Satellite System F6
Divide cnd conquer
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DARPA is looking at a radical new concept
that could change forever the way satellites
are designed, launched, and used, from LEO
to interplanetary space

The Future Fast, Flexible, Fractionated,
Free-Flying Spacecraft United by Information
Exchange—System F6, for short—would re-
place large, do-it-all satellites with a cluster of
smaller, mission-specific platforms. This plug-
and-play network could be updated or have its
mission changed by the simple addition of
new satellites to the cluster.

“The basic concept is to demonstrate we
can take a monolithic spacecraft, irrespective
of the mission or size—although it would be
targeted at multipayload spacecraft—and de-
compose that spacecraft into a network of
wirelessly linked modules or smaller spacecraft
flown in a cluster and networked together, to
provide the same or more capability than the
monolith,” says DARPA program manager
and concept creator Owen Brown.

“So this is a not a formation flying exer-
cise, which has been tried in the past,” Brown
tells Aerospace America. “This is flying
smaller spacecraft together, each executing a
unique function—not only payload or mission
functionality, but also infrastructure support.
For example, one module could execute the
task of data processing while another is per-
forming mission data downlink and another
executing the mission of a specific payload. It
is plug-and-play, but without the plug.”

The fractionation edge
Brown outlined his concept at the Fourth Re-
sponsive Space Conference in Los Angeles in
April 2006 in a joint paper with Paul Ere-
menko, an aerospace and defense strategy as-
sociate at Booz Allen Hamilton. The presen-
tation touted fractionation as the best
approach to developing “responsive space,”

A radical new approach to launching,
operating,and maintaining satellites is
under development at DARPA, where
breakthrough concepts are the order
of the day. The idea involves replacing
today’s monolithic satellites with clusters
of small,wirelessly linked spacecraft,
each one providing a unique function.
Together their capabilities would equal
or exceed those of today’s satellites,
with far more flexibility—and at lower
cost. Simply adding new spacecraft to
a cluster could update the network,
change a mission,and provide

needed infrastructure support.

which they defined as “the capability of space
systems to respond rapidly to uncertainty.”

In February 2008, DARPA issued one-
year System F6 Phase 1 awards to four con-
tractor teams, headed by Orbital Sciences
($13,648,758), Boeing Advanced Network &

by J.R.Wilson
Space Systems ($12,891,049), Northrop
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Grumman Space and Mission Systems
($6,159,866), and Lockheed Martin Space
Systems ($5,762,781). Contract awards and
values were based on what the contractors
said they needed to develop the technology
and produce the desired results, and on how
well DARPA felt the proposals would be
achievable and validate those costs.

Orbital is teamed with IBM, JPL, Georgia
Institute of Technology, SpaceDev, and Au-
rora Flight Sciences; Boeing with L3 Commu-
nications, Millennium Space Systems, Octant
Technologies, and SAIC; Northrop Grumman
with Alliant Tech Systems, Aurora Flight Sci-
ences, Juniper Networks, L3 Communica-
tions, BAE Systems, Cornell University, JPL,

“Fractionation is quite a departure in how
we do things, from design and procurement
through deployment and operations.”

Nelson Pedreiro
Director of science and technology
Lockheed Martin Advanced Technology Center

MIT, University of Southern California, and
University of Virginia; Lockheed Martin with
Aurora Flight Sciences, Colbaugh & Hein-
sheimer Consulting, Lockheed Martin Inte-
grated and Global Systems, and Vanderbilt
University.
According to DARPA, during the first

phase each contractor team will:

eDevelop key technologies to enable the
fractionated approach. Examples include ro-
bust networking, reliable wireless communica-
tions, fault-tolerant distributed computing,
wireless power transfer, and autonomous clus-
ter navigation.

eSelect a space system mission of value to a
national security space stakeholder and de-
velop a system design that will accomplish that
mission.

eDevelop an innovative analytical approach
using econometric tools that determine the
risk-adjusted cost and value of both a fraction-
ated space system and a monolithic program-
of-record with equivalent capability.

eDevelop an evolved hardware-in-the-loop

32 AEROSPACE AMERICA/FEBRUARY 2009

test bed that emulate the designed fractionated
spacecraft employing a cluster of networked
computers.

“We have a significant part of the pro-
gram, especially Phase 1, developing value-
centric design methodology tools—using
mathematical tools to answer questions of
economics. Each performer is developing
methods to help answer the question of what
is the value of flexibility, in dollar terms. Flexi-
bility is not a qualitative measure of the good-
ness of a system; there are methods, based on
the fact that flexibility derives its value from
spacecraft capability, to allow the performers
to place a dollar value on different levels of
flexibility that can be built into the system,”
Brown explains, adding DARPA’s intent is to
have Phase 1 and Phase 2 as closely aligned
as possible.

“The objective of Phase 2 will be to get to
a CDR [critical design review] at the end, so
we would be ready to build hardware in a
DARPA Phase 3 and Phase 4, which would
be demonstrating the system on orbit. We
haven'’t specified the length of those phases,
just that the goal is to have first launch within
four years of program start—February 2012.
With the end of each phase, I see the devel-
opment and output of many tools, and differ-
ent degrees of knowledge. The glue to this en-
tire concept is the network; so once there is a
network, and open source wireless data com-
munications protocols are developed, they will
be available to be utilized. So one could imag-
ine the utilization of fractionation could start
immediately.”

Countering skepticism
Both DARPA and some of the contractors ac-
knowledge that a major obstacle to the ulti-
mate development of operational fractionated
satellite clusters is a fairly deep level of skepti-

“In the end, F6 is an important
demonstration program, but in
many ways [it is] less of a thing
and more of a way.”

Owen Brown
System F6 program manager
DARPA



cism from the potential user community. In
their discussions with possible stakeholders,
they have heard concerns about the cost of
building multiple satellites, requiring multiple
launch vehicles, and whether they can demon-
strate the technological capabilities needed for
tight cluster navigation and intersatellite shar-
ing of major infrastructure, such as power,
data processing, and communications.

Boeing System F6 program manager
Randy Rubens says the best response to user
skepticism is to demonstrate the value of the
system architecture in the form of “resilience
to uncertainties”—launch vehicle or spacecraft
hardware failures, delays in development of a
sensor or payload, changing mission needs,
demand for reconfiguration of the formation,
or upgrades to the software.

“One thing all the contractors are doing
in this phase is to develop the tools and sys-
tems engineering processes to really charac-
terize and quantify the effect of those uncer-
tainties on customer value over the life of the
program—and then have the capability to in-
fluence the design from what you learn from
those characterizations,” he says. “I like to
think of a fractionated system as being greater
than the pieces. For example, when you talk
about component redundancy, if we are put-
ting up five different modules, we won’t have
redundant systems on all five modules, be-
cause the network architecture enables, in
some cases, enough sharing of component
capability that it doesn’t scale up directly.

“The resilience of the system allows for
considering things such as flying a single
string module or, in some cases, not putting
the same component on every module if it
can be shared. You might only put a space-to-
ground communications system on one or
two modules. With cross-link between space-
craft, you can look at it from a system per-
spective rather than seeing each spacecraft as
a traditional satellite with spacecraft-level re-
dundancy,” says Rubens.

A breath of fresh air
Taking a fractionated approach, notes Boeing
System F6 business development director
Jerry Stenovec, can almost be considered a
“technology disrupter”—this is because there
is an enhanced tolerance for failure, enabling
users to launch new capabilities when only an
80% solution has been acquired, and then add

the remaining (and most expensive) 20%
gradually as it evolves.

Nelson Pedreiro, director of science and
technology at Lockheed Martin’s Advanced
Technology Center, agrees. “We think it is a
breath of fresh air to have such a radical con-
cept that could change how we pursue space
systems. Dr. Brown’s concept of fractionation
offers a lot of flexibility for a gradual deploy-
ment of capability into space, especially in

“There is an objective skepticism to fractionation
that is a bigger obstacle than the technology
pillars required to support fractionation.”

Randy Rubens
System F6 program manager

Boeing Advanced Network and Space Systems

terms of repair or replacement of key compo-
nents. It is a very far-reaching concept, from
the point of view of not only operations and
deployment, but also development.

“By fractionating a space system, you ac-
tually end up changing the paradigm, even
from the design phases, decoupling key sys-
tem elements and opening the door for paral-
lel development of payloads and spacecraft.
With the conventional approach, more often
than not, we see particular payloads with very
specific requirements that drive requirements
for the bus and other payloads, so you get re-
quirements creep. These kinds of interactions
are reduced with fractionation. If one payload
were delayed, it would not compromise the
entire system, and you could have an initial de-
ployment of capability,” says Pedreiro.

Progress and possibilities
Some of the key technologies and capabilities
required for the System F6 concept already
have been demonstrated, such as a navigation
system that would enable a cluster of satellites
to maintain close positions in orbit au-
tonomously, as occurred in DARPA’s recent
Orbital Express experiment with the on-orbit
rendezvous of two satellites for refueling and
maintenance. Others, however, need further
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development and proof of viability, such as
wireless cluster power-sharing, on-orbit net-
working, and distributed computing.

“Once you have created an internal
spacecraft network, then add on new tech-
nologies for wireless capabilities, you then
have the capability for fractionation; imagine
a centralized power collection element that
beams power wirelessly to other network
nodes,” Brown explains. “The key is flexibility
and robustness. Flexibility is the ability of the
stakeholder to change or modify the system at
any time in the lifecycle—acquisition, launch,
operations. Robustness is really the capacity
of the system to maintain its intended function
in the hostile space environment.

“If an element fails, we fly a microsat with
that functionality into the cluster and allow it
to become part of the network. That’s how
we service the system; with a large monolith,
we have no recourse today,” he notes. With
the new approach, says Brown, “we can re-
configure the system, adapt it into new mis-
sions by adding new components, new mod-
ules. We can incrementally scale the system; if
it is a communications system, we could have
small modules with transponders and incre-
mentally deploy them as demand increases,
giving us a surge capability. If we decompose
into a set of smaller modules, we have the ca-

“F6 has the potential to be a game-changing
event in the history of military space systems, in
the same way that the Internet revolutionized

data communications.”

Gregg Burgess
Vice president for national security systems
Orbital Sciences Advanced Programs Group

pability to launch each of those separately on
smaller launch vehicles, which means we have
not placed all our eggs in one basket should a
launch fail.”

Defining factors
Those involved acknowledge that, no matter
how successful the DARPA program or even
the future of fractionation, not all systems or
missions will be fractionated in the same
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way—and some may not lend themselves to
the approach at all. The final approach to
each new satellite and mission will depend on
a number of factors, including the mission it-
self, on-orbit lifetime, the degree of security or
reliability demanded by the stakeholder, and
so on.

“The design methodology trade space will
consider a variety of constraints that help
shape the outputs, so the value cost and risk
will differ with each system. As a result, how
you decide to fractionate a system will be very
dependent upon what you are trying to do
and how long you are trying to do it,” Brown
says. “However, I think the opportunities for
this idea are limitless.

“The key here is the network concept
and the fractionation we are hoping to de-
velop. Much as with the Internet, open stan-
dards will allow third parties to develop capa-
bilities to plug into the system architecture.
That will provide an enormous degree of flex-
ibility for future designers in terms of how
they architect their overall system, whether
that is LEO, GEO (geostationary Earth orbit),
or planetary.”

Aiming higher
Stenovec says Boeing believes fractionation
can be used beyond Earth orbit.

“I can envision it being applicable with all
the various Mars observers in the long term,
but we need to mature the technology here
first,” he says.

Salma Saeed, Lockheed Martin’s System
F6 program manager, believes that also ex-
tends to manned space missions, especially
on an interplanetary level.

“You can look at a manned mission in
terms of sending one big spacecraft to Mars
vs. multiple spacecraft—and it might make
sense to send multiples,” Saeed says.

“For example, if you want to have stag-
gered development of a Mars camp, it might
make sense to have some people and tech-
nology arrive first, then others come in later.
So you would look at it in terms of how it best
makes sense to set up that type of fraction-
ated mission architecture.”

Brown, while focusing on development of
the basic centerpiece requirements to validate
fractionation to the user community (for
DARPA, primarily the military), also sees its
potential to grow, perhaps beyond anything



currently imagined, as happened with a pre-
vious DARPA creation—ARPANET, better
known today as the Internet.

“In the future, if the technologies are
proven and there is acceptance of the ap-
proach, there may be a blurring in the com-
bining of systems, so there could be sharing of
resources between multiple systems. It poten-
tially becomes the next ARPANET, a program
focused on sharing of resources between a
small number of nodes, but [with] those proto-
cols and standards maturing and gaining wider
acceptance, so over time what appears is a
very large, worldwide networking system,” he
explains. “You can imagine this becoming a
system of systems, so the question of what is a
spacecraft becomes difficult to answer.”

oy
In the short term, the contractors believe they
can achieve DARPA’s goal of launching a
functional, proof-of-concept cluster by 2012.

“The F6 concept offers a level of flexibility and

robustness unprecedented in space.”

Lisa Hill
System F6 program manager
Northrop Grumman Space and Mission Systems

It is uncertain what fractionation may become
in the long term if they succeed, but expecta-
tions for its evolution are high.

“There are two paradigms for fractiona-
tion: fractionation of the system, or fractiona-
tion for a service. I think it will start out as
fractionation of the system, but we eventually
will end up with an infrastructure in desirable
orbits and, given the resolution or manage-
ment of issues of classification, if you are in a
good orbit it might be less expensive for a user
to just add his satellite to an existing cluster,”
Rubens concludes. “So I think we will gradu-
ally transition into fractionation as a service;
that is Dr. Brown’s long-term vision for F6.” A

BE A LIFELONG CONTRIBUTOR... _

Become an AIAA Lifetime Member!

ember Norman Bergrun on celebrating his 60th year as an

member:

“My interest in aerospace is lifelong and I expect to
continue making contributions.... The Lifetime
Membership opportunity ... provided expression for my
everlasting interest in and association with aerospace.”

For those with established careers, Lifetime Membership demonstrates
an ongoing commitment to your chosen profession. The cost is $1,275,
equivalent to 15 years of annual dues, and several payment plans
are available.
Whether you are just getting involved, need
to be involved, or want to stay involved,
AlAA Lifetime Membership is for you.

For more information, contact:
Sonja Moore ¢ 703.264.7537 * E-mail: sonjam@aiaa.org

AEROSPACE AMERICA/FEBRUARY 2009 37



