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Inspired by her engineer
father, the Scotland native

has pursued an independent
course to build a wide-ranging
career in satellite navigation.

RICHARD THOMAS
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~ Alison Brown:

Tally Ho! The Hunt

for GNSS Innovatmns

n display in the Smithsonian’s
O “Time and Navigation” exhibit

in Washington D.C. is the
world’s first GPS-enabled cell phone.
It was developed in 1995 by NAVSYS
Corporation, a Colorado GNSS and
inertial R& D company, as part of the
push to build a national emergency
notification system for mobile

vations in GNSS — among them the
Federal Aviation Administration’s
WAAS, the GPS Wide Area Augmen-
tation System.

The Edinburgh, Scotland, native
had just about the earliest exposure to
engineering possible. When she was
a child, her electrical engineer father

used to drive Alison

users, E911.

Alison Brown, who founded
NAVSYS in 1986, attended the
opening of the exhibit last year.

“We’re honored to be a part of
this exhibit and for the aware-

ness it creates of how much GPS
technology has helped advance
many of the other technologies
we use today,” she said of the
event.

Brown, CEO and majority
owner of the company she started,
holds nine patents and has indeed
helped advance some of those tech-
nologies and driven some key inno-
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and her brothers to
school each morning
and entertain them
with stories about
his work. These
included building
inertial navigation
systems for the Ari-
ane space launches,
designing antenna
stabilization for
shipboard com-
munications, inertial navigation for
aircraft carrier landing for the British
Harriers, and mechanical moving map
systems.
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Fascinated by these stories of prac-
tical applications of navigation technol-
ogy, she decided to study engineering
in college. That wasn’t easy for women
in the 1970s and her father was “dead
set against it,” she said in a 2006 Colo-
rado Springs Gazette interview, Brown
recalled his concern about the hard
time she was sure to experience.

“He cut a deal with me. If T could
get a scholarship to university as an
engineering student he would support
my decision.”

She found one from Courtaulds, a
venerable UK engineering firm, and
entered Sidney Sussex College, Cam-
bridge. After her first degree, she emi-
grated to the United States and earned
a masters degree from the Massachu-
setts Institute of Technology followed
by a doctorate from the University
of California, Los Angeles. Then she
started the company she still runs —
s0, her high risk/high reward strategy
paid off.

Allison Brown with the hunt. She
is a Master of Fox Hounds and rode
with the Fort Carson Hounds, whose
territory covered 67,000 acres on the
U.S. Army base of the same name.
Inset caption: Hound wearing a
WUFFIT tracking counter designed
by Brown and University of Colorado
students.

Encountering GPS
Let’s back up a little — to Brown’s first
exposure to satellite navigation.

As part of her engineering degree
in 1979, she joined a precision survey-
ing research program that used the
U.S. Navy’s TRANSIT navigation satel-
lites. The summer project, “combined
my love of the outdoors with my love of
technology,” Brown said.

But her real professional turn
toward GNSS technology occurred
a few years later. While completing
a master’s degree in aeronautics and
astronautics at MIT, Brown was named
a Fellow at the nearby Charles Stark
Draper Laboratory . There she used
GPS in her research on precise atti-
tude determination for space vehicles.
This work became the subject of her
masters’ thesis, and Draper Lab later
received a patent for the design.

Success built on success, as Brown
designed and tested the first GPS
receiver for defense contractor Litton

Industries while she worked on her
doctorate in mechanics, aerospace, and
nuclear engineering at UCLA. As a Lit-
ton Fellow, Brown developed naviga-
tion algorithms and was responsible for
the design and testing of the LTN-700,
one of the first GPS navigation sets

for commercial aviation. In 1984, she
worked on the first GPS automobile
installation for Chrysler’s “car of the
future.”

LocatorNet and WAAS

Brown taught short courses on GPS
through UCLA while working on her
doctorate, the first GPS research that
had been done at the university.

It was 1986, and Brown felt ready to
take the entrepreneurial leap of found-
ing her own company: NAVSYS. This
was partly due to another leap she took
that same year — getting married. Her
new husband, fellow engineer Bruce
Johnson, was assigned to teach physics
at the Air Force Academy near Colo-
rado Springs, and Brown decided to try
consulting in their new home.

“NAVSYS grew out of my consult-
ing work and subsequent government
contracts that I won for performing
GPS research,” she said.

LocatorNet, the technology fea-
tured in the Smithsonian exhibit, was
an early NAVSYS project. A GPS-
enabled cellular phone location system,
it was used to perform the first “May-
day” trials for enhanced-911 (E911)
calls. LocatorNet used a networked
snapshot approach for reducing time
to first fix (TTFF), the amount of time
needed for a receiver to acquire a signal
and calculate a position.

This demonstrated to the Fed-
eral Communications Commission
(FCC) — the agency proposing the
automatic caller location requirement
for mobile phones — that GPS could
provide accurate location informa-
tion on 911 calls. NAVSYS later
developed GNSS software-defined
radios (SDR) for acquiring and track-
ing, as well as simulating, GNSS
signals. The company also worked
on developing pseudolite techniques
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HUMAN ENGINEERING

In 2005, Alison Brown was the first Sidney Sussex College woman alumna to
be named as an honorary Fellow in recognition of her distinguished technical
contributions. Pictured here with Keith Glover, now head of engineering at
Cambridge University, who taught Brown control systems engineering, and
Donald Green, her director of studies while she was an undergraduate

that can be used for positioning when GNSS signals are
jammed or unavailable.

On another track, NAVSYS developed algorithms and
equipment that made it possible for geostationary satel-
lites to rebroadcast GPS signals. This work contributed to
WAAS and another satellite-based augmentation system, the
Japanese Multi-functional Satellite Augmentation System

Compass Points

Engineering Specialties

Systems design, algorithm design, systems integration and testing
GNSS Event that most signifies to you that GNSS has
“arrived”.

Selective Availability being disabled to allow commercial users to benefit
from full accuracy of GPS

Engineering Mentor

My father, Ken Brown, chief engineer for Ferranti and a UK pioneerin
developing inertial navigation systems for aircraft, space vehicles, and
ships. (Ferranti was a UK engineering firm heavily involved in radar
development, electromechanical integrated navigation systems, electro-
optics and Mark [, the first commercial computer.)

Patents Held

"Apparatus and Method for Minimizing Multipath Signal Errors During
Tracking of GPS Satellite Signals,’ 2004, U.S. Patent No. 6,727,846

Miniature Phased Array Antenna System,’ 2001, U.S. Patent No.
6,246,369

"GPS Precision Approach and Landing System for Aircraft,’ 1994, U.S.
Patent No. 5,311,194

"Vehicle Tracking System Employing GPS Satellites,” 1993, U.S. Patent
No. 5,225,842

"GPS Tracking System," 1995, U.S. Patent No. 5,379,224

(MSAS), which improve GPS accuracy and enable aircraft to
rely on GPS for all phases of flight.

About this time, Brown got involved in another project,
which went a long ways toward popularizing GNSS within
the industry and user community. In 1987, just four years
after President Ronald Reagan decided to make GPS more
widely available to civil users, the Institute of Navigation’s
relatively new satellite navigation division organized its first
GPS conference in Colorado Springs.

Brown poured a considerable amount of energy into
organizing the program, the meeting spaces, and some very
memorable networking events. One year the conference
rented an entire shopping mall with a skating rink, another
year they went to the Flying W Ranch for a cowboy-inspired
evening, and later a cave in Colorado Springs where ION
threw a party.

Military Innovation

With Brown as principal investigator, NAVSYS developed
the Talon NAMATH Tactical Control Station, providing
sub-meter navigation for networked military GPS users. This
improves accuracy for GPS guided munitions using precision
ephemeris data and was first employed in Iraq.

In another military-oriented project, NAVSYS also devel-
oped the GI-Eye, a software platform that integrates GPS,
inertial, and digital camera data to provide more accurate
camera alignment and targeting. The system extracts tar-
get coordinates from video imagery without requiring any
known data points for geo-registration.

"“Digital System for Codeless Phase Measurement,’ 1989, U.S. Patent
No. 4,862,178
"Attitude Sensing System," 1988, U.S. Patent No. 4,754,280
"Enhanced GPS Delta Range Processing,’ 1987, U.S. Patent No.
4,646,096
“Method and Apparatus for Reducing Quantization Error in Laser Gyro
Test Data through High Speed Filtering,’ 1987, U.S. Patent No.
4,634,283
Other technologies you use frequently
Inertial measurement units and navigation systems.
What popular notions about GNSS most annoy you?
That receivers “talk" to the satellites!

Favorite equation

PR = c(trx-ttx)

PR: pseudo-range (m)

trx: time of reception (sec)

ttx: time of transmission (sec)

C: speed of light (m/s)

As a consumer, what GNSS product, application, or

engineering innovation would you most like to see?
GPS "dot" as in the Da Vinci Code movie.
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Brown currently leads work on the GPS Jammer Location
System (JLOC), under contract with the National Geospatial-
Intelligence Agency. Through a secure network, JLOC feeds
GPS interference information through a dedicated portal on
FalconView, a mapping software. This military tool is obvi-
ously attractive to civilians as well, and a commercial version
for detecting, alerting and geolocating interference is under
development.

Her achievements for the military earned Brown the
United States Air Force Decoration for Meritorious Civilian
Service in 2003, and she sits on the Board of Trustees of the
National Defense Industrial Association (NDIA).

Business and Women
As the owner of a small business dependent on global mar-
kets and federal dollars, Alison Brown has gained expertise
and savvy beyond pure engineering. She actively promotes
the welfare of small businesses and takes a lead in articulating
their concerns across a breadth of industries. In 2005 Brown
was recognized as “Entrepreneur of the Year” by Colorado’s
Celebrate Technology, an event geared to foster a positive cli-
mate for innovation.

In addition to activities in her local area, she serves as the
volunteer chair of the five-member Small Business Regulato-

ry Fairness Board for the Rocky Mountain region. It’s one of
10 groups that serve as official channels for complaints about
unfair or burdensome federal regulatory enforcement.

As a pioneer woman in engineering, Brown promotes
women in science and technology and women’s leadership
opportunities more broadly.

An advocate for encouraging young women to enter the
science and technology fields, she believes that “youth educa-
tion is essential for the future of engineering innovation in the
U.S. The next generation’s skills will determine how — or if —
we will maintain preeminence in technology development.

“I may be prejudiced,” she adds, “but I also believe that
some of the best engineers are women! It’s important for all
of us to serve as role models and encourage more girls to con-
sider engineering. It’s a fun, rewarding and creative career
path.”

To pass on the same spark of inspiration and thrill of
discovery she experienced. Brown participates in her local
Colorado Coalition for Girls in STEM (Science, Technology,
Engineering and Math) community events and other men-
toring projects led by women who have succeeded in STEM
fields. She has hosted workshops on GPS and geocaching,
LEGO design, and a 3D printing design competition, and
joined others in starting a local GPS Waymarking project.
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WuffIT and the Hunt

It seems that most things concerning Alison Brown
eventually lead back to GNSS technology innovation
— including her passion for traditional fox hunting.

“I am an avid fox hunter and was appointed a
Master of Foxhounds by the Master of Foxhounds
Association. Tally ho!,” Brown said.

As a hobby, she worked with a student design
team from the University of Colorado, Colorado
Springs (UCCS) Bachelor of Innovation program on
a prototype GPS collar for tracking hounds on while
hunting.

The result is WuffIT, a GPS-based tracking sys-
tem comprised of a collar unit and a smartphone
app. This keeps hounds and hunters synced during
fox hunts extending over a large area. Portable navi-
gation device manufacturer Garmin International
later released a new product with this feature. The
hunt is an apt metaphor for the key trait that has
defined Alison Brown’s engineering career: carefully _
identifying an elusive target — or engineering prob- Alison Brown stands in front of the first GPS-enabled cell phone, designed by

lem — and galloping towards it with precision and vigor. 1@ NAVSYS and on display at the Smithsonian “Time and Navigation” exhibit in
the Air and Space Museum in Washington, D.C

PTTI004

PRECISE TIME AND TIME INTERVAL MEETING
SEAPORT BOSTON HOTEL - BOSTON, MASSACHUSETTS

TECHNICAL MEETING: DEC 2 - 4, 2014 * TUTORIALS DEC 1, 2014 - SHOW DATES: DEC 2-3, -2014.“
ION PTTI 2014 SESSION TOPICS

Advanced Atomic Frequency Standards Applications | Advanced Clocks | Enhancing Resilience of Timing and Critical
Infrastructure | GNSS Present and Future | Industrial, Commercial and Military PTTI Systems, Applications and Technologies
| New Commercial Products for PTTI Systems | Precise Networking Timing Standards, Requirements and Applications |
PTTI Systems Calibration | Signals of Opportunity | Space PTTI Applications | Time and Frequency Laboratory Activities and
Updates | Time Scales, Algorithms and Methods | Traditional and Alternate Time and Frequency Transfer Methods

Exhibit booths available.
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