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ON GNSS — the world’s oldest and
largest GNSS conference — rolls back
into Savannah, Georgia, September
22–25 for its 22nd incarnation.
Framing the 284 paper presentations
in 40 technical sessions will be a series
of topical panel discussions, introduced
at ION GNSS 2008 to wide acclaim. The
opening plenary session, organized and
moderated by Larry Hothem, senior physical scientist with the U.S. Geological Survey,
takes up the subject, “Urban Challenges:
Advances in Smart Wireless (Cell) Phone
Navigation Systems and Robotic Vehicles
(Mobile Robots).
In addition to the five panels
described in the conference program
(available on-line at http://www.ion.org/
meetings/gnss2009program.cfm) is a
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sixth panel that will address the status
and plans for SVN49, the GPS satellite
launched earlier this year that has
exhibited signal anomalies.
Col. David Goldstein, chief engineer
at the GPS Wing, will moderate the panel,
which will include representatives from
the GPS Wing, the 2nd Space Operations
Squadron, Lockheed Martin (which built
the Block IIR and IIR-M satellites), and
the civil user community.
Other panels deal with the topics of
GNSS program updates, satellite-based
augmentation and other high-integrity
systems, GNSS in uninhabited vehicles,
GNSS challenges and opportunities for
governmental use, GNSS spectrum, and
ION GNSS 2009 continued on page 8
•
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From the President
Dr. Mikel Miller

See You in Savannah!

O

ne of my professional goals is to
ensure the future development of
our science through the education of the
next generation of PNT professionals.
The ION’s student outreach programs
impact hundreds of students, educators
and professional members across the
world. For example, at our upcoming
GNSS conference the Satellite Division
has awarded travel grants, which include
a travel subsidy and complimentary full
conference registration, to 26 students
to present papers at the conference. In
other venues the ION hosted our first
Annual Mini-Urban Challenge for high
school students and our 6th annual
Robotic Lawn Mower Competition for
universities. The ION continues its
graduate student award program which
was established primarily to encourage
the growth, development, and involvement
of graduate students in fields of study that
support the advancement of Positioning,
Navigation and Timing (PNT). All of these
programs provide a valuable opportunity
for those entering our field to learn and
network with leaders and experts in our
community.
I would like to extend my personal
thanks to all the organizers, and the 484
participants, who made this year’s Joint
Navigation Conference (JNC) such a
success. The Joint Service Data Exchange
(JSDE) and the ION cooperated for the
first time this past year to host the JNC
conference for the Department of Defense
and Department of Homeland Security.
The unique talents and skills brought by
both organizations contributed to one
of the most comprehensive technical
programs, and largest commercial
exhibits, designed especially for military
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PNT professionals from all services. The
Institute will be cooperating with the JSDE
in staging the event again June 7 – 10,
2010, in Orlando, Florida. See more
about the premiere military navigation
conference on page 16.
Don’t forget to submit nominations for
this year’s ION Fellow and Annual Awards.
Look at the criteria on the ION website
for each award and ask yourself who you
know that deserves it, then act! It actually
doesn’t take that long – a few phone
calls and a couple of hours of work. The
nominations are due October 15, 2009.
A reminder that abstracts for the ION
2010 International Technical Meeting are
due October 2nd and the IEEE/ION PLANS
2010 abstracts on November 2nd.
I would like to encourage each of
you to become more involved with the
ION: join a committee, run for a council
position, present a paper at an upcoming
conference, give a talk to a section,
nominate a colleague for membership. I
am sure you will find the experiences both
professionally rewarding and personally
gratifying.
I would also welcome your suggestions
on how to improve the Institute. Drop me
a note or catch me at ION GNSS 2009 in
Savannah. The meeting is better than ever
with seven tracks this year, and there’s
no better way to keep your technical
knowledge fresh, and expand your
networking at the same time.
See you in Savannah!
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from the ion® Executive fellow
a column by Dr. Frank van Graas

“So, Frank How Was Washington?”
S

o, Frank, how is Washington?
This is probably the most frequent
question I was asked during my fellowship
year. Initially my answers included statements like “great” or “highly educational”
or “worst traffic east of LA” (which is a
fact).
Mid-way through the year, you were
likely to hear me say “a unique experience” and “I should have done this much
earlier.”
Now that the year is drawing to an
end, I’m realizing that all these statements
remain correct, but the true value of the
fellowship is the opportunity to participate
in the inner workings of the United States
government as a scientist and engineer.
NASA headquarters in particular, is a
mix of exciting technologies, an outstanding workforce, and never-boring day-today space operations. There are good
reasons why we still hear applause after
a successful launch; many parts have to
come together in just the right way with
very little tolerance for error.
The goals of the fellowship include the
educating scientists and engineers on federal policy and, conversely, increasing the
involvement of scientists and engineers in
this process. Now that I have spent a year
in Washington, I have a new appreciation
of what it takes to keep the government
running and, at the same time, a deeper
understanding of how science and technology — and scientists and engineers
— play an increasingly important role in
this process. One major adjustment for
me was getting used to the speed at which
policy moves – at times it seems to break
the laws of physics.
Of course, this past year was also
filled with noteworthy and game changing
events: a new administration, the comION Newsletter

memoration of the achievements of the
bloom period around the Tidal Basin and
Apollo program, the 40th anniversary of
East Potomac Park, National Symphony
the first lunar landing, the confirmation of
concerts at the Kennedy Center, visits to
General Charles Bolden as the 12th NASA
the Smithsonian Museums, Mount Vernon,
administrator and Lori Garver as NASA’s
Annapolis, Old Town Alexandria, and
deputy administrator.
What will be next for
NASA? The Review of the
U.S. Human Space Flight
Plans Committee, commonly referred to as the
“Augustine Commission,”
is studying phase-out
plans for the Shuttle, the
future of the International Space Station, and
commercial/international
transport of flight crew to
Low Earth Orbit (LEO).
Last but not least, a
decision has to be made
on where to take human
spaceflight next — a
return to the moon, deep
space, or Mars. Stay tuned
for the final committee’s
recommendations and
the potential changes
that may result. Highly
informative public meetPhoto: Courtesy of National Cherry Blossom Festival, E. David Luria
ing presentations and
briefings can be found
at http://www.nasa.gov/
offices/hsf/meetings.
occasional samplings of the great DC-area
My day-to-day activities at NASA have
restaurants.
been filled with reviews of GPS signal
I am very grateful to the ION for
specifications; SVN-49 investigations; GPS
providing this incredible opportunity to
signal monitoring, internal, interagency
immerse myself in executive policy.
and international coordination meetings;
I’m sure that the lessons I learned about
and investigations into the use of GNSS
the intricacies of the U.S. government and
for space applications. Fortunately there
the role science must play in the policy
was also time for walking down to see
process will affect my career in a highly
the cherry blossoms during their peak
positive direction. u
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first of two parts from the ION Historian Marvin B. May

Part I: Johnsville and the Space Age
No one has ever
been too sure what
Johnsville,
Pennsylvania,
was or is.

I

t wasn’t a municipality, a city, a borough,
a township or even a post office.
It may have been the name of the
obscure village that was obliterated when
Brewster Aircraft developed the land to
expand its World War II manufacturing
operations.
But the name “Johnsville” has become
synonymous with many space age developments that occurred during the 1950’s to
the 1990’s.
The Brewster Scandal
By 1941, Brewster Aeronautical
Corporation had completed its rapid transition from a minor aircraft parts supplier
to a major defense aircraft manufacturer.
That year, Brewster started production
on the “Buccaneer,” a Navy dive bomber
of its own design. The company decided
to build a new factory, out of range of
enemy naval bombardment with room for
expansion.
Adding to the Brewster’s existing facilities in Queens, New York, and Newark,
New Jersey, company officials chose a site
in Warminster, a rural township 30 miles
north of Philadelphia. The new Johnsville
factory employed more than 6,000 workers and was supposed to be part of the
“Arsenal of Democracy” proudly arming
the Allies.
But it didn’t quite work out that way.
ION Newsletter

Astronaut trains in the centrifuge capsule at the Aviation Medical Acceleration Laboratory, Johnsville Pennsylvania
1957. Photo courtesy of U.S. Navy.

A combination of company management,
labor, and manufacturing problems gave
Brewster and its new facility a black eye,
which resulted in three months of Congressional investigations in 1943.
By 1944, all contracts were cancelled.
The company’s reputation was so tarnished
that all of its 750 Buccaneer airplanes
were relegated to non-combat functions or
salvage.
In April 1946, after large losses, shareholders dissolved the Brewster Aeronauti4

cal Corporation. By then, the Johnsville
factory had already been turned over to the
Naval Aircraft Modification Unit of the Naval
Air Material Center, Philadelphia where
facilities for intensified efforts in guided
missiles development and quantity modification of service airplanes were available.
In June, 1954, the Naval Air Development Center (NADC) and Naval Air Facility
(NAF) were established in Warminster
to coordinate and guide the extensive
aeronautical research, development,
Summer 2009

and material activities in the Fourth Naval
District, which embraced the Philadelphia,
Johnsville, Trenton, and Lakehurst areas.
The locals and many others still called
the new base “Johnsville.” (The Navy didn’t
agree, and called the new commands
“Warminster.”)
NADC grew to become one of the nation’s leading research and development
centers. Scientists in more than 30 laboratories worked on aerospace materials, large
scale submarine-hunting technology, computer mass memory storage, ejection seats,
navigation systems, and pilotless drones.
Their achievements include fireproof
Nomex flight suits, the “black boxes” recovered in crashed airplanes, night vision
goggles and the world’s largest computer,
“The Typhoon,” which was used for flight
simulations.

Fireproof flight suits,
airplane “black boxes”
and night vision
goggles came out of

John Glenn, the first
American to orbit
the Earth, and Neil
Armstrong, the first
Aerial View of the Naval Air Development Center/Naval
Air Warfare Center (NADC/NAWC) in Warminster
Pennsylvania. It was decommissioned in 1996. Undated
photo by NAWC photo lab.

man to walk on the
moon, trained in the
Johnsville centrifuge.

By 1982, GPS had become important
enough to establish a GPS Central
Engineering Activity (CEA) in Warminster.
During the next 14 years, it became a
lead testing and platform integration
activity for the Navy and the entire GPS
industry.
The Centrifuge
Although the Johnsville complex boasted
a lively and notable history, it will likely
be most remembered for its contributions to the early space program.

The centerpiece of these efforts was the
50-foot centrifuge built around 1953 to test
g-forces on humans at Johnsville’s Aviation
Medical Acceleration Laboratory.
Security at the building was tight; admission was limited to employees and to Navy
volunteers who were willing to take a ride
Work done at the famous round building helped make high-speed air and space
travel possible.
Johnsville continued on page 6

Johnsville’s Naval Air
Development Center.
In 1973, the Navy decided to consolidate its navigation functions in Pennsylvania. Warminster’s 10-year-old advanced
inertial navigation test facility provided an
ultra-stable environment for testing high
accuracy gyroscopes and accelerometers.
Most ship navigation work was centered at the Navy Applied Science Laboratory (later renamed the Naval Strategic
Systems Navigation Facility) in Brooklyn,
New York, with naval aircraft navigation
efforts concentrated in Warminster. With
the Brooklyn contingent transferred
to Pennsylvania, the combined operation, the Naval Navigation Laboratory,
continued to develop and test navigation
systems for most Navy ships and aircraft.
ION Newsletter

Mercury astronauts in 1963: “Gordo” Cooper, Wally Schirra, Alan Shepard, Gus Grissom, John Glenn, “Deke” Slayton
and Scott Carpenter. NASA photo.
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Johnsville continued from page 5

At the time, the centrifuge was the
most powerful in existence. It was 17
meters in radius, had a rate change
of 10 g/s and could reach 40 g’s. The
centrifuge simulated extreme gravity
forces using a giant motor to whirl a
space capsule at the end of a 50-foot
arm.
Many space pioneers of the Mercury,
Gemini and Apollo projects were trained
on the powerful machine, including
Buzz Aldrin, Neil Armstrong, John Glenn,
James Lovell Jr., and Michael Collins.
Glenn, the first American to orbit the
Earth, and Armstrong, the first man to
walk on the moon and 29 other NASA
astronauts trained in the centrifuge
between 1959 and 1964.

F-14 pilots, who perfected spinrecovery techniques, commercial airline
pilots, and space shuttle crews also took
their turns in the capsule.
The centrifuge and the work conducted there served a dual purpose.
It revealed the medical effects of high
acceleration, but it also told scientists
who would best be able to cope with such
accelerations. Researchers needed to
know how many g-forces the first astronauts and jet pilots could take before they
passed out.
Astronauts called the experience “torture,” and other less kindly names.
By 1996 the Navy had outgrown the facility and divided NADC functions among
laboratories in Maryland, California and
Michigan. Most people who worked at
Johnsville decided to stay in Pennsylvania.

The inertial facility continues to
function today under the umbrella of
Pennsylvania State University’s Applied
Research Laboratory’s Navigation Research and Development Center. Although
several attempts were made to reopen the
centrifuge between 1996 and 2004, it was
not economically viable.
Still, that wasn’t the end of Johnsville.
The story continues in Part II in the Fall
2009 ION Newsletter. u
ION historian Marvin B. May is chief
scientist at the Navigation R&D Center
of the Pennsylvania State University’s
Applied Research Laboratory in Warminster.

The Johnsville centrifuge. Photo courtesy of U.S. Navy.
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ION GNSS 2009

SAVANNAH

Smart Phones, Robotic Vehicles, Spanish Moss & River Boats

September 22-25
The modern world doesn’t work without GNSS.
And this is only the beginning.

G

NSS is interwoven into everything we do — that’s the remarkable achievement
of the past 10 years. At the ION GNSS 2009 plenary session on Tuesday,
September 22, a panel of industry, military, and academic experts will discuss sensor
integration and increased signal power and sensitivity that are making GNSS-enabled
tools — smart phones and, soon, robotic vehicles — normal tools of today’s urban
environments.
Discuss these issues with your colleagues at the world’s first and largest GNSS
conference: ION GNSS 2009 takes place at the Savannah International Convention
Center in Savannah, Georgia USA from Tuesday evening, September 22 through
Friday afternoon, September 25.
In between sessions, enjoy the ambience of old Savannah and the Southern low
country (and check out some of the dining, historical, and entertainment attractions
you may have missed last year.)
FIND OUT MORE:
www.ion.org/meetings/gnss2009program.cfm
Register online, or send your information and fees to our new address:
The Institute of Navigation
8551 Rixlew Lane, Suite 360
Manassas, VA 20109-3701

ION Newsletter
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PROGRAM HIGHLIGHTS
Out of 587 abstracts — a record
number – we accepted 288 on of
the most cutting-edge papers (and
154 alternates) for presentations in
Savannah. Just a few of the technical
session topics:
The systems: GPS, GLONASS,
Galileo, Compass, IRNSS, QZSS
Deep Indoor Navigation
New Products
Space Applications
Space Weather
Integrity and Jamming
Scientific Applications
Backup Systems and More. . . .
Summer 2009

ION GNSS 2009 continued from page 1

GNSS extensions to navigation deep
indoors.
The GNSS program updates, a mainstay of the conference, anchor the first
full day’s activities. Panel chair John Betz,
who also organized the panel sessions
last year, has invited representatives from
the four existing or developing GNSS
systems — GPS, GLONASS, Galileo, and
Compass — to take part, as well as
spokespersons for the Indian Regional
Navigation Satellite System and Japan’s
Quasi-Zenith Satellite System.
GNSS in uninhabited vehicles
represents another area of growing
interest and activity, driven in large
part by military applications such as
seen in the use of Predators and other
unmanned aerial vehicles (UAVs) against
Taliban and Al-Qaida forces in Pakistan
and Afghanistan. The ION GNSS panel,
however, predominately addresses civil
uses, including agricultural and scientific
purposes.
Nonetheless, the October 26–28
Air Force Research Laboratory (AFRL)
Munitions Directorate workshop on guidance, navigation, and control challenges
for miniature autonomous systems, which
the ION is facilitating (see accompanying
article in this newsletter), underlines the
Defense Department’s on-going investment in autonomous platforms.
As has become a tradition around
the ION GNSS conferences, the Civil GPS
Service Interface Committee (CGSIC)
meet before the conference on September
21-22. Extensive tutorial courses offered
by NavtechGPS and GNSS Solutions will
also precede the event.
Dr. John Raquet, Air Force Institute
of Technology, serves as the general
chairperson for the ION GNSS 2009, with
Prof. Naser El-Sheimy, The University of
Calgary, as program chair. Dr. Pratap
Misra, The MITRE Corporation, is chair
of the ION Satellite Division, which
sponsors the ION GNSS series. u

Savannah,

Belle of the South

Although it is one of the oldest U.S. cities — Georgia was, after

all, one of the original 13 colonies that united to form the new nation
— Savannah is not as widely known even within the United States as
its historical, architectural, and cultural attractions probably deserve.
Established as an English colony in 1733, Savannah has preserved
numerous buildings from the 18th century.
During the Civil War, Savannah marked the end of Union General
William T. Sherman’s infamous “march to the sea.” His troops had
burned the city of Atlanta and a wide swath of Confederate territory
en route to the Atlantic Ocean, but when he entered the city with
his army Sherman was said to be so impressed by its beauty that he
could not destroy it. Consequently, an extensive historic district with
beautiful squares and mansions retains something of the antebellum
character of the Old South.
ION GNSS 2009 takes place the same week as the Savannah
Jazz Festival, which will present a series of evening performances
by national and international musicians including Mose Allison,
Ben Tucker, and Ed Calle. Details are on-line at http://www.
savannahjazzfestival.org/.
For further information on the city and surroundings, the Savannah
Area Convention and Visitors Bureaus has a well-illustrated, contentrich website at http://www.savannahvisit.com/.

Photo: Savannah Historic District Mansion. Courtesy Savannah Area Convention & Visitors Bureau.

ION Newsletter
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RTCA Corner: RTCA SC-159

Global Positioning System
SC-159 met on June 26, 2009 at RTCA. The committee
remains in a “maintenance” mode, monitoring the usage of
recently issued documents. Working Group (WG) activities
focused on WGs 2, 2C, 4 and 6. The FAA provided the
program status for the Wide Area Augmentation System
(WAAS). Other updates included:

For WAAS integration, the WG is trying to develop a WAAS
(postcorrection) error model for nominal conditions.

WAAS user segment Update – high number of WAAS
Avionics receivers sold and new units achieving
TSO certification plus significant number of aircraft
supplemental type certificates issued – both completed
and in-the-works.

WG-4, GPS/LAAS, presented updates on the FAA GBAS
Program, DoD’s JPALS Program, the work of ICAO’s
Navigation Systems Panel (NSP) and EUROCAE’s WG28 - GBAS. Continental Air Lines (CAL) Flight Operations
provided an operators’ perspective for the GPS Landing
System (GLS). WG-4’s LAAS MOPS and ICD validation and
maintenance are continuing.

Current Working Group activities:
WG-2, GPS/WAAS, reported on the EGNOS, the European
LPV status and the Galileo MOPS being developed by
EUROCAE. The WG discussed the idea of developing one
L1 + L5 MOPS, similar to DO-229D, and structuring it for
growth into a GPS + Galileo MOPS.

Joint Resources Council (JRC) Update – all funding goals
have been approved and a third GEO is projected to be
operational by the end of 2010.
WAAS Ground and Space Segment Update:
• Phase I – IOC – completed (July 2003);

WG-2A, GPS/GLONASS. Briefings were given on the RF
regulatory base for GNSS avionics and Russia’s SBAS called
SDCM – System for Differential Correction and Monitoring.
The committee is monitoring industry’s interest in initiating
future GNSS work.

• Phase II – Full LPV – completed (2003-2008);
• Phase III – Full LPV - 200 feet performance (2009-2013)
– begin GPS L5 transition;
• Phase IV – Dual Frequency (L1, L5) Operations (20132028) –complete L5 transition, originally scheduled for
2009; delayed to align with DoD’s GPS modernization
program and will significantly improve availability and
continuity during severe solar activity.

WG-2C, GPS/Inertial, addressed two major items: inertial
integration with GBAS Approach Type (GAST) D, and inertial
integration with WAAS. An information paper on GAST D
integration was updated and provided to WG members for
comment. The goal is to have a completed document by
the end of 2009 that can become an appendix to DO-253.

WG-6, GPS/Interference, continues to work with SC-135 to
develop DO-160, regarding radiated / conducted emission
test procedures and limits for installed avionics equipment
that assures compatibility with on-board GNSS operation.
The next meeting is scheduled for September 28 –
October 2, 2009 at RTCA.
Co-Chairmen:
Christopher Hegarty, MITRE/CAASD
George Ligler, PMEI
RTCA Program Director:
Harold Moses, hmoses@rtca.org

ABSTRACTS DUE NOVEMBER 2, 2009

POSITION LOCATION AND NAVIGATION SYMPOSIUM

TECHNICAL MEETING
May 4-6, 2010 • Tutorials May 3 • Indian Wells, CA

TECHNICAL SESSION TRACKS

Jointly sponsored by the IEEE and the ION

ION

●
●
●
●

Navigation Sensor Technologies
Navigation Architectures & Systems
Applications of Navigation Technologies
Navigation & Positioning in GNSS Limited
Environments

EXHIBIT SPACE IS STILL AVAILABLE!

more details at

www.plansconference.org

Renaissance Esmeralda Resort & Spa

ION PLANS10InGNSSad.indd
Newsletter
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In October: GNC Challenges for Miniature
Autonomous Systems Workshop

F

or the second year, The ION will
facilitate a workshop on guidance, navigation, and control (GNC)
challenges for miniature autonomous
systems (MAS), sponsored by the
Air Force Research Lab, Munitions
Directorate.
Scheduled October 26–28 in Fort
Walton Beach, Florida, the workshop
seeks to bring the Department of Defense
(DoD) technical and user communities,
academia, and industry together to explore
a field of growing importance and activity.
Current trends show that future systems
will be less than 20 pounds total system
weight in order to reduce costs, enable
them to be carried in large numbers,
and be compatible with small, unmanned
autonomous vehicles (UAVs) for airlaunched systems. Also, these miniature
systems can potentially build the capabilities needed to provide access to difficult
targets, such as hardened command and
control facilities.
Miniature autonomous systems
capable of agile locomotion or flight in
urban, forested, indoor and transitional
environments present many unique
technical challenges to the controls and
systems engineer. The nano air vehicle
program of the Defense Advanced
Research Projects Agency (DARPA),
described in an accompanying article,
reflects one of the more rigorous sets of
requirements for such systems.

Photo: Courtesy AeroVironment, Inc. – www.avinc.com

The first day of the workshop will
feature perspectives from the operations
community, and GNC research challenge
talks from senior research representatives
of the Air Force, Navy, Army, and the
DARPA. The afternoon of the first day will
offer For Official Use Only presentations.
The schedule for the second and
third days will include public forum
presentations and discussions covering
a variety of topics such as multi-use
miniature seekers/sensors, advanced
navigation sensors and techniques,

system integration challenges, and multivehicle cooperative operations.
Workshop co-chairs are Fred Davis,
AFRL; Dr. Mikel Miller, AFRL (and
current ION president); and Dr. Gregg
Abate, American Institute of Aeronautics
and Astronautics Northwest Florida
Section Chair.
Workshop registration information
and details can be found at the ION
website, http://www.ion.org/meetings/
mas2009cfa.cfm. u

DARPA Nano Air Vehicle
Program Advances

T

Nano Air Vehicle Courtesy AeroVironment, Inc. –
www.avinc.com

ION Newsletter

he challenges of miniaturized systems — the focus of an Air Force Research Lab
workshop in October (see accompanying article) — are well illustrated by the
Nano Air Vehicle (NAV) Program being conducted by the Defense Advanced Research
Projects Agency (DARPA).
The goals of the NAV program are to develop an aircraft weighing approximately
10 grams that can hover for extended periods, fly at forward speeds up to 10 meters
10
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per second, can withstand 2.5-meter per
ogies that enable collision avoidance and
second wind gusts, operate inside buildnavigation systems for use in GPS-denied
ings, and have up to a kilometer comindoor and outdoor environments as well
mand and control range.
as improving efficiency and stability in
“The NAV program will push the limhovering flight and during the deployits of aerodynamic and power conversion
ment or emplacement of sensors.
efficiency, endurance, and maneuverAeroVironment’s technical goal for the
ability for very small, flapping wing air
Phase I and Phase II preliminary efforts
vehicle systems,” says Dr. Todd Hylton,
was to achieve a free flying aircraft
DARPA program manager. “[It] will
capable of controlled hovering within a
stretch our understanding of flight at
small four-meter cube space. The aircraft
these small sizes and require novel techwould generate all necessary lift and
nology development.”
In short, visualize a mechanical hummingbird running on
batteries — that is, in fact,
similar to the design adopted
by AeroVironment, Inc., of
Monrovia, California, for its
NAV prototype, which recently
received a Phase II contract
extension from DARPA.
AeroVironment recently
accomplished a technical milestone: controlled hovering flight
of a two-wing aircraft, carrying its own energy source and
using only the flapping wings
Three views of a nano air vehicle design. Courtesy AeroVironment, Inc. –
www.avinc.com
for propulsion and control. The
aircraft is capable of climbing and
descending vertically, flying sideways
left and right, as well as forward and
control forces through the use of the
backward, under remote control.
only two moving aerodynamic parts: the
Nano air vehicles will be revolutionary
two flapping wings.
in their ability to harness flapping wing,
The aircraft would not use any extra
low Reynolds number physics, navigate
wings, tails, propellers, or other force
in complex environments, and commugenerating structures to facilitate lift or
nicate over significant distances. Flightcontrol. The aircraft would be micro
enabling technologies being developed in
(six inches or less) in size and carry
the NAV program include:
all necessary systems on board, such as
• aerodynamic design tools to achieve
energy sources and flight control sensors
high lift-to-drag airfoils
(if necessary). This goal was achieved in
• lightweight, efficient propulsion and
December of 2008 with the successful
power subsystems; and
20-second–long flight of the “Mercury”
• advanced manufacturing and innovainterim test vehicle.
tive subsystem packaging and conTo date, the company has tested more
figuration layout.
than 90 different wing designs, many
The program will continue to develop
flapping mechanisms as well as many
conformal, multifunctional structural
control configurations, most of which
hardware and strong, light, robust aeroused only manipulations of the wing
dynamic lifting surfaces for efficient flight
dynamics for a “tailless” design.
at low Reynolds numbers (<15,000).
According to AeroVironment engiIn addition, researchers will remain
neers, this configuration is inherently
focused on developing advanced technolunstable and once flying, it immediately
ION Newsletter
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wants to tumble out of control, making
it impossible for a human pilot to fly it
without assistance from an automatic
control system. Some early developmental flying prototypes used tails and
propeller thrusters to research various
control algorithms.
Once the basic control algorithms
were established, the extra control structures were removed (like taking training
wheels off a bicycle) and all control was
shifted to the wings, the only active aerodynamic components on
the aircraft.
“From the first day of the
Phase I effort, we knew that our
biggest challenge would initially
be to develop a viable propulsion system, and after that, the
control system would be the next
extreme challenge,” says Matt
Keennon, AeroVironment’s project manager and principal investigator on the NAV project. “The
challenge of the Phase II effort
will concentrate on optimizing the aircraft for longer flight
endurances, transition capability
from hover to forward flight and
back, as well as reducing the
size, weight, and acoustic signature. All of which are distinct technical
challenges in their own right, that actually conflict with each other.”
Hylton said, “There are still many
hurdles to achieve the vehicle we
envisioned when the program was
started, but we believe that the progress
to date puts us on the path to such
a vehicle.”
Phase II NAV developments are
scheduled to continue through summer
of 2010. By that time AeroVironment
will have performed flight tests that
demonstrate hover and fast forward flight
in a single trial with integrated aircraft,
using a ground control system with video
display. During these flights, pure hover
flight endurance, pure forward flight
endurance, and hover duration against
added payload mass will be measured.
The resulting system will then be
tested to assess its operational utility in
both indoor and outdoor missions. u
Summer 2009

Summer doldrums seem to have beset the world’s GNSS system operators.
GPS
The U.S. Air Force continues to seek a
solution for the L1 signal anomaly
detected on GPS satellite, SVN49, also
known as IIR-20(M), launched last
March, even as it moved ahead with the
successful August 17 launch of SVN50,
the last of the Block IIR generation of
spacecraft.
The anomaly, caused by reflected
signals from the L5 filter at an auxiliary
payload port, has created elevationdependent pseudo range residuals that
vary with the altitude of SVN49 in the sky,
decreasing the accuracy of GPS receivers
or causing them to lose track entirely.
A temporary fix currently implemented
is apparently not the favored permanent
solution: broadcasting an ephemeris (the
satellite’s orbital position) that places
the satellite’s antenna phase center 152
meters higher than the actual position and
providing orbit and clock parameters that
best fit the tracking data.
In its place, the most promising new
approach involves mapping the orbit of
SVN49 using observation data collected
at GPS monitoring stations around the
world. This data would be fed into the
new Kalman filter used in the tracking,
telemetry, and control (TT&C) software
used by the GPS Master Control Station at
Schriever Air Force Base, Colorado.
The SVN49 orbit “map” data would
become part of the input to the computer
and would be reflected in the tracking,
telemetry, and control commands to the
satellite. With a more complete data set
reflecting actual observations of the satelION Newsletter

lite at different elevation angles around
the world, engineers from the Air Force
and contractors working on the problem
believe that a more accurate and more
generally usable solution can be achieved.
GNSS engineers at the European Space
Operations Center have detected similar,
but much smaller elevation-dependent
anomalies on nine other Block IIR and
IIR-M satellites.
The latest GPS satellite, designated
IIR-21(M), will join the constellation of
30 operational satellites in the plane E,
slot 3 position replacing space vehicle
number 40. The first launch of the followon generation (Block IIF) of satellites,
which has experienced development
delays, is now expected to take place in
the first quarter of 2010.
Meanwhile, Congress has expressed its
unhappiness with delays in the contracting procedure for building a modernized
GPS operational control segment (OCX).
In the Department of Defense appropriations bill passed July 30, the U.S. House
of Representatives cut $97.4 million from
the GPS OCX program.
The GPS Wing now expects to award
an OCX Phase B contract in the fourth
quarter of this year. Industrial teams led
by Northrop Grumman and Raytheon are
competing for the contract.
As for the effect of the funding cut, if
upheld by the U.S. Senate and included in
the final bill signed by the president, the
Air Force declined to speculate.
“The OCX program is currently in
progress with a major source selection to
determine the prime contractor for Phase
12

B,” said a GPS Wing spokesperson. “Until
proposals are evaluated and a winner
selected, it is premature to elaborate on
specific effects of funding reductions.”
The House legislation also omits
$59.1 million that President Obama had
requested for the High-Integrity Global
Positioning System (HIGPS, also known as
iGPS). This program would demonstrate
the capability to use Iridium satellites to
enhance current GPS navigation and timing capabilities.
Meanwhile, an enhanced version of the
terrestrial Loran radionavigation system
(eLoran) is back on the boards — sort
of — as a backup system for GPS.
The House version of the 2010 Homeland Security Appropriations Act, passed
on June 24, funds the Loran-C system at
$36 million and requires the Coast Guard
to submit a plan for upgrading the system
to eLoran for use as a long-term backup
for GPS.
The Senate version (S. 1298), passed
July 9, provides $18 million to extend
Loran-C operations through January 4,
2010, and, apparently, endorsing eLoran
in a roundabout way. Section 555 of
S. 1298 states that Loran-C operations
shall not continue beyond that date only
“if the Commandant of the Coast Guard
certifies that: (1) the termination of the
Loran-C signal will not adversely impact
the safety of maritime navigation; and (2)
the Loran-C system infrastructure is not
needed as a back-up to GPS or any other
Federal navigation requirement.”
On a separate track in the Senate, the
Coast Guard Authorization Act for FY 2010
Summer 2009

and 2011 (S. 1194), would authorize the
Secretary of Transportation to maintain
Loran-C and transition it to eLoran,
providing $37 million per year in FY 2010
and FY 2011.
The bill, which passed the Senate
Committee on Commerce, Science, and
Transportation on July 8, would allow the
U.S. Department of Transportation (DoT)
to transfer funds from the Federal Aviation
Administration (FAA) or other DoT agencies to reimburse the USCG for costs of
the modernization. S. 1194 also requires
a detailed five-year plan for the eLoran
transition.

Luch-5A reportedly will be launched in
December 2010 and Luch-5B in December 2011. According to a presentation
by Sergey Revnivykh at the International
Committee on GNSS (ICG) meeting last
December, the spacecraft will be stationed
at 16 degrees west longitude and 95
degrees east, respectively.
The first GLONASS-K flight test will also
take place in 2010 and include broadcast
of the new CDMA signal at GLONASS L3
frequency centered at 1201.4 MHz.
Two launches of three GLONASS-M satellites in September and December 2010

manufacturing of high-volume GLONASS
and GLONASS-GPS user equipment.
Moreover, according to Deputy
Premier Sergei Ivanov, Russia’s transport
ministry is devising a technical regulation
that would require all federal agencies
to use only vehicles, vessels, and aircraft
manufactured in Russia that are equipped
with a GLONASS receivers.
Also in July, the Russian space agency
Roscosmos signed an agreement with
Brazil’s space agency to encourage use
and development of GLONASS, continuing a series of such agreements that

GLONASS
Russia is advancing its plan to implement
a GLONASS System of Differential Correction and Monitoring (SDCM) covering the Russian Federation. The system
represents a counterpart to the GPS Wide
Area Augmentation System (WAAS) and
the European Geostationary Navigation
Overlay Service (EGNOS).
The SDCM would perform integrity
monitoring of both GPS and GLONASS
satellites as well as provide differential
corrections and a posteriori analyses of
GLONASS system performance.
Using a network of ground reference
stations and geostationary satellites,
SDCM would provide real-time differential
corrections with horizontal positioning
accuracy of 1–1.5 meters and vertical
accuracy of 2–3 meters. A centimeterlevel real-time precise positioning service
would be available within 200 kilometers
around the base stations.
According to Nikolai Testoyedov, director general of the Reshetnev Research
and Production Center in Krasnoyarsk
that builds GLONASS and other Russian
satellites, two geostationary satellites will
be launched in 2010 and 2011 to support
SDCM.
The satellites will carry payloads for
providing GLONASS correction data. They
apparently will be an extension of the
Luch communications satellite design
(also manufactured by Reshetnev) introduced in the 1980s as part of the Soviet
Union’s satellite data relay network.
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GLONASS System of Differential Correction and Monitoring (SDCM)

are expected to bring the system to its full
operational capability of 24 spacecraft.
Although the GLONASS almanac continues to report 20 operational satellites in
the current constellation, the two oldest
spacecraft have been off-line for maintenance for several months.
An Itar-Tass news agency report in July
indicated that the Russian government is
considering a proposal from the Industry and Trade Ministry and the Federal
Tariff Service to eliminate import duties
on GNSS components while raising those
on finished GPS products by 25 percent.
The objective is to stimulate domestic
13

may ultimately lead to establishment of a
worldwide monitoring network for GLONASS — an element in the Russian GNSS’s
architecture that is notably absent.

Galileo
Europe’s Galileo program continues to
struggle with internal and external critics, a
rumored funding shortfall, and an industry
that is becoming increasingly frustrated
at the lack of resolution of intellectual
property rights (IPR) and technical
specifications for the system.
Galileo continued on page 14
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Galileo continued from page 13

The European Space Agency (ESA)
has signed contracts for launch services
for the Galileo in-orbit validation (IOV)
satellites as well as two additional contracts
for “long lead items” needed to build the
full operational capability (FOC) Galileo
constellation of satellites.
The first contract, with Arianespace, will
provide launch services for the four IOV
Galileo satellites that will be placed in orbit
by the end of 2010. Two Soyuz rockets,
each carrying two Galileo spacecraft, will
launch from Europe’s Spaceport in French
Guiana.
The launch vehicle chosen to carry the
four Galileo IOV satellites into orbit is the
Soyuz ST-B with a Fregat MT upper stage,
which has been adapted for the deployment
needs of the Galileo program.
ESA has also signed two separate
contracts with Astrium GmbH and OHB
to begin the procurement of components
— such as flight management computers,
attitude control systems, and atomic
clocks — that take a long time to acquire
and need to be ordered early to prevent
program delays.
A report describing an investigation
into the management of the Galileo
development and validation phase (roughly
from 2003 to 2006), was released June 29
by the European Court of Auditors.
The report recited a painful litany of
now well-known failures in the initial
efforts of the Galileo Joint Undertaking
(GJU) to achieve a public-private
partnership (PPP) to build the Galileo
system. After more than 50 pages of
observations and analysis (followed by
19 pages of rebuttal from the European
Commission), the court concluded that
the “management of the development
and validation phase was inadequate and
experienced problems at different levels.”
In conclusion, the court noted the
following:
1) The GJU was not a strong program
manager nor was any other body assigned
this role. The GJU did not achieve most
of its objectives due to factors that were
largely outside the GJU’s control.
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2) The program lacked a strong
strategic sponsor and supervisor:
the [European] Commission did not
proactively direct the program, leaving it
without a helmsman.
3) Owing to their different program
expectations, Member States intervened in
the interest of their national industries and
held up decisions. The compromises made
led to implementation problems, delays
and, in the end, to cost overruns.
Across the Atlantic, a critique of a
different form emerged from the office
of the U.S. Trade Representative (USTR).
Acting on a request from Congress in the
Omnibus Appropriations Act of 2009,
the USTR invited comments from U.S.
industry about its experience and concerns
regarding competitive access to Galileo
markets.
At issue is a draft Galileo Open
Service Signal-in-Space Interface Control
Document (OS-SIS-ICD) published
in May 2006 and intended to support
development of Galileo-capable receivers
and simulators. A related issue is U.S.
industry participation in the competitive
procurement process now under way
for the Galileo full operational capability
(FOC) space and ground infrastructure.
The draft ICD is available for
information, standardization, and
R&D purposes, but it prohibits the
commercial use of the data “until a
specific authorization is provided by the
publishing authority and/or holder of the
association intellectual property rights
[IPR],” according to comments submitted
to the USTR by the European Commission
(EC) Directorate-General for Energy and
Transport (DG-TREN).
Only two organizations — the EC and
the U.S. GPS Industry Council (USGIC) —
responded to an April 15 Federal Register
notice inviting comments on six questions
regarding U.S. equipment manufacturers’
ability to participate in Europe’s GNSS
program, citing in the 2004 agreement on
GPS/Galileo between the European Union
and the United States.
That agreement includes provisions
calling for a “non-discriminatory
approach” with respect to trade in civil
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satellite navigation and timing-related
goods and services, including unrestricted
access to GPS and Galileo open service
signals and equal access to the information
necessary to develop user equipment for
commercial purposes.
In a July 15 report to Congress, the
USTR said that, in cooperation with other
U.S. agencies, the office will continue
to monitor the manner in which the EC
releases information for the open service
and other Galileo signals “to ensure that
U.S. equipment manufacturers are not
placed at a competitive disadvantage
vis-à-vis European and other equipment
manufacturers.”

Compass
A new Compass signal and frequency plan
introduced at a recent International
Committee on GNSS (ICG) working group
meeting fills in some of the gaps on
China’s current thinking about its GNSS
system.
The presentation on the new Compass
(Beidou-2) plan came at a July 30-31
workshop of the ICG Working Group A —
Compatibility and Interoperability (WG-A),
in Vienna.
China is now proposing to move its
signal modulation almost entirely into the
binary offset carrier (BOC) family, with an
altBOC (15,10) open service (OS) signal
mirroring Galileo in the aeronautical
radionavigation band at E5b (centered
at 1191.8 MHz). Quad phase skip keying
(QPSK) signals centered at 1561 and 1589
MHz have been dropped in favor of an L1
BOC (14,2)authorized service (AS), which
still overlays most of the Galileo Public
Regulated Service (PRS) spectrum there.
As previously reported, the Compass
open service at L1 will place a multiplex
BOC (MBOC) open service atop the
common GPS/Galileo MBOC signals
planned there. The figure on page 15
provides additional details on the data and
symbol rates and pilot and data channels
proposed for signals at the Compass
frequencies.
A Beidou-1 geostationary satellite
launched on February 2, 2007, has been
reported drifting westward at about 4.5
Summer 2009

Corporate
Profile

Details of Compass signal design and frequency plan presented at July 30 meeting of the International
Committee on GNSS working group on interoperability.

degrees per day. Beidou 1D was placed into
position at longitude 145° East as part of
what was planned to be a regional system.
The satellite was set operational; however,
earlier this year it began to drift, apparently
out of control by its operators.
Subsequently, China declared that it
would build a full-fledged GNSS system,
composed of 30 middle Earth orbiting
satellites and 5 GEOs. The first GEO

satellite, known as Beidou G2, was
launched on April 14, 2009, into a slot
at 83.5° East.
Earlier this year, Trimble and the China
Aerospace Science & Industry Academy
of Information Technology (CASIC-IT)
announced plans to form a 50/50 joint
venture in China to develop manufacture,
and distribute Compass GNSS receivers and
systems in China. u

GNC
Challenges
for Miniature
Autonomous
Systems
Workshop
October 26-28, 2009
Session Topics:

Emerald Coast Conference Center
Fort Walton Beach, FL

■
■

■

Facilitated By:

Sponsored By:

■

The Institute of Navigation

The Air Force Research Lab, Munitions Directorate

■

8551 Rixlew Lane, Suite 360
Manassas, VA 20109-3701
703-366-2723; 703-366-2724, fax

www.ion.org

FOUO Program Addresses
Miniature Multi-Function Seekers/
Sensors
Advanced Navigation Techniques
System Integration Challenges
Controlling Miniature Autonomous
Systems

Xsens’ research department
has built a unique portfolio of
technologies and know-how in the
field of multi-sensor data fusion
algorithms, combining inertial
sensors with aiding technologies
such as GPS and RF positioning
and biomechanical modeling.
The company and its products
have received several awards,
amongst which 3 consecutive
ratings in Deloitte’s ranking
of fastest growing technology
companies in Europe.
Xsens is headquartered in
Enschede, The Netherlands
and has an office in Los Angeles,
CA, USA.

www.ion.org/mas

GNCMAS09ad.indd 1
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Xsens is a leading supplier of
3D motion tracking products
based upon miniature MEMS
inertial sensor technology. ºSince
its inception in 2000, several
thousands of motion sensors
and motion capture solutions
have successfully been deployed
in areas such as 3D character
animation, rehabilitation and
sports science, and robot and
camera stabilization. Customers
include Electronic Arts, Sony
Pictures Imageworks, Össur,
Daimler, Saab Underwater
Systems, Kongsberg Defence
& Aerospace and many other
companies and institutes
throughout the world.

8/3/09 9:47:17 AM
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JNC 2009: GPS and Beyond

F

or those in the navigation community
who have become used to GPS dominating the discussion — often to the exclusion
of other technologies — the Joint Navigation
Conference (2009) sounded a clear change
of tone.
The conception of positioning, navigation,
and timing (PNT) should not be just GPS, but
GPS-plus. And speaker after speaker at the
June 1–4 conference, co-sponsored by the
Joint Service Data Exchange (JSDE) and The
Institute of Navigation, underlined the “plus.”
“We’ve become so dependent on GPS
that we’ve lost those terms of art: autonomy
and diversity,” said keynoter Ray Swider, a
program analyst responsible for PNT policy
and planning in the Office of the United States
Assistant Secretary of Defense for Networks
and Information Integration (NII).
“PNT is not just GPS,” Swider said. “Yes,
GPS is global and uniform, but it cannot be
made bulletproof.”
That’s why a 2005 Defense Science Board
task force on GPS recommended creation
of a national PNT architecture plan for both
civil and military applications, a process that
is reaching fruition.
“GPS is not going away; its role is not
going to diminish,” Swider continued. “It is
central to our planning. But it’s a point of
departure for this architecture.”
Swider’s point was echoed in the comments of other speakers who addressed
the 484 JNC attendees representing a broad
cross-section of military services, industry,
defense and security agencies, research
institutions, and academia.
“Dependence on a single military system
guarantees that it will be attacked,” noted Joe
ION Newsletter

JNC 2009 Plenary Session Speakers: — back row L to R: Dr. Mikel
Miller, AFRL; Joe Sciabica, AFRL; Col. David Goldstein, GPS Wing, USAF;
Brig. Gen. John Hyten, Space Command, USAF. Front row L to R: Karen
Van Dyke, DOT; Capt. Milton Abner, NSSO; Ray Swider, OASD

Sciabica, executive director of the Air Force
Research Lab (AFRL).
“We need to train aviators how to fight
without GPS, how to fight through a GPSdenied environment,” added Brig. Gen. John
Hyten, director of requirements for
Air Force Space Command. Hyten also
emphasized the need for a back-up for
GPS to handle situations in which service
is denied or unavailable.
Swider identified four elements to an
effect PNT enterprise: Multiple phenomenologies — different parts of spectrum, diverse
sources, autonomous devices (for example,
inertial, miniature autonomous clocks);
interoperable PNT information sources; PNT
and communications synergy; and a cooperative PNT organizational structure.
After the keynote sessions, conference
participants had their choice of 18 technical
sessions featuring 90 presentations on subjects ranging from warfighter requirements
and solutions to multi-sensor navigation,

guidance and control (GNC). In addition to
these “for official use only” sessions, JNC
offered a set of six tutorials before the technical program began and a day of classified
sessions on navigation warfare afterwards.
The purpose of the JSDE and JNC is to
further the guidance, navigation and control
(GN&C) capabilities of the U.S. Department
of Defense (DoD) and the U.S. Department
of Homeland Security (DHS). Mikel Miller,
technical director of the advanced guidance
division of AFRL’s Munitions Directorate,
served as chair of JNC 2009, with Paul Olson,
U.S. Army Communications & Electronics
Command as co-chair. Technical track chairs
included, Bill Bollwert, USNO; Neeraj Pujara,
AFRL; John Cervil, SPAWAR. Additionally, classified sessions were chaired by West Kasper,
JNWC; and the panel discussions were led by
Steven Ganop, ARL, Penn State.
Although many ION members have participated in the JNC over the years, this was
the first year that the Institute has cooperated
in the staging of the event a role that it will
reprise for JNC 2010, when the conference
returns to Orlando, Florida. u

Exhibitors showed their latest equipment and services at
the JNC 2009 Joint Navigation Conference held at the
Wyndham Orlando Resort in Florida.
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ION Member News and Notes

Section News and Notes
Southern
California
Section
On July 30, 2009,
the Southern California Chapter
of the ION held a meeting, hosted
by NavCom in Torrance, CA. Fortythree people were in attendance
to listen to a presentation by
James Kain of GeoVantage.
Mr. Kain provided a presentation of the work that he and
others have done in developing a new mechanization of
robust, high-rate Kalman filter
signal processing algorithms
and presented their application
in remote sensing. His company, GeoVantage, has pioneered
remote sensing with very low
cost platforms which compete
in performance with much more
expensive platforms and which
provide very rapid access to users
in agriculture, forestry and mapping solution providers.
Mr. Kain discussed the current
GeoVantage geospatial markets
and technology directions that
will change the landscape and
soon-to-emerge systems that
will bring the planet to your
desktop.
On June 30, 2009, the
Southern California Chapter of
the ION held a meeting, also
hosted by NavCom in Torrance,
CA. The meeting included a presentation by Professor Per Enge of
Stanford University entitled “On
Location at Stanford University”.
This talk provided quick sketches of three location projects
that are currently under way at
Stanford.u
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NORTH STAR
Section
The ION formally
approved
the
formation of the North Star
Section. This chapter is based
in Minneapolis, MN. The Section
covers the geographical area
that includes western Wisconsin,
Minnesota, North Dakota, and
South Dakota. The section chair
is Chuck Bye and the other
officers are Mark Ahlbrecht,
Demoz Gebre-Egziabher, Todd
Ell, Craig Poling, and Suneel
Sheikh.
The first meeting of the
Section is tentatively planned for
October 1 starting at 5:30 p.m.,
at the University of Minnesota.
The agenda for the meeting is a
“meet and greet,” short business
meeting, and guest speaker. The
guest speaker will be Dr. Craig
Shankwitz from the University
of Minnesota. He will discuss
the research being done at the
Intelligent Vehicles Lab and
provide a tour of the lab. The
final date, location and time
for the first meeting will be
posted at http://www.ion.org/
sections/northStar.cfm no later
than September 10.
If you would like your name
added to our mailing list or
have other questions you may
contact us at ion.northstar@
gmail.com. u

Alberta
Canada
Section
On June 26, 2009,
the section heard a presentation
on “GPS Self-Interference
and Mitigation Techniques”
by Professor Jade Morton,
Department of Electrical and
Computer Engineering, Miami
University. The following is a
summary of Professor Morton’s
presentation.
The presentation provided
an analysis of the GPS civil signal self-interference, its impact
on the acquisition of weak
GPS signals when coexisting
with strong GPS signals, and
several means to mitigate the
interference. A subspace projection-based   algorithm was
highlighted to demonstrate the
performance of the self-interference mitigation methods.
An ION Alberta free
brownbag meeting was held
on June 2 at the University of
Calgary to hear the presentation
“GPS-Based Navigation &
Positioning: Challenges in
Communications-Enabled
Driver Assistance Systems”
by Dr. Chaminda Basnayake,
Senior Research Engineer at
the General Motors R&D and
Planning.
General Motors unveiled a
fleet of vehicles equipped with
DSRC V2V communication and
GPS positioning capability
for public demonstrations.
GM has demonstrated these
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capabilities in numerous other
North American venues. Dr.
Basnayake   talked about some
of the GPS-based navigation
and positioning Research
and Development work done
by General Motors R&D and
Planning over the last few
years.
At the section’s May 29
meeting Professor Per Enge,
Department of Aeronautics
and Astronautics, Stanford
University, presented “Three
Location Projects at Stanford
University.” The first concerned
itself with the use of GPS for
aircraft navigation during the
approach and landing phases
of flight. It included results on
the use of receiver autonomous
integrity monitoring for aircraft
approach guidance, and the use
of ground based augmentation
for aircraft landing. The second
focused on the combined use of
laser altimetry and cold atom
gravimetry for the detection of
underground inhomogeneities.
The third introduces the idea
of using location signals
for authenticating position
estimates. u
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Navigation Novelties

What’s New in the PNT World?
Finding Your Way
with the B.S.A.
Forget helping old ladies
across the street. Today’s
Boy Scout can help those
active seniors over the river
and through the woods to a
cache using GPS.
The Boy Scouts of
America emphasizes
navigation – spatially and
morally – and encourages
young citizens to use sciBoy Scouts find their way up the Blackwater River, Virginia (Photo from
ence and technology to do
Wikimedia Commons)
stuff (just like ION’s own
mini-urban challenge.)
This year, the BSA is gearing up for a
big centennial celebration in 2010, and
Rebooting Memory
is using geocaching to promote scouting.
D-Day is still vivid in the memories of
Treasure hunts using new technology in
a shrinking number of veterans — but
the great outdoors may be just the thing to
many of the physical signs and memorials
attract new members and volunteers.
of the June 6, 1944, battle on the beaches
“What could be a more natural partof Normandy, France, are disappearing.
nership than Scouting and geocaching?”
Modern GPS and mapping technology
the BSA enthuses on its website, “Pathcan fix that.
finding has been part of Scouting from its
English and French speaking visitors
very beginning.”
to
the
D-Day battlefields can now rent a
GPS technology speaks to the new
PDA with a digital multimedia guide to
generation, they believe. But, true to
the events of 65 years ago.
scouting’s belt-and-suspender principles,
The GPS-enabled handheld takes them
they warn leaders to remember traditional
to 11 D-Day battlefields beginning in
skills and avoid dependency on satellite
Sainte Mere l’Eglise, continuing in a 30navigation.
mile loop through Utah Beach and other
To that end, the BSA still awards
sites of the American sector invasion,
merit badges only in astronomy – ignoring
The guide uses unpublished and visual
satellites – and in orienteering – which redocuments from the U.S. Army and the
quires the use of maps and compass only.
World War II Memorial de Caen (Peace
How about celebrating the promise of
Museum), the second most visited place
your next 100 years by awarding a satelin Normandy.
lite navigation badge, scouts?
The multimedia tour includes 30
See the preview of the new centennial
th
minutes of videos and hundreds of imBoy Scout Handbook ( 12 edition) at
ages of the invasion with spoken text
www.bsahandbook.org.
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from French historian Gilles Perrault,
author of many books on D-Day and
World War II.
The GPS-triggered guide begins with
a three-minute presentation for each
location. But that’s only the first layer
— users can go deep into information
about each site, including quizzes and a
full encyclopedia of the Allied invasion.
The guide uses mapping software from
Tele Atlas, which allows users to zoom
between 1/50,000 and 1/5,000 scales.
The guide was developed by Camineo, a French company. Their software
platform offers multimedia experiences
in the outdoors that works with a
number of GPS-enabled PDAs.
The company was founded in 2005.
It arose out of a research project on
location-based services in national
parks, paid for by the European Union.

U.S. Navy LST approaches the Normandy Coast on
D-Day. (U.S. Navy historical files)
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CALL FOR ABSTRACTS

ABSTRACTS DUE: OCTOBER 2, 2009
The Institute of Navigation

2010 International
Technical Meeting

Spell Check

But Does Anyone Ask for
Directions?
Who checks for traffic delays, roadblocks,
or restaurants on the GPS device?
He does.
Who asks friends for PND recommendations?
She does.
Turns out there are gender differences
in navigation purchases and use just like
everything else. NAVTEQ, the digital map
data company, conducted six consumer
surveys in 2008 and found out that 90 percent of men and women know about GPS
navigation, but they use it and purchase it
in different ways.
For example:
• Men use media sources as purchase
guides, women rely more on friends’
recommendations.
• One-third of men buy PNDs at consumer electronics stores, more than
one-quarter of women buy online.
• Men use advanced features – traffic and
points of interest (POI)– “dramatically” more than women,
• Four out of five men are very happy
with their PND purchase, while only
three out of five women are.
Now that GPS use is established,
NAVTEQ thinks that market growth may
depend in part on more consumer customization — telling women, for example,
stories about cool navigation features and
how people use them in real life.
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Memo to all user-experience software
developers: Include that nice Google
feature “Did you mean. . . ?” in commercial
GPS units.
Last month, a vacationing Swedish
couple drove up from Venice to Carpi,
Modena, in Italy’s industrial north. Ended
up in the town’s renowned Renaissance
Square. It’s a great place to buy shirts
direct from the factory. What’s not to like?
Turns out they misspelled their destination in their car’s PND and drove 400
miles out of their way.
They were heading for the Isle of Capri
— clear waters, sea caves — way off in
the Gulf of Naples.
Carpi town spokesman Angelo Giovanni said they stopped in the square and
asked for directions to the famous Blue
Grotto cave. “Capri is an island, they did
not even wonder why they didn’t cross any
bridge or take any boat,” Giovanni said.
The couple turned around and drove
on. No one knows where they are now. u

Catamaran Resort Hotel
San Diego, California

January 25-27, 2010
Plenary Session:

Navigation Behind Closed Doors:
Challenges of Indoor and
Urban Positioning

Isle of Capri — not Carpi! (Photo from Wikimedia Commons)
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Mowing in the Merry Month of May
By: Jacob Campbell & Don Venable

S

ix cunning lawn mowers and their
Rounding out the field, the University
John Deere and
human masterminds from the U.S.
of Evansville returned for their third time
Siebenthaler’s
and Canada converged on Siebenthaler’s
in the advanced competition. The 2007
Garden Center.
Garden Center near Dayton,
Ohio on May 28 with one
The Line-Up
goal in mind: winning the 6th
First, let’s take a look at the
ION Robotic Lawn Mower
2009 competitors (in alphaCompetition and grabbing
betical order): Case Western
a share of the $35,000 in
Reserve University (CWRU)
sponsored prize money.
competed again with their
After three days of
“CWRU Cut II” mower (procompetition, Case Western
nounced “crew cut”).
Reserve University took
Competing for their first
home the $15,000 grand
time, University of Cincinnati
prize in the advanced, or
was the lone entry in the basic
dynamic, category: the
category with “UC Robomow.”
first big win for CWRU.
L’ Ecole de Technologie
Three-time grand prize
Superieure (ETS) from Canada
winner Ohio University
returned for their fourth year
took second prize with
in the advanced competition
$10,000. Although fourwith the “Herbinator.”
The Winning Team — Case Western Reserve University. L to R: Jonathon Taylor,
time competitor L’ Ecole
A six-time competitor in the
Jonathon Beno, Bradley Hughes, (an arm and shoulder of Daniel Bennett),
Alexander Schepelmann.
de Technologie Superieure
advanced category — and the
(ETS) robot did not manage
only team that has not missed
to mow more than half of
this event since it started —
the grass, the team placed third and was
and 2008 grand prizewinner, Wright State
was Ohio University with their aptly named
awarded 25% of the full $5,000 prize.
University, competed, but did not place
“Autonomous Lawn Mower” mower.
The University of Cincinnati, competing
this year.
University of Evansville came back for
for the first time and the only entry in the
Sponsored by the ION Satellite Division
their third year in the advanced competition
basic (or static) category, was rewarded
and the Air Force Research Laboratory
with “UEzMoe3.”
for their efforts with a $625 prize.
(AFRL), the annual contest seeks the
And, finally, for their fourth consecutive
perfectly-designed unmanned lawn
year in the advanced competition was Wright
mower, one that uses the art and
State University (WSU) with “Clean Cut.”
science of navigation to rapidly and
accurately mow a field of grass.
Lead Up to the Big Day
Eighty-percent of the total score is
The contest took place over three days with
based on the robot’s performance in
paper and presentation judging and qualifying
the field. Twenty-percent is based on
rounds before the mowing competition.
the human team’s presentation and
Dr. Jacob Campbell, chair of this year’s event,
report.
and a representative from co-sponsor John
Many of the 2009 teams used
Deere spoke at the kick-off. After that, each
Trimble and NovAtel differential GPS
team presented their work and designs to
receivers integrated with various
guest judges from the Air Force Institute of
inertial, odometer, magnetic, camera,
Technology and AFRL and an audience of
and laser sensors.
students and faculty from the competing
The
2009
co-sponsors
were
universities.
Advanced Competition Mowing Field
Sensors Directorate, Honeywell,
The teams this year had some very
ION Newsletter
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impressive designs, many controlled by
Trimble and NovAtel differential GPS receivers integrated with various inertial, odometer, magnetic, camera, and laser sensors.
The first day culminated in a cookout organized by Lts. Carrie New and Casey Miller
and sponsored by the ION Mini-Urban
Challenge, a navigation-robotic contest for
high school students. High school contestants and mower competition college
students ate and talked together – and, no
doubt, traded strategies.
And, in what has quickly become a tradition, many of the teams worked late into the
night — with some through the night —
tweaking their equipment in preparation for
the Big Day.
On Day 2, all teams passed the qualifying
round, a major milestone in which teams
demonstrate that their mower is fit to
compete by passing safety and operations
tests.
The morning of the final event came
quickly. Volunteers arrived at 7 a.m. as

Scoring Team CAPRA’s run

the dew rose from the grass and everyone
could see it was going to be a beautiful
day to do some mowing. Col. Steven Bills,
Deputy Director of the Air Force Research
Lab Sensors Directorate opened the
competition.
When most of the 2008 teams failed
to mow over half the grass last year, event
coordinators decided to leave the advanced
category field unchanged. As shown in
Figure 1, the field included an L-shaped
lawn with a flowerbed and fence that
needed edging and a moving obstacle —
a motorized stuffed poodle.
ION Newsletter

2009 Mower Competition Qualification Day Volunteers. L to R: Boyd Holsapple, Sam Grey, Jacob
Campbell, Don Venable, Mark Smearcheck, Bert Peterson, Sergio Perez, Mike Ross, Neeraj Pujara,
Jared Kresge.

A close-up on Wright States University’s mower

The simpler field for the basic
competition was a rectangular lawn with
a stationary obstacle.
Compared to previous years, the teams
improved the quality of the cut, with several teams showing great accuracy in mowing around the obstacles. However, many
of the teams continued to have challenges
putting all the various required autonomous mowing skills together in a single
run, and because of this, the mowing field
will probably remain the same in 2010.
The 2010 competition will be held
June 3-5, again at Siebenthaler’s
21

Ohio University mowing around the obstacle

Garden Center, Beavercreek, Ohio. For
information, e-mail Don Venable at donald.
venable@wpafb.af.mil and check the
website: www.automow.com.

The authors wish to thank all the
volunteers from AFRL/RYRN and
the AFIT ANT Center for making this
year’s competition a success. u
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WAAS Performance Continues to Improve with Latest Set of Upgrades
In October 2008, the WAAS completed a series of upgrades, in part to improve the availability of the LPV [Localizer Performance with Vertical Guidance] service. These
upgrades began in 2004 and included the addition of reference stations in Alaska, the establishment of international reference stations in Canada and Mexico, and the
improvement of operational WAAS algorithms to increase the availability and reliability of the WAAS navigation service. Other changes were made during this timeframe
that improved the operation and maintenance of the WAAS.
This series of upgrades coincided with the rise in the number of WAAS LPV approaches. As of May 2009, the FAA has published over 1,500 LPV approach procedures,
and over 100 of these LPV procedures have a decision height as low as 200 feet. The upgrades to the WAAS and the rapid increase in the number of LPV approach
procedures together have been integral to the FAA strategy to increase the usage of WAAS for aviation.
This article shows the resultant WAAS performance after the series of upgrades. Specifically, the WAAS coverage for different service levels is shown. The service
levels are based on horizontal and vertical alert limits (HAL and VAL).
Though these service levels do not correlate directly to an approach procedure, the service levels define performance levels for WAAS.
WAAS receivers, as specified in RTCA DO-229, calculate horizontal and vertical protection levels (HPL and VPL). HPL and VPL are calculated once per second. As
long as the HPL is less than the HAL and the VPL is less than the VAL, then a particular service level is available. LPV service is available when the HPL is less than
40 meters and the VPL is less than 50 meters. LPV-200 [LPV with 200‑foot decision height] service is available when the HPL is less than 40 meters and the VPL is
less than 35 meters.

Figure 1 shows the Continental U.S. (CONUS) LPV service from October to December 2008. In this figure (and the other figures in this article) availability is determined
by calculating the HPL and VPL each second. When the HPL and VPL both meet the criteria of a particular service level, then the service is available. The statistics
based on this HPL/HAL and VPL/VAL calculation determines the service availability over the timeframe. For comparison, the coverage in CONUS from July to
September 2008 is shown in Figure 2. The main difference in the coverage of these two figures is that in Figure 2 there are no locations in CONUS that had WAAS
available 100% of the time.

Figure 3 shows the LPV-200 coverage from October to December 2008 and Figure 4 shows the LPV-200 coverage from July to September 2008. Because of the latest
WAAS upgrades the WAAS LPV-200 coverage is better in the October to December figure. The latest upgrade to WAAS improved LPV and LPV-200 service in Alaska.
The upgrade in LPV-200 service in Alaska can be seen in Figures 7 and 8.
The next major upgrade to WAAS will be when the GPS constellation is upgraded to include a second civilian frequency.
When that WAAS upgrade occurs, the FAA anticipates near 100% LPV-200 availability for users that utilize both civilian frequencies.
Bill Wanner, FAA ATO-P/AJP-7A1 — Reprinted from Federal Aviation Administration SatNav News, July 2009
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Annual Award Nominations
Members are encouraged to submit
nominations for one or more of the following
annual awards given by The Institute of
Navigation for excellence in navigation.
 Early Achievement Award —
for an individual early in his or her
career who has made an outstanding
achievement in the art and science of
navigation.
 Norman P. Hays Award —
for outstanding encouragement,
inspiration and support leading to the
advancement of navigation.
 Superior Achievement Award—
for individuals making outstanding
contributions to the advancement of
navigation.
 Thomas Thurlow Award —
for outstanding contributions to the
science of navigation.
 Tycho Brahe Award—for outstanding
achievement in space navigation.
 Captain P.V.H. Weems Award —
for continuing contributions to the art
and science of navigation.

Official nomination forms, along with
brochures on the background and purpose
of each award, are available from the
ION National office by phone, 703-3662724, or via the Web site at www.ion.org.
Nominations must be received by October
15, 2009.
The awards and accompanying engraved
bronze plaques will be presented at the ION
International Technical Meeting, January
25-27, 2010, in San Diego, California.
The ION urges you to participate in the
nomination process so deserving individuals
from the navigation community will receive
appropriate recognition.
In addition to the above awards, the
winner of the Samuel M. Burka Award
— for outstanding achievement in the
preparation of papers advancing navigation
and space guidance — as chosen by
the editorial panel of ION’s journal,
NAVIGATION, will be honored.
Address correspondence to Awards
Committee, The Institute of Navigation,
8551 Rixlew Lane, Suite 360, Manassas, VA
20109, phone: 703-366-2723; fax: 703-3662724; e-mail: mlewis@ion.org.

Fellow Nominations
Nominations for ION fellows may be
submitted by currently active Institute of
Navigation members. All nominations
must conform to ION nomination
guidelines as outlined on the nomination
form. Nominations must include a brief
biography and proposed citation.
Details of the nomination process
and forms are available at www.ion.org.
Nominations must be received by
October 15, 2009, to qualify.
Election to Fellow membership
recognizes the distinguished contribution
of ION members to the advancement of
the technology, management, practice
and teaching of the arts and sciences
of navigation, and/or for lifetime
contributions to the Institute.
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Former members of the ION who
are not currently active members of the
organization may be elected to non-voting
Fellow membership. Election to Honorary
Fellow membership is authorized
for non-members of The Institute of
Navigation who are qualified by their
accomplishments for recognition as a
non-voting Fellow member. Members of
other national institutes of navigation are
also considered in this category.
Kindly address any correspondence to
Fellow Selection Committee, The Institute
of Navigation, 8551 Rixlew Lane, Suite
360, Manassas, VA 20109, fax: 703-3662724, e-mail: mlewis@ion.org.
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CALENDAR
SEPTEMBER 2009
22-25: ION GNSS 2009, Savannah
Convention Center, Savannah Georgia
Contact: The ION
Tel: +1 703-366-2723
Fax: +1 703-366-2724
Web: www.ion.org
23-25: 15th Ka and Broadband
Communications Navigation and Earth
Observation Conference, T Hotel,
Cagliari, Italy
Contact:
Tel: +39 338-700-1650
Web: www.kaconf.org
OCTOBER 2009
26-28: GNC Miniature Autonomous
Systems (MAS) Workshop, Emerald
Coast Conference Center, Fort Walton
Beach, Florida
Contact: ION
Tel: +1 703-366-2723
Fax: +1 703-366-2724
Web: www.ion.org
27-30: 13 IAIN World Congress,
Stockholm, Sweden
Contact: Congrex Sweden AB, Attn: IAIN2009
Tel: +46 8 459 66 00
Fax: +46 8 661 91 25
E-mail; iain2009@congrex.se
Web: www.congrex.com/nnf/iain2009
JANUARY 2010
25-27: ION International Technical
Meeting (ITM) 2010, Catamaran
Resort Hotel, San Diego, California
Contact: ION
Tel: +1 703-366-2723
Fax: +1 703-366-2724
Web: www.ion.org
MAY 2010
04-06: IEEE/ION PLANS 2010,
Renaissance Esmeralda Resort & Spa,
Indian Wells/Palm Springs, California
Contact: ION
Tel: +1 703-366-2723
Fax: +1 703-366-2724
Web: www.ion.org
JUNE 2010
07-10: JSDE/ION JNC 2010, Wyndham
Orlando Resort, Orlando, Florida
Contact: The ION
Tel: +1 703-366-2723
Fax: +1 703-366-2724
Web: www.ion.org
16-21: RTCM Annual Assembly,
Catamaran Resort Hotel, San Diego,
California
Contact: Robert Markle
Tel: + 1 703-527-2000
Fax: +1 703-351-9932
E-mail: information@rtcm.org
Web: www.artcm.org
Summer 2009

Nonprofit Org.
U.S. Postage

THE INSTITUTE OF NAVIGATION
8551 Rixlew Lane, Suite 360
Manassas, VA 20109-3701

PAID

Permit No. 425
Southern, MD

vision of

ational
nd Intern

The 22

l Meeting

Technica

tellite Di
of the Sa

tion
of Naviga
e
t
u
e Instit

Th

The World’s Largest Technical Meeting & Showcase
of GNSS Technology, Products, Services & More!

September 22-25, 2009
Tutorials: Sept. 21 & 22, 2009
mand!
e
D
r
a
l
u
,
Pop
olicy issues
p
Back by
n
o
s
n
io
s
s

ns
Panel discu
s applicatio
s
e
in
s
u
b
&
m updates
n makers.
GNSS progra ading industry decisio
featuring le

Savannah International Convention Center
Savannah, Georgia

Register Today – www.ion.org

