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DARPA TTO Strategic Focus

Reach, regain and retain
the tactical advantage of distance
through awareness, access, adaptability and
affect
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DARPA Thrust Areas

Transforming the future of warfighting by pursuing high-risk, high-payoff tactical technology and
development of rapid, mobile and responsive combat capability for
advanced weapons, platforms and space systems

Advanced Weapon Systems
» Weapons Delivery

* Precision Effects

» Kinetic / Non-Kinetic Effects

Advanced Platforms
* Unmanned Systems

» X-Planes

* Manned Platforms

Advanced Space Systems
« Stability
« Assured Access b
» Resilience
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TTO Space Portfolio
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NASA Jump-Starts Space Technology

Program

By Debra Werner
Space Mews Staff Writer
posted: 27 August 2010
10:50 amET

MOUNTAIN VIEW, Calif. — Senior NASA officials are so eager to jump-start advanced technology effort
that they sought and won congressional approval to devote $36.5 million in 2010 funding to eight high-
priority research projects.

Those projects, which include joint efforts with the U.S. Defense Advanced Research Projects Agency
(DARPA) to investigate horizontal launch capabilities, in-orbit satellite servicing and power-beam
propulsion, are set to begin immediately, said Robert Braun, NASA chief technologist.

The majority of the space agency's new technology initiatives are set to beginin 2011 with the creation of
the Space Technology Program. The administration of U.S. President Barack Obama included a request
for $572 million to establish the Space Technology Program in NASA's 2011 budget. The program
combines many of the space agency's existing research and technology initiatives, such as the Innovative
Partnerships Program, with a set of new programs designed to shepherd advanced technology from initia
concept studies to flight testing, Braun said Aug. 10 during a visit to the NASA Ames Research Center
here.

Work to be conducted in 2010 includes systems analysis, technology assessment and ground-based
testing, Braun said. Continuation of these activities in 2011 will depend on the results of the work
completed in 2010 and congressional deliberations, he added.

Congressional deliberations also will determine the overall funding level forthe Space Technology
Program. While the House approprig§rs s onedthe president’s plan to provice forthe
Space Technology Program, the Se 0 PRV

That lower budget level would make ® di®ic#t mal o b
space research and technology, Braun said, because funding for several elements of the Space
Technology Program that were already in existence will cost approximately $240 million in 2011.

"The thing to realize aboutthe Space Technology Program is that it's not an entirely new program.” Braun
said. "It includes the Innovative Partnership Programs that were in existence this year and in previous
years, Small Business Innovative Research, Small Business Technology Transfer, Commercial Reusable
Suborbital Research [and] Centennial Challenges. Allthese carry forward in 2011 at a budget
approaching $240 million.”

In addition, he said, new rules that require the space agency to fully account forthe cost of its work force
will add roughly 560 million to the existing program. "So there’s $300 million of content associated with
the old programs and the NASA work force in 2011," Braun said. "Unfortunately, if the Space Technology
Program is funded at a lower dollar value, a lot of the new program content won't be included. And it is
the new programs that folks in industry, academia and the MASA center are very excited about.”

The Space Technology Program proposed includes three components: Early Stage Innovation, Game
Changing Technology and Cross Cutting Capability Demonstration. The initiative is designed to ensure
that sophisticated technology makes its way from the drawing board to NASA missions.

"Frankly, in my history with NASA, this continuous set of technology programs has been missing.” Braun
said. "There have been past programs focused on innovative ideas. And there have been programs

where NASA tried to flight-qualify space system technologies. But | can't remember a time when MASA
had a continuous set of technology development programs that would allow us, over time, to take an ide
all the way from concept to flight.”

As MASA pursues those technology initiatives, the agency is likely to work more closely than ever before
with DARPA, Braun said.

Braun and David Neyland, director of DARPA’s Tactical Technology Office, identified three areas where
"collaborative technology development between NASA and DARPA would have mutual payoffs,”
according to DARPA spokesman Eric Mazzacone.

Those three research topics include studies of horizontal launch capabilities, servicing of satellites in
geosynchronous orbit and power-beam propulsion. "DARPA believes the three studies in which it is
engaging with NASA are the first of many to come,” Mazzacone wrote in an Aug. 18 e-mail.

Forthe satellite servicing study, the two agencies will explore ways people could work jointly with robots
to maintain and repair satellites, Braun said. The U.3. Department of Defense has "tens of satellites in
near-geosynchronous orbit that are approaching the end of theirlifecycles,” according to Mazzacone.
“ldentifying a successful approach to extend those lifecycles would save billions of dollars.”

For MASA, this type of research has important implications for exploration missions. "Geosynchronous
orbit is interesting for NASA because it's above the Van Allen radiation belts,” Braun said. "So from a
human physiclogy perspective, it's alot like the Moon.”

In addison, Braun said, the amount chang locity needed to get from low Earth orbit to
v me am =g . ™o get from low Earth orbit to the Moon.
ns to would be a good start, and maybe even

Apart from NASA's collaboration with DARPA, one new technology initiative set to begin immediately
involves studies of inflatable asrodynamic decelerators. These decelerators would be designed to be
packed compactly forlaunch and, once in space, to expand.

o MNASAT' «- = Jnest for New Space Technolo
» Solar L7 - e New Orbits for Satellites
»  Ar 5 'eas Include Robots, Planes, Humans
This arfic! 1 | dedicated to covering all aspects of the space industry.

http://www.space.com/news/nasa-jumpstarts-space-technology-program-100827.html
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\DARPA

MANNED SERVICING OF
GEOSTATIONARY SATELLITES

Rendezvous, Refuel, Enabling Technologies
Refurbish, Repair, Reposition -
(R5) - P s

: \ \
Repair / extend service life <
of high value satellites

Passive mass shielding

Upgrade / modify missions

Create new capabilities /
networks ~3 Direct satellite manipulation

Provide credible evolution to

autonomous servicing < Spedalrirfggi Fs)altaetugﬁ
ulat

Defer / avoid new satellite
launch costs «———— Active magnetic shielding system
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» Generate the technical
information necessar,
to guide DARPA an
NASA investments W
technologies and -
demonstrations for
human and robotic
servicing of spacecraft
in GEO

Enables lifetime
extension of orbital
assets by combined
human and robotic
workforce

» Crewed servicing
vehicles

* Robotic servicers
Enables space "tug"
capability to provide
transportation between
staging platforms and
client satellites
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= To Investlgate the feaslblllty, risks and
technologles that would have to be matured andrelevant work - JUN 2010
demenstrated for human and rebetic servicing @Select conceptual missions to be developed into OCT 2010

point of departure mission studies in next phase Create preliminary development plans for each mission,

identifying dependencies of other development activities - N(

spacecraft in geostationary earth orbit (GEQ)
» Met with NASA CTO Bobby Braun, NASA
Administrator Charles Bolden, and NASA ARC
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DARPA MANNED SERVACING AT GEO

* FY 2011 Plans:

 Organize and stand up integrated human mission design la
for phase 111 work with multiple NASA Center participation -

* FY 2010 Plans:
 Developed study plan and survey existing

of study - SEPT 2010

* Provides crew
protection from space

b _/environment, N

including passive mass

shielding and active s
¥ magnetic shielding

system

Offers technology for E
new staging platforms

to support servicing or
modifications to

existing platforms; ex: U
International Space
Station T
Compliments

advanced concepts

such as earth to GEO
direct insertion, a

lunar staging

platform, or assembly

of large structures in

GEO




DARPA SDA FOR GEO SERVICING

Robust space domain
awareness needed for
mission planning
* Precise track of uncontrolled
objects
Object orientation

Complete knowledge of
debris

Images of object
Determination of type of
repair

Continuous monitoring
during repair

Requires an extensive sensor suite powered by data analysis
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S SPACE SURVEILLENCE TELESCOPE
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Low cost, but ngh -resolution but i;;r s
low-resolution| | extremely expansive u
/| Needs complex AO

Increasing res-'olution bﬁ%
objects/ debris imag
requires building gi
extremely expensw

*Adaptive optlcs (AO) cpmp =X :

MAIN ACHIEVEMENT:

High- -resolution imaging system providing an image’ qu“ y
that of any of the telescopes in the array withino need to build new
systems i i

HOW IT WORKS:
Major operational steps:

1. Time-synchronized measurements of complex fields«from each
telescope are sent to aacentral digital processing-unit (CDPU)

2. All local measurementéere fused into alarge-scale digital complex field

3. Piston-phase differencee%%%offsets) between telescopes are compensated
digitally, a step called phasc%;gcking (PL)

4. Finally, a high-resolution imagzéi' omputed digitally from the large-
scale complex-field

ASSUMPTIONS AND LIMITATIONS:
e Object of interest should be isoplanatic

High-resolution image
An array of small (existing)
synchronized telescopes with
complexfield sensors (CFSS)
proyides data to dramatically
enhance resolution for SSA |

*Moreover, the optical field can pe

tompensated locally at each

- telescope using low-order and |

simple adaptive optics

i

Two laser
beacons to be
imaged/resolved




Distribution Statement “A” (Approved for Public Release, Distribution Unlimited). DISTAR case 16237.



DARPA

SSA SPACE SITUATIONAL
AWARENESS DATA FUSION

»Identify anomalies and threat activities

CO Fre | ates d ata tO Fa p | d |y 2 Propose mitigating countermeasures

«Verify the effectiveness of selected responses

Self Reported Ground Reporte Space Reported
| |

Develop and e o iR T3 ... 1o protect
demonstrate command T S e commercial space
and control capabilities P | E el - based communication

that fuse data... I sources
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SSA DATA FUSION
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V. T -Conducted system trades and validated cfitical
-Deve\ogand dema@Rpstratesan . 13 components
operatlonal framewand responsiv 8 « Performed analysis bf system parameters and
defense application to‘eql ancg - operational procedures

availability of space-basethca llu,y.“"‘ FY 2010 Plans:

-Timely detection. collection —_ *Develop algorithms and software required to integrate
j i , 4 _ ’ 5 disparate information into a single framework
identification and tracking of space -Proposed Joint program with USAF

debris using varied individual metrics
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aDA{R_PA‘ FUTURE DIRECTION

Complete SST
Demonstration

Begin Ground-based
GEO imaging program

Develop data fusion tools:

*Rapid track and catalogue of
break-ups

*Dynamic sensor tasking/data
analysis

*Non-imaging characterization
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