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The secretaries of Transportation, Defense 
and Homeland Security approved the 

2005 Federal Radionavigation Plan, com-
monly known as the FRP in February 2006. 
The FRP is the definitive source for U.S. gov-
ernment policy and plans for radionavigation 
services provided by the U.S. government. The 
plan covers federally provided radionavigation 
systems. The systems addressed in this FRP 
are: Global Positioning System (GPS), 
Augmentations to GPS, Loran –C, Tactical 
Air Navigation (TACAN), Instrument 
Landing System (ILS), Microwave Landing 
System (MLS), Aeronautical Nondirectional 
Beacons (NDB), Very High Frequency (VHF) 
Omnidirectional Range (VOR), and Distance 
Measuring Equipment (DME).

Recent FRPs, including the 2005 FRP, 
reflect the United States commitment to GPS 

2005 Federal 
radio- 
navigation 
Plan  
released

FRP continued on page 12

The GIOVE-A satellite is in good health and 
started transmitting the first Galileo sig-

nals from medium Earth orbit on Jan. 12.
GIOVE-A was last placed in orbit (altitude 

23,260 km) by a Soyuz-Fregat rocket operated 
by Starsem on Dec. 28 from the Baikonur 
cosmodrome. The prime contractor, Surrey 
Satellite Technology Limited, then successfully 
deployed the 7-meter solar array panels, com-
missioned the satellite platform and prepared 
the payload for tests from its mission control 
center. These activities on GIOVE-A drew on 
the joint efforts of ground stations deployed 
at RAL (U.K.), Bangalore (India) and Kuala 
Lumpur (Malaysia) for uploading of the 
onboard computer software, deployment of the 
two solar panels and placing of the satellite in 
sun-acquisition mode.

All the platform systems underwent func-
tional checks and the satellite was then put in 
its nominal Earth-pointing attitude and orbit 
control mode. This platform commissioning 

Signals, continued on page 13
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The Purpose of The ION®
The Institute of Navigation, founded in 1945,  
is a nonprofit professional society dedicated  
to the advancement of the art and science  

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

space, marine, land navigation and position 
determination. Although basically a national 
organization, its membership is worldwide, 

and it is affiliated  
with the International Association of  

Institutes of Navigation.
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Miriam Lewis
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Information Systems: Rick Buongiovanni
Membership: Allison Nicholls

Position .and .Time

From the IoN® PresIdeNt
jim doherty

Thank you for the opportunity to serve our 
Institute. I continue to be amazed at the 

breadth of work we do and the positive impacts 
of our activities. The ION continues to prosper 
and serve our members well, and to meet the 
needs of the entire navigation community 
— in fact everyone concerned with position 
and time. Let me discuss just a few recent and 
planned activities. 

January’s National Technical Meeting in 
Monterey, Calif., was a grand success. General 
Chair Dr. Naser El-Sheimy and Program Chair 
Dr. Dorota Grejner-Brzezinska produced an 
outstanding program. Our program included 
two sessions co-sponsored by other profes-
sional organizations, facilitating the ION’s 
outreach to other members of the larger com-
munity concerned with navigation-related 
technologies (more below). 

Dr. John Betz of The MITRE Corporation 
has accepted the challenge to succeed Dorota 
as our 2007 NTM program chair, as Dorota 
assumes the job of general chair. Please sup-
port them as they prepare for another great 
meeting in San Diego, Calif., Jan. 22–24, 2007. 

PLANS .2006
Speaking of meetings, we are looking forward 
to the upcoming IEEE/ION PLANS 2006 meet-
ing. This is the first time the ION has co-spon-
sored this biennial conference, and we have 
received a record number of abstracts. This 
meeting will be held at the Loews Coronado 
Bay Resort in San Diego, Calif., April 25-27, 
with tutorials on April 24.

The IEEE/ION PLANS 2006 takes the place 
of our normal June meeting this year. So, 
mark your calendars, go to the ION website at 
www.ion.org to register now, and plan to make 
this event successful … oh, and especially for 
my fellow Eastern Region members, let’s plan 
to have some fun in the Southern California 
springtime sunshine. 

I am most pleased to report on the Council 

decision in January to participate with another 
noted Institute—the Smithsonian—to sup-
port the art and science of navigation. The 
Outreach Committee proposed an initiative to 
support the Smithsonian Institution as it pre-
pares a new exhibit, “Finding Time and Space: 
From Chronometers to GPS.” Planning is 
underway for prominent display of this exhibit 
in the National Air and Space Museum, on 
the Mall in Washington, D.C., which receives 
8–9 million visitors annually. The exhibit 
theme is the link between time and position in 
navigation, from the earliest days of the first 
Harrison clock to the DARPA Grand Challenge 
and beyond. Keep your eye on this exciting 
development.  

Future .Collaborations
In other business, the Council concluded 
a memorandum of agreement with the 
American Institute of Aeronautics and 
Astronautics (AIAA). This agreement will 
facilitate future collaborations such as jointly 
sponsored sessions within existing conferences. 
As noted above, at  NTM 2006 there were joint-
ly sponsored sessions with the International 
Association of Geodesy (IAG) and the 
International Society for Photogrammetry 
and Remote Sensing (ISPRS). Memoranda of 
Agreement had been signed with these societ-
ies last year in January 2005.

Finally, mark your calendars for the 
Third Annual ION Autonomous Lawn Mower 
Competition at Wright State University in 
Dayton, Ohio, June 1–3, 2006. You will find 
more information in this newsletter, and at 
www.automow.com. 

Let me close with a comment about our 
Legislative and Executive Fellows. The ION is 
a partner with the American Association for 
the Advancement of Science (AAAS) that pro-
vides fellows, of all ages, who lend invaluable 
technical and scientific insight into the myriad 
issues that cross the desks of senators and 

representatives and federal executives daily. At 
the same time, the experience is a challeng-
ing and rewarding learning experience for the 
fellows. I had the opportunity in February to 
represent the ION at the “AAAS Evening at the 
U.S. Naval Observatory,” where I met nearly 
60 of the AAAS Fellows. What a wonderful 
experience—everyone was enthusiastic about 
his or her work and the overall experience. By 
the time this newsletter is out, the applications 
deadline (March 15) will have passed for the 
2007 program; however, if you are interested, 
please consider applying next year. 

I look forward to seeing you at the upcom-
ing meetings, and I welcome your concerns 
and recommendations for the future of our 
Institute.  ■
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For those that did not get a chance to 
read my first submission (Newsletter, 

Fall 2005), I am serving my fellowship year 
in the office of Congressman Brad Miller 
(D-N.C., 13th District). Congressman Miller 
is in his second-term and serves on the 
Science and Financial Services Committees. 
As a member of Congressman Miller’s staff, 
I am responsible for legislative issues related 
to armed service, international relations, 
judiciary, crime/law enforcement, intel-
ligence and veterans affairs/military quality 
of life. If forced to summarize my first three 
months in a sound bite, it would be that I 
am extremely impressed with the people, 
amazed at the amount of information, and 
intrigued by the politics. I’ll elaborate on 
these three points and then close with an 
observation that might be of interest to those 
focused on implementing the management 
and oversight responsibilities of U.S. space-
based PNT systems. 

The .People
When I say that I am impressed by the 
people, I’m referring to two groups: the 
Congressman Miller’s staff and his constitu-
ents. The congressman’s staff is made up of 
21 people (including myself), distributed 
between the Washington office and the two 
district offices, one in Raleigh, N.C. and one 
in Greensboro, N.C.

In the Washington office there is a chief 
of staff, a legislative director, a press secre-
tary, a scheduler, four legislative assistants 
(as a fellow, I fall into this category), a staff 
assistant, a system’s administrator and one 
intern. This group of 11 people are located in 
two rooms, both not much larger than what 
I would characterize as modestly sized living 
rooms. Congressman Miller’s office, which 
is slightly smaller than those of the staff, is 
located between the two. Although the work-
ing conditions are close quarters, the result-

ing “energy and office chemistry” formed 
by this very dedicated group of highly moti-
vated, young, intelligent individuals makes 
for a great working environment and one 
that I enjoy experiencing everyday. I consider 
myself lucky to be part of “Team Miller”.

Prior to the Thanksgiving recess, 
when the House remained in session late 
into the evening of Friday, November 18, 
Congressman Miller found it necessary to 
cancel a speaking commitment to a veterans 

group, the Greensboro Chapter of the Military 
Officers Association of America (MOAA). I 
was asked if I would be interested in traveling 
down to the District and filling in for him. It 
was a unique opportunity for me to meet a 
group of constituents and at the same time 
be in a position to speak on issues that I am 
responsible for, while fielding their questions 
and noting their concerns on behalf of the 
Congressman. My take-away message: when 
constituents speak, you need to listen. Those 
that take the time to make an inquiry know 
the issues, and they have strong feelings on 
those issues.

The .Information
The amount of information flowing in and 
out of the office is staggering. It comes in 
any number of forms including internal 
House e-mail, e-mails from constituents, 
digital mail (this office is one of the first 
offices to participate in a program to have 
incoming letter mail digitized offsite and 
sent in electronically), and regular mail such 
as periodicals and newsprint. A statistic that 
helps put into perspective the mail volume: 
in 2005 this office received over 32,000 pieces 
of incoming mail. The goal is to answer all 
of it. Subject matter varies across a broad 
spectrum of issues, but a significant percent-
age of this mail falls into the issue areas of 
environmental, health care, judiciary and 
social security. To paint a mental picture 
of constituent mail, just visualize the “star 
screen saver” on your computer; mail (like 
the stars) just keeps coming at you — it is 
relentless. On the other hand, as our chief of 
staff has mentioned on numerous occasions, 
you need to be concerned not with mail, but 
rather with the lack of it. When constituents 
quit writing their congressman, they are 
silently sending a message that they don’t 
believe you are making a difference.

Each day that the House is in session, 
televisions are tuned to C-span in order for 
the four legislative assistants to monitor our 
particular issues that may be on the agenda 
that day. The Internet is absolutely critical to 
conducting business. I can only imagine that 
before the Internet the wheels of government 
must have turned much slower, let alone the 
challenge of having available the informa-
tion necessary to do your job as a legislative 
assistant in such a small office space. 

Adding to the above information source 
are incoming telephone calls. There is a 
standing rule in this office that the telephone 

Impressed, .Amazed .and .Intrigued

From the IoN® coNgressIoNal Fellow
a column by doug taggart

Impressed, continued on page 14

My take-away message: 

when constituents 

speak, you need to lis-

ten. Those that take the 

time to make an inquiry 

know the issues, and 

they have strong feel-

ings on those issues.
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Pictured Below: Last year’s team members gather to wait their turn at the Second Autonomous Lawn Mower Competition in Dayton, Ohio

The .Third .Annual .Autonomous .
Lawn .Mower .Competition spon-

sored by the Institute of Navigation’s Satellite 
Division and administered by the Dayton, 
Ohio Section will be held June 1–3, 2006 at 
Wright State University in Dayton, Ohio.

The goal of the competition is to encour-
age universities and colleges to design and 
operate an autonomous lawn mower using 
the art and science of navigation to rapidly 
and accurately mow a field of grass. 

The lawn mower that completes the 
mowing in the shortest time will win the 
competition. Eighty percent of the total score 
is based on the mowing competition. Twenty 
percent of the total score is based on the 
team’s presentation and report.

The .Schedule
On Thursday, teams will give their technical 
presentations. The inspection and qualifica-
tion day will be Friday, and the main compe-
tition will take place on Saturday. All teams 

must present on Thursday and must qualify 
on Friday to be eligible for the Saturday 
competition.

Cash .Awards!
Cash awards will be presented to the top 
three teams. 

The first place cash award is $6,000; sec-
ond place: $3,000; and third place: $2,000.

All participating teams will be recog-
nized international and locally in the ION 
Newsletter, other ION publications, and at 
the ION Annual Meeting. 

The winning teams will also be given 
an opportunity to display their autono-
mous lawn mowers at the next ION Annual 
Meeting and describe their designs during 
a 20-minute presentation. Videotapes of the 
competition will be distributed to sponsors, 
media, and the public.

Travel .Assistance .Grants
Hurry! Travel assistance is available for the 

first five registered teams. The amount of 
assistance (up to $2,000 per team) is based 
on the travel distance to the competition.

Rules .and .Regulations
For an application and complete competition 
rules, go to www.ion.org and click on Mower 
Competition or go directly to www.automow.
com.

Sponsors
Additional sponsor’s this year include 
Honeywell and the U.S. Air Force Research 
Laboratory’s Sensors Directorate.  ■

eNtrIes reQUested For

Autonomous Lawn 
Mower Competition

DeaDline
Application form, faculty 
 application and indemnification 
agreement must be postmarked 
by April 14, 2006

Details at www.automow.com
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Noah Kalendar arrives in Washington, 
D.C. and is uncertain of the date. 
He does note that the Washington 
Monument casts a shadow tip path that 
is a straight line during the course of 
the day of his arrival. About what day 
of the year is it? 

A . . June .21 .
B . . December .21 .
C . . March .21 .
D . . March .21 .or .September .21 .

joe PortNey’s corNer

you can find more of portney’s  
ponderables and brain teasers  
at www.navworld.com

Noah Kalendar 

caleNdar

APRIL .2006 .
24-27: IEEE/ION .PLANS .2006, .
Loews .Coronado .Bay .Resort, . .
San .Diego, .California, .U .S .A . .
Contact: The ION  
Tel: +1 703-383-9688 
Fax: +1 703-383-9689 
Web: www.ion.org

MAY .2006 .
07–13: .RTCM .Annual .Assembly, .
New .Port .Beach, .California .
Contact: Mr. Robert Markle   
Tel: +703-527-2000
Fax: + 703-351-9932
E-mail: www.rtcm.org

07–10: .The .European .Navigation .
Conference .GNSS .2006, .
Manchester .Convention .Center, .
Manchester, .U .K . .
Contact: The Royal Institute of 
Navigation 
Tel: +44-20-7591-3130
Fax: +44-207591-3131
Web: www.rin.org.uk

29–31: .13th .Saint .Petersburg .
International .Conference .on .
Integrated .Navigation .Systems; .
Elecktropribor, .St . .Petersburg, .
Russia . .
Contact: Dr. George T. Schmidt
Tel: +1-617-258-3811
E-mail: ed@draper.com
Web: www.elektropribor.spb.ru

SEPTEMBER .2006 .
26–29: .ION .GNSS .2006, .Fort .
Worth .Convention .Center, . .
Fort .Worth, .Texas .
Contact: The ION  
Tel: +1 703-383-9688 
Fax: +1 703-383-9689 
Web: www.ion.org

OCTOBER .2006 .
18–20: .12th .IAIN .World .
Congress/2006 .International .
Symposium .on .GPS/GNSS, .ICC .
Jeju, .Resort-Style .Convention .
Center, .Jeju, .Korea .
Contact: Capt. Daniel S.H. Moon 
Tel: +82-17-553-4241
Fax: +82-51-404-5993 
E-mail: www.kinpr.or.kr/www.gnss.or.kr

Portney continued on page 15
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hyatt regency • monterey, california
National Technical Meeting 2006
january 18-20, 2006

NTM 2006 Program 
Chair Dr. Dorota 

Grejner-Brzezinska 
(left) with ION President 
James Doherty (center) 
and ION General Chair 

Dr. Naser El-Sheimy.

This year’s National Technical 
Meeting, held in lovely Monterey, 

Calif., focused on dual-use navigation 
technologies and was attended by more 
than 300 people.

The NTM 2006 program was led 
by Dr. Dorota Grejner-Brzezinska of 
The Ohio State University, program 
chair and Dr. Naser El-Sheimy of The 
University of Calgary, Canada, general 
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 mak-
ing this meeting a success. 

Franck Boynton (right) explaining NavtechGPS 
products to Mohamed Mohasseb.

Phil Simpson (left) pondering the days events 
with colleague.



corporate 
Profile

Romona was established in 
Sakhalin, Russia in 1991, and 
since then it has been provid-
ing specialized offshore and 
onshore survey, navigation, and 
positioning services through-
out the Russian Federation, 
in South East Asia and Middle 
East. Romona is also able to 
provide its services in any 
region of the world where cus-
tomers need them. 

Romona provides the following 
services: 
■ Offshore Positioning and 

Navigation 
■ Bathymetric and seafloor 

imagery surveys 
■ Sub-bottom profiling and 

magnetic surveys 
■ Tidal observations and cur-

rent profiling 
■ Data acquisition during 

underwater inspections 
■ Land surveys 

Romona is dedicated to 
providing quality and cost-
effective services to customers 
in the offshore and onshore 
oil and gas industries, as well 
as in telecommunications, 
construction, and civil engi-
neering. Romona has estab-
lished and maintains a Quality 
Management System relevant 
for Land and Marine Positioning 
and Survey in compliance with 
DIN EN ISO 9002 Standard and 
certified by Germanischer Lloyd 
Certification GmbH.

http://www.romona-ltd.com

Keith McDonald (left) and Frank Czopek.

Carolyn McDonald and Dr. David Diggle.

Knute Berstis and Frank Czopek.

Dr. Gérard Lachapelle (left) and Dr. Mark Petovello.

Exhibitor representatives from CAST.

Thank you  
ExhibiTors

Raytheon Systems Company
Met Tech
CAST Navigation LLC
Spirent Federal Systems Inc.
L-3 Communications IeC
NavtechGpS
Boeing
GpS World
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From the IoN hIstorIaN
one of a series of columns by ion historian marvin may

Fleet Ballistic Missile Navigation I

The 50th anniversary of the formation 
of the Navy’s Special Projects Office was 
recently celebrated. This article is the first 
of two dedicated to the accomplishments 
related to the Fleet Ballistic Missile’s ship 
navigation subsystem. This first article 
primarily addresses the evolution of the 
inertial navigators aboard the FBMs.

In the midst of the Cold War, the 
United States perceived the need for 

increased deterrence against the threat of 
a nuclear attack from the Soviet Union. 
Notwithstanding the existence of Air Force 
long range strategic bombers and intercon-
tinental ballistic missiles, the U.S. Navy’s 
Fleet Ballistic Missile program seemingly 
provided the ideal deterrent, able to remain 
submerged and invulnerable at sea and 
capable of little other than deadly retalia-
tion ensuring mutually assured destruction. 
However, in the early 1950s it was far from 
obvious that ballistic missiles capable of 
delivering nuclear warheads over ranges 
greater than a thousand miles could be 
deployed from submarines. The subma-
rine’s navigation subsystem was recognized 
as a critical aspect of the FBM’s feasibility 
because of the effect that it had on the 
accuracy of the missile’s impact accuracy. 

Excessive .Navigation .Errors
The Air Force, ever alert to the possibility of 
losing funding, repeatedly raised the specter 
of excessive navigation errors on a sub-
merged vessel to undermine the Navy’s bud-
ding role. Indeed, submarine position errors 
would translate directly into corresponding 
missile impact errors. Even more complex 
from both a theoretical and mechaniza-
tion viewpoint were the effects of correlated 
errors of velocity and attitude. The missile’s 
guidance system required transfer of these 

quantities for its alignment and initializa-
tion, and small errors could propagate into 
large missile miss distances. 

Despite these and other technological 
obstacles, in December 1956 the Secretary 
of the Navy reaffirmed the highest Navy 
priority for the FBM program. The Special 
Projects Office, previously only charged with 
the development of the ship-based aspects, 
was given responsibility for development of 
the entire system including the navigation 
subsystem. Under their direction, over this 
50 year span, a long series of navigation 
accomplishments, often unrecognized by 
the general navigation community, were 
achieved which not only met the needs of 
the strategic submarines but led the way for 
many other applications requiring robust, 
accurate navigation.

Although long range radionavigation 
systems such as LORAN had been proven 
during World War II, their use inevitably 
involved compromises in covertness and 
vulnerability, and they do not directly 

provide velocity and attitude. The key to 
submersible, covert navigation rested on 
the improvement and adaptation of inertial 
navigation systems. 

By the mid 1950s, subsequent to the 
demonstration of inertial guidance by 
the German V-2 rocket in World War II, 
United States government efforts at the 
Redstone Arsenal, the MIT Instrumentation 
Laboratory, and the Jet Propulsion 
Laboratory, in conjunction with corpo-
rate giants such as the Sperry, Honeywell 
and the Autonetics Division of North 
American Aviation, resulted in several 
inertial navigation system designs. These 
systems were for applications that gener-
ally had less stringent requirements than 
for the FBM or could be frequently aided by 
radionavigation or celestial sources. 

USS .George .Washington .
The first FBM submarine, USS George 
Washington (SSBN 598) was launched at 
Groton, Ct. on 9 June 1959. It was equipped 

The first United States submarine, the USS George Washington at sea.
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with a MIT/Sperry designed space stabilized 
ship’s inertial navigation system desig-
nated the Mk 3 Gyronavigator. Meanwhile, 
Autonetics had developed a locally level 
stabilized navigator, designated the XN6, for 
the U.S. Air Force’s 5000 mile Navaho cruise 
missile. Upon cancellation of the Navaho 
program, the XN6 modified as the N6A 
Inertial Navigator, was employed aboard the 
USS Nautilus’s famous voyage under the 
ice surrounding the North Pole. The Sperry 
Mk3 Gyronavigator and a newly designed 
ball bearing gyroscope successor to the 
Autonetics N6A, competed for the role of 
inertial navigator aboard the first few FBMs. 
By 1960, the decision was made in favor of 
the Autonetics navigator now designated 
the SINS Mk2. The Autonetics Mk2, with its 
various modifications, served the FBM fleet 
from 1960 until 2005 on Polaris, Poseidon 
and TRIDENT I boats. Although Sperry no 
longer would produce the inertial naviga-
tors for FBM, this corporation, through 
its various acquisitions and mergers as 
Paramax, Burroughs, Unisys and Lockheed 
Martin, has retained its major role as navi-
gation subsystem manager. 

Next .Generation .FBM .Inertial .
Navigator .
An amorphous combination of politics, 
technological innovation and hetero-
geneous engineering led to the gradual 
adoption of the next generation of FBM 

inertial navigator. The random drift of the 
SINS’ mechanical gyroscopes, generally 
associated with imperfections in gas bear-
ings, was the principle error source for long 
term navigation accuracy. Stemming from 
research performed in the early 1950s by 
Professor Arnold Nordsieck of the University 
of Illinois, an electrostatically suspended 
gyroscope (ESG) offered the ultimate poten-
tial for reducing random drift by maintain 
a spinning beryllium ball suspended in a 
vacuum created by an electrostatic field. 

ESG .Introduced
By the mid 1960s, Honeywell had devel-
oped an ESG based inertial navigator. It 
wasn’t, however, until the late 1970s, when 
requirements for the longer range mis-
sile TRIDENT I missile were formulated 
along with needs for longer times between 
inertial navigator resets, that the ESG 
was introduced into the Fleet. With the 
Strategic System’s Project Office’s (SSPO) 
characteristic combination of stretching the 
envelope of technical performance while 
minimizing subsystem risk, the ESG was 
first introduced in 1979 as a “monitor” for 
the SINS. In this monitor configuration the 
SINS Mk 2’s still maintain their primary 
role of interfacing with the fire control sub-
system while benefiting from the improved 
gyroscope calibration afforded by the more 
stable ESGs. Furthermore, as an additional 
risk mitigation, the ESG monitor vendor 
selected by SSPO was Autonetics, the legacy 
SINS manufacturer. 

For the TRIDENT II (D5 missile) config-

uration incorporated into the Fleet begin-
ning in 1990, the Autonetics’ (now Boeing) 
Electrically Suspended Gyro Navigator 
(ESGN) was selected as the principal iner-
tial navigation system. This navigator will 
support the fleet until at least 2012. Alas, 
even an ultimate performer like the ESG, 
is subject to obsolescence and sustainment 
issues: SSPO, supported by its industrial 
partners Boeing, Honeywell and Lockheed 
Martin, are designing a next generation 
FBM navigator, based on a fiber optic gyro-
scope.

— Marvin B. May is the Chief 
Navigation Technologist at Pa. State 
University’s Navigation Research and 
Development Center, Warminster, Pa. 

Prof. Arnold Nordiseck holding early elecrostati-
cally suspended gyroscope (1959).

The first FBM submarine, the U.S.S. George Washington 
(SSBN 598) was launched at Groton, Ct. on June 9, 1959. TRIDENT II D5 Fleet Ballistic Missile.
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Roger L. Easton accepting the National Medal of Technology from President Bush.

on November 14, President 
George Bush announced that 

Roger L. Easton is the recipient of the 
National Medal of Technology for his 
extensive pioneering achievements in 
spacecraft tracking, navigation and tim-
ing technology that led to the develop-
ment of the NAVSTAR-Global Positioning 
System (GPS). The Nation’s highest honor 
for technology, the National Medal of 
Technology is awarded to individuals who 
embody the spirit of American innovation 
and who have advanced the Nation’s 
global competitiveness.

Easton, the former head of the Naval 
Research Laboratory’s (NRL) Space 
Applications Branch, Space Systems 
Division, retired from NRL and federal 
service in 1980. 

Easton began his career at NRL in 
1943 as a research physicist, working on 
radar beacons and blind landing systems 
in the Radio Division, and also conducted 
research as an active duty Naval officer 
from 1944 to 1945.

Minitrack System. He was award-
ed the National Medal of Technology 
for “his invention of the Minitrack sat-
ellite tracking system” used to track 
Vanguard satellites and determine orbits; 
his development of the Naval Space 
Surveillance System still in use today 
cataloging all known man-made space 
objects orbiting Earth; his invention of 
a “Navigation System Using Satellites 
and Passive Ranging Techniques” and 
his subsequent development of Time 
Navigation and Navigation Technology 
Satellites that formed the technological 
basis for modern GPS.”

Easton conceived, patented, and 
led the development of critical enabling 

technologies for the United States Global 
Positioning System (GPS). GPS today is a 
constellation of Earth-orbiting satellites 
providing precise navigation and timing 
data to military and civilian users.

Easton developed his concept for 
a time-based navigational system 
with passive ranging, circular orbits, 
and space-borne high precision clocks 
synchronized to a master clock. The 
U.S Patent Office received his invention, 
“Navigation System Using Satellites and 
Passive Ranging Techniques,” on Oct. 
8, 1970.

Timation. His earlier work exploit-
ing space-based systems for geodesy, 
navigation, and timing, laid the 
foundations for his vision-
ary leap to the concept he 
dubbed TIMATION, for time 
navigation. He tested his 
concepts at NRL through 
development and launch 
of four experimental satellites: 
TIMATION I and II (in 1967 and 1969) 
and Navigation Technology Satellites 
(NTS) 1 and 2 (in 1974 and 1977). 
NTS-2, the first satellite to fly in the GPS 
12 hour orbit and transmit GPS signals, 
flew the first cesium atomic frequency 
standard in space. 

Verifying einstein. Using time 
measurements from NTS-2, he experi-
mentally verified Einstein’s theory of 
relativity. A relativistic offset correction 
that he applied is still in use by every 
satellite in the GPS constellation.

Earlier in his career at NRL, Easton 
collaborated with Milton Rosen in 1955 
to write NRL’s Project Vanguard pro-
posal for a scientific satellite program 
for the International Geophysical Year. 

President Eisenhower announced selec-
tion of Vanguard as the United States 
national scientific contribution to the 
International Geophysical Year. Easton 
invented the Minitrack System to deter-
mine the Vanguard satellite’s orbit.

Minitrack and Sputnik. When 
the Soviet Union launched Sputnik into 
orbit, the United States could not track 

non-radiating satellites or 
determine if other launch-
es occurred. Easton solved 
this problem by extend-
ing Minitrack to actively 
follow unknown satellites 

orbiting Earth. Under his 
leadership, the Naval Space 

Surveillance System became the world’s 
first system to detect and track all types 
of Earth-orbiting objects, thus contribut-
ing to America’s national security and 
sense of well-being during the Cold War. 
For this invention, he received a U.S. 
patent in 1964.

early GpS. Easton conceived the 
idea of using satellite-carried precise 
clocks for passive ranging in 1964. He 
conducted research, carried out space-
based experiments, and published his 
findings that accurate, reliable and 
instantaneous satellite navigation could 
be achieved with passive ranging, circular 
orbits, and a constellation of space-borne 
high-precision clocks synchronized to a 
master clock, which are in fact the pri-

mary features of modern GPS. 
While initially designed for use by 

the military, GPS has been adapted for 
civilian use from commercial airliners 
to personal in-car systems. So many 
creative uses for GPS have been dis-
covered by such a wide variety of users 
that, according to an economic study by 
Allied Business Intelligence, estimated 
worldwide sales of GPS equipment and 
services will grow to more than $34 bil-
lion by 2006.

Awards. During his career at NRL he 
was awarded 11 patents. Major awards 
include the following: The Distinguished 
Civilian Service Award (1960); The ION’s 
Thomas L. Thurlow Award (1978); The 
creation of the Roger L. Easton Science 
and Engineering Award established by 
The Naval Space Surveillance Center in 
1991; National Aeronautic Association’s 
1992 Robert J. Collier Trophy; The Roger L. 
Easton Award for Engineering Excellence 
established by NRL in 1995; Induction 
by GPS Joint Program Office into GPS 
Hall of Fame “for his overwhelming 
contributions to engineering applica-
tions in navigation satellite technology 
[that] have made GPS a reality” (1996); 
and, The American Philosophical Society, 
Magellanic Premium “for development of 
the Global Positioning System” (1997). 
And, in 1999, he was admitted as one of 
the ION’s first Fellows.

Congratulations to Roger Easton!

easton receives 
highest U.s. honor 
For technology
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WAShINGTON SECTION. The Washington, D.C. section held its 
December meeting at the U.S. Naval Observatory in Washington 
D.C. Carlene Stephens provided an illustrated preview of an 
exhibition in development at the Smithsonian Institution. The 

exhibition, “Finding Time and Place: From Chronometers to GPS” will explore 
the crucial historical relationship between accurate clocks and navigation, from 
the 18th century to the present. The exhibit which will be approximately 3,000 
to 5,000 square feet is scheduled to open in late 2008 and will be located on the 
second floor of the National Air & Space Museum. 

Approximately 8 to 9 million visitors tour the National Air & Space Museum 
annually. Ms. Stephens is the curator of the Smithsonian’s time collections at the 
National Museum of American history.

section News

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 hono-
rarium. Nominations are to be submitted by a regular 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.

Parkinson Award Nominations  
Due June 30

Figure at left shows proposed placement of navigational instruments in the 
National Air & Space Museum. Figures above show artists rendering of the 
proposed exhibit space.
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and its various augmentations to improve 
both the safety and efficiency of the national 
transportation infrastructure. The United 
States will continue to provide GPS to civil 
users worldwide “free of direct charges”. GPS 
augmentations included in the FRP are the 
FAA Wide Area Augmentation System (WAAS), 
the Nationwide DGPS (NDGPS) system 
which includes the U.S. Coast Guard’s mari-
time differential GPS system, the National 

Geodetic Survey’s National Continuously 
Operating Reference Station (CORS) system, 
and the International GPS Service’s Global 
Differential GPS Service (GDGPS) at IGS 
Central Bureau/JPL. In addition, moderniza-
tion of GPS continues. The first launch of an 
L2C capable satellite which will enable dual-
frequency code-based civil receivers to correct 
for ionospheric error was launched in 2005, 
and the first launch of a L5 capable satellite is 

FRP, continued from page 1

Figure 1. Proposed Civil Aeronautical Navigation and Landing Transition

scheduled for 2007. Twenty-four L2C capable 
GPS satellites are projected to be on orbit by 
approximately 2013, and twenty-four GPS L5 
capable satellites are projected to be on orbit 
by approximately 2015.  

Phase-Down .Anticipated
The FAA is planning to transition into pro-
viding Satnav services based primarily on 
GPS augmented by the WAAS, with Category 
II and III service based on the Local Area 
Augmentation System (LAAS) and ILS. As a 
result of this transition, the need for ground-
based navigation services will diminish and 
the number of federally provided ground-
based facilities will be reduced accordingly.  
The proposed transition strategy is depicted in 
Figure 1. The FAA is evaluating alternatives 
for the future National Airspace System (NAS) 
navigation architecture and will update 
the transition plans as Satnav program 
milestones are achieved, as the actual perfor-
mance of Satnav systems is documented, and 
as users equip with Satnav avionics. 

Regarding the status and future use of 
Loran-C, the 2005 FRP maintains the policy 
of continuing to operate Loran-C in the 
short term while continuing to evaluate the 
long-term need for its continuation. DOT, in 
coordination with DHS, will make a decision 
regarding the future of the Loran system 
by the end of 2006. If a decision is made to 
discontinue Loran, then at least six months 
notice will be provided to the public prior to 
the termination of the service.

GPS .III
Studies are underway for the next generation 
of satellites, known as GPS III. These studies 
are addressing improvements in accuracy, 
availability and integrity as well as increased 
anti-jam performance to meet the future needs 
of civil and military users. One potentially 
significant improvement is the ability to sup-
port navigation for all phases of flight through 
approaches with vertical guidance without the 
need for regional augmentation, potentially 
reducing long-term ownership costs. The first 
GPS III launch is projected for 2013.

—The 2005 FRP is now available on 
the Internet through the USCG Navigation 
Center at www.navcen.uscg.gov.  ■

    Kepler Nominations Requested
The purpose of the Johannes Kepler Award is to honor an individual 
for sustained and significant contributions to the development of satel-
lite navigation. The winner of this award will be determined by a spe-
cial nominating committee. The Kepler Award is presented only when 
deemed appropriate.  All members of the Institute of Navigation are 
eligible for nomination. You are encouraged to submit the names of 
individuals for consideration. 

To submit a nomination, go to the ION Web site 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. 
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phase was successfully completed by Jan. 9.
On Jan. 10, payload commissioning started 

from the SSTL Mission Control Centre with the 
objective of verifying that all the units in the 
navigation payload were functioning properly.

GIOVE-A .Deploys .Its .Solar .Arrays
On Jan. 12, the first Galileo navigation sig-
nals were transmitted by GIOVE-A. These 
were received and analysed by the Galileo 
receivers using the 25-metre diameter dish 
of the Chilbolton Observatory Facilities for 
Atmospheric and Radio Research (U.K.) and 
the ESA Station in Redu (Belgium). The vari-
ous Galileo signal modes will now be gener-
ated sequentially using the various GIOVE-A 
payload chains. Payload commissioning 
activities are planned to be completed by mid-
February.

Additional measurement campaigns will 
then be carried out to assess the medium earth 
orbit radiation environment, characterise the 
performance of the on-board clocks and per-
form signal-in-space experimentation.

—GIOVE-A’s mission is to secure 
use of the frequencies allocated by the 
International Telecommunications Union 
for the Galileo system, demonstrate critical 
technologies for the navigation payloads of 
future operational Galileo satellites, char-
acterise the radiation environment of the 
orbits planned for the Galileo constellation 
and test the receivers on the ground. 

Formerly known as GSTB-V2/A, the 
GIOVE A satellite is carrying two redundant, 
small-size rubidium atomic clocks, each 
with a stability of 10 nanoseconds per day; 
the navigation L-band antenna; and two 
signal generation units. This mission will 
be followed by that of the second satellite, 
GIOVE-B in 2006.  ■

RTCA, Inc. is a private, not-for-profit corpora-
tion that develops consensus-based recommen-
dations regarding communications, naviga-
tion, surveillance and air traffic management 
(CNS/ATM) system issues. RTCA functions as 
a federal advisory committee. Its recom-
mendations are used by the Federal Aviation 
Administration (FAA) as the basis for policy, 
program and regulatory decisions, and by 
the private sector as the basis for development, 
investment and other business decisions. 

Signals, continued from page 1

GIOVE-A Deploying Its Solar Arrays.

The committee reviewed current 
Working Group (WG) activities, some 
of which are outlined below: 

WG-2, GpS/WAAS, learned that the FAA 
has published 193 additional LPV approach-
es since the beginning of 2005. Telesat and 
PanAmSat were successfully launched in 
September and October 2005, respectively. 
EGNOS Status was presented by Nestor 
Zarraoa. EGNOS Initial Operations began 
on 28 July 2005, By early 2006, EGNOS 
Open Service will be declared available 
over Europe for non-safety-of-life services. 
Safety-of life services will be available 
sometime in 2007.

WG-2C, GpS/Inertial: A revised Appendix 
R with error modes and test procedures 
will be provided for the DO-229C update. 
Reviewed and discussed the European 
GNSS-Inertial Future Landing Techniques 
(GIFT) report. In this report, a concern was 
expressed that integrity failure may occur 
from miscalibration of the position as a 
result of temporal and spatial variations of 
ionospheric gradients.

WG-4, GpS/precision Landing 
Guidance: Leo Eldredge gave a status 
update on the FAA LAAS program. While 
work continues on the honeywell contract, 
the FAA is developing a business case for 
LAAS. Barbara Clark briefed on the activi-
ties of the ICAO Navigation System Panel 
(NSP). Their near-term goal is to validate 
the Ground-Based Augmentation System 

(GBAS) CAT II/III feasibility decision by the 
fourth quarter of 2006. In regards to the 
initial ground work for the CAT II/III LAAS 
MOPS Tim Murphy of Boeing briefed on 
his airborne multipath investigation results. 
The results indicate that additional airborne 
receiver constraints may be useful to support 
CAT II/III.

WG-6, GpS/Interference, is working with 
WG-7 on issues regarding DO-229 combined 
pulse/intra-system RFI test condition as well 
as an update on aggregate ground RFI 
modeling. 

WG-7, GpS L1/L5 Antenna, reported on 
the results of antenna testing. Gain require-
ments have proven difficult to meet. More 
testing is planned. 

WG-8, GpS/GRAS, reports some Ground-
Based Regional Augmentation System 
(GRAS) commercial progress in Australia. 
The GRAS MOPS will include three function-
al classes–Beta, Gamma, Delta – and one 
operational class – Class 3. The schedule to 
complete the GRAS MOPS is based on the 
progress of DO-229D. 

The most recent meeting of SC-159 was 
held October 24–28, 2005, at RTCA. 

NexT MeeTING: MARCh 20-24, 2006.

program Director: harold Moses, 
RTCA, Inc. 

Chair: Christopher hegarty, MITRe/
CAASD 

Vice Chair: George Ligler, pMeI 

Secretary: Young Lee, The MITRe 
Corporation 

rtca corner: special 
committee -159 global 
Positioning system report
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September 26–29, 2006 ★ Fort Worth, Texas
Tutorials : September 25–26 ★ www.ion.org

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

the 19th INterNatIoNal techNIcal meetINg oF the 
satellIte dIvIsIoN oF the U.s. INstItUte oF NavIgatIoN

Early Registration and Advance Hotel 
 Reservation Deadline: September 1

★ Beat the Stampede, Register Early!

★ Exhibit Space Is Still Available

The architects of our 

Constitution didn’t 

create the two legis-

lative bodies to pass 

laws, but rather to 

make sure that bad 

laws were not passed.

should not ring more than twice if it is not 
picked up by one of the staff members in the 
front office. On busy days, the phone can be 
challenging to deal with. I estimate that no 

less than 60 percent of the incoming calls 
are from constituents offering input and 
opinions to the congressman on legislative 
issues. I must admit in my first few days in 
the office, I found myself not being quick to 
reach for the phone, subconsciously fearing 
my inability to converse intelligently with the 
vast number of legislative issues flowing into 
the office (my note above about informed 
constituents applies). However, after a few 
days of getting familiar with the office and 
observing those around me doing their work 
and helping me get up to speed on my issues, 
answering the phone was not only necessary 
but absolutely essential to becoming part of 
the team. Today, I am not only comfortable 
reaching for the phone, but I enjoy talking 
with the people, working to understand their 
perspective and more often than not, I find 
myself being educated by listening to their 
input and opinions. 

How this information is managed for 
the Congressman Miller would require more 
space than I am allotted here, but I charac-

terize my role as an information filter and 
archiver who must be prepared to provide 
him manageable pieces of information when 
required for him to do his job. 

The .Politics
During our orientation phase of the fellow-
ship program, I noted two interesting points: 
(1) activity in the Senate is all about politics, 
while the House is all about procedure, and 
(2) the architects of our Constitution didn’t 
create the two legislative bodies to pass laws, 
but rather to make sure that bad laws were 
not passed. In the last few months, I have 
learned a lot about the House procedures and 
the role of politics in using (or not using) 
those procedures. For example, being on the 
minority side of the aisle has its challenges 
given the role the Rules Committee plays 
in framing legislation debate. Open rules 
or closed rules on legislation matters con-
trolled by the Rules Committee determines 
if amendments will or will not be allowed. A 
“Martial Law” rule was enacted at the end 

Impressed, continued from page 3
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Noah arrived in Washington, D.C. on the equinox. During the course of the year, 
any prominence on the Earth will cast a unique daily shadow tip path as a func-
tion of the time of the year. On the equinox (vernal or autumnal), the Earth’s 
axis is not tilted toward the Sun (its axis is in a plane perpendicular to the plane 
containing the Earth and Sun), thus the shadow tip path of the Washington 
Monument is flattened to a straight line. The rest of the year the Earth’s axis has 
a varying tilt toward or away from the Sun that results in a prominence cast-
ing a shadow tip family of curves (resulting from conic intersections—circles, 
ellipses, parabolas, or hyperbolas). These curves become concave upward after 
the autumnal equinox through the winter and flatten to a straight line on the 
vernal equinox, and become concave downward through the summer flattening 
to a straight line with the return of autumn in the northern hemisphere. The 
seasonal effect on the shadow tip path is illustrated in the figure below.

of this session of Congress that allowed the 
waiving of a rule requiring advance noti-
fication on legislation. Enacting this rule 
essentially gives only those members physi-
cally on the House floor the opportunity to 
review bills as they are introduced. Setting 
the legislative agenda is determined solely 
by the majority side. How the sequencing 
of votes is used to determine whether or not 
particular legislation will be raised or with-
drawn is managed solely at the discretion of 
the Speaker (a majority position). During 
the last few months, numerous issues on the 
House floor, such as Iraq troop withdrawal, 
drilling in the Artic National Wildlife Refuge, 
FY2006 Budget Reconciliation, extension of 
the Patriot Act, defense appropriations, tax 
cuts, energy policy, etc., have demonstrated 
to me how politics factors into forming the 
legislative agendas. It, to say the least, has 
been very intriguing. 

An .Observation
In an interview with the House Science 
Committee staff, before I committed to 
serving my fellowship year in this office, 
I was asked if I was aware of the FAA’s 
Wide Area Augmentation System. Looking 
back on that question, with awareness of 
President Bush’s December 8, 2004 U.S. 
Space-Based Positioning, Navigation, and 
Timing Policy, I believe a better question 
for the Science Committee staff to be ask-
ing would be: Are you aware of the civil 
modernization of GPS? For those seeking 
to implement the President’s Policy and 
find ways to ensure civil GPS capabilities 
are funded, I would suggest that approach-
ing Congress through avenues such as the 
Science Committee might be something to 
consider. I would forecast that in doing that 
the people encountered, the information to 
be shared, the politics to be experienced, and 
the potential benefits to be gained would be 
— intriguing.

—Prior to his appointment as an 
ION Congressional Fellow, Douglas 
Taggart was a Senior Systems Engineer 
for Overlook Systems Technologies. He is a 
1976 graduate of the U.S.C.G. Academy 
(B.S.E.E.) and holds an M.S.E.E. from 
Purdue University.

Portney’s Corner from page 6 And .the .Answer .Is .D

Shadow Tip Path Seasonal Effect
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POSITION LOCATION AND NAVIgATION SyMPOSIUM

The IEEE and the ION® are hosting PLANS  
together in 2006!

Loews Coronado Bay Resort,  
San Diego
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