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After two years of competition in 
southwestern U.S. deserts, the 

Defense Advanced Research Projects 
Agency (DARPA) is taking its Grand 
Challenge for designing and build-
ing autonomous ground vehicles 
onto city streets — with a $2 million 
prize at stake.

The 2007 Urban Challenge invites sys-
tem integrators to develop robotic vehicles 
that can successfully complete, within six 
hours, a course laid out within a 60-square 
mile urban area. DARPA’s purpose in spon-
soring the challenge is to foster develop-
ment of systems that can execute military 
supply missions safely and effectively in city 
combat zones. Indeed, the Urban Challenge 
materials for prospective applicants show 
scenes from Baghdad, Iraq, to illustrate 
the typical environment in which military 
versions of such vehicles would need to 
operate.

Unlike the Grand Challenge, which 
mostly required vehicles to avoid obstacles 
and stay on unimproved dirt roads through 

rugged terrain, the Urban Challenge will 
require the autonomous systems to master 
the more complicated tasks of city driving: 
entering a road safely from a side street, 
overtaking and passing vehicles, making 
turns in front of on-coming traffic, navigat-
ing a parking area in the presence of mov-
ing traffic, rerouting around a blocked road 
segment, and so forth.

DARPA announced two ways for teams 
to qualify and compete in the Urban 
Challenge. Teams may submit a detailed 
proposal for up to $1 million of technology 
development funds in response to a DARPA 
solicitation, or they can complete applica-
tions and participate in a series of qualifi-

DARPA Urban Challenge

DARPA AUV ChAllenge 
MoVes to the City

DARPA, continued on page 18

nominations for the ION Satellite 
Division were submitted by the Satellite 

Division’s 2006 Nominating Committee, 
which was chaired by John Lavrakas. The 
nominees are as follows:

Chair: Dr. A.J. Van Dierendonck, AJ 
Systems; Vice Chair: Dr. Mikel Miller, Air 
Force Research Laboratory and Dr. Pratap 
Misra, MIT Lincoln Laboratory; Secretary: 
Dr. Naser El-Sheimy, University of Calgary, 
Canada and Dr. John Raquet, Air Force 
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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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3975 University Drive, Suite 390

Fairfax, Virginia 22030
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summertime  .  .  .  
And the Mowing Is easy

Why is it fun to be a member of our 
Institute? One reason is the opportunity 

to meet and interact with our future — the 
young members, particularly engineering stu-
dents, in our ION sections and in schools and 
universities around the country. I always find 
it stimulating to talk with them about how 
they plan to take charge of their — and, in 
reality, our — futures, and how they will use 
navigation and related technologies to make 
life better. 

So, it’s summer, and life is good. Well, 
mostly. Every weekend I look forward to an 
hour or two of quality time with my lawn 
mower and other implements needed to carry 
out the tradition-rich suburban Saturday 
ritual – mowing the lawn. (I remember this 
being much easier before my own sons left 
home.) And, of course, everywhere but my 
neighborhood, this is purely a maintenance 
chore and not a competition for “lawn of the 
week.” 

Two developing technologies may reduce 
this burden in the future. I read of the first in 
a recent magazine article: a new type of grass 
that sprouts to two inches tall in the spring 
and stays that way until the fall. I keep look-
ing for it at my garden shop, but so far no 
luck. The second innovation is autonomous 
lawn mowing technology. This I have seen 
— thanks to our Institute and its Satellite 
Division, Mike Miller and the Dayton Section, 
and five teams of young engineers. And it 
indeed looks promising.  

Mow-down showdown
This year I had the pleasure of attending the 
finals of ION’s Third Annual Autonomous 
Lawn mower Competition in Dayton, Ohio on 
June 3. The Dayton Section and the Satellite 
Division have run this competition since 
2004. Wright State University hosted this 
year’s competition on its practice soccer field. 
The 2006 contest was the best to date, and the 

promise for the future looks very good. 
Five teams competed — Ohio University, 

Illinois Institute of Technology, Wright State 
University, Ecole de Technologie Superieure, 
and Cedarville University. The order of finish 
was OU, IIT, WSU, Cedarville, and Ecole de 
Technologie Superieure. Two others, one from 
Florida and another from California, expe-
rienced problems with their equipment and 
dropped out at the last moment. 

For the first time this year, two teams pret-
ty much completed the course, OH and IIT. 
Both used upgraded versions of their systems 
from last year. The remaining teams, while 
not completing the course, cut more grass 
than others in previous years. 

Multi-Technology designs
I talked with all the teams at the competi-
tion. They used interesting suites of integrated 
navigation and related technologies to meet 
the challenge. Each team employed several 
of the following (not an all inclusive list): 
carrier phase differential GPS, laser range 
finder, single axis gyro, grass-height sensors 
(“paddles”), magnetic compass, wheel coun-
ters, ultrasonic or optical sensors, and dead 
reckoning software. 

All the teams used electric propulsion, 
dominantly wheelchair motors, although 
one entry was powered by windshield wiper 

motors. An off-the-shelf commercial electric 
wheelchair served as one propulsion system, 
while the other teams used custom propulsion 
designs. Steering appeared to be differential 
speed control of the rear wheels with freely 
pivoting front wheels. 

Four teams used commercial mowers for 
the grass cutting operation; two towed electric 
rotary mowers, one pushed an electric reel 
mower, and one used a simple push-type 
gasoline-powered rotary mower as its chas-
sis. A custom-built chassis with integrated 
rotary mower system was featured on another. 
Several entries had sensors and controllers 
designed to start and stop the mower opera-

The ION lawn 

mower competition 

. . . motivates young 

engineers to find 

interesting ways to solve 

real-world problems.

President, continued on page 19

FRoM the ion PResiDent
jim doherty
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ReAChing oUt!
dr. chris bartone, ohio university, ion outreach committee chair 

Making the Virtual (Museum) Real 

In the Internet Age, we are accustomed to 
efforts that transform real-world assets into 

virtual ones on Web pages. But after several 
years of effort, the ION is about to make the 
virtual, a reality.  I’m referring, of course, to 
the ION Virtual Museum.

Approved in January 2004 by the ION 
Council, acting on the recommendation of 
members Jack Reichel and Rudy Kalafus, the 
virtual museum brings together the dispersed 
resources of public and private collections of 
navigation-related items and memorabilia. 
Additionally, in June 2004 the ION Council 
approved establishment of the ION Outreach 
Committee, which has taken on the task of 
organizing, developing, and establishing the 
ION Virtual Museum.

Rather than visiting a physical facility, 
this virtual museum allows visitors to read 
descriptions, view photographs, and obtain 
detailed information about navigation 
devices, systems, components, and methods in 
a convenient on-line environment. In some 
cases physical artifacts are rare or not avail-
able; this virtual museum allows the visitor 
to obtain information on such items. The vir-
tual museum initiative reflects the fact that, 
although the ION is a professional society 
dedicated to the advancement of the art and 
science of navigation, the Institute also recog-
nizes the importance of preserving a record of 
the progress of navigation over the centuries.

Links to Real World
For actual artifacts on public display, their 
real-world locations are listed on most pages 
to allow interested participants to visit them. 
The ION Virtual Museum Editorial Board is 
establishing liaison with physical museums 
for combined virtual/physical exhibits. 
Physical museums that have a significant 
part in the ION Virtual Museum will also 
receive a Web link directly from the ION 
Virtual Museum home page. Additionally, 

the ION Outreach 
Committee can pro-
vide assistance in a 
liaison role to ION 
members who wish 
to donate naviga-
tion-related items to 
appropriate real-world 
museums. 

As part of its virtual 
museum effort, the 
ION welcomes sub-
missions relating to 
the history of naviga-
tion-related devices, 
instruments, systems, 
and know-how used 
in air, land, maritime, 
and space applications. The virtual museum 
also presents the assets by types of navigation: 
radio navigation (terrestrial and satellite), 
inertial, optical (i.e., celestial), and acoustic, 
along with relevant timing technology. The 
goal of the ION Virtual Museum is to provide 
visitors with a broad range of technical back-
ground, an encyclopedia of technical infor-
mation on navigation items, as well as, their 
historical significance. 

Electronic submissions to the ION Virtual 
Museum can be sent through a simple Web 
form by going to <www.ion.org/museum> 
and clicking on Submission where text, pho-
tos, and files can be transmitted to the ION 
Web server. Materials submitted via this form 
will automatically be put into a Web page for-
mat and will be reviewed in final form by the 
museum editorial board. 

Once approved, the entry will be Web-
enabled for public viewing. Currently the ION 
Virtual Museum is under development, and 
links are not provided from the ION home 
page. However, members can view the ION 
Virtual Museum home page at <www.ion.
org/museum>. 

Only a handful of entries have been 
approved and are available for viewing, 
while many more are in the review process. 
The ION Virtual Museum Editorial Board 
invites all interested parties to visit the virtual 
museum at <www.ion.org/museum> and 
click on an item of interest. We also invite 
our colleagues in the navigation field to con-
sider submitting a worthy item into the ION 
Virtual Museum. 

Suggestions and recommendations for 
changes to the ION Virtual Museum Web page 
may be forwarded to any member of the ION 
Virtual Museum Editorial Board. For addi-
tional information or comment, feel free to 
contact any of the following: 

IOn Virtual Museum editorial Board
Editor: Chris G. Bartone, bartone@ohio.edu; 
Managing Editor: Carl Andren, candren@
ion.org; Museum Curator: Marvin May, 
mbm16@psu.edu. Advisory Members: Rudy 
Kalafus, rudykalafus@comcast.net; Jack 
Reichel, jreichel@thegrid.net; David B. Wolfe, 
david.b.wolfe@uscg.mil; Carlene Stephens, 
stephensc@si.edu.  ◆

  Sample ION virtual museum Web page.
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science, net neutrality and the War on Terror

A search for key 

word “Iraq” on the 

Thomas Web page 

(http://thomas.loc.gov) 

reveals no fewer than 

336 bills introduced in 

the 109th Congress.

I ended my column in the spring issue 
of the ION Newsletter with a comment 

about how quickly my fellowship year 
was going by. I now find myself submit-
ting my final report as the 2005-2006 ION 
Congressional Fellow, and things have not 
slowed down at all. In fact, they seem to be 
going faster.

In this final report, I will address public 
policy and scientific integrity, the global 
war on terror’s impact on legislation, leg-
islation arising from current events (theft 
of personal data), and telecommunications 
(net neutrality).

Public Policy  
and scientific Integrity
My fellowship year has been coordi-
nated by the American Association for 
the Advancement of Science (AAAS). The 
Institute of Navigation is one of more than 
30 national engineering and scientific 
organizations participating in AAAS. 

The goal of the AAAS program is to 
provide an opportunity for scientists and 
engineers with public policy interests to 
learn about and contribute to the policy-
making processes in Congress. The con-
gressman I am supporting (Brad Miller, 
D-N.C.) is on the House Science Committee. 
Consequently, I have had an opportunity to 
see firsthand how science and public policy 
can sometimes be at odds. 

During a Science Committee markup 
of the National Oceanic and Atmospheric 
Administration Act (HR 5450), an amend-
ment offered by Congressman Miller would 
have provided guidance on how science 
should be factored into the development of 
policy. The amendment contained language 
(1) to prohibit federal employees from tam-
pering with or censoring federally funded 
research contrary to policy, (2) to prohibit 
supervisors from threatening or taking 

action against an employee who may be 
developing or disseminating scientific 
information contrary to policy, and (3) to 
ensure that appointments to scientific advi-
sory committees be made without regard to 
political affiliation. The amendment failed 
to be adopted in Committee, in a vote that 
was split along party lines.

Being interested in understanding the 
relationship between science and public 
policy development, I found it somewhat 

disheartening to see this reluctance to 
clarify how science should be considered as 
an underlying component of policy. 

I leave it to each of you to reach your 
own conclusions on how science may or 
may not be factored into the development 
of national policy. For example, climate 
change and a national energy strategy are 
current topics that some of you might find 
interesting to debate from the perspective of 
how science is being considered in shaping 
public policy.

Global War on Terror
Throughout this year, the global war on 
terror (GWOT) has played a significant 

role in setting the legislative agenda. A 
week rarely goes by in which activity on 
the House floor does not have some linkage 
back to the GWOT. Examples include the 
following items: efforts to amend appropria-
tion bills to prohibit the use of funds for 
the establishment of permanent bases in 
Iraq, language in bills seeking reports on 
reconstruction costs, supplemental appro-
priations bills, resolutions on exit strategies, 
concern over detainee abuse allegations, 
“eavesdropping” activity, data mining of 
telephone records, and monitoring of finan-
cial transactions. 

A search for key word “Iraq” on the 
Thomas Web page <http://thomas.loc.gov> 
reveals no fewer than 336 bills introduced 
in the 109th Congress. As the mid-term 
November elections approach, I expect that 
the GWOT will continue to consume the 
legislative calendar not only of those cur-
rently in office but also those challenging 
an incumbent.

Theft of Personal data 
In the spring report I mentioned how 
quickly legislation can arise from current 
events. In February it was the Dubai Ports 
acquisition that resulted in numerous piec-
es of legislation and Congressional hear-
ings. This quarter it has been the theft of 
sensitive personal information of millions 
of veterans, service members, and reservists 
that resided on a Department of Veterans 
Affairs (VA) laptop and hard drive stolen 
from an employee’s home May 2006.

On June 28, the FBI issued a state-
ment that the stolen equipment had been 
recovered after being turned into the FBI’s 
Baltimore field office by an unnamed indi-
vidual. Initial analysis by the FBI indicates 
that the data is intact and appears not to 
have been accessed. 

Although this particular incident may 

FRoM the ion CongRessionAl Fellow
a column by doug taggart
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not have resulted in the disclosure of sensi-
tive personal information, it clearly has 
pointed out deficiencies in how the VA is 
handling sensitive personal information. 
And Congress has been quick to draft legis-
lation to address this situation. 

The Comprehensive Veterans’ Data 
Protection and Identity Protection Act of 
2006 is one such bill. This proposal would 
require the Secretary of Veterans Affairs to 
protect sensitive personal information of 
veterans. The bill also would provide free 
credit monitoring for veterans and others 
whose financial affairs could potentially 
be adversely affected by such thefts in cases 
where that information may have been 
accessed. Although the legislation has not 
yet made it to the House floor, I am still 
impressed with how quickly legislation can 
be drafted in reaction to public outcries. 

Telecommunications  
and “net neutrality”
In March of this year one of the other leg-
islative assistants in Congressman Miller’s 
office departed. As a result, some of the 
issues areas were shuffled around to fill the 
void, and I took on a few additional tasks, 
including all of the judiciary activity, inter-
national trade issues, and telecommunica-
tions legislation. 

This last category of new responsi-

bilities got my attention in early June with 
House floor debate of the Communications 
Opportunity, Promotion and Enhancement 
(COPE) Act. Among other things, this leg-
islation amends the Communications Act 
of 1934 to create a process for granting a 
national franchise that would give cable 
operators the authority to provide cable 
service in a franchise area. The purpose of 
this legislation is to foster competitive entry 
into the cable television market by creating 
a streamlined franchising process that new 
entrants could employ as an alternative to 
the current process of negotiating for fran-
chise authority with potentially thousands 
of local jurisdictions.

A term that has emerged from this 
debate is “net neutrality.” Although no sin-
gle accepted definition exists for the term, 
most agree that the principle behind “net 
neutrality” is that owners of the underlying 
Internet infrastructure should not control 
how consumers lawfully use the network, 
nor should they be able to discriminate 
against content providers’ access to the 
network. What I found interesting in all of 
the television ads, newsprint articles, and 
lobby activity leading up to the vote on pas-
sage was that both sides of the debate were 
characterizing their desired vote (either a 
yea or a nay for the bill) as supporting the 
concept of net neutrality. The bill did pass, 

but a number of amendments which would 
have strengthened the traditional concept of 
net neutrality were not incorporated. 

Closing Remark
This has been a busy year but I have still 
been able to find time to participate as 
one of the “senior” members of the North 
Carolina delegation’s softball team (“The 
Moonshiners”). When the year is over and 
I find myself looking back, it will be the 
people with whom I have worked with that I 
will miss most. 

I have very much appreciated being a 
member of Congressman Miller’s staff. He 
is a very good man and the people of North 
Carolina who have him as their representa-
tive should be proud of his service. I know I 
am proud to have served him. 

This congressional fellowship has been 
a tremendous experience, and I thank the 
Institute of Navigation for providing me 
with this opportunity. I highly recommend 
anyone interested in seeing Congress first-
hand to apply for this program.

— Doug Taggart, a senior sys-
tems engineer from Overlook 
Systems Technologies, Inc., is the ION 
Congressional Fellow serving in the office 
of Congressman Brad Miller (North 
Carolina,13th District). ◆

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

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

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

Former members of the ION® who are not cur-
rently active members of the organization 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 membership is 
authorized for non-members of the Institute of 
Navigation who are qualified by their accomplish-
ments for recognition as a non-voting Fellow mem-
ber. Members of other national institutes of naviga-
tion 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.
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How many times have we heard some-
thing along the lines of “Honey, that 

grass isn’t going to cut itself!!” Although 
genetically engineered grass that only grows 
to a certain height is on the distant horizon, 
a lawn mower that will cut it for you could 
be a lot closer in the future. 

Indeed, such products are currently on 
the market, but they carry heavy limitations 
and often heavier costs. So, when looking for 
new ideas on better and cheaper ways to get 
a lawn mowed, who better to turn to than 
the people who were forced by their parents 
to do the chore week after week, all sum-
mer long, not more then 5–10 years ago? 
The Autonomous Lawn Mower Competition 
reaches out to today’s college students, who 
used to spend an hour or so dreaming up 
ways to get out of mowing the lawn each 
week. 

Hosted June 1–3 this year by Wright State 
University, the Third Annual Autonomous 
Lawn Mower Competition was sponsored by 
the Institute of Navigation (ION) Satellite 
Division, NavCom Technology, Honeywell, 
and the Sensors Directorate of the Air Force 
Research Laboratory. The Dayton Section 
of the ION administered the program. 

Honeywell and Navcom each donated $5,000 
in prize money while the ION and the AFRL 
offered their services to help make the event 
a success.

A Larger Turnout
Previous competitions had produced limited 
results — few schools were able to partici-
pate and even less grass was getting mowed. 
This year’s event marked the start of an 
exponential spiral into more advanced and 
efficient mowing machines actually able to 
get the job done!

Five different schools competed: Cedarville 
University (Ohio), Ecole de Technologie 
Superieure (Montréal, Quebec), Illinois 
Institute of Technology (IIT), Ohio University 
(OU), and Wright State University (WSU, 
Ohio). The competition was broken out into 
three parts: a technical report, presentation, 
and the actual competition. Each school 
received a score for each section, which car-
ried an individual weight. On June 3 the 
scores were added up and a winner declared 
— but more about that in a moment.

The setup was simple: each team received 
GPS coordinates of the four corners of the 
square that they needed to mow. They were 

also given the coordinates of a trashcan 
placed within the designated area. Finally, to 
add one more challenge, just before mowing 
began a second trashcan was added in an 
unspecified location. 

The goal for each team was to mow as 
much grass within the charted area as pos-
sible, while avoiding the trashcans and stay-
ing within the boundaries. Whichever team 
accomplished this in the shortest amount of 
time would win. Any uncut grass, boundary 
breaks, or physical contact with the trashcans 

ReAChing oUt: ion AUtonoMoUs lAwn MoweR CoMPetition

OU MOWS DOWN COMPETITION
By Casey Miller

When looking for new ideas 

on better and cheaper ways 

to get a lawn mowed, who 

better to turn to than the 

people who were forced by 

their parents to do the chore 

week after week, all summer 

long?

Ohio University: $8,000 Illinois Institute of Technology: $5,000 Wright State University: $500
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CAlenDAR
sePTeMBeR 2006 
25–26: 46th CGsIC Meeting, 
Renaissance Worthington Hotel, 
Fort Worth, Texas 
Contact: Rebecca Casswell 
USCG Navigation Center 
Tel: +1 703-313-5900 
Fax: +1 703-313-5920  
Email: cgsic@smtp.navcen.uscg.mil

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

OCTOBeR 2006 
18–20: 12th IAIn World 
Congress/2006 International 
symposium on GPs/Gnss, ICC 
Jeju, Resort-style Convention 
Center, Jeju, Korea 
Contact: Capt. Daniel S.H. Moon 
Tel: +82-17-553-4241
Fax: +82-51-404-5993 
Email: www.kinpr.or.kr/www.gnss.or.kr

23–25: ILA 2006 Convention and 
Technical symposium, ILA 35, 
Mystic Marriot Hotel and spa, 
Croton, Conn . 
Contact: ILA Operations Center  
Tel: +1 805-967-8649 
Fax: +1 805-967-8471 
Web: www.loran.org

JAnUARy 2007 
22–24: IOn nTM 2007, Catama-
ran Hotel, san diego, Calif . 
Contact: The ION  
Tel: +1 703-383-9688 
Fax: +1 703-383-9689 
Web: www.ion.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, 
Trade Winds, st . Petersburg, FL  
Contact: Mr. Robert Markle   
Tel: +1 703-527-2000 
Fax: +1 703-3351-9932  
Web: www.ion.org

was added in as a time penalty after the 
competition.

Competition day-by-day
On June 1, the teams each presented their 
designs to the judges from the Dayton 
Section ION and researchers from AFRL as 
well as the students and faculty from the 
other schools. It was a great time for the 
teams to discuss different design strategies as 
well network among themselves. Teams spent 
the day of June 2 performing safety checks 
and undertaking a preliminary test to see if 
each of the teams could hit four checkpoints 
in a square. 

All five teams had made it through the 
first two days, and June 3 (Judgment Day) 
finally arrived. After putting up with rain the 
day before, everyone was glad to see the sun 
on Saturday.

Following some rough starts for each 
of the other schools, Illinois Institute of 
Technology became the first team to have a 

successful run. Shortly afterwards, the other 
teams began to get things working and by 
the end of they day there was a clear winner 
— Ohio University. 

And the Winners Are … 
OU mowed most of the grass and did it with 
a speed and efficiency that the autonomous 
lawn mower competition had not seen until 
now. After mowing more then 90 percent of 
the designated area, they were given the first-
place trophy as well as $8,000 in prize money. 
IIT ended up finishing second and received a 
trophy and $5,000. Wright State finished third 
and was awarded a trophy and $500.

Next year, teams can expect an added 
challenge, although ION’s Dayton Section 
has not publicized the specific challenge just 
yet. Maybe it will require the robot to bring 
the judges a drink before beginning the com-
petition? I guess we’ll have to wait and see.

— For more information on the compe-
tition please visit <www.automow.com>. ◆

Above: Students from Ecole de Technologie 
Superieure prepare for the competition.

Above: Cedarville University does some last minute 
tests before starting. 

Above: The robot from OU mowing away the competition and a lot of grass.
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If the captain of the ships in which Saint 
Paul was wrecked on Malta had come 

back to earth in 1730, he would have felt 
very much at home. Navigation methods 
had scarcely changed in the intervening 
1,670 years. Had that sea captain returned 
just half a century later, however, he would 
have found the art and science of navigation 
changed out of all recognition. 

The marine sextant, unchanged in its 
essentials today, was demonstrated in 1731. 
Just two centuries ago the Nautical Almanac 

was first published, giving sea captains the 
means — together with their sextants — of 
doing serious celestial navigation. By 1770 
the Harrison chronometer had appeared on 
board transoceanic ships. In the first third of 
the 19th century the Sumner method of plot-
ting celestial position lines was introduced. 
Except for minor details, marine navigation, 
and to a very large extent air navigation 
as well, remained the same over the next 
century.

The 1930s saw the beginning of a period 

of revolutionary changes in navigation. 
Foremost among those responsible for these 
improvements is Captain Philip Van Horn 
Weems, U.S. Navy (Retired). Born in 1889 
and orphaned as a child, Weems grew up on 
a Tennessee farm where he, his six brothers, 
and one sister worked after their widowed 
mother died. 

After a year at a prep school, Weems 
entered the U.S. Naval Academy in 1908. 
There, among other exploits, he sailed on the 
last cruise of the Navy’s square-rigged sail-

Capt. P.V.H. Weems

The Grand Old Man of Navigation

By N.W. Emmot (Based on an Interview by Joseph Portney)

Part 1  
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ing ship Hartford. During his student days 
at the academy he began his love affair with 
the stars that lasted the rest of his life. After 
Weems graduated in 1912, he specialized in 
navigation, especially celestial navigation, 
practicing it at sea and instructing midship-
men in Annapolis classrooms.

Lunar navigation
When Weems first tried out his “hambone” 
sextant aboard the ships of the pre–World 
War I fleet, he employed the American 
Nautical Almanac, which still contained 
tables for the solution of longitude by means 
of lunar distances. Originally published 
in 1757, these tables allowed navigators to 
calculate their longitude even without an 
accurate chronometer. The observations 
were so difficult, however, and the method of 
reducing them so complicated and lengthy, 
that Weems had never met a navigator who’d 
ever made practical use of the technique or 
even knew of one who had.

The Nautical Almanac still tabulated the 
positions of the heavenly bodies using hours 
and minutes of Right Ascension. Celestial 
observations were still worked out by most 
navigators by solving the celestial spherical 
triangle by means of logarithms. The most 
significant improvement in this method dur-
ing the previous century was adoption of the 
Marcq St. Hilaire azimuth intercept method, 
coupled with improved haversine tables 
devised by Percy L.H. Davis. (The big advan-
tage of haversines is that they are always 
positive, which obviates blunders caused by 
giving quantities the wrong signs). Solving 
a celestial sight, however, was a long process 
that required a lot of arithmetic, although 
with eight-knot ships nobody was in much 
of a hurry.

By the time Weems had been in the 
navigation business for 10 years, however, 
he had begun to do a very un-expert-like 
thing — he was trying to simplify matters. 
Ordinarily, people who become experts have 
a vested interest in keeping things compli-
cated, since this makes their expertise more 
valuable. Weems, however, had begun to 
interest himself in aviation, and particularly 
air navigation, where the 10-fold increase in 
speed meant that the navigator was always 
in a hurry. The old ways, hallowed by centu-

ries of use aboard ships, were no longer fast 
enough for those who had to cope with the 
winds aloft.

Here Comes the sun
By 1928 Weems was well enough known in 
navigation circles to take a month’s leave 
to teach celestial navigation to Charles A. 
Lindbergh, who was well known by this time 
as being the 105th man to fly the Atlantic, 
as well as the third man to fly it non-stop, 
and the first to fly it solo. About the same 
time, while taking sun-sights for practice, 

Major Tom Lanphier, U.S. Army Air Corps, 
at Selfridge Field, Michigan, pointed out 
to Weems the weaknesses in transferring a 
sun-line ahead for an hour to get a running 
fix, as had been done for decades aboard 
ship. This set Weems to thinking that a fix 
obtained from sights on the sun and also the 
moon would provide an accurate fix, the dif-
ficulty being that reducing the moon obser-
vation was fearsomely complicated.

Weems turned the matter over in his 
mind, until one morning at 4 a.m. a partial 
solution occurred to him, which he forthwith 
suggested to the Naval Observatory superin-
tendent. Solving sights involved adding or 

subtracting longitude, which is recorded in 
degrees, from right ascension, which was 
then recorded in hours (at 15 degrees per 
hour). 

After receiving suggestions from several 
other navigators, in 1929 Weems came up 
with his “Lunar Ephemeris for Aviators,” 
which tabulated the moon’s Greenwich Hour 
Angle in degrees of arc against 10-minute 
intervals of Greenwich mean time. This was 
an enormous simplification from the prac-
tice followed by the Nautical Almanac, and is 
essentially the same as that used today by the 
Air Almanac and also the Nautical Almanac 
(though here the periods are hourly), The 
idea was so good that Weems extended it to 
stars, planets, and the sun, coming up with 
his “Air Almanac” in 1933.

A prophet, however, has no honor in 
his own country, and the Air Almanac was 
discontinued in 1934. In 1936 the idea was 
suggested to the British, who grasped it 
enthusiastically, and have published it every 
year since 1937 in a book whose cover bears 
a design of an Elizabethan seaman shooting 
the sun with a cross-staff, together with the 
slogan “Man Is Not Lost.”

The United States began publishing an 
American version of the Air Almanac in 1941, 
and then shortly after the war the United 
Kingdom and the United States began pub-
lishing it jointly. Her Majesty’s Stationery 
Office, as a mark of respect to Captain 
Weems, provided him with advance copies 
free of charge; the United States provided him 
with as many copies as he wishes to pay for. 
The Nautical Almanac was also redesigned to 
bring it into line with the streamlined meth-
ods that had worked out well in the air. 

— Coming in the fall issue of the ION 
Newsletter, Part II of “The Grand Old Man 
of Navigation,” which relates the story 
of Captain P.V.H. Weems, his navigation 
career, and eventual co-founding of the 
The Institute 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. 

Weems had begun 
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ION Newsletter 10 Summer 2006

GNSS 
Program 
Updates

Galileo

GloNaSS

GPS

Galileo

On May 23, the Galileo Joint Undertaking 
(GJU) posted a draft Interface Control 
Document (ICD) for the Galileo signal in 
space that describes the provisional specifica-
tions of the system’s signal design (spreading 
codes and frequency plan) and navigation 
message. Interested viewers can download 
the specs free of charge by completing an 
on-line form at <http://www.galileoju.com/
page2.cfm>. 

The long-awaited document is intended 
for “information, standardization and 
research and development purposes” for the 
benefit and the promotion of the European 
Global Navigation Satellite Systems (GNSS) 
programs. Specifically, the authors of the 
ICD — the GJU and the European Space 
Agency (ESA) — characterize the informa-
tion as intellectual property (IP) that may be 
used only for nonprofit purposes.

Meanwhile, according to a June 7 
European Commission (EC) communica-
tion, the GJU will “wind up its operations” by 
December 31, turning program responsibili-

GPS

With the GPS III program schedule still up 
in the air at the Pentagon, the GPS Joint 
Program Office (JPO) has continued to let 
contracts for modernization efforts.

The GPS JPO has awarded the Boeing 
Company a $138-million option to build 
three additional GPS Block IIF satellites under 
an existing contract. The exercised option 
brings to 12 the number of Block IIF satellites 
Boeing is building. Boeing expects that the 
first GPS Block IIF satellite will be ready for 
delivery in 2007, although the Air Force does 
not expect to launch it before May 2008.

Meanwhile, the GPS JPO has issued three 
R&D contracts for the next phase of work 
on modernized GPS user equipment (MUE). 
Under the contract, the following cost-plus 
awards were made to Interstate Electronics 
Corp., Anaheim, California, ($37,199,912), 
Rockwell Collins, Cedar Rapids, Iowa, 
($27,865,941), and Raytheon Company, El 
Segundo, California, ($37,771,001). 

The primary objective for the MUE receiv-
er card development program is to develop 
and demonstrate a modernized user segment 
receiver card, thus establishing a first proof of 
design for the modernized GPS architecture.  
At this time, $21,000,000 has been obligated, 
with work scheduled for completion by 
October 2007.

In July, the European Geostationary 
Navigation Overlay Service (EGNOS) tran-
sitioned from “system test bed” status to the 
“production” EGNOS system for provision of 
GPS augmentation services over Europe. A 
joint project of the European Space Agency, 
the European Commission, and Eurocontrol, 
EGNOS will now make use of its operational 
network to provide integrity, differential 
corrections, and ranging signals over its 
European coverage area. ◆

ties over to the Galileo Supervisory Authority 
(GSA). Before it goes out of business, the 
GJU is expected to initial the outline of a 
concession agreement with a consortium of 
European companies that will complete and 
operate the system.

The GSA — headquartered in Brussels, 
Belgium, for the time being — will actually 
own the Galileo system and sign the final 
20-year contract with the concessionaire and 
oversee its execution. The European Union 
(EU) and ESA will be the principal members 
of the GSA, but China, which sits on the GJU 
board, apparently will not be allowed to join. 
According to an article in the June 20 issue 
of Space News, EU transport ministers are 
concerned about Chinese plans to expand 
that nation’s prototype Beidou satellite sys-
tem into a full-fledge system called Compass. 
Furthermore, Chinese officials have report-
edly indicated plans to overlay an encrypted 
military service on the same frequencies used 
by the future GPS military (M-code) signal 
and Galileo’s Public Regulated Service. ◆

GPS Wide Area Augmentation System (WAAS) 
by Mary Ann Davis, FAA GPS Technical Assistance Contract (TAC) program

Excerpts reprinted from Federal Aviation 
Administration’s SatNav News, April 2006

In the last couple of years, the FAA has been 
busy tackling satellite planning and procure-
ment challenges – work which has been 
transparent to the users. This year, users will 
begin to see the results of these activities and 
the associated benefits. 

Since the WAAS commissioning in 2003, 
WAAS has used two INMARSAT geostationary 
satellites (GEO) to broadcast the WAAS sig-
nal. The leases for these satellites are expir-

ing and new satellites are coming on line. 
Steps will begin this year leading to the tran-
sition away from these INMARSAT GEOs and 
toward the future WAAS GEO configuration. 
As a result of these steps, WAAS users will be 
enjoying a higher level of WAAS availability 
by the end of 2006.

There are two major WAAS GEO activities 
that will occur this year — both of which 
will have an impact on users. The first 
will be the move of the INMARSAT AOR-W 
satellite. On February1st, INMARSAT began 
moving its AOR-W satellite to the west. As the 
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Figure 2. WAAS Inmarsat GEO Coverage to Begin by April 2006

Figure 3. WAAS GEO Coverage to begin by Fall 2006 

Figure 1. WAAS Inmarsat GEO Coverage Prior to February 2006

satellite moves west, so will footprint of its 
broadcast. [The move has been completed. 
See Figure 2.]

The second activity to take place this year 
will be the debut of the WAAS-certified broad-
cast from the new PanAmSat satellite. The 
PanAmSat was launched in October of last 

year. Since then, steps have been underway to 
prepare it for WAAS service. Final testing and 
integration activities [are scheduled for com-
pletion by the beginning of October.] to certify 
the PanAmSat’s broadcast as a part of WAAS. 
The PanAmSat broadcast footprint will be in 
view of all users within the United States. Both 

LAAS 
by Dieter Guenter, FAA GPS TAC 
Reprinted from FAA SatNav News, April 
2006

While the Local Area Augmentation System 
(LAAS) remains a research & development 
(R&D) project, the FAA continues to make 
progress by working the integrity risks with 
Honeywell and the LAAS Integrity Panel (LIP).

By September 2006, the FAA’s Ground 
Based Augmentation System (GBAS) group 
expects to complete the integrity analysis 
and implement an approved set of integrity 
monitoring algorithms in a LAAS prototype at 
Memphis, Tennessee. [Editor’s Update: The 
FAA conducted a series of successful flight 
tests in May at the FAA Technical Center 
in Atlantic City. The full test report is still 
being written.] Flight testing using both 
FAA William J. Hughes Technical Center and 
FEDEX aircraft will validate technical and 
operational performance of this prototype 

the move of INMARSAT’s AOR-W satellite and 
the debut of the PanAmSat WAAS broadcast 
will be growth steps for WAAS. See Figure 3.

As with any growth process, there will be 
some bumps along the way. As the AOR-W 
satellite moves west, so will its area of cover-
age. As a result, from mid-March to approxi-
mately late September, there will be a few 
areas in the extreme Northeast of the U.S. 
that will fall outside of the coverage area of 
WAAS. This is a temporary situation and full 
service will be restored in the affected area 
when the PanAmSat becomes operational in 
the fall. 

— Editor’s Note: A WAAS signal is cur-
rently being broadcast on L5 (centered 
at 1176.45 MHz), duplicating the data 
transmitted on L1 (centered at 1575.42 
MHz). Additional details on the WAAS pro-
gram progress can be found in an article 
in the current issue of SatNav News at 
<http://gps.faa.gov/Library/indexSatnav.
htm>.  Links to websites showing real-time 
WAAS coverage and non-aviation WAAS 
coverage can be found on the FAA’s GPS 
homepage < http://gps.faa.gov/>. ◆

LAAS, continued on page 12
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Obstacles to Increased GNSS Usage

The Galileo Open Service (OS) will have 
the largest effect on the global navigation 

market in the coming years, according to a 
survey of nearly 200 GNSS users, manufac-
turers, and researchers – despite the fact that 
a sizable majority of them don’t expect the 
service to be fully available until after 2012.

The on-line survey, conducted by British 
consulting group Helios Technology, 
focused on attendees at the European 
Navigation Conference 2006 held in May 
in Manchester, England. Approximately 85 
percent of respondents were from Europe, 8 
percent from North America, and the other 
7 percent 
from the 
rest of the 
world.

Despite 
the fact that 
new civil 
GPS signals, 
L2 and L5 
frequen-
cies, are 
becoming 
available in 
the next few 
years, even 
U.S. respondents indicated their belief that 
the Galileo OS would prove more significant 
in the marketplace that the GPS signals 
– by a margin of about 42 to 13 percent. 
Europeans were even more sanguine about 
Galileo with more than half expecting a 
bigger role for the OS.

On other subjects, the survey revealed 
a fairly evenly split on when inclusion of 
GNSS would be standard in most European 
mobile telephones, with nearly a third each 
saying 2008–2010, 2010–2012, and 2012 
onwards. Europe has followed a voluntary 
approach to providing automatic location 
of emergency callers using mobile phones, 
unlike the United States where a Federal 
Communications Commission E-911 man-
date has driven incorporation of GPS into 
handsets.

Survey Shows GNSS Community 
Bullish on Growth

Obstacles and Opportunities
Signal availability (28 percent), receiver 
cost (24 percent), and accuracy (17 per-
cent) were the top three picks as obstacles 
for increased GNSS usage. Nonetheless, 
more than three-quarters of the respondents 
said they believed navigation products and 
services would grow rapidly or exponen-
tially over the next five years.

As for the most critical factor for early 
introduction of Galileo services, respon-
dents overwhelmingly (45 percent) chose 
“Agreement between [EU] member states 
on future level of public funding.” And, in a 

remarkable 
outcome, 
respondents 
in the 
“indus-
trial/system 
integrator” 
category 
were more 
optimistic 
about early 
comple-
tion of the 
Galileo 
Open 

Service than were public officials (“institu-
tional/political” category): about 43 percent 
of the industrial respondents expected the 
OS to be available by 2010-2012 compared 
to fewer than 20 percent of the public 
officials. More than 60 percent of the lat-
ter group identified the 2012-2014 period 
as the mostly time for a completed Galileo 
system.

On a non-GNSS subject, survey  
respondents identified maritime uses and 
general aviation as the markets that would 
benefit most from an enhanced Loran 
(eLoran) system. By nearly equal numbers 
(about 42 percent) European respondents 
chose maritime and North Americans, 
general aviation, probably reflecting higher 
levels of aviation equipage in the United 
States. ◆

facility. 
The next step will be to upgrade the 

Memphis prototype facility to host all func-
tions required to demonstrate compliance 
with Category-I Standards and Recommended 
Practices (SARPs) requirements. In order to 
do this, the processing architecture will be 
upgraded and a complete set of prototype 
software functions integrated at Memphis 
and a new facility installed at the William 
J. Hughes Technical Center in New Jersey by 
December 2007. 

The FAA is also coordinating with other 
service providers interested to fund develop-
ment, test, and regulatory approval activities. 

In February, the FAA and Airservices 
Australia signed a memorandum of coopera-
tion as a first step toward establishing an 
international cooperative development effort 
to obtain approval for the Honeywell Inc. 
Category-I LAAS. [Under the memorandum] 
Airservices Australia (AsA) would complete the 
development of the Honeywell LAAS, includ-
ing the LIP-approved integrity algorithms, 
for their system in Sydney. [Editor’s Update: 
In April AsA signed a multimillion-dollar 
contract with Honeywell International to 
finalize software development and assist 
in the certification of its GBAS over the next 
two years. Airservices Australia also award-
ed Honeywell the design contract for AsA’s 
Ground-based Regional Augmentation 
system (GRAS), a low-cost regional version 
of GBAS for regional airlines and general 
aviation markets.]

FAA would install the certifiable software 
at Memphis and proceed with regulatory 
approval for Category-I instrument meteo-
rological conditions (IMC) operations in 
2008. Other service providers — for example, 
Spain, and Germany — also have LAAS pro-
totypes and have shown interest in approving 
those systems as well.

Airservices Australia has a GBAS prototype 
installed at Sydney International Airport and 
a Qantas Boeing 737-800 has successfully 
completed initial GLS (Global Navigation 
Satellite System Landing System) flight test-
ing. These flight trials, GBAS siting experi-
ences, and lessons learned will also be part of 
the international information exchange. ◆

LAAS, continued from page 11
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nAVigAtion noVelties

What’s New in the PNT World?

Oregon’s Virtual Toll Road
Oregon, the first state to introduce gasoline taxes, may be the first to abandon 
them in favor of mileage-based fees derived from GPS positioning if a demonstra-
tion now under way works out.

Launched in June, the 10-month experiment will have participants paying 1.2 
cents for every mile driven, but they won’t be charged Oregon’s 24-cents-a-gallon 
tax. The state tax rate on fuel hasn’t been raised since 1993, and inflation has been 
eroding its purchasing power for repairing Oregon roads. Moreover, fuel-efficient 
cars such as gas/electric hybrids are reducing collections.

Some 280 volunteers are participating in the Portland-area program. Systems 
incorporating GPS receivers, radio modem, and data loggers were installed in their 
vehicles this spring at a cost of about $200 each. 

The state will stop collecting the gas tax at the pump for some of these volun-
teers and start charging the mileage fee. Another group will pay 10 cents a mile 
during rush hour and fourth-tenths of a cent for each mile at other times. 

Drivers will fill up at two local gas stations. While refueling, the unit sends the 
mileage data to a reader in the gas pump. The mileage fee is added to the bill, and 
the gas tax is subtracted. Fees apply to in-state travel only, and volunteers receive 
$300 each for taking part in the program.

The approach brings to mind usage-based insurance (UBI) initiatives that 
some auto insurers, such as Norwich Union in the United Kingdom, have tried out 
in recent years. UBI sets rates using data on total mileage, driving times, driving 
locations, and speed. These are typically derived from GPS/datalogger systems.

Outdoor Ad Monitoring, Precisely
Nielsen Outdoor is extending its novel GPS-based service offering for measuring 
exposure of consumers to billboard message to the Los Angeles, California, area.

The company expects to provide initial results of its Los Angeles data to clients, 
including major ad agencies and media buyers, in the fall and will provide final 
results in the first quarter of next year.

Nielsen Outdoor will also begin to measure the exposure of teenagers to out-
door advertising. Teenage exposure has particular importance for advertisers in the 
film, fast food and soft drink industries.

Introduced in Chicago, Illinois, last fall, the service uses a proprietary GPS 
device — the Nielsen Personal Outdoor Device, or Npod —to track and record 
the movement of participants in Nielsen Outdoor campaigns relative to the loca-
tion of outdoor advertisements, their speed and direction of travel, and the exact 
time of day when they passed the advertising locations.

Nielsen and its technology partner, RDP Associates, of Seattle, Washington, 
developed the Npod, a device about the size of a cell phone, which people carry 
in their pockets, purses, or wear like a cell phone. Members of a randomly chosen 
sample carry an Npod as they move about on foot or in vehicles.

To determine estimates of actual exposures to outdoor displays, Nielsen 
matches the Npod position data to a list of geo-coded outdoor sites to obtain 

passages, or the opportunity to see specific outdoor sites. When the respondent’s 
travel path intersects with a known outdoor site, an “intercept” is recorded, with 
each event dated and time-stamped, and the direction and speed of travel noted. 
This provides a set of time- and position-stamped data that indicates the “oppor-
tunity to see” an outdoor display. From this information, comprehensive audience 
estimates can be calculated.

Better Call That NavStar-Dust
Teenagers have recently suffered a major setback in their eternal 

quest to avoid parental monitoring.
GPS-enhanced, cell phone–based services aimed at 

families who want to keep track of one another’s whereabouts 
have been rolled out at an accelerated pace in the last few months. 

First to appear in April was the Sprint Family Locator from Sprint Nextel. Then 
Verizon announced its Chaperone service (“Ah, Mom-m-m”) in June.

But perhaps the sharpest disappointment among youth may come from newly 
launched DisneyMobile’s Family Locator plan. Those aren’t stars floating around 
Tinkerbelle’s wand anymore, they’re satellites.

Seriously, though, the spate of new location-based initiatives represents the 
latest flowering of value-added services being built on top of a government man-
date: the Federal Communications Commission enhanced 911 (E911) regulation 
that requires wireless carriers to be able to locate emergency callers automatically. 
Well more than 100 million mobile phones have already incorporated GPS receiv-
ers, and the sector is considered one of the fastest-growing for the positioning and 
navigation technology.

Sprint, in fact, was the first (2001) to offer a GPS-equipped phone designed to 
meet the E911 mandate. Since then both Sprint and Verizon have offered consum-
er and commercial location-based services that depending on GPS positioning.

Sprint’s locator service, offered in with Wavemarket Inc., is available for 
download on 17 phone models and can be used to locate 30 GPS-enabled phone 
models on the Nationwide Sprint PCS Network and the Nextel National Network. 
It enables a parent to use a phone or PC to pinpoint the location of a child on a 
map along with the address and surrounding landmarks. It even provides a figure 
of merit for the accuracy of the positioning information within a specified radius.

The Verizon Chaperone is actually intended for youngster using LG Migo 
phones, designed for children between the ages of five and nine years old. The 
mobile handset has four programmable call buttons and one pre- programmed 
emergency call button. Chaperone’s Child Zone function allows parents to estab-
lish predetermined areas in which a child can travel with their Migo phone and 
automatically alert the parent about the location of the device when it enters or 
leaves the defined area.

With DisneyMobile’s Family Locator, parents can find and map the location of 
a child’s phone from their own handset or from the family center section of the 
disneymobile.com website.
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Birds do it. Bees do it. And for a lot longer than 
humans have – navigate, that is.

So, the Institute of Navigation (ION) and the 
Royal Institute of Navigation (RIN) are joining 
forces to explore what we can learn from animal 
navigation and the prospects for developing 
sensors and techniques based on these biologi-
cal models.

The Bio-Nav Workshop will be held on April 
23, 2007, in conjunction with the ION’s 63rd 
Annual Meeting April 23-27, 2007, at the Royal 
Sonesta Hotel in Cambridge, Massachusetts. The 
ION and the RIN anticipate that this unique 
Bio-Nav Workshop will bring together leading 
navigation researchers and developers from the 
engineering, biological, and behavioral sciences 
communities. 

The goal of this special event is to explore 
how animals navigate and to examine the fea-

sibility of developing new sensors and naviga-
tional techniques inspired by those that exist 
in the animal kingdom. Many animals, includ-
ing migratory birds, sea turtles, and insects, 
accomplish remarkable feats of navigation 
using novel techniques unlike any employed 
by humans. By convening an interdisciplinary 
Bio-Nav Workshop, the ION and the RIN hope to 
encourage interactions between engineers and 
biologists, which may ultimately lead to major 
breakthroughs in navigation technology and 
result in a greater ability to navigate anywhere, 
anytime.  

A morning session of the workshop will 
include several invited keynote speakers from 
the animal navigation research community, 
short tutorials on how specific animals navigate, 

and the latest technologies used in research-
ing and understanding animal navigation. The 
afternoon session follows the more traditional 
conference format with contributed papers rele-
vant to Biological Systems Guidance, Navigation, 
and Control (GNC). 

The RIN established an Animal Navigation 
Special Interest Group (ANG) in 1993, which now 
has nearly 200 participants and is open to RIN 
members and associates. 

A call for papers will be issued shortly. ION 
contacts include Mike Miller <mikel.miller@
wpafb.af.mil> and Ken Lohmann <KLohmann@
email.unc.edu>. The RIN and the ION look for-
ward to seeing you there.

Commodore John Keever presenting Timothy Patching and Wade Poor with The Institute of 
Navigation Awards at the California Maritime Academy 2006 commencement ceremony.

ION-RIN Bio-Nav Workshop

Dayton Section Sponsored 
Graduate Student Award  
Goes to Esteban Vazquez

Vazquez background and professional experi-
ence in geodetic surveying, mathematics and 
statistics allows him to focus his research on 
state-of-the-art GPS algorithms and data 
analysis methods. He has been involved in 
a number of research projects related to GPS 
positioning and data processing algorithm 
development and implementation, predomi-
nantly for long-range static GPS for deforma-
tion monitoring and precipitable water vapor 
(PWV) estimation from GPS data. He has 
researched algorithms related to multipath 
estimation on permanently tracking sites, 
and has estimated the multipath character-
istics for the OSU/USGS network in Antarctica 
– TAMDEFF. Part of his dissertation is devoted 
to geodetic networks and algorithms suitable 
for long-baseline geometry, including the 
impact of ITRF access for Antarctic sites.

Estaban Vazquez is finishing his doctoral 
thesis at The Ohio State University and is 
expected to graduate this fall. 
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Well-known to the navigation community, 

Len Sugerman had a distinguished 

 professional and public service life, 

remaining active in the ION and lending  

his support to a variety of initiatives.

LEONArd (LEN) SUGErMAN — a long-time 
member, fellow, and past president of the 
Institute of Navigation — passed away July 
7 at his home in Las Cruces, New Mexico. He 
was 86.

Len Sugerman obtained a general engineer-
ing degree from the Massachusetts Institute of 
Technology in 1955, an MBA from the University 
of Chicago in 1960, and an MPA from New 
Mexico State University (NMSU) in 1984. NMSU 
awarded him an honorary doctor of laws degree 
in 2004.

Sugerman was the president of the ION 
in 1970 and received the Institute’s Norman P. 
Hays Award in 1971 for outstanding encourage-
ment, inspiration, and support contributing to 
the advancement of navigation. In 2000, he 
endowed the ION’s Tycho Brahe award that 
recognizes outstanding contributions to the 
science of space navigation, guidance and con-
trol. That same year Sugerman was named 
an ION fellow for his leadership in overseeing 
the development, production, and testing of 
bomb navigation, guidance, attitude control, 
and auto-pilot systems for strategic aircraft, 
missile, satellite, and re-entry systems.

On the Frontiers of Space
Well-known to the navigation community, 
Sugerman had a distinguished professional and 
public service life, remaining active in ION and 
lending his support to a variety of initiatives. 
Among his most recent efforts, he co-founded 
the High Tech Consortium of Southern New 
Mexico and the Southwest Space Task Force, 
an ad hoc citizens advocacy group determined 
to establish an inland launch site in southern 
New Mexico. 

Sugerman was an active volunteer 
and donor to the New Mexico Space Grant 
Consortium (NMSGC). The building hous-
ing the consortium was recently named 
the Sugerman Space Grant Building in his  
honor at NMSU, the lead institution for. In 
2001, NMSGC created the New Mexico Space 
Grant Leonard R. Sugerman Math, Science, 
Engineering, Technology & Education 
Endowment to provide permanent income to 

fund undergraduate and graduate scholarships 
for all NMSGC students. 

Lengthy Military Service
A native of New York City, Sugerman joined 
the U.S. Air Force in 1942 with the rank of 
private and retired 33 years later as a colo-
nel. During his military career, he oversaw the 
development and testing of many genera-
tions of bomb-navigation, guidance, attitude 
control, and autopilot systems for aircraft and 
missiles. Assignments included the Pentagon, 
Air Force Systems Command, Research and 
Technology Division, AF Missile Development 
Center, AF Special Weapons Center and White 
Sands Missile Range. While assigned to the Air 
Staff in 1958, he made the inertial navigation 
systems available to the navy’s special Projects 
Office enabling the Polaris nuclear submarines 
Nautilus and Skate to reach the North Pole 
submerged.

Sugerman was first stationed in New 
Mexico in 1964. His initial assignment was at 
the Air Force Missile Development Center at 
Holloman Air Force Base, where he served as 
the director of the Central Inertial Guidance 
Test Facility (for which service he received the 
Air Force Association Meritorious Management 
Award in 1967). He then became the Air Force 
deputy to the Commanding General at White 
Sands Missile Range. Sugerman ended his Air 
Force career in 1975 at the Air Force Special 
Weapons Center at Kirtland Air Force Base in 
Albuquerque.

Following his Air Force retirement, Sugerman 
relocated to Las Cruces where he served as the 
assistant to the director of the NMSU Physical 
Science Laboratory. His work assignments 
involved the launching of sounding rockets, 
missiles, and high altitude balloons. He received 
the New Mexico Distinguished Public Service 
Award from Gov. Gary Johnson in 1995.

Sugerman is survived by a sister, five chil-
dren, eight grandchildren and one great-grand-
child. The family requests that donations be 
made in his honor to the NMSU Foundation, 
designating a specific fund, or to the foundation 
in general.

IN MeMORIAM: Len Sugerman
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The Measure of All Things by Ken Alder

As the 18th century ground to its war-
torn conclusion amid the disintegration 

of revolutionary France, a noted astrono-
mer despairs of completing his mission 
to define the meter in terms of key Earth 
parameters. Discouraged with the results of 
measurements near Barcelona, Spain, the 
astronomer covers up the discrepancies that 
ultimately drive him to his death.

This portraiture of the tension between 
rationalism and human aspirations is but 
one of the anecdotes that imbue Ken Alder’s 
Measure of All Things with human pathos 
and elevate his prose beyond the realm 
of simple reportage of scientific endeavor. 
Richly steeped in the navigation history 
that transpired during the tumultuous years 
spanning the French Revolution, this liter-
ary masterpiece is much more. Published 
in 2002 by Free Press (a division of Simon 
& Schuster, Inc., New York, NY), under its 
complete title, The Measure of All Things: 
The Seven-Year Odyssey and Hidden 
Error That Transformed the World, Alder’s 
work encompasses the pursuit of technical 
excellence, political intrigue, human frail-
ties, personal sacrifice, as well as important 
ramifications on global economics.

The story focuses on Jean-Baptiste-
Joseph Delambre and Pierre-Francois-
Andre Méchain, two accomplished French 
astronomers commissioned by the Academy 
of Sciences during the French Revolution, 
who set out in opposite directions from Paris 
to measure meridian arcs of the earth’s cir-
cumference. Their results would be used to 
define the meter as one ten-millionth of the 
distance between the pole and the equator.

A new “Rational” era
The establishment of a formal relationship 
between the new fundamental measure of 
length, the meter, and a natural terrestrial 
quantity such as the earth’s circumference,  

was a spiritual keystone for the idealistic sci-
entific community of revolutionary France. 
Empowered by the fervor of the times, they 
were determined to shed the arbitrary and 
inconsistent traditions of the Old (Ancien) 
Regime. 

This era of intellectual as well as politi-
cal and social ferment, emboldened sci-
entists such as Laplace, Cassini, Lalande, 
Borda, Lavoisier, and Legendre to redefine 
the very foundations of human conceptions 

of space and time. Among these efforts was 
a proposal for establishing a totally decimal 
measurement system that included a 10-
hour day and a 10-day week. 

Both Delambre (1749-1822), who tra-
versed the northern portion of the meridian 
from Paris to Dunkerque, and Méchain 
(1744-1804), who traversed the southern 
portion from Paris to Barcelona, were 
distinguished astronomers and surveyors, 
similarly educated and carefully selected by 
the Academy of Sciences. Despite these simi-
larities, their temperaments and technical 
approaches, were distinctly different. 

Méchain took his science personally. 
He was a melancholic, self-deprecating 
individual who continually worried about 

achieving absolute consistency in his results. 
Méchain felt no obligation to parade his 
accomplishments before an anonymous 
public. Rather he sought to impress his fel-
low savants with his ability to approach per-
fection. Delambre, although also passionate 
and meticulous about his tasks, was more 
accepting of inevitable limitations. He was a 
skeptical stoic, for whom perfect knowledge 
lay beyond human grasp. 

Taking surveying seriously
Alder colorfully recounts the detailed travers-
es of each of these men as they encountered 
an assortment of dangerous and complex 
obstacles inherent in attempting to extract 
extraordinarily precise data at locations 
where, and times when, violent passions 
raged. Nevertheless, from 1792 to 1799, 
both Delambre and Méchain, summoned 
all their resources to collect and process 
hundreds of precise triangulations using 

We live on a fallen 

planet, and there is 

no way back to Eden. 

Delambre had decided to 

live on the surface of the 

earth, buckled, bent, and 

warped though it was.

The Measure of All Things: The Seven Year 
Odyssey and Hidden Error That Transformed 
the World, By Ken Alder; Paperback: 448 pages; 
Publisher: Free Press; reprint edition (October 
1, 2003); ISBN: 0743216768

A Book ReView FRoM the ion histoRiAn
one of a series of columns by ion historian marvin may
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the most advanced optical instrumentation. 
Their processed results were heralded by the 
International Commission of Weights and 
Measures as being accurate to six significant 
digits, or within 0.0001 percent.

Méchain’s obsession with perfection, 
however, and his attitude that errors were a 
sign of moral failure led to his self-torment. 
His measurements near Barcelona were 
inconsistent, and he was unable, despite 
agonizing recalculations, to rectify the 
results. In a panic and at the brink of mad-
ness, he covered up the discrepancy. This 
inability to accept and disclose these errors 
and the resulting emotional distress appar-
ently exacerbated a physical condition that 
led to Méchain’s death.

Delambre, in the wake of a public 
announcement of the team’s results for 
the length of the meter, discovered the 
truth about Méchain’s Barcelona measure-
ments. Now Delambre faced the dilemma of 
whether and how to divulge the fact that the 
meter was not even close to the advertised 
accuracy with respect to the original goal: 

one ten-millionth of the distance from pole 
to equator. 

Real-World solution
During the next 11 years, Delambre set 
about to clarify the nature of the errors, and 
eventually achieved results regarding mea-
surement of the meter that he estimated had 
a precision of 0.01 percent. As told by Alder 
with his often eloquent prose, “Delambre 
had come to accept, as Méchain could not, 
the evanescence of earthly knowledge. . . .We 
live on a fallen planet, and there is no way 
back to Eden. Delambre had decided to live 
on the surface of the earth, buckled, bent, 
and warped though it was.”

Alder links this historical account to con-
temporary values and the global economy. 
He asks rhetorically why the idealism of the 
era’s scientific community set about to a 
create a unit of length tied to a terrestrial 
quantity when a standard “meter” could 
have been established by legal fiat or by a 
simple agreement. He asks why the United 
States, which under President Thomas 

Jefferson in 1792, appeared to be a leader in 
the adoption of a metric system, still stands 
almost alone internationally in not adopting 
the metric system. 

Alder reminds us, “Despite the ideal-
ism of some scientists, measures are social 
conventions, the outcome of a political 
process. . . . And as the labors of Delambre 
and Méchain amply attest, even our modern 
impersonal measures are the product of 
human ingenuity, human passion, and the 
choices of particular people in particular 
times and places. So in the end, there is no 
escaping Protagoras’ 2500 year-old motto: 
“Man is the measure of all things.’”

— Postscript: ION Newsletter Historian 
articles on the shape of the earth in the 
Fall 2001 and Spring 2002 issues might 
make a light appetizer to this book as the 
main course.

— Marvin B. May is the chief scien-
tist at Pennsylvania State University’s 
Navigation Research and Development 
Center, Warminster, Pennsylvania. ◆

2007 ION® National Technical Meeting

Abstracts Due: Sept. 25, 2006 

January 22–24, 2007

www.ion.org

Dr. John Betz
ION Program Chair
The MITRE Corporation
betz@mitre.org

Dr. Dorota Grejner-Brzezinska
ION General Chair
The Ohio State University
dbrzezinska@osu.edu

The Catamaran Hotel ◆ San Diego, California
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cation activities. The deadline has passed 
for entering under the first category but 
teams have until October 5, 2006, to apply 
under the rules for the second.

Making the Grade
A National Qualification Event (NQE) for 
Urban Challenge competitors is scheduled 
October 27–31, 2007, at a location still to 
be announced. At that event, which typically 
has the autonomous vehicles traversing an 
obstacle course at an arena, 20 semifinalist 
teams from the Track B entries will receive 
$50,000. 

Each team that is successful at the NQE 
will receive $100,000 and compete in the 
Urban Challenge final event on November 
3, 2007, at a location in the western United 
States. Participants from both tracks will 
come together at the NQE and progress on to 
the final event, where the selected teams will 
compete.

DARPA will award prizes for the top three 
autonomous ground vehicles that compete in 
a final event. First prize is $2 million, second 
prize is $500,000 and third prize is $250,000. 
To succeed, vehicles must autonomously 
obey traffic laws while merging into moving 
traffic navigating traffic circles, negotiating 

busy intersections and avoiding obstacles.

Wasn’t It Grand?
Two rounds of Grand Challenge com-
petition took place in 2004 and 2005 in 
California and Nevada, with entries domi-
nated by university and research institute 
teams. No vehicles managed to complete 

the original course in 2004. Undeterred, 
195 applicants from 36 states produced 23 
finalists that took on the 131.6-mile course 
the following year. An entry from Stanford 
University’s Artificial Intelligence Lab — a 
modified 2004 Volkswagen Touareg R5 die-
sel SUV named “Stanley” — completed the 
course in six hours and 53 minutes to win 

The Urban Challenge 

will require autonomous 

vehicle systems to master 

the more complicated 

tasks of city driving. 

the $2 million prize. 
Stanley’s navigation and guidance 

system incorporated a high-precision GPS 
receiver (NovAtel’s PropakLBplus) with 
satellite-based differential corrections 
(Omnistar’s HP Service). Data from a six-
degree-of-freedom inertial measurement 
unit, laser, camera, and radar sensors fed 
into the on-board computer enabled Stanley 
to avoid obstacles and stay on track. 

GPS/inertial combinations were probably 
the most popular combinations for naviga-
tion systems among the entries. Technical 
descriptions of the 23 finalists in the 2005 
event can be found in white papers posted 
by the teams on-line at <http://www.darpa.
mil/grandchallenge05/techpapers.html>.

The DARPA Grand Challenge web site 
<www.darpa.mil/grandchallenge> is the 
primary resource for information about the 
Urban Challenge event and includes fre-
quently asked questions, eligibility informa-
tion, and links to the solicitation.  ◆

dArPA Grand Challenge 2005 Winner

Environmental sensing is achieved through the 
three different sensing modalities: laser, vision, and 
rAdAr. Each is characterized by a different trade-off 
between range and accuracy.

drivability map.
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Corporate 
Profile

Global Locate provides industry 
leading A-GPS technology to 
the mobile wireless industry. 
Our semiconductor solutions 
bring IndoorGPS® technology 
to the full spectrum of mobile 
wireless devices, including 
handsets, smartphones, PDAs 
and other wireless devices. Our 
A-GPS network infrastructure 
products and data services 
power the global location ser-
vices of our mobile operator 
customers.

Our world-class team is 
made up of engineers and 
technology business profes-
sionals with expertise in 
wireless devices, network ser-
vices, global positioning and 
navigation technologies, led by 
experienced executives from 
the GPS, mobile operator and 
semiconductor industries. 

We are a privately held 
company with corporate offices 
in San Jose, California and 
satellite offices in New Jersey, 
Tokyo, Japan and Madrid, Spain. 
Our Board of Directors, Business 
Advisory Board and investors 
bring important expertise from 
the wireless, semiconductor and 
global finance sectors. For more 
information see <http://www.
globallocate.com/> .

Nominations, continued from p. 1

tion as needed. 
The course was a 30-by-50 foot rectangle, 

relatively flat, with two obstacles (trashcans). 
One obstacle was placed in a location known 
to the teams in advance; the other was placed 
in an unknown location within a 10-foot 
swath at one end of the course. 

Now, this setup is not quite as difficult as 
my 10,000 square feet of America, with its 
hills, trees, telephone box, and other assorted 
obstacles (all in new locations each week—
courtesy of grandchildren). Nonetheless, the 
ION course is challenging, and the fact that 
two of the teams largely demonstrated the 
ability to master it is encouraging. Following 
the competition this year, those teams that 
were less successful discussed their trouble-
shooting, assessment of what needs to be 
fixed, and their planning for next year’s 
improvements. 

Beyond GPs
The ION® would probably not be holding this 
competition were it not for the utility provided 
by the availability of GPS and inexpensive 
receivers. However, it is interesting to note 
that two of the teams this year chose not to 
incorporate GPS. All the mowers entered in 
the competition needed other technologies to 

augment the GPS for this challenge. 
Of those not using GPS, one integrated 

mostly optical technologies, while the other 
used dead reckoning with very simple and 
cheap instruments (magnetic compass, wheel 
counters, and paddle sensors to keep track 
of cut vs. uncut grass). So, this was truly a 
“navigation” challenge, integrating multiple 
sensors and instruments to get the job done. 

I found the lawn mower event encourag-
ing for the future of our Institute. It poses a 
clever challenge for the teams, which moti-
vates young engineers to find interesting ways 
to solve real-world problems. I hope our mem-
bers will take time to visit the autonomous 
lawn mower team booth at the ION GNSS 
2006 in Fort Worth this fall — look over their 
machines, talk with the students, and then 
plan to attend next year’s “fourth annual” 
autonomous lawn mower competition. 

Congratulations to the winners and best of 
luck to all.

Jim Doherty 

—A report on the competition can be 
found on page 6 of this issue of the ION 
Newsletter.

President, continued from page 2

Institute of Technology; Treasurer: Dr. 
Dennis Akos, University of Colorado and 
Dr. John Betz, The MITRE Corporation

Voting On-line
Eligible ION members (those members who 
have attended at least one GNSS Satellite 
Division meeting within the last three years) 
may vote for Satellite Division officers on-
line via the ION website through August 28. 
To access the on-line ballot (1) Go to www.
ion.org. and (2) Click on the voting button. 
(3) Enter your User I.D. and password. The 
default User I.D. is your six-digit member 
number (printed on the address label of the 
notification post card you received or this 
newsletter), and the default password is your 
last name. If you have previously changed 
your default User I.D. or password, use those 
instead. (4) Mark your selections, and sub-

mit your ballot!
If you do not have Internet access or 

would like 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. 

Completed Ballots
Completed ballots must be received at the 
ION® office by August 28, 2006, in order to 
be counted. 

Election results will be announced at 
the 19th International Technical Meeting 
of the ION Satellite Division, September 26-
29, 2006, in Fort Worth, Texas. The newly 
elected officers will take office on September 
29, 2006, at the conclusion of the meeting 
and will serve for two years. The election 
results also will be reported in the ION 
Newsletter. ◆
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