/
http://www.nasa.gov/offices/marsplanning/home/index.html
http://science.nasa.gov/astrophysics/focus-areas/exoplanet-exploration/
http://science.nasa.gov/astrophysics/focus-areas/what-powered-the-big-bang/
http://science.nasa.gov/astrophysics/focus-areas/what-is-dark-energy/
http://science.nasa.gov/astrophysics/focus-areas/how-do-stars-form-and-evolve/
http://science.nasa.gov/astrophysics/focus-areas/what-are-galaxies/
http://science.nasa.gov/astrophysics/focus-areas/black-holes/
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Planetary Science Priorities
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MAAT: Small Satellite Rendezvous and
Characterization of Asteroid 99942 Apophis

ImAAT o

Ames Mesear-ch Center

Measurement
Analy sis of
Apophis
Trajectory




National Aeronautics and Space Administration

Planetary Hitch
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Green propulsion

Modularity
enables
payload,

propulsion
, and
launch
flexibility.

Cdmsat and ESPA
Compatible

Low-cost and versatile
platform

Standardized nanosat
payloads

www.nasa.gov
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Cubesats: Space Weather
and Thermosphere




Earth Science Priorities

e Earth Science: develop a scientific understanding of Earth's system and its
response to natural or human-induced changes, and to improve prediction of
climate, weather, and natural hazards

*Atmospheric Composition
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s34 Roles of Very Small Spacecraft

* Science and Exploration Missions

— Planetary Science
— Biological Sciences
— Astrobiology

— Astrophysics
— Space Sciences
— Space Physics %
— Lunar 5ciences

* Technology Demnn

— Propulsion he -=

i
— Communications .
— Mass reduction. - MEMS and sglﬂ
— Autonomous operations 3, sl
— Formation flying/constellations~~
— MNovel space architectures - tethiers*
— Evolvable, reconfigurable satEII-rtEr

- Payload packages on
larger spacecraft

— Flight heritage from
Cubesat missions

— Use Cubesat derived
technologies to support
other spacecraft
missions

y Lunar Orbiters

y Lunar Landers




A-Ames Nanosatellite Projects

Nanosail-D

-\ O/OREOS



Pharma& Biotech on Small Satellites

Dose dependence altered in microgravity: PharmaSat (TRL 8)
* Voriconazole antifungal less effective at high doses in p-grav.

e May mimic behavior in “biologically difficult” infections

PharmaSat-ECAM (E. coli antimicrobial): SALMON MoO-1 (AC Matin, PI)
* Hypothesis: antibiotic resistance of mutant E. coli enhanced in p-gravity

e Space-based development/testing of more robust antibiotics
Space environment increases virulence of some pathogens (C. Nickerson)
* Proactive ID of virulence targets for drug development

Fewer defects = better structures = more effective drugs (site binding)
Primary impediments:sample return; reliable & frequent space access
Free-flyers with sample return can address both issues

Advance experiments: grow and “protect” crystals on nanosats

Loss of bone density — Muscle atrophy
Degradation of immune function — Radiation damage

Some biological effects are accelerated in space: mechanistic insight4
can lead to new, more effective terrestrial therapies




e Synthetic Biology

B
h A

" UDisruptive Techno, ogy Example ;mdPalallllalﬂmllcalmnsl

Food Production __
Biological<ISRU o
Advanced Sen
Advanced . =

Materials =
Life support
closure — N

Space Medicine
Life Detection

Vision: To harness biology in reliable, robust, engineered systems to support NASA’s exploration and
science missions, to improve life on Earth, and to help shape NASA’s future
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" TechEdSat

NASA Technology Demonstration Mission

Sponsored by the Office of the Chief Technologist, this mission will
demonstrate NASA Ames Research Center’s first Space Plug-and-Play
Avionics (SPA) satellite with-cross-link communications capability.

TechEdSat withythe Remove
Before Flight pin installed

Internal CAD configﬁralion‘
showing Quake Global's
Q1000 ORBCOMM modem

Deployer plate with the two
Japanese Experiment Module (JEM)
Small Satdllite Orbital Deployer
(J-SSOD) cases.installed
TechEdSat will deploy from the
J-SS0D in 09/2012 .

Japan Aerospace Exploration

Agency (JAXA) JEM Remote
Manipulator System with the

J-880D's deploying CubeSats

San Jose State University Team
Front row left to right: Marcus Murbach, Periklis
Papadopoulos, Michelle Mgjica, Addanha Aguilas, Alyssa
Vilandeva, Gabriel Alvarez, and Greenfield Trinh
Middle row left to right: Bob Ricks, Aaron Cohen, All
Guameros Luna, Darryl LeVassew, Canfleron Bounds
Top row left 1o right: Andres Martinez, JoSe Corteze

Points of Contact

John W, Hines:

Center Chief Technologist
NASA Ames Research Center
John W Hines@nasa gov
650.604.5538

Bruce Yost

Edison Small Sateliite Demonstration
Missions Program Manager
Bruce.DYost@nasa.gov
650.604.0681

Elwood Agasid:

Chief Technologist,

Mission Design Division
Elwood.F. Agasid@nasa.gov
650.604.0558

NASA acknowledges the contributions of the following:

CASST  L4XA

AAC Microtec's nanoRTU™
device with SPA

Project Schedule
— PDR Date: 12/02/2011
— CDR Date: 04/10/2012

— Hardware Delivery Date:
05/12/2012

- Launch Date: 06/26/2012

— Release from ISS:
09/2012 s

— End of Mission:

two Approximately 12/17/2012

AAC Microtec Team
Henrik Loigren, Per Salin, Jan Schulle

SPACE SYSTEMS

4Aag L orRAL




TechEdSat-1.1
Launch 21012012




Nanosail D




DARPA F6 Program







INnovative-technology Demonstration Experiment REIMEI

The "Reimei" (INDEX) is a small scientific satellite
that was launched as a piggyback on the Dnepr
Launch Vehicle from Baikonur Cosmodrome in the
Republic of Kazakhstan at 6:10 a.m. on August 24,
2005 (Japan Standard Time.)

REIMEI will perform in-orbit demonstrations of
cutting edge satellite technology over a brief period
of time, it will carry

aimed at obtaining the world's most advanced
scientific results.

.Actively verifying latest engineering technology Major Characteristics

and observing auroras through scientific International Designation Code 2005-031B

observation methods.
Launch Vehicle Dnepr launch vehicle
Location Baikonur Cosmodrome, Kazakhstan
Shape 6ocm x 60cm x 70cm

Orbiter Quasi-circular orbit

Altitude  Perigee 610 km, Apogee 654 km

Inclination 97.8 degrees

Period 97 minutes

Attitude Control Three-axis stabilization
(Bias momentum method)


http://www.jaxa.jp/pr/brochure/pdf/04/sat19.pdf
http://www.jaxa.jp/pr/brochure/pdf/04/sat19.pdf
http://www.jaxa.jp/pr/brochure/pdf/04/sat19.pdf




Spectroscopy on Small Satellites

= O/OREOS NanoSat UV/visible

= LCROSS MEMS-Based NIR




Cubesats: Technology
Architectures and Demos

Plug and Play

Arrays
Instruments

COTS (e.q,,
phonesats)



http://vimeo.com/13904353

Nanosatellite Deployment from Microsatellite

FASTSAT

http://www.nasa.gov/mission_pages/smallsats/nanosaild.html



~%a  MesoScale Micro-Nano Satellite Optior
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Maximum 2.0 kg per cube.equiv or 6.0 kg.
Triple cube equiv baseline deSignated as 1N, configs = 1N, 2N, 3N, 4N.
4N quad = 1Q; 1Q =4 ea 1N in 2x2(0rdx4) form factor;

Configs = 1Q, 2Q;-3Q (Special cases onlyr ow).

Maybe also 1.5 Q (= 32N): (Special cases only

e -«
(kg) Name -
6 Nanoéube
12  2Cube e N
24 Quad (2x2?)1h"- | 1Q

48 Double Quad 2Q



6-Pack Nanosatellite Possible Configurations @n/scube)

[assumes 2U equivalent bus, 4U payload volume]




ARC 6U+ Design Strategy

0. 404
C I SENERAL DOUBLE CUBESAT P-FOD
DTRENS 1GN S CALIFORN & PALYTECHIc_ STATE INIVERSIT¢
————— L —— N LUIS CBISPD,
MAY 2002 ORENWN BY:[ MICKH JOHANSEN
UHITS: MKS T T

NAVAL TIPEE
POSTGRADUATE O]_Y

SCHOQOL ) LUIS OBI1SPO







@@11@@51@1@ Dobson Space Telescope

A. Rademacher, NASA-Ames

Design to fit W|th|n a 6u nanosatlllte architecture
*6in, f8 Telescope
*1250mm focal length

B telescope payload
5| °Baysize ~20cmx
l 2ocm x10cm







HyCube: Hyperspectral Imager for Coastal Ocean Color
(A. Ricco, NASA-Ames)

CONFIGURATION: 6U Small Satellite
Bus: 1U, ADCS: 1.5 U
HyperSpectral Imager: 2U; Processor: 1U

Jettisonable drag kite: .5U
Key capability demos. in a small sat:

*High-performance ADCS for science: Earth imaging &
astronomy

*“Large sat” data processing in a 6U
*10x - 100x data volume thruput improvement
*Formation flying: single launch, multiple orbits
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AFRL-COSMIAC 6U+ (3D printed)







10.5" ho

» 3U Or 6U Dispenser
* Modular Construction
 Similar Architecture/Philosophy as PPOD

* Mounts Identically as Two 3U PPODs Side by Side
 Dispenser Satellite Release Velocity Range: 1.18 M/S —2.03 M/S



Mational Asronautics and Space Administration

RIDESH

AFER NAHBSATELLITE

MNASA - Ames ResearcH CENTER

DESCRIPTION

« Fully functional, integrated, deployment system

- Supports multiple NanoSats, up to 50kg total mass
- Accommodates 450kg primary spacecraft

- Compatible with Falcon 1/1E and Minotaur 1

= Standard 38.81 inch Lightband interface

= The Wafer adapter is designed to safely Reconfigurable,
deploy multiple spacecraft per launch Non Load-Bearing —j

= Flexibility in design allows for easy Dispensers
expansion to multiple configurations

NanoSatelite




ADVANTAGES

- Potential rapid, standardized space access

* Reduced cost of spacecraft per mission

= Enhanced ability to carry additional payloads

Two NanoSats * Increased payload sophistication and efficiency
or a SixPack = CubeSat compatible

WaFer DisPENSER CONFIGURATIONS

* Four NanoSat spacecraft Launch
- One ManoSat equals Viehicle
=10x 10 x 30 cm —_—
+ One SixPack and -
Two NanoSat spacecraft Sanir.rz fr
= One SixPack equals pace »
=10x 23 x 30 cm
- Two SixPack spacecraft
« Each SixPack equals Wafer
=10 x 23 x 30 cm —

* Maximum 2.0 kg per cube equivalent
= Triple cube equivalent baseline designated as 1N
= Configurations of 1N (NanoSat) & 2N (SixPack)




ommercially Available 6U+ Dispensers

FEATURES
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Figure 2: CSD

Figure 1: Payload Deploying From CSD
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Spacecraft Technologies
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* Advanced Bus Architectures
* Plug and Play
* Autonomous Operations
* Data Handling
* Communications
* Guidance, Navigation and Control
* MEMS Accelerometers and Gyroscopes
* Miniaturized GPS Devices
*Propellantless Attitude Control
*Multisatellite Operations
* Formation Flying/Constellations
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High Capacity, Lightweight

- i - Isi I
Nano-ACS Thrusters Micro-Propulsion Batteries
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High Performance, Low L

GPS Receiver Power Computing

Mini Star Tracker

Sun Sensor

° Power Nano Reaction Wheels  Ultra light weight IMU

* Long-life, High-density,
Scalable Power Storage
* Deployable Solar Arrays
" Structure Precision Formation Flying
; o reci
* Evolvable, Reconfigurable Satellites Remote Imaging- Earth/LUnEEEEENE

* Thermal Management Autonomous Satellite Maintenance

* MEMS-based Space Physics & Astrophysics
Exploration- Lunar, NEOs, Comets

Enables a Variety of Science
Missions:



Misi Nanosatellite Mission Heritag
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Crenelat 1

NanoSarl-D 2
MoroSoil- O

NanoSat Launch

Adapter System

NanoSail-D 1
ManoSail D

PharmaSat 1
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Jf,}*“ Technology and Innovation Strategy
... Addressing Global Needs

Commercial,
National Technology Entrepreneural

' DO D, Defense And Economic
And Competitiveness Space
Other IV, Security Industry

Solution

International >
ternationa . Space

"""\‘:'- =

Space
Research,
Development,
And
Exploration

Robust Aerospace
Industry &

Spin-off Technologies for
Non-Space Applications
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ARC Strategic Technology Initiatives 2012

Active Initiatives

1. Biological Technologies for Life Beyond Low Earth Orbit
(BT4LBLEO)

2.Small Spacecraft and Missions Enterprise
(SSME)

3. Science Instruments for Small Missions (SISM)

4. Advanced Digital Materials and Manufacturing for Space
(ADMMS)

5. Designing High-Confidence Software and Systems (DHCSS)
6. Cyber-Physical Systems Modeling and Analysis (CPSMA)

Other Suggested Initiatives

1. First Responder, Emergency, and Diasaster Assistance
(FREDA)

2. Emerging Aeronautics Systems and Technologies (EAST)
3. GREEN Technologies (Technologies for Sustainability)




National Aeronautics and Space Administration
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= Gene-Sat1

= Pharmasat-1
= O/OREQS




