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Introducing
The New ION®
Officers, And
Committee
Chairs

June 9, 2005

Galileo
To Test
Satellites
Six Months
From Launch

T

he newly elected ION officers took
over at the conclusion of the ION’s
61st Annual Meeting in Cambridge,
Massachusetts, June 27–29. These officers
will also serve on the ION Council along with
the other members of the Council, the chairs
of ION sections and past presidents.
The Institute would like to acknowledge
the contributions of the outgoing officers,
and extend its well wishes to the incoming
officers for a prosperous new year.
The election results are listed below:

T

wo experimental satellites are being
developed for the Galileo System Test
Bed — Version 2, which will make up the
first phase of the ‘in-orbit validation’ of the
Galileo system. Both spacecraft are now
approximately six months away from launch.
The main mission of these first Galileo
satellites intends to secure the Galileo frequency filings, validate new technologies for
operational use, characterize the radiation
environment of medium earth orbit that the
operational satellites will occupy and enable
experimentation with live Galileo signals. To
ensure the success of this phase, two satellites
have been ordered from industry, currently
known as GSTB-V2/A and GSTB-V2/B, and are
being built in parallel. They are the first step
towards the ‘in-orbit validation’ phase, which
will require a constellation of four satellites.
GSTB-V2/A is being developed by Surrey
Satellite Technology Ltd. (U.K.). Galileo
Industries (GaIn) is developing the GSTBV2/B satellite. GaIn is a European consortium
including Alcatel Space Industries, Alenia
Spazio, Astrium GmbH, Astrium Ltd. (U.K.)

Officers
President: James Doherty, Institute for
Defense Analyses (IDA)
Executive Vice President: John Lavrakas,
Overlook Systems Technologies
Treasurer: John Clark, The Aerospace
Corporation
Eastern Region Vice President: Dr. Chris
Hegarty, The MITRE Corporation
Western Region Vice President: Thomas
Stansell, Stansell Consulting
Eastern Council Member-at-Large: Dr.
Dorota Grejner-Brzezinska, The Ohio
State University
Western Council Member-at-Large: John
Nielson, Rockwell Collins
Space Representative: Dr. Richard Langley,
University of New Brunswick, Canada
New Officers continued on page 12
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and Galileo Sistemas y Servicios.
Much of the testing of the units and subsystems that will make up the two spacecraft
has been completed. Both satellites are now
Galileo Test continued on page 13
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From the ION Executive Fellow
A Column By Dr. Bill Klepczynski

Bill Klepczynski

Coming to a Close

T

he end of my appointment as the ION’s
Government Executive Fellow at the
U.S. Department of State is fast approaching. It has been a fantastic experience, and
I strongly recommend that other ION members consider it.
Both senior and junior ION members
would not only benefit from this rewarding opportunity, but also provide a service
that promotes the role of the Institute of
Navigation. Senior members can draw upon
their years of experience and the large number of acquaintances they have made over
the years. Junior members can offer their
technical background based on the latest,
most up-to-date advances being taught at
our nation’s best schools.
While I have had the privilege to work
on a variety of tasks at the State Department,
there are many items on the docket with
which the ION’s next Government Executive
Fellow, Dr. Jennifer Gautier, could be kept
busy, especially in the State Department’s
Office of Space and Advanced Technology.
The GPS-Galileo Agreement
The next step in the GPS-Galileo agreement
has begun. In this phase, the four working groups recognized in the agreement
are being implemented. Working Group A,
which deals with signal structure, has met
several times. Its goal is to insure that there
is compatibility and interoperability between
the GPS and Galileo signals. There is a subgroup that deals with the GPS-Galileo Time
Offset that has also met on several occasions.
This group is establishing procedures to
facilitate the exchange of time difference
information between GPS and Galileo so that
users will have the maximum number of satellites to process in a combined GPS-Galileo
navigation receiver. Working Group B (Trade
Matters) and Working Group D (Security) are

also in the process of establishing their terms
of reference and setting up future meetings.
GPS-GLONASS Talks
At the request of the Russian Federation, talks
are beginning with the United States on a GPS
-GLONASS agreement. These talks may lead
to another GNSS system having some type of
signal compatible with other GNSS signals
that could significantly increase the number
of satellites useable for navigation. Talks are
also underway with Australia to develop a civil
agreement on satellite navigation.
A Source of Technical Expertise
One of the features making the ION
Government Executive Fellow program especially attractive to ION members is the option
to select the agency where they will fulfill
their fellowship. Obviously, the main goal
of the fellowship program is to serve as a
source of technical expertise at a government
agency. At these agencies, most positions are
filled by high-level managers who, in all
probability, do not have a strong technical
background. Therefore, the role of the fellow
is to provide, in an objective and unbiased
manner, the background technical information that managers need to understand the
implications of the proposals that are being
made to them so they can make better decisions.
Again, I would like to thank the Institute
for the opportunity to have served it once
again. I also pass along my best wishes to my
successor. I can promise her that wherever
she serves, it will be a rewarding and fulfilling experience.
— In addition to serving the ION as
its first Executive Fellow, Bill Klepczynski
has served as an editor of NAVIGATION, the
Journal of the Institute of Navigation, as the
ION’s president from 1987–1988, and in
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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 community 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.

2005-06 National
Executive Committee
President: James Doherty
Executive Vice President: John Lavrakas
Treasurer: John Clark
Eastern Region Vice President:
Dr. Chris Hegarty
Western Region Vice President:
Thomas Stansell
Satellite Division Chair:
Dr. Elizabeth Cannon
Immediate Past President: Dr. Penina Axelrad

How to Reach The ION®
Telephone: 703-383-9688
Facsimile: 703-383-9689
Web site: http://www.ion.org
E-mail: membership@ion.org

The ION® National Office
3975 University Drive, Suite 390
Fairfax, Virginia 22030

The ION® National Office Staff
Director of Operations: Lisa Beaty
Technical Director: Carl Andren
Assistant to the Technical Director:
Miriam Lewis
Graphic Designer: Paula Danko
Information Systems: Rick Buongiovanni

The ION

®

and

PLANS

join forces

for 2006 meeting!
See ad page 13
or go to
www.PLANS2006.org
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From the ION Congressional Fellow
A Column By Dr. John Plumb

John Plumb

Getting in the Game

M

y fellowship is exactly half over as I
write this update, and so far the experience has been nothing short of fascinating.
To give you some insight into the scope
of work that a senator’s office entails, this
update will focus on two projects with which
I have been heavily involved during the past
several months.
First, I have been working long nights
with Sen. Ken Salazar (D-Colo.) and his staff
on the Senate’s version of the Energy Bill,
which recently passed the Senate and will
soon head to conference. Second, I was the
office “point man” for two Colorado citizens
detained by the United Arab Emirates.
Working on the Energy Bill has given
me a view into some of the inner workings
of politics. Sen. Salazar is a member of
the Senate Energy and Natural Resources
Committee. The first thing that became
apparent is how much more effective a senator can be with legislation that is referred to
his or her committee.
Legislation generally does not get
addressed on the floor of the Senate until
it has been taken up and passed by the
appropriate committee. There is no requirement for the chairman to ever take up a bill
referred to the committee; that is the power
of the committee and even more so, of the
chairman. But the politics of that committee can result in the chairman being more
amenable to legislation proposed by the
committee’s members.
Pinch Hitting
For all these reasons, Sen. Salazar’s office
has been in the thick of the Energy Bill.
What makes this even more interesting is the
fact that an Energy Bill has not been passed
by Congress for ten years, so for a freshman
office, being involved in the bill was akin
to showing up in the bottom of the ninth

inning and being put straight into the game.
That also meant there was a lot of catching
up to do because legislation that had been
proposed and tweaked year after year looked
brand new to us.
Sen. Salazar has chosen a few key pieces
of the Energy Bill on which to take the lead.
These include increasing the country’s production of ethanol and biodiesel, promoting
the use of renewable energy such as wind
and solar power on a national basis, and

The work and politics
that can go into even one
paragraph [of legislation] is hard to believe.
advancing Integrated Gasification Combined
Cycle (IGCC) technology to provide a cleaner
future for coal-based power. Sen. Salazar has
met with success on all of these issues, and
throughout the process I was able to participate in and observe the back-and-forth that
constitutes the making of a law.
Paragraph by Paragraph
The Energy Bill is more than 700 pages
long; the work and politics that can go into
even one paragraph is hard to believe. First,
the staff members of the different senators
involved have to hash out the language. This
might take weeks or even months of meetings, slowly adapting the language over time
to meet the concerns of the various parties.
(At one time, I was actually in a room trying
to come to agreement on language while a
third party acted as a moderator.) But in the
end, the way to finally seal — or terminate
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— the deal is for the different senators to
speak face to face.
Colorado Detainees
A second and completely unrelated task I
have worked on for several months is the fate
of two Colorado men detained by the United
Arab Emirates. These men had been detained
in December 2004 while collecting GPS
reference points. Although the charges were
minor, because they were in a foreign country their passports were confiscated until the
trial was resolved. To speed their return and
to keep their families informed, I routinely
communicated with the State Department’s
American Citizen Services branch, drafted
letters from Sen. Salazar to ambassadors and
to the U.S. Secretary of State, and helped set
up meetings between Sen. Salazar and the
ambassador from the UAE. After six months
of being detained, the men were released
with a small fine and were finally able to
return home. This is not the way I thought
I would use my GPS knowledge to serve the
state of Colorado, but it was certainly important, and I am proud to have played a part in
their release.
I would once again like to thank the
Institute of Navigation for this opportunity.
I wish I could have attended the meeting
in Cambridge to thank the ION Council
personally, but the timing of the Energy Bill
prevented that from being possible.
—Prior to his Congressional Fellow
appointment, Dr. John Plumb held a
postdoctoral research faculty position in
aerospace engineering with the University
of Colorado. His doctorate is from the
University of Colorado as is his master’s
of science in physics. His bachelor of science degree is also in physics from the
University of Notre Dame.
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Automomous Lawn Mower Competition

Jim Dalley

Rematch
In the Grass

By Jim Dalley, Embedded Software Engineer; Beavercreek, Ohio

ALMC

W

here would you look to find automated lawn mowers? Rotary Park in
Greene County, Ohio, of course.
Three Engineering schools squared
off in grass rectangles at the 2nd Annual
Autonomous Lawn Mower Competition
on June 3. The event is sponsored by the
Institute of Navigation and the U.S. Air Force
Research Laboratory, Sensors Directorate.
The teams redesigned their machines
from last year. Mower drive wheels that use
more powerful DC motors and more sensors
were added. Obstacles were added to the 150
square meter plot of turf. One orange barrel
was placed at a known location in the field
of competition. A second orange barrel was
placed randomly. These obstacles represented
a tree and a neighbor’s beach ball, respectively.
The Rules
• The lawn mower must be self contained, all navigation equipment, controls
and power must be carried on the lawn
mower, except for a stationary differential
GPS station.
• For safety purposes, the lawn mower
must not exceed 10 km/hr. The speed
limitation must be demonstrated during
qualification.
• Emergency shutoff is required for
both manual switches and wireless remote.
• Length is limited to 2.0 meters, width
1.5 meters, and height 1.0 meters.
• Weight limited to 250 kg.
• Cutting width must be less than 0.5
meters.
• Lawn mowers must stay on the
ground.
• Power may be supplied by combustible fuel, batteries or both.
• Each entry must carry liability
insurance.

Above: Ohio University won first
prize and a check for $2,500.
OU won an additional prize of
$1,500 for the best production
report. Event organizer, Dr.
Mikel Miller (above, far right)
presents the Ohio University
winning team with first prize.
Pictured from left-to-right:
Nirav Parikh, Andy Shupe, Josh Kehl,
Tomy Della Rocco, Dustin Bates, Duke
DeVilling, Nathan Hay, and Dr. Miller.
Right: Illinois Institute of Technology
took second prize and a check for
$1,500. Dr. Mikel Miller presents
Illinois Institute of Technology graduate students, Samer Khanafseh and
Mathieu Joerger with second prize.

• A detailed production report must
be submitted describing the overall lawn
mower design, the navigation system
design, the cost of the prototype and
estimated manufacturing cost for mass
production.
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Navigation Systems Requirements
• DGPS (Differential Global Positioning
System) systems capable of one centimeter
accuracy).
• Inertial navigation systems to ensure a
straight course between GPS updates.
S p r i ng 2 0 0 5

Team members gather to wait their turn at the Second Autonomous Lawn Mower Competion sponsored by the Dayton, Ohio Section of the Institute of Navigation.

• 2-D infrared laser optical scanning systems able to locate obstacles up to 82 meters
away with one centimeter accuracy.
• Wheel position sensors using shaft
encoders or Hall Effect sensors.
The entry from Miami University of Ohio
was completely redesigned and slimmed
down. Last year’s MU entry weighed more
than 800 pounds; this year it was under 200
pounds.
The Results
Ohio University won first prize and a check
for $2,500. OU won an additional prize of
$1,500 for the best production report. The OU
machine cut 18 percent of the grass before it
became stuck against one of the obstacles.
Illinois Institute of Technology took second
prize and a check for $1,500. It cut 13 percent
of its assigned plot of turf before it got stuck
in a loop; literally, the mower begin driving in
circles due to a computer malfunction.
Miami University of Ohio suffered a catastrophic failure after qualifying to compete, so
no third prize was given.
Why Compete?
Dr. Frank van Graas of Ohio University, who
coached the winning team, explained why
OU entered this competition. Ohio University
has a strong program in navigation. Research
projects are underway to automate aircraft
landing on aircraft carriers and explore
disaster sites by robots. None of these projects
require the navigation precision required to
mow a lawn. The Autonomous Lawn Mower

Each Team was required to give an oral presentation.
Miami University of Ohio entered the only machine
that used a gasoline engine to drive the blade and
recharge the batteries. The entry qualified Friday but
suffered a catastrophic hardware failure before the run.

Dr. Frank van Graas (in hat above) with students.

competition challenges the students to accomplish a difficult technical challenge with fewer
safety risks than landing an aircraft or exploring a collapsed structure.
Next year, other engineering schools are
expected to participate. The rules should be
the same, except that the three experienced
teams will evaluate the lessons learned from
two years of competition. Next year, the cutting edge of autonomous lawn mowers should
see major improvements.
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—Jim Dalley is an independent Embedded
Software Engineer. He has been searching
for a way to automate lawn mowing for
50 years. As a child, he mowed lawns for
pay. However, finding it to be very boring,
he aspired to become an electrical engineer
and dreamed of ways to automate the
process. In 1960, he developed a prototype
guidance system with assistance of his
father, then a Ph.D. candidate in electrical
engineering. That design relied on a maze
of wires being laid under the lawn for the
mower to follow. With the advent of DGPS,
Dalley realized that a viable technology had
emerged to allow precision guidance for
automated lawn maintenance equipment.
On discovering that this competition was
being held within five miles of his home, Mr.
Dalley became an unabashed enthusiast
for the event.
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Calendar
September 2005
13-16: ION GNSS 2005, Long
Beach Convention Center,  .
Long Beach Calif. 
Contact: The ION
Tel: +1 703-383-9688
Fax: +1 703-383-9689
Web: www.ion.org

Portney’s Corner
Joe Portney

You can Find More of Portney’s
Ponderables and Brain Teasers
at www.navworld.com

October 2005
17–19: Convention and
Technical Symposium – ILA-34,
Fess Parker’s Doubletree Resort
Hotel, Santa Barbara, Calif. 
Contact: International Loran
Association (ILA)
Tel: +1 805-967-8649
Fax: +1 805-967-8471
Web: www.loran.org
NOVEMBER 2005
1–13: NAV05 Conference—
Pushing the Boundaries,
London, U.K. 
Contact: The Royal Institute
of Navigation
Tel: +44-20-7591-3130
Fax: +44-20-7591-3131
E-mail: conference@rin.org.uk
January 2006
18–20: ION NTM 2006, Hyatt
Regency Hotel, Monterey, Calif. 
Contact: The ION
Tel: +1 703-383-9688
Fax: +1 703-383-9689
Web: www.ion.org
april 2006
24–27: IEEE/ION PLANS 2006,
Loews Coronado Bay Resort, San
Diego, Calif. 
Contact: The ION
Tel: +1 703-383-9688
Fax: +1 703-383-9689
Web: www.ion.org
MAY 2006
07–12: RTCM Annual Assembly,
Newport Beach, Calif. 
Contact: Mr. Robert Markle
Tel: +1 703-527-2000
Fax: +1 703-351-9932
Email: www.rtcm.org
08–10: The European Navigation
Conference GNSS 2006,
Manchester, U.K.   
Contact: The Royal Institute of Navigation
Tel: +44-20-7591-3130
Fax: +44-20-7591-3131
Web: www.rin.org.uk

urviving for millions of years while other species became extinct, according
to one theory advanced in the 1960s, the swallows may have learned to rely upon
a natural solar-induced phenomenon for their continued existence. The daily
shadow tip path of the Sun, as cast by any given Earth prominence, forms a family of conic curves during the course of the year tracing hyperbolas, parabolas,
ellipses and straight lines. When the curves become a certain shape the swallows
(according to the theory advanced) depart their winter home near Buenos Aires
and begin their trek to San Juan Capistrano arriving at the time of spring. In reality, the cue that many animals rely upon on when to migrate is governed by a
circadian mechanism (internal biological clock). The swallows begin their trek
back as the lengths of the days and nights begin to become equal. This corresponds to a unique characteristic of the shadow tip path of the Sun at this time.
What shape is the shadow tip path becoming at the swallow’s
departure from Buenos Aires?
A. concave up .
B. concave down  .
C. straight line  .
D. elliptical
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Portney continued on page 14
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© ESA

Competitors in Tour de France Tracked by EGNOS

The system provides information which, when
fully operational, will give the organizers an
instant, complete overview of the competition and
which will help team managers to coordinate the
efforts of their cyclists and refine their strategies.
Eventually, spectators will be able to follow live
the competitors’ positions and the progress of
the race.
This was the second set of trials for EGNOS at
the Tour de France. During the ‘against the clock’
stage at Alpe d’Huez in 2004, receivers were positioned in vehicles following behind the race. The
receivers used this year weighed just 200 grams
and the processing of data was also enhanced after
the learning experience of the previous year.
The aim of this project is, two years from now,
to be able to track all competitors in real time. In
the context of the Tour, a moving city if ever there
was one, there are numerous connection problems,
for example when retrieving data and then re-

transmitting it after being
processed to make sure it is
accessible and comprehensible. This is a task that takes
this already highly satisfactory new space technology
one step further. In addition
to the several trials which
will be needed, the cyclists
themselves will also have
to become familiar with this
new way of experiencing the
Interior of mobile technical facility.
Tour de France, which could
potentially be used in other sports.
EGNOS, a joint project ot the ESA, the European
Commission and Eurocontrol, consists of a network
of around 40 ground stations scatteded throughout
Europe designed to record, adjust, and improve
data from GPS. The modified signals are relayed
by geostationary satellite to the receivers of system
users.
Financed by the Galileo Joint Undertaking
in partnership with the ESA and ASO, organizers of the Tour de France, these trials serve to
demonstrate the diverse applications of satellite
EGNOS receiver for cycle use.
navigation. n
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© ESA

GNOS receivers were carried by a number
of cyclists during the 5th stage of the Tour
de France between Chambord and Montargis.
making it possible to determine their exact
position and speed along the 183 kilometerlong stage

© ESA

E
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GNSS Around the Globe

Section News
Alberta Section.
The April and May
meetings were held
at the Calgary Centre
for Innovative Technology, University
of Calgary. The meetings attracted
approximately 35 attendees. The topics
and speaker were as follows:
· April 8, 2005: Location-Based
Entertainment presented by Jim
George, KnowledgeWhere Corp.,
Calgary;
· May 20, 2005: GPS: From Early
Concepts to Current Realities by Keith
McDonald, Navtech Consulting.
The section continues to sponsor a
grant of $1,000 for an undergraduate
student and a $1,000 scholarship for
a graduate student both of whom are
enrolled in the Geomatics Engineering
program at the University of Calgary.

Dayton Section.
The last quarter has
been a busy one for the
Dayton Section. Our
monthly luncheon speakers for the last
quarter were Mr. Frank Czopek, GPS
Block II/IIA Satellite Program Manager
for Boeing Space Systems, who presented an excellent history on GPS and
Mr. Chuck Bye from Honeywell who
presented a MEMS based navigation
system.
In June, the section had its annual
dinner and officer elections. The night
began with a putting contest and
ended with the election of new officers.
Mikel Miller remains as section chair.
Jade Morton is the vice chair, Lt. Ryan
Eggert is the new secretary, and Ken
Wise will remain as treasurer.
The dinner also gave us an oppor-

tunity to recognize the 2005 scholarship and grant winners from the
section. They are as follows:
2005 ION Navigation Apprentice
ship and Scholarship, Mathew Cos
grove; 2005 ION Graduate Student
Award at The Ohio State University,
Tae-Suk Bae; 2005 ION Graduate
Student Award at Ohio University,
Jacob Campbell; 2005 ION Graduate
Student Award at Miami University,
Marcus French; 2005 ION Graduate
Student Award at AFIT, Maj. Kurt
Meidel, and Regional Science Fair
Winner for “An Adaptive Assisted
Braking System for the Prevention of
Rear-End Collisions,” Joseph Gord.
In addition to the luncheons and
dinner, the Dayton Section also hosted the Second Annual Autonomous
Lawnmower Competition sponsored

by the ION Satellite Division and the
Air Force Research Laboratory, RF
Sensor Technology Division on June
3-4 at Rotary Park in Beavercreek,
Ohio.
The purpose of the competition is
to get college students interested in
navigation through a unique competition that also has commercial appeal.
For more information about this event
see the article in this newsletter on
page 4. Help us spread the word about
the autonomous lawnmower competition. It is open to universities and is a
great way for students to get involved
in navigation.
Questions regarding Dayton section
activities and the autonomous lawnmower competition can be directed
to Capt. Alec Porter at alec.porter@
wpafb.af.mil or 937-255-6127, x4146.

N o r t h e r n
California. The section held its May meeting at SRI in Menlo
Park, Calif., with twenty people in
attendance. There was an election
of new officers who are Dr. Todd
Walter, chair; Lionel Ceuren, vice
chair; Jock Christie, secretary; and
Paul Montgomery, treasurer. John
Lavrakas, ION Western Region vice
president, gave a short talk on the
Institute and delivered a very interactive presentation on An Overview of
Civil GPS Monitoring.

Washington, D.C.
At its June meeting,
at NASA headquarters,
Jason Soloff of NASA
Goddard Space Flight Center presented NASA’s Long Term Navigation and
Communications Architecture.
The Space Communications Arch
itecture Working Group (SCAWG) is
directed to define the communication
and navigation architecture required
to support NASA’s long term science
and exploration missions. The product
of the SCAWG is a communications
and navigation roadmap to enable
NASA’s exploration beyond the surface
of Earth. The working group considers navigation architecture integrating
trajectory, orbit determination, and
in-situ location requirements into the
functional trade spaces, with a goal
of determining combined navigation
and communication solutions wher-

ever possible. The regimes considered
include range safety, launch phase,
vehicle ascent, LEO, GEO, trans-lunar,
lunar and Lagrange orbits, Mars transit, deep-space transit, and Martian
orbital and surface operations.
SCAWG is working to combine
current technologies including GPS,
radiometric, and optical navigation
techniques into an integrated set
of capabilities that provide precise,
highly available navigation measurements for missions in LEO, lunar and
Lagrange environments. Some architecture alternatives being investigated
include extending GPS to Lunar and
perhaps even Mars local networks.
The working group strives to define
navigation architectures that are tied
to communication capabilities, and
that are extensible and sustainable as
NASA’s exploration and science objectives evolve in the future.

P h i l ade l p h i a
Section The section held a navigation
lecture series at the
Navigation Research and Development
Center, Applied Research Laboratory
at Penn State on May 16 and 17.
The lectures covered Inertial MEMS
for Navigation and Guidance and
Navigation and Man, which discussed
the historical development of navigation systems and radio navigation and
satellite updates.
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ION® historian Marvin May (left) with Section
Chair Dr. Ray Filler
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In Memoriam

John Cary Bellamy
1915–2005

John Cary Bellamy, one of the Institute
of Navigation’s charter members, died
at the age of 90, on June 5, 2005. Dr.
Bellamy joined the ION in 1946. In the
1960s, he served as its vice president and
president.
Dr. Bellemy is known for the “Bellamy
Drift” procedure — a means used by aircraft pilots to greatly improve navigation
in the presence of cross winds for which
he received the Thomas L. Thurlow Award
from the ION and the Robert M. Losey
Award from the Institute of Aeronautic
Science. He also received the Presidential
Medal of Freedom for upper air analysis
and forecasting procedures utilized in
the Guam Weather Central in 1944–45

that contributed to the war effort. Other
awards he received include Outstanding
Alumnus of the University of Wyoming
and admission to the Engineering Hall of
Fame at the University of Wyoming.
Dr. Bellamy attended the University
of Wyoming and received his bachelor’s
degree in civil engineering in 1936. His
received his master’s degree from the
University of Wisconsin in nuclear physics
in 1938 and a Ph.D., from the University
of Chicago in meteorology in 1947. He
taught as an assistant professor at the
University of Chicago and then became
the director of Cook Electric Research
Laboratories in Chicago.
In 1960, he came back to the

University of Wyoming as professor of
civil engineering and director of the
Natural Resources Research Institute,
which he founded. Dr. Bellamy retired
from the University of Wyoming in 1981
but continued to pursue his professional
interests.
In addition to being a member of the
ION, he was a fellow of the American
Meteorological Society and a member of
the Western State Nuclear Board.
Dr. Bellamy was born on April 18,
1915, in Cheyenne, Wyoming. He was
married in 1940 and is survived by his
wife, four children, 12 grandchildren,
and eight great grandchildren.

Phillip Stuehler presenting The Institute of Navigation Award to Cadets Timothy Clearwater (left photo) and Joseph Krzesni
(right photo) at the Class of 2005 California Maritime Academy commencement ceremony.
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From the ION Historian
One of a Series of Columns
By ION Historian Marvin May
Marvin May

Albert Einstein and

Navigation
T

his year marks the 100th anniversary
of Albert Einstein’s annus mirabilis.
During that year, he wrote a series of remarkable papers which forever altered the way we
view the natural world and which began his
reluctant ascension towards the “Person of
the 20th Century”.
The international physics community has
designated 2005 as the World Year of Physics
as a memorial to Einstein’s miraculous year.
Could it be that this empyreal genius of
spacey, abstract, relativistic concepts had an
interest and impact on the earthy, practical
art of terrestrial navigation? The answer is a
resounding and emphatic yes. This is one of
three articles dedicated to Einstein’s contribution to navigation.
To understand Einstein’s relationship
with navigation, one must revert back to the
post Industrial Revolution era of the late
nineteenth century. His father and uncle ran
an electric-machinery factory in Munich,
Germany. At the age of four, Einstein’s father
gave him a compass which he later noted in
autobiographical notes introduced him to the
Gedankenvelt, the world of thought experiments. Although much of Einstein’s work was
purely theoretical, invention and empirical
verification were central to his approach.
Having been rejected for an academic post
in a Swiss University, Einstein was grateful to
become a Swiss patent examiner in 1902 at
the age of 22 where he plied that trade until
the age of 30. By all accounts, Einstein was an
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excellent patent examiner and the clean, radical thinking exhibited in his papers clearly
benefited from his practical examination of
the 19th century machine-based inventions.
His Relativity Theory
During the period of about 1907 to 1915,
Einstein was caught up in a grueling
mental challenge to expand his Relativity
theory, which was then limited to motion in
a straight line at constant speed, to the general case of accelerated, curvilinear motion.
In 1914 he writes to his future wife Elsa
Lowenthal, “I cannot find the time to write
because I am occupied with truly great things.
Day and night, I rack my brain in an effort to
penetrate more deeply into the things that I
gradually discovered in the past two years and
that represent an unprecedented advance in
the fundamental problems of physics.”
Einstein was wrestling with the new
kinds of tensor based hypergeometries trying to determine whether the Newtonian
cosmos characterized by force at a distance
inverse square laws could be replaced by
ones based on the equivalence of mass and
energy with fields of curved space and time.
Notwithstanding the gargantuan problems
occupying his thought processes at this point,
Einstein still maintained an interest in being
a consultant for the Patent Office.
In the fall of 1914, Einstein became
involved in a conflict between the German
firm Anschutz & Co. and the American Sperry
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Gyroscope Company. The episode resulted
in a close friendship between Einstein and
the owner of the German firm, Hermann
Anschutz-Kaempfe. The issue was the design
of a gyrocompass. Standard magnetic compasses had been a stalwart of dead reckoning
navigation since the fifteenth century when
they spurred the large ship maritime industry.
The magnetic compass, however, was deficient
on the new generation of large hull ships,
which were metallic and electrified. The solution was to transform the principle of conservation of angular momentum, as exhibited by
a mechanical toy top, to a compass.
The Anschütz Gyrocompass
Anschutz utilized this principle by developing
a powered gyroscope that precessed in such a
way as to align its axis with the north direction. The Dutchman Martonus Gerardus van
den Bos obtained a patent on an early form
of a gyrocompass in 1885, but his invention
never worked properly. In 1903 Hermann
Anschutz-Kaempfe designed a gyrocompass
to be used on an expedition in a submarine
to the North Pole (which never occurred).
He obtained a patent on the design, and
with support from the German Navy a factory was established in Kiel in 1905. In the
USA, the inventor Elmer Ambrose Sperry had
also developed a gyrocompass. Anschutz and
Sperry competed in a market that was potentially very profitable because of the intensive
rearmament in the years preceding the Great
S p r i ng 2 0 0 5

War. When Sperry sold a compass to the
German Navy in May 1914, Anschutz decided
to sue Sperry for patent infringement. Sperry’s
defense was based on the claim that the
Anschutz patent did not add anything to the
old patent of Van den Bos (in the meantime
purchased by Siemens and Halske) and was
therefore void. Another point under discussion
in the case was the claim that Sperry used a
method of damping that had been patented
by Anschutz.
Ill Prepared
The patent court proposed the appointment
of an expert on whom both parties could
agree. Einstein was appointed as the expert
witness in the court case and made his first
appearance in court in January 1915. He had
apparently not prepared himself adequately,
because in his presentation he contradicted
his own testimony several times. The court
then asked him to answer a number of questions in a written report, for which he was
paid 1000 marks.
In Einstein’s written report he stated that
the Anschutz patent did not improve on the
Van den Bos patent. Anschutz disagreed and
the court was not convinced either. After
a further session in March 1915, at which
Einstein was not present, the court asked
him to personally inspect the Sperry compass
and write a further report on the difference
between the compasses of Van den Bos,
Anschutz, and Sperry.
Einstein decided to perform a number
IO N Ne w s l e t t e r

of tests on the Sperry compass, which took
place in Kiel during July 1915. In his second
report Einstein corrects his earlier conclusion
and states that the horizontal stabilization
of the Anschutz compass does constitute an
improvement over the compass of Van den
Bos. He also concluded that Sperry’s method
of damping is the one described in Anschutz’s
earlier patent.
The court decision of November 1915
followed Einstein’s report and prohibited
Sperry from manufacturing and selling
gyrocompasses that used the method patented
by Anschutz. Einstein went on to become
sufficiently expert in gyrocompass technology to collect royalties for his work in this
field for decades to come. By the way, also in
November 1915, after the most intense intellectual struggle of his life, Einstein was finally
able to reveal his Theory of General Relativity
to the world.
Einstein’s effort on gyrocompasses was
a relatively (pun intended) trivial example
of his contributions to navigation. His 1907
principle of equivalence contributed to a
clearer understanding of gravitational effects
on inertial navigators. His 1917 paper “On the
Quantum Theory of Radiation” provided the
theoretical framework for the laser gyroscope
which was first demonstrated in 1963. Both
the special and general theories of relativity
are crucial to maintaining GPS accuracy; the
exact implementation of these relativistic corrections has, even a century later, evoked considerable technical controversy. His ideas are
likely to shape future navigation systems such
as pulsar based space navigation and inertial
sensors using ultra cold atoms.
—Material from this article was
obtained from several sources including the Scientific American Special Issue
September 2004, “the Quotable Einstein”
edited by Alice Calaprice and the Einstein
Papers Project, California Institute of
Technology.
—Marvin B. May teaches Navigation
Courses for the Pennsylvania State
University. The ION is interested in
archiving and preserving old inertial
instruments such as early gyrocompasses.
Please contact the Historian at mbm16@
psu.edu.
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Corporate
Profile
Booz Allen Hamilton is a global
strategy and technology consulting firm that works with
clients to deliver results that
endure. Booz Allen is based in
McLean, Virginia, with 16,000
staff worldwide and offices on
six continents.
Booz Allen has a 360° view
of the Position, Navigation, and
Timing (PNT) market, covering
all aspects from the definition
of future Global Navigation
Satellite System (GNSS) and
Ground-Based Navigation
System requirements and capabilities to the implementation
of PNT-based applications,
which allows it to offer a full
spectrum of services to clients
in the military, civil, and commercial sectors.
Booz Allen’s current PNTrelated activities are both
national and international in
scope and include program management, requirements development, test and evaluation,
operational integration, and
systems engineering services to
diverse federal government clients within the Department of
Defense, national intelligence
community, and the federal civil
government agencies.

S p r i ng 2 0 0 5

New Officers continued from page 1

Fellow Nominations
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 Dec. 1,
2005, 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 currently active members of the
organization may be elected to non-voting Fellow membership. A limited number of individuals may be accepted as
posthumous Fellow members.
Election to Honorary Fellow membership is authorized for non-members
of the Institute of Navigation who are
qualified by their accomplishments for
recognition as a non-voting Fellow member. Members of other national institutes
of navigation are also 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: membership@
ion.org.

Annual Award Nominations
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 purIO N Ne w s l e t t e r

pose of each award, are available from
the ION National office by phone, 703383-9688, or via the Web site at www.
ion.org. Nominations must be received
by January 31, 2006.
The awards and accompanying
engraved bronze plaques will be presented at the joint ION and PLANS 2006
meeting, April 25–27, 2005, in San
Diego, Calif. The ION® urges you to
participate in the nomination process so
deserving individuals from the navigation community will receive appropriate
recognition.
In addition to the above awards,
the winner of the Samuel M. Burka
Award—for outstanding achievement in
the preparation of papers advancing navigation and space guidance—as chosen
by the editorial panel of ION’s journal,
NAVIGATION, will be honored.
Address correspondence to Awards
Committee, The Institute of Navigation,
3975 University Drive, Suite 390, Fairfax,
VA 22030, phone: 703-383-9688; fax:
703-383-9689; e-mail: membership@
ion.org.
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Air Representative: Dr. Maarten Uijt de
Haag, Ohio University
Land Representative: James Miller
Department of Transportation
Marine Representative: David Wolfe, U.S.
Coast Guard
Standing Committee Chairs
Nominating: Dr. Penina Axelrad, University
of Colorado
Finance: Len Jacobson, Global Systems &
Marketing
Membership: Dr. Sam Pullen, Stanford
University
Fellow Selection: Dr. Gérard Lachapelle, The
University of Calgary, Canada
Meetings: Dr. Frank van Graas, Ohio
University
Technical Committee: John Lavrakas,
Overlook Systems Technologies
Publications: Dr. Chris Hegarty, The MITRE
Corporation
Awards: Ronald Braff, (Retired)
Bylaws Committee: Dr. Richard Greenspan,
C.S. Draper Laboratory
Sections: Dr. Mikel Miller, AFRL/SNRP
AD HOC Committee Chairs
Outreach Chair: Dr. Chris Bartone, Ohio
University
Outreach Sub-committee: Government
Fellow Program: Dr. Clark Cohen,
Consultant
Outreach Sub-committee: Education/
Students: Dr. Mark Petovello, The
University of Calgary, Canada
Outreach Sub-committee: Professional
Societies Coordinator: Dr. Dorota GrejnerBrzezinska, The Ohio State University
New Initiatives: Dr. Penina Axelrad,
University of Colorado
Strategic Planning: John Lavrakas, Overlook
Systems Technologies
ION Conference Committee: John Lavrakas,
Overlook Systems Technologies
Publication Policy: Ronald Braff, (Retired)
Editor: Dr. Chris Hegarty, The MITRE
Corporation
Historian: Marvin May, ARL Penn State
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Galileo Test continued from page 1
being assembled and prepared for their environmental tests, which ensure that the satellite
is able to withstand the stress of launch and
that it will operate correctly in space. GSTBV2/A will be transported to the European
Space Research and Technology Centre
(ESTEC) to undergo testing early in the summer. GSTB-V2/B, currently being assembled
at Astrium in the U.K., will begin its test
campaign at Alenia in Rome before moving to
ESTEC for final testing in the autumn.
ESA Payload Procurement
In GSTB-V2, the European Space Agency
(ESA) has direct responsibility for the procurement of all of the GTSB-V2/B payload
units and some of the GSTB-V2/A payload
units. The other part of the GSTB-V2/A payload is a parallel signal generation chain
developed by SSTL, the satellite prime contractor.
The units procured by ESA include:
• rubidium frequency standards (both
satellites)
• a passive hydrogen maser (GSTB-V2/B)

Co-sponsored by the IEEE and
The Institute of Navigation

Technical Meeting
April 25–27, 2006
Tutorials: April 24

• clock monitoring
and control units
(both satellites)
• navigation signal
generation units
(both satellites)
• frequency generaFigure 1. GSTB-V2/A Payload Bay
tion and upconUnder Construction
version units
(both satellites)
• solid state power amplifiers (GSTB-V2/B)
• output filters and diplexer (GSTB-V2/B)
• navigation antennas (both satellites)
The flight versions of all units have been
successfully delivered to the satellite prime
contractors and production of the spare units
is in progress.
Ground Facilities
In parallel with the construction of the two
spacecraft, the ground facilities required for
controlling the satellites and performing the
validation experiments are being developed
and tested.
The primary ground systems for
GSTB-V2/A are located at the Chilbolton
Observatory and Rutherford-Appleton

Figure 2. GTTB-V2/B Payload Module Under Test

Laboratory in the UK. The control centre for
GSTB-V2/B is at Fucino, Italy.
Launch
Preparations for the launch of both satellites have been initiated. Soyuz vehicles will
launch both spacecraft from the Baikonur
cosmodrome in Kazakhstan. An inspection of
the launch facilities was completed in April.
The launch of the first Galileo test satellite is
currently scheduled for December this year.
Additional information about the Galileo
program is available on the European Space
Agency web portal. A new navigation menu on
the right side of the Galileo pages gives access
to the following subject areas: First stages of
Galileo, In-orbit validation, Full deployment,
Galileo specifications. n

Position Location and Navigation Symposium

The IEEE and the ION® are hosting PLANS
together in 2006!
Details at www.plans2006.org
Loews Coronado Bay
Resort, San Diego

Abstracts Due:
November 15, 2005
Manuscripts Due:
April 3, 2006
Coronado (San Diego), California
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And the Answer is C

Portney’s Corner from page 6			
First you must know that the swallows
return to San Juan Capistrano yearly at
spring. The shadow tip path cast by any
prominence generates a family of conic
curves during the course of the year and is
concave up during the winter degenerating to
a straight line on the vernal and autumnal
equinox and becoming concave down during
the summer (the reverse is true in the southern hemisphere). At spring or the fall, the
plane containing the axis of the Earth is perpendicular to its orbital plane and its radius
to the Sun. At this time there is no tilt toward
the Sun and the shadow tip path curve has
degenerated to a straight line. The rest of the
year there is a varying tilt component toward
the Sun that results in a unique conic curve
(hyperbolas, parabolas and ellipses) as seen
in Figure 1. Figure 1 illustrates the conic
curve that is generated depending upon the
relationship of the declination of the Sun and
the latitude of the observer or the declination
of the Sun and the inclination of the receiving surface to the horizontal plane.
Shadow Tip Path Geometry
The shadow tip path geometry is a function
of the declination of the Sun and the latitude of the observer. Figure 2 depicts a cross
section of the Earth with the Sun S on the
observer’s meridian. The observer’s zenith is
at Z and his latitude L is arc QZ. If the polar
distance of the Sun (90°-d) is equal to the
observer’s latitude, the shadow tip path will
be a parabola; at higher latitudes it will be
an ellipse and lower, a hyperbola. In any
event these curves flatten to a straight line
as the equinox approaches. The case shown
illustrates the Sun at the summer solstice
with declination of 23.5° and the latitude of
the observer 67.5° (when the latitude equals
the Sun’s polar distance). The shadow tip
path cast by the Sun resulting in a hyperbola
is shown in Figure 3.
The locus of the shadow tip path of the
Sun was recognized as the basis of a sun dial
and calendar early in history. Additionally
the properties of the shadow tip path can
be used as the basis for a solar compass as
well which is depicted in Figure 4. The solar
IO N Ne w s l e t t e r

Figure 1. Conic Curves
Figure 2. Shadow Tip Path Geometry Guide

Figure 3.

Figure 4. Solar Compasss for 35˚ to 45˚ North Latitude

compass depicted allows the observer to
determine true North and the local apparent
time. The solar compass is held level and
rotated until the tip of the shadow, cast by
the raised index, is touching the day of the
year curve shown on the face of the compass
enabling the observer to read the direction of
true North and the local apparent time.
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