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The Nationwide Differential Global 
Positioning System (NDGPS), which 

uses radiobeacon broadcasts to transmit free 
GPS corrections, appears to be losing its long 
battle to remain on the air. Although the 
program had been a priority for outgoing U.S. 
Transportation Secretary Norman Mineta, 
President Bush’s Fiscal Year 2007 (FY07) bud-
get zeroed out funding for the system, which 
has reached 92 percent coverage of the lower 
48 states. (See figure above.)

Carry-over funds from a $9.7 million 
allocation in FY06 has allowed the system 
to continue operating. The recent trans-
fer of the program from Federal Railroad 
Administration (FRA) sponsorship to the 
U.S. Department of Transportation’s (DoT’s) 
new Research & Innovative Technology 

NDGPS 

oN the ChoPPiNG BloCk

Administration (RITA) failed to secure opera-
tional funding from the White House Office of 
Management and Budget (OMB).

Currently, the FY07 operating plan halts 
all new NDGPS site construction and allocates 
only $2 million to decommission the program 
beginning in FY08. Absent the intervention 
of Congress or a reversal of administration 
plans, NDGPS will go off the air in October 
2007. That action would leave thousands of 
system users, particularly in the precision 
agriculture and maritime communities, 
scrambling for alternatives, such as the 
Federal Aviation Administration’s GPS Wide 
Area Augmentation System (WAAS) or com-
mercial service providers. 

NDGPS, continued on page 21

ION GNSS 2006, Page 9
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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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Did You Know  

Dot Lemon?
In 1961, Dot Lemon (born in Chicago, Ill. 
in 1906 as Dorothy C. Whitney) became 
the first female president of The Institute 
of Navigation. She died in 1986 in 
Caracas, Venezuela.

Richard Kinsman is in need of infor-
mation about Dot Lemon for a biography 
he is hoping to write.

If you have any information about 
this interesting woman, please contact 
Richard Kinsman at RKins46246@aol.com

China has announced plans to build its 
own 35-satellite GNSS system, known 

as Beidou or Compass, with launch of two 
satellites early in 2007 as the next stage of 
development.

In October the China National Space 
Administration said the country will upgrade 
and fully implement the Beidou, according 
to the government’s Xinhua news agency, 
reported in People’s Daily Online. The system 
would include five geostationary Earth orbit 
(GEO) satellites and 30 medium Earth orbit-
ing (MEO) satellites in six orbital planes, the 
latter operating near the GPS and Galileo 
altitude of 20,000 kilometers. 

Compass currently has three test satellites 
in orbit, launched between 2000 and 2003. 
These GEO spacecraft transmit at 2491.75 
± 4.08 MHz (S-Band), but in filings to the 
International Telecommunications Union 
(ITU), China has indicated plans to transmit 
in L-band as well.

According to People’s Daily Online, 
China’s system will offer two levels of service: 
an open, commercial service with real-time 
autonomous positioning accuracy of 10 
meters and 50-nanosecond timing accu-
racy as well as a safer “authorized” service 
— probably similar to Galileo’s publicly 
regulated service (PRS) or the encrypted GPS 
military signals.

In a May 2004 ITU filing, China’s 
Ministry of Information Industry, indicated 
that the system would be completed by 2010 
with satellites being developed, manufac-
tured, and launched by the China Aerospace 
Science and Technology Corporation. China’s 
filings for ITU frequency allocations suggest 
that the signals will overlap those of GPS and 
Galileo at the L1 and L2 bands.

GPS user equipment and applica-
tions have become widespread in China. 
The nation has also been participating in 
Europe’s Galileo program, having joined the 
Galileo Joint Undertaking (GJU) and com-

mitted €200 million to the project. However, 
European officials have apparently rebuffed 
China’s overtures to become a full-fledged 
partner in the GNSS Supervisory Authority 
that will oversee Galileo. 

Xinhua quoted Chinese “aerospace sourc-
es” as saying China was willing to cooperate 
with other countries in GNSS affairs. China 
is taking part in the International Committee 
on GNSS, established with the encourage-
ment of the United Nations Office of Outer 
Space Affairs, which held its first formal 
meeting in early November.

Also in November, the Information Office 
of China’s State Council issued a white paper 
titled “China’s Space Activities in 2006,” 
which outlines the nation’s current space-
related plans, goals, and activities. The white 
paper underlines China’s “independence 
and self-reliance policy,” and identifies the 
Beidou navigation satellite project as one 
of 12 major tasks for the nation’s space 
program.

ION’s Navigation journal (Vol. 52, No. 3, 
2005) published an article about the Beidou 
system written by three authors from the 
Naval University of Engineering, in Wuhan, 
China. ◆

ChiNa aNNouNCeS PlaNS 

For Its Own GNSS

May 25, 2003 launch of Beidou Satellite
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Twenty years seems like a long time. As an 
engineering product manager once said, 

“Five years is an eternity. Ten years is two 
eternities.”

Nonetheless, even though by that measure 
it might be four eternities away, the U.S. 
Department of Defense’s National Security 
Space Office (NSSO) is asking the GNSS 
community to envision the shape of position-
ing, navigation, and timing (PNT) in 2025. 
Feedback from manufacturers and PNT ser-
vices providers, standards bodies, professional 
organizations, and others will be used in 
developing an evolutionary path for a robust 
National PNT Architecture over the next 20 
years. 

The goal is to develop a long-term PNT 
investment strategy and framework to enable 
robust PNT capabilities needed by the U.S. 
government, its allies, and commercial users. 
The scope of the architecture includes all 
PNT-related needs and capabilities, including 
orientation, and is not limited to space-based 
capabilities.

NSSO is sponsoring this effort in 
cooperation with the U.S. Department 

of Transportation (DoT) Research and 
Innovative Technology Administration (RITA) 
architecture in response to tasking from 
the National Space-Based PNT Executive 
Committee, co-chaired by the Deputy 
Secretary of Defense England and Deputy 
Secretary of Transportation Maria Cino.

A new organization to many in the GNSS 
community, NSSO Was established in May 
2004 and combined the National Security 
Space Architect and the National Security 
Space Integration offices. Its director, Maj. 
Gen. James B. Armor Jr., served several years 
as the director of the GPS Joint Program 
Office (now titled the GPS Wing of the Space 
and Missile Systems Center) at Los Angeles 
Air Force base. NSSO’s mission is to integrate 
and coordinate defense and intelligence space 
activities to achieve unity of effort.

not That Far Away
The PNT architecture undertaking isn’t as 
abstract and theoretical as its timeline might 
suggest. Consider, 20 years ago the GPS pro-
gram appeared on the edge of extinction fol-
lowing the fatal explosion on the Challenger 

Not 20/20, But 2025 ViSioN:

U.S. Launches PNT Architecture Planning

and the grounding of the U.S. space shuttle 
fleet. 

At that time, plans called for using shut-
tles to launch future GPS satellites. A new 
generation of spacecraft and launchers had 
to be adapted — a task that was completed 
in time to restart satellite launches in 1989 
on the Boeing Delta II. 

Twenty years ago, GLONASS had only 
a handful of satellites in orbit and, under 
conditions of the Cold War and Soviet foreign 
policy, the kind of combined user equipment 
and intergovernmental cooperation among 
GNSS system providers that we have today 
would have been unimaginable. (Galileo, 
of course, was scarcely a gleam in a French 
general’s eye.)

Looking ahead, if current plans and 
efforts are realized, by 2025 the Global 
Positioning System will have a fully opera-
tional capability based on GPS III technol-
ogy, Galileo will be nearing the end of its 
first concession contract, and GLONASS will 
be restored and modernized with a complete 
constellation of K-generation spacecraft, a 
global monitoring and control system, and 
perhaps even CDMA-type signals being trans-
mitted along with its current FDMA structure.

It is with that kind of scope that the NSSO 
is asking the community to help assess PNT 
capabilities employed, planned, or proposed by 
national security, civil, and commercial orga-
nizations. Of particular interest in the words 
of an NSSO request for information (RFI) 
are innovative practices, concepts, standards, 
technologies, non-material applications, and 
associated commercial architectures.

A September 25 presentation by Karen 
Van Dyke, DoT/RITA Volpe Center, and Cdr. 
Ed Kneller, NSSO, introduced the PNT archi-
tecture initiative at the Civil GPS Service 
Interface Committee (CGSIC) in Fort Worth, 
Texas. In explaining the need for such an 
initiative, Van Dyke characterized the current 
situation:
❖ Diverse set of PNT applications with dif-

ferent performance requirements
❖ No overarching strategy documents to 

define civil GPS/PNT requirements as 
identified in civil PNT analysis of alterna-
tives study

PNT continued on page 22
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would appear if the navigation were actually 
located at the navigator’s assumed position. 

Almost always these tables relied on the 
principle that splitting any spherical triangle 
into two right-angle triangles by drop-
ping a perpendicular from the apex to one 
side would make the solution easier. These 
calculations and table-searches for “short” 
tables were easier than they were when using 
logarithms, but they were still rather lengthy 
and vulnerable to error, especially when the 
navigator was in a hurry, which he usu-
ally was aboard an aircraft. There were a 
myriad of short methods, including Ageton’s, 
Ogura’s, Dreisonstok’s, Smart and Shearme, 

This continues the story of  
Captain Philip Van Horn Weems, who 

introduced a series of technical and pro-
cedural improvements beginning in the 
second quarter of the 20th century that 

helped change the art and science of nav-
igation. Part 1 of this story, published in 
the Summer issue of the ION Newsletter, 

traced Weems’ early years as an orphan, 
his training at the U.S. Naval Academy, 

and his interest in lunar and solar tech-
niques for position fixing that eventually 

led to development and publication of his 
Air and Nautical Almanacs.

In the 1930s Weems progressed further in 
his endeavor to simplify celestial naviga-

tion for aviation. Working out celestial sights 
by logarithms remained popular at sea, 
but “short” methods were gaining favor in 
air navigation. “Short” tables (which air 
navigators paradoxically thought were long 
ones) short-circuited the logarithmic route 
by tabulating certain values — that were, 
indeed, often logarithms themselves. When 
added and subtracted according to a set of 
rules, these calculations produced a star azi-
muth to plot (that is, the direction the navi-
gator should look to see the star) and also a 
tabulated height or altitude at which the star 

Capt. P.V.H. Weems

The Grand Old Man of Navigation

By N.W. Emmot (based on an interview by Joseph Portney)

Part 2
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Weems, who had retired 

in 1933 with the rank of 

commander, published the 

famous Star-Altitude Curves, 

sinking most of his personal 

funds into the enterprise 

only to find that the Navy 

was not too interested.

and Comrie’s tables, to name only a few.
The big advantage of short methods 

was that they could usually be contained in 
a small book. Their chief competitor was the 
pre-computed table, which did all the com-
putational work beforehand and then tabu-
lated the actual altitude and azimuth for any 
combination of even degrees of latitude and 
hour-angle, combined with the declination of 
the body being observed. Examples of these 
tables were the British Air Navigation Tables 
as well as three U.S. Navy Hydrographic 
Office publications: HO 218, first used during 
the Second World War; HO 214, widely used 
for surface navigation; and HO 249, the sim-
plified and improved version published since 
the early 1950s. These tables were convenient 
and faster than the short methods, but they 
required carriage and use of a large number 
of books.

Weems pondered the matter at length 
and came up with a method that depended 
on the fact that circles of equal altitude 
— in effect, the position-circles that a navi-
gator wishes to plot — ring the sub-stellar 
point of each star like the circular ripples 
around a stone dropped in the water. (These 
sub-stellar points are the apparent point on 
the earth’s surface immediately beneath the 
star.). This family of circles travels around 
the world at the same speed as the rotation 
of the earth. The longitude of any portion of 
this set of concentric circles depends on the 
hour-angle of the star (that is, the difference 
in longitude between the sub-stellar point of 
the star and the aircraft). 

Through immense labor, Weems 
selected a number of pairs of stars whose 
families of circles intersected at convenient 
angles — what was called, giving a good 
“cut,”— and plotted these for given bands 
of latitude and hour-angle. To obtain a fix 
using Weems’ tables, a navigator had only to 
pick the correct page for his latitude and lon-
gitude, observe the two stars plus Polaris for 
a latitude-line, change his Greenwich Mean 
Time to hour-angle, and enter the star-alti-
tude tables like a graph to obtain his fix.

Weems, who had retired in 1933 with 
the rank of commander, published the 
famous Star-Altitude Curves, sinking most of 
his personal funds into the enterprise only 
to find that the Navy was not too interested. 

The U.S. Army Corps, however, was and gave 
Weems a small contract for his tables. Before 
the war was over he had received, as the 
president of Weems System of Navigation, a 
contract for a million dollars worth of the 
publications— for which he gave a discount 
of 80 percent.

Weems’ interest in star altitude curves 
did not stop him from retaining a concern 

for the more traditional methods. While he 
was an instructor at the U.S. Naval Academy, 
he was explaining the use of tables to 
determine the azimuth of a heavenly body 
to a class of students. One of the students, 
Lieutenant Arthur Ageton, contended that, 
if a set of tables could be used to compute 
azimuth (which it did by solving the celestial 
triangle), it could also be used to solve for 
altitude as well. 

Nobody had thought of this before. 
Weems encouraged the young officer, and 
before long Ageton’s tables (HO 211, first 
published by the Hydrographic Office in 
1931) were in use as possibly the most com-
pact set of “short” tables in existence. Getting 
the new concept into print, however, proved 
to be a harrowing experience. From several 
authorities, Weems and Ageton received 
nothing but obstruction, on the ground that 
the old ways were perfectly good enough.

Writing and Inventing
After the outbreak of World War II, the Navy 
recalled Weems as a convoy commodore. As 
the senior naval officer with a convoy, one 
his main tasks was to keep the merchant 
ships from bumping into each other. 

Before his recall to active duty, however, 
Weems had not been idle as a writer. He 
authored his first book in 1927, the Line of 
Position Book, originally published by the 
United States Naval Institute. Over the years 
Weems added to his list of publications 15 
other books on various aspects of navigation. 
His epochal book, Air Navigation (McGraw-
Hill, New York) came out in 1931. 

Weems was equally as busy invent-
ing as writing. He had developed the device 
associated most closely with his name — the 
Weems Plotter. This combination protractor, 
straightedge and parallel rule has appeared 
in dozens of sizes, guises, and modifications, 
and served as the standard plotter for the U.S. 
Air Force.

Another of Weems’ inventions was the 
second-setting watch. At sea, celestial sights 
had to be taken with the aid of a hack watch, 
a device equipped with a unique lock-down 
mechanism that was synchronized to the 
ship’s chronometer. However, hack watches 
often proved difficult to set exactly and con-
sequently differed slightly from the chronom-
eter, which in turn differed from Greenwich 
Mean Time. 

Weems felt that the difficulty in syn-
chronizing the watch stemmed from the fact 
that at the time it was almost impossible to 
set the second hand of a hatch watch exactly. 
However, Weems reasoned that, if the second 
hand could not be set to match the dial 
perfectly, it might be possible to make the 
dial movable so as to allow the dial and the 
second hand to be synchronized at the right 
time. The fact that Weems’ father-in-law was 
a patent attorney helped him considerably 
in getting the idea patented, and patent it he 
did. Over the years he had dozens of claims 
based on the second-setting watch patent.

Weems and his company developed 
and pioneered a variety of devices, including 
a complete celestial navigation system, a 
sunset-sunrise computer, the celestial coordi-

Weems continued on page 6



ION Newsletter 6 Fall 2006

nator invented by Wyatt; a method of using 
altitudes between two stars, without a visible 
horizon, developed by an Australian named 
Burton; and Precomp Navigation, which was 
a super short tabular method.

From Kitty Hawk to Outer space
During his career Weems met most of the 
great and near-great of navigation and avia-
tion. One of these was Orville Wright. In the 
early 1930s, Admiral Richard Byrd invited 
him to accompany him to the South Pole. 
Weems was sorely tempted to go but was 
about to establish his own business. The two 
years he would have had to spend in the 
Antarctic would have set his business plans 
back seriously. Regretfully, he declined.

In his files, Weems also has a copy of an 
invoice for $10 sent to Douglas “Wrong-Way” 
Corrigan. With his request to make a trans-
Atlantic flight in a light plane denied by 
aviation authorities back in 1938, Corrigan 
had filed a flight to California but ended up 
29 hours later in Ireland. Corrigan always 

insisted that he flew the Atlantic from New 
York strictly by mistake, insisting he’d 
planned to fly to Los Angeles and misread 
his compass. However, the invoice indicates 
that the information and charts Corrigan 
wanted from Weems were all about the North 
Atlantic. Possibly Corrigan had studied the 
wrong area by mistake, too.

Weems retired again at the end of the 
Second World War, but kept as busy as ever. 
In his spare time, one of his achievements 
was to join with two friends, similarly inter-
ested in navigation, to establish the U.S. 
Institute of Navigation in 1945.

Weems flew to the North Pole in 1948, 
when it was far from the routine matter it 
is today, and flew around the world in 1950. 
Being intimately concerned with the naviga-
tion, he kept detailed and accurate logs and 
charts on both journeys. He also navigated 
a light plane, flown by his son, the late Cdr. 
George T. Weems, USN, from London to Alice 
Springs in central Australia. 

Because of Weems’ reputation and 
knowledge, in 1951 when Col. Charles Blair 
was making plans to fly over the North Pole 
from Norway to Point Barrow in his modi-
fied P-51 Mustang single-seat fighter, Blair 
sought Weems out, as Lindbergh had done 
earlier, for instruction in celestial navigation. 
Weems settled on a totally pre-computed 
solution for Blair, which involved plotting his 
flight in advance and working out the alti-
tude of the sun for a number of points along 
the path. These sun-altitudes were then 
joined to form a graph. 

In flight, all Blair had to do was to take 
a sight and compare his observation with the 
predicted altitude from the graph. The differ-
ence between the two values indicated how 
far he was off track or off schedule. Weems 
and Blair carried out the computations four 
times, in case Blair had to delay his take-
off by a day and also to allow for having to 
delay the hour of take-off from noon to one 
o’clock. Everything worked as planned, with 
Blair not having to lay pencil to paper after 
he passed Spitsbergen on the Norwegian side 
of the pole. He made his landfall at Point 
Barrow one minute ahead of his ETA.

Weems, however, overheard Blair say-
ing, “It was nothing,” to an engineer when 
queried about his navigation. “Don’t say 

that!” said Weems. “That kind of naviga-
tion is still fairly complicated, and if you tell 
people there’s nothing to it, they’ll try to fly 
over the pole in ignorance of all the ins and 
outs of celestial, and kill themselves!” Blair 
agreed, and toned down his navigational 
modesty.

Weems lived in Randall House, a 
historic 30-room building built in 1717 

and bought by him in 1939. Its position is 
38 degrees 58.8 minutes North latitude, 76 
degrees 29.4 minutes West longitude. Weems 
had to know this, because he was constantly 
trying out new position-fixing techniques, 
which involved observing the sun and the 
stars from his front porch with a marine sex-
tant or a bubble sextant. 

Visitors who were interested in the art 
were always invited to take a few sights, 
which Weems carefully entered into the log 
he kept for many years. Weems’ affection 
for his house was not diminished by the fact 
that it lay exactly eight-tenths of a minute of 
longitude West of the Maine Mast at the U.S. 
Naval Academy, from which he had gradu-
ated in 1912.

Weems continued working on sea and 
air navigation, but space navigation had 
not escaped his attention. In 1961, at the 
age of 72, he was recalled to service to work 
with four clever ensigns to develop a system 
of space navigation. This indeed they did, 
using Weems’ constant companion of half a 

In 1961, at the age of 72, 

Weems was recalled to ser-

vice to work with four clever 

ensigns to develop a system 

of space navigation.

Weems authored his first 

book in 1927, the Line of 

Position Book, originally 

published by the United 

States Naval Institute. Over 

the years he added to his 

list of publications 15 other 

books on various aspects of 

navigation.

Weems continued from page 6
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Other people may have 

been impressed by Weems’ 

accomplishments, but 

Weems himself was not. He 

was at all times completely 

approachable, polite and 

pleasant.

century, a sextant. During this effort, Weems 
and his colleagues picked up another four or 
five patents.

In December 1968, Weems was pre-
sented with the gold John Oliver la Gorce 
Medal by the National Geographic Society, in 
token of his life’s work in air, sea, and space 
navigation, rather than in appreciation of 
any specific achievement. Quite a different 
acknowledgment of Weems’ contribution 
to navigation was paid by Ben Carlin, who 
wrote in his book Half- Safe:

“Of all the professions, trades that are 
shrouded by their professional practitioners 
in an aura of self-protective bull, celestial 
navigation just about takes the cake.

‘Well it is rather complex, old man 
— you wouldn’t understand — y’really 
need forty years at sea for this sort of 
thing.’ Thanks largely to air navigators, the 
Hydrographic Office of the U.S. Navy, and 
Commander Weems, this primeval veil has 
been ripped away in recent years. It’s not a 
matter of mathematical proficiency — I 
can’t count to twenty with my shoes on; the 

fantastic ease with which, given a modicum 
of elementary understanding, the correct 
time, an almanac, a book of tables, a sextant 
and a patch of clear sky, one can determine 
position within a mile or so anywhere on the 
earth’s surface, never fails to fascinate me. 
Let no one interested flinch from tackling it 
- but on the right lines. No, I have never met 
Commander Weems or corresponded with 
him in any way.”

An Athlete and a Gentleman
Weems had several other distinctions besides 
his achievements in aviation. He was on 
the Olympic wrestling team in Antwerp in 
1920 and an All-American center with the 
Navy football team. In 1925 he won the 
South Atlantic amateur light-heavyweight 
wrestling championship in 1925. Weems also 
was a proficient skin-diver and in 1959 he 
joined an expedition to explore Port Royal 
in Jamaica, where the pirates of the Spanish 
Main had established their capital two cen-
turies ago.

His life, however, has not to be 
unmarred by tragedy. Both his sons met 
untimely deaths — Major P.V.H. Weems Jr. 
being killed in the southwest Pacific in 1943, 

and Lt. Cmdr. George Weems (whose father 
always referred to him as “Bee”) dying at age 
30 in 1951 while testing an aircraft. Weems 
and his wife Margaret had a married daugh-
ter, Margaret Dodds, who had three children.

Other people may have been impressed 
by Weems’ accomplishments, but Weems 
himself was not. He was at all times com-
pletely approachable, polite and pleasant. 
Letters to him were answered promptly, 
sometimes in his own handwriting. Those 
who met him always found him a thorough 
gentleman. Captain Weems died June 2, 1979, 
at the age of 90 and will always be remem-
bered as one of the great navigators of the 
Twentieth Century. In memory and in honor 
of Weem’s significant contributions to navi-
gation, The Institute of Navigation created 
an award given annually to an outstanding 
individual “For Continuing Contributions to 
the Art and Science of Navigation.”

— Editor’s Note: This article is a 
slightly edited version of an interview 
with Captain P.V.H. Weems by Joe Portney, 
written by Norman W. Emmott, and 
published on-line at www.navworld.com. 
Used with permission.

Co-sponsored by The MITRE Corporation and the Royal Institute of Navigation 

The 63rd Annual Meeting of The Institute of Navigation
April 23–25, 2007 ❖ Abstracts Due: December 1, 2006 ❖ www.ion.org

Classified 
Session
Sponsored by 
MITRE

Numerous 
Diverse 
Technical 
Sessions

Royal Sonesta Hotel, Cambridge, Massachusetts

Bio Navigation  
Workshops
Sponsored by the  
Royal Institute  
of Navigation
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from the ioN hiStoriaN
one in a series of columns by ion historian marvin may

In the 1950s, when I learned about the 
Age of Exploration that transpired a half 

millennium earlier, the facts were clear and 
indisputable.

Or at least so it seemed to a third grader 
with an abundance of impressionable brain 
cells yearning to absorb the absolute truths 
espoused by Sadie Josell (my third grade 
teacher) and documented authoritatively in 
black and white (there was no color) in my 
history textbook. 

The facts were indelibly recited to me: 
the European maritime powers, propelled 
by the knowledge accrued by Prince Henry 
the Navigator of Portugal, sponsored many 
brave explorers to sail the oceans and dis-
cover routes to the exotic East. They included 
Bartolomew Dias of Portugal who in 1487 
rounded the Cape of Good Hope, and Vasco 
da Gama who followed Dias up the east coast 
of Africa opening up an eastern route to 
Malacca and the Spice Islands. 

Christopher Columbus discovered America 
in 1492 after convincing King Ferdinand and 
Queen Isabella of Spain that a western route 
to the East would be competitively advanta-
geous to the Portuguese’s eastern route. This 
“irrefutable” fact was further ingrained in 
our grade school minds by an unforgettable 
bit of doggerel, “In fourteen hundred and 
ninety-two, Columbus sailed the ocean blue.”

Portuguese explorer Ferdinand Magellan 
set sail on his great voyage of circumnaviga-
tion in 1519 under the colors of Spain. The 
Venetian explorer Giovanni de Verrazano 
explored the East Coast of North America in 
1524 and entered the Narragansett and New 
York bays. 

This latter discovery was further imprinted 
in my mind in 1957. That year, while I was 
in the fifth grade, the state legislature decided 
to build a new majestic bridge linking two 
boroughs of New York City, the Verrazano-
Narrows bridge. Completed in 1963, the 

bridge spanned the Narrows between Brooklyn 
(near my elementary school) and Staten 
Island. 

To continue with our Eurocentric history 
of navigation: The Age of Exploration was 
capped off in 1768 by the brilliant seaman, 
Captain James Cook, who completed the “dis-
covery” of the southern hemisphere, includ-
ing New Zealand, Australia, and Antarctica. 

In Gavin Menzies’ controversial 1421: 
The Year the Chinese Discovered America 
(Harper Collins 2002), the historical “tru-
isms” that I’ve just recounted crumble like a 
Chinese fortune cookie. Menzies claims that 
the European explorers owed everything to 
the first explorers — the Chinese on their 
epic voyages of 1421–3. 

He writes: “How lucky Europe was, and 
how unfortunate China, that fire had ravaged 
the Forbidden City on 9 May 1421. Europeans 
had now rediscovered almost the entire world, 
known at first hand until then only by the 
Chinese. 

“The 
chart and 
systems of 
ocean navi-
gation used 
by the great 
European 
explorers owed much to Henry the Navigator 
and his brother, Don Pedro, but more to the 
Chinese emperor, Zhu Di, and his brave and 
skillful eunach admirals Zheng He, Zhou 
Man, Hong Bao, Zhou Wen and Yang Qing. 

“The revelation that Vasco da Gama was 
not the first to sail to India round the Cape 
of Good Hope, that Christopher Columbus 
did not discover America, that Magellan was 
not the first to circumnavigate the world, 
and that Australia was surveyed three cen-
turies before Captain Cook and Antarctica 
four centuries before the first European may 
come as a disappointment, even a shock, to 

The Year the Chinese 
Discovered America

Above: Zheng He’s integrated map of the world, 1418 A.D.  Right: Emperor Zhu Di

1421 continued on page 23

1421:
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With activities in the GPS, GLONASS, 
and Galileo programs in full swing 

(although not always swinging in a forward 
direction), the ION Satellite Division’s GNSS 
2006 conference rolled into Texas for the first 
time in its nearly 20-year history.

The world’s oldest and largest GNSS con-
ference, the 2006 event featured a Texas-sized 
line-up of nearly 290 paper presentations in 
36 technical sessions — all synchronized 
to a fare-thee-well by ION’s (in)famous and 
rigidly enforced traffic-lighting system for 
speakers. 

According to Todd Walter, the 2006 
program chair, more than 570 abstracts 
were received and evaluated for this year’s 
meeting. Categories of particular interest as 
reflected in this year’s abstracts were com-
bining GPS with other sensors, including 
Europe’s Galileo and Russia’s GLONASS sys-
tems, as well as inertial measurement units. 
Papers and authors selected as best of sessions 
are listed on Page 14.

Pat Fenton, chief technology officer for 
NovAtel, Inc., received the Institute’s coveted 
Johannes Kepler Award for “sustained and 
significant contributions to the development 
of satellite navigation.” The Bradford W. 
Parkinson Award for the outstanding gradu-
ate student in the field of Global Navigation 
Satellite Systems (GNSS) went to Olivier 
Julien. (See articles and photos on Pages 
11–13.)

The ION is riding the wave of a growing 
familiarity with GPS as a household term 
and a burgeoning market for GNSS products. 
GNSS users number in the hundreds of mil-
lions already, and market studies predict 
annual sales of more than 300 million 
receivers within five years. 

And the GNSS community is doing more 
than just talking about multiple satellite-
based systems for positioning, navigation, 
and time. Even though the European GNSS 
system has only a single experimental space-

craft in orbit and is years away from comple-
tion, this year’s conference included reports 
on development of Galileo receivers and the 
demonstration of several (albeit using signal 
simulators) in the exhibition. GLONASS 
technology also is appearing in a growing 
number of GNSS user equipment displayed at 
the conference.

“Interesting Times” 
The Tuesday evening plenary session, moder-
ated by Dr. Per Enge of Stanford University, 
got the conference going with a high-level 
panel speaking under the theme, “We Live in 
Interesting Times.” 

Lt. Gen. Michael Hamel, commander of 
the Space and Missile Systems Center at Los 
Angeles Air Force Base, addressed the audi-
ence in the afterglow of a successful launch 
the day before of the second modernized 
Block IIR satellite. That satellite carried a 

plate with a quotation from Brad Parkinson, 
the first GPS Joint Program Office director 
(1972–78): “We all embraced a vision.”

Hamel assured his audience that the 
GPS vision was been well taken care of by 
a program that is delivering performance 
better than specified in a “model of govern-
ment/industry/military institutional coopera-
tion.” The parameters by which the program 
measures its performance, Hamel says, are 
accuracy, bounded inaccuracy, assured avail-
ability, integrity, and resistance to interference 
and jamming. As one particularly compel-
ling example, Hamel cited the metric of user 
range error (satellite-to-receiver), which is 
currently less than 1 meter, compared with 
4.5 meters in 1990.

Rainer Grohe, executive director of the 
Galileo Joint Undertaking (GJU), provided an 

ION GNSS 2006 —  

Plenary Panel (from left to right) Prof. David Last, Royal Institute of Navigation; Carlene Stephens, The Smithsonian 
Institution; Dr. Per Enge, Panel Moderator, Stanford University; Lt. Gen. Michael Hamel, USAF, Space and Missile Systems 
Center; Kanwar Chadha, SiRF; Rainer Grohe, Galileo Joint Undertaking, Belgium. Not pictured: Dr. Brad Parkinson, 
Stanford University

GNSS 2006 continued on page 10

By Glen Gibbons, Editor

A Texas-Sized Line-up
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update on the current status and prospects 
for conclusion of negotiations for a 20-year 
concession contract with a consortium that 
will finish building and operate the Galileo 
system. Sizing, managing, and allocating 
the financial risks — particularly of liability 
exposure for Galileo operations — remains a 
sticking point in the talks.

Grohe said that the initial version of the 
“head of terms” agreement with the consor-
tium would be concluded within a matter 
of weeks, with a final version signed by the 
end of the year, when the GJU will turn over 
responsibility for signing the concession con-
tract to the GNSS Supervisory Authority. Head 
of terms refers to a categorical outline of the 
concession agreement, which will be filled in 
— the “financial close” — over the follow-
ing 12 to 18 months. 

Carlene Stephens, curator of exhibi-
tions about time at the Smithsonian 
Institution, described plans for a new 
exhibition, “Finding Time and Place: From 
Chronometers to GPS,” that will open in 
2010. The Smithsonian is partnering with the 
U.S. Naval Observatory, which provides the 
time standard for GPS and the Department 
of Defense in general. ION has provided seed 
money for the exhibition (see the article in 
the summer 2006 ION newsletter) and is con-
tinuing to support its formative efforts.

Kanwar Chadha, co-founder of SiRF 
Technology, continued his role of itiner-
ant GNSS visionary by predicting that 
“geosearches” would become as common an 
activity as Google searches or Yahoo searches 
on the Internet. Development of new multi-
functional platforms incorporating GNSS and 
other technologies will continue vigorously, 
according to Chadha.

Professor David Last, with an even-handed 
skewering of GNSS program foibles of every 
stripe, undoubtedly got off the best line of 
the evening in characterizing the interwoven 
GNSS “signals wrapped intimately around 
each other, yet never touching. It’s safe sex in 
the frequency domain.” 

Brad Parkinson, ION’s long-time Satellite 
Division chair and author of the quotation 

sent into space on Block IIR-M(2), closed 
out the evening’s discussion with a call for 
a renewed investment in the GPS program 
and the expansion of the satellite constella-
tion to 30 or more spacecraft. Constellation 
sustainment is the leading issue facing GPS, 
Parkinson said, and reprogramming of funds 
from GPS as a result of the better-than-
expected performance of the satellites has 
made GPS supporters “victims of our own 
success.” “It’s imperative that we avoid GPS 
brownouts” by a decline in the constella-
tion due to a shortfall in available satellites, 
Parkinson said. He urged earlier delivery of 
GPS III as part of the solution.

On the exhibition Floor
Numerous companies — from chipset and 
module vendors, to end-user GNSS equip-
ment manufacturers and service providers 
— expressed to this reporter almost unani-
mous satisfaction with their experiences on 
the exhibition floor. And this is a group that 
does not hesitate to express a less than favor-
able opinion of the business opportunities 
created by an event.

The general impression was that, even if 
the overall number of visitors to the exhibi-
tion area might not have been as large as 
some previous events, the high quality of 
exhibitors’ conversations with conference 
attendees (and prospective customers) more 

than made up for it. Nearly 90 exhibi-
tors occupied more than 90 booth spaces 
and an additional 16 exhibit “islands.” 
Representatives of non-exhibiting GNSS com-
panies were also present at the conference 
and exhibition, several of whom expressed 
their intentions of exhibiting when the event 
returns to Fort Worth in 2007.

Fully operational Galileo receivers were 
demonstrated by a few companies, including 
NordNav, NovAtel, and Septentrio, and several 
others — among them u-blox, NemeriX, 
announced Galileo-capable equipment. 

GNSS 2006 continued from page 9

Satellite Division Officers Elected

As the result of this past summer’s election for Satellite Division officers, the following individuals 
assumed office at the conclusion of ION GNSS 2006. Now serving for a two-year term on the Satellite 

Division Executive Committee are Dr. A.J. Van Dierendonck, AJ Systems, chair; Dr. Pratap Misra, MIT Lincoln 
Laboratory, vice chair; Dr. John Raquet, Air Force Institute of Technology, secretary; Dr. John Betz, The MITRE 
Corporation, treasurer; Dr. Changdon Kee, Seoul National University, Asian technical advisor, and Prof. 
Günter Hein, IfEN University FAF Munich, European technical advisor.

Dr. Elizabeth Cannon of The University of Calgary will continue to serve on the Satellite Division 
Executive Committee for two more years as immediate past chair. The Satellite Division thanks Dr. Todd 
Walter and Dr. Angela Reichert Dorsey who served as Satellite Division secretary and treasurer, respec-
tively, for the past two years; John Lavrakas who served on the Satellite Division Executive Committee 
for the past six years; and Dr. Günter Hein and Dr. Chris Rizos, who have served as international technical 
advisors. The Institute also thanks all the other volunteers who have provided counsel and guidance 
during the past two years. ◆
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Constellation sustainment 

is the leading issue facing 

GPS, Parkinson said, and 

reprogramming of funds 

from GPS as a result of the 

better-than-expected perfor-

mance of the satellites has 

made GPS supporters “vic-

tims of our own success.”
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Topcon announced survey equipment that 
the company says has tracked GPS, GLONASS, 
and the Galileo experimental signal on the 
GIOVE-A satellite launched last December.

Reflecting the general trend toward 
smaller form factors (plus anticipated market 
growth in portable devices incorporating 
GNSS, particularly mobile phones), many 
companies announced new GPS chips or 
chipsets.

CGsIC Warms Up the Crowd
The Civil GPS Service Interface Committee 
(CGSIC), held on the two days before GNSS 
2006, serves as a sort of warm-up act for 
ION’s show. Some of the issues that inform 
and energize the ION conference often get 
their first hearing in CGSIC sessions. This 
year was no exception, with substantive 
updates in progress of GNSS programs and 
exploration of a variety of topics, including 
the long-term PNT architecture planning 

process launch by a U.S. interagency team 
(See article on Page 3.)

A September 25 panel chaired by U.S. 
GPS Industry Council executive director Mike 
Swiek and comprising representatives of three 
prominent GNSS vendors expressed their 
frustration and anxiety about the Galileo pro-
gram’s handling of commercial issues: Javad 
Ashjaee, CEO of Javad Navigation Systems; 
Tony Murfin, vice-president for business 
development at NovAtel, Inc.; Greg Turetzky, 
SiRF Technology’s marketing director for new 
product technology and IP; Milton Vaughan, 
with Agrium Crop Production Services. 

Their critique reiterated several key 
points: the specifications of the evolving 
Galileo signal and system design should be 
open and freely available for commercial 
development — preferably unlicensed and 
without charge or with only a nominal fee, 

GNSS 2006 continued on page 15

Some exhibitors who announced Galileo-capable 
equipment and Galileo receivers. Topcon announced 
survey equipment that the company says has tracked 
GPS, GLONASS, and the Galileo experimental signal.

PARKINSON AWARD WINNER  

Dr. Olivier Julien (above) is the recipient 
of this year’s Parkinson Award for his thesis 
entitled, “The Design of Galileo L1F Receiver 
Tracking Loops.”

The award, which honors Dr. Parkinson 
for his leadership in establishing both the 
U.S. Global Positioning System and the 
Satellite Division of the ION, includes a per-
sonalized plaque and a $2,500 honorarium. 

Olivier Julien received his bachelor’s 
degree in engineering from the École de 
L’Aviation Civile (ENAC) in Toulouse, France 
in 2001. 

He began his graduate studies in 
Department of Geomatics Engineering 
at the University of Calgary, Canada, in 
January 2003 and received his doctorate 
in July 2005. His thesis work focused on 
the architecture of future Galileo L1 civil 
receiver tracking loops. He also worked as 
a research associate on several projects 
including indoor positioning, multi-fre-
quency carrier-phase ambiguity resolution 
and shipborne multipath characteriza-
tion. During his studies, he co-invented 
an unambiguous tracking technique for 
binary offset carrier signals, which has been 
submitted to the U.S. Patent and Trademark 
Office, and a multi-constellation, multi-
frequency GNSS measurement simulator 
software package.  

He currently works as an assistant 
professor in ENAC’s Signal Processing and 
Telecommunication laboratory where he is 
pursuing his research on GNSS.
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On September 29, Patrick Fenton 
received the Johannes Kepler 

Award for his work in the design of six 
generations of GNSS receiver technolo-
gies, including advanced multipath 
reduction techniques  used in major 
GNSS systems around the world today.

Born in Ottawa, Canada in 1958, 
Fenton completed his bachelor’s of sci-
ence degree in surveying engineering 
at the University of Calgary in 1981. 
Shortly after, he joined Calgary-based 
Sheltech Canada Inc, a division of Shell 
Canada Resources Ltd. where he worked 
on the development of an airborne 
LIDAR mapping system. Fenton stayed 
with the company through its divesti-
ture of Sheltech to Nortech Surveys (Canada) Inc. At Nortech, Fenton continued his 
development of LIDAR mapping systems that integrated inertial navigation systems 
and early prototype GPS receivers. In 1986, Fenton became the software development 
manager of Nortech’s subsidiary, Norstar Instruments Ltd., which designed and built 
a geodetic quality GPS receiver. 

After NovAtel Inc. acquired Norstar in 1989, Fenton moved with five other 
engineers to bring GNSS technology and business to NovAtel. At the time, NovAtel 
was primarily a cellular phone and base station manufacturer. At NovAtel, Fenton 
co-invented the Narrow Correlator™ technology and was chief architect of the MINOS1 
GPS DSP technology and chip set. This technology was integrated into the GPS 1001 
receiver that became the first C/A code receiver to provide DGPS sub-meter pseudo-
range positioning capability and was the recipient of the 1991 ION Better Mousetrap 
award. 

Throughout the 1990s, NovAtel invested in high performance GPS technology and 
divested its mobile phone and cellular base station businesses. In 1992, Fenton was 
the lead designer of the MINOS2 GPS DPS chip set featuring12 parallel channels of 
C/A code ultra NC tracking capability, hardware sky search, and anti jam capabilities 
leading to the second generation of PC2 and OEM2 family of 12-channel receivers. In 
1995, as director of research and development for the GPS business group, Fenton led 
the team that designed the MINOS3 GPS DPS chip set that features 24 parallel chan-
nels of C/A code and L2 semi-codeless tracking capability, an effort that resulted in the 
MiLLenium family of receivers. 

In the late 1990s, Fenton was instrumental in the commercialization of the 
MEDLL™ multipath signal processing technique. This technology and the Narrow 
Correlator™ formed critical components of the WAAS ground network and are now 
found in all SBAS ground reference networks around the world today. 

By 1997, Fenton was vice president of research and development. In 2002, he 
co-developed the PAC multipath technology that was commercialized in the MINOS4 
GNSS DSP and can be found in the OEM4 family of GPS receivers. 

After Fenton became vice president and chief technology officer of NovAtel, he 
was instrumental in the acquisition and commercialization of the Vision Correlator™ 
technology. This technology was integrated into the MINOS5 GNSS DSP chip set, and 
found in the Vision family of GPS receivers. In 2005, Fenton was appointed to NovAtel’s 
board of directors. 

Patrick Fenton is the author of numerous fundamental papers dealing with 
GNSS receiver technology and has been involved in 17 patents, including six pending 
patents.

Patrick Fenton

ION GNSS 2006 

Kepler Award Recipient

▲ ION GNSS 2006 Program Committee: Pictured (left to right): Greg Turetzky, 
SiRF Technology; Dr. Susan Skone, The University of Calgary, Canada; Dr. Chris Bartone, general 
chair, Ohio University; Dr. Todd Walter, Stanford University, program chair; Patricia Doherty, 
Boston College; Dr. Edward Breeuwer, European Space Agency, The Netherlands; and Dr. Demoz 
Gebre-Egziabher, University of Minnesota. Not Pictured: Phil Simpson, 746th Test Squadron.

 Previous Kepler Award 
Winners at ION GNSS 2006 

(from left to right):
Thomas Stansell Jr. (‘03), Dr. Frank van 

Graas (‘96), Prof. Gérard Lachapelle (‘97), 
Dr. Rudy Kalafus (‘92), Patrick Fenton 

holding his plaque, Dr. Elizabeth Cannon 
(‘01), Dr. Günter Hein (‘02), Dr. A.J. Van 

Dierendonck (’93), Dr. Per Enge (‘00),  
and Ron Hatch (‘94). 

Not Pictured:  
Dr. Chris Hegarty (’05),  

Dr. Charles Cahn (‘04), Dr. Bradford 
 Parkinson (‘91), Dr. James J. Spilker Jr., 

(‘99), Dr. Peter Daly (‘98), and Dr. Richard 
J. Anderle (posthumously) (‘95).
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▲ ION Virtual Museum Editorial Board: Pictured (left to right): 
John T. Nielson, Rockwell Collins; Dr. Chris Bartone, Ohio University; Carl Andren, 
ION Technical Director; Dr. Rudy Kalafus, Kalafus Technology Enterprises; Jack 
Reichel, Reichel Technology; David B. Wolfe, U.S. Coast Guard; Carlene Stephens, 
The Smithsonian Institution; Rick Buongiovanni, ION IT Manager. Not Pictured: 
Marvin May, Penn State/ARL.

ION GNSS 2006 Sponsored Student Winners: Below Right ▼



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

Session A1: Alternatives and 
Backups to GNSS 
Mitigating Atmospheric Noise for Loran: 
C.O. Lee Boyce, S.C. Lo, J.D. Powell, P.K. 
Enge, Stanford University

Session B1: Military Applications 
Theory and Test Results of Antenna 
Inertial Reference for Enhanced Sensors 
(ANTARES) Lever Arm Flexure 
Estimation and Compensation for Ultra-
Tightly Coupled GPS-INS and RF Emitter 
Geo-Location Systems Using Auxiliary 
Antenna-Mounted Inertial Measurement 
Units: P. Quinn, D. Lewis, Raytheon 
Company; M. Berarducci, M. Miller, J. 
Campbell, P. Howe, Wright Patterson AFB 

Session C1: New Product 
Announcements 
A Novel Development Environment for 
GNSS Receivers to Close the Model-
to-Product Gap: O. Otaegui, N. Lucas, G. 
Rohmer, Fraunhofer Institut IIS, Germany

Session D1: Algorithms and 
Methods I 
Standalone Real-time Navigation 
Algorithm for Single-frequency 
Ionosphere-free Positioning Based on 
Dynamic Ambiguities (DARTS-SF): A. 
Simsky, Septentrio, Belgium

Session E1: GNSS Ground Based 
Augmentation Systems 
Carrier Phase Airborne and Ground 
Monitors for Ionospheric Front Detection 
for Category III LAAS: L. Gratton, B. 
Pervan, Illinois Institute of Technology

Session F1: Galileo System Design 
and Services 
The Galileo System Test Bed V2 for Orbit 
and Clock Modeling: R. Piriz, V. Fernandez, 
A. Auz, GMV SA., Spain; P. Tavella, I. Sesia, 
G. Cerretto, Istituto Nazionale di Ricerca 
Metrologica (INRiM): M. Falcone, D. 
Navarro, J. Hahn, F. Gonzales, M. Tossaint, 
European Space Agency; M. Gandara, 
Alcatel Alenia Space
 
Session A2: Remote Sensing with 
GPS and Integrated Sensors 
GPS Open-Loop Differential Real-Time 
Receiver (GOLD-RTR): a Multi-functional 
Hardware GPS Receiver for Remote 
Sensing: E. Cardellach, O. Nogues, S. 
Oliveras, Institut d´Estudis Espacials 
de Catalunya, Spain; L. Olsen, Aalborg 
University, Denmark; S. Ribo, J. Torrobella, 
A. Rius, Institut d´Estudis Espacials de 
Catalunya, Spain

Session B2: Military Aviation 
Applications 
GPS Anti-Jam Antenna System 
Measurement Error Characterization 
and Compensation: G.A. McGraw, C.E. 
McDowell, J.M. Kelly, Rockwell Collins

Session C2: GNSS Antenna and 
Radio Technology 
Navigation Accuracy and Interference 
Rejection for an Adaptive GPS Antenna 
Array: D.S. De Lorenzo, J. Rife, P. Enge, 
Stanford University; D. Akos, University of 
Colorado at Boulder

Session D2: Algorithms and 
Methods 2 
Clock Errors Simulation and 
Characterisation: J. Diez, P. D´Angelo, A. 
Fernandez, Deimos Space S.L., Spain

Session E2: GNSS Space Based 
Augmentation 
The Stanford-ESA Integrity Diagram: 
Focusing on SBAS Integrity: M. Tossaint, 
J. Samson, F. Toran, J. Ventura-Traveset, 
European Space Agency, The Netherlands; 
J. Sanz, M. Hernandez-Pajares, J.M. Juan, 
Technical University of Catalonia, Spain 

Session F2: Galileo and GPS/
Galileo Reference and User 
Receivers 
GIOVE-A Signal In Space Test Activity at 
ESTEC: M. Spelat, Politecnico di Torino, Italy; 
M. Hollreiser, M. Crisci, M. Falcone, ESA 

Session A3: Multi-sensor 
Navigation, Guidance and Control 
Systems 
Highway Lane Tracking Using GPS in 
Conjunction With Onboard IMU and 
Vision-based Lane Tracking Measurements: 
J.M. Clanton, D.M. Bevly, A.S. Hodel, 
Auburn University

Session B3: Network-Based RTK 
Custom GPS-Correction Server for 
Real-Time Trajectography: H. Gontran, 
Ecole Polytechnique Federale de Lausanne, 
Switzerland

Session C3: GNSS Receiver 
Algorithms 1 (Acquisition) 
Code Acquisition Techniques for the 
Galileo Safety-of-Life Receiver: J.S. Silva, 
Deimos Engenharia, S.A., Portugal; J. Diez, 
A. Fernandez, Deimos Space S.L., Spain; L. 
Marradi, G. Franzoni, I. Palmiero, Alcatel 
Alenia Space, Italy; V. Gabaglio, Galileo Joint 
Undertaking

Session D3: Atmospheric Effects 1 
Observed GPS and WAAS Signal-to-
Noise Degradation Due to Solar Radio 
Bursts: A. Cerruti, Cornell University

Session E3: Land Applications 
Positioning for Range-Based Land 
Navigation Systems Using Surface 
Topography: J.H. Amt, J.F. Raquet, Air Force 
Institute of Technology

Session F3: Galileo Signal 
Structure, GPS/Galileo 
Interoperability 
Searching for Galileo: M.L. Psiaki, T.E. 
Humphreys, S. Mohiuddin, S.P. Powell, A.P. 
Cerruti, P.M. Kintner, Cornell University

Session A4: Algorithms for Muti-
sensor Fusion 
Intelligent Integration of a MEMS IMU 
with GPS Using a Reliable Weighting 
Scheme: C. Goodall, The University of 
Calgary, Canada 

Session B4: Multipath 
Bounds on Signal Performance Regarding 
Multipath-estimating Discriminators: 
J.A. Avila-Rodriguez, T. Pany, G.W. Hein, 
University FAF Munich, Germany

Session C4: GNSS Receiver 
Algorithms 2 (Tracking & 
Navigation) 
Cross Correlation Mitigation by Adaptive 
Orthogonalization Using Constraints - 
New Results: E. P. Glennon, SigNav Pty Ltd.; 
A.G. Dempster, University of New South 
Wales, Australia

Session D4: Atmospheric Effects 2
Wide Area Neutral Atmosphere Models 
for GNSS Applications: R.F. Leandro, M.C. 
Santos, R.B. Langley, University of New 
Brunswick, Canada

Session E4: Marine Applications 
Direct Measurement Based H-infinity 
Controller Synthesis for an Autonomous 
Surface Vehicle: G.H. Elkaim, R. Kelbley, 
University of California – Santa Cruz 

Session F4: GPS and GLONASS 
Modernization QZSS 
A Comprehensive Trade Study on GPS 
Constellation Size and Number of Orbit 
Planes: P.D. Massatt, F.E. Fritzen, S.R. Scuro, 
K.M. O’Neill, The Aerospace Corporation

Session A5: GNSS-Inertial 
Navigation Systems 1 
Integrated GPS/INS System for Pedestrian 
Navigation in a Signal Degraded 
Environment: S. Godha, G. Lachapelle, M.E. 
Cannon, The University of Calgary, Canada 

Session B5a: GNSS Civil 
Interference and Spectrum 
Aspects 
Satellite-to-Satellite Interference Effects 
Observed in High-Rate C/A-Code Power 
Measurements: T.L. Beach, C.A. Baragona, 
Air Force Research Laboratory 

Session B5b: Precise Point 
Positioning 
StarFireTM: A Global SBAS for Sub-
Decimeter Precise Point Positioning: D. 
Dixon, NavCom Technology.  

Session C5: Software Receivers 1 
(GNSS)
GNSS Receiver Implementation on a 
DSP: Status, Challenges, and Prospects: 
T.E. Humphreys, M.L. Psiaki, P.M. Kintner, 
Cornell University; B.M. Ledvina, University 
of Texas at Austin 

Session D5: Indoor Positioning 1
The NordNav Indoor GNSS Reference 
Receiver: M. Borjesson, A. Mitelman, P-L. 
Normark, NorNav Technologies AB, Sweden 

Session E5: Space and Satellite 
Applications
Real Time GPS Positioning of LEO 
Satellites; Mitigating Psuedorange 
Multipath Through Neural Networks. 
P. Ramos-Bosch, Technical University of 
Catalonia, Spain 

Session F5: Galileo Integrity, Multi-
constellation RAIM
Further Development of Galileo-GPS 
RAIM for Vertical Guidance: A. Ene, 
Stanford University 

Session A6: GNSS-Inertial 
Navigation 2
A Man Motion Navigation System Using 
High Sensitivity GPS, MEMS IMU and 
Auxiliary Sensors: C.J. Mather, P.D. Groves, 
M.R. Carter, QinetiQ, U.K. 

Session B6: Surveying and Geodesy 
Sub-millimeter Precision GPS Survey 
System at the Holloman High Speed Test 
Track: J.C. Hughes, J.A. Banks, A.J. Kerkhoff, 
B.W. Tolman, J.R. Wyant, The University 
of Texas at Austin; R.E. Ellison, National 
Geospatial-Intelligence Agency  

Session C6: Software Receivers 2 
(Applications) 
Testing GPS L5 Acquisition and Tracking 
Algorithms Using a Hardware Simulator: 
C. Mongredien, G. Lachapelle, M.E. 
Cannon, The University of Calgary, Canada

Session D6: Indoor Positioning 2 
Real Integrated Pedestrian Navigation 
System: D. Kubrak, C. Macabiau, ENAC, 
France; M. Monnerat, Alcatel Alenia Space, 
France 

Session E6: Aviation Applications 
New Applications of Measurement 
Redundancy in High Performance 
Relative Navigation Systems for Aviation: 
S. Khanafseh, B. Kempny, B. Pervan, Illinois 
Institute of Technology 

Session F6: Novel Applications
Tracking System for Locating Stolen 
Currency: R. Fuller, P. Grimm, Geotrax 

ION GNSS 2006 BEST PRESENTATION AWARDS
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Co-chair: Christopher Hegarty,  
MITRE/CAASD 

Co-chair: George Ligler, PMEI 

Secretary: Young Lee, The MITRE  
Corporation 

Program Director: Harold Moses, RTCA, Inc. 

rtCa Corner: Special 
Committee -159 Global 
Positioning System report

including royalties on receiver chipsets. 
Further, that the political considerations of 
the Galileo public-private partnership or PPP 
should not force an unworkable business 
model on the system’s development.

Such sentiments clearly are being heard 
in Galileo circles. In an interview before his 
speech to the plenary session, Grohe reiterat-
ed to the ION Newsletter that the GJU would 
“give all companies access to all Galileo 
specifications in order to continue develop-
ment,” and added that under the GPS/Galileo 
cooperation agreement between the United 
States and European Union, “There is no 
way to impose a fee on an open GPS/Galileo 
receiver.”

Grohe also admitted that Europe 
almost certainly could have designed and 
implemented the Galileo more easily if the 
program had remained a traditional public 
system with contracts issued to vendors 
to provide the elements of the space and 
ground infrastructure but without the associ-
ated issues of liability and profit-making. 
However, political considerations involved in 
getting the participation of 28 member-states 
in the EU and European Space Agency dur-
ing the late 1990s pushed the process in a 
different direction. “What I’ve learned is,” 
Grohe said, “when these ideas were devel-
oped, the PPP was the key to success.”

In the U.S. States and Localities 
Subcommittee, John Augustine, acting direc-
tor of the U.S. Department of Transportation 
Office of Navigation & Spectrum Policy, 
broke the bad news on the Nationwide 
Differential GPS program, an itinerant proj-
ect for radiobeacon-based broadcasts of GPS 
corrections that has received more than $58 
million to expand the maritime system into 
the interior of the country. 

However, the president’s fiscal year 2007 
(FY07) budget proposal included no fund-
ing for NDGPS. Then the Federal Railroad 
Administration, which had sponsored the 
program in recent years, recently decided 
that the agency and U.S. rail industry does 
not consider NDGPS as essential to the posi-
tive train control systems currently being 
deployed. That essentially orphaned the 
program, whose fate is now in doubt. For 
further details, see the article on Page 1. ◆

GNSS 2006 continued from page 11

Special Committee-159 met June 9th at 
RTCA. A new schedule was set to complete 
the draft DO-229D, Minimum Operational 
Performance Standards for Global Positioning 
System/Wide Area Augmentation System 
Airborne Equipment and revisions to DO-
228, Minimum Operational Performance 
Standards for Global Navigation Satellite 
Systems (GNSS) Airborne Antenna 
Equipment, at the October 2006 meeting. 
The new MOPS for Ground-Based Regional 
Augmentation System (GRAS) is expected 
in January 2007. The revised DO-235A, 
Assessment of Radio Frequency Interference 
Relevant to the GNSS, is on schedule for 
Spring 2007.

The committee reviewed current Working 
Group activities.

WG-1, GPS/3rd Civil Frequency, report-
ed no new activity and will remain dor-
mant until there is any change in GNSS 
signal structures. It was reported that the 
Europeans have put the Galileo signal code 
structure and Interface Control Document 
(ICD) on their web site and that U.S. Joint 
Program Office (JPO) also put the L1C ICD 
on their web site.

WG-2, GPS/WAAS, achieved consensus on 
the draft DO-229D with several exceptions: 
sensitivity and dynamic range for GPS and 
SBAS signal, antenna noise contribution 
to system noise (antenna margin) and the 
levels of intra- and inter-system noise. WG-
2 and WG-7 will “join forces” to resolve all 
open issues by the end of August. 

WG-2C, GPS/Inertial, incorporated 
final comments into Appendix R for the 
draft DO-229D. The group’s next work will 

address CAT II/III based on GBAS Service 
Level (GSL) - D and then a tightly integrat-
ed WAAS/inertial system. Tentative ground 
rules for GSL-D work were developed. 

WG-4, GPS/LAAS, current work includes: 
LAAS MASPS and MOPS maintenance, CAT 
II/III MASPS and ICD development/main-
tenance and initial work for LAAS MOPS 
and ICD.  Presentations were received on 
the FAA’s LAAS program and activities of 
the ICAO Navigation System Panel (NSP). 
The FAA is carrying out R&D to develop and 
validate CAT II/III requirements to support 
a 2008 CAT II/III decision point.

WG-6, GPS/Interference, continues 
work to update DO-235A. Update issues 
discussed include the initial acquisition 
threshold, intra-system interference, satel-
lite elevation angle statistics, assumptions 
on an aggregate ground RFI model, the 
out-of-band RFI environment and T-PEDs 
scenarios. 

WG-7, GPS/Antennas, continues work on 
a new antenna MOPS for “active” anten-
nas/L1 frequency. Several “open issues” 
remain, including differences on antenna 
margin between receiver manufacturers 
and antenna suppliers.  A new specification 
on group delay variation will be included. 
WG-7 plans to distribute the document 
for FRAC in conjunction with the draft DO-
229D review.

WG-8, GPS/GRAS, briefed that no techni-
cal or structural issues remain for the GRAS 
MOPS. The GRAS MOPS will be harmonized 
with the WAAS MOPS. The MOPS should be 
ready for approval by SC-159 in its January 
2007 meeting. 
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In MeMorIaM

2007 ION Officers Nominated

The following nominations were 
submitted by the 2007 Nominating 

Committee for officers of The Institute 
of Navigation. The nomination commt-
tee was chaired by Dr. Penina Axelrad 
and included three representatives from 
each region.

President: John Lavrakas, Advanced 

Research Corporation; 
Executive Vice President: Dr. Chris 

Hegarty, The MITRE Corporation; and 
Dr. John Raquet, Air Force Institute of 

Technology; 

Treasurer: John Clark, The Aerospace 

Corporation and Doug Taggart, Overlook 

Systems Technologies; 

Eastern Vice President: Dr. Dorota 
Grejner-Brzezinska, The Ohio State 

University and Dr. Mikel Miller, Air Force 

Research Laboratory

Western Vice President: Tom 
Stansell, Stansell Consulting and Dr. Todd 

Walter, Stanford University; 

Eastern Council Member-at-Large: 
Dr. Clark Cohen, Consulting and Mitch 
Narins, Federal Aviation Administration; 

Western Council Member-at-
Large: Dr. Susan Skone, The University of 

Calgary, Canada and Greg Turetzky, SiRF 

Technology, Inc.;

Space Representative: Jim Simp-
son, NASA Goddard Space Flight Center 

and Ray Swider, OASD C31 Space 

Systems; 
Air Representative: Karl Kovach, 

ARINC and Dr. Gary McGraw, Rockwell 

Collins; 

Land Representative: Dr. Stewart 
Cobb, Novariant Inc., Canada and Patricia 
Doherty, Boston College; 

Marine Representative: Dr. Lee Ott, 
OMNISTAR, Inc. and Edward Powers, U.S. 

Naval Observatory.

Voting. Voting will be conducted 

electronically via the ION website. 
On-line ballots will be available after 
December 4, 2006. On-line voting must 
be completed by December 29 to be 
counted. To vote on-line, follow these 
simple instructions: (1) Go to www.ion.
org. (2) Click on the voting button. (3) 
Enter your User I.D. and password. The 
default User I.D. is your member number 
and the default password is your last 
name. If you changed your default User 
I.D. or password, use those instead. (4) 
Mark your selections, and submit your 
ballot!

Paper Ballots. If you do not have 
Internet access or prefer to receive a 
paper ballot, please contact us by 
phone, fax, or mail at The Institute of 
Navigation, 3975 University Drive, Suite 
390, Fairfax, VA 22030; 703-383-9688, 
voice; 703-383-9689, fax. Please allow 
sufficient time to receive your ballot via 

mail or fax. Completed ballots must be 
received at the ION Office by December 
29, 2006, to be counted. Ballots received 
after December 29 will NOT be counted.

Election Results. Results will be 
announced at the ION 2007 National 
Technical Meeting, January 22–24, 
2007, in San Diego, Calif. Newly elected 
officers will take office on Janauary 
24, at the conclusion of the meeting. 
Election results will be reported in the 
ION Newsletter.

Hadfield 
Remembered

Long-time ION 
member Michael 
James Hadfield 
passed away 
September 21 in El 
Paso, Texas, at the 

age of 72. Hadfield attended many 
ION meetings and chaired numerous 
ION sessions over the years. After 
serving in the Marines, he worked for 
Honeywell in Clearwater, Florida, as 
an aerospace engineer specializing 
in inertial navigation systems across 
a broad range of applications. From 
1994 until retirement, he worked for 
Central Inertial Guidance Test Facility 
at Holloman Air Force Base.

Mike Hadfield

ALbeRtA, CAnADA 
SeCtIOn. Attendees at 
the October 26 meet-
ing heard two presen-
tations by the PLAN 

Group of the University of Calgary. 
Saurabh Godha presented GPS/IMU 
Integration for Pedestrian Navigation 
Applications which dealt with the 
tight integration of GPS with IMU for 
pedestrian applications. The discussion 
covered the different methods of inte-
grating GPS and inertial sensors and 
the performance of each method was 
evaluated under a variety of operating 
conditions from the GPS stand point.

John Schleppe presented GPS 
Tracking Performance Under Avalanche 
Deposited Snow. He discussed the 
tracking performance of several High 
Sensitivity Global Positioning System 
(HSGPS) receivers under avalanche 

deposited snow. Two field trials were 
held in April 2006 in the Canadian 
Rockies to study the factors affecting 
GPS signals and positioning perfor-
mance. Post-mission analysis included 
determining GPS signal attenuation, 
pseudorange measurement error and 
availability along with single point 
position accuracy as they relate to 
receiver depth in the snow pack.

W A S h I n G t O n 
SeCtIOn. On Septem-
ber 14, members of 
the ION’s Washington 
D.C. section met at the 

Governor Calvert House in Annapolis, 
Maryland, to hear Joe Brannon’s Lecture 
on “ Students Develop Unmanned 
Aerial Vehicles (UAV) with Autonomous 
Navigation”. Joe Brannon was this 
year’s Association for Unmanned 

Vehicle Systems International (AUVSI) 
Competition Director. 

This last June, ATUVSI and the 
Program Executive Office for Strike 
Weapons and Unmanned Aviation 
hosted the 4th annual student compe-
tition for unmanned aerial vehicles at 
the Webster Field Annex in St. Inigoes, 
Maryland.

The missions and requirements for 
this competition focused on building 
a UAV that operates autonomously: 
The entries are not remotely controlled 
but are programmed to sense their 
surroundings and respond accordingly, 
independent of any external control by 
an operator. 

This year’s the event was attended 
by eighteen colleges and universities 
from around the world. Many of the 
entries used GPS based navigation sys-
tems built into the onboard micropilot. 

Section News 
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On June 1, 2006, Dr. Jim Rankin (far left), director, Ohio University Avionics Engineering 
Center and Dr. David Diggle, associate director of the center (far right), presented The 
ION Dayton Section Sponsored Graduate Students Awards to Zhen Zhu (left of center) 
and Jeff Dickman (right of center) at the Ohio University Avionics Engineering Center’s 
banquet.

ION Merchant Marine Academy Awards

Capt. George Sandberg (center) presented Midshipman Ricardo Ernest Anguizola 
Mosquera (left) of the Republic of Panama and Midshipman Matthew David Leiz 
(right) of Westfield, New Jersey, with an ION sponsored grant and certificate. The 
award is given to the deck or dual midshipman in each graduating class who has 
attained the highest grades on the navigation sections of the U.S. Coast Guard Third 
Mate’s License Examination.

ION Section Sponsored Awards

Fellow Nominations Wanted

Members are encouraged to submit 
nominations for one or more of the 
following annual awards given by the 
Institute of Navigation for excellence in 
navigation. 

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

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

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

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

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

◆ Captain P.V.H. Weems Award 
— for continuing contributions to the 
art and science of navigation.

Official nomination forms, along 
with brochures on the background and 
purpose of each award, are available 
from the ION National office by phone, 
703-383-9688, or via the website at 
www.ion.org. Nominations must be 
received by January 31, 2007.

The awards and accompanying 
engraved bronze plaques will be pre-
sented at the ION annual meeting, April 
23–25, 2007, in Cambridge, Mass. The 
ION® urges you to participate in the pro-
cess so deserving individuals will receive 
appropriate  recognition.

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

Address correspondence to Awards 
Committee, The Institute of Navigation, 
3975 University Drive, Suite 390, Fairfax, 
Virginia  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 the guidelines outlined 
on the nomination form and must include 
a brief biography and proposed citation. 

Details of the process and forms are 
available at www.ion.org. Nominations 
must be received by December 1, 2006, 

to qualify. 
Election to Fellow membership rec-

ognizes 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 contribu-
tions to the Institute.

Former members of the ION® who are 

not currently active members of the orga-
nization may be elected to non-voting 
Fellow membership. A limited number of 
individuals may be accepted as posthu-
mous Fellow members. 

Election to Honorary Fellow mem-
bership is authorized for non-members 
of the Institute of Navigation who are 
qualified by their accomplishments for 
recognition as a non-voting Fellow mem-
ber. Members of other national institutes 
of navigation are also considered in this 
category.

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

Annual Award Nominations
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GNSS 
Program 
Updates

Galileo

GloNaSS

GPS

GPS
Successful launch of the second modern-
ized Block IIR satellite, IIR-15(M2), on 
September 25 and another  — IIR-16(M3) 
— scheduled November 14 will bring the 
GPS constellation up to 31 operational satel-
lites — its largest number ever.

Expansion of the constellation has 
prompted Air Force officials to alert receiver 
manufacturers to the situation and warn 
them that equipment built under earlier ver-
sions of the GPS Interface Control Document 
(ICD) may not be able to track all satel-
lite signals in the future, according to a 
September 29 letter from USAF Col. James 
Hutto, Jr., commander of the 50th Space 
Wing that operates the constellation, and 
Col. Wesley Ballenger, Jr., commander of the 
GPS Wing at Los Angeles Air Force Base. 

The GPS constellation size is currently 
limited to 32 satellites based on 32 unique 
satellite-identifier known as pseudorandom 
noise (PRN) codes. Each satellite signal has 
an embedded PRN code for GPS receiver pro-
cessing and only 32 such codes are listed in 
the GPS interface specification, IS-GPS-200.

The Air Force has reserved an additional 
60 code designations in Section 6 of IS-GPS-
200, which GPS receiver manufacturers will 
probably need to incorporate into future 
products. However, because the fully opera-
tional capability (FOC) of the constellation 
has long been for only 24 satellites and some 
receiver are designed to use receive and 
process GPS Wide Area Augmentation System 
signals, some existing fielded GPS receivers 
may not properly account for up to 32 opera-
tional PRNs.

Consequently, the 50th Space Wing and 
GPS Wing have asked “vendors and manag-
ers of GPS user equipment and GPS inte-
grated platforms to evaluate the impact to 
their equipment of processing more than 30 
PRN codes.” Military GPS users that employ 
the encrypted Wide-Area GPS Enhancement 
(WAGE) message may also have a PRN limit 
of 30, which raises similar concerns. Major 
Erin Carraher is the GPS Wing point of 
contact: telephone (310) 653-3154, e-mail 
<erin.carraher@losangeles.af.mil>.

new Institutional efforts
The launches represent the most tangible 
results of a program that is seeing a consid-
erable acceleration in institutional initia-
tives since the establishment of the National 
Space-Based Positioning, Navigation, and 
Timing (PNT) Executive Committee estab-
lished under a 2004 presidential directive. 
A five-year PNT plan has been drafted and 
members of a Federal PNT Advisory Board 
(including foreign representatives), nomi-
nated, with their first meeting scheduled later 
this year, according to Mike Shaw, director of 
the PNT Coordination Office. 

Meanwhile, at the request of the PNT 
Executive Committee, the National Security 
Space Office (NSSO) has begun gathering 

information from public agencies and man-
ufacturers to develop “an evolutionary path” 
for the National PNT Architecture, looking 
ahead to the 2025 time period. Organizations 
interested in providing comment on the 
architecture request for information, which 
will develop a long-term PNT investment 
strategy and framework, may contact <nsso.
pnt@osd.mil>. (See article on Page 3 of this 
newsletter.)

High Costs
Despite the larger constellation, some uncer-
tainly surrounds future satellite development. 
First launch of the follow-on generation 
of satellites (Block IIF) has been delayed 
until 2008. As of June 2006, the GPS Wing 
had ordered 12 IIF satellites from Boeing 
Company at a cost of $845 million. However, 
that includes a $151 million cost overrun 
on the first three satellites and higher costs 
for the remaining nine spacecraft seem 
likely. Boeing recently announced successful 
completion of tests on the first IIF navigation 
data unit and associated software.

On September 19, Lt. Gen. Michael 
Hamel, commander of the Space and Missile 
Systems Center at Los Angeles Air Force Base 
where the GPS Wing is located, announced 
that a “healthy incentive” will be offered to 
the successful GPS III prime contractor to 
complete satellite development in time for a 
2011 launch. The GPS Wing (formerly the 
GPS Joint Program Office) expects to award 
the long delayed GPS III program contract 
next summer.

The PNT executive committee, co-
chaired by Deputy Secretary of defense 
Gordon England and Deputy Secretary of 
Transportation Maria Cino, still must accom-
plish something that eluded the predecessor 
Interagency GPS Executive Board: gain 
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funding from federal agencies to support 
future civil improvements to GPS, including 
the integrity monitoring of civil signals and 
transmission of the L1C signal proposed for 
the GPS III generation of satellites.

Galileo
Negotiators from the Galileo Joint 
Undertaking (GJU) and a consortium seeking 
to build and operate the system are nearing 
completion of a “head of terms” agreement.

The document, which outlines the major 
points in a 20-year Galileo concession agree-
ment, should be completed by the end of the 
year, according to participants on both sides. 
Once the agreement is signed, the GJU, which 
has guided the European GNSS program for 
the past four years, will go out of business. 

The primary focus of the negotia-
tions with a consortium of nearly a dozen 
European enterprises have boiled down to 
sizing and allocating three sets of risks: costs 
and revenues from value-added services pro-
vided by the Galileo system, the design of its 
infrastructure, and liabilities associated with 
use of Galileo signals. 

Actual responsibility for signing the con-
tract and overseeing the concession will move 
to the GNSS Supervisory Authority (GSA), 
which will actually own the Galileo system 
assets. 

An electrical short in spacecraft compo-
nents will delay the launch of the second 
experimental Galileo satellite (GIOVE-B) 
until 2007. A postponement could conceiv-
ably allow the European Space Agency (ESA), 
which is overseeing technical development 
of the space and ground segments, to imple-
ment the full version of the Galileo signal on 
GIOVE-B rather than waiting for the in-orbit 
validation (IOV) satellites that are scheduled 
for launch in 2008. The current schedule 
calls for completion of a 30-satellite constel-
lation by late 2010, with declaration of a fully 
operational capability in the following year.

Earlier this year, member states of ESA 
and the European Commission (EC), which 
provide the public leadership for the program, 
committed an additional €400 million to 
cover a cost overrun in the IOV phase of 
development. The GJU issued 70 Galileo-relat-
ed projects involving more than 300 com-
panies and €130 million under the EC’s 6th 

GLONASS

Russia’s GLONASS program has brought two 
more modernized (GLONASS-M) satellites on 
line. Meanwhile, the government headed by 
President Vladimir Putin has approved plans 
and more money to accelerate restoration of 
a complete satellite constellation within a few 
years.

Last summer, a key governmental military 
industry commission confirmed “full sup-
port” of revised plans that would have 18 
operational spacecraft in orbit by the end of 
next year and a full 24-satellite constellation 
by the end of 2009. Two triple-SV launches are 
planned in 2007 and 2008, and three in 2009 
when the first GLONASS-K spacecraft that will 
transmit a third civil signal will be launched.

GLONASS plans now call for removal of 
legal barriers to civil uses of GNSS receivers in 
Russia and publication of navigation-qual-
ity digital maps for the country. Along with 
proposals to stimulate domestic production 

Framework Program R&D budget, according 
to Vincent Garbaglio, a GJU technical advisor. 
The 7th Framework Program (2007-2013) 
includes €350 million for Galileo projects 
under the transport category.

Several manufacturers have tracked 
the test signal on GIOVE-A, launched last 
December. That signal, however, is different 
from the one described in a draft Galileo 
Interface Control Document (ICD) issued last 
May. A decision on the final Galileo L1 wave-
form — either a binary offset carrier (BOC 
1,1) or a multiplex BOC (1,1/6,1) — is 
expected soon.

Despite such progress, the Galileo pro-
gram is under pressure from GNSS equip-
ment manufacturers to abandon efforts to 
implement fees on chipsets or license the 
Galileo signal-in-space, and to make the 
specifications of the Galileo ICD available for 
commercial development. A bilateral working 
group (WG-B) on trade issues, established 
under a 2004 agreement on GPS/Galileo 
cooperation signed by the United States and 
the European Union, is getting under way 
and may end up addressing some of the 
manufacturers’ concerns. 

of GLONASS and combined GNSS equipment, 
the new plans are designed to help develop a 
civilian GNSS mass market in Russia.

To support these developments, RFSA 

has assigned responsibility for the official 
GLONASS user information portal to CRIMB’s 

Staff at Russian Federal Space Agency’s Informational Analytical Center (IAC) of Positioning, Navigation, and Timing (PNT) 
Service. Sergey Revnivykh is pictured in the front, center.

GLONASS continued on page 23
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What’s New  
In the PNT World?

GPS Crime Stoppers
True story: a bank was robbed and a tracking 
device comprised of a GPS/radiobeacon mod-
ule and cellular modem was covertly slipped 

in with the cash. Police were notified and a 
dispatcher directed officers to the area. The 
pack tracked for approximately five minutes 
with good GPS positions; then the GPS signals 
began to diminish. The pack began register-
ing as stationary. 

After another few minutes, the device 
switched over to cell-only location. The pack 
remained stationary for the next 3-½ hours. 
The police took two handheld beacon receiv-
ers to the area of the last accurate GPS loca-
tion and searched for the device. As they had 
been trained, the officers worked the units in 
tandem and separately, narrowing the search 
to one house. 

Once inside the building and using the 
handheld units, police eventually were able 
to locate the signal coming from behind a 
paneled wall. Apparently the robber had left 
a wall unfinished in his house and sealed the 
cash (and cash tracker) into the wall after 
the robbery. When crime scene investigators 
arrived, they uncovered the device, stolen 
cash, and a weapon.

Rich Fuller, co-founder of Geotrax 
Protection LLC and a speaker at ION GNSS 
2006, recounted this anecdote in his paper in 
the conference’s “Novel Applications” session. 
According to Fuller, since its first field instal-
lation in 2003, the Geotrax system has been 
deployed in more than 30 robberies with a 

recovery rate of better than 73 percent. That 
compares well with the 57.7 percent cited by 
the FBI as the average “clearance rate” of 
bank robberies resulting in arrest.

The tracking unit, which is small 
enough to be concealed inside a pack of 
currency, incorporates a SiRF Technology 
GPS module and a beacon transmitter from 
Wildlife Materials of Carbondale, Illinois. 

More GPS Internet Fun
GNSS technology and the Internet share 
several qualities in common: both are global 
in nature, collaborative, essentially free to 
access, and lend themselves to an open-
ended development of innovative uses. Small 
wonder, then, that people are putting the two 
utilities together for commercial or personal 
purposes — and sometimes just for fun.

In the Spring 2006 issue of the Newsletter, 
a Navigation Novelty described the rise of 
“geoblogging,” the practice of Websites pro-
viding information and comments about a 
specific geographic location typically identi-
fied by a GPS position. Now an illustrated 
form of Internet photo albums is arising with 
GPS-tagged images. 

Although it might conger up the ennui 
of watching Uncle Phil and Aunt Emma’s 
slide show of their recent trip to Panama City, 
Florida, the practice of posting (if not actu-
ally viewing) geotagged images appears to be 
catching on. 

A recent search on the Yahoo-sponsored 
Flickr <www.flickr.com> website found 
47,212 photos about “GPS,” on subjects 
ranging from the course of a Marine Corps 
Marathon displayed on a USAPhotoMaps 
image to a GPS Easter egg hunt to training 
students on geographic information system 
(GIS) techniques in South Africa.

Acknowledging that, unlike cell phones, 
everyone in the world doesn’t have a GPS 
receiver yet, Flickr enables users to organize 

their photos geographically by manual 
methods. Photos loaded into Flickr’s picture 
organizer can be located with a search of 
Yahoo’s collection of digital maps. A user can 
then drag the photo from the site’s organizer 
window onto the indicated location on the 
map to create a geotag.

Trippermap.com is a web service that 
allows users to put a flash-based world map 
on their own website or blog. Trippermap will 
then automatically search a user’s photos at 
Flickr for location information and plot the 
photos on a digital map for the client’s use. 
Trippermap also supports photos that have 
been geotagged or photos that have location 
data encoded in their EXIF properties.

SmugMug <www.smugmug.com> is 
another photo hosting site that has an “Edit 
Geography” function to enable users to plug 
in coordinates. With Google’s Picasa Web 
Album software users can use Google Earth to 
geotag their photos.

Software such as RoboGEO <www.robo-
geo.com> can be used to manually geocode 
photos with GPS data and at least one on-line 
service <triptracker.net> offers the same func-
tionality. The creation of geocoded Internet 
albums or slide shows would be mightily 
simplified — and rendered more accurate 
— with the use of cameras with integrated 
GPS. However, apparently only Ricoh currently 
offers such products, although Nikon has sev-
eral lines of digital cameras that can be linked 
with many GPS units via a cable to automati-
cally add GPS location data. And Sony recently 
introduced the GPS-CS1 unit to generate geo-
tags. The unit comes with software that allows 
users to merge the photos and GPS data and 
display them on Google Earth.

Together with the growth of the on-line 
side of geocaching (GPS-driven treasure 
hunts), geoblogging and geotagging appear 
to be forging virtual communities in a world 
increasingly connected by media rather than 
personal contact. (A Google search for “geo-
caching website” produced 1,480,000 URLs.)

And while we’re on the subject of Internet 
fun, we should probably mention GPS The 
Game <www.gpsthegame.com>, a Web-
based enterprise that features both virtual 
and real geocaching and associated amuse-
ments in support of an independent film 
<www.gpsthemovie.com>. ◆
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NDGPS continued on page 22

Pressure from private companies, which 
argue the system provides an unfair tax-
payer-supported alternative to the services 
they provided, apparently struck a resonant 
chord with advocates of privatization inside 
the current administration. NDGPS advocates 
countered that public safety-of-life services 
required a public system. That argument 
has evaporated, however, as the last DoT 
modal administration, FRA, has withdrawn 
its requirement (and budgetary obligation) 
for NDGPS: the positive train control (PTC) 
systems currently being deployed.

Assistant Secretary for Transportation 
Policy Tyler Duvall appears to be the admin-
istration official leading the move to drop 
NDGPS, which has faced repeated challenges 
from inside and outside government during 
its 12-year struggle for completion. NDGPS 
typically delivers real-time accuracy of 
around three meters.

Long and Winding Road
Although first broadcasts began in 1993 from 
U.S. Coast Guard (USCG) coastal 285-325 
kHz radiobeacon stations following success-
ful testing the year before, NDGPS was only 
formally established as a federal program 
in FY98. By that time, the coastal sites had 
been joined by a network of inland stations 
operated by the U.S. Army Corps of Engineers 
(USACE) to begin closing the coverage gap 
for land users.

In the mid-1990s, the program got a 
boost from the availability of Ground Wave 
Emergency Network (GWEN) stations that 
the U.S. Air Force (USAF) was decom-
missioning in the wake of the Cold War 
ending. An interagency memorandum of 
agreement (MOA) signed in 1999 — OST, 
FRA, the Federal Highway Administration, 
National Oceanographic and Atmospheric 
Administration (NOAA), USACE, USCG, and 
USAF, DOT took formal responsibility for AF 
GWEN sites. 

Under the MOA, the Coast Guard man-
ages, operates, and maintains NDGPS sites on 
behalf of DOT through reimbursable agree-
ment. In April 2004, the NDGPS Executive 
Steering Council decided to seek sole funding 
through FRA, where long-time advocate 
Dick Shamberger had led the fight for 

NDGPS. According to a presentation by John 
Augustine to the Civil GPS Service Interface 
Committee (CGSIC) States and Localities 
Subcommittee on September 26, total expen-
ditures on the NDGPS program for FY98-FY06 
were $53.7 million spent, not including 
in-kind contributions. Augustine is acting 
director of the DoT’s Office of Navigation and 
Spectrum Policy.

Although the space-based WAAS system 
competed with NDGPS for federal support 
for several years, each was seen to have 
complementary technical advantages. The 
low/medium frequency terrestrial radiobea-
con transmissions don’t suffer from signal 
blockage due to terrain masking and obstruc-
tions such as trees. On the other hand, space-
based systems have a much larger service 
“footprint,” compared to NDGPS’s 50–150 
mile range depending on signal strength and 
conductivity.

ndGPs’s Farm Team
In a CGSIC panel discussion on September 
25, Milton Vaughan, a sales manager for 
Agrium/Crop Production Services, contended 
that space-based DGPS signals guiding 
farm equipment often were lost at the edges 
of fields where trees in windrows blocked 
the transmissions. (See slides above.) He 
championed NDGPS as a solution for farm-
ers involved in site-specific agricultural uses, 
including variable-rate fertilizer and pesticide 

NDGPS continued from page 1

applications, soil sampling, yield monitoring, 
and vehicle guidance.

Although not as widely manufactured as 
WAAS-capable equipment, NDGPS beacon 
receivers are offered by CSI Wireless, Raven 
Industries, and Trimble among other com-
panies. Annual U.S. sales are in the tens of 
millions of dollars, with prices around $2,500 
per unit. In the last two years, Vaughan said 
he had sold more than 2,000 NDGPS units 
himself, “And I’m just a small player.” 

However, precision agriculture is not a 
safety-of-life application and, consequently, 
provides a weaker defense than transportation 
uses against claims of commercial providers 
that NDGPS in not needed as a public service.

More Accuracy as end nears
In recent years, the NDGPS program has 
explored broadcasts of higher data rate 
(one kilobyte per second) signals that could 
deliver sub-meter positioning. According 
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❖ Promulgation of GPS augmentation 
 systems
Some of the larger questions include the 

following: What is the “right” mix of ter-
restrial, space-based, or autonomous navaids 
to meet performance requirements? What is 
the “right” mix of government-provided GPS 
augmentation systems? Commercial systems? 

Questions seeking Answers
The PNT architecture team has already spon-
sored a pair of “industry days” for manufac-
turers and services providers, held in October. 
The RFI issued in advance of those meetings 
seeks information that will help the NSSO 
team assess Specific questions include:
❖  How would you characterize and evaluate 

your customers’ PNT needs? 
❖ How are you planning to improve PNT 

capabilities in space-based, terrestrial, 
and enabling capabilities? 

❖ What standards are you considering 
developing, establishing, or implement-
ing to support PNT capabilities? 

NDGPS continued from page 21

PNT continued from page 3

CaleNDar

deCeMBeR 2007 
4–7: Precise Time and Time 
Interval; 38th Annual systems 
and Applications Conference and 
exposition, Hyatt Regency Hotel, 
Reston Virginia  
Contact: Lt. Kirk Montgomery 
Tel: +1 703-313-5872
Fax: +1 703-313-5805
Web: http://tycho.usno.navy.mil/ptti.html

JAnUARy 2007 
22–24: IOn nTM 2007, 
Catamaran Hotel, san diego, 
California 
Contact: The ION  
Tel: +1 703-383-9688 
Fax: +1 703-383-9689 
Web: www.ion.org

MARCH 2007
6-8: The Munich satellite
navigation summit 2007,
Residenz München, Munich, 
Germany
Contact: Institute of Geodesy
and Navigation
Tel: +49-89-6004-3425
Web: www.munich-satellite-navigation-
summit.org

APRIL 2007 
23–25: IOn 63rd Annual Meeting, 
Royal sonesta Hotel, Cambridge, 
Massachusetts  
Contact: The ION  
Tel: +1 703-383-9688 
Fax: +1 703-383-9689 
Web: www.ion.org

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

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

to a presentation last May by Jim Arnold, a 
Federal Highway Administration researcher, 
in tests at three sites using prototype receivers 
high-accuracy NDGPS (HA-NDGPS) signals 
broadcast from two locations produced three-
dimensional static positioning accuracy at 50 
kilometers of better than 1 centimeter and  
3-D dynamic accuracy at 250 kilometers bet-
ter than 20 centimeters.

According to the recent CGSIC pre-
sentation, the FRA, ITS/JPO, FHWA, and 
NHTSA may have future requirements for 
HA-NDGPS. However, the investigation into 
higher performance NDGPS may have reig-
nited the opposition of commercial service 
providers, who fear HA-NDGPS could take an 
even bigger bite out of their markets.

Earlier this year the National PNT 
Executive Committee tasked DoT to develop 
NDGPS funding strategy for FY08–FY13. 
DoT transferred $8.2M to USCG in June 06 
for FY06–07 operations and maintenance 
(O&M).

According to Augustine, in the case that 
FY08 funding falls below minimum O&M 

Absent the intervention 

of Congress or a reversal 

of administration plans, 

NDGPS will go off the air  

in October 2007.

❖ What technologies do you plan to use to 
achieve, maintain, or improve PNT capa-
bilities? What do you see as the practical 
limit for the technologies you will use?

❖ What interest do you have in providing 
selected PNT capabilities?

❖ What interest do you have in provid-
ing a full range of PNT services to the 
 government?

❖ What do you do if services providing 
PNT capabilities are interrupted? How 
would you characterize the response of 
organizations that provide PNT services to 
reported interruptions of service?
The second phase of effort, focusing on 

architecture concepts and analysis, is sched-
uled for completion in March 2007. I final 
report is expected in Jul 2007.

The contact e-mail address for the archi-
tecture project is <nsso.pnt@osd.mil>. 
Additional contacts: Capt. Dalberg <james.
dalberg@osd.mil>, Cmdr. Kneller <edward.
kneller@osd.mil>, Major Brennan (shawn.
brennan@osd.mil), and Karen Van Dyke 
(Karen.L.VanDyke@volpe.dot.gov). ◆

level contingency plans would end signal 
transmission and “mothball” inland NDGPS 
sites to preserve future options. Under that 
scenario, the USCG could continue to oper-
ate 40 maritime sites and assume operation 
of approximately nine current NDGPS sites. 
Costs to permanently terminate NDGPS 
would be more than $10 million.

In the meantime, RITA will perform 
system engineering activities in support of 
development of a National PNT Architecture 
that will determine the best method to meet 
the high performance PNT needs of the 
transportation community and identify the 
future role of NDGPS as part of this national 
architecture. ◆
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the champions of those brave and skillful 
explorers, but the Kangnido, Pizzigano, Piri, 
Reis, Hean Rotz, Cantino and Waldseemuller 
charts are indisputably genuine. They con-
tain information that can only have come 
from cartographers aboard the pioneering 
Chinese fleets.”  

Much of 1421: The Year the Chinese 
Discovered America  is devoted to the 
analysis of these aforementioned charts and 
therein lies the major areas of controversy. 
Scholars are largely divided on the genesis, 
authenticity, and implications of these charts. 

Irrespective of the validity of Gavin 
Menzies’ conclusions, his text provides many 
informative passages related to the history 
and practice of navigation during the 14th to 
16th centuries. Of particular interest, are the 
claims that in 1421 the Chinese could steer 
to within two degrees of their chosen course 
using reliable magnetic compasses and that 
they could dead reckon using hour-glasses 
made of sand. 

In addition to mastering the use of 
Polaris for latitude determination in the 
Northern hemisphere, Menzies claims that 
the Chinese had perfected the method of 
lunar eclipses to determine longitude at 
sea more than three centuries before John 
Harrison’s invention of the chronometer. 

Fifty years after my third grade class, with 
a distinctly less malleable collection of brain 
cells, I still resist theories that overturn the 
teachings of Sadie Josell. But I am even more 
cognizant of the teachings of Albert Einstein, 
Person of the 20th century, who wrote in 
Induction and Deduction in Physics in 
1919: “The truth of a theory can never be 
proven, for one never knows if future experi-
ence will contradict its conclusions.”

Should that eventuality occur in the 
matter of European and Chinese navigation 
claims discussed in Menzies’  book, we may 
need to compose a new poetic  memory aid: 
“In fourteen hundred and twenty-one, the 
Chinese had already come.”

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

1421 continued from page 8

Analytical Graphics, Inc. (AGI) 
develops commercial off-the-
shelf (COTS) analysis software 
for land, sea, air, and space 
that is relied upon by the 
national security and space 
communities. 

With more than 32,000 
worldwide installations, the 
main applications of AGI tech-
nologies focus on battlespace 
management, geospatial intel-
ligence, space systems, and 
national defense programs. 

In addition to its free core 
product STK® and its more 
than 25 specialized add-on 
modules, AGI produces the 
desktop software applica-
tions Navigation Tool Kit and 
Orbit Determination Tool Kit; 
free AGI Viewer software; and 
the development tool 4DX 
Embedded Technology. 

For more information about 
AGI or its commercially avail-
able software technologies, 
e-mail info@agi.com or explore 
www.agi.com.

Informational Analytical Center (IAC) of 
Positioning, Navigation, and Timing (PNT) 
Service for users. A new website has been 
established at <www.glonass-ianc.rsa.ru> to 
provide expanded and more current informa-
tion on GLONASS operations.

For the first time, a leading GLONASS 

representative has stated that the system 
“probably will be able to implement CDMA 
signals” on the third frequency and at L1, 
which could enable greater interoperability 
with U.S. and European GNSSes. Sergey 
Revnivykh, deputy director of Mission Control 
Center of the Russian Federal Space Agency 
(RFSA) Central Research Institute of Machine 
Building (CRIMB), made the statement in a 
presentation at the Civil GPS Service Interface 
Committee (CGSIC), which preceded the ION 
GNSS 2006 meeting in Fort Worth. 

Revnivykh’s statement should encour-
age manufacturers and users of GPS and 
Galileo equipment who have urged GLONASS 
managers to add or convert to signals that 
would be more compatible with their systems. 
GLONASS employs frequency division mul-
tiple access (FDMA) technology in which a 
common code is broadcast on different RF 
bands. GPS and Galileo are code division 
multiple access (CDMA) systems that trans-
mit satellite signals with different codes on 
the same frequency. 

Although a number of manufacturers 
already offer combined GPS/GLONASS receiv-
ers, the differences between FDMA and CDMA 
signals increase the technical difficulty and 
costs of such equipment.

Activation of GLONASS-M space vehicles 
(SVs) 713 and 714 on August 31 increased 
the number of satellites on orbit to 16. The 
next launch of three GLONASS-M satellites is 
scheduled for December 25, 2006. ◆

GLONASS continued from page 19
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❖ GNSS Interoperability  
& Compatibility

❖ QZSS: Quasi-Zenith Satellite 
System (QZSS)
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❖ Land-Based Applications
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