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U.S. ballistic missile defense efforts have received significant attention
in recent months, particularly with regard to the overseas deployment of interceptors. But while the media attention may be new, the
underlying issues are not. Since the beginning of the Space Age,
the United States has pursued numerous ballistic missile defense
initiatives—and throughout, The Aerospace Corporation has served
as a trusted technical advisor, evaluating threats and assessing defensive measures.
What is new is the way that previously independent elements, ranging from forward radars to infrared satellites, are being integrated
to form the comprehensive Ballistic Missile Defense System (BMDS).
Many of these elements are the legacies of programs—for example,
Brilliant Eyes—that have evolved over the course of many years or
even decades, adapting, sometimes radically, to new technologies,
funding priorities, and perceived threat environments. Throughout this
evolution, Aerospace has worked alongside the U.S. government,
and continues to work closely with the Missile Defense Agency as it
develops, tests, and implements the various system components.
In fielding this complex system, the Department of Defense has
adopted a pragmatic acquisition plan. Spiral development in twoyear blocks allows for an iterative process whereby older elements
can be combined and eventually replaced with newer ones in an
increasingly integrated system. Procurement is designed to be flexible enough to accommodate advances in technology, refinements
in threat models, and changes in warfighter needs.
The BMDS is a layered system designed to engage and intercept
missiles in all phases of flight—boost, ascent, midcourse, and terminal.
For example, the Airborne Laser is designed to autonomously detect,
track, and destroy ballistic missiles in their boost phase. Various satellite assets will not only detect missile launches but track the vehicles
as they travel through space. A variety of sea- and land-based radars
will detect and follow a missile’s trajectory, cueing the appropriate
interceptors. A command and control, battle management, and communications system ties it all together, alerting U.S. command centers
worldwide as events unfold.
Meanwhile, behind-the-scenes functions such as threat modeling
and intelligence gathering are essential to ensuring that the system
will remain focused on the right threats and will handle them in the
right way.
Aerospace is also involved in testing the elements of the BMDS,
especially as they are integrated into the overall system. The corporation’s expertise in systems-of-systems engineering is also relied upon
to bring the BMDS together. Earlier this year, the Missile Defense
Agency began moving its offices to Huntsville, Alabama, and Aerospace also opened offices there to enhance collaboration.
Today, as always, missile defense presents some of the more intriguing technical challenges. This issue of Crosslink takes a close look at
The Aerospace Corporation’s work in helping the Missile Defense
Agency gradually and systematically bring the BMDS to full operational capability.

Headlines
Wanda Austin Appointed President and CEO
Wanda M. Austin became the sixth president and chief executive officer of The Aerospace Corporation January 1. William F.
Ballhaus Jr., the corporation’s previous president, in his announcement of her appointment praised her “technical and management
experience and her proven leadership skills” as well as her extensive
knowledge of the corporation and the programs it supports. Austin
has a Ph.D. in systems engineering and has served Aerospace for
nearly 30 years, most recently as senior vice president of the corporation’s National Systems Group in Chantilly, Virginia.
In addition to her distinguished work with Aerospace, Austin
has received many awards and citations for her contributions to
the profession outside the corporation. Her latest awards include
election to the National Academy of Engineering in February and
presentation of the NASA Public Service Medal in March. Membership in the National Academy of Engineering is a professional

distinction among the highest
an engineer can achieve. The
academy cited Austin for leadership in the engineering and
integration of national space
intelligence systems. NASA’s
Public Service Medal is reserved
for those who have made exceptional contributions to its mission. NASA praised Austin for
her service as a member of the
NASA Advisory Council. For
more on Austin, see the profile
in this Crosslink issue.

Courtesy of United Launch Alliance

An Atlas V successfully launched from
Vandenberg Air Force Base March 13,
2008, carrying a National Reconnaissance Office payload into orbit. It was the
first Atlas V to launch from Vandenberg
and the first launch of 2008. Two days
later, a Delta II, carrying a GPS IIR19(M) satellite, successfully lifted off
from Cape Canaveral Air Force Station.
It was the first Air Force launch from
the Cape this year. The two launches
continued the streak of consecutive sucAtlas V
cessful national security space operational
launches, bringing the total to 58.
Ray Johnson, vice president of The Aerospace Corporation Space
Launch Operations, congratulated both Atlas V and Delta II teams
for their successful launches. He called the Atlas V launch “a perfect mission” and thanked the Vandenberg Aerospace team for its
work of several years to get Space Launch Complex 3E (SLC-3E)
ready to support the Atlas program. The complex was significantly
modified for this next generation of space launch vehicles. Crews

e xtended the height of an existing
210-foot mobile service tower and umbilical tower by 30 feet each, lengthened
the service tower’s hammerhead, and installed a new 60-ton bridge crane.
The crews also built a new launch exhaust duct, fabricated a new fixed launch
platform, installed a new water system
for acoustic suppression, and modified
the launch services building. Other tasks
included construction of a new heating, ventilating, and air-conditioning
Delta II
(HVAC) building and electrical sub
station, improvements to the physical
security system, expansion of the complex’s fuel storage and loading
systems, modifications to the mobile service tower’s platforms, and
installation of a new umbilical tower lighting mast and umbilical
booms. Aerospace was heavily involved in this effort by providing
systems engineering support. “The resulting SLC-3E is arguably
the best space launch facility in the world,” said Joe Wambolt, principal director of the Aerospace Western Range Directorate.

Software Uploads Cause GPS IIR Anomaly
The Aerospace Corporation was part of a team of Air Force and
contractor personnel that determined the cause of six instances
of anomalous navigation signals broadcast by GPS Block IIR
satellites during October 2007. Navigation data uploads from the
control segment induced upsets in the onboard mission data unit
processors, according to John Berg and Karl Kovach of the Aerospace Navigation Division, who described the anomalies and their
prompt resolution.
“GPS operations and engineering personnel responded to
these anomalies in an outstanding manner—rapidly diagnosing
the anomaly, quickly developing a thorough understanding of the
mechanism by which the anomaly was induced, and expediently
changing the control segment software to completely preclude
any reoccurrence of the anomaly,” said Berg. It turned out that the
uploads that induced the processor upsets exceeded a constraint
2 • Crosslink Spring 2008

that was not documented in the space vehicle’s upload format
specification.
Five GPS Block IIR satellites and one Block IIR(M) satellite
experienced the anomalies from Oct. 8 through 10 that caused outages lasting approximately 2 to 12 hours. With the exception of the
first two anomalies, which overlapped, the anomalies affected only
one satellite at a time and were limited to payload operations and
functions. According to Kovach, the satellite orbit, attitude control,
and command and telemetry functions were not affected, nor was
the payload hardware.
“Once the problem was clearly understood, the chosen course of
action was to slightly modify the control segment’s Block IIR upload software to prevent the problem. Since the modified code was
installed, there have been and will be no further upload anomalies
related to this problem,” said Kovach.

Courtesy of United Launch Alliance

String of Successful Launches Continues

Aerospace Navigates with New M-Code GPS Satellites
The successful launch of the sixth GPS Block IIR-M satellite on
March 15, 2008, has placed enough modernized satellites on orbit
to provide regular intervals of four-in-view visibility at The Aerospace Corporation’s headquarters in El Segundo, CA. On March
26, 2008, the Aerospace engineering staff used a software-defined
GPS receiver developed in-house to compute real-time navigation
solutions using the new modernized military signals. John Langer,
principal director for GPS User Systems, believes this is the first
time that a navigation solution was generated exclusively from the
M-code signal. While still a laboratory technology demonstration,
the event “marks a major milestone in the development of the modernized GPS system,” he said.
The new M-code is designed to preserve the United States’s
asymmetric advantage in military navigation, Langer said. “It’s specifically designed for more sophisticated levels of electronic warfare
than previous military signals.” All military signals are designed to
resist electronic attack, but the M-code is significantly more robust.
“Using a technique called spectral separation, we can provide additional power to the military without interfering with civil use,” he
said. “It enhances jam resistance, and it enables us to deny adversarial use of the civil signal in a local theater of interest while retaining
a powerful jam-resistant signal for the military.”
To ensure four satellites in view anywhere on Earth requires a
constellation of 18 or more satellites, so it will be some years before
the GPS M-code Initial Operating Capability will be complete.
Nonetheless, the current six GPS satellites broadcasting M-code
are sufficient to provide four-in-view coverage for intervals of ten
minutes or more at select locations. This is enough to support a
robust test campaign, Langer said.

Kevin King, Jason Hsu, Alan Choy, and Alberto Arredondo with the FPGA card
hosting the software-defined GPS receiver used to navigate with M-code signals.

Langer noted that Aerospace was part of the team that designed
the M-code signal, and participated in the government procurement of the satellites and the ground systems. He said he hopes to
organize a small conference at Aerospace focusing on early access to
M-code so that other research organizations can exchange insights
and push the technology a little further. “I believe that this effort
will build momentum behind the GPS modernization effort and
ultimately be a good thing for the GPS modernization programs,”
he said.

The Aerospace Corporation Center for Orbital and Reentry Debris Studies
(CORDS) looks at the growing issue of space debris and hazards associated
with the reentry of spacecraft into the atmosphere. The center also develops
techniques to mitigate collisions among space objects on orbit, according to
William H. Ailor, center director.
Although some debris from reentering objects does survive reentry, most
objects are never found or reported. Most commonly, debris lands in water or in
uninhabited areas. According to the center’s studies, there are no known injuries
caused by space debris, to date. Only one case was reported of a person “struck”
by debris: a lightweight fragment of debris brushed the shoulder of a woman in
Oklahoma in 1997.
Recently, an out-of-control spy satellite falling toward Earth threatened to
unload 1000 pounds of hydrazine on the planet. To prevent that from happening, the U.S. Navy shot down the satellite on Feb. 20 with a missile fired
from the USS Lake Erie. The Pentagon’s analysis of the debris field showed
that the satellite’s hydrazine-filled fuel tank had been destroyed by the missile
and that no hazardous debris had landed on Earth. Wanda Austin, Aerospace
president and CEO, said that Aerospace provided data on space debris prior to
the shoot-down of the satellite and analytical support to several customers who
were involved in the activity.
Researchers are aware of only one instance in which hazardous materials survived reentry and were encountered in Earth’s surface: In 1978, debris from the
Soviet satellite Cosmos 954 landed in Canada. Some of the debris was radio
active. It was cleaned up with no injuries reported.

Courtesy of U.S. Navy

Aerospace Studies Errant Satellite

A single modified tactical Standard Missile-3 (SM-3) launches
from the USS Lake Erie to shoot down an errant military satellite.
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Profile

An Interview with The Aerospace Corporation President and CEO Wanda M. Austin

A Commitment to
Core Values and
Mission Success

Wanda Austin’s career has spanned nearly three decades with Aerospace.
Now, she’s stepped into the role of a lifetime: president and CEO.
by Nancy Profera

L

ike many others who come to The Aerospace Corporation expecting to work at the company for a few years
before moving on, Wanda Austin stayed on because she
found the technical challenges and opportunities for growth to
be so vast. “It is fascinating work. It is work that is important.
And it is work with people who just love what they are doing,
and are very, very talented,” Austin said in a recent interview.
Today, after nearly 30 years at Aerospace, she has risen to the
corporation’s helm, having stepped into the role of president
and CEO on January 1, 2008.
The new CEO is dedicated to guiding the corporation she
envisions will continue to be a leading architect of national
security space programs and a principal technical resource for
space and launch programs of national significance. Aerospace,
a private, nonprofit corporation, operates a federally funded
research and development center; in that role it is accountable
to provide its government customers with objective analysis
and advice as a key partner in mission success. “Our goal is
100-percent mission success for our customers,” Austin said.
That goal is being realized as Aerospace and its customers are
enjoying a record-setting string of successes. “This doesn’t just
happen,” Austin explained. “It is very much a disciplined process
where people understand the importance of mission assurance.” Aerospace’s testing, verification, and validation process is
designed to ensure that what is being launched is, in fact, what
has been designed and requested; adhering to this disciplined
process is what allows for success after success, she said.
“It requires having an astute team that can recognize when
something is not right. It requires strong leadership so that
when someone raises an issue, all sides recognize the importance
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of stopping, of making sure we understand the problem and
have taken the necessary corrective actions,” Austin said, adding,
“I think it’s really important that people understand that you
can lose that process by cutting corners, by trying to save schedule or cost—which ultimately will cost you the entire mission
if you’re not careful. We went through a period in the late ’90s
during acquisition reform where we experienced that. And we
are still recovering because a lot of the space systems that were
formulated during that time have not flown yet. We still have a
lot of hard work in front of us.”
Soon after Austin began her presidency, she met with the
entire senior management team and corporate officers to give
them an opportunity to discuss issues that are important going forward. New and existing technical areas where Aerospace
needs to be a leader were identified, but the discussions also led
to reinforcement of the corporation’s core values: dedication to
mission success, technical excellence, commitment to employees,
objectivity, and integrity. “Making sure we continue to adhere to
those values is really, really key. Every employee contributes to
making Aerospace successful,” said Austin.
Aerospace’s internationally renowned experts help drive
innovation, reliability, and mission success for the U.S. space
community. Austin expects that the Aerospace that exists 10
years from now will need even greater expertise in systems-ofsystems and capabilities engineering. She said it is imperative
that the technical staff understands the capabilities of the systems being delivered, how they interact with other systems, and
how they can be optimized for even greater value.
“We used to design and develop hardware as a stovepipe, as
an entity into and of itself. Our world is far more complex. Our

on having our systems work and having them work right. It was a
great learning experience.”
At one point in her career, Austin had what now seems a prophetic conversation with then–Aerospace president, Eberhardt
Rechtin. He encouraged her and said she had tremendous potential,
but told her that one of the things she would need was a Ph.D.
With that encouragement and the corporation’s support, Austin
went on to earn her Ph.D. in systems engineering from the University of Southern California. Today, Austin is internationally
recognized for her work in satellite and payload system acquisition,
systems engineering, and system simulation.
Over the years, Austin filled a series of leadership positions at
Aerospace. She served as manager for Air Force Satellite Communications Systems, systems director for the Milstar Space Segment Directorate, principal director of the System Development
and Operations Subdivision, general manager of the Electronic
Systems and Milsatcom Divisions, senior vice president of ETG,
and finally senior vice president of the National Systems Group,
a post that took her back to the East Coast for several years. “At
some leadership levels,” she said, “you’re really focusing on helping
people be the best technical contributors that they can be, while at
the same time keeping up your own skills.” As a person goes up the
corporate ladder, it becomes more
important to understand the bigger
picture. “By the time you get to be
general manager, you really have a
corporate responsibility. And so you
are enabling your specific organization to do its part in making sure
Early Enthusiasm for Math
the corporation meets its mission,
Austin grew up in New York City, and
but you also have an eye for making
was motivated from an early age by an
decisions on the basis of what’s best
interest in mathematics. “It was not
for the company,” she explained.
something that was taken for granted
Other lessons in leadership, she
in my community that people would
explained, include “figuring out
go to college.” Austin graduated from
what it is that you are responsible
Franklin and Marshall College with
for doing—what no one else in
a bachelor’s degree in math and went
your organization can do, and makon to receive her master’s degree in
ing sure that you do that first—
math and civil engineering from the
because people won’t be able to do
Wanda Austin addresses a packed room of employees at her first quarUniversity of Pittsburgh. It was there
their jobs if you haven’t done your
terly report as president and CEO of The Aerospace Corporation.
that her career path really took shape:
piece of it.” Then, she said, delegate
“At graduate school, I discovered
what you can. “They’re not going
engineering—that this was the thing that I could really get excited
to do it exactly the same way that you would have done it, but it’s a
about.”
learning process for them, and with your guidance, they’ll be sucAustin began working at Aerospace in 1979 in the Information
cessful.” Another critical point is to “always make certain of being
Processing Division, which supported the satellite operation side of fair,” she said. “Make sure that your expectations are realistic and
space systems. Her first assignments drew upon her experience in
that employees have a good chance of being successful at the things
systems modeling. “I had an opportunity to get a glimpse, firsthand, you are asking them to do.”
of what it meant to really develop a system that operated a satelAfter 29 years (and counting), what has been most rewarding to
lite, and I had an opportunity to interact with people and underAustin in her career at Aerospace? “The satisfaction comes from
stand how important the capabilities were that we were delivering
having mission success, without a doubt. When you’re standing at a
through those systems. That was, I think, when I just got the bug
launchpad and things go well, and you get to the point where the
and was sold on the work we were doing here.” She later transferred rocket lifts off and delivers a payload exactly where it’s supposed to
to the Defense Dissemination Program, a classified program that
be, and everything works in accordance with the plan, there’s a treinvolved travel to locations around the world. “That was a great exmendous, tremendous sense of satisfaction,” she said. “I don’t think
perience, because you get a firsthand exposure to the importance of
that there is a paycheck in the world big enough to equal the thrill
the mission and the people who, around the world, were depending
that you get from accomplishing a successful mission.”
systems interact with each other. We have satellite systems, and uncrewed as well as crewed systems that are operating fairly independently. And so, when we talk about architecting the future of space,
it’s really important to do it in terms of those future capabilities,”
Austin said.
In terms of technical challenges for the corporation, top items
also include cyber warfare and space protection—how to ensure
that the United States maintains its preeminence in space. “Aerospace is uniquely positioned to help its customers in this area because of its backplane of support across the national security space
community. We will continue our focus on mission success—both
short- and long term,” she said.
Workforce development will also remain a high priority. “We
don’t deliver hardware or software, but we do deliver the capabilities
of our people. And so, we need to pay attention to developing our
workforce, developing talent for our future, developing leaders for
the future,” Austin said.
“If I were talking about a vision going forward, the first thing
I would talk about is maximizing our value and contributions to
the national security space community. This is consistent with our
corporate values and it is why we operate an FFRDC. It is really
important that people understand what makes us different, and
why we make the decisions that we do
in terms of engaging on hard issues,
providing data, and delivering difficult
messages to customers to better enable them to make hard choices about
how to go forward,” Austin said.
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A History of The Aerospace Corporation’s
Work in Missile Defense
Throughout the long and occasionally contentious history of national missile
defense, The Aerospace Corporation has provided consistent and crucial support to
every major program and technology initiative.
Jon S. Bach

T

he timeline of U.S. ballistic missile defense (BMD)
extends back to World War II, but begins in earnest
with the start of the Space Age. It moves through
the Cold War and the era of President Ronald Reagan’s
Strategic Defense Initiative (SDI) up to today’s Missile Defense Agency and the integrated Ballistic Missile Defense
System. It progresses from an early emphasis on terminalphase nuclear interceptors to the current focus on diverse
multilayer missile-kill techniques.
Throughout the years, The Aerospace Corporation played
an important role in the evolution of BMD concepts. When
Aerospace was created in 1960, its initial contract was with
the Air Force Ballistic Missiles Division, supporting the
development of advanced ballistic missile technologies and
missile defense programs. Aerospace was to be collocated
with the appropriate Air Force organizations to provide
the necessary support. Within months of the corporation’s
formation, the Air Force decided to move its Ballistic Missiles Division to Norton Air Force Base in San Bernardino,
California, about 80 miles east of Aerospace headquarters in
El Segundo. Aerospace followed, setting up a secondary corporate location known as San Bernardino Operations that
would ultimately include more than 1000 employees supporting missile development and defense programs.
Although the San Bernardino location would be active
only until 1972, when the Air Force returned its reentry vehicle program to El Segundo, Aerospace remained active in
the area of ballistic missile defense and continues to support
it today.

Early BMD

The roots of ballistic missile defense reach back to the V-2
rocket developed for Nazi Germany by a team that included
the famed engineer Wernher von Braun. The first modern
long-range rocket to be used in warfare, the V-2 was clearly
a powerful force capable of great harm; so, not long after
Crosslink Spring 2008 • 6

World War II, the United States began to explore ways of
intercepting and destroying such rockets.
In 1946, the U.S. Army Air Force began the Thumper
and Wizard programs, which pursued a basic antiballistic
missile (ABM) design. Wizard was to develop a missile that
could intercept a ballistic missile traveling up to 4000 mph
at altitudes ranging from 60,000 to 500,000 ft. During the
1950s, the United States also focused intensively on the
development of families of offensive missiles (Atlas, Thor,
etc.). Although these were for use in striking enemy targets,
they later served as launch vehicles in the space program, too.
Some BMD programs progressed very far through development, only to be canceled before deployment—usually because of cost or technical infeasibility. Others were canceled,
only to reappear later under a new name.
For example, the Army’s Nike programs were originally
focused on air defense, but turned their attention to ballistic
missiles. The Nike-Hercules could intercept some low-speed,
short-range ballistic missiles, but not ICBMs (intercontinental ballistic missiles). The Army asked Bell Labs to
develop a system based on Nike-Hercules that could shoot
down ballistic warheads; this became Nike-Zeus. It made
use of a nuclear warhead. Ultimately, the Nike-Zeus system
was not deployed for several reasons, including limitations in
radar and computer technologies.
Nike-X was a two-tiered defense program, composed of
a Nike-Zeus missile, enhanced for greater power and range,
supported by the faster shorter-range Sprint missile and
much improved radars over Nike-Zeus. It was planned as a
terminal-phase endoatmospheric system, one that could intercept and destroy reentry vehicles that had returned to the
atmosphere. In 1960, Aerospace was given general systems
engineering and technical direction (GSE/TD) responsibility for the Nike Targets program, established to support the
Army’s development of Nike-X through testing and evaluation. By June 1962, the first target vehicle was launched on

A Nike-Zeus poised for firing at the White Sands
Missile Range in New Mexico. Aerospace opened an
office in White Sands in July 1962 to support ballistic
missile development and defense programs.

an Atlas booster to test the Nike radars at
Kwajalein Atoll in the South Pacific.
In the 1960s, the Ballistic Missile Boost
Intercept (BAMBI) system was initiated
through Project Defender, an ongoing
BMD research effort conducted by the Department of Defense’s Advanced Research
Projects Agency. (Project Defender also
gave rise to another program of particular importance to Aerospace: the Missile
Defense Alarm System, or MIDAS, precursor to the Defense Support Program.)
BAMBI was intended to destroy ICBMs
in the boost phase. It would consist of loworbiting satellites that would keep watch on
Soviet launch sites and fire missiles against
a launched ICBM upon detecting infrared
emissions from its engines. In one concept,
the BAMBI missiles were to deploy wire
meshes to kinetically disable the ICBMs.
Aerospace was tasked with GSE/TD. Sam
Tennant, who later became Aerospace president, joined the corporation as manager of
the BAMBI program in 1961. BAMBI was
eventually dropped because of costs, reliability, and safety issues.

Sentinel, Safeguard,
and the ABM Treaty

The Sentinel program, announced in 1963
by Secretary of Defense Robert McNamara,
was a realigned version of the Nike-X program. It included the Spartan (formerly
Nike-Zeus) missile for exoatmospheric
intercepts, the Sprint missile for endoatmospheric intercepts, and radar and computer
systems. Sentinel was to provide defense for

the continental United States, protecting
major cities from ICBM attacks.
In 1969, President Richard Nixon announced that instead of Sentinel, the
United States would install Safeguard. It
also made use of nuclear-tipped Spartan
and Sprint missiles and employed the same
radar technology, but it would be deployed
at fewer sites and would be less costly to develop. Aerospace helped support Safeguard.
The Army had asked the Air Force for reentry targets for use in developing the system.
So, beginning in 1969, the corporation proReentry vehicle over Kwajalein in the South Pacific
circa 1970. Aerospace supported programs that invided GSE/TD for the Safeguard Systems
volved launching missiles toward Kwajalein to test the
Test Target Program. This effort prepared
Nike-Zeus and Safeguard ABM radars and systems.
ICBM reentry vehicle targets, which were
successfully launched on Minuteman I and
The Strategic Defense Initiative
Titan II boosters from Vandenberg headed
On March 23, 1983, President Reagan
toward Army test sites on Kwajalein. The
data obtained from the testing were used to introduced the SDI, a research program to
develop technologies that would protect the
evaluate ABM designs.
United States from nuclear ballistic missile
Unlike Sentinel, which was to protect
attacks. These BMD technologies would
major cities, Safeguard had the goal of proinclude both ground- and space-based
tecting ICBM sites. This was the result of
systems.
technical limitations, public opposition to
In National Security Decision Directive
locating nuclear missiles near population
85, Reagan officially called for Americans
centers, and the terms of the 1972 ABM
Treaty that emerged from the first Strategic to “decrease our reliance on the threat of
retaliation by offensive nuclear weapons and
Arms Limitation Talks (SALT) between
to increase the contribution of defensive
the Soviet Union and the United States.
systems to our security and that of our alThe treaty, signed by Nixon and Soviet
lies.” He announced SDI as a long-term
General Secretary Leonid Brezhnev, deR&D program for this purpose that would
tailed what the nations were and were not
honor the country’s ABM Treaty obligapermitted to do in the realm of missile detions. He even offered, in meetings with
fense. For example, it banned space-based,
Mikhail Gorbachev in 1986, to share techsea-based, and mobile land-based ABM
nology with the Soviets. With SDI’s new
systems. It also limited the superpowers to
focus on defense rather than deterrence, the
two missile defense sites each, with each
priority was no longer the standoff based on
site having a maximum of 100 interceptors.
Under these terms, each country could have MAD (mutually assured destruction) previously associated with the Cold War; rather,
one site defending its capital and another
it became the creation of a “leakproof ”
defending a missile field.
system that could meet an aggressive largeA 1974 treaty modification limited each
country to just a single ABM
system, with up to 100 interceptors. The Soviet system
used Galosh interceptors to
protect Moscow, and decades
later, that basic system is still
active. The U.S. system was
the short-lived Safeguard, intended to defend Minuteman
ICBMs near Grand Forks,
North Dakota. It was operational for only four months;
then, in February 1976, Congress directed the Department
of Defense to close the site.
Technical problems with its
radar systems were part of
the decision, as were concerns Artist’s rendition of the San Bernardino offices, which housed Aerospace operations supporting ballistic missile defense and deterrence
over cost and effectiveness.
programs from 1963 through 1972.
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pointing requirements had been identified,
and technology programs for the pointing,
tracking, and structural dynamics of large
space-based optics.

SDI Components

Two concepts for the Boost Surveillance and Tracking System (BSTS) in 1987. Aerospace supported research,
concept development, and validation for this and other space-based SDI elements.

scale threat to national safety (specifically, a
Soviet ICBM barrage).
This was a tall order, and the solution was
correspondingly elaborate. Complex, multilayered, and driven by the newest technology, the SDI plan was called “Star Wars” in
reference to the popular science-fiction film.
(The name originated with SDI’s detractors
but was adopted by supporters, as well.)
SDI contained programs for developing
laser and neutral-particle-beam weapons as
well as space-based sensors and interceptors. Ambitious designs included laser battle
stations and satellites carrying nuclearpumped x-ray lasers. SDI’s overall goal was
to produce a good defense at an appropriate
cost, using sensors and weapons targeting
all phases of flight. The early years saw a focus on directed-energy weapons, including
lasers and particle beams, for boost-phase
kill. Later, that focus would shift to kineticenergy weapons (interceptors) for both
boost- and midcourse-phase kill. Although
SDI was never fully realized, it was of tremendous historical importance. The R&D
work had far-reaching effects.
Philosophically, the program’s movement from deterrence to defense was a big
change. Reagan stated, “If the Soviet Union
will join with us in our effort to achieve
major arms reduction we will have succeeded in stabilizing the nuclear balance…
Wouldn’t it be better to save lives than to
avenge them?” That often-quoted question
resonated powerfully with many Americans.
In April 1984, the Department of Defense chartered the Strategic Defense Initiative Organization (SDIO), to be headed
by Air Force Lt. Gen. James A. Abrahamson. SDIO brought missile defense
programs together from a number of
8 • Crosslink Spring 2008

The multilayer Phase One Strategic Defense System had three major space-based
elements: the Boost Surveillance and Tracking System (BSTS), the Space Surveillance
and Tracking System (SSTS), and the
Space-Based Interceptor (SBI). Aerospace
supported demonstration and validation efforts for these and other technologies.
The Boost Surveillance and Tracking
System was intended to detect missile
launches and track missile trajectories, especially in boost phase. It was removed from
the SDI architecture and transferred from
SDIO to the Air Force in the early 1990s
because of simplifications made possible
by the Brilliant Pebbles system. So, it did
not enter full-scale development. Aerospace provided support for BSTS, and in
1990, participated in the completion of the
demonstration and validation program, the
final design review, ground demonstrations,
and simulations to verify sensor and dataprocessing performance. Although BSTS
was removed from SDI, BSTS-generated
technology and design data were included
in a new Air Force program for an advanced
missile warning system outside of SDI.
The Space Surveillance and Tracking
System was supposed to provide spacebased acquisition, tracking, and discrimination of incoming ballistic targets. The
original concept proved to be too unwieldy,
and in 1990, Aerospace personnel served on
a team led by the Air Force tasked to define
a distributed version of SSTS. This came to
be known as Brilliant Eyes, conceived as a
large constellation of small spacecraft that
would perform midcourse ICBM detection
and tracking as well as discrimination of

government agencies with a clear goal—to
develop non-nuclear missile defenses. Until
then, most ABM systems were primarily
managed by the Army. SDIO has evolved
through the years; in 1993, it was renamed
the Ballistic Missile Defense Organization (BMDO) to reflect a shift in emphasis
from global protection to theater defense. It
subsequently became the Missile Defense
Agency (MDA), as it is known today.
Aerospace’s involvement in SDI was
substantial. The corporation supported a
number of programs managed by the Air
Force’s Space Systems Division and had a
role in the development of SDI architecture
and analysis, and in research areas of sensor,
spacecraft, interceptor, and directed-energy
weapon technology. Aerospace played
a prominent role on SDIO’s Phase One
Engineering Team (POET), focused on
developing a Phase One Strategic Defense
System to enhance deterrence. Aerospace
worked with the technologies of neutralparticle beams, kinetic-energy weapons,
infrared focal planes, cryo
coolers, and electric power.
In the area of phenomenology, Aerospace scientists
participated in projects such
as the Delta 180–183 series
of experiments, the Infrared Background Signature
Survey, and the Midcourse
Space Experiment and led
phenomenology working
groups for SBI and Brilliant Pebbles (see below).
The company supported
the creation and evaluation
Conceptual drawing of Brilliant Pebbles spacecraft in 1992. Brilliant
of SDI architectures whose
Pebbles was envisioned as a constellation of tiny satellites for negating
acquisition, tracking, and
ballistic missiles in flight.

Target

Charge exchange cell
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Optics
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Accelerator

Conceptual drawings of several space-based chemical laser and directed-energy weapons, among the many proposals that Aerospace studied under SDI.

warheads from decoys and debris. Aerospace was active in concept development,
and throughout the early 1990s, made many
contributions to this program. The Brilliant Eyes system became a critical part of
SDIO’s Global Protection Against Limited
Strikes (GPALS) program. In the late
1990s, Brilliant Eyes became the low Earth
orbit component of the Air Force’s SpaceBased Infrared System (SBIRS) program.
In its latest incarnation, it is known as the
Space Tracking and Surveillance System,
part of the space element of the Ballistic
Missile Defense System.
The Space-Based Interceptor program
was originally intended to house kinetic interceptors within large satellites; they would
detect Soviet ICBM launches and destroy
the missiles in their boost phase. The size
and cost of the satellites and interceptors
proved to be a major drawback. In 1989, the
prevailing SBI concept was replaced with
Brilliant Pebbles, a space-based ABM system consisting of thousands of small satel-

Aerospace supported a number of hover tests at Edwards Air Force Base in the late ‘80s and early ‘90s.

lites with kinetic warheads. Brilliant Pebbles
was intended to detect and destroy missiles
without any external guidance; it was designed to work in conjunction with Brilliant
Eyes. The program was canceled in 1994,
but more recently has been reevaluated.
Aerospace supported a number of hover
experiments and miniature kill vehicle assessments in support of SBI. The Aerospace
1990 annual report noted that the greatest
Brilliant Pebbles technology development
of the year was “an on-target hover flight at
an Air Force Astronautics Laboratory test
facility, which demonstrated the prototype
of a miniaturized homing interceptor.” In
1991, Aerospace was involved in a hover
test of the Lightweight Exo-Atmospheric
Projectile (LEAP), a fully integrated kinetic
kill vehicle with an electro-optical sensor,
inertial measurement unit, flight-data processor, and divert propulsion. During the
test, the propulsion system lifted the unit
off a cradle and through an onboard preprogrammed flight profile, making it the first
interceptor to perform divert maneuvers
during a hover test.
Aerospace was also involved in investigating other missile-kill technologies.
Notable efforts drew upon the corporation’s longstanding expertise in high-power
chemical lasers. For example, in 1982,
Aerospace supported Talon Gold, a spacebased laser technology experiment intended
to demonstrate target acquisition, tracking,
and pointing. Aerospace activities included
general systems engineering and integration
(GSE&I) in the areas of sensor development, experiment planning, and mission
integration. Later, Aerospace supported the
Starlab program, intended to demonstrate
the extreme pointing accuracies needed
to make directed-energy weapons such
as high-power lasers and neutral-particle
beams a reality in space. Aerospace was
particularly involved with design analyses,

simulations, and brassboard tests of the
control system as well as efforts to accelerate
software development. Even after the demise of SDI, lasers remained an item of interest for ballistic missile defense, and Aerospace supported the Air Force in preparing
BMDO’s Space-Based Laser Integrated
Flight Experiment, particularly in regard to
the Beam-Control Risk-Reduction Testbed.

Beyond the Cold War

Major geopolitical changes were taking
place as the 1980s came to a close, including
the dismantling of the Berlin Wall. The Soviet Union was unraveling, and its ultimate
demise would occur in December 1991.
The collapse of that superpower had critical
implications; for all practical purposes, the
Cold War was over.
With the start of the 1990s, SDI received increased support from Congress.
George H. W. Bush, succeeding Reagan
as President, made Brilliant Pebbles and
GPALS primary elements of the SDI system. SDI, however, was upstaged by other
concerns. During President Bill Clinton’s
administration, Secretary of Defense Les
Aspin renamed the Strategic Defense Initiative Organization as the Ballistic Missile
Defense Organization, and thereby signaled
the end of SDI.
ABM activity took place in the
1990–1991 Gulf War. The first tactical
ABM system to be deployed was the Patriot anti-aircraft missile system, which was
used in attempts to intercept Iraqi Scud
missiles. Patriot’s radar and control systems
had problems, though, in discriminating the
warhead-bearing missile body from other
objects during reentry.
Clinton signed the National Missile
Defense (NMD) Act of 1999, a sparsely
worded law that stipulated deploying
“as soon as is technologically possible an
effective National Missile Defense system.”
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Ron Lash of the Brilliant Eyes baseline design team with a model of the Brilliant Eyes satellite in 1992. Aerospace
supported development of the infrared surveillance satellite under the auspices of SDIO. Brilliant Eyes later
evolved into SBIRS-Low and ultimately became the Space Tracking and Surveillance System (STSS).

However, in a September 2000 speech at
Georgetown University, Clinton announced
that he would not deploy such a system, but
would instead defer the decision to the next
administration. He cited as issues technological readiness, concerns of U.S. allies, and
the opposition of Russia and China. “I simply cannot conclude with the information I
have today,” he stated, “that we have enough
confidence in the technology, and the operational effectiveness of the entire NMD
system, to move forward to deployment.”
On May 1, 2001, President George W.
Bush delivered a speech at the National Defense University in which he stated explicitly, “We must move beyond the constraints”
of the ABM Treaty. He explained why the
treaty was outdated, with reminders that
the Cold War was over and that Russia and
America, while aware of their differences,
were no longer adversaries. “Today’s most
urgent threat stems not from the thousands
of ballistic missiles in the Soviet hands,” he
said, “but from a small number of missiles
in the hands of … states for whom blackmail and terror are a way of life.” As Reagan
and others before him had done, Bush
propounded the need to move beyond the
model of MAD and deterrence into a position more aligned with the realities of the
post–Cold War world.
In December 2001, Bush announced the
U.S. intention to withdraw from the treaty,
and in June 2002, the withdrawal became
official. The United States was no longer
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limited to a single site of interceptors. In
January of 2002, Secretary of Defense
Donald Rumsfeld renamed BMDO as the
Missile Defense Agency. It began developing missile defense systems that the ABM
treaty would have prohibited. The move
was a source of controversy, both within the
United States and among its allies.

Conclusions

Besides simply relaying facts about events
and Aerospace’s role in them, this look at
U.S. ballistic missile defense has provided
an opportunity to observe patterns and
trends over time. It has revealed a number
of contrasts between the present state of affairs and “the way it was” at earlier dates.
Technology has grown vastly more
sophisticated since the early days. Early
ABM systems dealt only with the terminal
phase of missile flight, whereas multi
layered systems that have been introduced
since then attempt to intercept missiles in
all phases—boost, deployment, midcourse,
and terminal. In earlier years, ground-based
defenses played the primary role; today, not
all systems are ground-based—space-based
systems have been considered, though never
deployed. Another shift has been the transition from nuclear warheads to hit-to-kill
technology. A cyclical pattern of concept
formulation, design development, scope
reduction, and cancellation (and resurrection) is also evident throughout the history
of U.S. BMD efforts. For example, the

 arallels between BAMBI and Brilliant
p
Pebbles are easy enough to trace.
When the Space Age began in the late
1950s, the Cold War was on, with the
United States and the Soviet Union as the
only players. With the Soviet Union’s dissolution in 1991, that situation changed,
and so did BMD. More nations became
nuclear-savvy or behaved erratically, and
were perceived in the West as potential
threats. Policies and practices have varied.
The philosophical tenets underlying the
idea of deterrence in MAD gave way to an
orientation to defense as put forth in the
announcement of SDI. There have been
shifts in geographical emphasis, from global
to regional, from national missile defense to
theater missile defense and back again.
BMD has changed during this period, no
question. It will continue to evolve as major
powers and their relationships change. As
in the past, the form missile defense takes
will be not only a function of what the
most current technology enables, but also
a reflection of the leadership and societies
whose ways of life are at stake.
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Ballistic Missile Defense System Sensors
and the Role of Space Systems
The Aerospace Corporation is assisting
the Missile Defense Agency with defining
requirements, identifying new technologies,
and integrating existing sensor capabilities
for the Ballistic Missile Defense System.
Aerospace is also applying rigorous testing
and systems engineering expertise to the
development and operation of the system.
Scott J. Prouty

T

he mission of the Missile Defense Agency (MDA)
is to develop and field an integrated Ballistic Missile Defense System (BMDS) that provides the
homeland, deployed forces, friends, and allies with a layered
defense against ballistic missiles of all ranges in all phases of
flight. To fulfill this mission, the agency is developing, testing, and integrating sensors, interceptors, and a Command
and Control, Battle Management, and Communications
(C2BMC) system into a global architecture that must work
to detect, track, and intercept enemy missiles.
MDA relies on a variety of sensor systems operated on
land and sea and in space to provide the information required to engage missile threats. Sensors used by the BMDS
to detect and warn of upcoming threat launches include
radio-frequency and electro-optical infrared sensors, MDAdeveloped sensor capabilities, and sensor capabilities developed by other agencies that are integrated into the BMDS.
Except for the MDA Space Tracking and Surveillance System, space systems fall into the sensor capabilities developed
by other agencies.
Aerospace is extensively involved in the integration of
these sensor data from sources developed by agencies outside
MDA into the BMDS. Integrating these data allows MDA
to take advantage of the significant investment in hardware,
software, and talent that exists in the nation’s space program.
In cross-agency integration, MDA engineers and acquisition
professionals work with other agencies to develop products
and services that interface between systems.
Aerospace works across the development process to make
space sensor data a valuable tool for the BMDS. These
Aerospace activities are integral to BMDS systems engineering and also to the assessment of the utility of current and
future space capabilities to support the BMDS. Aerospace
has developed MDA requirements for current space systems, defined architectures for future systems, and identified
key technologies that require development to meet future
BMDS needs. In addition, Aerospace provides systems

e ngineering expertise to the development and testing of
BMDS-dedicated ground processing that takes sensor data
from space sensors—to include the Space-Based Infrared
System (SBIRS) and others—and develops products that
could potentially support BMDS operations.
One product from this work is the fusion of infrared
sensor data to develop boost-phase track messages that can
identify missile position and velocity to support cueing of
BMDS ground radar assets. This cueing allows for much
more efficient use of radar resources, thereby increasing
BMDS performance. This capability has been demonstrated
in MDA flight tests and is now in the process of being
folded into more rigorous BMDS testing. Once proven in
testing, it will be a candidate for transition to operations.

BMDS Sensor Architecture

BMDS relies primarily on fixed and transportable radar assets located around the world. These radars include X-band
radars in the forms of the Sea-Based X-band (SBX) radar
and the AN/TPY-2 forward-based radar; the SPY-1 S-band
radar on Aegis ballistic missile defense ships; the Theater
High Altitude Air Defense (THAAD) radar; the Upgraded
Early Warning Radars (UEWR); and the Cobra Dane radar.
The space sensor assets that can most readily be incorporated
into BMDS are overhead nonimaging infrared assets. These
systems include the SBIRS and Defense Support Program
satellites, which were designed to sense the infrared energy
from a missile in flight.
An X-band (wavelength 2.5–4 cm; frequency 8–12 GHz)
radar can search, detect, and track missiles, and distinguish
between warheads and countermeasures. The SBX radar
is built upon a movable sea platform that will improve the
ability to acquire, track, and discriminate countermeasures
during the midcourse phase of flight. The AN/TPY-2 radar
provides information early in the flight of a potential ballistic missile launch and helps discriminate threat reentry
vehicles from associated countermeasures. The THAAD
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attributes that determine if a possible sensor
system is capable of supporting these five
functions. For example, highly accurate
information that is too late or timely information that is inaccurate can negatively
affect the execution of the BMDS mission.
This balancing act between accuracy and
timeliness is one of the major design trades
that continues to be investigated and analyzed within MDA and the external sensor
community. In addition, limited coverage
and availability can adversely affect the benefit of a sensor to support the mission.

Why Space Sensors?

The Sea-Based X-band radar arrives in Pearl Harbor aboard the heavy-lift vessel Blue Marlin on Jan. 9, 2006.

operator about the actions and intent of
an adversary. Next, sensors send a wakeup
call—the “bellringer”—informing an
operator that a threat missile launch has
taken place and that the defense system
should be alerted to be ready to respond.
The Overhead Nonimaging Infrared
(ONIR) missile-warning satellite system,
to include the SBIRS, is the primary provider from space systems of this type of
information.
The third function, “sensor-to-sensor
cueing,” allows a sensor with a threat missile
in track to pass pertinent information on
that missile to another sensor so that it can
efficiently pick up the missile. Again, this is
a function from space systems primarily fulfilled by the SBIRS and ONIR system. The
fourth and fifth functions, “launch on” and
Functionality and Support
“engage on,” occur when the weapon system
Space sensors fulfill five functions in supassigned to defend against the incoming
porting the BMDS. In the first, “situational
threat is activated based on the space sensor
awareness,” a number of national systems
information. Accuracy of the information
provide information to the warfighter/
available from the sensor system and the
capability of the weapon
system differentiate
the criteria of these
two functions. In other
words, does the accuracy
and timeliness of the information available for
the sensor system allow
for the weapon system
to close the fire control
loop and launch and negate an incoming threat
missile?
Sensor accuracy, timing, information latency,
The forward-based AN/TPY-2 radar consists of a solid-state phased-array
coverage, and availX‑band antenna supported by an electronics unit and a cooling unit.
ability are all system
radar is an X-band, phased-array, solid-state
radar that will provide extended coverage
and the ability to engage incoming missiles
more efficiently. The Aegis Ballistic Missile
Defense Program provides an early line of
defense against ballistic missiles. The Aegis
S-band (wavelength 8–15 cm; frequency
2–4 GHz) radar ensures target detection in
adverse weather where X-band radars can
potentially be heavily affected by sea or rain
clutter.
The Ground-Based Midcourse Defense
system also includes the UEWRs and the
L-Band Cobra Dane radar. These radars
provide long-range missile surveillance,
acquisition and tracking, and object classification, as well as update information for the
BMDS exoatmospheric kill vehicle(s).
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Space systems provide global coverage and
a wide-area search capability, allowing space
sensors to monitor the globe looking for
missile launches. These space sensors provide the global look that ground- and seabased radars cannot because of their more
limited fields of regard. Though groundand sea-based radars have a more limited
field of regard, these radars generally provide more detailed and accurate information
on the threat to the BMDS and provide the
fire-control quality data for the weapon system. The persistent, global coverage of space
assets when integrated with the accuracy
of ground and sea-based radars allows the
BMDS to take advantage of the best performance attributes of each sensor type for
improved integrated sensor performance in
support of BMDS mission capabilities.
One of the tools MDA has used in
developing and demonstrating the synergies between different sensors within the
BMDS is a rapid prototype environment
that allows the developers to quickly and
efficiently develop, integrate, and test new
sensor-to-sensor concepts. This rapid prototype environment at MDA is the External
Sensors Laboratory.

External Sensors Laboratory

The External Sensors Laboratory is an
MDA research and development facility
located at the Missile Defense Integration
and Operations Center at Schriever Air
Force Base in Colorado Springs, Colorado.
The laboratory’s mission is to develop and
test concepts for using sensor data from
external space systems—those systems
developed by agencies outside MDA—to
support the BMDS. The laboratory is a
contractor-operated facility designed for
the testing and evaluation of innovative
ideas from industry, FFRDC/UARCs, and
SETAs to determine their potential benefit
to the BMDS mission. Promising ideas
become candidates for further development,
integration, and testing with the goal of
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The integrated Ballistic Missile Defense System (BMDS) consists of a set of sensors, including SBIRS, STSS, and various types of radars; more than half a dozen
interceptor types; and a comprehensive C2BMC system of systems. The BMDS

fully mature concepts being transitioned to
operations. Aerospace plays a key systems
engineering role in this process of exploring innovative ways of using this sensor
data and making products from the data
available to C2BMC and other elements
to increase the performance of sensor and
weapon systems. Using data from external
systems is allowing MDA to experiment
with new algorithms and operation concepts for using the SBIRS and other ONIR
sensor data to generate boost-phase track
messages to cue a radar asset. This capability
allows the radar to generate a more precise
search volume from the track data.
Demonstrating a new capability in the
External Sensors Laboratory is the first
step in the process of maturing a new capability for the BMDS. Further efforts are
under way in developing a robust interface
to C2BMC, participating in MDA ground
testing and flight testing, assessing end-toend BMDS performance, and, finally, implementing and hosting the capability at an
operational location. Aerospace is playing a
key systems engineering role in this work.
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will know the location and state vector of a threat target during all of its system
segments: boost phase, midcourse phase, and reentry. Each of the shooters and
their sensing systems are designed for one of these segments.

Interface to the Warfighter

The key interface for the External Sensors Laboratory is with C2BMC. The
C2BMC provides the primary interface to
the warfighter/operator and is responsible
for providing the command and control,
battle management, and communication
functionality needed to execute the BMDS
mission. Command and control provides
the operator with situational awareness of
the adversary’s action and the operation
status of the defense system mission. This
situational awareness is provided by many
assets, including space assets. Battle management takes place after an adversary missile is in flight. The many activities during
battle management include determining if
the missile is a threat, determining the best
way to counter it, and allocating sensor and
weapon resources to negate the threat.
As part of battle management, space
systems provide the wake-up call to the
BMDS that a threatening missile is in the
air. Additionally, sensor data and the associated products of the External Sensors
Laboratory can provide the track information necessary to cue ground radar in boost

to help it quickly and efficiently acquire the
threat. Providing this boost-phase cueing
information from space assets has been
demonstrated by the External Sensors
Laboratory in flight tests. This capability is
being refined and in the future may become
part of the BMDS operational capability.

Summary

MDA is developing the BMDS to use a set
of land-, sea-, air-, and space-based sensor
assets that provide information to allow the
BMDS operators to use sensor and ultimately weapon systems to negate adversary
missiles. Space sensors bring persistent,
global coverage and provide threat-missile
information of sufficient accuracy and
timeliness to support a variety of BMDS
functions. Aerospace is providing systems
engineering expertise to MDA’s space systems development to include a lead role in
systems engineering in a rapid prototyping
development called the External Sensors Laboratory. The use of space systems
within the BMDS will continue to evolve,
and Aerospace will be an integral player in
this evolution.
Crosslink Spring 2008 • 13

The Missile Defense
Agency’s Space Tracking
and Surveillance System
The Aerospace Corporation has
provided systems engineering since
the 1960s to the development of
satellite systems designed to detect
missile launches, track missiles in
flight, and cue the deployment of
ground-based interceptors. STSS is
one of these systems.
John Watson and Keith P. Zondervan
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STSS is designed to be the low Earth orbiter within the layered Ballistic
Missile Defense System. It complements the geosynchronous DSP and
SBIRS and other ONIR systems and provides tracking cues to systems on
the surface. The STSS program is developed in phases, the first of which is
the launch of two demonstrator satellites. The demonstrators will perform
experiments and prove out systems and processes to establish a knowledge
base for future operational designs.
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T

he United States has had some form
of missile defense since the 1950s.
Early systems relied on groundbased and airborne sensors and interceptors,
but later systems sought to incorporate
space-based components. The addition of
space layers to missile defense offered the
potential for continuous global coverage
and the ability to track objects from launch
to reentry—all without issues of basing in
foreign nations.
Space-layer defense concepts have included interceptors, lasers, and sensors, but
only the sensing element has ever been
operationally deployed—most notably, in
the form of the Defense Support Program
(DSP). These satellites scan the entire Earth
from geosynchronous orbit by means of
infrared sensors, looking for evidence of
missile launches, detonations, and related
phenomena. First launched in 1970, the
DSP satellites are nearing the end of their
service life; the final unit (23) was launched
in November 2007. The decades of DSP
collections have provided operations expertise, a database of target signatures, and
processing innovations; these are the cornerstone of missile defense from space and
provide a foundation for modern designs.
DSP satellites provide early warning
of missile launches, but they were not
originally intended to track missiles beyond
booster burnout. Since the 1980s, various
options have been considered for developing a missile-tracking satellite system.
In the mid-1980s, the Strategic Defense
Initiative Organization (SDIO) proposed
a constellation of tracking satellites in low
Earth orbit known as the Space Surveillance and Tracking System. This concept
evolved within a few years to a modified
concept and a new name—Brilliant Eyes.
Development of this system was transferred
later to the Air Force, which was tasked
with developing a comprehensive system
for early warning and tracking known as the
Space-Based Infrared System (SBIRS). The
system would have geosynchronous (GEO)
and highly elliptical (HEO) components,
known as SBIRS-High, to replace DSP, as
well as a new low-orbit component, known
as SBIRS-Low. Brilliant Eyes was thus restructured as SBIRS-Low.
During its first decade, SDIO also went
through transitions. It was renamed as the
Ballistic Missile Defense Organization
(BMDO) and its mission changed. New national initiatives provided the basis in 2002
for today’s Missile Defense Agency (MDA).
The Brilliant Eyes program initiated
the development of two nearly identical
demonstration satellites known as the

Flight Demonstration System (FDS). After
development of the major subsystems, a
change in the acquisition approach resulted
in termination of the FDS effort and storage of the hardware. Instead, development
of the operational system commenced. After spending only a little more than a year
on this operational approach, the schedule
was deemed unrealistic; the effort was
terminated, and the decision was made to
take the FDS satellites from storage and
fly them as originally planned. The rebirth
of FDS occurred in 2002 and coincided
with the program being transferred back
to the Missile Defense Agency with a new
name—the Space Tracking and Surveillance System (STSS).
Changes in name reflected changes
in mission for the overall missile defense
system. Over the years, the primary focus
shifted from national missile defense, to
global protection against a limited strike,
to theater missile defense, to protection of
limited geographic regions and U.S. targets
against a limited strike. The current vision
for the Ballistic Missile Defense System
(BMDS) is a layered defense, with the uppermost layers composed of the Air Force
warning satellites, DSP, SBIRS-High, and
other Overhead Non-imaging Infrared
(ONIR) systems. These would be supported
by the STSS operational constellation in
low Earth orbit. The next layers would be
the sea- and ground-based radars, each with
its own altitude regime. Overall, the BMDS
must have the flexibility to react to an
evolving set of proliferating threats.
In 1984, Aerospace established a missile defense group at what was then the Air
Force Space Division to support the space
layers of SDIO. In the 1980s Aerospace
supported a half-dozen major space systems
focused on one or another missile defense
mission. (There are actually four mission areas, and each imposes design requirements:
missile warning, battlespace assessment,
technical intelligence, and missile defense.)
Aerospace engineers developed the first reference concept for use as a design starting
point for Brilliant Eyes in the early 1990s.
Aerospace remains a major contributor
to the systems engineering of
the space layers of missile
defense for the United
States.

The Role of STSS

STSS will be a constellation of satellites
with both missile warning and tracking
capability. It will improve the effectiveness
of the BMDS by enabling earlier and more
precise intercepts. When the constellation
is fully deployed, STSS will provide stereo
(two-satellite) coverage for determining
target position information. The ratio of the
radiation emitted by the target to that from
the background radiation affects the capability of the sensor to effectively detect and
track the target. The sensor will operate in
multiple spectral wavebands, each tailored
to detect observable phenomena particular
to each segment of a missile’s trajectory.
The position-measurement precision is
determined by the characteristics of the focal planes and the jitter environment in the
telescope assembly.
Each satellite will have a track sensor that will create new or extend existing
“track files” of targets. The tracking data
will be sufficiently accurate for launching
ground- or ship-based missile interceptors.

Development Strategy

STSS is being designed for an operational
capability after 2012 to defend against
an evolving threat. STSS will use a spiral
development approach, in keeping with
the evolutionary acquisition guidelines
established for the BMDS by the MDA.
The development philosophy is based upon
a buildup of knowledge derived from a series of tests, experiments, and block design
changes. The space vehicles will take advantage of prior missile-defense and earlywarning system designs and experiments.
Space-based experiments and demonstrations—such as
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Track sensor
2-axis gimballed telescope
Above- and below-the-horizon coverage
MWIR, LWIR, Vis FPAs
Cryocoolers

Acquisition sensor
Horizon-to-horizon coverage
1-axis gimbal
SWIR HgCdTe FPA
Passively cooled

(Notional)
The acquisition sensor on board the demonstrator satellites, operating in the
shortwave infrared waveband with a fixed revisit rate, with coverage provided
by spacecraft motion, provides detection, acquisition, and booster tracking.

NFIRE (Near-Field Infrared Experiment),
launched in April 2007—will provide
infrared phenomenology data and laser
communications crosslink performance data
as input to the concept design process.
STSS development is divided into
phases. The first has been focused on
deploying a two-satellite demonstration
constellation, scheduled for launch in 2008.
The demonstration satellites will conduct a
series of functional and performance tests
and experiments to prove the overall system
concept, including the ground segment.
Satisfactory orbital performance will pave
the way for the flight and ground software
upgrades and ground hardware upgrades
of phase two. These efforts will provide a
basis for the design of an operational STSS
constellation, with initial launches predicted
in the 2013–2015 timeframe. The concept
development of the demonstrator satellites
started in the early 1990s and ended in the
late 1990s with components and subsystems
delivered to SBIRS-Low, then under Air
Force management. MDA assumed custody
of these deliverables and cognizance over
STSS in 2002.
The demonstration satellites will be used
to observe single test missiles launched
within their fields of regard. A full constellation would provide continuous coverage of
threat regions and be able to track multiple
missiles in simultaneous flight. Deploying larger constellations rapidly and cost16 • Crosslink Spring 2008

Onboard processing provides a handover of acquisition information to the track
sensor. The track sensor can operate in a number of wavebands and provides
tracking in the midcourse.

effectively would require an emphasis on
producibility and would need to capitalize
on economies of scale.

Demonstration Satellites

The pair of STSS demonstration satellites
will be placed in a circular low Earth orbit
separated by a central angle of 35 degrees
(to enable stereoscopy). The power system
is sized to provide for mission operations.
The STSS demonstration has eight
mission objectives; four are considered
fundamental to success, and four involve
exploitation of the data or directed actions
while on orbit. The critical objectives are:
to demonstrate the ability to acquire, track,
discriminate, and report missile threats; to
demonstrate the ability to autonomously
hand over the acquisition signal to the
tracking sensor; to demonstrate the ability
to hand over the tracking data to another
space vehicle; and to verify the operation of
the uplink, downlink, and crosslinks. The
four ancillary objectives are: to perform
MDA-directed data and contingency operations; to provide missile defense and missile warning for evolving STSS concepts; to
provide data for use in assessing the feasibility of a tracking-only constellation with
acquisition provided by a separate constellation; and to provide opportunities to explore
approaches for closing the control loop for
firing MDA weapons.

The two satellites will
undergo a battery of
system functional tests as
well as performance tests
using a set of test targets
characteristic of real
threats.
The two STSS demonstrators will assess
both missile warning and tracking capability, viewing targets both below and above
the horizon and providing stereo coverage
for target position information. Each satellite has a missile acquisition sensor and a
track sensor. Both the acquisition and tracking sensors capitalize on the magnitude and
spectral content of the heat energy radiated
by a missile. The acquisition sensor detects
missiles in boost phase using its shortwave
infrared waveband. The sensor signal is
processed onboard for relay to the ground
and handover to the track sensor. The tracking sensor has a narrow field of view and
operates in multiple spectral wavebands,
all of which are tailored to detect observable phenomena particular to each segment
of a missile’s trajectory. For example, its

Simulations of a long-range engagement with a representative target rocket show that the position and
velocity accuracy required by ground-based interceptors is satisfied by STSS. These requirements change
with the progress on the trajectory of the missile and
are met even without stereo viewing (although computation requirements are increased with viewing by
a single satellite).

STSS Track Accuracy — Position

Position error

RV deployment

Blue: required accuracy
Red: simulated performance

Booster burnout

Stereo viewing

Time after liftoff

(Notional)

STSS Tracking Accur.Velocity
STSS Track Accuracy — Velocity
RV deployment

Velocity error

Blue: required accuracy
Red: simulated performance

Booster burnout
Stereo viewing

Time after liftoff

(Notional)

STSS Tracking Accur.Velocity
The demonstrator satellites provide above-thehorizon stereo (two-viewer) coverage in the green
area, mono (single-viewer) coverage in the yellow
areas, and no coverage in the red area at any given
instant. Stereo viewing provides better track accuracy
than mono viewing. Stereo coverage and coverage
radius are dependent upon target altitude, which
in turn determines whether the target is viewed
against an Earth background (below the horizon) or
a space background (above the horizon). While the
demonstrator satellites are not technically operational, increased numbers above two would provide
a rapid increase in coverage capability, especially
for stereo viewing. (Data by C. Kobel, The Aerospace
Corporation.)

1

2

(Notional)
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DSP

STSS

Space surveillance
and
midcourse tracking

Postboost
vehicles

Upper-stage boost
and
postboost vehicle
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Low-altitude
boost phase

Near-Earth events
potential
above-the-horizon
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Space
surveillance
and
midcourse
tracking

LWIR

MLWIR

MWIR

SWIR

STG

Visible

The design of the STSS demonstrators is based on the observables generated by
a ballistic missile from launch to reentry. Demonstrator capability is based on a
robust menu of available sensor wavebands, which are selected during all phases
of a missile’s trajectory. The demonstrator design was intended to collect data for

further system refinements, both for the sensor and its onboard data-processing
and communications systems. The satellites report to and are controlled by a
missile defense center on the ground, which integrates the information coming
from other systems.

NFIRE
The spiral development approach for STSS includes
space-based experiments and demonstrations to answer
technical questions and suggest further improvements in
system design.
One such experiment is NFIRE (Near-Field Infrared Experiment), launched in April 2007. NFIRE is a low Earth
orbiting satellite that can provide multispectral imagery
of potential target types. Its filter passbands are similar to
those on the STSS demonstrator track sensor. Specifically
designed for close viewing of rocket plumes, it can also
provide useful phenomenology during its time on orbit.
NFIRE will serve as a pathfinder in the development of
STSS operations procedures.
Aerospace was involved in mission assurance for launch
from 2004, some two years after NFIRE program
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inception, and provided a final launch risk assessment to
the Air Force program office in 2007. Aerospace provided
increased rigor and adherence to a standard satellite test
program. Discipline in integration and testing screened out
defects, workmanship issues, and marginal designs.
Aerospace was instrumental in adding a laser communications terminal to NFIRE to accomplish a joint GermanU.S. missile-defense collaboration. In addition, Aerospace
developed methods for successful focus and calibration
of the tracking sensor payload and assisted with a cryocooler failure recovery. On-orbit experiments to date have
provided infrared target-phenomenology data and laser
communications performance data, which will be used as
input to the STSS concept design process.

exploit and integrate space
sensor capabilities and data
into the BMDS. It investigates BMDS capabilities of
government ONIR systems
and provides common infra
structure/capabilities to
support BMDS space-layer
maturation.

Aerospace
Contributions

Courtesy Raytheon Corp.

“ see-to-the-ground” and short-wave infrared bands are designed for tracking rockets
in their boost phase. The midwave infrared
is designed to track the upper stages of
rockets and small engines of postboost
vehicles. Mid/long-wave and long-wave
infrared, with their sensitivity to cooler
targets, are used for midcourse tracking and
are designed to provide space surveillance as
well. The track sensor data are used to create a “track file” that is sent to the ground
for use in engaging the target. A separate
visible sensor supports midcourse tracking
and discrimination of sunlit objects and can
provide space surveillance capability as well.
The Missile Defense Space Experimentation Center (MDSEC), a part of the
Missile Defense Integration and Operations Center at Schriever Air Force Base in
Colorado, will receive and process data from
the satellites. The tracking data generated
onboard each satellite and downlinked to
the MDSEC will consist of 2-D objectsighting messages. These will be fused by
the ground-data processor to produce 3-D
tracks, which will also generate a menu of
target attributes. The 3-D tracks will be sent
to the Command and Control, Battle Management, and Communications (C2BMC)
system for evaluation. The MDSEC will
uplink additional tracking cues to the satellites. The tracking data generated will be
sufficiently accurate for launching groundand ship-based interceptor missiles.
The demonstration program calls for a
12-month mission. During this year, the
two satellites will undergo a battery of system functional tests as well as performance
tests using a set of test targets characteristic
of real threats.
Connectivity is provided through the Air
Force Satellite Control Network (AFSCN)
in near real time, using a high-capacity recorder on orbit. An onboard crosslink relays
data and commands between the demonstrators. A limited amount of real-time
experiment activity is envisioned during the
system tests.
The acquisition sensor has a horizon-tohorizon field of regard with a fixed scan and
revisit rate and can detect boosting objects
using its shortwave infrared waveband. The
tracking sensor may be cued by the acquisition sensor or by commands sent through
AFSCN. Each waveband/altitude-regime
combination is programmed with its own
revisit rate.
The MDSEC provides a centralized,
collaborative environment enabling onorbit space operations and experiments to

The Aerospace Corporation
has been intimately involved
in the science and engineering of space vehicles used in
missile warning and defense
for nearly 50 years. Since the
The track sensor in the STSS demonstrator satellites was specifically
1960s, Aerospace has been a
intended to capture any observables that might be useful in later
stakeholder in the success of
operational designs. The multiple sensor wavebands provide many exevery space program with a
perimental options for the collection of missile observables. The track
sensor can receive visible data through a separate optical train. Contexmissile-defense-related mistual information may continue from the acquisition sensor as well.
sion. Aerospace support has
included advice on acquisievaluator, anomaly reviews are provided to
tion strategy as well as advice
program office leadership.
and data to other laboratories and agencies
for their programs. Some of the earlier
space programs were discontinued and their Conclusion
The Ballistic Missile Defense System will
functions folded into programs that answer
need to know the position and velocity of a
an evolving set of national security requiretarget during all phases of its flight: boost,
ments. The principal programs in which
midcourse, and reentry. Each of the sensing
Aerospace provides support today include
systems and their interceptors are designed
DSP, SBIRS (both HEO and GEO), and
for one of these segments. STSS will play
STSS—and this involvement spans the
entire life of these developments, from con- a critical role in the development and deployment of the operational integrated
cept definition to early on-orbit operations
system. The STSS demonstrator satellites
and mission operations.
are the first step leading to the necessary
Aerospace has provided a decade of
knowledge to put into orbit a tracking conanalytical effort to STSS, using industry
stellation providing for precise deployment
standard and Aerospace-developed models
of interceptors and the resultant increased
and simulations. Aerospace contributions
probability of target kill.
to STSS include the independent assessAerospace has supported the STSS
ment of system performance, mission assurance functions and the use of integration program through several changes to mission requirements and mission concepts.
and test principles. System performance
From the start, Aerospace defined a set of
is benchmarked using the Aerospaceintrinsic capabilities for the satellites that
developed System Performance Evaluation
have survived all the changes to the space
Tool. The test approaches include “test like
mission and national policy. STSS and its
you fly” and “day in the life” testing, which
demonstrators are thus able to contribute
is designed to exercise sequences of misto missile defense today and to each of its
sion threads, with a primary focus on flight
participating elements in the future.
software functioning with flight hardware,
using full optical-system test equipment.
The scope of the test includes acquisition of
target and handover to the track sensor. The
goal is to assess system performance over
representative mission scenarios, including
the tracking of multiple targets. Further, as
part of Aerospace’s role as an independent
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Engineering and Integrating
the Ballistic Missile Defense System
Since the early 1980s, The Aerospace Corporation has helped
develop different elements of what is now being integrated as the
nation’s Ballistic Missile Defense System. More recently, Aerospace
has been leading a research team supporting systems engineering
for this complex system.
David S. Eccles

T

oday, for the first time, the United
States has in its arsenal a system capable of defending against a limited ballistic missile attack. The system is complex, and
consists of many components or elements, as
well as an extensive infrastructure that ties the
far-flung pieces together. Some have compared
the effort to build this system with earlier U.S.
efforts to construct the first atomic weapon or
land a man on the moon. While such comparisons are perhaps overdrawn, it is true that no
such system existed before President George
W. Bush directed the partial deployment of a
Ballistic Missile Defense System (BMDS) by
2004.
At the time, the United States possessed a
set of autonomous weapon and sensor systems,
each with its own set of requirements and
funding, and each being acquired independently by different branches of the armed services. But there was no integrating framework
to bring the various elements together. Still, an
extensive legacy of research and development
to explore the feasibility of building such a
defense system had begun during the Reagan
administration, so this new effort was not
starting from scratch. In 1983, the Strategic
Defense Initiative Office (SDIO) was formed,
and had begun to assemble existing capabilities and to develop ways of flight testing many
of these elements.
In 2002, the various missile defense efforts
were assembled under the newly formed Missile Defense Agency (MDA). This included
the Army’s ground-based missile defense
and Theater High-Altitude Area Defense
programs, the Navy’s Aegis ballistic missile
defense program, and the Air Force’s Space
Tracking and Surveillance System and Airborne Laser program. The Army’s Patriot
program was also brought under the MDA for
program management and integration.
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The Systems Engineering
Challenge

The MDA was directed to deploy an initial
capability to defend against ballistic missile
threats to the homeland, deployed forces, allies,
and friends. Aerospace personnel had been
assigned to assist the agency as it faced the
formidable task of integrating and delivering
a system capable of responding to real threats,
and perhaps even more importantly, of adapting to evolving threats.
The basic premise of integration for the
BMDS is the idea of a layered defense, one in
which the various components of the system
whittle away at an incoming raid. Ballistic
missiles have a boost, midcourse, and terminal
phase, so defensive capabilities that address
these phases can be combined to produce a
much more effective total system than one in
which the various components stand alone.
The system would come to be defined by an
approach of capabilities-based acquisition,
spiral development, two-year delivery blocks,
knowledge points, and an MDA dedicated
testing infrastructure. Aerospace led a team of
laboratory experts that assisted in defining this
approach for integrating the BMDS.
Competition among organizations for
funding, talent, roles, and responsibilities developed as the various program offices and elements were integrated into the newly formed
MDA. Each of these offices and elements
faced their own technical and programmatic
challenges. Each had a unique culture and
view of how its mission should be executed,
and each faced political, technical, and programmatic constraints. Each program office
had stakeholders with equities to be defended,
and each was used to working autonomously,
pursuing a clearly defined mission.
BMDO (Ballistic Missile Defense Organization) had largely been a research and

Systems
engineering

BMDS
roadmap

Top-level system capabilities
and concepts
Define architecture framework
(operations concept, goals,
diagrams, interfaces, timing, etc.)

Plan

C2BMC

Define

Assess

System
design

Test and
verify
Integrate
Element
design and
build

Assess achievement of
operational concept, goals,
and interface services

Verify specifications,
design, and interfaces of
elements/components

Elements specify design and
build components

The MDA has taken the classic systems engineering “V” and modified it to support capabilities-based acquisition. The colors represent
major stakeholder organizations and cover those portions of the “V”
in which they play a major role. The systems engineering organization
(in blue) is involved throughout the process, and leads the first three
phases of plan, define, and system design. The Command and Control, Battle Management, and Communications (C2BMC) program (in
magenta) is the integrating element and provides communication and
networking infrastructure. The program elements (in yellow) participate
throughout the process, but have responsibility for the element design,

development organization prior to its becoming the MDA. The assignment of a set
of missions and a goal for delivery changed
the priority of the group from research
to acquisition, which presented a major
challenge for staff used to a research and
development environment. Meanwhile, the
processes for overall systems engineering
and integration of such a complex system
did not exist, and had to be quickly defined.
The Aerospace “Space Vehicle Systems
Engineering Handbook” defines systems
engineering as an effort “to ensure that a
desired system is designed, built, and operated so that the system accomplishes its
mission in the most cost-effective manner
possible, considering performance, cost,
and schedule risk.” This definition assumes
that the systems engineer has significant
control over system components and can
either control or strongly influence the allocation of resources to solve system issues.
This ended up being only partially true at
the MDA.

Test

Field

Reviewed by appropriate
MDA executive review
boards

Specify element
products and interfaces

The Systems Engineering “V”

Elements

build, and fielding phases. The testing and assessment organizations
(in green) lead during the test, verify, and assess phases. The integrate
phase involves everyone. Warfighter feedback can occur at any point
in the process. The BMDS roadmap (upper left corner) provides key
input to the systems engineering “V.” The roadmap is based on input
from many sources, including the U.S. President and Secretary of
Defense’s national security strategy, the intent of the MDA director,
and those capabilities set as priority by U.S. Strategic Command.
The MDA is revising this diagram to reflect increased warfighter
participation, and a new version is expected shortly.

Deploying an Initial Capability

How would an initial BMDS capability
become functional in two years under these
circumstances? First off, Congress and
President Bush agreed (at least initially) to
establish a fairly stable funding stream of
$8 billion to $10 billion a year. Additionally, although the national security directive
gave a somewhat broad description of the
BMDS mission (to defend the homeland,
deployed forces, allies, and friends against
ballistic missiles), a clear, near-term priority was set to defend against threats from
North Korea, along with a schedule—get
it done by December 2004. Another key
aspect of setting the stage for a functional
system was the withdrawal of the United
States from the Anti-Ballistic Missile
Treaty in 2002. Finally, national leadership
has kept agency directors at the helm of the
MDA for long tenures (at least four years)
to ensure accountability.
The Office of the Secretary of Defense
also agreed to make significant changes

to enable the MDA to do its job. Federal
acquisition regulations were relaxed. Operational and existing requirements documents
were canceled, and the associated Joint
Requirements Oversight Council participation was removed. The director of the MDA
began reporting directly to the Office of the
Secretary of Defense, Acquisition, Technology, and Logistics. The defense office also
provided written guidance to the MDA, directing that a capabilities-based acquisition
approach be used because of the rapidity
with which the system had to be deployed.
The next factor that influenced the deployment of an initial system was the formation of a national team of government,
industry, federally funded research and
development centers and SETA personnel who could provide a central, systems
engineering and integration function within
the MDA. The industry portion of this
team is headed up by Boeing and is made
of experts in missile defense. The Command and Control, Battle Management,
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Courtesy of U.S. Air Force

and Communications element is led by
Lockheed-Martin.
The laboratory team led by Aerospace
assisted in developing an initial defense
operations plan that outlined what elements could be developed and deployed
between 2004 and 2005. The selected
components were loosely integrated with
a basic command and control network
and communication links. These capabilities were organized around a set of sensor,
network, and weapon interactions called
engagement sequences. Engagement
sequences that shared common weapon
systems were formed into groups of capabilities. Delivered in two-year blocks, these
groups began to characterize new additions
to the BMDS.
The initial defense operations plan focused on what elements were ready to be
fielded. Corresponding specifications and
interface documents recorded the requirements and characteristics of the system as
built rather than directing various elements
to do something new. Initially, there was no
attempt to produce an overall architecture
description of the BMDS. Because the
threats were rapidly changing and there
was uncertainty about what the new system
would actually be able to do, any grand design might hinder spiral development. Spiral development is an iterative process that
allows program objectives to be refined as
technology matures. The BMDS needed to
be flexible so that it could acquire and field
new capabilities as they became operational.
Remarkably, an initial defensive capability was available for operations by the summer of 2005. In July 2006, the continuously
augmented system was placed on alert and
was available to President Bush during the
infamous North Korean test launches.
During its first three years, the MDA
made significant progress and was able to
field an initial system of existing capabilities. However, major problems remained.
The system was loosely coupled, not truly
integrated, and adding capabilities required
major new development activities that were
hard to achieve within cost and schedule
constraints.
For example, the Command and Control, Battle Management, and Communications system, which originally focused
primarily on situational awareness, was
now responsible for tasks involving sensor
management, targeting, and weapon system
assignment. Integration of the elements and
the capability-based acquisition approach
that allowed for the evolution of functionality had become vitally important to the
future development of the system.

Sept. 28, 2007–A ground-based interceptor is shown shortly after liftoff from Vandenberg Air Force Base. The
launch was a test of the Ground-Based Midcourse Defense element of the Ballistic Missile Defense System. The
missile intercepted a long-range target that had been launched from Kodiak, Alaska, several minutes earlier.

Capabilities-Based Acquisition

Traditional, threat-based acquisition assumes precise knowledge of a future threat.
For example, during the Cold War, the
United States had a good idea of how the
Soviet threat was evolving, and could predict, years in advance, what requirements
would need to be fulfilled by a particular
system to neutralize the threat.
Today, the BMDS is aimed at a much
more fluid and uncertain set of adversaries.

Although intelligence sources can provide
specific details about threats, most of what
is known is only overall, general characteristics of the missile threats the United States
might face. Nor can the United States predict which nations or nonstate actors might
threaten its interests or those of its friends
and allies. A capabilities-based acquisition
strategy provides flexibility for introducing new, incremental capabilities to rapidly
meet these uncertainties.

Three constraints come together to define capabilitiesbased acquisition requirements: what can industry do for
certain, what can the threat do beyond current capability,
and what can be afforded.
A capabilities-based acquisition strategy
also allows for new technological advances
and systems that have been demonstrated
as useful to the military to be added as soon
as they are ready, even if they do not pass a
previously established performance threshold that might now be outdated. The point
of this strategy is to get what is available out
into the field and then improve it gradually over time to meet changing threats.
The approach emphasizes using existing
technology over hoped-for future developments. Hence, spiral development becomes
a natural way to implement capabilitiesbased acquisition because the emphasis is
on improving and developing the system
over time as resources allow.
Three constraints come together to define capabilities-based acquisition requirements: what can industry do for certain,
what can the threat do beyond current
capability, and what can be afforded. These
capabilities are organized into blocks of
functionality that will then be developed
and fielded. Each block has well defined
capability increments or “spirals” for which
the cost and schedule is considered well
known. The contents of a particular block
are related to either a specific mission (e.g.,
defense against Iran) or to a set of closely
related capabilities, like near-term discrimination. Future capabilities with lower
technology readiness levels or significant
development risks remain in the capability
development phase rather than a specific
block. For example, the Multiple Kill Vehicle and Space Tracking and Surveillance
System are program elements in the capability development category.

The BMDS Test Bed

The MDA has an extensive test program
that includes complex system-level integration tests, ground tests, and flight
tests. These tests are facilitated by a vast
infrastructure of launch sites, including
those at Kodiak Island, Alaska; Vandenberg Air Force Base, California; Barking
Sands, Kauai, Hawaii; and Kwajalein Atoll,
Marshall Islands. The tests also include the
integration of ship-, land-, and space-based

sensors, communication links, and integration/simulation facilities in Colorado
Springs, Colorado, and Huntsville, Alabama. This BMDS test bed allows for new
capabilities to be thoroughly exercised and
evaluated before they are fielded.
In the past, before there was an attempt
to integrate components, many of these
tests focused on particular program elements. But the MDA makes each element
flight test into a system test event by including additional test objectives that involve
other supporting sensors, weapon systems,
and communication and battle management systems. These integration tests often
include hardware-in-the-loop components
along with simulated components to expand the reach of each test event. The test
bed also supports experimental activities
and even war games that look at various
potential future timeframes for capability
deployment.
The purpose of the test bed is to support
the evolution and maturing of ballistic missile defense capabilities. Potential capabilities can be developed and entered into the
testing process, gradually becoming more
mature over time. Promising capabilities
can continue to be developed, while capabilities that fail to show promise are weeded
out. Eventually, a capability deemed sufficiently mature enters development as part
of a block.

Knowledge Points

Preplanned events that lead to critical program decisions are considered knowledge
points. These key test events or demonstrations offer decision-makers current information that helps them make incremental
financial commitments to a program, make
schedule adjustments, set performance
requirements, or even decide to stop a program and take an alternative path.
Knowledge points are not routine ground
or flight tests, design reviews, war-game
results, or asset deliveries, but are tailored
to a program’s critical risks and are usually unique to each program. Examples of
knowledge points might be the first fullduration burn of a new rocket engine, or the

first successful full-power test of a new laser.
These are usually events that have never before been demonstrated.
Knowledge points are crucial to the maturity of ballistic missile defense capabilities.
The promotion of new capabilities from
development to block status relies on their
successful execution. Knowledge points are
not always related to technical pass-or-fail
events, but can also be related to political or
congressional funding events.

Conclusion

The MDA might be considered a fleet
of ships steaming in the same direction
towards the goal of an integrated national
missile defense system. Like a fleet, the
MDA has many different types of ships,
aircraft, and sensors that perform specific
missions. New capabilities, like new ships,
aircraft, or sensors, are under continuous
development, and with proven military
utility, can be added to the existing flotilla.
All of these systems must be integrated for
effective use so they can take advantage of a
common infrastructure.
The key to successfully integrating these
formerly independent elements and programs will be consistent implementation of
capabilities-based acquisition and the associated systems engineering processes, as well
as the development of architectural options
for future development. The architecture
options need to become the framework
used by each ship to determine where it fits
in the fleet and in which direction it should
turn. The effective application of knowledge
points provides the navigation necessary to
the fleet.
Further Reading
Aerospace Report No.TOR-2006(8506)-4494
“Space Vehicle Systems Engineering Handbook”
(The Aerospace Corporation, El Segundo, CA,
2006).
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Integrating the Global
Enterprise of Ballistic
Missile Defense

The Aerospace Corporation has been contributing overarching system architecture
and engineering support plus expertise in space system integration, communications,
information assurance, computer network defense, and test and evaluation as it assists
the Missile Defense Agency with the Command and Control, Battle Management, and
Communications element of the Ballistic Missile Defense System.
John J. Miller

T

hat deployment and operation of the Ballistic Missile Defense System (BMDS) is a global enterprise became clear
when the United States announced in January 2007 that it
planned to deploy radar and interceptor elements of this defense
system in Europe. Fixed weapon elements are already deployed in
California and Alaska; land-based mobile weapons are available
in East Asia; and Aegis ships provide a mobile, sea-based weapon
capability worldwide. Likewise, fixed and mobile sensor elements,
both those formally included in the BMDS or counted on to support it, are deployed worldwide on land and sea and in space.
BMDS elements are developed by U.S. military services, other
government agencies, and the Missile Defense Agency (MDA),
which has overall responsibility for BMDS development. Sharing BMDS information products with allies is already under way;
much broader integration of U.S. ballistic missile defense assets
both with ballistic missile defense capabilities of friends and allies
and with U.S. aircraft and cruise missile defenses is anticipated.
MDA is developing and deploying the Command, Control,
Battle Management, and Communications (C2BMC) element of
the BMDS to manage the global enterprise of ballistic missile defense. C2BMC makes possible the synergy that allows the diverse
set of BMDS elements to provide the most effective and efficient
defense. MDA uses an evolutionary acquisition and spiral development process to build C2BMC capabilities. Initial capabilities have
been deployed, primarily in the areas of planning and surveillance
(command and control) and communications. The development
focus has now moved to battle management.
Aerospace personnel are contributing to integrating the ballistic
missile defense enterprise as members of the Federally Funded
Research and Development/University Affiliated Research Center
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(FFRDC/UARC) team supporting the C2BMC Directorate. In
northern Virginia, Aerospace provides the lead FFRDC/UARC
engineer for C2BMC’s system engineering activity plus important
system architecture and engineering expertise in communications,
information assurance, and computer network defense. In Colorado
Springs, Aerospace leads the FFRDC/UARC effort to integrate
the capabilities of space and certain airborne assets with C2BMC
and helps architect and coordinate C2BMC participation in the
intense ground and flight test and evaluation activities needed to
verify BMDS capabilities. These efforts are enhanced by support
from engineers in El Segundo and Chantilly who contribute in
such areas as software problem investigation, algorithm assessment,
and the application of system architecture tools.

Missile Defense Strategy

Overall responsibility for global ballistic missile defense rests with
U.S. Strategic Command, whose headquarters is in Omaha, Nebraska. Below this level, geographical areas of responsibility are
assigned to combatant commanders. At this time BMDS capabilities are under U.S. Pacific Command with headquarters in Hawaii,
which is responsible for the broad Pacific area including Korea and
Japan, and U.S. Northern Command with headquarters in Colorado, responsible for homeland defense. Deployment of BMDS
weapon, sensor, and C2BMC capabilities for use by the European
Command and Central Command for defense of Europe and the
Middle East is anticipated, with European Command given current priority. Below these levels, ballistic missile defense authority
may be assigned to a theater combatant commander responsible, for
example, for defense of Japan.

Attributes of layered missile defense concept
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As a hostile ballistic missile traverses its path, multiple sensor systems and weapon
systems will be committed to detecting, tracking, intercepting, and finally negating the missile. These assets must be coordinated to increase the battlespace,

The overall missile defense strategy envisions a layered defense, that is, a mature
system capable of engagements by different
systems during the flight of a threatening
object. Engagements may take place during the threat’s boost phase, ascent phase
(ballistic flight from booster burnout up to
apogee), midcourse phase (ballistic flight
from apogee to the start of atmospheric
reentry) and terminal phase, depending
on the trajectory of the missile. C2BMC
is responsible for helping the combatant
commanders to both elect and implement
the appropriate engagement strategy across
these flight phases.
Threat ranges are classified as short, medium, intermediate, and intercontinental.
To further complicate the defense problem, threats may launch from one area of
responsibility, fly over another, and require
targeting in a third. Each commander needs
to see an appropriate operational picture of
the battle space.

BMDS Elements

BMDS elements other than C2BMC
are generally characterized as sensors or
weapons or both. The sensors are space-,
sea-, and land-based, fixed and mobile. The
weapons are sea and land based, fixed, and

Asymmetric

which increases the shot opportunities and increases the likelihood that the
threat will be destroyed. C2BMC is responsible for this coordination for U.S. ballistic missile defense.

mobile. In 2008 ballistic missile defense
sensors include the Defense Support Program and Space-Based Infrared System
(SBIRS) for early warning; the transportable, land-based AN/TPY-2 X-band radar
for forward-basing applications; the mobile
Sea-Based X-band radar and the fixed upgraded early warning radars for long-range
surveillance and tracking; SPY-1 radars
aboard Aegis surface ships for surveillance
and tracking; and the organic radar of the
land-based, transportable Patriot missile
system for theater defense.
An organic radar is developed and
operates as part of a weapon system. For
example, the Aegis ballistic missile defense
system has an organic SPY-1 radar onboard
the ship. Forward-based means that the
radar is placed close to the enemy launch
site for detection of an enemy missile early
in flight. This term also implies that the
radar may be a significant distance from the
defended area. For example, the AN/TPY-2
radar the United States has installed in
Japan contributes to the defense of the U.S.
homeland and is considered to be forwardbased.
Available weapon systems all use the
kinetic energy of the impacting vehicle to
destroy the target object. These systems

include the ground-based interceptors of
the ground-based missile defense system
based in Alaska and California for defense
against long-range missiles, the Patriot
PAC-3 (Patriot Advanced Capability-3)
missile, and the Aegis Standard Missile-3,
each with respective fire-control system.

Evolution of Weapons
and Sensors

The land-based, transportable Theater High
Altitude Area Defense (THAAD) system,
including its weapon and organic radar,
is undergoing target intercept tests and is
expected to be available to the BMDS in
2008. An Airborne Laser system for destruction of boost-phase targets is under
development and is being installed on an
aircraft in anticipation of testing against a
realistic target. Also under development are
the Multiple Kill Vehicle, a system capable
of carrying multiple interceptors, the thrust
components of a high-velocity kinetic
energy interceptor, and enhancements to
the SBIRS. Two precursor satellites of the
Space Tracking and Surveillance System
(STSS) are being prepared for launch this
year. The on-orbit capability of these satellites will then be assessed.
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When C2BMC spiral 6.4 becomes operational substantial planning, situational
awareness, and communications capabilities will be available to warfighters at

The C2BMC element is best viewed as
having three distinguishable but overlapping subelements: command and control,
battle management, and communication. It
is also useful to view these subelements as
individual product lines within the overall
C2BMC product. The term “command and
control” has a variety of meanings, but in
the context of the C2BMC element within
the BMDS system it is best thought of
as a set of functionalities that support the
ballistic missile defender by providing services in two areas: planning and situational
awareness.
Because it is easy to perceive that the
function of fire control of an individual
weapon is included in battle management,
this term is a frequent subject of misunderstanding between C2BMC and weapon
proponents, who, understandably, guard
their fire control responsibilities. Although
there are some exceptions, the reasonable
and convenient way to view the distinction
of decision-making responsibilities is to
view C2BMC battle management as being
responsible for supporting the combatant commander in making the decision to
26 • Crosslink Spring 2008
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PACOM, NORTHCOM, and STRATCOM to integrate the Ballistic Missile Defense
System. Sensor management and track processing will also become available.

commit a weapon system (not specific interceptor) to engage a target. Once the engagement tasking is submitted to a weapon
system, it is up to the weapon system to
decide whether an engagement can be executed, to select the specific weapon(s) to
use, and to control the weapon in its travel
to the target.
With regard to communication, the
C2BMC element is responsible for providing the communication capabilities for the
BMDS.
The C2BMC program within MDA is
using an evolutionary acquisition and spiral
development approach to deliver capability
to the warfighter. A group of capabilities
planned for delivery as a set is referred to as
a spiral. Spiral 6.2, for example, has recently
been made available to the warfighter for
operational use.

Command and Control: Planning
and Situational Awareness
The command and control product line
was given initial emphasis in developing
C2BMC capabilities. Though there is still
work to be done, a reasonably mature set of
capabilities are available to the combatant

command, higher command authority, and
service components.
The basic function of the command
and control planner is to allow the user to
examine alternative uses of limited assets
against a potential or anticipated attack to
determine appropriate ways to deploy and
use forces to meet specified defense objectives. The planner integrates inputs from the
planners of BMDS element and supporting
activities to provide strategic (strategic command, combatant command) and operational level planning capability (combatant
command, Joint Forces Commander, Joint
Forces Air Component Commander). It
allows the warfighter to train for, plan, and
rehearse missile defense campaigns. The
initial defense design determined by the
C2BMC planner will largely dictate system
performance.
Deliberate planning takes place well in
advance of a battle and allows the defender
to study and, as appropriate, implement
effective deployment and coordination
schemes and assess acquisition strategies.
Crisis action planning occurs hours or days
before an attack based on updated information to assess likely threat scenarios and

support defensive placement to maximize
protection of critical assets. A plan produced by deliberate or crisis action may
also be used to provide the basic input to
initiate near-real time execution planning
conducted by battle management.
Because situational awareness was
emphasized in the early development of
C2BMC, situational displays tailored to the
operator’s battle perspective will be available in the spiral 6.2 capability. The multiple
situational awareness tools available include
a BMDS summary screen that provides a
high-level threat picture, track and engagement summary data, and an integrated ballistic missile picture displayed on enterprise
workstations. The integrated ballistic missile
picture provides a detailed threat picture,
engagement timelines, threatened status,
and element status. The executive summary
screen provides a high-level threat picture.

with which the path of the object is known
based on prior observations. In the future
C2BMC will directly control additional
AN/TPY-2 and potentially other deployed
sensors such as the Sea-Based X-band
radar.
Track Selection. C2BMC treats the
tracks of all objects emanating from a
single-threat ballistic missile as members of

Battle Management: Sensor
Management, Track Selection,
Engagement Processing

the same family. When a threat missile is
launched it is a single body. As it travels it
throws off other objects such as fuel tanks,
attitude control mechanisms, nuts and bolts,
and covers that are part of the normal detritus from a launch. Some of these objects fall
away from the missile and some fly along
with it. A future adversary is also likely to
deploy various objects to complicate the
ability to distinguish lethal threat objects.
These nonlethal objects will fly along with
the lethal. Various U.S. observation mechanisms will track these objects and report
to C2BMC, which will in turn combine
these so-called source tracks and hopefully
produce one so-called system track for each
object. From the system tracks in the same
family, track selection identifies one of the
tracks to be representative of the family for
further engagement processing. This track
is usually the one that has the highest probability of being selected for future engagement. The intention is that the chosen track
be on an object that would subsequently be
prosecuted.
Engagement Processing. In the near
future C2BMC will execute a series of
functions that build an integrated engagement plan that contains an assignment of
interceptors to tracks as well as a feasible
launch schedule. It will inform the operator
of scheduled and current engagements and
convey the global engagement manager’s
decisions to the launch elements.

Within the C2BMC element the battle
management capability encompasses the
ability to manage sensors, select candidate
tracks for engagement, make plans for engagements, and issue commands to execute
those plans. Battle management will be
performed by operators using the global engagement manager. It enables the operator
not only to passively monitor the situation
and hope the initial plan works, but also to
actively command and dynamically replan
the use of the assets in response to live
events that occur even after defensive missiles are in the air. The global engagement
manager is supported by the stand-alone
track-processing algorithms on the trackprocessing server that develop object tracks
based on messages received from early
warning sensors and ground-based radars
such as AN/TPY-2 and assign them to
launch families.
Sensor Management. The first forwardbased X-band radar-transportable was
deployed in Japan in 2006. Known operationally as the AN/TPY-2, this sensor is
under the direct control of the initial battle
management capabilities of the C2BMC.
With spiral 6.2, for example, radar can be
directed to use its search energy to execute a
specific focused search plan or respond to a
precision cue. Both actions are designed to
allow the radar to increase its probability of
detecting a specific threat object as it passes
through the search zone. These commands
differ in the size of the search area the radar
is expected to cover and reflect the accuracy

A future adversary is also
likely to deploy various
objects to complicate the
ability to distinguish
lethal threat objects.

Communications: Operation and
Management of Networks
C2BMC is responsible for providing and
managing the BMDS communication

 etwork. The present vision is for deployn
ment of the global engagement manager
in a distributed architecture with its functionality installed at air operations centers
that manage BMD activities in a region
(area of responsibility) or theater. Elements
managed by an air operation center are
connected by the “local” BMDS networks.
These local networks are in turn connected
to the overarching BMDS network for
inter-area of responsibility communication and interaction with higher authority.
Planning and situational awareness communications currently use the same basic
communication architecture philosophy,
although these capabilities are located at
combatant command, higher authority, and
other headquarters locations rather than the
air operations center. Work is ongoing that
would use a network-enabled command
and control approach to providing planning
and situational awareness capability. Users
with appropriate clearance would be able to
access capability and information developed
by C2BMC and placed on a network site.

BMDS Operational Concept

There is no formally approved operational
concept for the BMDS, but a general concept is emerging as the capability becomes
available. This section provides a C2BMC
summary description of the expected
operations when the spiral 6.4 capability, including the first instantiation of the
global engagement manager, becomes available sometime during 2009. The following
high-level concept description is based on
BMDS actions to defend against an intermediate or long-range threat.
Planning. The ballistic missile defense
mission area is assigned to U.S. Strategic Command, which will be responsible
for overall planning for operation of the
BMDS and for oversight of ballistic missile
defense execution according to this plan.
The C2BMC planner will use a bottom-up
and top-down approach in developing this
overall plan and subordinate plans. These
plans will be designed to defend designated
assets with minimum expenditure of resources, particularly interceptors. They will
be supported by the C2BMC planner in using a collaborative, distributed process.
Using input from the plans of individual elements, draft theater plans will
be generated first and offered as input to
the preparation of draft regional (area of
responsibility) plans by the combatant commands. These draft combatant-command
plans will in turn be input for generation
of the overarching global defense plan by
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C2BMC Program Objectives and Spiral 6.4
Progress in meeting the two major objectives for the C2BMC program
can be assessed by considering the pertinent capabilities of spiral 6.4.
Following is a list of requirements needed to meet the two objectives,
with the corresponding capabilities planned for spiral 6.4. These capabilities are in testing and planned to be operational in 2009.

Objective 2: Enable global, integrated missile defense capabilities to the commander.
• Rapidly identify and concurrently track multiple ballistic missile
threats.
This provides overhead detection and identification support
tied directly to C2BMC. The track server supporting global
engagement manager capability at areas of responsibility
supports tracks on multiple objects organized by launch
family.

Objective 1: Deliver integrated ballistic missile defense.
• Provides the commander with the capability to conduct collaborative ballistic missile defense planning among U.S. Strategic
Command, Combatant Command, and service components.
Mature planner capability will provide for individual and collaborative planning by U.S. Strategic Command, U.S. Pacific
Command, U.S. Northern Command, and selected service
components. This will support deliberative and crisis action
planning, and allow for development of initiating an execution plan for the global engagement manager.
• Provides common ballistic missile defense situational awareness to
all leadership levels.
The command and control capability will provide tailored
information products to users at command sites and to higher
authority. This is designed to ensure consistent information is
provided across the user set. Development is under way for
information delivery on request via network-enabled command and control.

• Dynamically adjust BMDS resources to maintain multiple ballistic
missile threats in ballistic missile defense kill zone in all phases
of flight.
C2BMC sensor management of AN/TPY-2 allows for dynamic adjustment of radar resources. Global engagement
manager integrated processing provides dynamic assessment of tasking and new direction.
• Concurrently engage multiple ballistic missile threats in any area
of responsibility in any phase of flight at any time.
Global engagement manager integrated engagement processing provides for assignment of concurrent engagement
execution tasking to multiple weapon systems within an area
of responsibility. The global engagement manager capability
is available in each area of responsibility to allow for concurrent engagements.

• Provides sensor netting to maximize the capability to detect and
track all ballistic missile threats.
All BMDS tactical functions allocated to a combatant commander are netted on an area of responsibility BMDS
subnetwork. The global engagement manager will be tied to
the same network to receive, process, and forward information among the sensors and outside the area of responsibility. Overhead sensors are tied to the Northern Command
network via the global engagement manager. The global
engagement manager manages AN/TPY-2 via the network.
• Provides capability for the commander to coordinate ballistic missile defense weapon-system engagements.
Global engagement manager integrated engagement processing is an automated tool that suggests targets for engagement and develops execution commands. It also allows
for operator input to target selection.

BMDS network ties area of responsibility subnetworks together and to command centers and higher authority. This
allows for integrated ballistic missile defense within and
across areas of responsibility. The spiral 6.4 is expandable
to include European Command and U.S. Central Command
areas of responsibility. A parallel staging network provides
for concurrent operations and development activities.
28 • Crosslink Spring 2008

Courtesy of U.S. Navy

• Provides integrated ballistic missile defense capabilities through
global grid networks.

A medium-range ballistic missile with a separating target is launched from
Barking Sands, Kauai, Hawaii. Minutes later a Standard Missile-3 successfully intercepted the threat target.

U.S. Strategic Command and its approval
by higher authority. The contents of the approved overall plan will flow down to drive
changes, as necessary, in region and theater
level plans. Higher authority will give approval through U.S. Strategic Command for
plan execution.
Combatant Command Situational
Awareness. C2BMC will use track, estimated launch point, predicted impact point,
and other information on ballistic missile
objects generated by space-, air-, sea-, and
ground-based sensors; prioritized lists of
defended assets; operational status of sensors and weapons; and computations of
protection capability to provide an operational picture to combatant commanders, to
higher authority, and to forces in allied nations. The display and available information
will be tailored to the needs of each user. In
the spiral 6.4 operational time frame, situational awareness will be displayed at Pacific
Command, Northern Command, and Strategic Command using C2BMC combatant
command suites. This method for conveying
situational awareness will shortly thereafter
evolve to employing Web-like networkenabled command and control to provide
information to users on demand.
Global Engagement Management.
C2BMC global engagement management
capability will be available to warfighters at
nodes (collections of workstations) located
at region- and theater-level air operations
centers. The global engagement management situational awareness component
will provide an integrated ballistic missile
picture to warfighters, including information provided for combatant command situational awareness.
As soon as a missile launch occurs and is
classified as threatening, early warning sensors will begin to transmit messages with
information about the launch to C2BMC
in the air operations center. C2BMC track
processing will correlate track information,
that is, identify tracks from different sources
that are generated by the same object, to
build tracks based on all the early warning
information available to the BMDS. These
are referred to as early warning system
tracks. Warfighters at the air operation
center will be able to use the global engagement manager sensor-management capability to use the track information provided by
early warning sensors to allocate the radar
energy of forward-based AN/TPY-2 sensors to improve their likelihood of detecting
threat objects and generating tracks.
While AN/TPY-2 sensors are making detections under air operation center
management and sending their track

information to air operation centers, other
forward-based sensors,
such as the organic
radars on Aegis surveillance and tracking
surface ships, will be
making detections and
generating tracks using
their baseline search
plans determined in
the above-mentioned
preplanning activities.
Some of these tracks
may be on the same objects being observed by
the AN/TPY-2. These
so-called source tracks
are also forwarded to
The Command and Control, Battle Management, and Communications prothe air operation center, gram delivers a layered defense by networking and unifying the individual
elements that make up the Ballistic Missile Defense System.
where C2BMC track
processing correlates
them to produce system
Conclusion
tracks for the observed objects.
Intense efforts by the C2BMC team and
If these detections are being made after
supporting warfighters have led to great
the threat missile has completed its boost
accomplishments developing and fielding
phase and reached the ascent phase, then
command and control and communicatanks and other boost objects that are no
tion capabilities to integrate the BMDS.
longer necessary to the flight of the threat
But much work remains, and planning and
missile may have separated and the deploydevelopment are now under way for spirals
ment of countermeasures may have begun.
8.2, 8.4, 10.2, and beyond to address an arIn this case, tracks will be generated on all
ray of challenges, including more complete
these objects—nonlethal objects as well as
battle management, additional sensors to
the lethal object(s). Based on their obsermanage and weapons to direct and support,
vations, sensors will assess the class of the
more complex countermeasures to counter,
objects observed and convey that and other
and greater geographical area to defend.
discrimination information along with the
Concurrent with future planning the capatrack to the air operation center, where
bilities of spiral 6.4 are emerging, includC2BMC will select the appropriate dising initial capability for integrated battle
crimination information to use based on all
management by C2BMC. The components
the information it has on an object.
of this spiral have been designed and develAll object information will be used by
the global engagement manager integrated- oped and are being integrated prior to a test
readiness review planned for August 2008.
engagement processing to generate sugFielding of the spiral 6.4 capability is anticigested engagements and prepare engagepated in 2009.
ment commands for downrange weapons.
This information will also be forwarded to
downrange sensors, such as the Sea-Based
X-band, to support “handover” of object
tracking responsibility to that sensor. It will
also be forwarded to weapon systems to aid
the engagement of potentially lethal objects.
In most cases, once a weapon system
accepts a C2BMC engagement command
to commit a weapon to a target, C2BMC’s
engagement role is ended. The weapon
system will assume responsibility for the fire
control of its interceptor. In the near future,
C2BMC will provide information to support the engagement process.
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Ballistic Missile Threat Modeling
Characterization of the overall
missile threat underpins the
development of a missile
defense system. The Aerospace
Corporation has a long history
supporting the analysis of
intelligence for understanding
current and projected missile
threats.

John S. McLaughlin

D

evelopment and operation of an effective missile defense system depends on a sound understanding of
the threat—i.e., reliable models of how foreign missile
systems look and operate. The most effective threat models are
derived through close interaction between defense system designers and intelligence community experts. This interaction improves
the designer’s understanding of the intelligence driving the system requirements and the intelligence producer’s understanding
of which aspects of the missile threat are most important. The
utility of a threat model may not depend on more degrees of
freedom or decimals of precision, but rather, on a solid grasp of
general target characteristics and threat model uncertainty and
variability.
Aerospace has a 50-year legacy of intelligence analysis that
brings a unique combination of historical perspective, insight, and
technical expertise to the characterization of an evolving—and
now global—ballistic missile threat.

Development of a Threat Model

Threat modeling for ballistic missile defense has an outwardly
focused component, aimed at characterizing an adversary’s missile system, and an inwardly focused component, which considers
how a threat model relates to specific needs of the missile defense
system. The utility of a model is largely determined by the quality and relevance of the underlying intelligence. The more critical
threat models tend to be projections of a future threat, where
there is typically limited intelligence to support many of the details. In these cases, consistent assumptions of an adversary’s objectives, technological sophistication, and available resources drive
a coherent assessment over the full scope of threat characteristics.
Well-founded assumptions are as essential to missile threat models as the models are to missile defense designs, particularly in the
early stages of the system lifecycle. For example, an adversary that
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can field a weapon system with an advanced postboost vehicle
and sophisticated missile defense countermeasures could presumably also launch several of these missiles at once. In that case, a
missile defense system design that could handle only one launch
at a time would not be a viable concept.
The long development timelines of both the missile defense
system and the adversary’s missile system present a challenge
to missile threat modeling: sometimes, a missile defense system
is intended to counter a threat that has not yet been developed,
flight tested, or deployed. In that case, the most critical time to
get information on the offensive missile can be in the early days
of its development, when details are easiest to conceal or have not
yet crystallized.
An additional complicating factor in the development of an
accurate threat model is the adversary’s motivation to conceal the
attributes and vulnerabilities of its missiles. Threat modeling must
deal with a situation where threat information is sparse or even
deceptive. An intelligence analyst will try to integrate disparate
elements of data into a coherent and consistent description of the
missile threat, but even the best intelligence data might not provide a sufficiently complete picture. Engineering judgment and
historical practice or precedent can be used to help bridge these
intelligence gaps. For example, Aerospace familiarity with U.S.
space launch and missile programs provides a basis for integrating
the available data into a realistic threat model.
The variability of a threat model further determines its usefulness. Certain characteristics of a missile might be so fundamental
that they could be considered invariant—for example, the size
of a missile is not likely to change significantly once in production. Other characteristics might be more easily changed, and
in these cases, defense system designers must accommodate a
range of possibilities, even if high-quality intelligence indicates

one particular value. The uncertainty in the
easily changed aspects of a threat model is
defined more by the potential range of variability than by intelligence uncertainty.
Over time, more intelligence becomes
available, and threat models evolve. An
evolving threat (or threat model) has serious implications for developmental defense
systems. The baseline threat drives the
design, and design trades early in the concept development stage can be significantly
cheaper than even relatively minor design
modifications later on. Thus, it is critical for
the early threat description to be rational
and realistic.
In general, characterization of a ballistic
missile threat for missile defense covers
all aspects of a threat system, with a large
emphasis on missile flight characteristics
and signatures—how a missile behaves and
looks to missile defense sensors. Simulated
observations of a threat based on models of
the underlying physical principles are compared with actual observations, and model
parameters are adjusted until a satisfactory
match is achieved. Aerospace has been
actively involved in this modeling process,
contributing new insights on foreign missile programs and relevant threat models to
support development and operations of U.S.
defense programs. Aerospace engineering
and technology expertise has also enabled
the development of new threat modeling
methodologies that are now widely applied within the intelligence community
to more accurately define missile threat
characteristics.

Elements of a Threat Model

Threat modeling for ballistic missile defense
systems encompasses a wide range of missile characteristics, gleaned through various
methods by the intelligence community.
These include performance capabilities,
technical aspects, flight trajectories and
signatures, countermeasures, basing and
deployment, concepts of operation, and employment doctrine.
Performance capabilities include payload
type, range, and accuracy. Range is a function of payload mass, and payload mass is
strongly correlated with lethality. The ability
to hit the continental United States with
a weapon of mass destruction is a major
concern. Assessments of a weapon system’s
range, payload, and accuracy should be considered in the context of an adversary’s strategic and tactical objectives. For example, a
nuclear payload need not be very accurate if
targeted against large population centers as
a strategic deterrent. Conversely, the utility
of a light payload delivered accurately to
even long ranges is hard to conceive as a viable missile threat.
Technical aspects include missile size
and weight, materials, propulsion, guidance
system, and reentry-vehicle characteristics.
Supporting intelligence is not always available, and therefore, threat models at this
level of detail typically represent descriptions based on engineered designs constrained to the available intelligence. The
desired precision of these details is driven by
user requirements, and effective application
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BMDS
design
changes

Threat
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Time
An evolving threat (or threat model) has serious implications for a developmental ballistic missile defense
system. The baseline threat drives the design, and
design trades early in the concept development stage
can be significantly cheaper than even relatively
minor design modifications later on. Thus, threat
model importance is greatest when least is known.

of these models requires an understanding
of the supporting intelligence and underlying assumptions—particularly with respect
to admissible variability in the representative descriptions. For example, the assessed
length and diameter of a missile might be
well supported by intelligence, but whether
the airframe is made of steel or aluminum
may not be known.
Details about missile flight trajectories
and signatures are important for defense
system components designed to detect,
track, and intercept ballistic missiles. Threat
models describe the missile trajectory and
how it appears to optical and radar sensors. The nature of the trajectory is closely
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gleaned through various methods
by the intelligence community.
These characteristics range from
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External Factors Influencing Threat Modeling
In an ideal world, ballistic missile defense designs and acquisition decisions are driven
by realistic threat assessments and threat models, and the modeling uncertainty is incorporated in design trades. In reality, other factors can influence acquisition, and these
factors can create pressure to tailor the threat to suit the currently feasible design; in
effect, the acquisition environment partially drives the threat assessment. For example,
factors like political agendas, technology development, or infrastructure sustainment
may argue for missile defense system development. Ballistic missile threat models are
most susceptible to this influence when the threat is ambiguous or has yet to appear; in
that case, threat projections may be advanced by those with the most policy influence.
Those top-level threats have tended toward the conservative, or most threatening, end of
the spectrum. In the context of long-range missiles, the odds can favor the offense, particularly for a technologically advanced and responsive adversary, which can discourage the development and deployment of a missile defense. Nevertheless, there may be
good reasons for pursuing a missile defense regardless of the odds. However, the threat
description should be insulated from external factors and be as realistic as possible to
preclude poor defense system design decisions that might limit future enhancements
needed to handle an emerging threat.

coupled with guidance system design. For
example, a fixed-pitch steering program
results in relatively invariant trajectories that
differ only in rocket engine burn time, while
an energy-management scheme varies flight
profiles to achieve desired ranges. In addition to steering, trajectory models depend
on the number of stages, stage burn time
and burn-time variability, coasts between
stages, and payload mass. Optical signatures
include the infrared signature of the hot exhaust plume as well as the thermal signature
of missile components during unpowered
flight. These signatures are influenced by the
solar and atmospheric environments as well
as sensor characteristics and viewing aspect.
Similarly, in the absence of direct observations, radar signature models are based on
detailed descriptions of missile components
and viewing conditions.
A significant consideration of trajectory
and signature modeling relates to a missile’s
ability to negate defensive measures. The
missile designer assesses vulnerabilities to
interception based on knowledge of the defense and develops responsive countermeasures to mitigate those vulnerabilities. Designers of both the offensive and defensive
systems are strongly motivated to conceal
details that reveal vulnerabilities or countermeasures, and this makes threat modeling
more difficult. In the absence of intelligence,
threat modelers and missile defense designers may consider expected countermeasures
based on reasoned assumptions of an adversary’s knowledge of the defense, access to
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technology, and missile constraints such as
available volume, mass, and power.
Basing and deployment covers the
launch mode, supporting infrastructure, and
launch site characteristics. Ballistic missiles
have been based at fixed sites, such as silos
or towers, and on mobile platforms, such as
trains or submarines. Supporting infrastructure depends on missile and payload characteristics and the basing mode; for example,
handling requirements for a liquid-propellant missile produce a significantly greater
logistical footprint than for a solid-propellant missile of similar range. Deployment
models describe the basing locations and

(for mobile systems) field deployment areas,
the number of launchers, and the number
of missiles. Deployment area descriptions
include site characteristics, hardness, access,
weather, and denial and deception measures
such as the use of underground and decoy
facilities. Descriptions of deployment area
road and rail networks and terrain characteristics are also important to threat mobility and vulnerability assessments.
Employment doctrine and concept of
operation are essential elements of a threat
model that describe when and how the
weapon system might be used. Employment
doctrine is driven by strategic or tactical objectives and encompasses targeting, weapon
selection, and the warfighting context. The
concept of operation includes integration
with command, control, and communications elements as well as levels of readiness,
camouflage and decoys, technical support,
and launch operations.
The Missile Defense Agency has captured a wide spectrum of threat characteristics in its Adversary Capabilities Document
to support ballistic missile system development. Aerospace contributed chapters on
booster and postboost vehicle characteristics, including specific historical examples
to illustrate extremes in parameter bounds.
The breadth of the Adversary Capabilities
Document helps ensure ballistic missile
defense designs address the full scope of the
ballistic missile threat.

Application of Threat Models

The lifecycle of a missile defense system begins with a top-level threat assessment that
drives a statement of need, leading to system development and operation and ending
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Threat modeling plays a role in the Ballistic Missile Defense System (BMDS) lifecycle. A top-level threat assessment determines system requirements, leading to system development, testing, and operation. Data generated
by operational sensors can be fed back to the intelligence community for improved threat modeling. Because
threat missile characteristics are major design drivers, adequate threat models are essential to system design.

with decommissioning. System design
trades assess performance, cost, and schedule for a number of design options and produce a system specification that is thought
to meet requirements within acceptable
resource and technology constraints. Because threat missile characteristics are major
design drivers, adequate threat models are
essential to the system design part of the
missile defense system lifecycle. Getting the
threat right in this phase is critical because
of the major influence it has on downstream
system performance and cost.
In the lifecycle, system design leads to
system development involving detailed
designs and critical technology demonstrations. More detailed threat models are
needed here to support specific algorithm
development and refinement. Detail does
not necessarily mean threat parameter definitions to many decimal places of precision;
it may be more useful to characterize the
variability of a certain aspect of a threat to
promote design robustness. This is a place
where close coordination between missile
defense system designers and intelligence
community subject matter experts helps
ensure viable system designs. In several
instances, Aerospace has provided models
and detailed reports on key stressing missile
characteristics to support focused design
trades and performance studies.
Threat modeling plays a lesser role
during the production phase of a missile
defense system; however, some systems
may incorporate a priori threat information
in mission software databases, and threat
modeling may be required to suitably populate these databases.
Once up and running, a defense system
goes through an operational test and evaluation phase where it is exercised in various
scenarios involving simulated threats, dedicated test targets, or targets of opportunity.
Threat modeling fidelity requirements are
strongly coupled to the objectives of the
test application. For example, the objectives
may be simply to ensure that components
of the system are interacting properly
and that inputs and outputs are processed

Project West Wing: Fifty Years of Missile Threat Analysis
Project West Wing was established in August 1957 and became a part of The Aerospace Corporation’s work when the company was founded in 1960. The project was
an effort to better understand the emerging Soviet ballistic missile threat to the United
States. A cadre of engineers and scientists from U.S. ballistic missile programs formed
a highly classified effort to apply U.S. expertise to the analysis of technical intelligence
being collected on Soviet ballistic missiles. While the fundamental role of intelligence
analysis and threat modeling has changed little, the ballistic missile threat has evolved
significantly during the last 50 years. As an integral and recognized part of the intelligence community, Project West Wing continues to provide technical intelligence analysis and research for national security space systems. The efforts of these missile threat
analysts have been twice recognized with the Intelligence Community Seal medallion,
awarded in 1986 and 2000.

 roperly; in this case, high fidelity may not
p
be critical to the satisfactory execution of
the tests. On the other hand, some testing
may seek to demonstrate that the system
satisfies technical performance requirements, and in these cases, high threat model
fidelity is essential. For example, inadequate
fidelity of simulated missile launches used
in performance testing could corrupt test
results by skewing performance in positive
or negative directions. In this case, threat
model fidelity should be carefully evaluated
relative to the test application to ensure the
scenarios faithfully represent those aspects
of the threat that might influence system
performance. For the last decade, Aerospace
has worked closely with operational test
and evaluation agencies and missile defense
threat modeling organizations to ensure
scenarios have sufficient boost-phase fidelity for realistic system testing.
In the operational phase of the missile
defense system lifecycle, threat modeling is
aimed at optimizing system performance.
This may involve ensuring that mission
software databases are updated to reflect the
intelligence community’s latest understanding of the threat. Aerospace has worked in
this capacity as part of an interagency working group chartered with managing a priori
threat information in mission databases to
optimize the performance of operational

The most difficult challenge lies in threat projections,
which are often based more on conjecture than hard
intelligence. This puts the onus on threat model producers
and consumers alike to explicitly consider the context and
limitations of the threat assessments.

missile launch warning systems. Near-realtime threat information can be provided to
system operators to improve readiness. In
addition, operators may receive information
on the current weather or defense system
configuration and how that might influence
the system’s response to a launch. Given
enough time, the system might be reconfigured to enhance performance against a specific threat—for example, by repositioning
or augmenting sensors or interceptors.
Data generated by operational missile
defense system sensors can be exploited for
improved threat modeling by feeding that
data back to the intelligence community.
This information may improve the intelligence community’s understanding of the
threat, which then refines threat models injected into the various aspects of the system
lifecycle. In one instance, Aerospace collaboration with a sensor contractor uncovered data revealing startling, and previously
unknown, aspects of a foreign missile test.

Conclusion

Characterization of the missile threat
underpins missile defense system development. An emphasis on early design trades
and system architecture development helps
to ensure future missile defense system effectiveness. The most difficult challenge lies
in threat projections, which are often based
more on conjecture than hard intelligence.
This “crystal ball” puts the onus on threat
model producers and consumers alike to
explicitly consider the context and limitations of the threat assessments to promote
development of sufficiently robust defense
system designs. The core threat should be
adequately represented, and excursions
should be recognized and appropriately
weighted to avoid design trades that accommodate unlikely threat characteristics at the
expense of the core missile threat.
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Intelligence Support for Missile Defense
Successful development of the
Ballistic Missile Defense System
depends on critical intelligence.
The Aerospace Corporation
is intimately involved in
developing tools to help
defense system planners
manage information
from the intelligence
community.
Alex B. Duque

T

he Missile Defense Agency (MDA) will invest approximately $50 billion during the next five years in
development of the advanced, highly complex Ballistic Missile Defense System (BMDS). Many will agree that
the United States faces serious, credible, and growing threats
from an accidental or intentional ballistic missile strike from
rogue or nonstate actors. Since the advent of the German
V-2 rocket in 1944, the world has witnessed an exponential
rise in the advancement and proliferation of missile technology. The intelligence community estimates that more than
20 nations now possess ballistic missile capabilities—and
this number continues to rise.
For more than three decades, the Cold War maintained
a stable, though tense, environment through the policy of
mutually assured destruction. The doctrine’s success derived
from the fact that both the United States and Soviet Union
were rational superpowers, and that neither was interested in
self-annihilation or global destruction. The end of the Cold
War has produced a less predictable enemy and an unstable
world environment.
Although weapons of mass destruction are a primary
concern, it is not necessary for nonstate actors to use nuclear,
chemical, or biological warheads to coerce or terrorize other
nations. Instead, conventional weapons on ballistic missiles
can be used effectively to weaken coalitions, influence military options or strategy, and sway public opinion. Ballistic
missiles are glamorous weapons for developing nations, perceived as status symbols and prized possessions that can be
used to project power against much stronger opponents.
Even terribly inaccurate munitions like rockets may be
used as instruments of alarming destructive power when
equipped with unconventional warheads. Careless control
over fissionable material, particularly in the former Soviet
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Union, is troubling because unauthorized sales to rogue
states become increasingly possible. Of course, it is more
likely for bad actors to obtain the wherewithal to produce
chemical or biological weapons and to engineer them for
purposes of terror than to obtain fissionable material and
package it for that same purpose. Nevertheless, it is not
altogether far-fetched for rogue states to find the means to
package and deliver weapons-grade nuclear arms when characters like A. Q. Khan, former nuclear advisor to Pakistani
President Musharraf, are transferring knowledge and nuclear
technology to parts of the Middle East.

MDA and Intelligence

The MDA and its constituents (many of which are covered
in separate articles in this issue) are empowered to design,
build, test, and integrate sections of the BMDS. MDA is
also charged with training the eventual operators of this
highly complex system. Successful design and development
of the BMDS depends on so-called “essential elements of
information.” Examples of these include missile phenomenology and flight characteristics (signatures, object shapes
and spacing, and flight dynamics); ballistic performance
parameters; composition and depth of missile platforms
and the placement of critical missile subsystems; ancillary
data on launching platforms; inventory; payloads; countermeasures; deployment mechanisms; and country of origin.
Current intelligence on these and other critical parameters is
crucial to the design and optimization of sensors, interceptors, and shooters as well as command and control, battle
management, and communications (C2BMC) constructs.
Reliable information is also critical to the development of
discrimination algorithms and engagement sequencing
needed to destroy inbound warheads.

The Intelligence Requirements
Division and Aerospace

The MDA Intelligence Requirements Division (formerly the Intelligence Directorate)
is entrusted with satisfying MDA’s demand
for critical missile information. Through
collaboration with many intelligence community members, it pursues all of MDA’s
intelligence needs and serves information
to the whole agency through classified Web
pages and assorted intelligence tools. Agencies MDA collaborates with include the
Defense Intelligence Agency/Missile and
Space Intelligence Center (DIA/MSIC),
Air Force Intelligence/National Air and
Space Intelligence Center (NASIC), Central Intelligence Agency (CIA), National
Security Agency (NSA), National Reconnaissance Office (NRO), National Geospatial Intelligence Agency (NGA), National
Ground Intelligence Center (NGIC), the
Department of Energy (DOE), and Office
of Naval Intelligence (ONI). The Intelligence Requirements Division is organized
into four teams: the Current Intelligence
Team, the Sensors Intelligence Team, the
BMDS and Asymmetric Threat Team, and
the Intelligence Applications Team. Each
team has different responsibilities.
The Current Intelligence Team is responsible for producing, maintaining, and
disseminating numerous daily intelligence
reports and briefings to the MDA director,
senior staff, and program elements. This
team is also responsible for supplying the
director and his senior staff with insight
into global daily events, ensuring a high
level of global situational awareness.
The Sensors Intelligence Team is responsible for coordinating the allocations for
national sensor collections and for introducing MDA’s requirements for scheduling
consideration. This group is responsible for
exploiting multiphenomenology products as
well as analyzing and identifying potential
MDA use of evolving intelligence community capabilities.
The BMDS and Asymmetric Threat
Team is responsible for increasing the technical content of intelligence community
production requests so that it accurately
reflects the true intelligence needs of MDA.
This team facilitates the resolution of
technical differences between intelligence
community assessments and the MDA
system engineering estimation of the threat.
Additionally, this group is responsible for
examining unorthodox but credible ways of
delivering strikes to U.S. soil.
The Intelligence Applications Team is
responsible for developing and managing the capabilities and content of a few
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The basic UMPIRE architecture. UMPIRE provides a single, consistent interface to five trajectory-modeling tools
from three different agencies.

intelligence-based application tools. These
tools are exceptionally useful in first-order
analyses of trajectories and lethal/nonlethal
object flight dynamics as well as optimal
placement of transportable assets. This team
is also responsible for obtaining the latest
intelligence threat models and intelligencevalidated characteristics, performance, and
inventory data that must be made available
in the intelligence application tools.
Since the fall of 2003, Aerospace has
been an integral part of the MDA Intelligence Requirements Division, providing
technical support to each of the four teams.
A major portion of this support is concentrated on the Intelligence Applications
Team. In particular, Aerospace has been
assisting the team with engineering analysis
and program management of the Universal
Missile Protocol Instantiation Requester
Environment (UMPIRE) and the Intelligence Reference Database (IRDB).

UMPIRE

UMPIRE was created to meet the need for
a consistent and unified user interface to
disparate trajectory-modeling tools. Previously, missile defense analysts had to learn
five complicated trajectory applications
developed by three different agencies: the
DIA’s Digital Integrated Combat Evaluator
(DICE) and Optimized Missile Engagement General Architecture (OMEGA) for
analyzing short- to medium-range ballistic
systems; NASIC’s Strategic and Theater

Attack Modeling Process (STAMP) and
Interactive Missile Process for a Universal Launch Simulation Environment
(IMPULSE) for studying medium- to
long-range threats; and the MDA Threat
Modeling Center’s Trajectory Generator
(TG) tool, a desktop application for war
games, tests, and other needs.
To examine the full range of the BMDS
threat set, an analyst needed proficiency
in applying and running all five tools. As
a result, users often misused these utilities
and had difficulty in comparing uncommon
tool outputs—or, they would focus only on
single facets of a threat set to minimize the
time and work needed to gain competence
with each tool. UMPIRE alleviates these
problems by providing a single interface to
all five programs and employing common
standards to the Earth, gravity, and other
physics-based parameters. Aerospace has
been involved with the development of
UMPIRE since March 2005 as the acting
program manager on behalf of the MDA
Intelligence Requirements Division.
The ultimate goal of UMPIRE is to
minimize or completely eliminate the
misapplication of these tools and to enhance productivity, minimize redesigns,
and even lower BMDS production costs.
In addition, UMPIRE can be useful to
MDA’s Systems Engineering Directorate,
responsible for identifying and defining
the current and potential threat environment that the BMDS must defend against.
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Troubling Events
On July 12, 2006, a Hizballah militia ambushed a small Israeli force across the
Israeli-Lebanese border, killing three and kidnapping two wounded soldiers. Five more
Israeli soldiers were killed when their unit entered Lebanon to rescue their comrades.
The following morning, Hizballah fired a rocket from Lebanon into the Israeli resort
town of Nahariya, killing one and injuring ten. From July 13 to August 13, Israeli
police reported more than 4000 impact sites within Israel from rockets launched by
Hizballah forces in Lebanon. More than 2000 civilians were wounded and 53 were
killed; the barrage caused extensive damage to hundreds of homes, public utilities,
and industrial plants. Nearly a million Israelis were forced to live in or near secure
shelters, while a quarter of a million people from northern Israel were evacuated and
relocated to other areas of the country. Economic activity in northern Israel was halted
for at least a month.
In March 1996, the Chinese government announced its intention to conduct ballistic
missile tests 20 miles off of the Taiwanese northeastern coast and 30 miles off the
Taiwanese southwestern coast. The exercise interfered with access to the island’s
principal port of Kao-Hsiung, to Taipei’s international airport, and to rich fishing areas.
The Chinese action was, in effect, a partial and temporary blockade on Taiwan. The
Chinese admitted later to attempting to influence the presidential elections in the small
nation and to affect its foreign policy with the United States.
These are just two examples of many world events underscoring the seriousness of ballistic missile threats. The concern that ballistic missiles and weapons of mass destruction
are proliferating has heightened the sense of urgency for the United States to develop
a comprehensive ballistic missile defense system capable of defending the homeland,
its deployed troops, and friends against weapons of mass destruction and ballistic
platforms that deliver them.

The directorate developed the Adversary
Capability Documents and Adversary Data
Packages for this very purpose. Adversary
Capability Documents estimate what a
potential adversary could realistically do,
given the limits of technology, basic physics,
and presumed capabilities to date. In a few
instances, the Systems Engineering Directorate has designed plainly conceptual missile systems and hypothetical scenarios that
span the entire threat space. Sometimes,
distinct designs are identified with which to
assess the capability and adequacy of existing and future BMDS designs. Analyses
of these systems require the use of all five
simulation packages, which is streamlined
and unified within UMPIRE.
UMPIRE was developed using a structured approach based on modern software
development techniques. Initially, requirements were solicited in conjunction with
the user community. To develop and review
program requirements, an integrated product team was assembled, with membership
from DIA/MSIC, NASIC, ONI, MDA’s
Modeling and Simulation Directorate
and Threat Modeling Center, and a select
user base. As program manager, Aerospace
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has chaired the integrated product team.
The Intelligence Requirements Division
further directed the creation of a System
Requirements Specification to guide in the
development of UMPIRE. This approach
has worked out well. The integrated product
team analyzed and considered interfaces
to intelligence models, requirements for
visualization, requirements for networking,
requirements for supporting other platforms such as UNIX and LINUX, memory
requirements, responsiveness to user inputs,
and efficient methods for adding more
simulations in the future.
The UMPIRE team has demonstrated
the flexibility of this architecture. The initial
goal to integrate only four intelligencebased simulations was revisited and quickly
improved after receiving feedback from
numerous audiences. The development
group integrated the Adversary Capability
Documents systems, which were built with
STAMP and TG to support the MDA
development community, within UMPIRE.
A prototype UMPIRE release incorporated the STAMP and TG databases of the
Adversary Capability Documents threats.
The alteration was accomplished within

a month of receiving an informal change
request from MDA. To mitigate the risk
of misusing or misconstruing data between
real intelligence and conceptual threats in
UMPIRE and to address other intelligence
community concerns, the team segregated
the intelligence community and Adversary
Capability Documents databases. Likewise,
UMPIRE was designed to produce alerts to
clearly differentiate between the intelligence
and engineering data output types.
Beyond generating and plotting missile
trajectories, other features in UMPIRE
include the ability to import trajectory data
from other sources and to allow terrestrial
RF sensor data to be promptly visualized,
plotted, copied, and pasted onto slide presentations. The terrestrial sensor capability
places radar assets on the UMPIRE global
display, allowing analysts to view simulated
foreign missile flight tests and radar asset coverage of the flights. UMPIRE is a
very beneficial tool to users who aspire to
generate acceptable trajectories rapidly. The
Intelligence Requirements Division implemented the ability to display the maximum
reach of missile threats as well as contours
from specific geographic launch areas.
The next UMPIRE release, now in development, will add terrain images so that
users can zoom into areas to view detailed
pictures of launch and impact sites. The
UMPIRE team will add national sensor
models as well so that users can visualize
and analyze overhead sensor coverage of
ballistic missile launches.

The Missile Threat Portal

In 2003, the MDA Intelligence Requirements Division, the C2BMC Directorate,
and DIA/MSIC embarked on an enterprise
to serve threat intelligence data from diverse intelligence community data servers to
the BMDS C2BMC architecture through
an intelligence portal. The goals were to
provide “one-stop shopping” for missile
intelligence, to promote a mechanism for
C2BMC machines to automatically ingest
properly formatted information, to accommodate consistent configuration-controlled
information, and to develop a machine-tomachine interface for C2BMC suites. The
project, known as the Missile and Rocket
Knowledge Base (MaRKB), was given one
year for completion. Aerospace served as
advisor to the Intelligence Requirements
Division for the concept, design, development, and initial operations of the MaRKB.
In September 2003, the Intelligence Requirements Division asked DIA to develop
an XML schema to tag and deliver missile information through the portal. They

Sample range contour plot in UMPIRE of a notional threat missile.

coordinated with other intelligence centers
to ensure the MaRKB would be capable of
accessing the profusion of data that is available but dispersed through various servers.
The intelligence community provided information on long-range, medium-range,
short-range, and submarine-launched
missiles and long-range rockets for more
than 80 threat systems. Most of this information, along with a considerable compilation of ancillary details, were staged on the
MaRKB. A few more essential parameters,
and the accompanying XML translation software, were to be delivered with
the Intelligence Reference Database. The
IRDB stores radar cross section and family of trajectory information for all threat
objects in the MaRKB. It was designed to
not only interface with the C2BMC, but
to also automatically feed and update its

Sample terrestrial RF sensor visualization capability in UMPIRE.

threat database. Aerospace provided technical oversight over IRDB requirements, cost,
schedule, and performance to meet the expectations of both the Intelligence Requirements Division and C2BMC Directorate.
The MaRKB was declared operational in
October 2004. C2BMC developers tested
an unclassified beta version and were
pleased with the new capability.
Because of funding constraints, significant adjustments to portal data requirements, XML formatting difficulties, and
calls for sizable information endorsement
by the intelligence community, the MaRKB
was discontinued, and the IRDB was delayed. Since then, however, the Current
Intelligence Team has deployed the Missile
Threat Portal, populated with intelligence
community missile threat information. This
portal has replaced the MaRKB and is serv-
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Notional MaRKB portal architecture partly deployed at BMDS initial defensive capability on October 1,
2004—approximately one year from initiation.

ing a much wider user base. The IRDB is on
hold until the intelligence community can
audit and endorse its appreciable content.

Conclusion

The environment today has made terrorism
vastly easier to coordinate on a worldwide
scale than was possible years ago. Because
of this, missile defense is seen today as a national priority. The MDA is in charge of deploying a missile defense system that will be
effective under realistic conditions, against
realistic threats and countermeasures, and
without perfect prior knowledge of target
cluster composition, trajectory, or direction.
To develop and field an effective system
that can engage and defeat this threat,
MDA requires the best intelligence possible. The Intelligence Requirements Division is the designated interface to the intelligence community and is aligned to fulfill
the MDA’s myriad intelligence needs. With
tools such as UMPIRE, the IRDB, and the
Missile Threat Portal, the Intelligence Requirements Division stands primed to assist
with the development and deployment of
an effective BMDS.
Further Reading
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“Theater Ballistic Missile Defense Operating
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The Airborne Laser:
Boost-Phase Missile
Defense at the
Speed of Light

The Aerospace Corporation has worked alongside contractors and government personnel to
develop the Airborne Laser—one of the first lines of defense in the Ballistic Missile Defense System.
James B. Thordahl

T

he Airborne Laser (ABL) is the world’s first airborne platform designed to autonomously detect, track, and destroy
hostile ballistic missiles during their vulnerable boost phase
of flight. As the air-based component of the Ballistic Missile Defense System (BMDS), the Airborne Laser’s primary mission is
to protect the United States, its deployed forces, friends, and allies
from a ballistic missile attack. It consists of a megawatt-class chemical oxygen-iodine laser integrated with a beam-control/fire-control
system and a battle management, command, and control system on
a highly modified Boeing 747-400 freighter aircraft.
The ABL program office is located at Kirtland Air Force Base,
New Mexico, where the demonstration goal of shooting down a
boosting missile has taken giant strides between 2004 and 2007.
Successful milestones include complete installation and ground
testing of the laser in a 747 integration lab, airborne testing of the
passive acquisition and tracking systems, and ground and flight
tests of the active mission payload, which include ABL’s kilowattclass track and beacon illuminators and a low-power surrogate
laser. These latest tests demonstrated ABL’s complete engagement sequence against a noncooperative airborne target, including
passive acquisition, active tracking, target ranging, pointing, and
atmospheric compensation. A dual-path approach of high-power
testing of the laser system on the ground and low-power testing of
the integrated beam-control and battle-management segments on
the aircraft allows parallel progress and risk reduction in both areas
prior to full system integration.
The concept of ABL developed through collaboration between
the U.S. government and an industry team of Boeing, Lockheed
Martin, and Northrop Grumman. Like many large acquisition
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 rograms, the ABL program office has relied on Aerospace to
p
provide objective programmatic support and technical expertise
throughout the acquisition, development, and execution phases of
the process.

Aerospace’s Role

Aerospace has been part of the ABL team since the program’s
inception in 1996. Five Aerospace engineers provide continual support in the areas of integration and testing, systems engineering,
software acquisition and engineering, and the overall integration of
the ABL into the BMDS.
This small Aerospace team has made a large impact on the
program by providing onsite technical and programmatic reviews
during key ground and flight test phases, by serving as the government’s technical advisor for development and integration, and by
acting as the primary ABL interface to the Missile Defense Agency
(MDA) for integration into the BMDS.
Aerospace has been recognized for its contributions: the team
was thrice named ABL technical contractor of the year, it received
the Air Force Materiel Command Test and Evaluation Award, and
it has been placed on the MDA’s contractor honor roll.

Mission and Concept of Operations

ABL was originally conceived as a theater weapon that would be
used by the United States to target ballistic missiles in a combat
theater, such as the Scuds used by Iraq during Desert Storm. However, under the MDA, ABL has become part of a layered defense
system. Its mission is no longer only to shoot down theater missiles, but to shoot down any missiles that may be attacking friendly
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troops or nations. As an integrated element
of the BMDS, ABL can also provide early
launch warning, launch-point and impactpoint prediction, and target cueing to other
elements of the BMDS.
The future concept of operations includes a squadron of seven Airborne Lasers
stationed in the United States, deployable
worldwide and combat ready within 24
hours. In a wartime scenario, ABL would
stand off from the border of a hostile territory outside the range of surface-to-air
missiles, loiter at approximately 40,000
feet, and fly a figure-eight combat air patrol
while constantly scanning for the infrared
signature of a ballistic missile. It would be
supported by fighter aircraft and refueled in
flight to provide upwards of 12 hours onstation per aircraft. The weapon system will
have a range on the order of hundreds of
kilometers.
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ABL provides a global, highly flexible, multimission
capability to attack ballistic missiles during boost phase
ABL uses its megawatt-class laser to heat the skin of a target missile during its
boost phase. Combined with the powerful stresses of launch, the laser spot causes
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a critical breach that essentially rips the missile open. Debris from the missile is
more likely to fall near the launch site, rather than the missile’s intended target.

ABL is designed to engage targets in
their boost phase shortly after launch. A
missile is under tremendous forces when it
is first launched, and ABL will use this to
its advantage by heating up the skin of the
missile with its laser, causing the missile to
essentially rip itself open. Since the engagement would occur shortly after launch,
debris from the missile would most likely
fall near the launch site, rather than near the
missile’s intended target.

System Description

There are four major components to the
ABL system: the aircraft, the battlemanagement system, the beam-control/firecontrol system, and the laser system. The
aircraft is a commercial Boeing 747-400
freighter. Significant modifications were
made to it when it was purchased off the
assembly line, including removal of the nose

The ABL is comprised of a battle management system, a sophisticated beam-control/fire-control system and
a megawatt-class chemical oxygen-iodine laser all integrated in a highly modified Boeing 747.

to allow for installation of the turret and its
1.5 meter telescope, reinforcement of the
floor to accommodate the load of the laser,
and replacement of the bottom skin of the
aircraft with a titanium belly to withstand
the heat of the laser’s exhaust.
The battle-management system acts as
the weapon system controller and provides
autonomous target acquisition that allows
ABL to acquire missiles within the tight
boost-phase timelines. The communications
equipment—mostly off-the-shelf—shares
information for joint operations with other
elements in the BMDS as well as the Command and Control, Battle Management,
and Communications (C2BMC) system,
giving the warfighting commander realtime information about missile launch and
defense. ABL’s battle-management segment
also performs mission planning and serves
as the operator interface via consoles and
displays.
The beam-control/fire-control system
makes critical adjustments to the laser beam
so that it can transmit its energy onto the
missile in a focused spot to ensure lethality.
This system passively acquires the missile
using the infrared signature of the plume,
actively tracks the missile to stabilize the
target in the laser-beam train, minimizes
pointing jitter, and compensates for atmospheric effects. Atmospheric compensation
is key to accurately transmitting the laser
beam over the long distances crucial to the
warfighters’ needs. A major challenge of
the beam-control/fire-control system was
its optics. There are more than 100 optical
components in the system ranging in size
from 2.5 to 170 centimeters, each requiring
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ABL Development Path
Low power testing (aircraft, BCFC, BMC4I) (completed fall, 2007)
Demonstrate the beam control (pointing and tracking) system works
Flight turret
Beam control
benches

Ground
test
aircraft

Aircraft
readiness
for flight

Active
systems
ground
testing

Passive
flight
testing

Active
flight
testing

High power testing (laser) (completed winter, 2007)
Demonstrate the high-energy laser works
Optics and
diagnostics
Build-up laser
hardware

Laser first
light
on the
ground

Laser disassembly
and refurbishment

Laser long run/
performance test

Laser
installation
on aircraft

Weapon system integration
Demonstrate the integrated weapon system works
Weapon system
ground test

Aircraft readiness
for flight

ABL is structured for dual path development. This includes high-power testing of
the chemical oxygen-iodine laser device and low-power ground and flight testing

a unique optical coating. To simultaneously
point the outgoing lasers, measure returns
from the target, and ensure maximum
power on target, some optics need to
be perfectly reflective, others perfectly
transmissive, and still others must transmit
or reflect only very specific wavelengths.
The laser system uses chemical oxygeniodine laser technology that relies on the
interaction of basic hydrogen peroxide and
chlorine to create excited oxygen. Once this
compound is injected with iodine, it creates
photons. To generate “lethal” power, the system employs six laser modules that are each
roughly the size of a Mini Cooper standing
on end, and two large optical benches that
form the laser resonator. Advanced fabrication and weight-reduction technologies
have helped create a megawatt-class laser
system that can be installed on a commercial aircraft.

Weapon system
flight test

Lethal
demonstration

of the mission payload. Both low-power and high-power testing are complete and
the two paths have converged into weapon system integration and test.

These tests are “low power” because the
full-scale laser is not yet installed on the
aircraft. When it completes its systemsintegration laboratory tests, along with
flight tests of the low-power mission payload, the laser will be installed on the aircraft, and system-level high-power ground
and flight tests will be conducted. This will
conclude with a demonstration of the system's lethality by shooting down a ballistic
missile.

Recent Accomplishments

The ABL program has been developing
incrementally along key events or “knowl-

edge points.” This assessment approach
involves preplanned events that represent a
time where critical knowledge is gained and
can be used by decision makers to confirm
the ABL’s viability. Knowledge points for
the ABL have progressed through increasing degrees of integration and testing and
reflect significant levels of accumulated
understanding.
Successful knowledge points between
2004 and 2007 include the first light of
the integrated high-energy laser system;
the first flight of the passive mission payload, which is comprised of the battlemanagement and beam-control/fire-control

Dual-Path Testing

The ABL program has been structured to
enable dual-path development and testing.
One path is used for integration and highpower testing of the laser in a systems integration laboratory on the ground. The other
allows for concurrent low-power ground
and flight testing of the mission payload,
including the battle-management and
beam-control/fire-control systems.
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A surplus 747 fuselage known as the Systems Integration Laboratory was used as the platform to integrate
and initially test the laser system. The image shows the six laser modules and one of the optics benches prior
to removal and installation on the aircraft.

The Engagement Sequence
From missile detection to destruction, the ABL engagement
sequence has six basic steps.
First, the battle manager detects the missile after it breaks through the
cloud deck using an infrared search and track system. Six such systems
are stationed around the aircraft, providing a 360-degree field of view.
The active ranger then determines target range, prioritizes the available
targets based on rules of engagement established by the combatant commander, and instructs the beam-control/fire-control system to engage the
target at specific inertial coordinates.
Second, the beam-control/fire-control system uses the coordinates provided by battle management to command an inertial sensor in the turret to
point to the target, bringing the turret assembly with it. The acquisition sensor located in the turret assembly finds and acquires the infrared signature
of the missile plume and adjusts the turret to center the image in the sensor
in preparation for handover to the narrow-field-of-view plume tracker.
Third, the plume tracker acquires the hot exhaust of the missile plume
through the shared aperture, refines the turret assembly settings, and
establishes a missile track file as well as a track point at the leading edge
of the plume. The track point and missile kinematics are then used to calculate a pointing angle for the track illuminator laser so that it will hit the
missile body. Its beam is then launched and “walked up” (moved forward)
from the plume to the missile nose.
Fourth, the return of the track illuminator off the missile is measured in the
fine tracker to update the range to target, and the missile image is analyzed to establish and lock onto a nose track point. The pointing angles
for the beacon illuminator and the high-energy laser are calculated with
respect to the nose track point, and the beacon illuminator is propagated
to the target.
Fifth, the return of the beacon illuminator is analyzed by a wavefront sensor to measure atmospheric disturbances. A wavefront sensor is a device
that measures the aberrations of an optical wavefront—in this case, the
beacon illuminator. The aberrations are an estimate of the atmospheric disturbances and can be corrected using an adaptive optics system similar to
those used in astronomical telescopes. The beacon illuminator is pointed
ahead of the desired high-energy laser hit spot so that its return samples
the same path that the high-energy laser will follow. This allows a deformable mirror to predistort the high-energy laser beam so that it self-corrects
as it passes through the atmosphere and arrives focused at the target,
providing maximum intensity. This function is referred to as atmospheric
compensation.
Sixth, the high-energy laser is fired, and a sample of the outgoing beam
is analyzed by a second wavefront sensor. Errors inherent in the beam
or generated as it passes through the optical system are corrected by a
second deformable mirror. This function is referred to as local wavefront
compensation. With local and atmospheric errors compensated for, a
spot about the size of a basketball is maintained on the missile, and within
seconds, it weakens the missile body. Internal pressure creates a crack that
then propagates catastrophically, unzipping the missile skin.

1. ABL’s battle management
system acquires the target
and commands the beamcontrol/fire-control system to
slew the turret assembly.

2. The acquisition sensor acquires and tracks the target
plume.

3. The plume tracker acquires/tracks the target
plume and points the track
illuminator.

4. The fine tracker locks
onto a track point near the
nose of the target and points
the beacon illuminator.

5. The beacon return allows
high-energy laser
precompensation for
atmospheric turbulence.

6. The high-energy laser
beam is fired/target kill.
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Left: Sensor images of the surrogate high-energy laser on Big Crow with atmo
spheric wavefront compensation closed and local wavefront compensation

systems; flight testing of the passive mission
payload; lethal-power and full-duration
ground testing of the high-energy laser
system; integration of the track and beacon
illuminator lasers and testing of the active
mission payload; flight testing of the active
payload and engagement of a noncooperative airborne target; and readying the aircraft and support systems for high-power
systems integration.

Low-Power Flight Test

A recent accomplishment—and arguably
the most significant to date—was the lowpower active flight-test series. This included
a demonstration of ABL’s key engagement
functions, including passive and active
tracking, atmospheric compensation, and
pointing of a surrogate laser against an airborne target.
The target, a KC-135 aerial refueling
aircraft named Big Crow, was modified to
support the testing. A missile silhouette
was painted on the side of the aircraft, and
a bank of heat lamps were installed at the
rear of the “missile” to emulate its plume.
Cameras were also installed on the wing tip
to look back at the silhouette and provide
scoring of the three laser beams, including
beam size, jitter, and irradiance. The ABL

flew 55 missions against Big Crow over
nine months, incrementally demonstrating
the individual portions of the engagement
sequence at operationally representative
ranges and substantiating weapon systems
performance, including atmospheric and
local wavefront compensation.
This focusing or correction of the laser
represents the endgame for ABL—to get to
this point, the battle-management system
had to detect the target, pass its coordinates
to the beam-control/fire-control system
(which in turn had to slew the turret assembly), acquire the plume in its acquisition
sensor, and hand off to the plume tracker.
The track illuminator laser was propagated
and walked to the nose of the target, its
return was sensed and used to actively track
the target. The beacon illuminator laser was
propagated, and its return was used for atmospheric compensation. Finally, the surrogate high-energy laser was propagated and
accurately pointed to the desired location
on the target.
The performance measured during lowpower systems integration offered confidence that the system has the necessary
lethality to move into the next phase: highpower systems integration.

The ground pressure recovery system vacuum sphere allows testing
of the high-energy laser on the ground.
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open (far left) and both loops closed (middle). Right: The Airborne Laser with
the target aircraft Big Crow, a modified KC-135 aerial refueling plane.

Path Forward

The first ABL is housed in a
hangar at Edwards Air Force
Base undergoing laser system
installation. Once the installation
is complete, the system will go
through a series of activation and
ground tests.
Incremental testing of the
laser will include first light of
the laser into a local calorimeter
followed by propagation through
the beam-control/fire-control
optical system. This ground testing is facilitated by an extensive
set of support equipment, including a ground pressure recovery system that allows for testing
at pressures similar to what the

laser will experience in flight. The tests will
also be conducted with a range-simulator
diagnostic system that catches and measures
outgoing laser beams and provides laser returns. These returns simulate the returns of
the track and beacon illuminator lasers off a
target. This allows the engagement sequence
to be simulated on the ground without an
actual target.
Following verification of system-level
functionality and characterization of ground
performance, ABL will return to the air in
its quest to shoot down a ballistic missile.
Flight testing will commence with regression tests against an airborne diagnostic target similar to Big Crow followed by a series
of engagements against dynamically representative targets. The targets include Terrier Lynx rockets as well as instrumented
vehicles referred to as missile alternative
range target instruments. These Black Brant
rockets include sensor payloads from MIT’s
Lincoln Laboratories that measure the track
illuminator, beacon illuminator, and highenergy laser wavelengths. This phase of testing is scheduled to culminate in late 2009
with a lethal demonstration—negation of
an actual ballistic missile during its boost
phase in a representative scenario.

Summary

ABL is a revolutionary system that takes
directed energy from the laboratory to
the battlefield and provides the first line
of defense against a ballistic missile attack. Tremendous progress has been made
over the past several years, and all of the
building blocks of the system have come
together through successful testing, including full-power, full-duration lasing from the
six-module high-energy laser and completion of flight testing of the aircraft with
all beam-control systems installed. These
successes allowed the program to move
into system-level integration and test and
continue its march toward lethal system
demonstration—that is, shooting down a
real missile in flight.

Ballistic Missile
Defense System
Testing
The Aerospace Corporation is working
with the Missile Defense Agency to
assess testing of individual elements
of the Ballistic Missile Defense System
and their integration into the overall
architecture of the system.
Joel D. Benson and Jerry D. Rand

T

he United States has tested and fielded an initial
Ballistic Missile Defense System (BMDS) and is
steadily enhancing this system with additional sensors, interceptors, and command and control capabilities.
BMDS testing for 2007 included numerous successful flight
and ground tests.
Flight tests may include full-up testing of BMDS or
more limited testing of BMDS components. It is used to
ensure various BMDS elements and components can complete their individual missions and effectively communicate
and work together as part of the entire system. In 2007 flight
tests included nine successful hit-to-kill intercepts; five successful Aegis BMD intercepts of short- to medium-range
separating and unitary targets, including a simultaneous engagement of two short-range ballistic missiles; three successful Theater High Altitude Area Defense (THAAD) intercepts of short-range unitary targets in the atmosphere and in
space; and a successful intercept of a long-range target by an
operationally configured ground-based long-range interceptor using operational crews from U.S. Northern Command
and the threat—a representative target missile—followed a
realistic threat trajectory. Another 2007 flight test successfully demonstrated a simulated ground-based interceptor
engagement on a radar track from the Sea-Based X-band
radar using a live target.
Ground tests include successful assessment of the ability
of the BMDS to simultaneously execute multiple engagement sequence groups—that is, groups of components that
must work together to detect, track, and intercept enemy
missiles—with the projected fielded and developmental
baselines, and a successful distributed ground test demonstrating simultaneous execution of multiple engagement sequence groups while using the BMDS operational elements
and locations with associated operational communications.

BMDS Test Strategy and Structure

The BMDS test strategy requires that test requirements be
derived from the system engineering process. This strategy
uses a simulation-based acquisition approach that links
planned flight-test profiles to ground test events, alters conditions of operational deployment in multiple ground test
cases, adheres to “test like you intend to fight” principles,
and employs verification, validation, and accreditation principles to reduce risks and anchor performance models. The
strategy calls for operational hardware-in-the-loop testing
as much as is practical and involves component-level testing
and integration of hardware and software via integrated and
distributed ground tests. The goal is to merge developmental
and operational testing requirements to the maximum extent
possible for each test event.
Processes focused on the efficient and effective testing of
the integrated BMDS will be aligned to enable “burn down”
(verification) of test requirements at an increasing rate. This
will require discipline in the testing process and accountability for the actions and results. The overall testing philosophy
can be defined as: test early, test often, control the configuration of the components being tested, characterize capability
to make fielding decisions, and embrace operational realism.
As the BMDS evolves, testing will continue to expand
beyond the individual elements to encompass a system-wide
approach. The system-level tests are documented in an integrated master test plan, involving one or more of the system
elements as they interact. This master test plan establishes a
framework for ground and flight testing of the various systems, subsystems, and components. The tests incorporate the
objectives and requirements defined by the Missile Defense
Agency (MDA) Systems Engineering Group and the specific element(s) being tested. They verify the overall capability of the system in engagement sequence groups.
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Planned MDA Testing
FY 2008

12 Dec 07

Q1

BMDS Ground tests

Q2

AR 07b

BMDS Exercises

GTD-02

FY 2009
Q3

AR 08a
GTX-03a

Q4

Q1

AR 08b
GTI-03

Q2

GTD-03

Q4

GTI-09

GTX-09a

GTD-09

GTX-09b

GTX-03c

Airborne Laser

Q3

AR 09a

FLT-01

Ready for HPSI

Kinetic Energy
Interceptor

FTK-01

Ground-based
Midcourse Defense

2-Stage
OBV
BVT

JFTM-01

FTM-14

FTT-08

ATM-48

Arrow

AST-13

Other MDA events

FTX-04

FTT-09

PATRIOT

NGSP-01

Targets of Opportunity
Intercept

FTG-05

FTG-06

(Sea-based terminal)

Aegis Ballistic Missile
Defense
Theater High Altitude
Area Defense System

FTG-04

FTM-13

FTG-07

FTT-10

FTT-11

7-2 (MSE GTF-1)

7-3 (MSE GTF-1)

STSS SVL

GT-197

GT-194

FTS-01
GT-198

MDA testing for 2008 and 2009. Planned intercepts and those under consideration are noted. Successful testing so far has allowed MDA to declare
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FTT-12

FTS-02
GT-195

GT-199

“as of 15 April 2008”

Under consideration

The operational testing agencies, the
MDA Systems Engineering Group, and
the BMDS Capability Assessment team
use the test data for assessment of operational readiness, systems requirements
validation, and system performance, respectively. Aerospace has participated in the
BMDS Capability Assessment team since
its inception. This team provides the MDA
director with an internal, nonadvocate assessment of the as-built system.
While the director of the responsible
test organization plans, programs, budgets,
executes, and manages the BMDS test and
assessment program, the principal agent
for test execution is the Combined Test
Force. Consisting of representatives from
across MDA and the element programs,
the Combined Test Force plans, executes,
analyzes, and reports BMDS test events. Its
test teams are responsible for integrating
multiservice components at various levels
of system maturity in an engagement space
covering air, land, sea, and space. The basic
group structure consists of one campaign
director and multiple teams leading detailed event test planning, integration, mis-

FTM-15

FTM-14

Caravan 2

N-FIRE 2b

GT-196

JFTM-02

limited capability for Ground-Based Midcourse Defense; C2BMC; Aegis;
Cobra Dane, Beale, and Flyingdales early warning radars; and TPY-2 radars.

sion rehearsals and executions, and posttest
analysis and reporting.
The Combined Test Force is located in
Huntsville, Alabama, with test operations,
data analysis, and reporting activities located there and at the Missile Defense
Integration and Operations Center in Colorado Springs, Colorado. A coordination
team is located at MDA headquarters in
Washington, DC. The operational testing
agencies work on-site with the Combined
Test Force to provide independent operational assessment of the BMDS. This group
is designed to ensure maximum warfighter
involvement and operational realism in the
testing.
Another aspect of testing involves element test leads, collocated with each of the
BMDS elements. Successful testing has
been conducted on the Aegis Ballistic Missile Defense System; the Airborne Laser;
the C2BMC system; the Ground-Based
Midcourse Defense system; the Patriot
missile; the Arrow missile; the THAAD
missile; and a variety of sensors. Aerospace
has been involved in mission assurance
functions for pedigree reviews of the target

vehicles for Ground-Based Midcourse
Defense and Aegis intercepts.

Countdown to Testing

Approximately 12 months prior to a
BMDS test event, the director of the responsible test organization will sign a “Test
Milestone Zero” memorandum identifying
key personnel as well as key test information such as objectives, funding, targets,
modeling and simulations, and resources.
Key personnel include the system mission
manager, the system mission director, the
test resource manager, the joint analysis
team lead, the target mission manager,
and the operational test agency lead. The
system mission manager oversees planning
and integration of a single test-event team,
while the system mission director manages
the test-event team. The test resource manager is the primary MDA coordinator for
test-range and test-asset requirements. The
joint analysis team lead is responsible for
developing detailed test data requirements
and test documentation and planning and
conducting posttest analysis and BMDS
characterization activities. The target mission manager coordinates target-related

r equirements and issues. The operational
test agency lead coordinates inputs and
requirements from the operational testing
agencies concerning test design, planning,
execution, and reporting.
Approximately 9 months before a system
test, the director of MDA or the responsible
test organization begins a series of executive
reviews. These culminate in an authority
to proceed within 7 to 14 days before test
execution. The first of these reviews, the
Executive Test Planning Review, provides
test planning information to ensure the
participating BMDS and element personnel, test articles, equipment, test control,
data capture, and supporting functions are
sufficiently defined so the leadership can
approve detailed preparations for the test.
Next, the Executive Test Review covers the
detailed test preparations to ensure the mission is achievable and sufficiently defined
so leadership can approve detailed planning and preparations. Finally, the Executive Mission Review focuses on test-team
readiness, test-article configuration, range,
instrumentation, target, and other test resources before directing the team to proceed
into test execution.
The BMDS test environment is a complex
integration of multiservice components
at various levels of system maturity. The
engagement space covers air, land, sea, and
space. The Combined Test Force must
address new technologies that are introducing safety and environmental considerations along with emerging international
interest. For example, system testing that
will include the Airborne Laser involves
testing of new technologies. Special considerations come into play with lasers,
which demand the testing be extremely
well planned for the safety of humans
and sensitive equipment such as satellites.
BMDS elements are advancing by spiral
development—incremental delivery of
capabilities—which yields multiple fielding
decisions, as well as research and development, and future concepts validation tests.
This too must be taken into consideration as
testing is planned.
BMDS testing must overcome many
challenges. The testing has to balance developmental and operational testing, and spiral
development. The differences are not always
clear. In some cases, developmental testing
may allow for some emergency capability
to be declared before the operational test
agencies conduct their tests.
The transition to combatant commands
requires that the warfighter’s needs be

Courtesy of U.S. Air Force

Conclusion

The Ballistic Missile Defense System test environment is a complex integration of multiservice components at
various levels of system maturity. Here, a ground-based interceptor is shown shortly after liftoff from Vandenberg Air Force Base, Sept. 28, 2007. The test was successful: the missile intercepted its intended target.

a ddressed while supporting the transition
itself, and the scarcity of flight assets requires synchronized operational test events
to get the maximum value out of testing.
The transition between testing and operations has to be addressed to answer operational requirements as well as warfighter
training, and coalition partners must be
included into future blocks as the system
matures.
Successful testing also requires stabilized
requirements and control of configuration
within the test process. The testing infrastructure will need to be procured early
enough to demonstrate capability and reduce risk prior to use in a major test event.
Evaluation-based test planning requires that the testing maintain agility so
that it can accommodate emerging test

r equirements. Another tenet of successful
testing will be to ensure the seamless integration of developmental and operational
test objectives, teams, and processes. All of
this will be executed while attempting to
keep the same staff from test to test and
while meeting environmental requirements
for safe and efficient testing.
Further Reading
“Global Ballistic Missile Defense, A Layered
Integrated Defense,” BMDS Booklet, Fourth
Edition, www.mda.mil.
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Research Horizons

Independent R&D at Aerospace

Characterizing Missile Plumes for Tracking and Surveillance
Infrared surveillance satellite programs depend on accurate models
of combustion chemistry and radiant emission in rocket exhaust
plumes to model threats and interpret observed missiles. These
models rely on physical and chemical mechanisms that are often
unverified, incomplete, or unrelated to the real-world conditions
being modeled. To address the need for accurate models, Paul Zittel together with Patti Sheaffer and William Dimpfl, scientists in
the Aerospace Remote Sensing Department, have been conducting
laboratory flame experiments and developing field instruments to
generate and refine the underlying data. Their work should help to
improve predictive models of plume phenomena as applied to surveillance, missile defense, and environmental studies.
The laboratory efforts recently culminated in detailed measurements of flame extinction at the low pressures characteristic of
stratospheric altitudes. The experimental data were compared with
simulations generated in PHOENICS, a commercial, state-ofthe-art, computational fluid dynamic (CFD) computer model for
simulating flames. One benefit of PHOENICS, Zittel said, is that
it allows the user “to vary the flame chemistry mechanisms and
rates used in the model to match laboratory observations, thereby
defining the correct chemistry for use in other model applications.”
The results confirmed the importance of HO2 and suggested that
the radical has not been correctly represented in many common
combustion models. “We found that the rates typically used to
predict the formation of the flame-carrying HO2 radical underestimated the formation rate and predicted flame extinction too early,”
Sheaffer said. “Adjustments of the rate led to better predictions.”
The team identified a new comprehensive reaction set that appears
to model low-pressure hydrogen-oxygen combustion much more
accurately, and the set will be tested in the next generation of highfidelity rocket plume codes. Employing a technique developed to
seed the flame with carbon particles, the team also plans to derive
mechanisms and quantitative rates for soot combustion that could

be used to further upgrade plume chemistry models. The fate of
soot affects both the radiant properties of the plume as a function of
altitude and the deposition of chemically active particulate into the
stratosphere.
In conjunction with the laboratory experiments, the team has
developed the Aerospace Multispectral Hypertemporal Imager
(AMHI) suite to collect data during rocket launches at Vandenberg AFB. The imaging suite contains seven infrared instruments
capable of both remote-tracking and unattended observation close
to launch platforms, where ignition transient and launchpad contamination observations can be made. The suite includes a unique
high-speed imaging radiometer that operates in several wavelength
bands in the 1.1–5.5 micron range to collect spatially resolved data
for research into the origins of turbulent mixing and plume fluctuations. It was used for the first time in November 2006 to produce
kilohertz images of the Delta IV plume and data for the evaluation
of new surveillance concepts. A new HgCdTe focal plane was also
tested that will allow collection of high-frame-rate data into the
long-wavelength infrared. Additional spectrographs and imagers,
managed by Richard Rudy and George Rossano in the Aerospace
Remote Sensing Department, are deployed with AMHI to Vandenberg to complete the acquisition of comprehensive, well-calibrated data sets spanning the short- to long-wavelength infrared
spectrum. Thus far, highly successful collections have been made on
five launches, and Zittel’s team hopes to use the imaging suite to
observe an Atlas V or similar launch next year.
In relating the fieldwork with the lab experiments, Zittel explained that “The real-world field data are compared with rocket
plume model predictions that incorporate the fundamental physical
and chemical parameters measured in the laboratory. The comparison may suggest the need for further improvements in the computational procedures, or chemistry, of the model, until an accurate
predictive capability is achieved.”

(Left:) Remote Sensing Department instruments on a CineSextant tracking mount at Vandenberg Air Force Base.
(Right:) False-color, near-infrared image of Delta IV plume
acquired by AMHI at 980 Hz, showing the main exhaust, a
separate gas generator (GG) exhaust, Mach disks, and turbulent structures in the plumes. The scale of the image is 90
meters high, with a pixel resolution of 1 meter.
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Reentry Breakup Recorder
When a spacecraft, launch stage, or other hardware reenters Earth’s Iridium Satellite System and “phones home” the data to a computer
atmosphere, it experiences increasing aerodynamic heating and
at Aerospace. Use of the Iridium system allows the data to be reloads that cause the object to break apart. Aluminum and lowcovered from a reentry event anywhere on the planet. REBR also
melting-point materials fail first, releasing other hardware that foluses the Global Positioning System to provide the impact location,
lows a similar process. Much of the hardware may be melted away,
although REBR is not designed to survive ground impact and does
but as much as 10–40 percent of the original hardware may survive
not need to be recovered.
and collide with the ground, posing hazards to people and property.
Ailor said the current research and development continues a
Predictions of the hazards associated with the reentries of space
series of projects focused on the design of REBR. Progress so far
hardware, however, have been limited by a lack of information on
includes securing a patent for the concept in 2005. The following
what hardware actually survives to hit the ground and on the reyear, the prototype design for the electronics package was comsponse of the hardware to the reentry
pleted and drop-tested at a site outside
environment as reentry progresses, acof Bozeman, Montana. The hardware to
cording to William Ailor of the Center
attach REBR to a launch stage has been
for Orbital and Reentry Debris. “Harddesigned, and Boeing completed a feaware fragments can hit the ground anysibility study for launching the recorder
where along a footprint that is hundreds
on a Delta second stage. NASA Ames
of miles long. Except for the Columbia
Research Center, which is working with
accident, when the shuttle disintegrated
Aerospace to develop REBR, has made
over Texas during reentry into Earth’s
strong progress on the design of the
atmosphere, fewer than 250 fragments
aeroshell, a rigid heat-shielded shell that
are known to have been recovered over
will protect the recorder’s electronics and
the past 40 years, and only a very few of
sensors during reentry.
these fragments have been examined in
The next goal, Ailor said, is to comdetail.”
plete the basic design of the REBR
“Excluding the Columbia accident,
prototype. This includes working with
virtually no useful telemetry has ever
the Iridium modem provider to make a
been received,” Ailor said, adding, “Since
smaller modem, working with NASA to
nearly 75 percent of Earth’s surface is
refine the aeroshell and thermal protecwater, much of the reentered debris falls
tion system, designing and testing the
in water and is never seen. Most objects
on-orbit thermal control system to allow
are much smaller than Columbia, so
REBR to remain viable after months in
the number of fragments is much less.
orbit, designing and testing a system that
And the effort to recover the Columbia
will activate REBR during a reentry, and
debris was unprecedented—there is no
testing an instrument suite that might be
such effort for reentry of a rocket stage
included in the attachment housing.
The REBR will be a small, lightweight, autonomous device
containing a GPS unit, thermometers, pressure sensors,
or satellite.”
Knowledge and experience gained
accelerometers, rate gyros, and other features.
Ailor noted that observational data
from the REBR project may lead to
indicate that early breakup prediction
the design of space hardware that will
models were inaccurate, and current
react to the reentry environment in
models have been adjusted accordingly. Efforts are being made to
predictable ways, potentially allowing some space systems to avoid
understand the underlying physics better and to verify the models.
a directed reentry and saving propellant for extended mission life.
One approach has been to retrieve and analyze reentry debris that
It will provide detailed information that can be used to improve
has been recovered on the ground. Aerospace has been a leader in
reentry hazard estimates and to improve the design of spacecraft
this work and has published the results of its investigations, Ailor
and launch hardware to minimize reentry hazards. REBR could
explained. But this approach is limited by the rarity of finding such
also be used as a black box for reentry vehicles and is a cost-effective
debris.
platform for testing new thermal protection system materials and
Ailor heads a team that has followed a second approach—to
sensors.
record the data during an actual breakup of a spacecraft or hardware
REBR will provide data that is currently unavailable to anyone
during reentry. The team has been working since 2003 to develop
and will keep Aerospace in the forefront of reentry breakup techthe Reentry Breakup Recorder (REBR), a lightweight, autonomous nology. “It will position The Aerospace Corporation as the only
instrument package that will attach to a host vehicle and record
source on Earth for actual reentry breakup data, since Aerospace
temperatures, accelerations, and other data as the host heats and
is currently the only entity developing an instrument of the type
breaks apart.
described. The Boeing Company, NASA, the National Center for
As the host disintegrates, REBR, which has a heat shield to
Space Research in France, and the European Space Agency have
survive reentry, eventually separates and reaches subsonic free-fall
expressed an interest in using the device when it becomes available,”
conditions at about 60,000 feet, at which point it connects to the
Ailor said.
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(See www.aero.org/publications/crosslink for more patents.)
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A History of The Aerospace Corporation’s Work in Missile Defense
Jon S. Bach, Senior Technical Editor, The Aerospace Press, works with Aerospace authors to produce
books for copublication by The Aerospace Press and the American Institute of Aeronautics and Astronautics. He also assists with the oral history program and is working on a 50-year history of The
Aerospace Corporation. Bach has a master’s degree in writing from the University of Minnesota. He
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Ballistic Missile Defense System Sensors and the Role of Space Systems
Scott J. Prouty, Principal Director for the Advanced Systems and Technology Subdivision of the
Missile Defense Division, has supported Air Force Space and Missile Systems Center, National Reconnaissance Office, and Missile Defense Agency programs—first as a member of the Engineering
Technology Group, then from the responsible program office. Prouty joined Aerospace in 1988. He
earned his M.S. in aerospace engineering from the University of Minnesota (scott.j.prouty@aero.org).

The Missile Defense Agency’s Space Tracking and Surveillance System
John Watson, Senior Project Leader, the Space Systems Evaluation Department, Systems Engineering Division, has more than four decades of experience in the space and aviation industry. He has
worked almost continuously on missile defense systems since the Reagan speech of 1983 launching
the Strategic Defense Initiative. His efforts in remote sensing applications and phenomenology have
been applied to Space Based Interceptor, Brilliant Pebbles, advanced applications for SBIRS, and the
original design of the Space Tracking and Surveillance System—Brilliant Eyes—as well as operational
issues for the current version. Watson earned his master’s degrees in geology from the California Institute of Technology and the University of Oklahoma. He is a retired naval reserve captain and is a naval aviator. Watson began working at Aerospace in 1987 and retired in 2007 (john.watson@aero.org).
Keith P. Zondervan, Associate General Manager, Missile Defense Space Systems, Space Systems
Group, is responsible for developing, testing, and deploying space systems for the Missile Defense
Agency’s Ballistic Missile Defense System. These include the Space Tracking and Surveillance System,
the Near-Field Infrared Experiment, and others projects. He joined Aerospace in 1979 as a member
of the technical staff in the Performance Analysis Department. During his career, he has supported a
variety of missile, launch vehicle, and spacecraft programs. He has a B.S. in engineering from Calvin
College as well as an M.S. in aerospace engineering from the University of Michigan and a Ph.D. in
applied mechanics from the California Institute of Technology (keith.p.zondervan@aero.org).

Engineering and Integrating the Ballistic Missile Defense System
David S. Eccles, Principal Director, Systems Engineering and Integration, Missile Defense Division,
leads the FFRDC/UARC consortium within the Systems Engineering and Integration Directorate at
the Missile Defense Agency. Since joining Aerospace in 1983, he has supported systems engineering,
architecture development, analysis, and simulation activities for a wide variety of space and missile defense systems. He has also supported computer-aided engineering and software engineering and development as well as command and control, battle management, and communications system development. He has an M.S. in civil engineering from Brigham Young University (david.s.eccles@aero.org).

Integrating the Global Enterprise of Ballistic Missile Defense
John J. Miller, System Director, Missile Defense Division, is the FFRDC/UARC lead engineer for
engineering planning within the Command and Control, Battle Management, and Communications
(C2BMC) Directorate of the Missile Defense Agency. He has provided support to the C2BMC element of ballistic missile defense for the past ten years. Miller has an M.S. in mechanical engineering
from Southern Methodist University and a Ph.D. in theoretical and applied mechanics from Cornell
University. He has worked at Aerospace since 2004 (john.j.miller@aero.org).
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Ballistic Missile Threat Modeling
John S. McLaughlin has been director of the International Launch Systems Office since 1995,
providing foreign missile and space launch threat analysis for defense and intelligence community
customers. McLaughlin joined Aerospace in 1983 and has performed flight controls analysis for both
spacecraft and launch vehicle programs. He received his B.S. and M.S. degrees in engineering from
UCLA (john.s.mclaughlin@aero.org).

Intelligence Support for Missile Defense
Alex B. Duque, Senior Project Engineer, Missile Defense Division, began working at Aerospace in
1986. He has been a technical advisor to the Air Force, Navy, and the Office of the Secretary of Defense on command, control, and communications systems. He is currently involved as a program manager and technical advisor to the Intelligence Requirements Division of the Missile Defense Agency.
Duque has a bachelor’s degree in systems engineering from UCLA and a master’s degree from Pepperdine University (alex.b.duque@aero.org).

The Airborne Laser: Boost-Phase Missile Defense at the Speed of Light
James B. Thordahl is Systems Director of the Directed Energy Department of the Missile Defense
Division. Since joining Aerospace in 1997, he has supported the Airborne Laser program in various
capacities, including systems engineering, software architecture, and integration and test. He currently
serves as the senior technical advisor for development and integration. He earned an M.S. in software
management from The Air Force Institute of Technology and a B.S. in aerospace engineering from
the University of Notre Dame (james.b.thordahl@aero.org).

Ballistic Missile Defense System Testing
Joel D. Benson, Systems Director, Missile Defense Division, was the first Aerospace representative to
serve on the Ballistic Missile Defense System Capability Assessment Team when it formed in 2004.
This collaborative FFRDC/UARC effort provides an evaluation of capabilities and limitations of the
fielded system to the Missile Defense Agency (MDA). Benson has led efforts evaluating the use of
fiber optic gyros in exoatmospheric kill vehicles, the application of MIL-STD-1540 to those vehicles,
analysis of SBIRS cueing on MDA radars, and the application of Aerospace launch-vehicle mission
assurance practices to MDA interceptor and target vehicle launches. He has an M.S. in electrical engineering from Auburn University and has worked at Aerospace since 2003 (joel.d.benson@aero.org).
Jerry D. Rand, Senior Project Engineer, Missile Defense Division, began working at Aerospace in
2005. Rand previously worked with the Air Force as a space surveillance and space situational awareness expert, offering detailed analysis of space system acquisition programs. Rand is now working in
Test Operations, Combined Test Force, the Missile Defense Agency, and is responsible for supporting
Task Force E testing of the Ballistic Missile Defense System space layer. He began working at Aerospace in 2005. Rand earned his B.S. in earth science from the University of Arkansas, a second B.S. in
meteorology from Pennsylvania State University, and an M.S. in systems management from the University of Southern California (jerry.d.rand@aero.org).
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Aerospace Opens Office in Huntsville
Aerospace Establishes Offices to
Support MDA in Huntsville, Alabama

Photos by Shayne Kensley

One recommendation of the 2005 Base Realignment and Closure report was that the Missile
Defense Agency (MDA) needed to decentralize
from the nation’s capital to minimize the Department of Defense’s footprint in that region.
As a result, at least
2248 MDA
government
and
Patricia
Maloney
and Michael
Leon
contractor positions have been moved to Huntsville, Alabama.
The Aerospace Corporation has supported
U.S. missile defense efforts since its very first
days (see historical article in this issue). This
support continued and intensified with the inception of Brilliant Pebbles in 1986, when the
concept of using space-based kinetic energy
sources for ballistic missile defense was being
embraced. This issue of Crosslink attests to the
deep level of current involvement in fielding
the integrated Ballistic Missile Defense System: approximately 55 members of the AeroParticipants of a ribbon-cutting ceremony including (left to right) Huntsville Mayor Loretta Spencer,
space technical staff directly support MDA. So,
Aerospace President and CEO Wanda Austin, Brig. Gen. Gary Connor, and Chamber of Commerce Chair
when MDA moved to Huntsville, it was natural Evans Quinlivan.
for Aerospace to follow suit.
In February, Aerospace cut the ribbon on its
Defense Agency, located at the Redstone Arsenal. Aerospace supnewest offices in Huntsville. “We are excited about opening an ofports several projects at MSFC.
fice in Huntsville, which has such a rich history in space innovation
Aerospace is recruiting engineers and scientists to fill positions
and technology advances,” said Wanda Austin, Aerospace president in Huntsville. Opportunities are also open through the Aerospace
and CEO, during the opening reception.
Rotation Program, which is designed for employees to rotate into
Don Walker, senior vice president, Systems Planning and Engiopen jobs, usually for one year, before returning to their existing or
neering, said, “The MDA’s move to Huntsville offers Aerospace a
equivalent positions.
great opportunity to demonstrate our commitment to the vital misMDA will now have three centers: Ft. Belvoir, Virginia, home
sion of defending our nation and its allies against a missile attack.”
of headquarters and central command for direction, guidance, and
Huntsville is the longtime home of the NASA Marshall Space
policy initiatives; Colorado Springs, for central operations, support
Flight Center (MSFC) and the U.S. Army’s Space and Missile
to the warfighter, and test execution; and Huntsville, for development, testing, integration, and fielding.

Celebrating a new customer collocation. (Left to right:) Aerospace employees
Iris Jordan, Graham Arnold, Harlan Bittner, and Don Walker join Loretta Spencer,
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Wanda Austin, Brig. Gen. Gary Connor, Arthur “Sandy” Kirkindall (mayor of Madison, Alabama), Evans Quinlivan, and Mike Fortanbary.

Southern Hospitality: A Closer Look at Huntsville

According to a 2007 Council for Community and Economic Research report, Huntsville stands at 78.9 on a housing cost-of-living
scale, with 100 being the national average. By comparison, the Los
Angeles-Long Beach area comes in at 251.2. This means that on
average, if housing costs ideally run at approximately 28 percent of
a person’s income, Huntsville requires far less of that income, while
Los Angeles garners far more. Huntsville also claims the highest
per capita income in the southeast, followed by Atlanta.
Huntsville is steeped in the advent of U.S. space programs
beginning in the mid-1950s, when U.S. Senator John Sparkman
brought a band of German rocket scientists to the Redstone Arsenal to develop rockets for the U.S. Army. Within a decade, the
now-famous team led by Wernher von Braun had developed the
rocket that orbited America’s first satellite. Eventually, the team
also put the first American in space and transported the first astronauts to the moon. Huntsville now claims the title “America’s
Space Capital.”
The city boasts the second largest research and technology
development park in the country, with 225 companies employing
23,000 people. The Huntsville Chamber of Commerce reports
“nearly every major U.S. aerospace corporation is represented with
90+ companies employing more than 11,000 people in the local
aerospace industry.”
Located in northern Alabama, Huntsville is 122 miles from
Nashville, Tennessee, and 221 miles from Atlanta. The average
high temperature is 71 degrees Fahrenheit and the average low is
49.6. Total rainfall averages 4.77 inches, and snow 0.4 inches.

The opening reception of Aerospace offices in Huntsville, Alabama.

Wanda Austin (left) speaks with Harlan Bittner, general manager of the Missile
Defense Division, and Larry Lamb, The MITRE Corporation.

A Giant of Missile Defense
In opening its new facilities in Huntsville, Aerospace took
the opportunity to pay tribute to a legendary figure in ballistic missile defense, naming the conference room in honor of
John O’Sullivan, who worked at Aerospace from 1989 until
his death in 2006.
O’Sullivan was a major contributor to the progress of missile
defense, from its formative years
under the Strategic Defense Initiative Organization (SDIO) to
its current incarnation under the
Missile Defense Agency (MDA).
He began his Aerospace career
providing technical expertise to
SDIO’s Phase One Engineering
Team (POET). As director of
John O’Sullivan
the POET from October 1997,
O’Sullivan was responsible for managing the collaborative
efforts of Federally Funded Research and Development
Center's (FFRDCs), National Laboratories, and University
Affiliated Research Centers (UARCs) that provided the
MDA with multidisciplinary technical expertise on ballistic
missile defense issues. In that capacity, he helped communicate the evolving technological configuration and underlying
national policy regarding missile defense. When MDA was
established in 2002, Aerospace formed a Missile Defense
Division to support the agency, with O’Sullivan as the general manager. In these functions, he showed his extraordinary
insights and encyclopedic ability to assimilate and organize
vast amounts of information.
O’Sullivan received the MDA Pioneer Technology Award
posthumously in March 2007 for his work on the Theater
High Altitude Area Defense (THAAD) program. He led
the study that first identified the need for an upper-tier missile defense capability to support the Patriot system in defending U.S. forces. He later established the framework for
developing THAAD and directed POET support for the
THAAD program office. He led the effort to identify and
assess existing technologies that would provide THAAD
with the capability to intercept missiles both inside and outside Earth’s atmosphere. He also served as the chief technical
advisor during contractor selection and was instrumental in
THAAD’s transition from R&D to testing.
O’Sullivan earned an M.S. in mathematical physics from
the National University of Ireland and a Ph.D. in mathematics from the University of Notre Dame. He was awarded
postdoctoral fellowships at the Institute for Advanced Study
in Princeton, New Jersey, and at Bonn University in Bonn,
Germany; he also served as a faculty member in the mathematics department at Pennsylvania State University. He
was a member of the American Institute of Aeronautics
and Astronautics and the American Mathematical Society
and was the author of several research articles in applied
mathematics.
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The Crosslink Crossword
Across
6. Barn neighbor
7. Shop for a mattress
9. Like the ideal waterbed
10. Signal
13. Foliage on fabric?
14. “Big box” seller
17. A moving work of art
18. It keeps a blaze at bay
19. Staircase style
22. They join hands
24. Inner workings
27. Pseudo bird
30. Tent-pitcher?
33. Projectile path
34. ____& field
35. Subzero conflict
39. Skywalker’s saga
41. Cut-ups perform them
42. Seedy container
46. Opponent
47. Baby’s brick
51. Head off
52. Kind of space, virtually
54. One of three on a diamond
55. Designer of constructs
56. Climb
57. Without a net(work)

Down
1. Peacock’s pride
2. Inhibit
3. Nimble (“____-footed”)
4. Toughest time
5. Situation
8. Name in a script
11. Musician’s gig
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12. Swing to no avail
13. Arrangement, as of switches
15. Cad
16. Remains to be seen
19. Twice mono20. Make like baclava
21. Give a lift
23. Read price code
25. Possession of value
26. Hammer home
28. Get
29. Where conflict is played out
31. Kitchen surface

56

57

32. Tire out
34. Agreement
36. Comm capacity
37. Locate
38. Put in place for action
40. Make like
43. Stockpile
44. “…or I’ll huff & I’ll puff…”
45. An illuminating field
48. Earthwide
49. It’s not polite to do
50. Holler “Heads up!”
53. To clear (dishes, say)

Most puzzle words and clues are from articles in this issue. The solution is on the Crosslink Web site: http://www.aero.org/publications/crosslink/.

