
As a result, the 2008 FRP provides 
a much richer resource than previous 
versions. 

Issued under the signatures of rank-
ing officials at the U.S. departments of 
transportation, defense, and homeland 
security, preparation of the FRP is coordi-
nated with other civil federal agencies by 
the Department of Transportation (DoT) 
Research and Innovative Technology 
Administration (RITA). 

The expanded document reflects the 
priorities and policy direction from the 
U.S. Space-Based Positioning, Naviga-
tion (PNT), and Timing Policy issued 
in December 2004 as National Security 
Presidential Directive 39 (NSPD-39). 
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2008 Federal radionavigation 
Plan: a thicker, richer Work  
in Progress

The first thing that you notice is, this 
is a big document: the 2008 Federal 

Radionavigation Plan (FRP).
Compared to its 2005 predecessor, this 

foundational document — which reflects 
the official radionavigation policy and 
planning for the federal government — is 
150 percent larger (183 pages versus 72 
pages for the previous version).

Addition of three new sections — 
roles and responsibilities, radionavigation 
system user requirements, and extensive 
appendices covering geodetic datums, ref-
erence systems, system parameters, and 
description — account for much of the 
bulked up qualities of the new FRP. Plus 
the 2008 version offers 16 figures and 19 
tables, compared to a mere 3 figures in 
the 2005 document.
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From the outgoing 
ion President 
dr. chris hegarty  

Revamped Website with Video 
Tutorials, Membership Drive 
Marked 2008

The Purpose of The ION®

Founded in 1945, The Institute of 
Navigation is the world’s premier non-
profit professional society dedicated 
to the advancement of the art and 
science of positioning, navigation and 
timing. 
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Newsletter Editor: Glen Gibbons

Serving as The Institute of Navigation 
president this past year has been a 

tremendously rewarding experience. My 
sincere thanks to the national office staff, 
council members, and other volunteers 
who contributed to ION’s many successes 
in 2008.

Notable ION events during my tenure as 
president include:
• Well-attended International Technical 

Meeting, co-sponsored PLANS, and 
GNSS conferences.

• Spring 2008 membership survey.
• Highly successful fifth annual ION 

Robotic Lawnmower competition  
June 2008. 

• ION’S first video tutorial featuring 
Stanford University’s Dr. Per Enge in 
a four-part “Basics of Satellite Naviga-
tion.” Enge is an ION past president and 
Kepler Award winner.

• Planning for a second video tutorial on 
inertial navigation with Ohio University’s 
Dr. Frank van Graas.

• Selection of Dr. van Graas, ION past 
president and Kepler Award winner, 
for the 2008-09 ION Executive Fellow-
ship at the Department of Homeland 
Security. 

• Revamped ION website, with better 
navigation and a modernized look- 
and-feel, overseen by IT manager  
Rick Buongiovanni.

• A newly created position at the national 
office to build membership acquisition, 
retention, and referral programs.

• ION facilitated and the Air Force  
Research Lab Munitions Director-
ate sponsored an October 2008 
workshop,”GNC Challenges for Minia-
ture Autonomous Vehicles.”  
(See article in summer 2008 ION 
Newsletter.)

• ION and Joint Service Data Exchange 
agreed to continue our co-sponsorship 
of the spring Joint Navigation Confer-
ence (JNC) in 2010. (This year’s first 
cooperative effort for JNC takes place 
June 1–4 in Orlando, Florida.)

• Appointed a curator, Chris Bartone, 
Ohio University, for the Virtual  
Navigation Museum. 

• Leased a new office in Manassas,  
Virginia that the national staff will  
move into this spring. 
The global economic crisis has af-

fected everyone, and The Institute of 
Navigation is not immune. I’m happy to 
say that we are still in excellent fiscal 
shape, even though our investments have 
taken a significant loss in recent months. 
Going forward, of course, we have to 
watch expenses

Congratulations to Mikel Miller, in-
coming president, and the other incoming 
elected officers. I look forward to working 
with you as immediate past president!
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From the incoming ion  
President – dr. mikel miller  

I am deeply honored to serve as president 
of The Institute of Navigation – an organi-

zation I’ve been passionate about for over 20 
years. It is a privilege to be associated with a 
professional society comprised of so many 
talented members and I can’t wait to see what 
we will accomplish together this next year. 
Before I present my goals, I want to thank 
Chris Hegarty for his excellent work this past 
year — I can only hope to do as well. Thanks 
to his efforts and those of the National Office, 
I inherit an organization reaching out to the 
professional positioning, navigation, and tim-
ing (PNT) community through world-class 
conferences and educational outreach op-
portunities. This was reaffirmed in Anaheim, 
California during our recent International 
Technical Meeting, which drew more than 
330 participants.  
Special thanks go to the hard work of our 
general chair, Jim Simpson and our program 
chair, Pat Doherty. As Pat assumes the job of 
general chair, Dr. Paul Kline from Honeywell 
will succeed her as our 2010 International 
Technical Meeting program chair. Finally, 
thanks to all the session chairs, authors, and 
volunteers who helped make this year’s event 
such an incredible success.

In serving as ION president this coming 
year, I have a packed agenda with several new 
goals for our organization. First and foremost, 
we are a membership-based organization, and 
to ensure our continued success, I am intent 
on increasing our membership by a minimum 
of 10% — with a primary focus on corporate 
membership. To help kick-start this, we will be 
introducing some new membership market-
ing programs throughout the year and you 
can expect to see more information regarding 
these from the National Office. 

Second, I hope to see an increase in inter-
national participation in ION activities, as well 
as an increase in our international visibility. 
We should all strive to increase the prestige 
and recognition of ION as the world’s premier 
resource on issues related to PNT.

Third, I am actively seeking opportunities 
for ION to sponsor or facilitate workshops 

that provide a forum for discussion, debate, 
and the dissemination of information related 
to PNT. Our ION Sections can be a great 
aid here. The newly formed Southeastern 
Section co-sponsored a 3-day workshop last 
October in Florida on GNC Challenges for 
Miniature Autonomous Systems. This event 
was so successful that another workshop is 
scheduled this October in sunny Fort Walton 
Beach, Florida.

And finally, I have a strong commitment 
to further grow our excellent educational 
opportunities and outreach programs for 
the next generation of PNT professionals and 
ION members. I can’t emphasize enough how 
much I’m counting on active Section participa-
tion in supporting these great opportunities. 
I wouldn’t ask for your support without 
providing you mine — and I hope to visit each 
section during my tenure as president. I’ll be 
saving my Canadian trip for the summer... eh.

Some of these goals may seem ambitious, 
but I continue to be awed and inspired by the 
depth and breadth of talent we have in our 
ION membership, and my hope is that you will 
become and remain a part of these efforts. To 
get things off to a great start, I would like to 
share with you the many ION activities we have 
planned for this Spring:

International Partnership for  
Sustainable Development in Navigation 
Science and Technology in Africa
As part of the ION Outreach effort, we are 
sponsoring ION members to travel and teach 
classes for African leaders and scientists. The 
workshops are scheduled for March 23- April 
9, 2009 in Trieste, Italy. We have ION members 
instructing during all three weeks of the work-
shop with a primary goal of educating African 
Professors and students who will in-turn 
provide a knowledgeable GNSS workforce in 
Africa. This knowledge will lead to an enabling 
technology that can make major contributions 
to Africa’s economic growth and societal bet-
terment. Pat Doherty deserves a special “thank 
you” for her vision and passion in making this 
exciting outreach event happen.

Mini-Urban Challenge
New this year, the Institute, the Air Force 
Research Laboratory, and Overlook Systems 
Technologies, Inc., have sponsored a chal-
lenge to high school students to design and 
operate a robotic unmanned car built from 
a LEGO® Mindstorms kit that can accu-
rately navigate through a LEGO® city. This 
competition is modeled after DARPA’s Urban 
Challenge and our first year will involve only 
two Ohio and Florida regions, which will 
hold their competitions this coming May. The 
top winners from each region will be invited 
to compete in the national competition, 
which will be held in conjunction with the 
university-level Sixth Annual Robotic Lawn 
Mower Competition in Dayton, Ohio from 
June 11-13, 2009. We have high hopes for a 
very successful competition that will be ready 
to go the national next year. After a success-
ful competition, the ION will have both high 
school and university level competitions. 
Our next target will be middle-school, and if 
you have a great idea — please let us know. 
In addition to monetary sponsorship, this 
is a great opportunity for our members to 
mentor high school students in the art and 
science of navigation. Please look under 
the “Educational Outreach” tab on the ION 
website at www.ion.org for more informa-
tion. I also want to express my appreciation 
to the vision and leadership skills of our two 
young co-chairs for this monumental task, 
1Lt Carrie New (Southeast Section) and 1Lt 
Casey Miller (Dayton Section). 

The 6th Annual ION Robotic Lawn 
Mower Competition
If we’ve met at a conference and had a 
chance to talk, you know I am passionate 
about this competition! If you happen to 
find yourself in Ohio in June, please stop by 
and see this collegiate level competition to 
design and operate a robotic, autonomous 
lawnmower using the art and science of 
navigation to rapidly and accurately mow a 
field of grass. This event, sponsored by the 
ION Satellite Division, Air Force Research 
Lab and Honeywell, will be held near Dayton, 
Ohio and occur June 11-13, 2009. Cash 
awards will be presented to the top three 
teams. Take the time to visit the ION website 
at www.ion.org for more details on this great 
event. Special thanks go to Dr Jacob Camp-
bell (Dayton Section) for his leadership in 

2009 – A Full Year Ahead 

Miller continued on page 11



Albert Glassman served 

as the ION/AAAS Science  

Congressional Fellow during 2008. 

This is the first of a two-part report on 

his fellowship in the House of Represen-

tatives with Rep. Dana Rohrabacher 

(R-California), member of the House 

Science & Technology Committee. With 

a Ph.D. in engineering from UCLA 

and a J.D. from George Washington 

University, Glassman worked for 

nearly 20 years in private industry 

(including 13 years with Hughes 

Aircraft Company) as an analyst, test 

designer, operator, software developer, 

and manager for space systems and 

mission. Then, for 20 years until his 

retirement in April 2005, he served 

in senior positions with the Defense 

Intelligence Agency, including space 

systems intelligence analysis and 

production. Among specific projects, 

he helped draft President Bush’s 2004 

National Security Presidential Directive 

on Space-Based Positioning,  

Navigation, and Timing.

invaders, various space-related keepsakes, 
a guitar, and a personal trademark — 
surfboards.

After settling into the small cubicle as-
signed to the science fellow, the day typically 
begins by reviewing the latest schedule for 
the congressman, planned activities of the 
House Science and Technology (S&T) Com-
mittee and on the House floor, and, finally, 
my own appointment book and e-mail. (In 
2008, the ION/AAAS Science Fellow sup-
ported the Congressman’s membership on 
the S&T committee.) 

With these reference points, plus various 
ongoing projects and incidental develop-
ments that inevitably arise during office 
hours, the structure of my daily activities 
takes form.

Legislation 
Perhaps the most rewarding accomplish-
ment for a Fellow is to author at least a por-
tion of some legislation that becomes law. 
My opportunity came during consideration 
of HR 6063, the NASA Authorization Act of 
2008 (for 2009 appropriations). 

This is how it came about.
While on travel during Memorial Day 

recess, Rep. Rohrabacher found that 
high-level officials in Germany and Russia 
responded very favorably to his suggestion 
for expanding international cooperation in 
certain space programs. 

Given the apparent international interest 
and seeing no directly applicable language 
in the NASA authorization bill, on personal 
initiative, I drafted a paragraph to encour-
age such cooperation. Following a review by 
the legislative counsel to ensure the proper 
legalese and then approval by the Congress-
man, the paragraph was ready to be offered 
as an amendment to HR 6063. 

My Year on the Hill: 

2008 ION/AAAS Science 
Congressional Fellowship
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EEach morning, people of all ages, sizes, 
dress, and ethnicity scurry off to their 
appointed destinations from the plaza 
outside Federal Center SW metro station in 
Washington, D.C. Some carry briefcases; 
others hold white plastic grocery bags with 
the day’s necessities. Several first dash into 
the plaza coffee shop. 

More pleasant weather brings out a 
lone musician with an empty pretzel jar 
at his feet; nearby professionally dressed 
individuals sit around the plaza’s tables and 
plan their day as they pore over notebooks 
and papers. These images are daily remind-
ers that Congress serves the full range of 
Americans.

My destination lies a few blocks north 
and east: the Rayburn House Office Building 
(RHOB) at 50 Independence Avenue SW 
that contains the offices of about one-
third of the U.S. House of Representatives’ 
members. 

The walk from the plaza by the Botanic 
Garden and on to the RHOB takes me on a 
path through and along gardens with vari-
ous species of trees, shrubs, ferns, grasses, 
and — during much of the year — a 
floral parade. Perhaps these pleasant vistas 
help ensure that Congress always keeps in 
mind the preservation of the Earth and its 
environment.

Upon entering 2300 RHOB, the office 
suite of Congressman Dana Rohrabacher 
(who represents the Huntington Beach, 
California, area), one might glimpse inside 
the Congressman’s office. In addition to 
the usual appurtenances common to the 
quarters of a House member are photos 
of him with Ronald Reagan (for whom he 
had been a speechwriter), memorabilia of 
his time in Afghanistan opposing the Soviet 



ION Newsletter 5 Winter 2008-2009

However, final review of HR 6063 by 
the full S&T Committee took place only two 
days after the recess, which, unfortunately, 
was a few days before the amendment was 
ready. Furthermore, the manager for the bill 
had some amendments to offer on the Floor 
of the House during  general session; so, 
he was not able to include the one from the 
Rep. Rohrabacher. Instead, the Congress-
man arranged for the amendment to be 
offered separately on the House Floor. 

On the day the bill was taken up by the 
House, the Congressman invited me to join 
him on the House Floor. Witnessing the 
incorporation of the amendment as Section 
807 of HR 6063 was a delight. 

 Subsequently, after some tough negotia-
tions between the House and the Senate, 
which had drafted its own version of the 
legislation, the final version of the bill (with 
the original Rohrabacher amendment virtu-
ally unchanged) was sent to then-President 
Bush. With his signature on October 15, 
2008, the bill became Public Law 110-422.

In addition to the amendment on inter-
national cooperation, the Congressman had 
also submitted a few bills in the previous 
session of Congress that were related to 
areas of NASA’s responsibilities. However, 
these had languished in the S&T Commit-
tee’s Space and Aeronautics Subcommittee. 
The challenge for the Fellow was to encour-
age the drafters of the 2008 NASA authoriza-
tion bill to incorporate the main relevant 
elements of the Congressman’s previous 
proposals into the authorization legislation. 
Fortunately, committee staff was largely 
inclined to support this effort.

Other legislative activity of note oc-
curred as well. Quite unexpectedly, Rep. 
Rohrabacher requested that an earmark 
be drafted to assure adequate funding in 
2009 for operation of the planetary radar 
component of the Arecibo Observatory in 
Puerto Rico. (National Science Foundation 
allocations for the radar component were 
becoming critically low, and he viewed the 
radar as a vital element in protecting the 
Earth from asteroids.) The Congressman’s 
legislative assistants, together with the Fel-
low, drafted the measure. However, that bill 
failed to pass the House.

Occasionally, the Congressman would 
decide to deliver a “special order” speech 

— a 5-to-60 minute address to the House 
on any topic of a member’s choosing per-
mitted on certain days after completion of 
legislative business. During my fellowship, I 
was assigned to rework initial drafts of two 
special order speeches.  

One speech dealt with the protection of 
the Earth from asteroids and the need for 
the Arecibo Observatory to support that ac-
tivity. The second addressed various climate 
change concerns. 

Because of conflicts, presentation of the 
former was eventually abandoned. The draft 
of the latter was extensively modified by the 
legislative assistants and the Congressman, 
and, upon delivery, generated considerable 
discussion, particularly on the Internet. 

Science and Technology Committee
The Congressman is a member of two 
subcommittees of the House S&T Commit-
tee: Space & Aeronautics (where he served 
as chairman for eight years) and Investiga-
tions & Oversight. Here my responsibilities 
included helping to prepare the Congress-
man for the committee meetings, which 
generally consisted of a brief overview and 
some questions the Congressman might 
want to pose to the witnesses. (Committee 
staff provided pre-hearing copies of witness 
statements and a set of questions any Mem-
ber might use.) 

During S&T Committee meetings, the 
Fellow usually sits behind the Congressman 
on the dais to assist with any issues he may 
have or other needs that may arise. At times, 
the Congressman would have scheduling 
conflicts with the S&T meetings, typically 
due to a bill of interest coming up on the 
House Floor or a meeting of the Foreign  
Affairs Committee on which Rep. Rohra-
bacher also sits. (This particularly occurred 
with the latter committee’s Subcommittee 
on International Organizations, Human 
Rights, and Oversight, for which the Con-
gressman is the ranking minority member). 

Usually, Rep. Rohrabacher would shuttle 
between the activities as events allowed.  
In addition, whenever a recorded vote was 
called at an S&T meeting and the Congress-
man was involved elsewhere, the Fellow had 
the duty to alert him as soon as possible.

The numerous S&T committee hear-
ings generally were fascinating, particularly 

when celebrity witnesses appeared before 
them. Among the most memorable were 
two full S&T Committee hearings: one in 
March 2008 (in a series commemorating 
the 50th anniversary of House S&T Com-
mittee) and another in July (one in a series 
commemorating the 50th anniversary of 
NASA). 

The March hearing included a single 
witness for the usual two-hour session 
— Bill Gates. The theme of committee 
hearing was “America’s Global Leadership 
in Science and Technology.” The commit-
tee’s press release summarized the event 
as follows: “Microsoft Chairman Bill Gates 
today testified before the House Science and 
Technology Committee on efforts needed to 
strengthen our country’s competitiveness in 
the global marketplace, policies to encour-
age innovation and the role of technology in 
our economic growth.”

The atmosphere of the hearing was, 
in general, very respectful and congenial. 
However, when Congressman Rohrabacher 

had his turn to address the witness, the 
affair became a bit contentious. 

Having heard estimates that Microsoft’s 
workforce included somewhere around 
4,000 foreign technical staff members on 
H-1B visas, the Congressman was con-
cerned whether this visa system was being 
used as Congress intended. 

He went on to question whether such 
a large foreign staff would be taking away 
significant numbers of jobs from equally 
qualified Americans and, in addition, 
would have the effect of driving down wages 
for Americans in similar jobs. Mr. Gates 
responded with his justification, arguing that 

On the Hill continued on page 21

Bill Gates; House Science and Technology Commit-
tee 50th Anniversary Hearing, March 12, 2008.
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glonass
Three GLONASS satellites launched Decem-
ber 25 have begun broadcasting healthy 
navigation signals, according to the Russian 
Space Agency’s Information-Analytical 
Center, bringing Russia’s operational GNSS 
constellation to 20 spacecraft.

With the latest operational satellites in 
place, the global availability of 3D position-
ing capability with GLONASS is approaching 
99 percent. Two additional triple launches 
of spacecraft are scheduled for September 
and December this year. Russia expects to 
have 24 GLONASS satellites on orbit by the 
end of 2009. 

Sergey Revnivykh, director of the Satel-
lite Navigation Department in the Roscos-
mos Mission Control Center, says that a 
flight test of the first GLONASS-K satellite 
toward the end of 2010 will allow Russia to 
evaluate new CDMA signals that it plans to 
broadcast at L1 and possibly L3 frequen-
cies. 

GLONASS will continue transmitting its 
existing FDMA signals for the “unlimited 
future” to provide backward compatibility, 
according to Revnivykh.

Russia continues to build out its 
system for differential correction and 
monitoring (SDCM) of GLONASS and GPS 
satellites. Similar to other space-based 
GNSS augmentation systems, the SDCM is 
designed to provide integrity monitoring, a 
posteriori analysis of system performance, 
and real-time differential corrections to 

provide meter-level positioning accuracy 
and centimeter-level accuracy within 200 
kilometers of the base stations.

The SDCM has nine reference stations 
in operation and calls for another 10, as 
well as two geostationary satellites that will 
transmit integrity alerts and differential cor-
rections at the L-band frequency.

Compass
At the third meeting of the International 
Committee on GNSS (ICG) in Pasadena, 
California, in December, China announced 
plans to launch 3 to 4 Compass (Beidou 
2) spacecraft in 2009 and 11 over the next  
two years. 

Meanwhile, Zhao Xiaojin, an official 
with China’s main space program contrac-
tor says that the country will complete a 
30+ satellite Compass constellation by 
2015. Zhao is head of the astronautics 
department for China Aerospace Science 
and Technology Corporation — a state-
owned entity.

Jun Lu, representing the China Satel-
lite Navigation Project Center, told ICG 
members that results from 18 months of 
observations of the first Compass middle 
earth orbiting (MEO) satellite launch in 
April 2007 indicated a precise orbit deter-
mination of better than 5 meters as well as 
the ability to predict future orbits of better 
than 10 meters over a 24-hour period.

The four rubidium atomic frequency 
standards on board the MEO-1 spacecraft 

Presentations at the third meeting of the International Committee on  
GNSS(ICG-3) in December 2008 and subsequent news reports reflect  
a range of progress on GNSS system developments.

William Lynn, U.S. 
deputy secretary of 
defense

are providing a synchronization with  
Compass system time of about two nano-
seconds, she said.

gPs
The U.S. Senate has approved Presi-
dent Obama’s nomination of Raytheon 
Corporation executive William Lynn to 

become the U.S. 
deputy secretary 
of defense. Among 
other responsibili-
ties as the Defense 
Department’s 
second-ranking 
official, the deputy 
secretary serves as 
the co-chair of the 
Space-Based  
Positioning,  

Navigation, and Timing (PNT) Executive 
Committee (ExCom). 

The U.S. Air Force is in a race against 
the clock to get the new L5 signal on the 
air by August 26, 2009, in order to meet an 
International Telecommunications Union 
(ITU) deadline for securing a preferential 
L5 frequency allocation for GPS operations. 
Failure to do so would give priority  
to whichever GNSS system begins broad-
casting on that frequency after the August 
date, effectively placing the burden of proof 
on latter-day GNSS providers that their 
signals wouldn’t interfere with signals of the 
first system.
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Problems with two generations of GPS 
satellites have pushed the program much 
closer to the deadline.

Currently, the United States has one 
shot at making the deadline: a modernized 
GPS Block IIR-M satellite — IIR-20(M) 
— with an experimental L5 signal payload 
tentatively scheduled for a spring launch. 
(March 24 is one date that has been men-
tioned.) IIR-20(M) had been scheduled 
for launch in June 2008, but detection of 
a suspected faulty component in a Delta II 
rocket during a pre-launch check led to 
postponement of  IIR-M launches until the 
component could be replaced.

Meanwhile, the first satellite in the 
follow-on generation of L5-capable GPS 

spacecraft (Block IIF) — which has met 
lengthy delays in passing environmental 
(temperature and space vacuum) tests — 
probably will not be ready for launch until 
after the ITU deadline passes. Without a 
back-up plan, launch or satellite failure 
with IIR-20(M) would apparently spell the 
failure of GPS to gain unconditional use of 
the frequency.

Europe’s Galileo faced a similar situa-
tion with its signal allocations following a 
disastrous electrical malfunction with its 
first Galileo In-Orbit Validation Element 
(GIOVE) satellite at a production facility in 
Italy. That led the European Space Agency 
(ESA) to contract for a stripped-down 

satellite (GIOVE-A), which could be built 
and launched quickly in order to meet the 
program’s ITU deadline.

GPS modernization plans currently call 
for full operational capability (FOC: at least 
24 GPS SVs) broadcasting the second civil 
signal (L2C) by 2016, L5 by 2018, and the 
new L1 civil signal by 2021.

galileo
In a January 27 presentation to the 
“Growing Galileo 2009” conference, Fotis 
Karamitsos, director of the European 
Commission’s Maritime Transport, Galileo 
& Intelligent Transport unit, said that four 
in-orbit validation (IOV) satellites will be 
launched “around 2010.”

These will be full-fledged operational 
spacecraft and represent the next stage of 
development of the Galileo space segment.

Paul Verhoef, head of the Galileo unit 
for the European Commission Directorate-
General for Transport and Energy, says 
that the EU expects to have contracts for 
building the FOC Galileo system in place 
by this summer. He noted that the target 
date for completion is 2013 and had been 
given to prospective vendors in the Galileo 
invitations to tender (ITTs). “We’ll see if 
and how they will make it.”

The European GNSS Supervisory Agency 
(GSA), which had been charged with over-
seeing development and operation of Gali-

leo under the abandoned public-private 
partnership, will be given a different name 
this year to reflect its altered responsibili-
ties under the public procurement now led 
by the EC and the European Space Agency. 
Verhoef added that about 30 GSA staff 
members will soon be transferred to the 
EC’s Galileo unit.

Meanwhile, despite pointed industry 
encouragement, Verhoef gave no fur-
ther indication on when a final interface 
control document (ICD) will be available 
so that manufacturers know the com-
mercial terms and technical specifications 
for building and selling Galileo-capable 
equipment.

ESA has appointed Prof. Dr. Günter 
Hein to serve as Head of Galileo Opera-
tions and Evolution with duties in Noord-
wijk, Netherlands, and Paris, France. A full 
professor and director of the Institute of 
Geodesy and Navigation (IGN) at Ger-
many’s University FAF Munich since 1983, 
Hein has recently served as ION’s Euro-
pean technical advisor for several years.

With an initial four-year term beginning 
December 1, Hein will report directly to 
René Oosterlinck, ESA’s director of the 
Galileo program and navigation-related ac-
tivities (D/GAL). He will share responsibil-
ity for the evolution of the Galileo system, 
the relation and interoperability of Galileo 
and EGNOS to other GNSSs, preparation of 
the future operational phase of the Galileo 
infrastructure, implementation the related 
“technology actions,” and associated 
activities.

gagan
The Indian government has approved 
the follow-on plan for its satellite-based 
augmentation system — the GPS Aided, 
Geo Augmented Navigation (GAGAN, which 
stands for “space” in Sanskrit). It plans to 
launch the first payload on its GSAT-4 satellite 
in April or May 2009 and a second GAGAN 
payload on GSAT-8 in the last quarter of this 
year, according to Suresh Kibe, satellite 
navigation program manager at the Indian 
Space Research Organization (ISRO).  
A third GAGAN GEO is scheduled for launch 
on GSAT-9 or -10 in 2010.

GAGAN continued on page 11

Image: ICG-3 Talk 12/03/2008 ©Bradford W. Parkinson
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ION ITM 2009: Taking  
GNSS to New Frontiers

The impression that a high-tech capabil-
ity such as a GNSS system benefits and 

is exploited by advanced industrial societies 
more than others is not entirely misplaced. 

A quick glance at the International GNSS 
Service network of monitoring stations 
confirms this. (See accompanying figure 1.) 
Vast swaths of the less developed interiors of 
Africa and South America are devoid of GNSS 
sites used not only for determining global 
scale coordinate systems such as the Inter-
national Terrestrial Reference Frame (ITRF), 
but also for refining local datums, monitoring 
plate tectonics or sea levels, and so forth.

However, as plenary presentations 
and related technical sessions at the ION’s 
International Technical Meeting (ITM) 

2009 revealed, GNSS holds the potential for 
helping solve problems in countries with 
infrastructural environments utterly different 
from advanced industrial nations even while 
allowing the former to leapfrog intermediate 
stages of technology development.

Moderated by ITM 2009 program chair 
Patricia Doherty, director at the Institute for 
Scientific Research at Boston College, the 
plenary topics revolved around the theme, 
“GNSS Technology: A Path to Sustainable 
Economic and Social Benefits for Developing 
Countries.” 

Addresses without Streets
In one eye-opening presentation titled, 
“Getting There without Getting Lost,” Dozie 
Ezigbalike, chief of the Geo-information 
Systems Section, United Nations Economic 
Commission for Africa, revealed how the 
physical reality of African settlement 
patterns precluded the kind of mapping, 
addressing, and route guidance solutions 
taken for granted in European and North 
American nations.

The absence of street networks in most 
rural areas and large parts of African cities, 
for instance, means that a uniform system of 
addressing cannot be based on the means 
of access to residences, buildings, and land 
parcels in “non-cadastral jurisdictions.” 

 Lacking consistent and concise address-
ing systems, laborious descriptions are often 
necessary to identify a location, such as 
shown in the sidebar, “A True Direction to 
Somewhere in Africa.”

“Instead [of streets addresses], we talk 
about ‘situs’ addressing: The precise, com-
plete and unambiguous description relating 
a feature or place of interest to a unique 
location,” Ezigbalike said. 

One common form of a situs address is 
a landmark — use of conspicuous features 
or objects whose location is known and 

places of interest are described relative to 
them, typically as a reference point for giving 
directions. 

Ezigbalike showed an example of an Ad-
dis Ababa city guide that identified destina-
tion points in relationship to landmarks, 
for example, a restaurant described as “off 
Bole Road near the Japanese Embassy’s 
residence.”

Though common in Africa, however, 
landmarks are not suitable for addressing 
purposes because they are imprecise and 
require a priori local knowledge, Ezigbalike 
said. 

One solution to this problem would be 
the use of geographic or Cartesian coordi-
nates to create unique identification of point 
features or distinct locations within parcels. 
Then, GPS devices — especially cell phones 
with built-in GPS receivers — could be used 
for navigation to the address. 

Other aids could be Google’s “My Loca-
tion” technology, which uses cell tower 
ID information to provide users with their 
approximate location and overlays it on a 
digital map to help determine where a user 
is, nearby points of interest, and how to get 
there.

Using a coordinate-based map grid sys-
tem, addresses could have unique numerical 
identifiers for locations. The widespread use 
of mobile phones numbers up to 10 digits in 
some countries have shown that people can 
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handle longish numbers “belonging” to 
them, Ezigbalike pointed out.

The addressing system could use mo-
bile phone towers as “beacons” or location 
code landmarks, then define relative loca-
tion codes based on the local tower rather 
than absolute codes. 

A full location code (address) would 
include the name of locality (town, village, 
suburb, and so on), a tower ID code, 
which the consumer device will receive 
from the communication system transmis-

sions, and two sets of numbers represent-
ing differences in latitude and longitude 
from tower.

The role of the navigation/GNSS com-
munity would be to provide experts in the 
science and mathematics of positioning 
and navigation to work with the Interna-
tional Standards Organization (ISO) to 
develop appropriate standards and advise 
on the format and precision of the codes.  
Other stakeholders, such as mobile phone 
and consumer electronics manufacturers, 
would need to develop affordable devices 
capable of using the new address codes. 
Ezigbalike was contacted by one member 
of his audience, Jules McNeff, of Overlook 
Systems, who suggested that a global 
coordinate-based grid system is already 
freely available that might be adapted to 
provide a solution: the Military Grid Refer-
ence System (MGRS). 

McNeff pointed out that MGRS is based 
on WGS84, the coordinate system used 
by the Global Positioning System. Many 
GPS receivers already contain map display 

options  in MGRS — or its civil counter-
part, the U.S. National Grid — for use in 
positioning and navigation. 

Civil Aviation in Africa:
Constraints & Challenges
A technical session on “GNSS for Global 
Development” continued the exploration 
of GNSS applications in regions where 
the technology is just beginning to make 
inroads. 

Two researchers from Nigeria, Andrew 
Akala, a doctoral student in physics at 
the The Federal University of Technol-
ogy (Akure), and Larry Amaeshi, leader 
of the Ionospheric Research Group at 
the University of Lagos, addressed some 
of the challenges faced by African na-
tions in implementing GNSS for aviation. 
(Their paper was coauthored by Patricia 
Doherty and Charles Carrano, who leads 
the Ionospheric Environments and Impacts 
Group at the Atmospheric and Environmental 

A True Direction 
to Somewhere  
in Africa
Drive past the Village Market in the 

direction of Limuru. Keep going, pass 

the Runda turn off, and you will see 

a junction and road off to the right, 

this is the old Limuru Road, passing 

through Banana Hill, leading on to 

Tigoni and ending up in Limuru. It is 

in a straight line from this junction. 

Proceed along this road, through 

Banana Hill, then another small 

settlement, pass the Norbrook (vet-

erinary products) factory, keep on the 

same road don’t turn off, you now 

see coffee and tea growing on your 

left. Continue on for another 300m 

and you will see a large Bata sign 

(where the road bends) on the right 

hand side and mature trees on the 

left. The turning to the house is here 

on the left directly opposite this big 

Bata sign. If you miss the turning you 

will reach the Kentmere Club 400m 

further on. Turn around and go back 

to the Bata sign and turn in (now 

on your right). The drive is marked 

“Higgin.” Continue up the drive (tree-

lined) to the end where you will find 

a white old colonial house and large 

garden. If you get lost call me. . . .

Homes without streets on the outskirts of Nairobi, Kenya. Nairobi photo by John Storr,  Wikimedia Commons.

ITM 2009 continued on page 10
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Research, Inc., Lexington, Massachusetts.)
Most African countries fall within a equa-

torial/low latitude region in which scintilla-
tion on GNSS signals is most intense due to 
high dynamics of ionospheric irregularities. 
Moreover, Akala pointed out that the total 
electron content (TEC) of the ionosphere 
over this region is usually high. Consequently, 
these atmospheric effects make GNSS receiv-
ers susceptible to ranging errors. 

Guaranteeing safety-critical implementa-
tion of GNSS infrastructure in Africa will 
require enhanced space research efforts 
to match the standard established in Latin 
American and Southern Asia/Australian 
region. 

A second challenge is the need for mod-
ernization and standardization of equipment 
and implementation of an integrity-alert 
system to notify users swiftly about satellite 
failures or signal anomalies.

In a user’s survey conducted by the 
authors at the Murtala Mohammed airport, 
Lagos, Nigeria, in August 2008, most of the 
pilots acquainted with stand-alone GPS re-
ceivers complained about complex receiver 
interfaces and architecture. Coupled with 
cumbersome receiver operations, these com-
plexities often impair pilots’ performance, 
according to the survey.

In order to avert mishaps traceable to 
human-errors, they suggested that the role of 
human/ergonomics factors be expanded in 
GPS receiver certification processes and pilot 
training supplemented with practice (prefer-
ably on flight simulators).

Furthermore, the influence of the conti-
nent’s colonial past may tempt some African 
Countries to embrace Europe’s Galileo 
system, while others may adopt GPS-based 
technology. That led the authors to advocate 
the enforcement of unified standardiza-
tion and certification procedures to ensure 
interoperability of aviation equipment using 
signals from multiple GNSS systems. 

Ingliniit: Inuit Hunters &  
GPS Tracking
Another presentation in the GNSS and Global 
Development track described the progress in 
a three-year-old project to develop, test, and 
implement an interactive GPS tracking system 
for use by Inuit hunters on snowmobiles and 

dog sleds. Given the adverse operating condi-
tions — including temperatures reaching 
-30 degrees Celsius — and unusual require-
ments mandated by the project, the tracking 
system is a work in progress. 

Presented by Kyle O’Keefe, an assistant 
professor of geomatics engineering at the 
University of Calgary, the Igliniit Project is a 
collaborative research project that brings 
together Inuit hunters from Clyde River, 
Nunavut, Canada, with researchers from 
three universities (Colorado, Calgary, and 
Carleton) and undergraduate students from 
the University of Calgary. 

“Igliniit” in Inuktitut, the Inuit language, 
refers to trails routinely traveled by members 
of a community. Changes in igliniit over time 
and space can help researchers understand 

ITM 2009 continued from page 9

Inuit and snowmobile on the trail

a great deal about the environment and Inuit/
environment relationships.

The system consists of a GPS equipped 
PDA (personal digital assistant) and a weath-
er station that automatically logs the location 
of the vehicle every 30 seconds, providing 
geo-referenced waypoints that can later be 
mapped to produce the traveler’s routes. The 
Inuit hunters are also equipped with digital 
cameras to provide geo-referenced visual 
images.  The data logged by the system is 
downloaded and used to create maps that 
integrate the collected data, showing the 
routes of individual hunters, along with the 
geo-referenced observations of the hunters 
and weather conditions.

In addition to tracking, the Igliniit system 
logs weather conditions (temperature, 
humidity, pressure) and observations of the 
environment made by the hunters themselves 
(for example, animals, land features, ice haz-
ards, and place names) through a custom-
ized PDA screen with a user interface that is 
available in English and Inuktitut languages.

According to O’Keefe, the system has a 
number of applications, including tracking 
environmental conditions and changes over 
time, land/sea ice use studies, animal harvest 
and wildlife studies, travel safety, and search 
and rescue.

Weather and the rugged conditions 
under which the system needed to operate 
constantly challenged the researchers. The 
PDA screens began to freeze at around -27 
C. After about a month of deployment, some 
of the cables (power and data) were not 
weathering very well and cracking due to the 
cold temperatures. In one case, a cable was 
chewed by one of the hunter’s dogs.

By May 2008, after a season of sea ice 
travel over rough terrain, the mounting hard-
ware started to fail. Constant, hard bumps 
caused some of the wire connections to fail 
and the GPS cards to dislodge. Later on, 
warmer, wetter conditions proved too much 
for the improvised waterproofing of weather 
station interfaces and these too began to fail. 

Undeterred, the research team refined 
their hardware and software design and 
headed back out on the ice in January.

Note: Patricia Doherty is also co-organizer 
of a workshop on Satellite Navigation Sci-
ence and Technology for Africa, scheduled 
March 23–April 9 in Trieste, Italy. Last May, 
the ION Council approved the funding of 
travel to the conference for ION members 
serving as workshop instructors.

The program consists of formal lectures 
and hands-on practice in GNSS architec-
ture, signal structure, hardware, new ap-
plications and scientific exploration using 
GNSS. The goal is to educate the workforce 
who can exploit GNSS technology for the 
benefit of Africa. In particular, workshop 
presentations will describe space weather 
and ionospheric research activities to help 
initiate space science research programs 
in African universities. u



new ion officers and  
committee chairs

At the conclusion of the ION 2009 International 
Technical Meeting, the gavel was officially passed 

to the newly elected ION officers and committee chairs. 
The election results are as follows: President: Dr. 
Mikel Miller, Air Force Research Laboratory; Executive 
Vice President: Dr. Todd Walter, Stanford University; 
Treasurer: Dr. John Betz, The MITRE Corporation; 
Eastern Vice President: Patricia Doherty, Boston 
College; Western Vice President: John Clark, The 
Aerospace Corporation; Eastern Council Member-
at-Large: Dr. Jacob Campbell, Air Force Research 
Laboratory; Western Council Member-at-Large: 
Frank Czopek, Boeing; Air Representative: Frank 
Lorge, FAA Technical Center; Land Representative: 
Dr. David Bevly, Auburn University; Marine Repre-

sentative: Douglas Taggart, Overlook Systems Tech-
nologies; Space Representative: Dr. Angela Dorsey, 
Jet Propulsion Laboratory.   

The following committee chairs were appointed: 
Nominating chair: Dr. Chris Hegarty, The MITRE Cor-
poration; Finance Chair: Dr. Maarten Uijt de Haag, 
Ohio University; Membership Chair: Dr. Dorota 
Grejner-Brzezinska, The Ohio State University; Techni-
cal Committee Chair: Dr. Todd Walter, Stanford Uni-
versity; Publication Chair: Dr. Boris Pervan, Illinois 
Institute of Technology; Meeting Chair: Dr. Frank van 
Graas, Ohio University; Awards Chair: Dr. Todd Wal-
ter, Stanford University; Bylaws Committee Chair: 
Chuck Bye, Honeywell; Outreach Chair: Dr. Jade Mor-
ton, Miami University. u

September 22-25, 2009
Tutorials: Sept. 21-22, 2009
Savannah International Convention Center 
Savannah, Georgia
Show Dates: September 23-25, 2009

The 22nd InTernaTIonal TechnIcal MeeTIng of The SaTellITe dIvISIon of The InSTITuTe of navIgaTIon

www.ion.org 

Kibe says development continues for 
the Indian Regional Navigation Satellite 
System (IRNSS), with seven to nine satel-
lites (in both geosynchronous and non-
geosynchronous orbits). It will include an 
open standard positioning service (1Mhz, 
biphase skip keying signal) and a restricted 
service — BOC (5,2) signal — at 1176.45 
MHz (L-band) and 2492.08 MHz (S-band).

India is studying the signal structures of 
GPS L2C, L5, and L1C as the basis for the 
IRNSS signal design.

QZss
The Japan Aerospace Exploration Agency 
(JAXA) will launch the first satellite in its 
Quasi-Zenith Satellite System (QZSS) in 
the summer of 2010, followed by a year of 
in-orbit validation. 

Although QZSS will include several open 
signals closely aligned with GPS, two ad-
ditional signals — an L1-SAIF (submeter-
class augmentation with integrity function) 
and an experimental signal (LEX) at 
1278.75 MHz — may be implemented with 
fees charged by a private operator, accord-
ing to Koji Terada, QZSS program manager 
for JAXA.

egnos
Currently in its operational validation 
phase, the European Geostationary Naviga-
tion Overlay Service (EGNOS) will formally 
enter into operations in spring 2009. The 
European Commission will contract an 
operator in April. Similar to the U.S. Wide 
Area Augmentation System (WAAS), EGNOS 
will be certified for safety-of-life operation 
by 2010. u

GAGAN continued from page 7

Miller continued from page 3

growing this competition and making it such 
a great success. 

2009 Joint Navigation Conference
Join us at the largest U.S. military navigation 
conference with joint service and govern-
ment participation. For the first time ever, 
the Joint Service Data Exchange (JSDE) and 
the ION will co-sponsor the Joint Navigation 
Conference (JNC) 2009. This conference will 
take place June 1-4, 2009 at the Wyndham 
Orlando Resort in Orlando, Florida. The 
program will focus on technical advances in 
Guidance, Navigation, and Control (GN&C) 
with emphasis on joint development, test, 
and support of affordable GN&C systems, 
logistics and integration. Due to the nature 
of the conference, participation is restricted 
to Canada, Great Britain, Australia, and the 
United States. Attendees will need to provide 

visit requests in order to attend this “For 
Official Use Only” Conference. 

Wow! How is that for an action-packed 
Spring! Before I close my first letter, I would 
like to welcome the newly elected officers 
and committee chairs. The past election 
resulted in formation of an excellent ION 
Council to guide the progress of the Institute. 
We are also fortunate to have a team of 
enthusiastic and capable meeting organizers 
generating an impressive set of programs for 
2009. Again, I would like to encourage each 
and every one of you to actively participate 
at the local and national levels. Let us know 
what you like, what you don’t, and how we 
can better serve your professional needs. I 
can’t wait to visit your local Sections and see 
the incredible work you’re accomplishing for 
the ION and the GNSS community!

Take care,
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2009 International Technical Meeting
This year’s International Technical Meeting, (ITM) held in Anaheim, California, focused on 
GNSS technology and the sustainable economic and social benefits it has for developing 
countries. The meeting was attended by more than 330 people.

The ITM 2009 program was led by James Simpson, 
NASA Goddard Space Flight Center, general chair and 
Patricia Doherty, Boston College Institute for Scientific 
Research, program chair. The Institute of Navigation would 
like to extend its thanks to them for their considerable 
time and effort and to all the session chairs and other ION 
members whose efforts went into making this meeting  
a success. 

THANK YOU EXHIBITORS!

746th Test Squadron

Cast Navigation, LLC

Boeing

Spirent Federal Systems

NavtechGPS

L-3 Communications  
Interstate Electronics  

Corporation

Inside GNSS

Congratulations  
ION Annual Award Recipients

Dr. Samuel M. Burka 
Award

Dr. Holger G. Krapp
For his paper “Estimation of Self-

Motion for Gaze and Flight Stabiliza-
tion in Flying Insects” published in 

the Summer 2008 issue of NAVIGA-
TION, Journal of The Institute of 

Navigation, Vol. 55, No. 2, pp. 147.

Patricia Doherty, Program Chair; Chris Hegarty, 
ION President; James Simpson, General Chair.

Early Achievement 
Award

Dr. Grace Xingxin Gao 
For contributions to the understanding 
and performance of the new satellite 

signals from Galileo and Compass.

Superior Achievement 
Award

Captain Christopher S. Kapp 
For timely execution and precise 

navigation during operations support-
ing the global war on terrorism and 

standout performance in developing 
cutting edge joint aero-maritime 

rescue procedures.

Captain P.V.H.  
Weems Award
Prof. Gérard Lachapelle 
For sustained contributions to 
advances in the area of naviga-
tion research and development, 
education, and training.

Thomas L.  
Thurlow Award
Dr. Todd Walter 
For contributions to satellite 
navigation, including educa-
tion, aviation applications and 
the mitigation of ionospheric 
effects.

Norman P. Hays 
Award
Leo Eldredge 
For leading the development 
and implementation of the 
Wide Area Augmentation 
System and the Local Area 
Augmentation System.

Distinguished  
Service Award
Dr. Christopher  

Hegarty 
In grateful recognition  
of his leadership and  

achievements on behalf  
of the Institute.



Highlights

Fellow Nominations

Members are encouraged to submit 
nominations for one or more of the 
following annual awards given by  
The Institute of Navigation for excel-
lence in navigation. 
u Early Achievement Award 

— for an individual early in his 
or her career who has made an 
outstanding achievement in the 
art and science of navigation. 

u Norman P. Hays Award — 
for outstanding encouragement, 
inspiration and support leading to 
the advancement of navigation.

u Superior Achievement 
Award—for individuals making 
outstanding contributions to the 
advancement of navigation.

u Thomas Thurlow Award — 
for outstanding contributions to 
the science of navigation.

u Tycho Brahe Award—for 
outstanding achievement in space 
navigation. 

u Captain P.V.H. Weems Award 
— for continuing contribu-
tions to the art and science of 
 navigation. Official nomination 
forms, along with brochures on

the background and purpose of  
each award, are available from  
the ION National office by phone,  
703-383-9688, or via the Web site at 
www.ion.org. Nominations must be 
received by October 15, 2009.

The awards and accompanying 
engraved bronze plaques will be pre-
sented at the ION International Tech-
nical Meeting, January 25-27, 2010, in 
San Diego, California. The ION® urges 
you to participate in the nomination 
process so deserving individuals from 
the navigation community will receive 
appropriate recognition.

In addition to the above awards, 
the winner of the Samuel M. Burka 
Award — for outstanding achieve-
ment in the preparation of papers 
advancing navigation and space 
guidance — as chosen by the editorial 
panel of ION’s journal, NAVIGATION, 
will be honored. 

Address correspondence to Awards 
Committee, The Institute of Naviga-
tion, 3975 University Drive, Suite 390, 
Fairfax, VA  22030, phone: 703-383-
9688; fax: 703-383-9689; e-mail: 
mlewis@ion.org. 

Nominations for ION® fellows may 
be submitted by currently active 
Institute of Navigation members. All 
nominations must conform to ION® 
nomination guidelines as outlined on 
the nomination form. Nominations 
must include a brief biography and 
proposed citation. 

Details of the nomination process 
and forms are available at www.ion.
org. Nominations must be received by 
October 15, 2009, to qualify. 

Election to Fellow member-
ship recognizes the distinguished 
contribution of ION® members to 
the advancement of the technology, 
management, practice and teaching 
of the arts and sciences of navigation, 
and/or for lifetime contributions to 
the Institute.

Former members of the ION® 
who are not currently active members 
of the organization may be elected to 
non-voting Fellow membership. 
Election to Honorary Fellow member-
ship is authorized for non-members 
of The Institute of Navigation who are 
qualified by their accomplishments 
for recognition as a non-voting Fellow 
member. Members of other national 
institutes of navigation are also con-
sidered in this category.

Kindly address any correspon-
dence to Fellow Selection Committee, 
The Institute of Navigation, 3975 
University Drive, Suite 390, Fairfax, VA 
22030, fax: 703-383-9689, e-mail:  
mlewis@ion.org.

Annual Award 
Nominations
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Dr. Michael S. Braasch
For contributions to understanding  

of multipath error and its mitigation, 
and for GPS education.

Welcome to the  
ION’s Newest Fellows

election to fellow  membership recognizes the distinguished contributions of 
ION members to the advancement of the technology,  management, prac-

tice and teaching of the arts and sciences of navigation; and/or for lifetime 
contributions to The Institute. Former ION members who are not currently ac-
tive may be elected to non-voting fellow membership. Election to honorary 
fellow membership is authorized for non-members qualified by their accom-
plishments. Members of other national institutes are also considered in this 
category. Details of the nomination process and deadlines can be found at 
www.ion.org.

Dr. Inder J. Gupta 
For contributions to the theory and 
development of adaptive antennas 
for satellite navigation.

ITM 2009 Plenary Speakers — James Simpson, NASA Goddard Space Flight Center (General 
Chair); Kenneth Hodgkins, U.S. State Department; Karen Van Dyke, U.S. Dept. of Transportation/
Volpe Center; Dr. Dozie Ezigbalike, United Nations Economic Commission for Africa; Bertram 
Arbesser-Rastburg, ESA, The Netherlands; Ruth Neilan, Jet Propulsion Laboratory; Mikael Lilje, 
International Federation of Surveyors (FIG) Sweden; Patricia Doherty, Boston College Institute for 
Scientific Research (Program Chair)
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Among other things, the policy directive 
established the new Space-Based PNT 
Executive Committee and the associated 
interagency National Coordination Office.

The FRP addresses the following 
systems: GPS and its augmentations, long 
range navigation (Loran), tactical air 
navigation (TACAN), instrument landing 

system (ILS), microwave landing sys-
tem (MLS), aeronautical nondirectional 
beacons (NDB), very high frequency (VHF) 
omnidirectional range (VOR), and distance 
measuring equipment (DME). Given its 
emergence over the last 15 years or so as 
the world’s pre-eminent PNT system, the 
Global Positioning System attracts a consid-
erable portion of attention.

The body of the 2008 FRP is divided 
into five main parts:

Section 1 - Introduction to the Federal 

Radionavigation Plan: Delineates the pur-
pose, scope, and objectives of the plan and 
discusses radionavigation system selection 
considerations.

Section 2 - Roles and Responsibilities: 
Presents Department of Defense (DoD), 
DOT, Department of Homeland Security 
(DHS), and other federal agencies’ roles 
and responsibilities for the planning and 
providing of radionavigation services.

Section 3 - Policy: Describes the U.S. 
policy for providing each federal radionavi-
gation system identified in this document.

Section 4 –Radionavigation System 
User Requirements: Summarizes perfor-
mance requirements for federally provided 
radionavigation services that are available 
to civil users.

Section 5 – Operating Plans: Summa-
rizes the plans of the federal government to 
provide radionavigation systems or services 
for use by the civil and military sectors. 

This chapter also presents the research and 
development efforts planned and conduct-
ed by DoD, DOT, DHS, and other federal 
organizations.

Because the FRP merely codifies the 
current state of policy and planning, some 
sections provide snapshots of work in 
progress or even ambiguities in the status 
of some endeavors. Examples of the former 
include progress on the national differ-
ential GPS system (NDGPS) and efforts to 
implement a PNT interference detection 
and mitigation (IDM) plan. Resolution of 
the need for a backup to GPS and the status 
of enhanced Loran (eLoran) might fit the 
latter category.

NDGPS
After being batted around for more than 
a decade and repeatedly threatened with 
extinction, NDGPS was reconfirmed in 
2008 as part of the U.S. PNT infrastructure. 
Currently 39 U.S. Coast Guard (USCG) and 
nine U.S. Army Corps of Engineers (USACE) 
broadcast sites provide service for mari-
time coverage of the continental United 
States (CONUS), the Great Lakes, Puerto 
Rico, portions of Alaska and Hawaii, and 
portions of the Mississippi River Basin. 

The inland NDGPS segment comple-
ments the maritime DGPS segment and is 
planned to provide dual coverage of the 
CONUS and selected portions of Hawaii and 
Alaska as a combined national DGPS utility. 
Currently 38 DoT sponsored sites in the 
NDGPS network provide single coverage of 
92 percent of the contiguous 48 states and 
provide 65 percent with dual coverage. Full 
coverage by at least two DGPS broadcasts is 
expected to occur no earlier than 2012.

Because the original reference stations 
and integrity monitors are approaching 
the end of their useful life, the USCG is 
implementing a recapitalization project for 
the maritime sites. This project will extend 
system life at least 15 years while also 
providing a substantial increase in perfor-
mance (accuracy and integrity). 

The improvements target the major 
functional components of the system: refer-
ence stations used to calculate and transmit 
pseudorange corrections to properly 
equipped users and the integrity monitors 

FRP continued from page 1

One of the numerous figures illustrating the 2008 version of the Federal Radionavigation Plan shows  
the operation of the worldwide navigational warning service in the 16 NAVAREAs established by the  
International Hydrographic Organization and International Maritime Organization.
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used to check the validity of the transmit-
ted corrections. DoT did not provide 
funding for recapitalization of its NDGPS 
sites in Fiscal Year 2008 (FY08); however, 
the agency recently decided that recapital-
ization of NDGPS is a system priority and 
is developing a funding plan to recapitalize 
as early as FY09.

GPS Interference Detection &  
Mitigation
As for IDM, NSPD-39 directs DHS to  
coordinate domestic capabilities to iden-
tify, analyze, locate, and mitigate sources of 
interference to the GPS and its augmenta-
tions. 

On August 20, 2007, President Bush 
signed an IDM plan detailing the DHS’s 
initial response to the policy implementa-
tion action. In DHS’s words, the plan lays 
the foundation for further planning and 
actions necessary to meet the Presidential 
Policy responsibilities.

At the ION International Technical 
Meeting in January, John Merrill, GIS 
portfolio manager for DHS’s Geospatial 
Management Office, gave a presentation 
evaluating requirements for IDM interfer-
ence reports and creation of a central data 
repository for such reports, which is part 
of the presidential directive’s charge to the 
agency. 

The IDM plan begins with existing 
processes in place for GPS outage report-
ing, tracking, and resolution. These draw 
on the USCG NavCen (all civil non-aviation 
users of GPS), the Federal Aviation 
Administration (FAA) national operations 
center (serving aviation users of GPS in 
the national airspace), and the U.S. Air 
Force’s GPS Operations Center (status of 
GPS Service).

A Central Interference Report (IR) 
database would become the focal point 
of all PNT interference information and 
automatically disseminate data for deci-
sion support while reducing IR informa-
tion distribution delays. One goal would be 
to ensure responses to system queries in 
fewer than eight seconds.

The IDM Central Data Repository would 
build on existing IT capabilities, according 
to Merrill: the FAA Spectrum Engineering 

Tracking System (SETS) graphical user 
interface and the Integrated Common Ana-
lytical Viewer (iCAV) geospatial analysis 
tool. An enhanced geospatial enabling/
visualization tool would provide a standard 
thin-client geographic information system 
interface (based on GIS products from 
ESRI) integrating multiple geospatial 
data sources and providing the ability to 
map, analyze, and view information for a 
mission-specific IDM application. 

DHS plans to continue prototype evalu-
ation and conduct an operational test early 
in 2009, Merrill said. If all goes well, the 
central IR repository would be established 
later this year with the three agencies cur-
rently involved with GPS outage reporting 
later this year and then slowly migrating 
other federal agencies into the system.

GPS Backup & eLoran
Another portion of NSPD-39 requires DHS 
to “develop and maintain capabilities, 
procedures and techniques, and routinely 
exercise civil contingency responses to 
ensure continuity of operations in the 
event that access to GPS signal is disrupted 
or denied.”

The FRP cites the President’s Commis-
sion on Critical Infrastructure Protection 
conclusion that GPS services and applica-
tions are susceptible to various types of 
RFI, as well as a subsequent 2001 Volpe 
National Transportation Systems Center 
report that concludes that GPS has vulner-
abilities for civilian users of the national 
transportation infrastructure.

Although eLoran appeared to have 
been confirmed early last year as a backup 
system for GPS (see article in Winter 
2007- 2008 ION Newsletter) with a fund-
ing commitment from DHS— in line 
with an Independent Assessment Team’s 
recommendation, the 2008 FRP seems to 
leave the system’s status a little uncertain. 
(President Obama’s proposed budget, 
submitted to Congress in late February, 
may have removed the uncertainty — by 
recommending the phase-out of Loran this 
year.)

In the FRP’s policy section describ-
ing the status of a backup system in case 
GPS service is compromised or rendered 

uncertain, however, the FRP says that DoT 
has determined that sufficient alternative 
navigation aids currently exist for aviation, 
commercial maritime, rail, and highway in 
the event of a loss of GPS-based services. 
“[Therefore Loran currently is not needed 
as a back-up navigation aid for transporta-
tion safety-of-life users.”

DoD has issued a similar state regard-
ing its user requirements. 

The FRP continues, “DHS is deter-
mining whether alternative backups or 
contingency plans exist across the critical 
infrastructure and key resource sectors 
identified in the National Infrastructure 
Protection Plan in the event of a loss of 
GPS-based services. An initial survey of 
the Federal critical infrastructure partners 
indicates wide variance in backup system 
requirements. Therefore, DHS is working 
with Federal partners to clarify the opera-
tional requirements.”

Elsewhere in the operating plans 
section, the FRP says, “DHS continues to 
maintain and operate the Loran-C system 
in the short term while converting the 
Loran-C stations to . . . eLoran, subject  
to the availability of funds as required  
by U.S. Law.”

A PDF of the 2008 FRP can be down-
loaded from the USCG Navigation Center 
website: http://www.navcen.uscg.gov/
pubs/frp2008/2008_Federal_Radionavi-
gation_Plan.pdf. u



Phil Ward: From crater lake to texas instruments’ First 
commercial gPs receiver, by ion historian marvin may

Part 1: Plumbing  
the Depths

Crater Lake fills a spectacular caldera 
at the divide of Oregon’s Cascade 

Mountains.  It was formed 7,700 years 
ago during the massive eruption of Mount 
Mazama. Its deep blue waters have been 
impressing visitors ever since. 

With a depth of 1958 feet, Crater Lake 
is the deepest lake in the United States 
and the seventh deepest in the world. 
And, at an elevation of 7,000 to 8,000 
feet at the caldera rim, it is the deepest 
lake in the world that is entirely above 
sea level. 

The six-mile-wide lake has no inlet or 
outlet — it is filled by runoff from one of 
the snowiest areas in the Pacific North-
west and has some of the clearest fresh 
water in the world. 

In 1886, Captain Clarence 

Dutton, who made the first 

measurements of the depth 

of the Crater Lake, observed: 

“It was touching to see the 

worthy but untutored  

people, who had ridden a 

hundred miles in freight-

wagons to behold it, vainly 

striving to keep back tears 

as they poured forth their 

exclamations of wonder 

and joy akin to pain.”

In the mid 
1950s, the United 
States Coast and 
Geodetic Survey 
(C&GS) began an 
ambitious project to 
perform a bathy-
metric survey of this 
natural wonder and, 
in 1959, a young 
ensign named Phil 
Ward was named  
lead navigator for  
this challenging task. 

The recent Texas 
Western College gradu-
ate had, of course, no 
satellite navigation tools to help him out.

But Ward and the C&GS team managed. 
They used careful navigation and more 
than 5,000 echo-sounding measurements 
to create a revealing map that formed 
the basis for understanding Crater Lake’s 
geomorphology.

In the course of the project, they found 
three distinct deep basins and identified a 
platform created by the eruption of Wizard 
Island, a cinder cone on the west side of 
the lake. They discovered the submerged 
Merriam cone and they measured the 
deepest point at 1,932 feet.

Muscular Navigation or Taking  
the Boat Out
Ward accomplished the job using 
visual angular measurements made using 
sightlines to pre-surveyed monuments 
temporarily built along the shoreline and 
permanent features at the top of the crater 
pre-located by photogrammetry 

Each position fix, signaled by the beep 
of a precise electronic timer, required two 
sextant operators to determine the angle 

between a central monument and a left 
monument and the right angle between 
the same central monument and a right 
monument. 

A large three-arm protractor was used 
to plot each fix by locating the intersec-
tion after the two angles were precisely set 
on the two movable protractor arms; the 
point where all three lines of the protrac-
tor intersected their respective monuments 
was mapped on a “boat sheet.”  

The boat sheet contained all of the pre-
surveyed monument locations along with 
pre-planned parallel bathymetric survey 
paths that a small motorboat followed 
during the survey. Every minute and a half, 
fixes were taken, plotted and numbered. 

Again and again, a portable fathom-
eter recorder automatically marked the 
recording chart, and the operator, a sea-
soned civilian from the USC&GS Washing-
ton Office, entered the depth and the two 
sextant readings in a log book. 

Ensign Ward, who had previous ex-
perience with inshore boat surveys in the 
South Pacific while assigned to the C&GS 
chip Pioneer, shot the left angles, plotted 

Phil Ward hand-carrying instruments and supplies down a long, steep trail to the 
survey boat. The boat was rigged with a sonar transducer, fathometer electron-
ics and chart recorder stored in a packing box to protect it from the splashing 
water and waterproof supply box of spare fathometer chart paper rolls.
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the fixes and called out heading changes 
to the boat operator, who was a lieuten-
ant commander in charge of the survey. 
A third man — a new ensign on his first 
assignment — selected the monuments 
and shot right angles. 

In the evenings, each fix of the day was 
re-plotted on a “smooth sheet” and depths 
were added. Eventually bottom contours 
could be plotted and, occasionally, ad-
ditional survey lines were added. 

Following completion of the Crater 
Lake boat survey, Ensign Ward was as-
signed to the Seattle, Washington, C&GS of-
fice to complete the final Crater Lake Chart 
that was sent to the Washington, D.C., for 
production at C&GS headquarters. Though 
relatively crude by today’s standards, the 
map was impressive.

Phil Ward completed his service as 
a C&GS lieutenant, junior grade — the 
equivalent of a first lieutenant in the other 
armed services — in 1960. He realized 
then that further details of the geologic 
features of Crater Lake, as well as many 
other mapping and surveying tasks, would 
have to wait for technology to progress to 
the point where precision navigation could 
be accomplished as a rapid, automated, 
and cost effective process. 

Going Digital, or Navigation Without 
The Boat 
By 1960 the Cold War was at its peak, and 
the world was not in a serene state. Mili-
tary goals drove most national scientific 
endeavors. The Soviet Union’s launch of 
sputnik, the first manmade satellite, on 
October 4, 1957, heated up the East-West 
confrontation even further and stimulated 
the development of satellite navigation. 

By 1963, the U.S. Navy Navigation Satel-
lite System, or TRANSIT, was in use on Po-
laris ballistic submarines. In 1973, under 
the leadership of U.S. Air Force Colonel 
Brad Parkinson, the GPS Joint Program 
Office synthesized aspects of TRANSIT, 
the Naval Research Laboratory’s Timation 
satellites, and the USAF Project 621B, to 
create the NAVSTAR Global Positioning 
System. 

To help justify a large infusion of mili-
tary funding the GPS JPO motto became: 

“1. Drop five bombs in the same hole, 
and 2. Build a cheap set (<$10,000), and 
don’t you forget it.”  

In 1960, Ward joined the Science Ser-
vices Division of Texas Instruments (TI), 
the iconic American company legendary 
for its developments of the first silicon 
transistor, integrated circuit, calculator 
and digital signal processor technologies.

His engineering skills were honed at TI 
on a host of projects developing geophysi-
cal instrumentation for seismic oil explo-
ration for their wholly owned subsidiary, 
Geophysical Services Incorporated. 

Ward earned a masters degree in 
electrical engineering from Southern 
Methodist University as a TI co-op student 
engineer in 1965. While on an educa-
tional leave of absence, he worked at the 

Massachusetts Institute of Technology 
Instrumentation Laboratory where he 
was on the technical staff of the Apollo 
Guidance Computer Design Team and a 
graduate student in computer science 
from 1967 to 1970.  

In 1976, Ward began work on a  
new project for TI’s Equipment Group: 

development of the Missile Borne Re-
ceiver Set (MBRS), which was based on 
the use of “common modules” of High 
Dynamic User Equipment (HDUE), an 
original Phase I GPS set.

These sets, which helped established 
the basic feasibility of GPS, largely relied 
on analog baseband processing. 

In 1978, the GPS JPO opened com-
petition for Phase II GPS receivers. But 
Texas Instruments, perhaps not realizing 
the volume potential of GPS receivers to 
its core businesses of calculators and 
digital signal processors, lost out to 
Rockwell Collins and Magnavox. 

Meanwhile, prior to losing the Phase 
II contract, Ward and his TI team had 
already developed the MBRS, which — 
without the need for external velocity 

aiding — was able to track Minuteman 
Intercontinental Ballistic Missile for 
verification purposes. 

The MBRS had to measure velocity 
to better than 0.02 meters per second 
at speeds that reached 10,000 m/s and 

Ward showing off a boat sheet. It contained all of the pre-surveyed monument locations along with  
pre-planned parallel bathymetric survey paths that a small motorboat followed during the survey. “I took 
very good care of that article in a water-proof carrying tube especially designed for that purpose,” he said.

Phil Ward continued on page 18
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Phil Ward continued from page 17

Phil Ward surveying at Crater Lake.
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calendar
MAY 2009 
03-06: ENC - GNSS 2009, Naples, Italy     
Contact: Conference Secretariat   
Tel: +39 081 6173858 
Fax: +39 081 2429572 
Web: www.enc-gnss09.it

03-09: RTCM Annual Assembly, 2009 
Trade Winds, St. Petersburg, Florida    
Contact: MR. Robert Markle   
Tel: +1 703-527-2000 
Fax: +1 703-351-9932 
Web: www.rtcm.org

25-27: 16th St. Petersburg Inter-
national Conference on Integrated 
Navigation Systems, Saint Petersburg, 
Russia     
Contact: Prof. V. Peshekhonov   
Tel: +7 812 232-59-15 
Fax: +7 812 232-33-76 
E-mail: elprib@online.ru
Web: www.elektropribor.spb.ru

JUNE 2009 
01-04: JNC 2009, Wyndham Orlando 
Resort, Orlando, Florida    
Contact: The ION  
Tel: +1 703-383-9688 
Fax: +1 703-383-9689 
Web: www.ion.org

JULY 2009 
21-24: 6th International Symposium 
on Mobile Mapping Technology 
(MMT09), Sao Paulo Brazil     
Contact: 
E-mail: mmt2009@fct.unesp.br
Web: www.fct.unesp.br/eventos/simposio/
mmt09/ingles

SEPTEMBER 2009 
22-25: ION GNSS 2009, Savannah  
Convention Center, Savannah Georgia   
Contact: The ION  
Tel: +1 703-383-9688 
Fax: +1 703-383-9689 
Web: www.ion.org

OCTOBER 2009 
26-28: GNC Miniature Autonomous 
Systems (MAS) Workshop, Emerald 
Coast Conference Center, Fort Walton 
Beach, Florida    
Contact: ION    
Tel: +1 703-383-9688 
Fax: +1 703-383-9689 
Web: www.ion.org

27-30: 13 IAIN World Congress,  
Stockholm, Sweden   
Contact: Congrex Sweden AB, Attn: 
IAIN2009   
Tel: +46 8 459 66 00 
Fax: +46 8 661 91 25 
E-mail; iain2009@congrex.se
Web: www.congrex.com/nnf/iain2009

10g accelerations.  Ward learned in short 
order that the HDUE “common module” 
analog tracking loops would not meet these 
performance requirements. 

Ward developed TI’s first digital track-
ing loop designs, including a fourth-order 
carrier tracking loop for the MBRS that 
made the velocity measurement errors 
less sensitive to the missile’s high dynam-
ics. His team was also working on custom 
large scale integrated (LSI) chip designs 
for the Charles Stark Draper Lab, which 
was developing a second generation MBRS 
receiver design.

In late 1979, Ward started work on the 
TI 4100, the first production commercial 
GPS receiver. He persuaded his former  
customer, Geophysical Services Inc. — 
part of the complex TI corporate family — 
to fund the initial portion of its develop-
ment using the new LSI chip technology. 

The TI 4100 was first fielded in late 
1981. It was a versatile tool, which also 

addressed geodetic receiver requirements 
imposed by a tri-agency consortium led 
by the Applied Research Laboratory of the 
University of Texas.

From 1982 to 1987, researchers who 
used the new receiver developed an array 
of innovative applications of GPS, which 
forged the way towards the commercial-
ization of GPS. In particular, the TI 4100 
revolutionized the field of first-order geo-
detic surveying by achieving 5-millimeter 
benchmark location precision across 
10-kilometer baselines. 

This is the first of two articles. The 
second will appear in the Spring 2009 ION 
newsletter and will elaborate further on de-
velopment and applications of the TI 4100.

Marvin B. May is chief scientist at the 
Navigation Research and Development  
Center of the Pennsylvania State  
University’s Applied Research Laboratory  
in Warminster, Pennsylvania. u



corporate 
Profile

Innovative Solutions International 
is a small business engineering 
and consulting firm specializing in 
satellite-based communications, 
navigation, and surveillance (CNS) 
technologies. Our areas of exper-
tise range from system design and 
planning through acquisition and 
implementation.

ISI works with the Air Force, 
Navy, Marine Corps, and Joint 
Personnel Recovery Agency in the 
development and implementation 
of the Global Personnel Recovery 
Service, the next-generation search 
and rescue system. We have 
designed the safety and commis-
sioning strategy for the DoD’s GPS 
III Phase One program on the 
Lockheed Martin team. We have 
explored mapping policies and stan-
dards with the National Geospatial-
Intelligence Agency.

ISI supports the FAA in the 
development and implementation of 
satellite-based navigation systems 
for a safer and more efficient civil 
aviation. Through the US Trade 
and Development Agency, we 
provide expertise in aviation sys-
tems modernization and planning 
to countries around the world. For 
NASA, ISI is developing the civil 
side of the next-generation search 
and rescue system to be interna-
tionally compatible..

ISI engineers solutions for a 
wide variety of commercial clients. 
We work with individual airlines, 
regional organizations, colleges and 
universities, and independent air-
port operators. Our clients include 
Federal Express, American Airlines, 
and others.
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due June 30 
Parkinson 
award 
nominations 
Graduate students in GNSS technology, 
applications, or policy who have completed 
a single-author thesis or dissertation and 
who are ION members are eligible for this 
prestigious award and $2,500 honorarium. 
Nominations are to be submitted by a regu-
lar or research faculty member of a college 
or university. 

This award honors Dr. Bradford W. 
Parkinson for establishing the U.S. Global 
Positioning System and the Satellite 
Division of The Institute of Navigation. 

For application details and entry rules 
go to www.ion.org. Nominations must be 
received by June 30.

due June 30
kepler award 
nominations 
The purpose of the Johannes Kepler 
Award is to honor an individual for sus-
tained and significant contributions to 
the development of satellite navigation. 
The winner of this award will be deter-
mined by a special nominating commit-
tee. The Kepler Award is presented only 
when deemed appropriate. All members 
of The Institute of Navigation are eligi-
ble for nomination. You are encouraged 
to submit the names of individuals for 
consideration. 

To submit a nomination, go to the 
ION website at www.ion.org. Click on 
Awards, scroll down, click on Kepler 
Award, then click on the Awards form 
for complete nomination instructions. 
Nominations must be received by June 
30. Nomination packages may be sent 
to: Satellite Division Awards Committee 
Chair, The Institute of Navigation,  
3975 University Drive, Suite 390, Fairfax, 
Virginia 22030. 

Beginning in May,  
The Institute of 
Navigation national 
office will have a new 
home in Manassas, Virginia. 

Once we’ve moved, you can visit us at 8551 Rixlew Lane, Suite 360, 
Manassas, VA  20109. We expect that our phone and fax will remain  
the same.

Once its open, you will be able to find directions to the office on our 
webpage at http://www.ion.org/contact.

WE’RE
MOVING
to MANASSAS!
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Faster than a speeding 
Bullet

It’s hard to 
load up a two-
ounce creature 
with tracking 
equipment 
— a barrier 
to finding out 

where endangered songbirds go and how 
they get there.

But a team from the York University 
in Toronto and the Purple Martin Con-
servation Association discovered that this 
American swallow flies three times faster 
than they thought – thanks to a mini-device 
that uses light levels to approximate the 
bird’s position.

The geolocator weighs only 5/100ths 
of an ounce. It was developed in different 
sizes by British Antarctic Survey engineers, 
who needed a very light tool to track 
endangered albatrosses.

From summer 2007 to spring 2008, 
The York team tracked a number of purple 
martins on their flight from Pennsylvania to 
the Amazon and back. They discovered that 
the flock took a month-long “holiday” in 
the Yucatan. 

But the real surprise is that these speed 
demons fly very, very fast. One female cov-
ered 358 miles a day on her 13-day return 
to North America.

(She may have been unusual — but 
all of the birds flew two to six times faster 
when they were returning home to mate 
and nest than they did on the outward 
journey to their winter grounds.)

The battery-powered device has to have 
unobstructed access to natural light — its 
sensors store data at sunrise and sunset, 
which varies with latitude and longitude. 
With a two-year life, the unit has to be 
physically removed from the bird in order 
to download the data. 

Songbirds are in steep decline and 
knowing more about their yearly cycles 
and habits will help people figure out when 
they are most vulnerable and target specific 
areas for preservation.

The researchers published their results 
in the February 2009 issue of Science.

head out on the highway . . . 
looking for adventure!
Don’t be silly, Cincinnati residents. The state 
of Ohio, quite naturally, is tired of knock-
ing on your door, asking you where you’ve 
been and how you got there. You are not 
cooperating.

They have a point. How, besides, the pa-
per diary that no one ever fills out, will they 
be able to design new roads and bridges, 

place traffic signals and route buses cor-
rectly, if you won’t help them out?

Enter the GPS-based household travel 
survey. The city will recruit 4,000 metro res-
idents who will get advanced units to carry 
on their person for three days.  (They’ll use 
a follow up web or mail survey as a valida-
tor).  They’ll still have to ask you directly 
why you took the trip and how you did it. 
You can fudge on that one, we imagine.

The survey has been developed by Abt 
SRBI and PlanTrans.

The only people who will still get the 
paper form? Kids 12 years old and younger 
(Good luck.)

navigation novelties

What’s new in the Pnt World?

reykjavik’s gPs Clean-Up 
Crew
Reykjavik, Iceland is a beautiful town of 
120,000 people, and the city fathers and 
mothers don’t appreciate graffiti artists 
mucking it up. By 2008, the problem was 
bad enough that the Department of Public 
Works decided to expand a pilot program 
that used modern navigation techniques to 
find the scrawled stuff, log it, and get rid 
of it.

Using Trimble hand-held computers 
with GPS and digital cameras and ESRI 
geographic information system (GIS) 
software, college students gathered field 
data on trashcans, traffic signs, parking 
meters, and other public property. The field 
crew — all of whom were studying GIS at 
Reykjavik University — took pictures and 
recorded coordinates of more than 25,000 
unique graffiti points.

Once the information was loaded into 
a city database and crunched, police were 
able to “profile” the work of various perpe-
trators, and the city was able to locate and 
clean up new “gallery shows” quickly.  The 
project, called “Clean City 2008,” reduced 
new graffiti markedly, the city said.



ION Newsletter 21 Winter 2008-2009

the benefits to America exceeded any nega-
tive impacts.

The S&T hearing commemorating the 
50th anniversary of NASA, which praised 
NASA as “one of the most significant engines 
of scientific and technological progress in 
America of the last 50 years,” included three 
distinguished witnesses: Hon. John Glenn, 
U.S. Senate (retired) and the first American 

astronaut to orbit the Earth; Mr. Norman 
Augustine, Chairman and CEO (retired) 
Lockheed Martin Corporation; and Dr. Maria 
Zuber, department head and E.A. Griswold 
Professor of Geophysics of MIT, a major par-
ticipant in several NASA planetary missions.

Also participating in the hearing, via 
a pre-recorded video in tribute to NASA, 
was Dr. Stephen Hawking — cosmologist, 
theoretical 
physicist, 
and Lucasian 
Professor of 
Mathematics at 
the University 
of Cambridge 
(the chair held 
by Isaac New-
ton about 200 
years ago). u

Coming in 
Spring 2009 ION Newsletter: My Year on 
the Hill, Part 2 — Projects, Papers, and 
Going on the Road

Mini-Urban Challenge Draws Teams, 
Seeks More Sponsors

On the Hill continued from page 4

Dr. Stephen Hawking; video pre-
sentation honoring NASA 50th 
Anniversary, House Science and 
Technology Committee Hearing, 
July 30, 2008.

Hon. John Glenn, Mr. Norman Augustine, and 
Professor Maria Zuber; House Science and 
Technology Committee, NASA 50th Anniver-
sary Commemoration Hearing, July 30, 2008.

LEGO City: Build It, Live It

baby boomer retirements are expected 
to deplete the science and engineering 
workforce by 50 percent over the next  
few years.

Programs such as the Mini-Urban 
Challenge will help attract bright 
students to science and engineering. 
Companies interested in sponsoring this 
year’s event should contact Lisa Beaty at 
Lbeaty@ion.org. 

In the Challenge trials the LEGO cars 
will maneuver through a mock LEGO 
city driving along the roads, stopping at 
stores, following traffic signs, and avoid-
ing pedestrians.

LEGO MindStorms include a 32-bit 
ARM7 microcontrollerm 256 Kbytes 
FLASH memory, 64 Kbytes RAM, USB and 
Bluetooth communications, three motor 
ports and four sensor ports, and easy pic-
ture programming by LabVIEW or C++.

For more information about the Mini-
Urban Challenge, contact 1Lt Casey Miller, 
AFRL/RYE, e-mail casey.miller@wpafb.
af.mil, telephone (937) 904-9149, or  
1Lt Caroline New, AFRL/RWGN, e-mail 
caroline.new@eglin.af.mil, telephone 
(850) 882-0673. u

The first ION Mini-Urban Challenge — 
in which high school students design 

and operate a robotic unmanned car 
built from a LEGO MindStorms kit — has 
drawn six teams already with another 14 
schools expressing interest.

Regional Competitions will be held 
in May 2009 at Wright Patterson AFB, 
Ohio, and Eglin AFB, Florida. Thus far, 
between six and nine high schools are 
signed up for each regional competition. 
The top regional winners will be invited to 
compete in the national competition that 
will be held in conjunction with the Sixth 
Annual Robotic Lawn Mower Competition 
in Dayton, Ohio, this summer.

In addition to financial support from 
the Challenge organizers, ION and the 
AFRL Munitions Directorate, the Challenge 
has received sponsorship commitments 
from Overlook Systems and GARMIN, 
which is contributing Nuvi GPS receivers 
for the national winners. But ION is look-
ing for more sponsors to help defray the 
cost of travel grants for the students and 
other competition-related expenses.

Sponsorship levels range from $1,000 
to $10,000 with an accompanying range 
of increasing benefits associated with 
each — all of which include having a 
sponsoring company building in the LEGO 
city and the corporate logo displayed at 
all competitions and exhibits, including 
the ION GNSS 2009.

Sponsors who commit for the 2009 
Mini-Urban Challenge by April 1 will  
receive the same level of sponsorship at 
the 2010 competition free of charge.

Support of the program is actually in 
the long-term interest of companies in the 
navigation field. As described in an article 
in the Fall 2008 issue of the ION Newslet-
ter, a one-third drop has occurred in the 
number of U.S. students interested in 
pursuing engineering degrees. Moreover, 



DAYTON SECTION.
The ION Dayton (Ohio) 
Section has named 
Jonathan Schuerger as 

recipient of the ION Section Sponsored 
Graduate Award for the 2008–2009  
academic year. Schuerger, a full-time grad-
uate student in the physics department 

at Miami University, is shown here with 
his program supervisor Professor Dmitriy 
Garmatyuk (left) and the ION Outreach 
chair, Professor Jade Morton. Schuerger’s 
research efforts focus on the theoreti-
cal and experimental development of a 
novel dual-use system of radar-assisted 
navigation and positioning in GPS-denied  
environments.  u
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Section News and Notes
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Jonathan Schuerger – Graduate  
Student Award

IEEE NAmES JOhN BETz  
AS 2009 FEllOw

Dr. John W. Betz, the ION’s treasurer, ION Fellow, and 
a MITRE Corporation Fellow, has been named a 2009 
IEEE Fellow by the Institute of Electrical and Electronics 

Engineers, Inc., the world’s largest technical professional society.
The IEEE’s grade of Fellow recognizes “unusual distinction and significant 

contributions to the advancement or application of engineering, science, 
and technology” with significant value to society. Betz was specifically hon-
ored “for contributions to signal design and radio frequency compatibility of 
global positioning and navigation satellite systems.”

In his 19-year tenure at MITRE and now based in Bedford, Massachusetts, 
Betz has contributed to the evolution of the company’s GPS work, from 
developing anti-jamming receiver technologies for the military to signal-
design innovations critical to modernizing and expanding GPS.

He served as a leader of and technical contributor to the GPS 
Modernization Signal Development Team, which designed the new M-code 
signal — the world’s premier military signal for satellite navigation. As part 
of that effort, he developed the binary offset carrier (BOC) modulation now 
used in many satellite-based navigation systems, including Europe’s Galileo 
GNSS system.

Betz has played a key role in international negotiations regarding com-
patibility and interoperability issues as other countries develop their own 
satellite navigation systems. He was a member of the U.S./European Union 
working group that agreed on the multiplexed BOC as a common waveform 
to be used for new GPS and Galileo civil signals at the L1 frequency.

In 2008 Betz received a MITRE Board of Trustee’s Award for his technical 
leadership demonstrated during these complex discussions. For his role in 
the U.S./European Union negotiations on GPS and Galileo (the European GPS 
system), he received the U.S. State Department Superior Honor Award.

In 2003, he became one of only 14 MITRE Fellows appointed since the 
position was created in 1962. MITRE Fellows advise the company’s leader-
ship on vital technical matters.

Betz was previously named as a Fellow of The Institute of Navigation, 
where he also was co-recipient of the Burka Award for authoring papers 
contributing to the advancement of navigation and space guidance. He 
served as the panels chair for the ION GNSS 2008 conference where a series 
of high-level discussions was introduced alongside the parallel tracks of 
technical sessions.

MITRE is a not-for-profit organization that provides systems engineer-
ing, research and development, and information technology support to the 
government. It operates federally funded research and development centers 
for the Department of Defense, the Federal Aviation Administration, the 
Internal Revenue Service, and Department of Veterans Affairs. u

SOuThErN 
CAlIFOrNIA 
SECTION.

November 2008 Meeting Summary 
On November 12, 2008, the Southern 
California Chapter of the ION held a 
meeting, hosted by NavCom in Torrance, 
CA.  The meeting included a presentation 
from Dr. Svenja Knappe of NIST entitled 
Chip Scale Atomic Clocks.  

Summary of Svenja Knappe’s Talk 
Chip-scale atomic clocks - Chip-scale 
atomic clocks (CSACs) have rapidly 
advanced since their proposal in 2001.  
The combination of MEMS fabrication 
techniques and atomic physics has led 
to the development of small, low cost 

atomic clocks with much reduced power 
consumption.  Embedding these clocks 
in battery-operated portable devices 
would have many potential applications 
in the telecommunication and naviga-
tion sector.  After the initial demonstra-
tion of the first microfabricated alkali 
vapor cells and CSAC physics packages, 
many improvements have been made 
in terms of short-term frequency stabil-
ity, power consumption, and size. By 
now, this has led to the fabrication of 
commercial prototypes. Furthermore, 
some of the fabrication technologies 
developed for CSACs have been used for 
other chip-scale atomic sensors, such as 
magnetometers, wavelength references, 
and gyroscopes. u

 
AlBErTA CANADA 
SECTION.
On November 21 the 

section heard a presentation by Janet 
Neumann, Waldemar Kunysz, and Sara 
Masterson, of NovAtel Inc., on new 
product innovations at NovAtel. NovAtel 
has recently introduced the GL1DE posi-
tioning mode.  This mode is intended 
to provide very smooth positions with 
a small deviation in error over 15  
minutes.  The target market is users of L1 
only systems using autonomous, WAAS, 
CDGPS, DGPS or VBS systems, although 
GL1DE also operates with dual frequency 
systems.  This presentation discussed 
potential applications for GL1DE, plus 
some technical history and information 
on the algorithm used.  Performance 
comparisons were shown on the various 
positioning options offered by NovAtel.

Also recently introduced by NovAtel 
is the GNSS-750 Wideband Choke Ring 
Antenna, supporting four satellite  
constellations (GPS and GLONASS,  
plus the planned Galileo and Compass 
systems).  The unique 3-D design of  
the GNSS-750, and its performance 
parameters were presented. u
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Mathematician, professor, astronomer 
(and astrologer), heretic (and devout 

Catholic): It’s been 400 years since Galileo 
Galilei first used a telescope to study the 
skies — reason enough to mark 2009 as 
the International Year of Astronomy.

Self-help books are always telling us to 
think “outside the box.” Hah! Don’t they 
wish! No one smashed the box like Galileo 
Galilei, much to the disturbance of the 
peace. 

Born in Tuscany 445 years ago on 
February 15, he was the first – or the first 
we know about – who used the scientific 
method: testing hypotheses via observation, 
mathematics, and experimentation and 
changing his mind when his preconceptions 
did not jibe with the data.

Albert Einstein said of him, “Pure logical 
thinking cannot yield us any knowledge of 
the empirical world; all knowledge of reality 
starts from experience and ends in it . . . 
Because Galileo saw this, and particularly 

because he drummed it into the scientific 
world, he is the father of modern physics -- 
indeed, of modern science altogether.” 

He was also a heckuva engineer.
At his workshop in Padua in 1609, 

he took apart a new device invented just 
the year before. The spyglass brought far 
objects closer using convex and concave 
eyeglass lenses placed at a precise distance 
– a remarkable gadget. 

Galileo, of course, tinkered with it, and 
discovered that lenses that were curved 
on one side and flat on the other worked 
better. He ground them himself.  He was a 
professor of mathematics, and he employed 
his discipline to figure out the optimum 
distances apart to place the lenses for better 
magnification. 

Then he did something unique, and 
turned his improved spyglass on the 
sky, thus creating the first telescope and 
eventually identifying the moons of Jupiter, 
sunspots, lunar mountains and craters, the 

planet Saturn and the starry nature of the 
Milky Way. 

From his long and careful observation 
of the phases of Venus and Jupiter’s moons 
and their orbits, he confirmed Copernicus’ 
heliocentric theory, published 20 years 
before Galileo’s birth and already well ac-
cepted by mathematicians, although not by 
anyone else. 

Galileo did not leap into controversy, 
as his long correspondence with Johannes 
Kepler shows. Thirty-five years before his 
famous heresy trial in 1633, Galileo was 
whining a bit about going public with his 
Copernican sympathies – look at “our 
master,” Galileo wrote, who “stepped down 
among the great crowd…only to be derided 
and dishonored.”

But the German discoverer of the laws 
of planetary motion (and namesake of 
the ION’s Kepler Award) urged his Tuscan 
colleague on, “Be of good cheer, Galileo, 
and come out publicly.  If I judge correctly, 
there are only a few of the distinguished 
mathematicians of Europe who would part 
company with us, so great is the power of 
truth.”

Much later, in front of the Inquisition, 
Galileo wrote again – with the vexed cry of 
scientists and engineers everywhere:

“My dear Kepler, what would you say of 
the learned here, who . . . have steadfastly 
refused to cast a glance through the tele-
scope?  What shall we make of this?  Shall 
we laugh, or shall we cry?”

The astronomer was condemned by the 
Vatican and threatened with excommunica-
tion when he argued, based on scientific 
observations made with his telescope, that 
the earth revolves around the sun. Galileo 
was “rehabilitated” under Pope John Paul II 
in 1992. u

GALILEO 
& the International  
Year of Astronomy
The Rock Star of Scientific  
Method and a Heckuva Engineer

Image of Galileo’s telescope design from Sidereus 
Nuncius, Trinity College, Cambridge.
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