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more international, more papers

ION GNSS 2009 Hot Topics:
Indoor Navigation, RTK, MEMS

S
Photo courtesy of the Smithsonian Institution.

The Bond chronometer, the first seagoing
marine timekeeper made in the United States.
See Smithsonian page 3.

Inside
President’s Report:
International Success and
a Busy 2010.........................................2
Smithsonian.........................................3
From the ION Historian
Part II: Johnsville...............................4
QZSS Ground Station in Guam..............7
ION GNSS 2009: Highlights...................8
ION GNSS 2009: Best
Presentation Award Winners..............11
Mini-Urban Challenge........................12
New ION Corporate Members.............13
Corporate Profile...............................13
Navigation Novelties...........................14
ION Calendar......................................15
GNSS Program Updates.......................16
Section News and Notes......................19

ION GNSS 2009 Highlights Page 8

The Institute of Navigation

satisfaction with the quality of the meeting
participants. The truly international nature
of the event is reflected in the 40 percent
of attendees who came from outside the
United States.
According to program chair Dr. Naser
El-Sheimy, University of Calgary, the four
themes and sessions that drew the most
proposals for paper presentations were:
GNSS Receiver Algorithms (44 abstracts) with a variety of topics ranging
from tracking of weak signals, including
“Complex Channel Structure for Generic

avannah, Georgia served as the
backdrop for the 22nd anniversary of
ION GNSS 2009, The Institute of Navigation’s (ION) Satellite Division international
conference — the world’s largest GNSS
technical meeting and showcase of related
technology, products, and services.
This year the conference featured the
most papers ever — 288 — drawn from
587 abstracts, the largest number ever
submitted for consideration. In addition,
a track of panel discussions drew many
conference participants, including sessions
on GNSS Program Updates and the analysis
and plans for dealing with the signal
anomalies on GPS Satellite SVN49
As an additional benefit for attendees
as well as ION members who may have
missed some of these panel discussions,
the ION is providing complimentary online
access to the video and slide presentations
from each of the five conference panel
sessions and the plenary session.
To access the presentations, attendees
can go to the following Internet link http://
www.ion.org/meetings/login.cfm
and sign in using their conference registration ID and last name. ION members
who attended ION GNSS 2009 may also
login using their standard username and
password.
Despite the economic recession the
technical program and panel discussions
were strong and exhibitors expressed
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From the President
Dr. Mikel Miller

International Success and
a Busy 2010

I

t’s hard to believe this year is coming to
a close and yet we’ve accomplished so
much. With your support, we’ve continued our
excellence and begun some new programs.
The ION’s inaugural high school robotics
competition, the Mini-Urban Challenge, was a
resounding success — reaching over 100 high
school students from Ohio and Florida! This
year’s competition is already underway with two
new regions in Washington D.C. and Louisiana,
and schools signing up as we speak!
In another first, the ION and the Joint Service Data Exchange (JSDE) partnered for the
very successful 2009 Joint Navigation Conference – held in Orlando, FL, last June. Over 500
individuals from government, industry, and
academia from the U.S., Canada, Australia and
the UK attended this FOUO conference.
Our ION GNSS conference continues to
outdo itself, and this year was no exception.
In spite of the lagging worldwide economy,
international attendees to GNSS 2009 reached
an all time high! Additionally, more abstracts
were submitted than ever (587) and for the
first time our program consisted of seven
parallel session tracks!
I would like to thank the ION GNSS 2009
leaders: Dr. John Raquet, General Chair;
Dr. Naser El-Sheimy, Program Chair; as well as
the many Track and Session Chairs for all their
hard work in making this year’s meeting such a
success. Pat Doherty, next year’s Program Chair,
will have some big shoes to fill, but I know she’s
up to the challenge.
The ION has a rich heritage of excellence,
and I’d like to congratulate this year’s GNSS
award winners for rising to the top! Dr. Penina
Axelrad, past president of the ION, was the welldeserved recipient of this year’s Kepler Award.
Further information on this award, as well as
the Parkinson and Best Presentation Awards,
can be found on pages 9–11 in this issue of the
newsletter. Congratulations to all!
One of my goals was to increase the ION’s
visibility to the international community and
raise their participation in ION activities.
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We’re making progress and this was reflected
through the international participation at our
GNSS meeting (39%) as well as the number of
international papers accepted for the 2010 ION
International Technical Meeting (ITM) (61%).
ION’s participation last May at the European
Navigation Conference ENC GNSS 2009 in
Naples, Italy and during October at the International Association of Institutes of Navigation in
Stockholm, Sweden are helping to continue this
trend. Additionally, Carl Andren of the national
office was elected vice president in the IAIN and
will be able to offer our perspective while learning from our international partners.
Another measure of international visibility
appeared last July when ION past president Jim
Doherty and I were named Fellows by the UK’s
Royal Institute of Navigation — a real honor,
especially with the awards being made personally by the RIN’s royal patron, Prince Philip,
Duke of Edinburgh. Photos of us receiving our
awards can be found on page 6.
ITM 2010 and IEEE/ION PLANS 2010 will
be here soon, so be sure to mark your calendars! The Catamaran Resort Hotel in San Diego,
California will play host to ITM 2010 from January 25-27 while IEEE/ION PLANS will be at the
Renaissance Esmeralda Resort & Spa, Indian
Wells/Palm Springs, California from May 4-6.
If you want to broadcast your work at the
largest U.S. military navigation conference with
joint service and government participation, be
sure to submit your abstracts by February 1st
for the 2010 Joint Navigation Conference in
Orlando, Florida!
Last, but certainly not least: please be sure
to cast your ballots in this year’s ION elections!
You can vote on-line from December 15 until
January 8. Read about the nominees in this
issue and vote for those whom you believe
will best serve the ION membership (story on
page 19).
See you in San Diego!
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Exhibition Opens in 2012

Smithsonian Decides
It’s Time for Navigation
new Smithsonian exhibition, tentatively
titled “Time and Navigation — from
Chronometers to GPS,” will explore the
cultural and technological aspects of precise
timekeeping and orientation.
This project will be a unique collaboration between two of the Smithsonian’s largest
and most popular museums: the National
Air and Space Museum and the National
Museum of American History. This exhibition
will showcase the technologies essential to
how we defend our nation, conduct business, and live our lives.
The Institute of Navigation became
involved with this project several years ago,
approving a financial contribution to the
undertaking in January 2006 (see article in
Spring 2006 Newsletter).
Highlights of the exhibition will include
a walk-through 19th-century sailing vessel,
a submarine navigation center, navigation
satellites, aircraft and a robotic vehicle. This
exhibit will span three centuries and explore
efforts to travel beyond Earth and through
the solar system, drawing parallels between
the basic human desire to experience new
environments and societal efforts to discover
distant worlds.
The exhibit, expected to open in the
fall of 2012 at the National Air and Space
Museum, will be possible due to the generous commitments from Northrop Grumman,
ITT Corporation, Honeywell, Department
of Transportation, Space-Based Positioning, Navigation & Timing, Rockwell Collins,
National Oceanic and Atmospheric Administration and the Institute of Navigation.
Additional commitments from corporate
and government sources are in discussion in
order to reach the fundraising goal of $3.65
million, of which donors have already committed $2.65 million.
The gallery will have six sections:
• an Introduction explaining the main
theme of the exhibit — if you want to
know where you are, you need an
accurate clock
ION Newsletter

• Navigating at Sea where visitors will learn
how mariners were lost at sea without
clocks
• Navigating in the Air where they will see
how aviators adapted marine techniques
and took to the skies
• Navigating in Space about the navigators
who guide spacecraft across the solar
system
• Inventing Satellite Navigation in which
visitors will learn about the inventors
who put clocks in satellites to locate
points on Earth
• Navigation for Everyone, which will
highlight the role of time and navigation
in everyone’s day-to-day activities.
Navigating at Sea will display marine
chronometers and sextants, including the
earliest seagoing chronometer made in
America. In Navigating in the Air visitors
will see the octant Charles Lindbergh used
to scout routes for Pan Am. Navigating in
Space will exhibit the navigation station from
the Apollo 8 Command Module and timing
equipment from NASA’s Goldstone Tracking
Station.
Inventing Satellite Navigation will feature
equipment from the navigation room of the
submarine U.S.S. Alabama, a Transit satellite,
and a prototype satellite made at the Naval
Research Laboratory for the GPS Program.
Satellite Navigation for Everyone will
include the autonomous ground vehicle,
Stanley. The Stanford Racing Team assembled and led Stanley to victory in the DARPA
Grand Challenge. Sebastian Thrun, head
of the Artificial Intelligence Lab at Stanford
University, led the team that built the racer.
Thrun was the keynote speaker at the ION
GNSS 2007 plenary session.
Additionally outreach by the museum’s
education division will take the content
beyond the gallery walls to enrich classroom
and on-line visitor experiences. Family days,
discovery stations and educational publications will be available, as well as online activities on the websites of both museums. u
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Tentative Floor Plan

Photo courtesy of the Smithsonian Institution.

This autonomous vehicle won the 2005 DARPA
Grand Challenge, a 130-mile robot race across
the desert sponsored by the U.S. Department
of Defense. The Stanley is a gift from Volkswagen of America, Inc. Exhibition section: Navigation for Everyone.

Photo courtesy of the Smithsonian Institution.
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The clock from Charles Lindbergh’s “Spirit of St
Louis.” Exhibition section: Navigating in the Air.

JPL NASA photo

Mariner 10, launched in 1973, was the first
space probe to use gravity assist, a technique
that uses the gravity of one celestial body to
propel a spacecraft toward another. Only with
the advent of new atomic time standards was it
possible to navigate precisely enough to allow
gravity assisted trajectories. Exhibition section:
Navigating in Space.
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second of two parts from the ION Historian Marvin B. May

Part II: A Centrifuge & Science Museum
for Johnsville
I

The under-construction
Johnsville Centrifuge and
Science Museum will bring
to life the lively history of
a place synonymous with
the space age developments
of the 1950s and 1960s.
Warminster, Pennsylvania
– known by most as
“Johnsville”— began as

n government-ese, it was known as the U.S.
Navy’s Aviation Medical Acceleration Laboratory in Warminster. Most people referred
to it as “Johnsville”, and its centerpiece was
the world’s largest centrifuge where almost
every American astronaut who flew in space
trained, including Glenn, Grissom, Carpenter, Shepard, White, Aldrin, Armstrong, and
Collins.
The Johnsville machine, one of only about
five large centrifuges in the world, weighs 180
tons and the electric motor that propelled it
produced 4,200 horsepower. According to
common belief, the centrifuge’s power plant
could produce enough power in the 1950s
to light 21,000 homes and the Philadelphia
Electric Company would have to be notified
every time it was turned on.
The Naval Air Development Center
(NavAirDevCen) closed in 1996 and the
centrifuge followed in 1999. When the price

of copper quadrupled in the next decade the
most economically attractive option for the
centrifuge was to cannibalize its copper treasures and then convert the rest of the famous
round building to office space.
It looked as though Johnsville, which
had never had an official existence in civil or
military documents, might disappear from
human memory entirely. But Sam Cravero
and Mike Maguire thought otherwise. The two
men — convinced they have the “Right Stuff”
for an aeronautical history showcase — are
leading a determined group that is hoping to
transform the centrifuge at Johnsville’s former
naval center into a museum centerpiece.
Cravero, owner of a security company,
had purchased the building on the former
NavAirDevCen grounds in 2007 with plans to
use it for offices when he discovered that part
of it housed the monstrous centrifuge.
“I looked into having [the centrifuge]

the home of a transplanted
Brewster Aeronautical
Corporation in World War II,
was then home to the Naval
Air Development Center and
Naval Air Facility. By 1982,
a GPS Central Engineering
Activity was established there.
But looming over it all for 50
years was . . . The Centrifuge.
NADC flight deck and centrifuge control area.
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removed, but it was just too expensive,” the
40-year-old Cravero explained. “When I started
researching more about what I had here, I got
with Mike and we decided to make it into a
museum.”
Museum Director Maguire, 51, is an Air
Force veteran who knew a little about what
Cravero had stepped into.
Their mission: Raise $3 million for the
Johnsville Centrifuge and Science Museum.
The campaign kicked off last April with an
open house featuring astronaut Scott Carpenter
– along with John Glenn, the last survivor of the
1959 NASA Project Mercury team. At the event,
Carpenter gave an inspirational speech about
the key role that the Johnsville centrifuge and
support personnel played in the success of the
Mercury and Apollo missions.
Currently, the facility offers limited hours
for public admission: 1–3:30 p.m. on Sunday
afternoons.
9-G TOLERANCE
“The base trained fighter pilots and astronauts,
including John Glenn and Neil Armstrong, until
the mid-’60s,” Maguire told the open house
audience. “Now we would like to share that
history with everyone.”
The little-known history includes a number
of sensitive and critical research projects —
sensitive, dangerous, and uncomfortable for
the human test subjects:
• X-15 emergency recovery maneuvers
exposing pilots to high G’s in multiple axes
• The “Iron Maiden,” a water-filled capsule
that enabled R. Flanagan Gray to set a 32G
record
• Nighttime aircraft carrier catapult launches
in an A-7 aircraft cockpit to test pilot
disorientation. Airline pilot capabilities
during clear air turbulence
• Effects of sustained 2 G’s for 24 hours
to simulate space flight in a accelerating
space vehicle
• F-14 flat spin simulation in which pilots
experienced “-6 G’s Eyeballs Out”
• X-31 thrust vectored post-stall air combat
maneuvers
• Advanced G-protection suits for tactical
aircraft
• Training for fighter pilots to reach 9-G
tolerance
• Testing of new aircraft cockpit designs
G-protection using a semi-reclined seat.
ION Newsletter

Magnavox five‑channel commercial T‑Set GPS receiver.
Photo courtesy of Stansell Consulting.

The centrifuge underwent numerous
upgrades during its lifetime, most notably in
1964 when the original egg-shaped gondola
was replaced with a 10-foot diameter spherical gondola with removable caps. This improvement allowed full-scale aircraft cockpits
to be hoisted up and mounted quickly inside
the larger gondola. (Museum volunteers
are now fundraising to bring the original
gondola back from a storage facility outside
the National Air and Space Museum, where it
was “deaccessioned” from the Smithsonian
collections.)
Another major upgrade occurred in the
early 1980s when a digital computer was
added to the centrifuge’s analog computer
control system. The new computer made
greater motion control possible and allowed
high fidelity aircraft simulation modeling. The
control system was first used in the F-14 Flat
Spin investigation.
The upgrade included a computer
graphics pilot’s-view visual system and air
conditioning in the gondola to handle
the additional electronic equipment.
During the centrifuge’s last three
years of operation after the Navy base
closed in 1996, the staff performed
human factors studies of new crew
equipment, seating, displays, and
cockpit designs.
Putting on a Show
The Johnsville center was home
to more than 30 laboratories that
researched aerospace materials,
navigation systems, submarinehunting technology, ejection seats,
and pilotless drones. Museum
5

organizers hope to see the work of all of these
laboratories become exhibit.
As the NavAirDevCen was the Navy’s lead
navigation activity and the Navy’s GPS Central
Engineering Activity, organizers of the Johnsville Centrifuge and Science Museum plan to
develop exhibits on navigation including one
that will enable visitors navigate the world
virtually right inside the exhibit!
Other notions for the museum include
geocaching and navigation games, including
solving science-, physics-, or math-related
puzzles based on information provided in the
museum displays.
Once participants solve the puzzle, they
can then program their GPS device to guide
them to a safe nearby mystery location to
receive a museum prize. Some of the regularly
changing mystery locations will be based on
sponsors of a planned Museum Geocaching
Program.
Also planned for displays will be GPS
receivers that were used at NavAirDevCen,
such as the Magnavox T-Set, built circa
1983, by Magnavox Corporation, Torrance,
California. u

Supporters publish a newsletter,
“G-Force News”, maintain a
Facebook fan page, and offer
Sunday afternoon tours of the
centrifuge building to build support
for the museum project.
Find out more on the web at
www.nadcmuseum.org or e-mail
nadcmuseum@comcast.net.

Some 15,000 pounds of copper buss was removed from the centrifuge
tunnel, walls, ceiling and motor housing.
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ONGRATULATIONS
James T. Doherty,
Institute for Defense
Analyses and ION
Fellow, received the
Honorary Fellowship
award from the
Royal Institute
of Navigation
(RIN) for lifetime
contributions to the
art and science of
navigation.

Dr. Mikel Miller, ION
President and ION
Fellow, was elected
a fellow of the RIN
in recognition of his
fundamental work
related to satellitebased navigation.

Both awards were
presented at the
RIN Annual General
Meeting & Reception
held in London this
past July.
Prince Philip, Duke
of Edinburgh, who is
the royal patron of
the RIN, is shown here
signing the awards.
RIN President David
Barnes, OBE, looks on.
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Hitting the Books — the GPS Way!
Building a corn maze is so much more engaging than writing a term paper. That’s what
2009 ION Undergraduate Scholarship recipient Tom Burg discovered when his electrical
and computer engineering professor, Dr. Jade Morton, asked him to learn how to use
GPS on the project. Burg, a Miami University (Ohio) student, designed a pattern that
commemorates the university’s 200th birthday (pictured above). He used a Topcon
differential GPS system and free Microsoft mapping software to do the job. Morton
said, “The university is getting a lot of publicity as a result of the maze. Thank you all for
supporting Tom’s project!”
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ION Members Take Part

NOAA, Japan Establish QZSS
Ground Station in Guam

Members of the U.S.-Japan GPS-QZSS Experts Working Group at the NOAA Weather Forecast Office in
Guam during a visit to inaugurate a new ground station. Back row, left to right: Ray Cancel, Hiroaki Maeda,
Satoshi Kogure, Koji Terada, Alice Wong, Genevieve Miller, John Betz, A.J. Van Dierendonck, Patrick Harrington,
Anil Hariharan. Front row, left to right: Hiroshi Soga, Takahiro Mitome, Tamaki Takahashi. (NOAA photo)

S

everal ION members joined officials from the National Oceanic
and Atmospheric Administration
(NOAA) and the Japan Aerospace Exploration Agency (JAXA) this summer
in unveiling a new ground station in
Guam that will track spacecraft from
JAXA’s upcoming Quasi-Zenith Satellite System (QZSS).
A JAXA effort to improve navigation satellite coverage over Japan
and surrounding areas, QZSS is
designed to work seamlessly with the
U.S. Global Positioning System.
ION Newsletter

At the ION GNSS 2009 conference
in Savannah, QZSS sub-manager Dr.
Noriyasu Inaba discussed the current
state of the program for which the
target date for launch of the first
satellite (QZS-1) is summer 2010.
Speaking at a ceremony on August, 25 at NOAA’s National Weather
Forecast Office in Guam, Genevieve
Miller, meteorologist in charge, said
the new station strengthens the collaboration between the United States
and Japan in the area of GPS and
satellite navigation.
7

Members of the U.S.-Japan GPSQZSS Experts Working Group included
the following ION members, who took
part in the Guam ceremony: John Betz,
A. J. Van Dierendonck, Alice Wong,
Hiroaki Maeda, and Takahiro Mitome.
NOAA and JAXA have worked since
2008 to install the monitoring station
at the NOAA Weather Forecast Office
in Guam. The station is the result of
a joint agreement between the two
agencies, which allows JAXA to place
antennas and other equipment on the
NOAA property to observe the QZSS
satellites. In return, JAXA will share
satellite data from the station with
NOAA, which integrates information
from hundreds of GPS tracking
stations into the National Spatial
Reference System.
QZSS is designed to be highly compatible and fully interoperable with
GPS, providing extra coverage in Japan
and other nearby nations where GPS
signals tend to be blocked by buildings, mountains, or other objects.
The U.S. Department of State has
led satellite navigation cooperation
efforts with Japan since 1996. The
NOAA/JAXA project in Guam took
place under the auspices of the Joint
Statement by the Government of the
United States of America and the
Government of Japan on Cooperation
in the Use of the Global Positioning System. The joint statement was
signed in September 1998 by President
Clinton and Japanese Prime Minister
Keizou Obuchi. u
Fall 2009

Faces of ION GNSS 2009
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ION GNSS 2009

Axelrad Gains
Kepler Award
2009 GNSS Program Committee: L to R: Dr. Hermann Ebner,
European Commission, Belgium; Timothy Murphy, Boeing; Dr. Allison
Kealy, University of Melbourne, Australia; Dr. Naser El-Sheimy,
University of Calgary, Canada; Dr. John Raquet, AFIT; Dr. John Betz,
The MITRE Corporation; Col. Jon Anderson, USAF, GPS Control
Segment Squadron; Peter Boulton, Spirent Communications PLC, UK.

ION
GNSS
2009

D

r. Penina Axelrad has an extensive
history of significant contributions
to the field of satellite navigation including receiver autonomous GPS integrity monitoring (RAIM), GPS bistatic radar, satellite formation flying using GPS,
GPS-based orbit and satellite attitude
determination, and multipath characterization, modeling and mitigation.
Additionally, Dr. Axelrad has authored
or co-authored 37 peer reviewed journal
papers relating to satellite navigation,
written 85 conference papers, served as
an author/associate editor of AIAA’s GPS
“Blue Book” — the seminal two volume
textbook: Global Positioning System:
Theory and Applications.
Dr. Axelrad is currently a Professor
of Aerospace Engineering Sciences at
the University of Colorado where she
has educated navigation engineers for
the past 17 years. Her research interest include: Global Positioning Systems
(GPS) technology and applications for
real-time satellite orbit and attitude
determination, GPS surface reflections,
GPS multipath characterization and

Dr. Penina Axelrad accepts the Johannes
Kepler achievement award at the ION GNSS
2009 conference.

mitigation, orbital dynamics and spacecraft rendezvous.
Dr. Axelrad is a Senior Member of
The Institute of Electrical and Electronic
Engineers, a Fellow of The Institute of
Navigation and the American Institute of
Aeronautics and Astronautics and is a past
president of The Institute of Navigation.
She was the recipient of the 1996 AIAA
Sperry Award and 2003 ION Tycho Brahe
Award. She received a Ph.D. in Aeronautics
and Astronautics from Stanford University
and a S.B. and S.M. degrees from the
Massachusetts Institute of Technology.

ION GNSS 2009 Student Award Winners posing with their awards.

ION Newsletter
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ION GNSS 2009 continued fron page 1

GNSS Signal Tracking”, and “Combined
L1/L5 Kalman Filter-Based Tracking versus
Standalone L1/L5 Tracking in Challenging
Environments.”
Urban & Indoor Navigation Technology (40 abstracts) with many interesting
new topics such as “Efficient Tracking
Algorithm Based On FFT For Extremely
Weak GPS Signal,” “Navigation in Strong
Multipath Environments,” “Multipath
Mitigation via Synthetic Aperture Beamforming.”
PPP and Network-Based RTK (32
abstracts) shows lots of innovative R&D
applying precise point positioning in surveying and mapping applications. Some of
the papers are, “Precise Point Positioning
for Real-time Determination of Co-seismic
Crustal Motion,” “Real Time Satellite
Clock Corrections in Precise Point Positioning,” and “New Methods for Evaluation of the Ionospheric Modeling Error in
a VRS Based Network RTK Service.”
Algorithms for Multi-sensor Fusion
and Land Based applications (29 and 27
abstracts, respectively) with clear emphasis on the emerging MEMS technologies
and their applications in pedestrian and
indoor navigation.
The Tuesday, September 22, plenary session covered Urban Challenges:
Advances in Smart Wireless (Cell) Phone
Navigation Systems and Robotic Vehicles
(mobile robots). Plenary organizer and
moderator Larry Hothem led this dynamic
discussion on the state of the art and future trends in the developments in smart
phone and robotic ground vehicles.
Panelists included Dr. Cormac Conroy,
VP, Engineering, QUALCOMM Inc., Dr.
Frank van Diggelen, Technical Director
for GPS Systems, Broadcom Corporation,
Dr. Alfred L. Wicks, Associate Professor,
Virginia Tech, Co-leader, DARPA Urban
Challenge VT Team, 1st Lt. Casey Miller,
Co-chair, ION´s Mini Urban Challenge /
Air Force Research Laboratory and 1st Lt.
Caroline New, Air Force Research Laboratory, and co-chair of ION´s Mini Urban
Challenge.
In recounting the “happy story of
GPS and mobile phones,” van Diggelen
ION Newsletter

traced the GPS technology evolution
behind mobile telephony that has led to
introduction of more than 200 GSM “smart
phones” models with GPS — up from
fewer than 10 five years ago. Tracing the
“catalyst” for getting automatic location
capability in mobile phones to the Federal
Communications Commission’s E-911
in 1999, van Diggelen identified several
“enablers”: assisted-GPS, massive parallel
correlation, high-sensitivity receivers,
coarse time navigation, low TOW, hostbased GPS + RF-CMOS, and one spin-off
— long-term orbits.
Conroy asserted that “position location is a central part of the mobile Internet
user experience” and pointed to the
following factors critical to user satisfaction with location-enabled smart phones:
accuracy, availability, time-to-fix, ubiquity
and seamlessness of service (indoors and
outdoors, car navigation to pedestrian
mode), concurrency with other multimedia
applications and optimization of power
consumption.
New and Miller reported on the results
of the initial year of activity that culminated

in the first national Mini Urban Challenge
competition, cosponsored by the Air Force
Research Lab and The ION, last May. Introduced at ION GNSS 2008, the competition
challenges high school students to design
and operate a robotic unmanned car built
from a LEGO MindStorms kit that can accurately navigate through a LEGO city.
More than 70 exhibitors took part in
the accompanying commercial exhibition
with dozens of announcements of new
products taking place during the show.
Since its founding at the time of the
first national ION GPS meeting in Colorado
Springs, Colorado, in 1987, the Satellite
Division has grown into the ION’s most
active division. The division’s officers are
the official hosts for the ION GNSS events:
Dr. Pratap Misra, Chair; Dr. John Raquet,
Vice Chair; Dr. Demoz Gebre-Egziabher,
Secretary; Ms. Patricia Doherty, Treasurer;
Dr. J.J. Van Dierendonck, Immediate Past
Chair; Professor Andrew Dempster, Asian
Technical Advisor; and Dr. Christian Tiberius, European Technical Advisor.
Dr. Raquet also served as general chair
for the ION GNSS 2009. u

Joerger Wins PARKINSON Award
The 2009 Bradford W. Parkinson Award
was presented September 25 during the ION GNSS awards luncheon to
Dr. Mathieu Joerger, Illinois Institute of
Technology, for graduate student excellence in global navigation satellite systems in his thesis “Carrier Phase GPS
Augmentation User Laser Scanners and
Using Low Earth Orbiting Satellites.”

Dr. Brad Parkinson (at left) with Dr. Joerger.
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The award was established in June
2003 and is awarded annually to an
outstanding graduate student in the field
of Global Navigation Satellite Systems
(GNSS). This award, which honors
Dr. Brad Parkinson for his leadership
in establishing both the U.S. Global
Positioning System and the Satellite
Division of the ION, includes a personalized plaque and a $2500 honorarium.
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ION GNSS 2009 BEST PRESENTATION AWARDS

T

he Satellite Division of The Institute of Navigation traditionally recognizes the best presentation given in each session. Recipients are selected by the
session’s co-chairs. The criteria used to evaluate each presentation is as follows: 70 percent: relevance, timeliness and originality of technical work/
information; 20 percent: quality of visual aids (legibility, relevance to topic, etc.); and 10 percent: quality of presentation delivery (enthusiasm, enjoyment
as a speaker, etc.).

A1: GNSS Interference & Spectrum Aspects
First Field Experience with L5 Signals: DME
Interference Reality Check: A. Simsky, W. De
Wilde, T. Willems, D. Mertens, E. Koitsalu, J-M.
Sleewaegen, Septentrio Navigation, Belgium
B1: Multi-sensor Navigation
Development and Evaluation of a Combined
WLAN & Inertial Indoor Pedestrian Positioning
System: K. Frank, Germany Aerospace Center
(DLR), Germany; B. Krach, Germany Aerospace
Center (DLR), and EADS Military Air Systems,
Germany; N. Catterall, HW Communications Ltd.,
Germany; P. Robertson, German Aerospace Center
(DLR), Germany
C1: GNSS Ground Based Augmentation
Systems (GBAS)
Study of Effects of the Plasma Bubble on GBAS
by a Three-Dimensional Ionospheric Delay
Model: S. Saito, T. Yoshihara, N. Fujii, Electronic
Navigation Research Institute, Japan
D1: Urban & Indoor Navigation Technology 1
Enhanced GNSS Indoor Signal Detectability
Using Polarization Diversity: M. Zaheri,
A. Broumandan, C. O’Driscoll, G. Lachapelle,
University of Calgary, Canada
E1: GNSS Simulation and Testing
746th Test Squadron: HITL Improvement
for Automating GPS Simulations: G. Gerten,
PreTalen; M. Steele, 746th Test Squadron – (Not
Submitted for Publication)
F1: Galileo Integrity, Multi-constellation
RAIM
Hysteresis in RAIM: J. Blanch, Stanford
University; C. Mayer, German Aerospace Center,
Germany; S. Lo, T. Walter, P. Enge, Stanford
University
A2: Military GPS & GPS-INS Integration
Positioning in GPS-challenged Environments:
Dynamic Sensor Network with Distributed GPS
Aperture and Inter-nodal RF Ranging Signals:
D.A. Grejner-Brzezinska, C.K. Toth, L. Li, J. Park,
X. Wang, H. Sun, I.J. Gupta, K. Huggins, Y.F. Zheng,
The Ohio State University
B2A: Surveying & Geodesy
Controlled Antenna Changes at GNSS
Reference Stations: L. Wanninger, V. Frevert,
Dresden University of Technology, Germany;
M. Fettke, Landesamt fur Vermessung und
Geobasisinformation Rheinland-Pfalz, Germany
B2B: Marine Applications
Improving Underwater Navigation and
Docking with Three Dimensional Sonar:
W.R. Woodward, R. Webb, UrsaNav, Inc. USA;
R. Kahrs Hansen, CodaOctopus Omnitech AS,
Norway; B. Cunningham, CodaOctopus Research
and Development Ltd., UK; D.J. Weber,
R.F. Weingaertner, Kearfott Corporation,
Guidance & Navigation Division, USA
C2: GNSS Space Based Augmentation
Systems (SBAS)
Experimental Flight Tests with EGNOS on A380
to Support RNAV LPV Operations: L. Azoulai,
S. Virag, R. Leinekugel-Le-Cocq, Airbus, France;
C. Germa, B. Charlot, Thales Alenia Space, France;
P. Durel, SII, France
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D2: Land Based Applications 1
Multiple IMU Integration for Vehicular Navigation:
J.B. Bancroft, University of Calgary, Canada
E2: Multipath Effects & Mitigation
Effects of Rotor Blade Modulation on GNSS
Receiver Measurements: A.J. O’Brien,
K. Hayhurst, I.J. Gupta, The Ohio State University
F2: Galileo Signal Structure, GPS/Galileo
Interoperability
Phase-Optimized Constant-Envelope
Transmission (POCET) Modulation Method
for GNSS Signals: P.A. Dafesh, The Aerospace
Corporation; C.R. Cahn, Consultant to The
Aerospace Corporation
Panel 2B: SVN-49 Review
S. Dirks, U.S. Air Force
A3: GNSS Receiver Algorithms 1
Performance Analysis of Doppler Aided Tracking
Loops in Modernized GPS Receivers: S.U. Qaisar,
University of New South Wales, Australia
B3: Algorithms for Multi-sensor Fusion 1
Using OrthoSLAM and Aiding Techniques for
Precise Pedestrian Indoor Navigation: C. Ascher,
C. Kessler, M. Wankerl, G.F. Trommer, University of
Karlsruhe, Germany
C3: Next Generation GNSS Integrity
Providing Integrity for Satellite Navigation:
Lessons Learned (Thus Far) from the Financial
Collapse of 2008 – 2009: S. Pullen, Stanford
University

C4: Space Applications
The Information-Theoretic Limits for the
Performance of X-ray-Source Based Navigation
(Xnav) and X-ray Communication (Xcom):
D.G. Jablonski, Johns Hopkins Applied Physics
Laboratory

F5: Galileo & GPS/Galileo Reference & User
Receivers
Code Phase Multipath Mitigation by Exploiting
the Frequency Diversity in Galileo E5 AltBOC:
N.C. Shivaramaiah, University of New South Wales,
Australia

D4: Modeling and Algorithms
SNACS — The Satellite Navigation Radio
Channel Signal Simulator: F.M. Schubert,
German Aerospace Center, ESA, ESTEC, and
Aalborg University, Denmark; R. Prieto-Cerdeira,
European Space Agency, ESTEC; P. Robertson,
German Aerospace Center, Germany; B. H.
Fleury, Aalborg University and Forschungszentrum
Telekommunikation Wien (FTW), Denmark

A6A: Remote Sensing with GNSS & Integrated
Sensors
In-flight Accuracy Estimation for Airborne Lidar
Data: P. Schaer, Y. Stebler, Swiss Federal Institute of
Technology, Switzerland

E4: Atmospheric Effects & Modeling
Correcting the Negative Values of the Retrieved
Ionospheric Electron Density Profiles Using the
NNLS Algorithm: F. Ghafoori, University of Calgary,
Canada
F4: GNSS-Inertial Navigation Systems 1
Accelerometer Compensated Differential Wheel
Pulse Based Dead Reckoning: J.L. Wilson,
M. J. Slade, STMicroelectronics
Panel 4: GNSS Challenges and Opportunities
for Governmental Use
The National Spatial Reference System: D. Doyle,
National Geodetic Survey
A5: GNSS Antenna & Radio Technology
Calibration of GNSS Adaptive Antennas:
C.M. Church, I.J. Gupta, The Ohio State University

D3: New Product Announcements
G2 - The First Real-Time GPS and GLONASS
Precise Orbit and Clock Service: T. Melgard,
E. Vigen, Fugro Seastar, Norway; K. de Jong,
Fugro Intersite, The Netherlands; D. Lapucha, Fugro
Chance, USA; H. Visser, Omnistar, The Netherlands;
O. Oerpen, Fugro Seastar, Norway
E3: PPP and Network-Based RTK 1
Improving Real-Time Kinematic PPP with
Instantaneous Cycle-Slip Correction: S. Banville,
R.B. Langley, University of New Brunswick, Canada
F3: Galileo System Design & Services
GIOVE-B Navigation Message Performance
Analysis and Signal in Space User Ranging Error
(SISRE) Characterization: G. Galluzzo, VEGA SELEX Systems Integration Plc, and University of
Glasgow, UK; M. Sánchez-Gestido, F. Gonzalez,
S. Binda, European Space Agency, The Netherlands;
G. Radice, University of Glasgow, UK; A. Hedqvist,
R. Swinden, VEGA - SELEX Systems Integration
Plc, UK
A4: Software Receivers
Optimizing Real-World GNSS Receiver
Performance: A Software Approach: A. Mitelman,
J. Almqvist, R. Håkanson, D. Karlsson, F. Lindström,
T. Renström, C. Ståhlberg, J. Tidd, Cambridge
Silicon Radio
B4: Alternatives and Backups to GNSS
Use of Vision Sensors and Lane Maps to
Aid GPS/INS under a Limited GPS Satellite
Constellation: J.W. Allen, D.M. Bevly, Auburn
University
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B5: GNSS-Inertial Navigation Systems 2
Performance of a Partially Coherent Ultra-Tightly
Coupled GNSS/INS Pedestrian Navigation
System Enabling Coherent Integration Times of
Several Seconds to Track GNSS Signals Down
to 1.5 dBHz: T. Pany, J. Winkel, B. Riedl, M. Restle,
IFEN GmbH, Germany; T. Wörz, R. Schweikert,
AUDENS ACT Consulting GmbH, Germany;
H. Niedermeier, G. Ameres, B. Eissfeller, University
FAF Munich, Germany; S. Lagrasta, Telespazio
S.p.A., Italy; G. López-Risueño, ESA/ESTEC, The
Netherlands
C5: Enhanced and Developing Systems
GPS L5 “Light’s on!” — A First Comprehensive
Signal Verification and Performance Analysis:
S. Erker, S. Thölert, J. Furthner, M. Meurer,
M. Häusler, German Aerospace Center, (DLR),
Germany
D5: Portable Navigation Devices
Context Detection for Improving Positioning
Performance and Enhancing user Experience:
M. Chowdhary, SiRF Technology, Inc., USA;
M. Sharma, A. Kumar, K. Paul, M. Jain, C. Agarwal,
G. Narula, Indian Institute of Technology, India
E5: GNSS Receiver Algorithms 2
A Complex-Ambiguity Function Approach to a
GPS Receiver: J. York, J. Little, D. Munton, Applied
Research Laboratories, University of Texas at Austin;
K. Barrientos, Massachusetts Institute of Technology

A6B: Urban & Indoor Navigation Technology 2
Pseudo-range Measurements using OFDM
Channel Estimation: P. Thevenon, TeSA-ISAE,
France; O. Julien, C. Macabiau, D. Serant, ENAC,
France; S. Corazza, Thales Alenia Space, France;
M. Bousquet, ISAE, France; L. Ries, T. Grelier, CNES,
France
B6a: Wireless Sensor Networks
The Development of an Indoor Location Based
Service Test Bed: W-M. Tsai, L-T. Hsu, S-S. Jan,
National Cheng Kung University, Taiwan
B6B: Unmanned and Autonomous Vehicles
GNSS Attitude Determination on a Mini-UAV
Aided By a Platform Dynamics Model: J. Pinchin,
D. Park, Geospatial Research Centre, New Zealand;
X-Q. Chen, University of Canterbury, New Zealand
C6: Aviation Applications
Weighted RAIM for APV: An Optimised
Protection Level: C.D. Milner, Imperial College
London, UK
D6A: Land Based Applications 2
Enhancing Ambiguity Resolution Performance
Using Attitude Determination Constraints:
G. Zheng, D. Gebre-Egziabher, University of
Minnesota
D6B: Algorithms for Multi-sensor Fusion 2
High Integrity GNSS Location Zone
Characterization using Interval Analysis:
V. Drevelle, P. Bonnifait, Université de Technologie
de Compiègne, France
E6: PPP and Network-Based RTK 2
Assessment of a New Rover-Enhanced
Network-Based Real Time Kinematic GNSS Data
Processing Strategy: N. Zinas, University College
London, UK
F6A: GLONASS Modernization, QZSS, & Other
GNSS
Theoretical Bounds and Reliable C/N0 Estimation
for Modernized GPS Signals: K. Muthuraman,
University of Calgary, Canada
F6B: Timing & Scientific Applications
Accurate Millisecond Level Oscillator Phase
Noise Estimation for Standalone GNSS:
A. Morrison, University of Calgary, Canada
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Kalafus RTCM Award
T
he Radio Technical Commission for
Maritime Services (RTCM) has recognized Dr. Rudy Kalafus for his 25 years
of service as Chairman of RTCM Special
Committee 104 (SC104)
on Differential Global
Navigation Satellite System
(DGNSS) Service.
Under his leadership,
RTCM’s series of DGNSS
standards started with
the U.S. Coast Guard’s
Differential NAVSTAR GPS
service for ship harbor
entrance and approach
navigation, and have
grown into internationally used services not
only for navigation, but also for precise positioning in surveying, geodesy, agriculture,
and other applications.
Dr. Kalafus recently announced his retirement from the committee and was presented

with a plaque recognizing his service
at the September meeting of Special
Committee 104.
Dr. Kalafus served as the chair of SC 104
since its inception in 1983. A GPS pioneer,
he worked at Trimble Navigation from 1988
until 2002, leading efforts to incorporate
differential reference station and mobile
capability in receivers, and developing
airborne receivers. More recently, Kalafus
has consulted with Trimble’s military and
advanced systems group.
Prior to that he was at the U.S.
Department of Transportation’s
Transportation Systems Center from
1970 to 1987, where he was active in
aircraft navigation and surveillance
system development, notably microwave
landing systems as well as GPS and was
instrumental in the early development
of the Coast Guard radiobeacon-based
differential GPS broadcast network, which

led to the establishment of the RTCM
Special Committee. He has been active
in the development of satellite navigation
standards for maritime and aviation from
1983 to the present.
Dr. Kalafus has been an active member
of The Institute of Navigation for many
years. In 2001 he was named an ION Fellow.
He received the Johannes Kepler Award in
1992, the Captain P.V.H. Weems Award for
lifelong accomplishments in navigation in
2000, and the Distinguished Service Award
in 2002.
He served as The Institute of Navigation’s
president from June 2002 to June 2003 and
was program chair of the Satellite Division’s
ION GPS-1989 meeting and general chair of
ION GPS-1990.
Dr. Kalafus received a Ph.D. in Electrical
Engineering from the University of Michigan
in 1966, where he also received his BSEE
and MSEE. u

The More the Merrier!

Sponsor the 2010 National High School
Mini-Urban Challenge

J

oin our current supporters as a sponsor of
the ION and Air Force Research Laboratory’s
Mini-Urban Challenge for high school students.
Each year, engineers of the future design and

operate robotic unmanned cars built from a
LEGO Mindstorms Education kit and compete
on which one can navigate most accurately
through a LEGO city.

And they’ll keep doing it because of you!

JOIN our 2010 sponsors!

Sponsorship levels
$10,000 One contest judgeship, Your company building in LEGO bricks on the

competition field, company banner, booth and presentation at the competition
and your logo on the Mini-Urban Challenge website.

$5,000		Your company building in LEGO bricks on the competition field, company
banner, booth and presentation at the competition and your logo on the
Mini-Urban Challenge website.

$2,000 Your company banner and your company building in LEGO bricks on the
competition field and your logos on the Mini-Urban Challenge website.

$1,000 Your company building in LEGO bricks on the competition field.

Air Force Research
Laboratory

Lockheed Martin

Argon ST

Overlook Systems

Boeing

Rakon

Consortium of
Ohio Universities
on Navigation &
Timekeeping (COUNT)

Rockwell Collins

NAVSYS Corporation

Javad GNSS

Spirent Federal
Systems
The University of
Calgary, Schulich
School of Engineering

LEGO Company

UrsaNav

Garmin

Call 703-366-2723 • www.MiniUrbanChallenge.com • Call 703-366-2723 • www.MiniUrbanChallenge.com
ION Newsletter
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The Institute of Navigation is pleased to
welcome these new 2009 corporate members:
ACUTRONIC USA, INC.
www.acutronic.com

M AND N SERVICES, INC.
985-871-0280

ADS-B TECHNOLOGIES
www.ads-b.com

MAXTENA, INC.
www.maxtena.com

CHRONOS TECHNOLOGY LIMITED
www.chronos.co.uk

NAVCON
www.navcon.com.br

DEIMOS SPACE S.L.
www.deimos-space.com

NAVUNIVERSITY
www.navuniversity.com

FEDERAL AVIATION ADMINISTRATION
www.faa.gov

POINT, INC.
www.point-inc.com

GMV AEROSPACE AND DEFENCE, S.A.
www.gmv.com

PRETALEN LTD.
www.pretalen.com

GERMAN AEROSPACE CENTER (DLR)
www.dlr.de/en/

RAKON LTD
www.rakon.com

i-SENSE LLC
www.i-sense.ru

SAIC
www.saic.com

INFINITY SYSTEMS ENGINEERING
www.infinity.aero

WHITE ELECTRONIC DESIGNS
CORPORATION
www.whiteedc.com

IXSEA, INC.
www.ixsea.com

XSENS TECHNOLOGIES B.V.
www.xsens.com

KVH INDUSTRIES, INC.
www.kvh.com

For more information on corporate membership in The Institute of
Navigation, please contact Kenneth P. Esthus at 703-366-2723, ext 104,
or visit us at www.ion.org.

ABSTRACTS DUE NOVEMBER 2, 2009

POSITION LOCATION AND NAVIGATION SYMPOSIUM

TeChnICAl MeeTIng
May 4-6, 2010 • Tutorials May 3 • Indian Wells, CA

Jointly sponsored by the Ieee and the IOn

ION

Technical SeSSion TrackS
●
●
●
●

navigation Sensor Technologies
navigation architectures & Systems
applications of navigation Technologies
navigation & Positioning in GnSS limited
environments

EXHIBIT SPACE IS STILL AVAILABLE!

more details at

Renaissance esmeralda Resort & Spa

1
IONPLANS10fillerad.indd
Newsletter

www.plansconference.org
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Corporate
Profile

Maxtena is a research, product
development, and antenna
manufacturing company offering
both standard and custom
antenna products for a variety of
applications with an emphasis on
compact and high performance
GPS antennas for handheld
receivers and systems along
with elements and systems for
satellite communication terminals.
Maxtena® offers Helicore™
Technology, Precision GPS (L1/
L2), and Smart-X™ phased-array
antennas (12dBi performance
with Omni-directional coverage)
with 3-axis stabilization for global
asset tracking. Maxtena also
offers customer tailored research
for antenna element selection
and design, antenna array
design, propagation effects and
system design.
Maxtena innovations are based
on advances in quadrifilar
antenna technology™, high
performance materials, alloy
printing techniques and
differential antenna interfaces.
Maxtena’s pioneering
developments in differential
interfaces between the antenna
and transceiver allows a greatly
reduced parts count, simplified
integration process and improved
antenna performance.
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Navigation Novelties

What’s New in the PNT World?
The Freewheelin’ Bob Dylan

Photo above: NASA Earth Observatory image, retreat of the Hellheim Glacier, Iceland
June 2005. Photo right: The international team placed 16 UNAVCO GPSs on the glacier.

The World’s Fastest Glacier
GPS networks have been recording and
reporting on the Hellheim glacier in East
Greenland each summer since 2006, after
scientists noted more earthquakes on
Greenland’s giant ice rivers. They seemed
to be related to the sudden acceleration of
the ice flow. Hellheim doubled its speed to
100 feet per day and was dumping huge
icebergs into the ocean.
Data collected from the GNSS networks
showed that movements change rapidly
— hurrying up and then slowing down.
The glaciers aren’t necessarily melting but
rather are vanishing rapidly into the sea.
During the course of three summers,
researchers on the international team from
Denmark, the United States, and Spain
discovered that calving — icebergs falling
into the sea — speeded-up ice flow, and
seismic events or “glacial earthquakes”
tend to happen together. They will continue
the study next summer.
The team of researchers placed 16
GPS stations supplied by UNAVCO on
ION Newsletter

the glacier, including the areas ripe for
calving, and several more on nearby rocks
for stable readings. The units include
time-lapse cameras, tide gauges, a seismic
network, ground-penetrating radar (GPR),
and remote sensing. They analyze flow
dynamics, snow accumulation, and earth
movement.
Earlier, scientists thought that meltwater
trickling down to the bottom of the glacier
created a natural version of the old
loggers’ “skid road” that was accelerating
the flow. Now they are looking more
closely at warmer ocean currents that have
shifted north and are warming the glaciers
from the bottom.
University of Main professor Gordon
Hamilton, one of the investigators on the
project, told the Portland (Maine) Press
Herald on October 22 that “A whole series
of changes have started to take place in
Greenland (that) lead us to believe we can
expect a much larger sea level rise.” Up to
3.3 feet this century, he thinks. u
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Bob Dylan . . . yes, THAT Bob Dylan . . .
is in negotiations with two unnamed auto
manufacturers to become
the voice of their in-car
navigation systems.
The composer of such
musical classics as “Highway
61 Revisited” and “No
Direction Home,” offered
a kind of audition on his
Theme Time Radio Hour on
BBC 6 Music in August: “Left
at the next street,” he said.
“No, right. You know what?
Just go straight. I probably
shouldn’t do it because whichever way I
go, I always end up at one place — on
Lonely Avenue. Luckily I’m not totally
alone. Ray Charles beat me there.”
We’ve all read those stories about
people who get in terrible trouble
listening to their GPS Voice instead of
their common sense. Perhaps this is just
a gentle push to Modern America not to
depend too much on that PND. u
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CALENDAR
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

GPS Independence
Day

We are all getting older, as we
know. And none of us want to be
stuck in some double room at the
Golden Years Senior Home just
because we need some help. One
Card players by Lucas Van Leyden 1508-10, National Gallery of
promising development has just
Art Washington D.C.
won the 2009 European Satellite
Navigation Competition topic prize
for satellite-aided e-health solution.
will stay on alert. It combines movement
AlperCare by German company Alpsensors, satellite positioning, medical paermon is a new remote support service
rameter data, and mobile text communicafor those in fragile health. With it, we can
tions. Caregivers are alerted by text message
continue to play cards and drink good wine
if something goes wrong. u
while responsible parties outside our house
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16-21: RTCM Annual Assembly,
Catamaran Resort Hotel, San Diego,
California
Contact: RTCM
Tel: + 1 703-527-2000
Fax: +1 703-351-9932
E-mail: information@rtcm.org
Web: www.artcm.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

The Ultimate Wedding Gift

An Intel engineer has developed the
ultimate geek wedding gift — a Reverse
Geocache Puzzle. The carved wooden box
opens only at a specific location — and
the bride and groom have to figure out
exactly where that is.
The box does not include instructions.
Gift-giver Mikal Hart built the puzzle
box using Arduino, a small microcontroller board programmed in open-source
language, and mounted a digital screen,
push button, and GPS chip into the lid.
Taking up most of the inside of the box
are electronics and a motor that opens the
latch once the correct location is reached
(no idea what the actual gift may be.)
Once the gift “navigator” pushes the
button, the screen lights up with a distance in kilometers. The puzzle records
the number of button pushes — they have
50 tries or pfffttt . . . out of luck.
Hart told the Los Angeles Times he
hoped his friend “would realize that the

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

SEPTEMBER 2010
21-24: ION GNSS 2010, Portland
Convention Center, Portland, Oregon
Contact: The ION
Tel: +1 703-366-2723
Fax: +1 703-366-2724
Web: www.ion.org

distance on the screen is a GPS-derived
calculation of how far he is from the
target spot. With three clear readings, he
could triangulate to find the goal.”
This was intended as a one-time-only
unique gift, made by Hart over nine long
months. But once he posted a description
of the puzzle box on his website blog on
October 9, the news spread rapidly and
now the world is beating a path to his
door. . . . u
15

OCTOBER 2010
19-21: European Navigation
Conference - Global Navigation
Satellite Systems (ENC GNSS) 2010,
City Hall of Braunschweig, Germany
Contact: German Institute of Navigation
Tel: +49-228-20197.0
Fax: +49-228-20197.19
Web: www.dgon.de
JANUARY 2011
24-26: ION International Technical
Meeting (ITM) 2011, Catamaran Resort
Hotel, San Diego, California
Contact: ION
Tel: +1 703-366-2723
Fax: +1 703-366-2724
Web: www.ion.org
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Developments in recent months have created temporary delays in the
progress of all four GNSS systems.
Global Positioning System
The U.S. Air Force is awaiting completion of tests on the first GPS Block IIF
space vehicle (SV-1) to enable the prime
contractor, Boeing Company, to move
the long-overdue follow-on generation
spacecraft to the Cape Canaveral launch
pad and into space. Most recent problems
cited by Col. Dave Madden, GPS Wing
commander, involved the satellite’s power
supply and transmit units.
Speaking at an ION GNSS 2009 panel
session, Madden said that he expects SV-1
to reach the launch site by December to
begin preparations for a launch in the
first part of 2010. There, the program will
benefit from a “pathfinder” exercise that
had the IIF SV-2 shipped to Cape Canaveral for a dry run.
Madden said the exercise reduced the
critical path to launch by two months. The
first IIF launch is now expected in June
2010, according to by Jason Kim, with
the National Space-Based PNT Coordination Office, who spoke at the IAIN 2009
conference in Stockholm in October.
Meanwhile, the Air Force has abandoned efforts to implement a quick
solution to signal anomalies on SVN49, a
Block IIR-M satellite launched in March
that carries the L5 signal demonstration
payload.
Primarily, the L1 signals on the spacecraft have been affected by a multipath
problem created by the configuration
used to add the L5 payload to SVN49. The
ION Newsletter

result is an elevation-dependent increase
in the pseudorange errors in the satellite’s
transmissions.
Originally, the Air Force had hoped
to have a fix for problem by the end of
this year. However, because the anomaly
affects different kinds of GPS receivers in
different ways — and also because the
GPS constellation is currently overpopulated with satellites, the Air Force has
decided to spend more time to sorting out
the best option.
“We are going to set SVN49 healthy,”
Madden told the ION GNSS audience. “It’s
just a matter of when. We don’t need it
right now. There are plenty of satellites in
the constellation. So, we’ll be working the
problem over he next year.”
The good news for the GPS program is
that work on the next-generation GPS IIIA
satellite appears to be ahead of schedule,
offering the possibility of conducting a
critical design review (CDR) earlier than
planned, according to Madden — moving
the milestone ahead or “to the left” on the
program timeline rather than the more
common delays that push the schedule to
the right.
In an October 21 presentation at a
Stanford University symposium, Dave
Podlesney, GPS III program director for
Lockheed Martin, said that advancing
the IIIA CDR would reduce the effect of
any problems that arise during the later
production and test phase.
More good news can be found in the
16

initiation of broadcast of a CNAV message
on the civil L2 (L2C) signal from SVN49.
L2C can be enabled on the modernized
Block IIR and subsequent generations
of satellites. The L2C Type 0 message
currently being broadcast is not a “live”
version, but it does include a static navigation message that receiver manufacturers
can use to test their receiver designs.
The data included in the message
frames is uploaded by system operators
rather than generated in the satellite itself
using real-time ephemeris and almanac
data.
The data portion of the L2C signal
is different than the current “legacy”
navigation structure used on the first civil
signal’s coarse acquisition code (L1 C/A),
which has subframes of data repeating in
a fixed pattern. The new civil navigation
signal structure, which will be used on
L2C and the third civil signal (L5), has individual messages that can broadcast in a
flexible order with variable repeat cycles.
The CNAV message, defined in IS-GPS200D, will be rolled out sequentially on
the eight Block IIR-Ms over the next six to
eight months, beginning with SVN49, and
then on the Block IIFs and Block III satellites. Further data modulation on L2C will
be added in phases. The CNAV Message
Types 10, 11, 30 and 33 will be added to
L2C in the 2014 timeframe. The remaining
CNAV messages will be added after further
ground control system upgrades.
According to the Air Force, the L2C
Fall 2009

signal will reach full operational capability
in the 2016 timeframe.

GLONASS

Russia’s GNSS program has in many ways
performed the most reliably since an initiative launched by former President Vladimir
Putin in 2001 to restore and modernize
GLONASS.
Problems detected in the signal
generator of an on-orbit satellite — #726
launched in 2008 — have caused Russian Federal Space Agency (Roskosmos)
officials to delay a scheduled September
25 launch until next February. The agency
says it needs the time to ensure that
similar problems do not exist on satellites
awaiting launch.

on GLONASS RF channel -3 last November
13, 2008. The problem with the signal
generator was detected in late in August
and the spacecraft taken out of service on
August 31.
It remains uncertain whether the problem will affect the scheduled December 25
launch of three GLONASS-M spacecraft.
Looking further ahead, the Russian
program will launch a demonstration flight
of its next-generation satellite — GLONASS-K — along with two GLONASS-Ms in
September 2010.
Main features of the GLONASS-K include
better quality atomic clocks, a design
life of 10 years (compared to 7 years for
GLONASS-M), an unpressurized spacecraft
that can operate in open space conditions,
and new CDMA civil signals in the L1, L2,

Russia’s next-generation GLONASS-K satellite.

The postponement is the first substantial setback for a long time in GLONASS’s
twice-yearly schedule of three-satellite
launches, which have brought the constellation back to 19 operational spacecraft
— two of which have been off-line for
maintenance for several months.
GLONASS #726 — was launched September 25, 2008, and began transmitting
ION Newsletter

and L3 RF bands in addition to four FDMA
signals at the current GLONASS L1 and L2
frequencies.
Improvements implemented in the
GLONASS space and ground segments in
recent years have already improved the
stand-alone horizontal positioning accuracy of the system from 20 meters (global
average) in 2007 to about 5 meters now
17

— a little more than twice that of GPS,
with a 97 percent availability worldwide.

Galileo

Europe’s GNSS leaders celebrated the
October 1 declaration of operational
readiness of the region’s space-based augmentation system (SBAS), the European
Geostationary Navigation Overlay Service
(EGNOS), for non–safety-of-life applications and looked ahead to its certification
in 2010 for use by Europe’s aviation sector
in compliance with the Single European
Sky regulations.
Budgetary and technical problems
have returned to plague Europe’s overall
€3.4-billion ($5.04-billion) GNSS program,
however, delaying launch of Galileo’s first
in-orbit validation (IOV) spacecraft and
reducing the number of satellites to be
acquired in the near term
The European Commission (EC) the
purchase of 28 additional satellites (including two spares) planned for the fully
operational capability (FOC) constellation
into two work orders.
The first work order will buy up to 22
satellites and the second work order, the
rest. Industry bidders — competing teams
of OHB System/Surrey Satellite Technology
Ltd and EADS Astrium/Thales Alenia Space
— have until November 13 to submit
their best and final offers for 8, 14, and 22
satellites.
Contract award is expected by late
December, but Galileo program managers have yet to decide whether to go for
a single-source or dual-source contract.
The former option might reduce the initial
costs of the contract, while the latter
could reduce the overall program risks by
providing an alternative in case one of the
satellite contractors runs into problems.
The commission had budgeted about
€840 million ($1.24 billion) for the
satellite contract and the bids from OHB
and EADS Astrium have reportedly come
in close to that. However, an estimated
€400-million overrun in the IOV contract was not accounted for when the EC
Galileo continued on page 18
Summer

Galileo continued from page 17

and European Parliament agreed on the
€3.4-billion total cost of the contract.
The budgetary problems, coupled with
various technical issues, now appear likely
to push completion of Galileo further into

European Commission officials say
Galileo services will be rolled out gradually,
with the open, encrypted Public Regulated
Service (PRS) and search and rescue (SAR)
signals available in 2013 and the safety-oflife and commercial signals sometime later.
As for EGNOS, Europe is on track to

Data from China Technical Application Association for GPS.

the future. The first two IOV satellites are
still scheduled for launch in November
2010 from the European Space Agency
(ESA) facility in Korou, and the next two in
April 2011. They will be placed in orbit by a
European version of Russia’s Soyuz rocket.
However, Paul Verhoef, head of the
EC unit in charge of satellite navigation
programs’ infrastructure deployment and
exploitation, told the IAIN 2009 conference
in an October 28 presentation, that he now
expects that Galileo will have an initial constellation of 16 satellites the end of 2013:
4 IOV and 12 FOC satellites. He said the
schedule for full deployment of the system
will become clear by the end of this year,
but that completion of the program will
depend on the outcome of deliberations in
the next funding cycle that begins in 2014.
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provide additional services next year. When
the EC declares the readiness of EGNOS’
safety-of-life service, users will be able to
receive an integrity message warning of any
malfunction of the GPS signal within six
seconds.
The EC also expects to launch the EGNOS
Commercial Service next year, which is currently being tested by a number of European
companies.

Compass

Chinese- and English-language versions of a
draft Interface Control Document (ICD) for
China’s Compass open service signals have
been written and will probably be released
within a year.
The draft remains subject to further
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refinements before release, according to
Cao Chong, a researcher with the China
Research Institute of Radiowave Propagation who works with the China Satellite
Navigation Engineering Center responsible
for building the Compass system.
The document will be published in a
“step-by-step” fashion, beginning with the open B1 signals
(at or near the GPS and Galileo
L1/E2 frequency) and B2 signals
(at Galileo E5b), and then other
signals later on. The ICD will
be publicly available via the
Internet.
Meanwhile, the Compass/
Beidou-2) launch schedule
appears to have stretched out a
little, now being characterized
as 10 launches over the next
two-three years. China could
still reach its goal of offering a
12-spacecraft regional system
by 2012, comprised of five
geostationary orbit (GEO), three
inclined geosynchronous orbit
(IGSO), and four middle earth
orbit (MEO) satellites.
The fully operational capability (FOC) global system expected
to be in place by 2020 will add
another 23 MEOs to the constellation. Launch of another GEO
is planned by the end of 2009,
joining the Compass M-1 MEO satellite
launched April 14, 2007, and the G-2 GEO
launched April 14 this year.
This initial configuration will take
advantage of the north-south footprint of
the IGSOs to maximize coverage over China
and adjacent areas. Launch of all five GEOs
in the first phase will also enable Compass
to provide a wide-area augmentation system
capability at an early stage employing the
data communications channel planned for
those spacecraft.
Reportedly, about 20 Chinese
manufacturers are producing Compass
receivers, most of which also include GPS
capability. By next year, about 200 million
GNSS receivers will have been deployed in
China, with more than 700 million users
expected by 2020. u
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Section News and Notes
Southern
California
Section

On August 30, 2009, the
Southern California Chapter
of the ION held a meeting, hosted by NavCom
in Torrance, CA. 28 people were attendance
to listen to a presentation by Slobodan Nedic
who is an independent consultant in communications and GPS Technologies.
Mr. Nedic provided a presentation that
scrutinizes the traditionally used multipath modeling, noting its failure to capture
propagation mechanisms of importance for
GPS receiver operations in dynamic environments. An enhanced multipath model
was proposed that directly extends the LOS
signal propagation model. The crucial point
is that the total delay encountered in reception of a SV transmitted code is a sum of
instantaneous physical delays and accumulated code delay due to the ‘code Doppler’.
The result is that in some situations the
correlation peak pertaining to a multipath
signal may be measured before the LOS one.
This situation is qualitatively and quantitatively evaluated for a simplified scenario
of an aligned array of transmitter, reflector
and receiver, with the latter two in relative
motion. The lessons learned from an experiment conducted to provide the experimental
proof for such an effect were provided, and
the model is further applied to a set of
processed IF samples to explain peculiarities

of some urban environment measurements.
On July 30, 2009, the chapter held a meeting, also hosted by NavCom in Torrance, CA.
43 people were in attendance to listen to a
presentation by James Kain of GeoVantage.
Mr. Kain provided a two-part 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 more expensive platforms and which provide very
rapid access to users in agriculture, forestry and mapping solution providers. u

NORTH STAR
Section
The first general meeting
of the ION North Star section was held on Oct 1, 2009.
The key note speakers were Dr. Craig
Shankwitz, University of Minnesota
and Mike Abegg, Minnesota Valley
Transit Authority. The section heard a
presentation on a Driver Assist System
for Minnesota Valley Transit Authority.
The Intelligent Vehicles Lab at the
University of Minnesota has developed a
Driver Assist System that provides drivers
assistance with lane keeping and collision
avoidance for drivers in difficult operating
environments (i.e., low visibility, narrow
bus-only-shoulders, etc.). Vehicle positioning is provided by a Dual Frequency,
Carrier-Phase Differential GPS system, and
guidance/navigation assistance is facilitated
through the use of a high-accuracy geospatial database. Collision avoidance capability is provided through the use of on-board
radar and/or laser scanners. Driver feedback
is multi-modal through graphical, hap tic,
and tactile displays. Dr Shankwitz discussed
the development and Mr. Abegg provided
a transit operator/customer perspective on
the use of the Driver Assist System. After
the presentation the attendees were given
a ride on an automated bus along the
University of Minnesota’s transit way. u

Alberta Canada
Section

On October 2, 2009 Drs.
Ali Broumandan and
Cillian O’Driscoll, Post-Doctoral Fellows
in the PLAN Group at the University of
Calgary gave the following presentations.
Dr. Broumandan’s presentation was titled
Enhanced Narrowband Signal Detection
and Estimation with a Synthetic Antenna
Array for Location Applications and
Dr. O’Driscoll’s presentation was titled
Enhanced GNSS Indoor Signal Detectability
Using Polarization Diversity. u

Washington
SECTION

The Washington D.C. section met on October 6,
2009 to hear Commander
Christopher Stout, USCG give a presentation on the recently formed Deployable
Operations Group (DOG). Cdr. Stout discussed
the organizational structure of the group
which takes the six deployable USCG special force units and puts them under one
command structure. The DOG’s mission is to
provide organized, equipped, and trained
Deployable Specialized Forces (DSF) to Coast
Guard, DHS, DoD, and interagency operational commands. These forces will deploy in
support of national requirement as adaptive
force packages across the U.S. The group
will respond to hurricanes and other natural
disasters, terrorist attacks or threats on the
high seas and in ports, counter-narcotics
operations and migrant interdiction operations, and will work with interagency partners. There are 34 units from around the
country inside the six DSFs that make up
the group.
In addition the attendees were able to
hear ION Eastern Region VP, Patricia Doherty
speak on ION educational outreach and the
first Navigation and Technology for Africa
Workshop and Rick Buongiovanni from the
national office present another ION education outreach program the Mini-Urban
Challenge for high school students. u

2010 ION Officers Nominated

T

he following nominations were
submitted by the 2010 Nominating
Committee for officers of The Institute of
Navigation. The nomination committee
was chaired by Dr. Christopher Hegarty
and included three representatives from
each region.
President: Dr. Mikel Miller, Air Force
Research Laboratory
Executive Vice President: Dr. Todd
Walter, Stanford University
Treasurer: Dr. John Betz, The MITRE
Corporation
Eastern Vice President: Ms. Patricia
Doherty, Boston College Institute for
Scientific Research
Western Vice President: Mr. John
Clark, The Aerospace Corporation
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Additional Nominees. Pursuant to
Article V of The Institute of Navigation’s
bylaws, “additional nominations may be
made by petition, signed by at least 25
members entitled to vote for the office
for which the candidate is nominated.”
All additional nominees must fulfill
nomination requirements as indicated in
the ION bylaws and the nomination must
be received at the ION National Office by
December 15, 2009.
Voting. Voting will be conducted electronically via the ION website. On-line ballots will be available after December 15,
2009. On-line voting must be completed
by January 8, 2010 to be counted.
Paper Ballots. If you do not have Internet access or prefer to receive a paper ballot,
please contact us by phone, fax, or mail at

Eastern Council Member-at-Large:
Ms. Carolyn McDonald, Navtech GPS and
Dr. Jade Morton, Miami University
Western Council Member-at-Large:
Mr. Clyde Edgar, The Aerospace Corporation
and Mr. John Nielson, Rockwell Collins
Space Representative: Mr. James
Miller, NASA and Dr. Larry Young, Jet
Propulsion Laboratory
Air Representative: Lt. Casey Miller,
U.S. Air Force and Dr. John Studenny, CMC
Electronics, Canada
Land Representative: Dr. Dorota
Grejner-Brzezinska, The Ohio State
University and Dr. Frank van Diggelen,
Broadcom
Marine Representative: Cdr. Joe Chop,
U.S. Coast Guard and Dr. Sherman Lo,
Stanford University
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The Institute of Navigation, 8551 Rixlew
Lane, Suite 360, Manassas, VA 20109;
703-366-2723, voice; 703-366-2724, fax.
Please allow sufficient time to receive your
ballot via mail or fax. Completed ballots
must be received at the ION Office by
January 8, 2010, to be counted. Ballots
received after January 8, 2010 will NOT
be counted.
Election Results. Results will be
announced at the ION 2010 International
Technical Meeting,
January 25–27, 2010,
in San Diego, CA.
Newly elected officers
will take office on
January 27, at the
conclusion of the meeting. Election results
will be reported in the ION Newsletter. u
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2010 International Technical Meeting
Plenary Session: Navigation Behind Closed Doors: Challenges of Indoor & Urban Positioning
January 25–27, 2010
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Session Topics:
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ADS-B
Algorithms & Methods
Alternative Sensors &
Emerging Navigation
Technologies
Atmospheric Effects
& Space Weather
Aviation Applications
Carrier Phase Based
Positioning
Galileo & GPS/Galileo

u
u

u
u
u
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GBAS/SBAS
GNSS Accuracy, Integrity,
Continuity & Availability
GNSS Modernization
GNSS Simulation & Testing
Inertial Navigation
Interference & Spectrum
Management
Land Based Applications
Marine Based Applications

u
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Military Applications
Multisensor Navigation
Receiver and Antenna
Technology
Science & Timing
Space Based Applications
& Remote Sensing
Surveying & Geodesy
Urban & Indoor
Navigation Technology

January 5 is the last day to pre-register to avoid a late fee and to obtain the discounted hotel rate!

www.ion.org • www.ion.org • www.ion.org • www.ion.org • www.ion.org

