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NEW ION OffIcErs 
aNd cOmmIttEE 
chaIrs ElEctEd

Researchers at Worcester Polytechnic 
Institute (WPI), Massachusetts, are 

heading up an effort to use RF ranging in 
location/tracking systems that can help first 
responders deal with emergencies indoors. 

Motivation for the project stems from 
a 1999 warehouse fire in Worcester, which 
claimed the lives of six firefighters who 
could not find their way out of the building. 
Funded by the National Institute for Justice 
of the U.S. Department of Justice, WPI is 
working to develop a prototype precision 
indoor/outdoor positioning system for use 
by firefighters, law enforcement, and correc-
tions personnel.

A January 24 presentation by Associate 
Professor Jim Duckworth at ION’s National 
Technical Meeting described WPI’s activi-
ties, which focus on using GPS-like ranging 
techniques for positioning in environments 
where GPS itself may be absent, intermit-
tent, or severely degraded. Their goal is to 
provide a robust real-time location tracking 
system that does not require any pre-existing 
infrastructure, that is, systems not requiring 
any previously installed wiring or equipment 
in the target building, such as is required by 
RFID-type systems. 

At the conclusion of the ION 2007 
National Technical Meeting, the gavel 

was officially passed to the newly elected 
ION officers and committee chairs. Ballots 
were cast in December 2006 via the ION 
website. The elections results are as follows:

President: John Lavrakas, Advanced 
Research Corporation; Executive 
Vice President: Dr. Chris Hegarty, 
The MITRE Corporation; Treasurer: 
John Clark, The Aerospace Corporation; 
Immediate Past President: James 
Doherty, Institute for Defense Analysis 
(IDA); Eastern Vice President: Dr. Mikel 
Miller, Air Force Research Laboratory; 
Western Vice President: Tom Stansell, 
Stansell Consulting; Eastern Council 
Member-at-Large: Dr. Gary McGraw, 
Rockwell Collins; Western Council 
Member-at-Large: Dr. Susan Skone, 

Officers, continued on p. 20

RF RANGING

PRecIsIoN 
INdooR 
PeRsoNNel 
locAtIoN

Outgoing ION President Jim Doherty passes the gavel to 
John Lavrakas, the ION’s new president as of the conclu-
sion of the January National Technical Meeting. 

NTM 2007 Special Report
Page 6
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The Purpose of The ION®
The Institute of Navigation, founded in 1945,  
is a nonprofit professional society dedicated  
to the advancement of the art and science  

of navigation. It serves a diverse com-
munity including those interested in air, 

space, marine, land navigation and position 
determination. Although basically a national 
organization, its membership is worldwide, 
and it is affiliated with the International 
Association of Institutes of Navigation.
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Parting Comments

FRom the outGoING  
IoN PResIdeNt 
jim doherty

After 19 months’ service as president 
of The Institute of Navigation, James T. 
Doherty has passed his responsibility on to 
his successor, John Lavrakas. This column 
is drawn from Jim’s final report as presi-
dent to the ION Council on January 21, 
2007.

Our Institute is alive, well, and con-
tinues to thrive. One measure of that 

vigor can be seen in the outreach to other 
organizations and support for a growing 
number of navigation-related initiatives. 
This will be a recurring theme in my com-
ments here.

In 2006, we partnered with IEEE to run 
the PLANS meeting, and both organizations 
agreed it was a most successful collabora-
tion. As a result of that success, we have 
entered into an agreement for PLANS 2008. 
In 2006, the ION came late to the partner-
ship — much of the planning for the meet-
ing had been done and commitments and 
contracts were in place. Consequently our 
contribution, although quite significant, was 
somewhat constrained. 

For the 2008 event, we have been a 
full partner from the beginning. We had 
a greater influence on the early planning 
and will have more representation on the 
PLANS Executive Committee, including ION 
members Dr. Per Enge, Dr. Frank Van Graas, 
Lisa Beaty, and Dr. Penina Axelrad. Penny 
has also been selected as the PLANS 2008 
program chair.

The 2008 PLANS will take place at the 
newly renovated Hyatt in Monterey, Cali-
fornia, in May 2008. The PLANS Executive 
Committee is currently developing a logo for 
PLANS meetings that will incorporate both 
the ION and IEEE logos. I look for this to be 
a most productive partnership in 2008 and 
beyond. 

Spreading Our Wings
A topic of discussion at several recent 
Council, Executive Committee, and Strategic 
Planning meetings has been the emphasis 
on GPS, GNSS, and related technologies 
at the ION’s national meetings’ technical 
programs. Clearly our organization and our 
meetings have become the place to present 
papers on GPS/GNSS topics, and to learn 
about this subject. 

Without losing our global leadership 
position in GNSS, however, we have tried to 
broaden our technical programs. We are, 
after all, the Institute of (all) Navigation, 
not just GNSS-based navigation. To that end, 
organizationally and personally we have 
engaged in efforts to expand the programs 
of our smaller national meetings — the 
National Technical Meeting in January and 
the Annual Meeting in the spring. 

Those efforts are coming to fruition. 
We have conducted GNSS workshops 

and enhanced Loran (eLoran) sessions, 
and at PLANS we provided a major focus on 
INS/IMU technologies. We continue to look 
into emerging navigation- and time-related 
technologies, such as chip-scale atomic 
clocks and navigation-grade micro-elec-
tromechanical system (MEMS) gyros using 
atomic interferometry and other techniques, 
as well as the integration of these new capa-
bilities with GNSS for improved performance 
in various application areas. We are also 
investigating partnership opportunities in 
non-PLANS years for the Annual Meeting 
with the Joint Navigation Conference, which 
would provide more opportunities to focus 
on military navigation technologies.

As another example of continuing to 
broaden our coverage of navigation topics, 
I want to emphasize something we will try 
at our upcoming 2007 Annual Meeting in 
Cambridge, Massachusetts. This event will 
include a Bio Navigation Workshop spon-

sored in cooperation with the U.K. Royal 
Institute of Navigation. 

We moved this meeting forward from 
June to April, specifically to accommodate 
the biologists who have pioneered “bio-navi-
gation” studies. These scientists go to the 
field in June to study their subjects further; 
so, if we need them to run a daylong bio-nav 
track, the meeting must be no later than 
April. 

Why bio-nav and why now? Our comput-
ing technology and micro-scale mechani-
cal device capabilities have been improved 
and miniaturized to the point that we can 
consider mimicking bio-nav capabilities in 
manmade systems. The ION Council debated 
this point on a recommendation made by 
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President, continued on p. 21

Dr. Mikel Miller in June 2005 and decided to 
go forward with a bio-nav track at the 2007 
Annual Meeting. 

Outreach, Young Engineers
I have been particularly proud of the ION’s 
Outreach activities during my tenure. 
We have partnered with the Smithsonian 
Institution to help with its planned 
exhibit, “Navigating through Time: from 
Chronometers to GPS.” (Article in Spring 
2006 ION Newsletter.) We have also inau-
gurated our own ION Virtual Museum — it 
is on the ION website and growing.(See 
Summer 2006 Newsletter.) 

We have found a number of maritime 
and other museums around the country that 
have offered to partner with ION to include 
parts of their collection. The historian of 
the United States Coast Guard has even 
expressed interest in working with us. I 
believe we are onto something with this pro-
gram. For that reason, I have proposed that 
the Council establish a standing Outreach 
Committee (it is currently an ad hoc group 
chaired by Dr. Chris Bartone). 

Our student activities continue to thrive, 
through our various sections’ programs. 
I hope to see this continue. As you know, 
keeping our organization — or any orga-
nization — vital requires that we continu-
ally recruit new, younger members. This is 
a challenge, and one best met at the local 
level, with one-to-one contacts, mentoring, 
and support. Each of our sections has estab-
lished either scholarship or in-school activity 
programs, and we should continue to sup-
port these and encourage their growth.

The science 
fair season for 
high school and 
even junior high 
school level stu-
dents is upon us. 
Virtually every 
section receives 
an invitation to 
participate in 
these fairs as judges. The job takes a day, 
usually a Saturday, and ION members who 
participate will become part of a team of 
judges. 

Everyone who has done this has talked 
about it in their section meetings. It is a 
great way to meet students and their teachers 
— and it is the latter who will help ION sec-
tions become more involved in local student 
activities. 

You will almost never see a report 
from me that does not include something 
about the Washington, D.C. section. David 
Winfield leads the Section’s Student Activities 
Committee. He holds monthly committee 
meetings in the cafeteria of the National 
Gallery of Art (part of the Smithsonian), 
generally the second Tuesday at lunch. 

Dave also serves as a mentor for the navi-
gation related activities at the Watkins Mill 
High School in Gaithersburg, Maryland, (see 
article in this newsletter on Page 12) and he 
has helped other section members develop 
similar relationships at schools near where 
they live and work. Recently, two Watkins 
Mill teachers got ION members Per Enge’s 
and Pratap Misra’s book, Global Positoning 
System: Signals, Measurements, 

and Performance, accepted into the 
Montgomery County school library system as 
a high school reference on GPS. Dave even 
spearheaded a drive to get the teachers their 
own author-signed copies. 

If you have not yet seen the ION 
Autonomous Lawn Mower Competition 
(fourth annual event planned for the Dayton 
area in June, article on Page 23), please 
mark your calendar. I attended the competi-
tion day for last year’s event and described 
the experience in my column in the Summer 
2006 newsletter. A record five college teams 
competing, two of which finished the entire 
course. It was great to talk with the students 
on each team and to see their enthusiasm 
for the challenge. Thanks go to Mike Miller, 
the Dayton Section, and the ION Satellite 
Division for their sponsorship and dedication 
to this effort. 

This event had great local media cover-
age, including TV. Further, as you know, the 
lawn mower event received some national 
attention in the ION Newsletter, various trade 
publications, and at the ION GNSS 2006 
meeting in Fort Worth, Texas. While the lawn 

Near right: Jim Doherty 
accepting the Distinguished 

Service Award from the 
Institute for service as its 

president.

Far right:  
Jim Doherty with represen-
tatives of ITT at its booth at 

ION GNSS 2006.
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For almost three years now, the ION Out-
reach Committee has been promoting 

and coordinating many activities through 
which the Institute promotes the art and 
science of navigation among the general 
public. As a professional association, the 
ION has worked on such large projects as 
the ION Virtual Navigation Museum and 
the Smithsonian Institution’s forthcoming 
exhibition, “Navigating through Time: from 
Chronometers to GPS.” Both initiatives have 
been described in previous issues of this 
Newsletter.

But more modest projects aided by the 
Institute can have a big effect, too, especially 
for students in elementary, middle, and high 
schools. One such smaller project recently saw 
the Outreach Committee help gain approval 
of the ION Council for a $3,000 donation to 
the Felix V. Festa Middle School, part of the 
Clarkstown Central School District, in West 
Nyack, New York. The ION Satellite Division 
has matched the Council’s support with a 
separate $3,000 grant.

These donations will help fund construc-
tion of a hangar needed to house a two-
passenger helicopter as well as a full-size 
solar-powered car, both built by Festa Middle 
School students. 

Yes, you read right: These industrious 
12- to 14-year-old students have already built 
a helicopter and car, and now they need a 
place to shelter them. The West Nyack school 
has created and maintains an ambitious and 
exciting technology education/engineering 
program for its students. This interdisciplin-
ary program combines math, science, and 
technology (MST) education to give young-
sters the opportunity to advance their MST 
and engineering interests, skills, and knowl-
edge through exciting, large-scale projects. 

SPARCing Student Enthusiasm
The Felix V. Festa Middle School’s first such 

effort began in 1995 and ended four years 
later with completion of a fully equipped 
and functioning solar-powered vehicle. The 
vehicle, built from scratch, is called SPARC 
(Solar Powered Advanced Research Car), and 
was designed by the students and their tech-
nology education teacher, Alan Horowitz. All 
of the funding for SPARC came from grants 
and donations. 

The car features rack and pinion steering, 
hydraulic disk brakes, rear-view TV camera, 
brake lights, headlights, turn signals, digital 
speedometer and instruments, and lots more. 
Built mostly from aluminum, the vehicle 
is powered by four 6-volt batteries (wired in 
series) driving a five-horsepower 24-volt DC 
motor. The batteries are charged using eight 
flexible solar panels. The solar car is pictured 
in the accompanying photo. 

After SPARC, the next major MST under-
taking at Festa Middle School was an excit-

ing interdisciplinary activity, called “Project 
SMART” (Science, Math, And Rotorcraft 
Technology), which revolved around assem-
bly of a RotorWay International Exec 162F 
helicopter kit. Once constructed, the helicop-
ter stands 8 feet tall from skids to rotor and 
is about 25 feet long. Project SMART, like 
the solar car, made mathematics, science, 
technology, and engineering education fun, 
interesting and enjoyable for the participants 
— key ingredients for successful learning. 

The Power of Hands-On Practice
With construction of the helicopter under 
way, the importance of a reliable form of in-
flight navigation became readily apparent to 
the students. To meet this need, they decided 
to install a GPS receiver in the aircraft to 
accompany the magnetic compass that they 
had already mounted on the windscreen. 
(See Figure 3.) 

Figure 1. Felix V. Festa Middle School students with their solar car.

ION Outreach Helps Young Engineers Reach for the Sky
  By dr. chrIs BartONE, OhIO UNIvErsIty aNd alaN hOrOWItz, fEsta mIddlE schOOl

ReAchING out!
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experience that proves crucial to reinforcing 
their classroom experiences. 

The construction of the helicopter has 
taken more than seven years and involved 
approximately 1,000 students and a start-up 
cost of approximately $61,000, all of which 

Theories learned in mathematics and 
science classes helped the students to under-
stand and communicate navigation tech-
niques, rotorcraft flight, and the construction 
procedures for the helicopter and the hangar. 
Consequently, they get a practical, hands-on 

At the January 21, 2007 Council Meeting, the Council directed the bylaws chair to notify 
the membership of a proposed bylaws amendment that would change the status of 
the ION Outreach Committee from an ad hoc to a standing committee. This action, if 
adopted by the Council at the April 22, 2007 meeting, would add one additional full 
voting member to the Council.

Justification for the change. The Outreach Committee has a long-term sustain-
able mission that contributes to the Institute’s purpose. Since it’s inception in June 2004, 
it has actively pursued outreach activities in the areas of history and education and the 
promotion of the awareness of the art and science of navigation. 

In particular, for more than two years, the Outreach Committee has worked to refine 
and develop the concept of an ION Virtual Navigation Museum (VNM), which has led 
to its public début at ION GNSS 2006 where an exhibit booth introduced conference 
participants to the virtual museum. 

Additionally, since January 2006, the committee has worked with the Smithsonian 
Institution to establish a navigation exhibit in the Smithsonian Institution Air & Space 
Museum to be introduced around 2010. Furthermore, the committee has pursued other 
outreach activities including special donations to educational institutions and develop-
ing the concept of a time capsule. 

The substantial and sustained efforts of the Outreach Committee in the general areas 
of history and education have promoted awareness for the art and science of navigation, 
and this general area of outreach should be a dedicated and sustained effort of the ION. 
The Outreach Committee has demonstrated the added value of this committee, and 

elevating its status to a Standing Committee will add value to the ION. 
The proposed bylaws change would amend Article VI (Standing Committees) by 

adding a new Section 11 and renumbering the current Section 11 and 12 as Section 
12 and 13, respectively. The proposed amendment for the new Section 11 of the ION 
bylaws is as follows:

Section 11. Outreach Committee. The Outreach Committee Chair shall be 
appointed annually by the Council upon the recommendation of the President. The 
ION Outreach Committee shall include, in addition to the Chair, other ION members as 
appointed by the Chair. The Outreach Committee shall interface with existing outreach 
efforts approved by the Council or Executive Committee and coordinate new outreach 
activities. The scope of this outreach will include, but not be limited to activities in 
history, education, and promotion of the art and science of navigation throughout the 
globe. The Chair shall report annually to the outgoing Council on committee activities 
during the preceding year and plans for the coming year.
In January, the Council approved the intent of this bylaws change and requested 

that all members of the Council be formally notified of the intended bylaws change (IAW 
Article XVII, Section 3 of the bylaws). This proposed amendment will be voted on at the 
April 22, 2007 Council meeting. 

The ION membership is hereby notified of the proposed amendment. The intent of 
this notice is to provide you with an opportunity to voice any concerns or comments 
prior to the formal adoption vote in April. Please send any comments or concerns to the 
National Office and me via e-mail prior to April 1, 2007 at <dougtag@aol.com>. 

was raised by numerous donations from cor-
porate and private sponsors. Middle school 
boys and girls have enhanced their MST 
skills by participating in the fabrication of 
the rotorcraft as pictured in Figure 2. 

The windscreen-mounted compass and 
instrument panel. The combination radio 
and GPS is in the center of the instrument 
panel.

Proposal to Establish Outreach Committee as a Standing Committee
frOm dOUg taggart, ION® BylaWs chaIr

Figure 3. Windscreen-mounted compass and instrument 
panel. The combination radio and GPS is in the center of 
the instrument panel.

Figure 2. Festa Middle School students in front of rotorcraft.

Outreach, continued on page 22
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The LEO tracks the GPS phase while 
the signal is occulted to determine 
the Doppler.

The velocity of GPS relative to LEO 
must be estimated to ~0.2 mm/sec 
(velocity of GPS is ~3 km/sec and 
velocity of LEO is ~7 km/sec) to 
determine precise temperature 
profiles.

Left to Right: NTM General Chair Dr. Dorota Grejner-
Brzezinska; ION President Jim Doherty, and Program  
Chair Dr. John Betz.

COSMIC, Weather, & Climate Change
When the ION Newsletter published an 
article in the spring 2006 issue about 
the Constellation Observing System for 
Meteorology, Ionosphere, and Climate 
(COSMIC), the six satellites had just been 
placed into low earth orbit (LEO). 

The spacecraft had not even been moved 
into the orbital positions from which they 
could monitor and measure the delay 
caused by the bending of GPS signals pass-
ing through the atmosphere — a technique 
known as GPS occultation or limb sounding. 

To avoid the cost and weight penalty of 
building in sophisticated propulsion systems 
to reposition the satellites, the FormosaSat 
3 launch vehicle distributed the COSMIC 
spacecraft at different altitudes. System 
operators then allowed the variations in the 
rates of precession to move the satellites into 
an optimal constellation geometry.

By December 13, 2006, the European 
Center for Medium-Range Weather Forecasts 
went operational with its use of COSMIC 
data for forecasting, according to Bill Kuo, 
COSMIC program director. Using more than 
1,000 occultations per day, COSMIC moni-

tors calculate such ionospheric factors as 
water vapor content, temperature, and total 
electron count (TEC) to improve weather 
predictions.

Sensors on board the LEOs track changes 
in the GPS phase while the signal is occulted 
to determine the Doppler. In order to 
determine precise temperature profiles, for 
example, the velocity of GPS relative to the 
LEO must be estimated to ~0.2 mm/sec (20 
ppb), says Kuo. 

It’s not a trivial exercise: the velocity of 
GPS is ~3 km/sec and the velocity of LEO is 
~7 km/sec). Precision orbit determination 
techniques have to be applied to estimate the 
relative velocity of the LEO and the GPS. This 
can only be achieved with very sophisticated 
processing of the data that account for a 
detailed gravitational field, the gravitational 
effects of sun, moon and planets; relativ-
istic effects, the radiation pressure (due to 
photon’s from the sun’s radiation) on the 
satellites, and so forth.

FORMOSAT-3 data was critical in predic-
tion the formation and track for Hurricane 
Ernesto in 2006, Kuo said.

Besides weather prediction, which can 

have near-term significance for human 
security, COSMIC data is also providing new 
insights into climatic change, such as global 
warming. For instance, the data is being used 
to verify the Antarctic Mesoscale Prediction 

ION National Technical Meeting 
GNSS Benefiting Humanity

San Diego, California

Ever notice how sometimes we get so 
focused on solutions, that we forget the 

problem? Navigation professionals and GNSS 
engineers are no exception. 

Squeezing that last millimeter out of 
real-time kinematic GPS baseline measure-
ments can foster a myopia that disappears 
the faultline underlying the earthquake. 
Georeferencing a satellite image may 
disguise hurricanes as pixel resolution. 
Extracting the last drop of water vapor out a 
bent radio signal subjects weather prediction 
and climate change to a kind of inadvertent 
occultation. Combining GNSS, pseudolite, 
and RF ranging signals become a math-
ematic exercise rather than a formula for 
better living.

In the plenary session at this year’s ION 
National Technical Meeting (NTM), howev-
er, the big picture came back into focus with 
a remarkable quartet of presentations on the 
theme, “GNSS Benefiting Humanity.” 

NTM General Chair Dr. Dorota Grejner-
Brzezinska and Program Chair Dr. John 
Betz introduced the theme explored in 
applications presented by four keynote 
speakers: “Robotics,” Professor Shigeki 
Sugano, Waseda University, Japan; “Remote 
Sensing of Earth,” Karen Schuckman, URS 
Corporation; “Weather Monitoring,” Bill 
Kuo, University Corporation for Atmospheric 
Research (UCAR); and “Monitoring/
Detection of Earthquakes and Tsunamis,” 
Ken Hudnut, U.S. Geological Survey (USGS).

Betz admits to coming up with this year’s 
theme.

“I had been hearing of creative ways that 
people were using GPS to benefit humanity,” 
he says, “and thought that it might be inter-
esting for so many of us who deal with the 
minutia of signal design and receiver design 
and algorithms to get a glimpse of this dif-
ferent world that GPS has enabled, and that 
other GNSS will also serve in the future.”
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System that is modeling the possible melting 
of polar icecaps. 

Because of the density and accuracy of 
the occultation measurements, Kuo says, 
calculation of atmospheric temperatures is 
10 times as accurate as radiosondes, the most 
common traditional method for monitoring 
temperature.

Earthquake and Tsunami Safety
The 2004 Sumatran-Andaman Earthquake 
and Indian Ocean Tsunami: a total of 
229,866 people lost (186,983 dead and 42,883 
missing), according to the United Nations.

1994 Northridge, California, earthquake: 
$40 billion damage.

1976 Tangshan, China, earthquake: 
between 250,000 and 500,000 fatalities.

With such statistics, Ken Hudnut, a USGS 
geophysicist, made the case that — if GNSS 
reference networks can held model, detect, 
and even anticipate tectonic plate move-
ments that give rise to these events — the 
benefits to humanity will be enormous.

Fortunately, ever denser and wider nets 
of continuously operating reference stations 
(CORS) are feeding real-time differential 
carrier phase positioning data into analysis 
centers around the world. There scientists 
chart plate movements as small as one mil-
limeter per year to detect accelerations along 
fault lines and other movements that may 
represent precursors to a quake, Hudnut told 
the ION audience.

Post-2004 tectonic activity along the 
Great Sumatran Fault, the origin of the 
Indian Ocean tsunami, remains a mat-
ter of continuing concern to geophysicists. 
Aftershocks appear to be migrating southeast 
from the 2004 epicenter along the fault line 
into rupture zones of major 19th century 
earthquakes. Regional GNSS reference sta-
tions are being used to monitor ongoing 
displacements there.

In the United States, Hudnut is in charge 
of designing an earthquake “shake out” sce-
nario as part of a southern California disas-
ter response drill planned for next year. The 
exercise will also create computer simula-
tions to determine if buildings in downtown 
Los Angeles will collapse under the intensity 
earthquake.

Land-based GNSS systems have coun-

terparts at sea, too. Hudnut mentioned 
GPS buoys designed by groups at the 
GeoForschung Zentrum, Potsdam, Germany, 
and the University of Tokyo that will allow 
placement of large numbers of low-cost 
buoys to detect sharp changes in wave height 
and tie in with earthquake and tsunami 
monitoring and alert systems.

In these applications, availability of 
GNSS signals of all kinds help increase 
robustness and precision in the position-

ing data generated by these CORS systems. 
“Additional interoperable GNSS satellites 
will really help us,” said Hudnut, who also 
served as manager of the GPS L1 Civil (L1C) 
Signal Modernization Project. Under a U.S./
European Union agreement, L1C will have a 
common signal waveform with the Galileo 
open service signal at the L1 frequency.

NTM, continued on page 8
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Remote Sensing  
for Monitoring Weather
“Hurricane Floyd produced more human 
misery and environmental impact in North 
Carolina than any disaster in memory,” says 
a National Weather Service event summary 
of the September 1999 storm.

“The 15-20 inches of rain that fell across 
the eastern half of the state caused every river 
and stream to flood. There were 57 deaths in 
the United States directly attributed to Floyd, 
and flood damage estimates range near $6 
billion. Many rivers set new flood records,” 
the summary continues. 

“Whole communities were underwater for 
days, even weeks in some areas. Thousands 
of homes were lost. Crop damage was exten-
sive. The infrastructure of the eastern coun-
ties, mainly roads, bridges, water plants, etc., 
was heavily damaged.”

In the wake of this devastation, Karen 
Schuckman became part of the first major 
LIDAR (LIght Detection And Ranging) data 
collection for terrain mapping of North 
Carolina to help update all of the FEMA 
floodplain maps. The state needed 50,000 
square miles collected and delivered to a 
two-foot contour accuracy specification as 
quickly as possible. 

It was, Schuckman told her ION audi-
ence, “a task that would have normally 
taken decades and would have used best-
available USGS data with a little bit of new 
photogrammetric mapping along high-risk 
stream channels.” 

North Carolina officials, however, were 
committed to a seamless statewide approach, 
that used current, high-resolution eleva-
tion data. “They had heard enough about 
LIDAR to determine it was the technology of 
choice,” she said. LIDAR projects typically 
involve GNSS ground control and on-board 
positioning to measure sensors location in 
support of direct georeferencing of imagery.

Schuckman is an instructor in geography 
at The Pennsylvania State University, teach-
ing remote sensing and geospatial technol-
ogy in the online GIS programs offered by 
the John A. Dutton e-Education Institute. As 
the Geospatial Technology Leader at URS 
Corporation from 2005-2006, she supported 
response, recovery, and mitigation projects 

with the Federal Emergency Management 
Agency (FEMA) following Hurricanes 
Katrina, Rita, and Wilma. 

“In the past several years, we in the map-
ping/airborne remote sensing world have 
become totally dependent on the direct geo-
referencing,” Schuckman said. “It is no lon-
ger optional. It is required to create mapping 
data from LIDAR and digital cameras.”

Her experiences, she said, have trans-
formed not only her understanding of how 
GNSS and other geospatial technologies work 
together, but how she views the Earth itself 
and human relationships to it.

“GNSS and the images of earth from 
space present us with an interesting paradox: 
we seem to be more ‘in control,’ yet we are 
faced with accepting that we are not ‘in con-

trol.’ We’re stewards; we are gardeners. We 
depend on the planet; it doesn’t depend on us.

“When natural events occur, we are still, 
in spite of our technology, small and incon-
sequential in the face of a tsunami, volcanic 
eruption, or hurricane. Technology tends to 
create a sense of false security, a false sense 
of control. Not all questions have technologi-
cal answers, and these are the questions that 
really determine our future and survival. 

“Technology (GPS and remote sensing) 
can give us an incredible wealth of informa-
tion — unprecedented if you think about it 
— in terms of understanding this holistic 
being, this system of systems we call Earth. 

“But it always comes down to the same 
question — how are we going to use that 
information? How we act depends a lot on 

NTM, continued from page 7
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▲ WABOT Houses: Building A, House for 
Humans; Building B, House for Human 
and Robot; Building C, House for Robot.

     Near Right: WABOT-1 (1973)

     Far Right: WABIAN-II (2005)

WABOT 
Houses

our contemplation of questions like [these]. 
People are becoming less and less comfort-
able with the unknown — they want quick 
answers, locations, coordinates, maps, analy-
sis, answers. 

“It’s important that we also maintain 
connection to the unknown and to the pos-
sibility that all of reality is not reduced to 
three-dimensional space, one-dimensional 
time, and the little slice of the electromag-
netic spectrum that we most frequently 
experience.”

Robotics
Robots — as the ultimate personification of 
labor-saving devices — have been around as 
fiction for nearly a century. 

For more than 20 years, researchers and 
engineers at Waseda University in Tokyo, 
Japan, have been working to transform the 
concept of an intelligent, mobile humanoid 
device into practical reality — the Waseda 
roBOTs or WABOTs. The research effort has 
produced a series of increasingly capable and 
WABOTs as forerunners of machines even-
tually intended to provide service in daily 
life and assistance in homes, offices, and 
factories. 

Nine generations have emerged from the 
University’s Humanoid Robotics Institute 
(HRI) since the first WABOT-1 was built in 
1973. In recent years, HRI activities have 
focused on human-robot symbiosis within 
physical spaces that will reflect the domestic 
and workplace environments of their future 
operations. This has led to creation of the 
WABOT-HOUSE Project and the design and 
construction of three buildings — one for 
humans, one for robots, one for human-robot 
symbiosis — to provide real-world settings in 
which to field-test their WABOTS.

At the 2007 NTM plenary session, 
Professor Dr. Shigeki Sugano, director of the 
HRI WABOT-HOUSE Laboratory since 2001, 
shared the current status of R&D activities 
there, particularly in the area of positioning 
methods for robot control. 

The laboratory is examining a variety 
of techniques and technologies, including 
both relative positioning (dead reckoning) 
methods such odometry and inertial sensors, 
and absolute positioning (reference-based sys-
tems) — self-created map-based positioning, 

short-range RFID (radio frequency identifica-
tion) tags and sensors, active beacons, Global 
Navigation Satellite Systems (GNSS), and 
pseudolites. A combined solution integrating 
several of these is the expected outcome.

The three fully furnished buildings reflect 
the different kinds of physical, RF signal, 
and sensor environments that robots and 
their control systems would encounter. Each 
positioning approach has its advantages and 
disadvantages.

Waseda University researchers want to 
create a “seamless” indoor/outdoor position-
ing capability for the WABOTs. Outdoors, GPS 
and other GNSSes are the preferred method. 
However, given the problems of signal block-
age, attenuation, and multipath faced by 
GNSS indoors, the HRI research is looking 
closely at the other positioning technologies 
for use there.

Pseudolites (that is, pseudo-satellites) dif-
fer from active beacons in that they provide 
GPS-like ranging signals from a network 
of transmitters. Pseudolite receivers in the 
WABOT’s navigation package process these 

signals much as GPS receivers do, generating 
autonomous position fixes with three-centi-
meter accuracy using carrier phase tracking 
techniques.

In the WABOT House, the pseudolites 
are combined with an array of 350 RFID 
tags installed under the floor at 30-centi-
meter grid intervals. The RFID units have 
a five-centimeter communication range. 
A tag reader on the WABOT uses the RFID 
transmissions to locate and orient itself as it 
moves across the floor.

However, carrier phase cycle slips tend to 
occur frequently near obstacles (for example, 
near the kitchen table and wall) and far from 
each pseudolite transmitter antenna. Carrier/
signal noise, multipath, and a near/far prob-
lem associated with the pseudolite operations 
contribute to the problem.

Some possible solutions under consid-
eration to reduce or avoid pseudolite cycle 
slips include raising the transmitter’s power, 
increasing the number of antennas and 
receivers and optimizing their locations, and 
introducing pulse communications. ◆
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Large Ring Laser Gyroscope 

FRom the IoN hIstoRIAN
one in a series of columns by ion historian marvin may

The first demonstration of a ring laser 
gyroscope is generally attributed to 

Warren Macek of Sperry Gyroscope in 1963. 
Over the next 15 years the ring laser gyro-
scope emerged as the preferred gyroscope for 
aircraft inertial navigation systems. 

Its attributes of ruggedness, minimal 
moving parts and direct digital output, 
complemented other ongoing trends in 
aircraft inertial navigation: gimballess 
strapdown systems and high speed digital 
computation. 

Physically, an RLG is composed of seg-
ments of transmission paths configured as 
either a square or a triangle and connected 
with mirrors. One of the mirrors will be par-
tially silvered, allowing light through to the 
detectors. A laser is launched into the trans-
mission path in both directions, establishing 
a standing wave resonant with the length of 
the path. As the apparatus rotates, light in 
one branch travels a different distance than 
the other branch, changing its phase and 
resonant frequency with respect to the light 
travelling in the other direction, resulting in 
the interference pattern beating at the detec-
tor. The angular position is measured by 
counting the interference fringes. 

Real-World Solution?
But could the ring laser gyroscope perfor-
mance meet the exacting requirements of 
long range missions associated with subma-
rines? In 1979 the U.S. Naval Sea Systems 
Command undertook an exploratory devel-
opment program to investigate whether 
attack submarine specifications could be 
met with an RLG-based inertial navigator. 

The very large ring laser gyroscopes 
(RLGs) shown in these pictures (Page 11) 
were manufactured in about 1980 by the 
Honeywell Corporation. Designated the 
GG1389, they are about 8.9 inches on a side. 

These gyroscopes were proposed as part of 
a Navy exploratory development program 
aimed at providing a high accuracy strap-
down inertial navigator for attack class 
submarines. At the time, this gyroscope 
represented the evolution of 19 years of 
Honeywell experience in manufacturing 
ring laser gyros. As in their previous series, 
the GG 1389 had solid block construction, 
visible (0.633 μm) neon transition opera-
tion, triangular cavity configuration, inertial 
mechanical dithering, optically contacted-
multi-layer dielectric mirrors, and a sym-
metrical. Ring laser gyroscopes measure 
inertial angular motion using a principle 
called the Sagnac effect. Two counter rotat-
ing laser beams of light are established 
within the 68 centimeter cavity length. Any 
rotation about the input axis perpendicular 
to the plane of the path effectively causes 

one of the laser beams to travel a longer 
distance than the other one. This results in 
a phase difference between the beams pro-
portional to the angular motion. This phase 
difference is then measured precisely using 
optical interferometric techniques. 

Accuracy a Function of Size
The large size of this gyroscope was prin-
cipally dictated by a fundamental limit of 
optical gyroscopes that causes drift white 
noise errors due to the spontaneous emis-
sion of photons. The magnitude of this drift 
white noise is inversely proportional to the 
cavity path length, and therefore to the size 
of the gyroscope. With a cavity path length 
of 68 centimeters, the GG 1389 theoretically 
had a quantum limit of white noise drift 
of about 200 microdegrees per root-hour. 
Assuming the white noise drift was the only 

Warren Macek of Sperry Circa 1963 Demonstrating the Ring Laser Gyro Concept



ION Newsletter 11 Winter 2006-07

error source then the 200 microdegrees per 
root-hour drift would result in an angular 
error of 2 millidegrees in 100 hours. This 
was considered more than adequate for the 
system performance levels. 

Another factor, bias drift stability, particu-
larly for the envisioned strapdown configu-
ration, was considered more challenging. 
Bias drift stability encompasses many issues, 
including gas flow, aperture effects, mirror 
effects, mechanical block stability, transducer 
mirror tilt and electronics. These factors are 
generally exacerbated by the strapdown con-
figuration envisioned for the submarine.

The 1389 RLGs were tested in 1982 at the 
inertial facility of the Naval Air Development 
Center which is now the home of 
Pennsylvania State University’s Navigation 
Research and Development Center. The GG 
1389 never did transition to the fleet and 
it is not believed that an RLG of this size 
is employed anywhere. Instead, an earlier 
generation, smaller RLG, the Honeywell 
1342 was employed in an indexing gimbaled 
configuration. This system, now designated 
the WSN-7a, has been installed on all Navy 
attack submarines.

— Marvin B. May is the Chief Scientist 
of the Pennsylvania State University’s 
Applied Research Laboratory Navigation 
Research and Development Center in 
Warminster, Pennsylvania. 

Special Committee 159 – GPS Approves Revised WAAS 
MOPS and New Antenna MOPS

Special Committee 159 concluded its week-long meeting 
at RTCA on October 13 with consensus on two documents: 
A revised DO-229C, Minimum Operational Performance 
Standards for Global Positioning System/Wide Area 
Augmentation System Airborne Equipment and a new 
document, Minimum Operational Performance Standards 
for Global Navigation Satellite System (GNSS) Airborne 
Active Antenna Equipment for the L1 Frequency Band. The 
documents will be considered for approval at the next RTCA 
Program Management Committee meeting.

The week was highlighted by productive working group 
activity and discussion.  
WG-1, 3rd Civil Frequency, reported that the U.S. Air Force 
recently published GPS-IS-800, L1C Signal Specification, 
containing a new modulation scheme.

WG-2, GPS/WAAS, completed the resolution of comments 
received during the Final Review and Comment (FRAC) 
period for the revised DO-229C. Issues addressed included 
interference test levels, sensitivity and dynamic range, and 
test methodology. An Appendix U was added to provide 
guidance information for WAAS interface with ADS-B equip-
ment.  Requirements were modified to ensure support of 
the initial five ADS-B applications announced by the FAA. 
Appendix J was updated for consistency with ICAO SARPS. 

WG-2C, GPS/Inertial, finalized Appendix R for the revised 
DO-229C. New work was initiated on inertial integration 
based on Ground Based Augmentation System (GBAS) and 
WAAS. The group discussed the need to understand WAAS 
fault mode characteristics and the temporal correlation 
characteristic.  

WG-4, GPS/LAAS, continues its work in three areas: (1) 
Maintenance of the LAAS MASPS and MOPS, (2) Further 
development of the CAT II/III MASPS, and (3) Initial ground 
work for LAAS MOPS and Interface Control Document 
including CAT II/III.

WG-4 plans to have a revised DO-253A, MOPS for GPS LAAS 
Airborne Equipment, ready for FRAC shortly after the next 
SC-159 meeting.

WG-6, GPS/Interference, focused on the technical baseline 
for the revised DO-235A, Assessment of Radio Frequency 
Interference Relevant to the GNSS. Areas of work included 
GNSS intra-/inter-system RFI impact, receiver model acquisi-
tion thresholds and aggregate ground RFI modeling (LAX 
Rwy 25L FAF example). The group plans to have the docu-
ment ready for FRAC in Spring 2007. 

WG-7, GPS/Antennas, summarized the responses to com-
ments received on the new Antenna MOPS. Several major 
requirements have been added to capture existing active 
antenna performance measurements. The new document 
addresses L1 active antennas only; it does not replace DO-
228, MOPS for Global GNSS Airborne Antenna Equipment.

WG-8, GPS/Ground-Based Regional Augmentation 
System, continues to “fine-tune” the GRAS MOPS. Once the 
revised DO-253A and revised DO-229C become available 
the group will begin the FRAC process for the GRAS MOPS.

EUROCAE reported the merger of its WG-28 within WG-62. 
The role of WG-62, Galileo, will be to provide maintenance 
of the MOPS ground subsystem, develop guidelines for the 
end state CAT II/III GBAS with dual frequency and Galileo, 
and support harmonization with ICAO and RTCA.

During its meeting at RTCA on January 12th, SC-159 
reviewed current Working Group activities.

WG-2, GPS/WAAS, reported that the publication of DO-
229D, MOPS for GPS/WAAS Airborne Equipment, marks the 
end state of what the civil aviation community can achieve 
with the GPS and Space-Based Augmentation System 
(SBAS) L1 Course Acquisition (C/A) codes. Given the L1 C/A 
codes, improved receiver performance beyond DO-229D 
is not foreseen. On the other hand, GNSS is expanding 
beyond the GPS and SBAS L1 C/A codes. GPS is undergoing 
modernization, the L5 signal has been defined and a new 
L1C signal is being considered to complement L5, WAAS 
with L5 is under discussion, EGNOS with a new L1C is also 
planned and GALILEO is being developed with new signals. 
WG-2 will revise their Terms of Reference to propose a 
way forward to eventually arrive at an integrated GNSS 
receiver MOPS. 

WG-2C, GPS/Inertial, is working on tightly integrated 
Ground-Based Augmentation System (GBAS)/inertial and 
WAAS/inertial approaches. The meeting focused on techni-
cal details and simulation results. Integrated GBAS/inertial 
builds on the performance provided by GBAS Service Level 
(GSL) - D and is aimed at enhancing CAT II/III performance. 
Integrated WAAS/inertial system is aimed at enhancing the 
“robustness” (versus signal interruptions) of CAT I Localizer 
Performance with Vertical Guidance (LPV). 

WG-4, GPS/LAAS, is preparing a revised DO-253A, LAAS 
MOPS. The revised document will be sent to the full com-
mittee for Final Review and Comment (FRAC) with approval 
expected at the SC-159 meeting in May 2007. 

WG-6, GPS/Interference, continues work to update DO-
235A, Assessment of RF Interference Relevant to the GNSS. 
Update issues discussed include the assumptions on an 
aggregate terrestrial RFI model, satellite elevation angle 
statistics, Japanese studies of DME RFI to L5 and the com-
bined impact of aero on-board and GNSS self-noise. A FRAC 
ready document is expected for the May meeting. 

WG-8, GPS/GRAS, briefed one new technical issue with 
VHF Data Broadcast (VDB) signal strength. The issue is to be 
discussed within the ICAO Navigation Systems Panel. The 
GRAS MOPS will be harmonized with the LAAS and WAAS 
MOPS. Completion of the GRAS MOPS is now dependent on 
the progression of the revised DO-253A.

Next MeetiNg: April 30 – MAy 4, 2007

Co-chair: Christopher Hegarty, Mitre/CAASD 

Co-chair: george ligler, pMei 

Secretary: young lee, the Mitre Corporation 

program Director: Harold Moses, rtCA, inc. 

RtcA corner: special 
committee-159 Global 
Positioning system Report
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professor gérard 
lachapelle,  

University of Calgary and 
ION fellow, was elected 

a fellow of the Royal 
Institute of Navigation 

during its annual general 
meeting in London in 

recognition of his funda-
mental work related to 
satelite-based naviga-

tion. The award  
was presented by His 

Royal Highness the Duke 
of Edinburgh, Patron of 

the Royal Institute.

ION’s vigorous and long-standing support of college students 
preparing for careers in navigation-related engineering and sci-
ence is well-known: the student paper sessions at the ION GNSS 
conferences, the section scholarships, the Brad Parkinson and 

section graduate student awards programs.
But what can be done to get students onto the science and engineering path in the 

first place? This is a particular challenge in U.S. schools where interest in these fields 
has declined since the excitement of the space program in the 1960s and 1970s.

The ION Washington Section offers one example of how popular interest in GPS can 
be used to introduce students to the fun as well as physics behind navigation.

A few years ago, with the encouragement of Jim Doherty, the section chair at the 
time, a Student Activities Committee (SAC) was established. Initially, the SAC was 
cochaired by ION members Terry McGurn and David Winfield, a retired engineer from 
Lockheed Martin who had worked on the original GPS control segment, as a systems 
engineer. 

“It seemed to me [Winfield’s] avocation then was working (volunteering) with stu-
dents at the local high school,” says Doherty. In addition to McGurn and Winfield, other 
regulars in the SAC include Franck Boynton, and Tom McCaskill, among others. Curently 
working on development of a SAC activity called Skymap are McCaskill, Pradipta 
Shome, Chris Varner, and Winfield. This activity will generate Java computations that 
map from the GPS navigation message ephemeris parameters to the location of satel-
lites that students see on their handheld displays.

Typical of SAC’s efforts is its involvement at Watkins Mill High School (WMHS) in 
nearby Gaithersburg, Maryland. Last November, Winfield collaborated with WMHS 
environmental science teacher Carol Shilling on a four day “GPS treasure hunt” with 
nearly 70 students from three of her classes.

On Day 1 students viewed the GPS tutorial at the Trimble Navigation website 
<http://www.trimble.com/gps/index.shtml>, answered a quiz, and discussed a GPS 

worksheet prepared by Shilling. Day 2, students set waypoints in a classroom using 12 
Garmin GPS 72 and 76 receivers in simulation mode. For the next session, each of 67 
students set waypoints outdoors at marked locations in a field near the running track.

On the day of the treasure hunt, 12 teams of students each with a receiver navi-
gated to a waypoint previously selected and stored by Winfield in the receivers. Every 
team reached its waypoint. 

At the waypoints were plastic pill cylinders containing slips of paper marked for 
the locations. Each student took a slip of paper from the cylinder and redeemed it with 
their teacher for four pieces of chocolate. After the hunt, Winfield reviewed the scatter 
of the waypoints set by students and reported to Shilling which student waypoints had 
errors that were far beyond what could be expected with careful work.

While Winfield was in the WMHS Science Department office during the treasure 
hunt activity, physics teacher John Pisanic asked him to talk to his students about GPS 
at a later date during the Student Teacher Enrichment Period (STEP). At WMHS, STEP is 
a period from 10:50 to 11:40 for informal activities.

About 20 students attended the meeting on November 22, where Winfield dis-
cussed GPS and handed out a worksheet on GPS orbits. After the meeting, Pisanic 
asked Winfield to stay and talk about the physics of GPS to a physics class.

The SAC’s activities have also included the setting of a GPS monument near the 
WMHS field house (see photo above), which was reported in the Fall 2004 issue of 
this newsletter. A page on the high school’s website <http://www.mcps.k12.md.us/
schools/watkinsmillhs/gps/> describes the monument, the lat/lon, and provides links 
to the ION website, the National Geodetic Survey’s Online Positioning User Service 
(OPUS), and a Wikipedia entry on GPS.

On May 9, 2006, SAC member Franck Boynton surveyed the WMHS monument, 
recording pseudorange and carrier data at the GPS L1 and L2 frequencies. Boynton, 
vice-president for technical sales at Navtech GPS Seminars and Supplies, in Springfield, 
Virginia, used dual-frequency NovAtel GPS equipment loaned by Navtech to complete 
the survey. 

Four computational methods were used to calculate the monument’s position, 
including the OPUS service using precise GPS satellite orbits from the International 
GNSS Service. OPUS provided the most accurate solution, according to Winfield, and 
provided the coordinates published on the high school website.

To ION members who may wish to work with local high schools, Winfield suggests 
that they identify the school’s learning objectives that support navigation, then meet 
with individual teachers and offer to supplement their current lesson plans in these 
areas.

Washington, D.C. Section Committee Puts Spotlight on Students

2004 install team  
(left to right):  
David Winfield,  

Franck Boynton;  
and Terry McGurn
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ALBERTA SECTION. 
The Alberta section 
met December 1, 
2006, at the Calgary 
Center for Innovative 

Technology on the campus of the 
University of Calgary. The section lis-
tened to Neil Gerein, of NovAtel discuss 
the recently released IS-GPS-200D (pre-
vious versions included the old ICD-200C 
document) specification and its impact. 
Gerein discussed the new PRN numbers, 
which impact receiver firmware and 
other GNSS related software designs. 

Prior to the presentation, new officers 
were elected. The results: Chair: Professor 
Gérard Lachapelle, University of Calgary; 
Vice Chair: Dr. Mark Petovello, University 
of Calgary; Treasurer: Mr. John Schleppe, 
NovAtel, Inc.; Secretary: Mr. Neil Gerein, 
NovAtel, Inc.

The section met again January 26 
when Larry Hothem, U.S. Geological 
Survey, presented “Experiences With Use 
of GNSS Equipment In The Antarctical 
Polar Environments.” The following is an 
abstract of Larry’s presentation.

Since the early 1990s, GPS observa-
tions have been successfully conduct-
ed in a wide-range of environments, 
including at the top of mountains and 

down at coastal sites. In support of con-
tinuous daily observations, power was 
provided by a combination of batteries 
and portable solar power generation 
panels. For more than 15 years, the GPS 
antenna deployed at station AMUN at 
the South Pole has function successfully 
in support of continuous observations 
while subjected to temperatures rang-
ing to as low as about -70°C.

Benefiting from the experience in 
continuous operation of GPS equip-
ment at remote Antarctica sites, in 
response to a proposal, in June 2006, the 
National Science Foundation awarded a 
Major Research Initiative (MRI) grant to 
UNAVCO and the Incorporated Research 
Institutions for Seismology (IRIS) to 
develop a power and communications 
system that will improve the capabil-
ity for remote autonomous geophysical 
observations in the polar environments. 
The remote autonomous geophysical 
instruments include collocation of seis-
mic and GNSS instruments where the 
infrastructure for each station system 
will include a “plug and play” power and 
communication option for temporary 
deployment during the Austral summer, 
and other instruments such as for abso-
lute gravity and magnetic measurement.  

Washington, D.C. Section Committee Puts Spotlight on Students Section News and Notes

W A S H i N g t o N 
SeC tioN.  On 
November 15, mem-
bers of the ION’s 
Washington, D.C. 

section met at the Naval Research Lab 
in Washington, D.C. to hear ION Western 
Region Vice President Tom Stansell’s 
extremely informative presentation on 
“The Three Most Important Changes in 
GNSS”. Tom stated that GPS is changing, 
and although the changes are slow to 
appear, they are profound. Also, Galileo 
is coming. His presentation evalu-
ated the three most significant changes 
affecting the future of GNSS. The signal 
structure of the newly-defined L1C sig-
nal was used to illustrate some of the 
more important changes.

Now the changes are mostly affect-
ing those who define, design, and build 
the satellites and the support infrastruc-
ture. However, receiver manufacturers 
are most interested and some already 
are changing designs to accommodate 
the new signals and increased number 
of satellites. The pace of these changes 
will increase, and users will have to 
decide when and whether to update 
their equipment. GNSS remains excit-
ing, and it is getting more so.

The section met again on January 10 
at the NASA Goddard Space Flight Center 
in Greenbelt, Maryland. Dr. Carl Adams 
presented “Some Recent Advances in 
Spacecraft GPS Applications” He dis-

cussed the many applications of GPS 
sensing for spacecraft, including preci-
sion orbit determination, highly accu-
rate time transfer, relative navigation 
between multiple spacecraft, vehicle 
attitude determination, and others. In 
his presentation, a brief overview was 
given of the progression of these appli-
cations of GPS, as well as the challenges 
of designing and operating GPS receiv-
ers for the space environment. A more 
in-depth description was given of two 
ongoing missions at the Goddard Space 
Flight Center that apply GPS sensing 
in new and novel ways. One project is 
the development of fast acquisition and 
ultra weak signal acquisition and track-
ing techniques that enable expanding 
the use of GPS to above the NAVSTAR 
constellation, to HEO, GEO, and lunar 
orbits. The algorithms, hardware, and 
software for the GSFC Navigator weak 
signal GPS receiver was presented. The 
flight version of this receiver is currently 
being built for the Magnetosphere 
MultiScale (MMS) HEO survey mission. 
Also as part of the MMS mission, a 
GPS-derived S-band ranging crosslink 
for interspacecraft communication and 
formation sensing is being developed as 
part of the Interspacecraft Ranging and 
Alarm System (IRAS), and details on this 
application were presented. Following 
the presentation an extensive tour of 
the Hubble servicing area at Goddard 
was conducted. 

Alberta Section officers (from left to right): Dr. Mark Petovello, University of Calgary; 
Professor Gérard Lachapelle, University of Calgary; Neil Gerein, NovAtel, Inc.; John Schleppe, 
NovAtel, Inc.
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Lockheed Martin GPS IIRM

©
 Lockheed M

artin

Three out of the four Global Navigation Satellite Systems now in operation or under development have 
launched satellites in recent months. The United States put its third GPS Block IIR-M spacecraft into orbit on 
November 17, 2006; Russia added three GLONASS-M class satellites on December 25; and China launched its 
fourth Beidou satellite as part of its fledgling Compass system.

GPS
The United States bumped its operational 
constellation up to 31 spacecraft with the 
speedy activation of SVN58/PRN12 on 
December 13. The next launch is expected 
this summer.

The Block IIR (replenishment) satel-
lites built by Lockheed Martin are proving 
remarkably durable, with no failures in 
the nearly 10 years since the first one was 
launched in July 1997. A Block IIA spacecraft 
(designated SVN/PRN ) built by Boeing has 
been operating since it was set “usable” on 
August 30, 1991. (An even older Block II 
satellite, SVN/PRN 15 launched in October 
1990, remains in the GPS constellation 
almanac, but has been unusable since last 
November 17.)

That durability past the original life 
expectancy of the satellites has long compli-
cated the modernization of the GPS system, 
which continues to launch “on need” rather 
than on a schedule to implement new capa-
bilities. Increases in the mean mission dura-
tion (MMD) of on-orbit spacecraft probably 
contributed to the truncating of Boeing’s 
Block IIF (follow-on) contract to the current 
planned acquisition of 12-16 satellites from 
an original target of 33. 

This operational philosophy may change 
with the next-generation Block III program. 
Lt. Gen. Michael Hamel, commander of the 
Space and Missile Systems Center, at Los 
Angeles Air Force Base, has proposed a con-
tract incentive for accelerating implementa-
tion of the program with a first launch by 

its National Coordination Office up and 
running. The PNT executive committee is 
charged with coordinating policies and initia-
tives for GPS and related programs. A newly 
created website <www.pnt.gov> provides 
information about the committee and coordi-
nation office activities while a second website 
<www.gps.gov> covers GPS applications.

The first meeting of a PNT advisory board 
is scheduled for March 29–30.

GLONASS
Fueled by enormous oil and natural gas 
revenues, a resurgent Russia under President 
Vladimir Putin appears committed to not 
only restoring and modernizing GLONASS, 
but transforming it into a commercial sys-
tem capable of competing in mass markets 
for GNSS user equipment. Russia seems to 
be on track to meet Putin’s December 2005 
directive to have 18 operational satellites in 
place by the end of 2007 or early 2008 and 
24 by 2009.

The launch of the trio of modernized 
GLONASS satellites in December nominally 
brought the constellation to 19 space vehi-
cles, although the Russian Space Agency’s 
Information-Analytical Center (IAC) indi-
cates that six of these are “temporarily 
switched off.” The three new GLONASS-M 
craft have reached their slots in orbital 
plane 2. As this issue of the newsletter went 
to press, two of the new satellites are now in 
the broadcast almanac and both are trans-
mitting ranging signals on their assigned 
frequencies. However, the IAC bulletin board 

2011. “We believe speed-to-market is a key 
element of our future success,” Hamel said.

The two teams competing for the GPS 
III contract, led by Boeing and Lockheed 
Martin, received $50-million cost-plus-fixed 
fee contracts late last year to prepare for a 
system design review in March 2007 with the 
award of a multi-billion dollar development 
contract in June 2007. Some observers, how-
ever, question whether the GPS III program 
will actually be implemented in its present 
form as a result of the previous generations’ 
longevity and the perennial problem of 
securing funds for a program that seems to 
be doing so well.

Meanwhile, the U.S. Space-Based 
Positioning, Navigation, and Timing (PNT) 
Executive Committee established by a 2004 
presidential national security directive has 



ION Newsletter 15 Winter 2006-07

GNSS Updates, continued on p. 16

indicates that all three satellites are still 
in the “commissioning phase” and their 
signals not fully operational.The idea of 
implementing a CDMA signal on GLONASS 
in addition to — or even in place of — the 
system’s FDMA (frequency division multiple 
access) signals may be moving closer to real-
ity. Sergei Revnivykh, deputy director of the 
GLONASS Mission Control Center, mentioned 
that possibility at the Civil GPS Service 
Interface Committee meeting just before 
ION’s GNSS 2006 conference in Fort Worth. 
(See article in Fall 2006 ION Newsletter.)

Following the conclusion of a December 
meeting of the bilateral GPS/GLONASS 
Interoperability and Compatibility Working 
Group, a joint release issued noted that 
“concerning the question of the use FDMA 

and CDMA, significant progress was made in 
understanding the benefit to the user com-
munity of using a common approach. The 
Russian side noted that a decision in this 
regard would be made by the end of 2007.”

The statement by working group co-
chairs USAF Col. Mark Crews, chief engi-
neer at the GPS Wing (formerly GPS Joint 
Program Office), and Vladimir Klimov, 
first deputy designer-general of the Russian 
Federal Space Agency’s Machine-Building 
Design Bureau, further observed, “Both 
sides agreed that the planned International 

Satellite Forum 2007 to be held April 9–10, 
2007, in Moscow will be a unique opportu-
nity to demonstrate the benefits of GLONASS 
and GPS interoperability in the Russian 
Federation for civil applications.”

Then, in January, Russian Defense 
Minister Sergei Ivanov implemented the pre-
viously announced plan to lift a no-better-
than 30 meters accuracy limit on civil use of 
precise positioning data on Russian territory 
obtained from GLONASS. That coincides 
with efforts by Russian agencies to complete 
1/100,000-scale digital topographic maps for 
the nation.

On January 25, Russia and India signed 
two cooperation agreements on GLONASS. 
According to Russian news reports, Ivanov 
said Russia will cooperate with India 
not only in civil, but in military use of 
GLONASS — presumably including Indian 
access to the encrypted GLONASS military 
signals. Moscow and New Delhi have agreed 
to launch GLONASS-M satellites with the 
help of Indian booster rockets, and to create 
new-generation navigation satellites, Ivanov 
said.

Galileo
On January 12 Europe celebrated the first 
anniversary of continuous signal transmis-
sions by the first Galileo In-Orbit Validation 
Experment (GIOVE-A) satellite. 

GIOVE-A’s operation is securing use of the 
frequencies allocated to the Galileo system 
by the International Telecommunication 
Unit (ITU), achieving the main mission 
for which the satellite was built. The satel-
lite, launched December 28, 2005, has 
also enabled verification of the critical on-
board technologies planned for subsequent 
operation Galileo satellites, starting from the 
rubidium atomic frequency standard (RAFS) 
clocks, the navigation signal generator, and 
the whole chain of equipment comprising 
the navigation payload. Tests of ground 
monitoring segment and user equipment 
have also benefited from GIOVE-A.

Construction of the new Galileo ground 
control center at Oberpfaffenhofen, southern 
Germany, began last November and will 
eventually house about 100 engineers and 

The idea of implementing a 

CDMA signal on GLONASS 

in addition to — or even 

in place of — the system’s 

FDMA signals may be mov-

ing closer to reality.
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Galileo system controllers. The Galileo Test 
and Development Environment (GATE) 
is nearing completion in Berchtesgaden, 
Germany, and will provide commercial GNSS 
receiver manufacturers an opportunity to 
conduct trials on their 
equipment long before a 
fully operational Galileo 
constellation is in place.

However, in other areas, 
the Galileo program is 
struggling. Continuing 
technical, political, and 
commercial delays has 
pushed the likely date of 
the system’s completion 
until around 2013. The 
European Space Agency 
(ESA) is bickering with 
the European Satellite 
Navigation Systems (ESNS, formerly Galileo 
Industries) over delays in awarding contracts 
to myriad subcontractors who are working 
on a billion-dollar contract to build the 
Galileo ground infrastructure and four in-
orbit validation satellites.

A short-circuit during lab tests on the 
second, larger experimental satellite GIOVE-

B, has delayed planned launch of that space-
craft, under construction by ESNS. The U.K. 
company Surrey Satellite Technology Ltd., 
which built GIOVE-A, has been approached 
by ESA regarding construction of another 
similar spacecraft that could fill any gap 
caused by GIOVE-B’s problems. Reportedly, 

in order to maintain 
rights to an ITU frequency 
allocation, a system can-
not be off the air more 
than two years.

Completion of a con-
tract for the proposed 20-
year concession to operate 
Galileo also remains elu-
sive after several years of 
negotiations. The Galileo 
Joint Undertaking (GJU), 
which led the contract 
negotiations on behalf 
of the public sector (the 

European Union and ESA), is in a process of 
liquidation with responsibilities being trans-
ferred primarily to the GNSS (or Galileo) 
Supervisory Authority (GSA).

The GSA, which will be the formal owner 
of the Galileo system assets, will seek to com-
plete negotiations with the consortium seek-
ing to operate the concession. Those talks 

continue to be plagued by the issue of allo-
cating risks between the public and private 
partners — particularly liability insurance 
and satellite design.

Meanwhile, the issue of the location for 
a GSA permanent office is bedeviling the 
European Commission (EC), the executive 
branch of the European Union (EU). Eleven 
nations (out of the 25 now comprising the 
EU) are competing for the prize, with the 
Czech Republic reportedly most insistent on 
behalf of the 10 “accession” nations that 
recently joined the EU.

Finally, a persistent series of trademark 
lawsuits filed in at least seven countries 
by a U.K. travel booking agency, Galileo 
International Technology LLC, has plagued 
the program for six years. One of the results 
of the legal battle is that Galileo Industries 
decided in January to change its name 
to European Satellite Navigation Systems 
GmbH.

Compass
Launch of a fourth Beidou satellite on 
February 3 underscored China’s plans, 
announced late last year, to build its own 
GNSS system called Compass. (See article in 
Fall 2006 ION Newsletter.)

The successful launch on board a Long 
March 3-A rocket took place at Xichang 
Satellite Launch Center, Sichuan Province, 
in southwest China, according to the Xinhua 
news agency.

Data from the Xi-an satellite monitoring 
center showed that the satellite had accurate-
ly entered its geostationary orbit over China, 
the fourth such launched since October 2000.

Citing unidentified “experts,” Xinhua 
reported that the Beidou satellite navigation 
experimental system is operating well and 
has played a significant role in cartography, 
telecommunications, water conservation, 
transportation, fishery, prospecting, forest fire 
monitoring, and national security.

The latest Beidou satellite may replace 
the first Beidou satellite, according to experts. 
By 2008, according to Xinhua, the Compass 
system will provide satellite navigation ser-
vice for clients in China and neighboring 
regions. It will gradually be extended to be 
a global system after network building and 
experiments, experts said. ◆

Continuing technical, 

political, and com-

mercial delays has 

pushed the likely date 

of Galileo’s completion 

until around 2013.

GNSS Updates, continued from p. 15
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Loran/eLoran

Tentative Movement on eLoran 
Public Comments Sought

Loran, continued on page 18

Modernization of Loran. It’s an idea 
whose time has come — and gone, 

come back again, left, returned, and now 
appears to be wandering aimlessly through 
Washington D.C.’s corridors of power.

But a decision in favor of Loran is actually 
likely to be made in the near future, pressed 
forward by a growing body of work support-
ing continuation and modernization of the 
system to provide a backup and complement 
to GPS. Recent moves by U.K. maritime safety 
authorities to implement improvements in 
their own Loran networks have given the 
effort an extra shove. Now the DoT is taking 
more public comments on whether it should 
eliminate, maintain, or upgrade the system.

If the program and modernization of the 
system moves ahead, it will fly in the face of a 
proposed 2008 U.S. Coast Guard (USCG) bud-
get that, if approved, would begin a four-year 
decommissioning and phase out of Loran.

Here’s a brief chronology on the subject:
Nearly 10 years ago President Clinton’s 

decision directive on Critical Infrastructure 
Protection (PCCIP) called for the Department 
of Transportation, in consultation with the 
Department of Defense, to “undertake a thor-
ough evaluation of the vulnerability of the 
national transportation infrastructure that 
relies on the Global Positioning System.”

In February 1999, a Charles Stark Draper 
Laboratory analysis concluded that Loran-
C could provide a backup for GPS for en 
route, terminal, and nonprecision approach 
 operations. 

In June 1999, a Booz Allen Hamilton 
assessment suggested that an enhanced Loran 
(now referred to as eLoran) and a “mini-
mal” number of VOR/DME stations could 
provide more robust backup capabilities. 
Enhancements included precise timing for 
multi-chain operations, transmitter improve-
ments to increase signal stability, receiver 
enhancements for greater range, and an 
uninterruptible power source (UPS).

In 2001, the day before the terror-

ist attacks on the World Trade Center and 
Pentagon, the Volpe Transportation Center 
issued a report assessing GPS vulnerability 
and called for a back-up system to GPS. 
Loran-C, the Volpe report concluded “may 
have the capability to provide an alternate or 
backup source of GPS augmentation. . . .”

On March 31, 2004, the Federal Aviation 
Administration’s (FAA’s) Loran Evaluation 
Team concluded that a modernized Loran 
system could satisfy the aviation nonpreci-
sion approach, maritime harbor entrance 
approach, and timing and frequency user 
community requirements.

In December 2004, President Bush’s 
national security directive on space-based 
positioning, navigation, and timing (PNT) 
charged the Department of Transportation 
(DoT) and the Department of Homeland 
Security (DHS) with developing and main-
taining backup PNT capabilities within the 
United States in the event of a disruption of 
GPS or other GNSS systems.

Following the USCG move in the 2006 
budget to discontinue Loran — and the 
program’s subsequent vigorous defense in 
Congress, a joint DoT/DHS task force was 
formed to resolve the issue promptly.  Jeff 
Shane, DoT undersecretary for policy, and 
Rob Zitz, DHS deputy undersecretary for 
infrastructure protection of DHS, head the 
effort; USCG Capt. Curt Dubay, formerly 
head of the Coast Guard Navigation Center 
(NavCen), leads the staff. 

Shane and Zitz formed an 11-mem-
ber Independent Assessment Team (IAT), 
chaired by the GPS Joint Program Office’s 
first director Brad Parkinson, to review the 
whole Loran/eLoran/GPS backup issue. The 
Institute for Defense Analysis was contracted 
to oversee the IAT project. The IAT held 
three days of closed hearings in Washington  
and one day at Stanford University (where 
Parkinson is also a professor emeritus).
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Loran, continued from page 17

Last August, a white paper on GPS backup 
for Positioning, Navigation and Timing 
(PNT), prepared under contract with the FAA’s 
ATO-W Navigation Services, stated, “Loran 
has changed from a “might do” in 2002 to a 
“can do” in 2006. It is the lowest cost nation-
al technology that provides full PNT backup 
for GPS, well beyond just transportation. A 
backup for PNT is a national imperative that 
goes well beyond aviation and marine navi-
gation. As a national critical infrastructure 
protection need, the public policy required to 
implement protection for GPS and ultimately 
Galileo is a simple as a decision to continue 
Loran, complete the modernization, and get 
standards in place for eLoran.”

In a paper presented at the International 
Loran Association Convention and Technical 
Symposium in October, timing experts from 
the U.S. Naval Observatory, the National 
Institute of Standards and Technology, and 
a timing instrument manufacturer wrote, 
“[W]e have identified eLoran as potentially 
the best available backup provider to GPS as a 
reference source for precise time synchroniza-
tion and frequency control.”

Finally, on December 13, Parkinson 
briefed Shane and Zitz on the IAT’s unani-
mous recommendation that Loran be main-
tained and transitioned to eLoran.

Undeterred, the 2008 USCG draft budget 
allocates $7.2 million for a “base realloca-
tion” that redirects funding “to support the 
completion of Phase I of a four-year project 
to decommission the LORAN-C radio-naviga-
tion system. The personnel and Operating 
and Maintenance (O&M) savings will be 
reinvested in the Coast Guard base funding 
to apply towards closure costs for this project 
over the next four years.”

Apparently reflecting a different reading 
of the research and recommendations cited 
earlier, the USCG budget brief states, “Based 
on numerous studies, solicitations to modal 
partners, and public comment, all of which 
found LORAN-C is neither necessary, nor cost 
effective, to meet the nation’s positioning, 
navigation or timing requirements. With no 
requirement or clear need for LORAN-C, dis-
establishing the system demonstrates sound 
stewardship of the nation’s resources. 

Decision by 
Inaction?

This growing technical 
consensus, however, has 
not yet secured Loran’s 
future. In fact, until 
recently, quite the opposite 
has occurred. Loran has 
not been included in pres-
idential budget proposals 
since 1994. The 2005 
Federal Radionavigation 
Plan (FRP) notes that 
both the FAA and the U.S. 
Coast Guard (USCG) had determined that 
those agencies had sufficient backups in 
place to take care of aviation and maritime 
users, respectively, in case of a GPS failure.

Despite its routine absence from admin-
istration budget proposals, Loran has been 
rescued by congressional advocates who have 
provided $160 million since 1997 to enhance 
the Loran system and conduct research to 
make eLoran a viable backup to GPS. Those 
funds have helped modernize and add to 
the network of Loran transmitters that cover 
the United States, equipping every station 
with three cesium clocks, while encouraging 
miniaturization of Loran receiver technology 
able to use new all-in-view techniques that 
provide positioning and timing accuracy 
approaching that of GPS.

The 2005 FRP stated that DoT in coor-
dination with DHS, “will make a decision 
regarding the future of the Loran system by 
the end of 2006.” No such decision has been 
made, but the USCG commandant zeroed out 
Loran in the agency’s proposed 2007 budget 
anyway.

In place of a decision, on January 8, 
2007, DoT posted a request for public com-
ments in the Federal Register, noting, “The 
Department of Transportation in coordina-
tion with the Department of Homeland 
Security is considering the need to continue 
to operate or invest in the North American 
LORAN-C Radionavigation System beyond 
fiscal year 2007. 

“Future investment decisions might 
include:  Decommissioning the LORAN-C 
system, maintaining the LORAN-C system 
as currently configured, or developing a 

fully deployed Enhanced LORAN (eLORAN) 
system. Contributing factors to these deci-
sions are (1) whether the Global Positioning 
System (GPS) and other available back-up 
systems are adequate for the public’s navi-
gation and timing needs, thus making the 
LORAN-C system redundant, and (2) whether 
the eLORAN investments made to date pro-
vide enhancements that now merit consider-
ation as a complementary capability to GPS, 
and not merely as a GPS back-up.”

Growing Chorus of Support
As this newsletter went to press, nearly 1,000 
comments had been filed — overwhelmingly 
in favor of continuing and upgrading the 
system. Support has come from the Radio 
Techncial Commission for Maritime Services, 
the Aircraft Owners and Pilots Association 
(AOPA), the European Group of Institutes 
of Navigation (EUGIN), and the General 
Lighthouse Authorities of the United Kingdom 
and Ireland (which has recently issued an 
RFP to continue testing and development of 
eLoran).

While most of the comments came from 
the navigation community, Sprint Nextel 
waded into the discussion on behalf of 
precise timing users. Like many telecom 
providers, Sprint Nextel uses GPS (with Loran 
backup) to provide an accurate primary fre-
quency reference source (PRS) for synchro-
nizing its network.

“Today, LORAN provides an independent, 
redundant system that has no common mode 
failures with GPS, can be used in dense urban 

Loran, continued on page 23
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NAvIGAtIoN NoveltIes

What’s New in the PNT World?

Doggone GPS

Cars, criminals, cargo containers, kids. 
What’s left to track?

Well, hunting dogs, for one. At least, that’s 
the hope of Garmin International, which has 
added the Astro GPS Dog Tracking System to 
its wide-ranging portfolio of products. 

Introduced at this year’s Consumer 
Electronics Show and expected to reach the 
marketplace in the second quarter of this 
year, the Astro system has two components: 
the dog’s transmitter (called the DC 20) and 
the user’s handheld receiver (named the 
Astro 220). The DC 20 is mounted into a 
lightweight neoprene harness that straps to 
the dog’s collar, around its chest, and behind 
its front legs. Users can also thread the unit 
directly onto a standard one-inch collar so 
that the unit fits on the back of the dog’s 
neck.

Once the transmitter and receiver acquire 
a GPS signal, the receiver automatically lets 
users know the location of their dog. The 
unit features a dog page that shows the pre-
cise direction and distance to a dog — even 
indicating if the hound is running, sitting, 
on point, or treeing quarry.

For those who hunt not with single dogs 
but packs, the Astro can track up to 10 dogs 
per receiver at once and get location updates 
as often as every five seconds. In flat, unob-

structed terrain, the transmitter and receiver 
have an effective range of up to five miles, 
according to the company.

A map page illustrates where a dog is 
and has been in relation to the hunter and 
allows hunters to determine if they have cov-
ered nearby ground. For more detail, hunt-
ers can download their waypoints and tracks 
as well as their dog’s tracks to a variety of 
mapping programs for post-hunt analysis.

The Astro has a card slot that allows 
users to insert optional pre- programmed 
topo maps or road maps, including direc-
tions to motels, gas stations, restaurants, 
and even veterinarians. 

Hunters can even use the system to cal-
culate the acreage of a piece of property or 
the exact size of a food plot. The unit has 
location-specific sunrise/sunset and moon-
rise/moonset tables (for determining legal 
hunting hours) and a hunting and fishing 
calendar that suggests the best times to be 
out in the field.

So, what’s left to chance and the hunter? 
Target-ranging and projectile-guidance 
systems — at least for now. Options for the 
Fido system of the future, no doubt.

Oh, and don’t forget to bring along the 
dog food.

Will It Rain on My Parade?
The XM satellite radio company and Bushnell 
Outdoor Products have announced plans to 
bring out a portable navigation device that 
will provide real-time weather data integrated 
within a GPS map environment.

Scheduled for release this summer, the 
ONIX 400 has the ability to layer weather 
information on the screen along with aerial 
and satellite photos and topography maps, 
according to Bushnell. The company already 
has a 12-channel, WAAS-enabled ONIX 200 
on the market that can download georefer-
enced imagery from its website.

The addition of XM’s fee-based WX 
weather data service and XM Radio into the 
handheld device is designed for outdoors 
enthusiasts.

Navigation 
from the 
Ground Up

Forget about 
indoors GPS, if 
they can make 
this one work …

Shoe designer Isaac Daniel says his 
company plans to bring out a line of GPS-
equipped footwear with a covert alarm 
locator that users activate in emergencies. 
Incorporating a wireless GSM modem/anten-
na and other sensors, the shoes intended for 
athletes, military and public safety personnel, 
Alzheimer’s patients, and lost children.

Only thing is, the illustration of the 
shoes’ design (viewable on-line at http://
www.isaacdaniel.com/fele.htm) shows the 
antenna mounted in a cavity on the bottom 
of the shoe. Best reception presumably will 
come when the wearer is upside-down, for 
example, in a ditch.

According to the company, the Compass 
Global 1000 Inventors Limited Edition will 
be offered as a limited edition of 1000. 
Question for GPS inventors: How will the 
Global 1000 work under normal — wearer 
upright — conditions?

Garmin brought out a line of GPS prod-
ucts last year for runners and other athletes. 
However, the units — which look like 
oversized wristwatches — at least are worn 
on the arm where satellite signals can be 
received more readily.

This could be the greatest thing since 
Digital Angel proposed an injectable, subcu-
taneous GPS tracking system a few years ago 
(still to appear in stores anywhere). ◆
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All ION student members 
completing a graduate degree 
program with an emphasis in 
GNSS technology, applications, 
or policy are eligible. 

The award includes a $2,500 
honorarium and a plaque. 

The Parkinson Award is 
presented to an outstand-
ing graduate student at 
the International Technical 
Meeting of the ION Satellite 
Division in September. 

For complete application 
details, go to www.ion.org.

The system consists of three components:
• locator transmitters worn by each first 
responder or individual to be tracked;
• reference unit receivers that define the 
operational geometry and communicate 
with each other, the locators, and the base 
station; and
• incident commander’s base station 
that displays results in an operationally 
useful manner.
The figure above provides an overview 

of the envisioned precise personnel locator 
system being developed. 

WPI’s solution is based upon the use 
of an unmodulated wideband orthogonal 
frequency division multiplexing (OFDM)-
like signal that the researchers have named 
multi-carrier wideband (MC-WB). They have 
developed superresolution range estimation 
algorithms similar to those employed in 
advanced radar systems in order to process 
the multiple discrete carriers, which are com-

bined to form a wideband signal.
First responders would wear the mobile 

locator units, which continuously transmit 
the MC-WB signals that are received by the 
reference units. Employing time difference 
of arrival (TDOA) techniques and associated 
multi-lateralization algorithms, the reference 
units determine the position of the locator 
with respect to an auto-generated coordinate 
system. A data communication channel 
relays this information to a command post 
console that displays the current position of 
all transmitters

WPI will host a technology workshop on 
the subject August 6–7. The workshop will 
provide a forum for researchers and devel-
opers to share technical knowledge and to 
define the state of the art with regard to the 
emergency response situation. 

Details can be found at the website 
<http://www.ece.wpi.edu/Research/PPL/
Workshops/2007/>. ◆

The University of Calgary, Canada; 
Space Representative: Jim Simpson, 
NASA Goddard Space Flight Center; 
Air Representative: Mitch Narins, 
Federal Aviation Administration; Land 
Representative: Ms. Patricia Doherty, 
Boston College; Marine Representative: 
Dr. Lee Ott, OMNISTAR, Inc. 

The following committee chairs were 
elected:

Nominating Chair: Mr. James 
Doherty, Institute for Defense Analyses; 
Finance Chair: Mr. Len Jacobson, Global 
Systems & Marketing; Membership 
Chair: Dr. Dorota Grejner-Brzezinska, The 
Ohio State University; Fellow Selection 
Chair: Dr. Gérard Lachapelle, University 
of Calgary, Canada; Technical 
Committee Chair: Dr. Christopher 
Hegarty, The MITRE Corporation; 
Publication Chair: Dr. Boris Pervan, 
Illinois Institute of Technology; Meeting 
Chair: Dr. Frank van Graas, Ohio 
University; Awards Chair: Dr. Todd 
Walter, Stanford University; Bylaws 
Committee Chair: Mr. Douglas Taggart, 
Overlook Systems Technologies; Sections 
Chair: Dr. Clark Cohen, Consultant. ◆

Officers, continued from page 1

Tracking, continued from page 1
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corporate 
Profile

Sarantel 
Sarantel is a world-class manu-
facturer of miniature anten-
nas based on its revolutionary 
PowerHelix™ filtering antenna 
technology.

From humble beginnings, the 
company has grown significantly. 
Founded in 2000 as a VC-funded 
technology spin-off headquar-
tered in a garage, the company 
now employs over 100 in loca-
tions across the globe. In 2004 
the European Tech Tour identified 
Sarantel as one of the Top 25 
high growth technology compa-
nies in the U.K. In March 2005, 
Sarantel floated on the London 
Stock Exchange’s AIM market, and 
in August 2005 Sarantel shipped 
its one-millionth antenna.

In addition to world-class 
manufacturing facilities and 
know-how, Sarantel has devel-
oped an intellectual property 
portfolio comprising over a dozen 
core patents with hundreds of 
international filings on the 
design and production of dielec-
trically loaded antennas.

Sarantel PLC is headquartered 
in Wellingborough, England 
and has offices in Asia and the 
United States. <http://www. 
sarantel.com>

mower competition is still growing, it might 
be time for other Sections to participate, per-
haps by running some qualifying rounds. 

Building Alliances
One final activity that I should mention is my 
representation of the ION at three interna-
tional meetings during my tenure. I attended 
the European Navigation Conference (ENC) 
GNSS 2005 (July 2005, Munich, Germany), 
ENC GNSS 2006 (May 2006, Manchester, 
England), and the 12th Congress of the 
International Association of Institutes of 
Navigation (IAIN, October 2006, Jeju, South 
Korea). My goals were twofold: to discuss 
navigation-related issues with the leadership 
and members of other organizations and to 
determine if these meetings were competi-
tion for us or opportunities for partnership. 
Additionally, as part of my day job at the 
Institute for Defense Analyses (IDA), I partici-
pated as a panelist in the February 2006 GNSS 
Satellite Navigation Summit in Munich. 

During the Summit and the ENC GNSS 
2006, I participated with ION Executive Vice 
President John Lavrakas in supporting his 
ION Council–approved exploratory discus-
sions about partnering with one or both of 
these organizations. Suffice to say, I believe 
our Institute continues to run the meetings 
of choice globally in the navigation and 
GNSS communities. However, I think several 
of these events are ascending in quality and 
believe there is merit in further partnership 
with either or both of these organizations. 

Clearly, the ENC-sponsored meetings are 
meetings of peer organizations (European 
Group of Institutes of Navigation, or EUGIN), 
but each year it has a different sponsor, 
different venue, and different schedule. 
Continuity in any partnership program 
would probably have to be provided by the 
ION. However, the Summit tends to take on 
substantive issues in its panels, is run every 
year at the same venue by the same orga-
nization, and its program goals of fostering 
better alignment of GNSS services for all 
users seem to be most compatible with those 
of the ION, particularly the Satellite Division. 

The Executive Committee approved con-
tinued exploration of these partnerships. I 
support John’s efforts and believe it is in the 

best interests of the ION to consider partner-
ing with one or both of these organiza-
tions/events. During my year as immediate 
past president I would be willing to assist in 
furthering new initiatives in this area. 

As I complete this term of office (June 
2005–January 2007), I first offer my sincere 
thanks to the members of the Institute for 
placing their trust in me. I also thank the 
officers, Council, and Executive Committee 
for their support of the continuing programs 
and activities, as well as the new initiatives, of 
our Institute.

I was honored to serve with Penny Axelrad 
on the Nominations Committee. It was both 
delightful and difficult to arrive at the excel-
lent slate of nominees for 2007 ION officers 
that she presented to the membership. I can 
assure you that you have a tremendously 
talented and capable new president in John 
Lavrakas. The ION membership has also 
elected an outstanding new set of officers and 
Council to work with him. I wish them all the 
best and feel most confident in turning over 
the deck and conn to John and his team. 

Finally, one of the greatest treasures of 
this organization is our National Office—for 
those elected to leadership positions or 
volunteering as committee, meeting, and  
section chairs, the members of our National 
Office staff provide outstanding support, 
encouragement, and those all-important 
reminders that help us perform our duties. 

Thank you again for the opportunity to 
serve the Institute of Navigation and for your 
trust and support.  ◆ 

President, continued from p. 3

Mikel Miller (left) and Jim Doherty at NTM 2007
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Outreach, continued from page 5

Additional information on Project SMART 
and many other construction photos are 
available at <http: www.ccsd.edu/ffms/tech/
Extra.htm>. 

Construction supplies/materials and 
staff and consultant costs are the primary 
expenses that the program continually needs 
to meet. The cost of the hangar construction 
is estimated at approximately $40,000. 

More to do
The Felix V. Festa Middle School MST project 
is one example of where the ION K-12 out-
reach program has provided support. In the 

RIN Becomes 
Permanently 
Royal
The Royal Institute of Navigation (RIN), 
the counterpart to the ION in the United 
Kingdom, has relaunched itself under a 
Royal Charter, which gives the 60-year-
old institute a permanent status under 
the British monarchy.

Until recently the RIN has been “royal 
by decree,” meaning that it could have 
lost the “Royal” in its name whenever 
the monarch changed. With the grant 
of a Royal Charter, the institute becomes 
royal in perpetuity and takes its place 
alongside other British national insti-
tutions, from the Royal Aeronautical 
Society to the Royal National Institute 
for the Blind and the Royal National 
Lifeboat Institute.

RIN’s leadership aims to use its new 
status to raise the profile of navigation 
in government, in academia, in every-
day life, and internationally among the 
world’s professional navigation societies. 
To mark the relaunch, the RIN is under-
taking a thorough rebranding exercise, 
beginning with its website, www.rin.
org.uk. The RIN’s academic Journal of 
Navigation will move from three to four 
issues per year, and during 2007 will 
begin production in full color.

David Broughton serves as director 
of the RIN’s staff. Professor David Last, 
of the University of Wales’ School of 
Informatics, is the organization’s current 
president. HRH Prince Philip, The Duke of 
Edinburgh, is RIN’s patron.

future, this area will continue to receive the 
attention of the ION Outreach Committee, 
which has been recommended for reclas-
sification as an ION standing committee (see 
accompanying notice). If ION members are 
aware of a K-12 education program worthy 
of ION support, feel free to contact your local 
ION Section, the ION Council, or the ION 
Outreach Committee. 

Interested ION members may contact 
Dr. Chris G. Bartone, Chair, ION Outreach 
Committee, <bartone@ohio.edu>, 740-
591-1660. Alan Horowitz, Director of Special 
Projects for the Clarkstown Central School 
District, may be contacted by e-mail at 
<ahorowitz@aol.com> or by phone at 914-
419-9297 or 845-786-3692.  ◆

Festa Middle School boys and girls completing the 
transmission cover. 

A couple of would-be helicopter pilots try out the newly 
installed seats.
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the Institute of Navigation (ION) will stage 
the 4th Annual Autonomous Lawn Mower 

Competition May 31 through June 2 in Dayton, 
Ohio. Corporate sponsors and competitors are 
invited to take part. Entry deadline is April 20.

Sponsored by the ION’s Satellite Division 
and administered by the Dayton Section of the 
ION, the goal of the competition is to design 
and operate an autonomous unmanned lawn 
mower using the art and science of navigation 
to rapidly and accurately mow 
a field of grass. The winning 
team is based on the team 
with the highest total score: 
80 percent of the score is 
based on the mowing com-
petition and the remaining 
points on a presentation and 
report prepared by each team.

A new category of competition has 
been added this year. Operations on a Static 
Autonomous Mowing Field is similar to the 
past competitions with two obstacles sited on 
a rectangular field. The new event takes place 
on a Dynamic Autonomous Mowing Field: an 
L-shaped section of lawn occupied by a moving 
obstacle.

Five schools competed in 2006 with Ohio 
University taking home an $8,000 first-place 
prize. Cash awards will be presented to the top 
three teams in each category. The size of this 

year’s prizes will depend on the amount of the 
sponsorships raised.

Organizations or individuals interested in 
sponsoring this year’s event should contact: 
Mikel Miller, phone: 937-231-0993, e-mail: 
<Mikel.Miller@wpafb.af.mil>, or Jacob 
Campbell, 937-255-6127, ext. 4154, <jacob.
campbell@wpafb.af.mil>.

Team technical presentations will take place 
on Thursday, May 31. Inspection and qualifica-

tions will be done on Friday, 
June 1. The main competition 
will take place on Saturday, 
June 2. Teams must present 
on Thursday and qualify on 
Friday to be eligible for com-
petition on Saturday.

Travel assistance is avail-
able for the first five registered teams. Assistance 
is based on travel distance to the competition, 
up to $2,000 per team.

The winning teams will also be given an 
invitation to display their lawn mowers during 
the ION GNSS 2007 conference and will have 
the opportunity to make a 20-minute presenta-
tion on their autonomous lawn mower design.

For further details, including the competi-
tion itinerary, view website at <http://www.
automow.com/> or contact Mikel Miller, phone 
937-231-0993, e-mail <Mikel.Miller@wpafb.
af.mil>.

cAleNdAR
APRIL 2007 
2–4: The 2007 Joint Navigation 
Conference, Rosen Centre Hotel, 
Orlando Florida 
Tel: +1 703-383-9688 
Fax: +1 703-383-9689 
Web: www.jointnavigation.org

4–5: Space Weather Enterprise 
Forum, Hotel Washington, 
Washington d .C .
Contact:  Hotel Washington  
Tel: +1 202-638-5900 
Fax: +1 202-638-4275 
Web: www.infonetic.com/tis/swe 

23–25: ION 63rd Annual 
Meeting, Royal Sonesta Hotel, 
Cambridge, Massachusetts  
Contact: The ION  
Tel: +1 703-383-9688 
Fax: +1 703-383-9689 
Web: www.ion.org

MAY 2007 
6–12: RTCM Annual Assembly 
2007, Trade Winds, St . 
Petersburg, FL  
Contact: Mr. Robert Markle   
Tel: +1 703-527-2000 
Fax: +1 703-3351-9932  
Web: www.ion.org

May 29–June 1: The European 
Navigation Conference — ENC-
GNSS07, Geneva International 
Conference Center, Geneva, 
Switzerland   
Contact: Mr. Ted Byrne    
Tel: + 41 32 720 0900
Fax: +1   41 32 720 0990
Web: www.TimeNav07.org

28–30: 14th Saint Petersburg 
International Conference on 
Integrated Navigation Systems, 
St . Petersburg, Russia 
Contact: Dr. George T. Schmidt
Tel: +1-617-258-2393
Fax: +1-617-258-2333
E-mail: ed@draper.com
Web: www.elektropribor.spb.ru

SEPTEMBER 2007 
25–28: ION GNSS 2007, Fort 
Worth Convention Center, Fort 
Worth, Texas 
Contact: The ION  
Tel: +1 703-383-9688 
Fax: +1 703-383-9689 
Web: www.ion.org

entries requested

Autonomous Lawn  
Mower Competition

environments, and is a proven technology 
with an established user base,” Sprint Nextel 
wrote. “With no such redundancy, telecom-
munications consumers could be adversely 
affected. Thus, DOT and DHS should retain 
the LORAN system, or at a minimum, ensure 
that eLORAN continues to be available as 
a back-up system for providing both a (a) 
precise frequency suitable for use as a telecom 

PRS and (b) UTC time-of-day functions. Most 
importantly, a combined GPS and LORAN sys-
tem outperforms what GPS can do alone. The 
U.S. Government should therefore continue to 
recognize [Loran’s] important complement to 
the functioning of GPS.” 

The deadline for comments on has been 
extended to March 30. Comments may be 
submitted (and other comments reviewed) 
on-line at the DoT Docket Management 
Facility <http://dms.dot.gov>.  ◆

Loran, continued from page 18
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