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How the Birds

Inside

(and the ants

and the Bees
and moths

and the turtles)

Find Their Way
Annual Meeting
Special Report
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S

it in your backyard on a spring day and
you’ll see adroit and sophisticated navigators all around.
Migratory birds overhead. Bees in the garden. Pigeons in the loft. Ants at the picnic.
They’re all well-oriented with not one GPS
unit among them.
So how do they do it?
A number of scientists discussed biological navigation or bio-nav at April’s ION
Annual Meeting in Cambridge, Massachusetts. Their presentations were part of a new
series of Animal Navigation and Technology
workshops sponsored by Britain’s Royal Institute of Navigation.
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The amazing desert ant navigators of North
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logical skylight compass and a stride integrator or pedometer — both well studied, said
presenter Rüdiger Wehner of the University of
Zürich, Switzerland.
They can also learn — and most
importantly, remember — a number of
different routes while foraging in cluttered
environments. The ants discriminate between
inbound and outbound routes and follow
these independently of their internal path
integrator.
If they get off the track, they rejoin a
habitual route at any point they come in
contact with it. (Which explains their devastating single-mindedness when brushed away
from human picnics.)
“Following procedures rather than computing spatial positions is the insect’s way of
navigation,” said Wehner.
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From the ION President
John Lavrakas

What Would You Do?

W

hat would you do if you were president
of the Institute of Navigation?
I’ve been thinking about this question all
year. Some of the ideas that occurred to me
were easy – they already had strong support
from others in the ION and grew out of exiting initiatives. These include more outreach
and improving our publications.
Other ideas have not been as obvious and
will require more attention. Below, I list the
initiatives I have decided to pursue this year
– let me know what you think.
Seven Targets
★ Let’s make our journal Navigation good
enough to include in the Science Citation
Index! Boris Pervan, our journal editor, is
leading this effort!
★ Let’s build an impressive pool of qualified
candidates for our Government Fellows
Program. This is an ongoing effort led
by Clark Cohen, our Government Fellows
chair, and the National Office.
★ Develop a “Red Book” on integrated systems. This initiative is being pursued by
Ron Braff, our Publications Policy chair.
★ Let’s add content and graphics to the
Virtual Navigation Museum and make
it fully operational. Chris Bartone, chair
of the Outreach Committee, is taking the
lead here.
★ Pursue international cooperation in a way
that benefits ION members. I began this
initiative when I was executive vice president, and I will carry it forward this year.
★ Review and improve our student and
educational programs. Mark Petovello
is already working on this initiative. He
and Rick Buongiovanni of our national
office put together a new student link on
the ION website (www.ion.org). Be sure to
check it out.
★ Review ION National Office management
and operations. I am reviewing manage-

ment and operations of our national
office because I would like to ensure
that our organization, policies, and staff
packages are consistent with comparable
organizations. We must offer opportunities for individual professional and personal growth. I’ve asked a small group of
past presidents to look at this and recommend steps we should take.
Several people have told me they would
like to serve the ION. Perhaps this thought
has occurred to you as well. If so, consider
the following suggestions.
Most people start at the local level where
it is easiest to become involved, as I myself
did. The ION has ten local sections – Alberta;
Northern and Southern California; San
Diego; Southern New Mexico; Houston;
Rocky Mountain; Dayton; Washington, D.C.;
and Philadelphia.
Sections Are Special
I have found that sections take on unique
local personalities and perspectives. The
Washington, D.C. Section has been exploring the science of navigation with local high
school students. The Dayton Section initiated
the autonomous lawn mower competition.
The Rocky Mountain Section has done much
with the Air Force Space Command and the
GPS satellite operators. Calgary regularly
sponsors talks on cutting-edge technical topics in positioning, navigation, and timing.
It’s rewarding to attend section meetings,
offer to help plan or conduct local activities,
and arrange for guest speakers to talk to your
section. Participation in individual sections is
a great way to get to know others in your field
on a person-to-person basis. (And if you are
willing to serve as chair of your section, you
will have a voting seat on the ION Council.)
Some of you may not have a nearby section – please consider starting one yourself!
The regular national technical meetings
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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.
2007–08 National Executive Committee
President: John Lavrakas
Executive Vice President:
Dr. Chris Hegarty
Treasurer: John Clark
Eastern Region Vice President:
Dr. Mikel Miller
Western Region Vice President:
Thomas Stansell
Satellite Division Chair:
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James Doherty
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Director of Operations: Lisa Beaty
Technical Director: Carl Andren
Assistant to the Technical Director:
Miriam Lewis
Graphic Designer: Paula Danko
Information Systems: Rick Buongiovanni
Membership: Allison Nicholls
Newsletter Editor: Glen Gibbons

are another great way to meet people. Offer
to give presentations on work you are doing.
Volunteer to serve as a session or track chair
(and, of course, accept if asked!).
There are also plenty of opportunities at
the national level. Please feel free to contact
me or the ION National Office for more
information.
As you can tell, this is a vital and exciting
time for ION. I am truly delighted to serve as
its president this year. Please join me and the
many others already serving this remarkable
organization, dedicated to advancing the art
and science of navigation.
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The PNT Architecture Project:

Beyond GPS, Beyond Satellite Navigation,
Beyond the United States
Woulda, coulda, shoulda.
Plan ahead, Mom always told us. And, for
once, it looks like someone is taking Mom’s
advice.
The National PNT (Positioning, Navigation, and Timing) Architecture planning
project rolled out last year by the U.S. Department of Defense (DoD) National Security
Space Office (NSSO) has rounded the final
turn on its first lap. (See article in Fall 2006
ION Newsletter.)
That’s the takeaway from a presentation
at ION’s annual meeting authored by Lt. Col.
Shawn M. Brennan, technical director for the
NSSO’s PNT Division, and Karen Van Dyke,
a technical project lead in the Advanced CNS
Technologies Division of the Department of
Transportation’s Volpe Center, which is working on the project with NSSO. The two agencies also hosted a workshop on the subject
April 26 at the Volpe Transportation Research
Center in Cambridge, Massachusetts, the day
after the annual meeting.
The goal of the PNT architecture effort
is to develop a long-term — think “the
world in 2025” —investment strategy and
framework to enable robust PNT capabilities
needed by the U.S. government, its allies, and
commercial users. More pragmatically, the
project is designed to support the federal fiscal year 2010 (FY10) budget creation process.
According to Brennan and Van Dyke,
the PNT “effort is on track to deliver recommended capabilities and supported findings
for a “Should Be” Architecture to the Architecture Decision Coordination Group (DCG)
for review and approval in July 2007.”
Now, that “Should Be” Architecture
is a key concept, which distinguishes itself
from the “Evolved Baseline” or EBL, which
is the PNT world as it will be if the current
ad hoc mix of often unconnected PNT efforts
is allowed to reach fruition without any allembracing analysis and coordination. The

Figure 1. As Is 2007 PNT Architecture

Figure 2. Projected 2025 PNT Architecture

“Should Be” Architecture seeks to optimize
PNT activities by providing information,
analysis, and recommendations that will
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support future decisions of bodies such as the
Beyond, continued on page 17
Spring 2007

Cambridge, Massachusetts

The 63rd Annual Meeting of
The Institute of Navigation
Co-sponsored by the Royal Institute of Navigation
and The MITRE Corporation

T

he 63rd Annual Meeting of The Institute of Navigation
was held in Cambridge, Massachusetts, April 23–25.
Approximately 300 people attended the meeting, which was cosponsored by the Royal Institute of Navigation and The MITRE
Corporation. This year’s program organizers were General Chair
Dr. Anthea Coster, MIT Haystack Laboratory; ION Program Chair
Dr. Maarten Uijt de Haag, Ohio University; MITRE Program
Chair Elliott Kaplan, The MITRE Corporation, and Bio Navigation
Workshop Co-chairs, Dr. Kenneth Lohmann, University of North
Carolina at Chapel Hill and Dr. Mikel Miller, Air Force Research
Laboratory. Many thanks go to the organizers of the meeting for
their efforts.
For the first time at this meeting, a number of scientists discussed biological navigation or bio-nav. Their presentations were
part of a series of animal navigation and technology workshops
sponsored by Britain’s Royal Institute of Navigation. The three
workshops included, Animal Navigation and Technology and
Applications of Animal Navigation Technology. (For a further discussion of the Bio Navigation workshop, see the story on Page 1 of
this newsletter.)
The Institute of Navigation also hosted its Annual Awards Banquet and named its new fellow members for 2007. (See the following pages for more on the award winners and fellows.) 

Many thanks and congratulations to the ION 63rd Annual Meeting program committee on a job well done. Pictured from left to right: ION
President John Lavrakas; ION Program Chair, Dr. Maarten Uijt de Haag, Ohio
University; ION General Chair Dr. Anthea Coster, MIT Haystack Observatory;
Bio Navigation Workshop Co-chair Dr. Kenneth Lohmann, University of North
Carolina at Chapel Hill; and MITRE Program Chair Elliott Kaplan, The MITRE
Corporation.

Thank You Annual
Meeting Exhibitors
Analytical Graphics
CAST Navigation
NavtechGPS
Spirent Federal Systems
Wuilfert Inc.
ION Newsletter		

Spring 2007

ION Newsletter		

Spring 2007

Congratulations ION Annual Award Recipients
®

T

he Institute of Navigation had the pleasure of honoring an outstanding group of contributors to the art and science of navigation at the ION’s 63rd Annual Meeting in Cambridge, Massachusetts,
April 23–25, 2007.
The Institute extends its warmest congratulations to the recipients,
its sincere thanks to all those who submitted nominations and its
appreciation to the members of the ION Awards Selection Committee
who served so effectively in selecting the honorees.
Members are encouraged to submit nominations for one or more
of the Institute of Navigation Annual Awards given for excellence in
navigation.
Official nomination forms, along with brochures on the background and purpose of each award, are available from the ION Nation-

al Office by phone at 703-383-9688, or via the ION website at
www.ion.org. Nominations must be received by Jan. 31, 2008.
The awards and accompanying engraved bronze plaques are
presented at the ION’s Annual Meeting. The Institute of Navigation
encourages you to participate in the nomination process so that a
representative group of deserving individuals from the navigation
community will receive appropriate recognition.
Please address all correspondence to the Award Nomination
Committee, The Institute of Navigation, 3975 University Drive, Suite 390,
Fairfax, VA 22030, fax: 703-383-9689, e-mail: membership@ion.org.
Congratulations to this year’s annual award recipients for their
many contributions and accomplishments in the art and science of
navigation.

Thomas L. Thurlow
Award

Norman P. Hays
Award

Tycho Brahe Award

P.V.H. Weems Award

David J. Pietraszewski

James D. Litton

Dr. Oliver Montenbruck

Marvin B. May

For outstanding contributions to
the advancement of marine navigation in civil use of GPS, development of United States Coast Guard
DGPS and the Automatic Identification System.

In recognition of a distinguished
career in which his pioneering
leadership contributed to significant advances in design and performance of satellite navigation
and surveying instruments.

For his distinguished achievements in the design and application of spaceborne GPS receivers
for autonomous spacecraft navigation and formation flying.

For enduring accomplishments in
geophysical navigation, satellite
navigation, navigation education and service to the navigation
community.
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Superior
Achievement Award

Early
Achievement Award

Major Daniel A. Roesch

Dr. Mark G. Petovello

For his ingenuity and airmanship leading to an integrated situational picture of geographic hazards using Digital Terrain Elevation Data (DTED) and a combat
mission involving Psychological
Operations during Operation Enduring Freedom.

For sustained technical and professional contributions to GNSS
and navigation.

Samuel M. Burka Award

Dr. Suneel I. Sheikh
and Dr. Darryll J. Pines
For their paper, “Recursive Estimation of Spacecraft Position and Velocity Using X-Ray Pulsar Time of Arrival Measurements,” published in the
Fall 2006 issue of NAVIGATION, The Journal of The Institute of Navigation,
Vol. 53, No. 3, p. 149.

Welcome to the ION’s New Fellows

E

lection to fellow membership
recognizes the distinguished
contributions 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 ION
members who are not currently
active may be elected to non-voting fellow membership. Election
to honorary fellow membership
is authorized for non-members
qualified by their accomplishments.
Members of other national institutes
are also considered in this category.
Details of the nomination process
and deadlines can be found at at
www.ion.org.

Dr. Christopher J. Hegarty

Dr. James Huddle

For sustained contributions to the
art and science of satellite navigation and for consistently demonstrating outstanding technical
professionalism on GPS modernization, applications, and augmentations.

For his contributions to the design
and operation of inertial navigation systems.
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David J. Pietraszewski
For significant contributions to
DGPS and AIS development.
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from the ion historian
one in a series of columns by ion historian marvin may

Anecdotes and Takeaways
From a Personal History in Navigation
S
everal things instigated this column.
Amongst them, in no particular order:
1. Turning 60 in April.
2. Being named Time magazine’s
“Person of the Year” (along with everyone else).
3. Being told I don’t look like my picture
in the newsletter’s historian articles.
4. Len Sugerman’s death last July.
5. Receiving ION’s Captain Weems award
this spring.
Here follows a portion of my personal history in navigation and the lesson or “takeaway” from each experience.

1968
I had many job offers, private, academic and
government, after graduating as an electrical engineer. My main priorities were getting
a draft deferment and taking care of my
mother in Brooklyn, New York.
Brooklyn had a large, multipurpose Navy
laboratory and, in what appeared to be a lottery, I was drafted into a department doing
classified navigation work for the Polaris/
Poseidon program. I was one of the few engineers who had taken computer courses in
college; so, I worked on “advanced” navigation computers that had about 64 kilobytes of
core memory and could only be programmed
in assembly language.

Takeaways:
✓ One’s fate is largely determined
by circumstance and chance.
✓ Moore’s law* has been the dominant factor in engineering during
the last 40 years.
*The Intel cofounder’s famous 1965 prediction that the number of transistors on a
chip doubles about every two years.

1970–1973
I spent about 330 days at sea on a navigation
test ship. I worked on TRANSIT, inertial navigation, LORAN, OMEGA, EM Logs, Doppler
Sonar. In 1972, I joined ION.

Takeaways:
✓ On the job training is still the
most effective education method.
✓ A good navigator uses many
sources of information.
1974
I earned a master’s degree and started
working part time on a doctorate. Despite
constant management assurances to the contrary, the Brooklyn laboratory was closed and
my group was consolidated with an air navigation group in Johnsville, Pennsylvania.

Takeaways:
✓ Doing anything part-time is
tough.
✓ Don’t believe everything you hear
from management.
✓ Change is the only constant.
✓ Where’s Johnsville, Pennsyvania?
1977
I started teaching in-house navigation
courses and computer courses in colleges.
We started to work with GPS and I analyzed
and programmed a GPS-inertial navigation
system (INS) ship integration.

Takeaways:
✓ Adjunct professors are seriously
underappreciated, but helping others is a great reward.
✓ Few people, including me, had
the foresight to predict the future
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impact of GPS.
✓ GPS and INS was a marriage
made in navigation heaven.

1978
I wrote my first public paper, “Gravity
Navigation,” for an IEEE PLANS Sym
posium. I spent a day in San Diego
physically cutting out the paper from the
proceedings because I hadn’t received the
proper publication approvals up the chain
of command.

Takeaways:
✓ Although I’ve written about 40
papers since, this one could be a
collector’s item.
✓ Have friends up the chain of
command.
✓ In certain areas of DoD, unpublished material was of very high
quality.
1979–1989
I thought I had learned most of what
GPS had to offer to a scientist. The Federal
Radionavigation Plan predicted that
GPS would, by 1994, supplant all other
radionavigation aids including LORAN-C. I
switched emphasis to inertial navigation and
geophysical/gravity/magnetics navigation.

Takeaways:
✓ You only know that you don’t
know.
✓ It ain’t over ‘til it’s over.
✓ The elegance and simplicity of
inertial and geophysical navigation
has a persistent appeal.
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1987–1995
I switched emphasis back to GPS as chief
analyst of NAVAIRDEVCEN GPS division in
Warminster, Pennsylvania. By that time,
there was one operational gravity gradiometer and about 100,000 GPS users.

Takeaways:
✓ Follow the money.
✓ Great things happen when the
USA spends a lot of money on a
scientific endeavor.
1995–1996
They closed all of NAVAIRDEVCEN, War
minster after indicating that the navigation
department would stay indefinitely. Family
considerations dictated that I couldn’t move.

Takeaways:
✓ Seriously … don’t believe everything you hear from management.
✓ Change is the only constant.
✓ Family and friends come first.
1996
I continued my navigation career as chief
scientist and education manager for a new
organization started up for Pennsylvania
State University’s Applied Research Labora
tory in Warminster. My friends continue to
provide sponsorship. I was lucky to land a
good job.

Takeaways:
✓ The harder I worked, the luckier
I got.
✓ Have friends up the chain of
command.

1998–Present
By now, I had been active in the ION for
more than 25 years and had served as the
marine navigation representative and Greater
Philadelphia ION Section chairperson. Stan
Lewantowicz, Len Sugerman, Phil Ward and
a few others, had been talking about doing
something of a historical nature. Stan suggested someone should be the ION history
representative temporarily. I happened to be
sitting next to Stan. Len Sugerman suggested
the historian could write articles about contributors to navigation history, like himself.

Takeaways:
✓ Location, location, location.
✓ Don’t wait too long. (I never got
to write the article about Len while
he was alive.)
I’m surprised at the broad interest in
navigation history — but “History will be
kind to me, for I intend to write it” (apologies to Winston Churchill).
—Marvin B. May is a chief scientist at
Pennsylvania State University’s Navigation R&D Center in Warminster, Pennsylvania. He received ION’s Captain P. V.
H. Weems award in 2007 for continuing
contributions to the art and science of
navigation. His updated picture appears
above.
(Editor’s note: a two-part series on
Captain Weems appeared in the Summer
and Fall issues of the ION Newsletter.)

1997
I worked on many different projects and
received funding for one year to look into
gyroless inertial navigation. It seemed like a
worthwhile idea. I subsequently learned that
many people — past, present and probably
future — have investigated this with little
success.

Takeaways:
✓ Sometimes bad ideas never die.
✓ Multitasking may be an epidemic
in engineering today.
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Corporate
Profile
GloNav’s intellectual property and
technology portfolio spans more
than two decades of research and
development.
Our GPS baseband technology
offers the highest-sensitivity,
lowest-power and fastest timeto-first-fix (TTFF) in the industry.
Combined with its embedded and
host-based satellite acquisition
and navigation software, our
baseband is optimized for deepindoor sensitivity on assistedGPS (A-GPS) cellular networks.
This advanced technology has
been proven in more than 15
licensees’ products, in multiple
process technology generations
up to and including 0.13µ, and
is deployed in multiple wireless
handset and mobile device applications worldwide.
Our rich radio frequency (RF)
heritage enables our ultra-low
power RF integrated circuit (RFIC)
technology platform targeted for
implementation in low-voltage
RF-complementary metal oxide
semiconductor (RF-CMOS) and silicon-germanium (SiGe) processes.
GloNav’s first product based on
this platform, the RFD1400, is
the industry’s lowest power and
most highly integrated GPS RFIC.
The combination of our
advanced baseband and RF
technology will enable the lowest-power, highest-performance
GPS semiconductor solutions in
the industry, prolonging battery
life and improving the accuracy
and reliability of navigation and
location based services applications in the wireless handset
and mobile device markets.
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Help Wanted:

Lane-Keeping
For
Buses
I

t’s true that many positioning,
guidance, and navigation technologies exist in addition to GNSS
systems such as GPS. However, an
intelligent transportation project
in the Minneapolis, Minnesota
metropolitan area shows just how
complicated life can get when
system designers have to start adding components to complement
GPS-based navigation in order to
ensure uninterrupted positioning in
adverse signal environments.
In recent years, Twin Cities
Metro Transit has created more
than 200 miles of certified road
shoulders on which the agency
operates express bus service during
periods of high congestion.
Although the express system has
been well-received by customers, it
faces a couple of problems. First,
the shoulder lanes are narrower
than regular traffic lanes, reducing
the permissible margin of error
faced by bus drivers. Typical operating conditions place a bus that is
2.97 meters (9.75 feet) wide on a
shoulder 3.05 meters (10 feet) wide,
which gives a driver very little room
for error.
Second, poor weather conditions
can make it difficult for drivers
to determine the location of the
shoulder edge. Leaving a shoulder
during snowy or wet conditions can
lead to a stuck bus; so, drivers are
hesitant to use the shoulder during
those periods.
Positioning Help Wanted
The Intelligent Vehicles Lab (IVL)
at the University of Minnesota has
developed and demonstrated a
ION Newsletter

lane-assist system designed to ease
driver stress by providing both lane
keeping and collision avoidance
assistance.
The system uses dual frequency,
carrier phase differential GPS
(DGPS) for vehicle positioning
and heading measurements. It
also incorporates a high-accuracy
digital geospatial database that
provides the location of roads and
boundaries and a combination of
vehicle mounted front radar and
side laser scanners to detect the
presence and location of potential
obstacles.
The roads with the special
shoulder lanes are primarily located in suburban areas that provide
clear views of the sky, which allow
satisfactory reception of satellite
signals for DGPS navigation. Now,
however, Twin Cities Metro Transit
is considering proposals to extend
the express shoulder lanes into
downtown areas with more adverse
signal environments.
A paper presented at the ION
Annual Meeting from researchers
involved in the project described the
approaches that they have investigated to augment the system.
When the idea of expanding
the express bus shoulder lanes into
urban areas was raised, the IVL
team went back to the drawing
board. To the previous instrumentation, they have added two
components: a radio frequency
identification (RFID) positioning
system integrated with a highaccuracy odometer (specifically, a
Doppler-based, non-contact radar
velocimeter), and a previously

Figure 1. Laser Sensor Geometry as Mounted on a Bus.
scanned profile of the surface of the
road-gutter-curb system along the
bus route.
By installing RFID readers on
vehicles and inexpensive RFID tags
with the coordinates of their locations along the roads, the buses are
able to acquire the data encoded
in the tag memory as they pass by.
This simple concept facilitates not
only lane-level vehicle positioning,
but also a multitude of potential
applications ranging from lane
change warning to traffic signal
priority.
But That’s Not All
The RFID/odometry combination
can accurately determine lane-level
position information; however, it
cannot determine the lateral position of the vehicle within the lane.
To emulate the DGPS-geospatial
10

database information used by the
existing lane assist system, a measure of lateral position within the
lane of travel is needed.
This information is provided by
vertically oriented, side-mounted
laser scanners mounted on both the
left and right sides of the bus. Data
from the side-mounted laser scanner is cross-correlated using a pattern matching technique with the
previously scanned on-board database of curb shapes, desired bus-tocurb distances, and lane curvature
to provide the lateral position of the
vehicle. (See Figure 1.)
Sounds complicated, right?
Well, the IVL is planning to integrate these components and demonstrate the system on a transit bus
operating on an exclusive busway
in downtown Minneapolis by July
2008. ◆
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ION Member News and Notes

Section News and Notes
ALBERTA, CANADA
SECTION. Attendees at
the February 27 meeting of the ION Alberta
section heard a presentation by Andrey
Soloviev from Ohio University. His talk
discussed the use of batch-based methods for processing of Global Navigation
Satellite Systems (GNSS) signals. Live
data test results were applied to illustrate advantages of batch processing
techniques over conventional sequential tracking.
As a particular case study, batch
processing was applied for the development of deeply integrated Global
Positioning System (GPS)/Inertial
Navigation System (INS). The deep integration mode considered is the complete code and carrier phase tracking
of signals with Carrier-to-Noise Ratios
(CNR) at a 15 dB-Hz level without prior
knowledge of navigation data bits.
Particular application examples includ-

ed flight test scenarios and the assessment of GPS signal quality and usability
in urban canyons.
The section met again April 24
when Gary Sawayama, general manager of CDGPS presented: Canada-wide
Differential GPS Service — The Next
3 Years.
Canada’s Differential GPS (CDGPS)
correction service has been in operation
since October 2003. Funded to develop
and operate until March 31, 2007, by
geomatics interests in the federal government (Natural Resources Canada),
the 10 provinces (e.g. Lands Division of
Alberta Ministry of Sustainable Resource
Development) and the 3 Territories, it
recently received a commitment to continue its nation-wide broadcasts at least
until 2010.
Some background and description
of its current features was presented,
but the focus of the presentation was
on the business model for delivering a

free-to-air service and the
challenges and opportunities over the next 3 years.
Advice was sought, particularly in facilitating the
development of supply chains that link
location-based, infrastructural services
to end-users.

Due June 30
Kepler Nominations
Due June 30
Parkinson Award Nominations

The purpose of the Johannes Kepler Award is to honor an
individual for sustained and significant contributions to the
development of satellite navigation. The winner of this award
will be determined by a special nominating committee. The
Kepler Award is presented only when deemed appropriate. All
members of The Institute of Navigation are eligible for nomination. You are encouraged to submit the names of individuals for
consideration.
To submit a nomination, go to the ION website at
www.ion.org. Click on Awards, scroll down, click on Kepler
Award, then click on the Awards form for complete nomination instructions. Nominations must be received by June 30.
Nomination packages may be sent to: Satellite Division Awards
Committee Chair, The Institute of Navigation, 3975 University
Drive, Suite 390, Fairfax, Virginia 22030.
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Graduate students in GNSS technology, applications, or policy
who have completed a single-author thesis or dissertation and
who are ION members are eligible for this prestigious award
and $2,500 honorarium. Nominations are to be submitted by a
regular or research faculty member of a college or university.
This award honors Dr. Bradford W. Parkinson for establishing the U.S. Global Positioning System and the Satellite
Division of The Institute of Navigation.
For application details and entry rules go to www.ion.org.
Nominations must be received by June 30.

11

Spring 2007

It’s been a busy spring for the world’s four global navigation satellite systems:
a strategic reorientation of Galileo, continuing moves to point a revitalized GLONASS system at civil
and commercial markets, new leadership and GPS III program developments in GPS, and the first
MEO launch by China’s Compass program.
Galileo
Momentous changes are under way in
Europe’s Galileo program where the longtroubled public-private partnership (PPP)
approach to building and operating the system appears likely to be discarded — or, at
least, fundamentally refashioned.
In a May 16 “communication” to the
European Council and European Parliament,
the European Commission (EC) recommended the discontinuance of a years-long
attempt to sign a concession agreement with
a private consortium to complete and operate
Galileo. Instead, the EC recommended that
the European Space Agency (ESA) become
the procurement agent and design authority
for Galileo on behalf of the European Union
(EU).
One of several alternatives analyzed by
the EC, in collaboration with ESA and the
European GNSS Supervisory Authority (GSA),
the new plan would shift about D2.4 billion
in costs to the public sector but allow a fully
operational capability (FOC) for Galileo by
the end of 2012. It also would establish a
new timeline for working out a concession
agreement for a private consortium to operate the system once the Galileo infrastructure
is in place.
The EU transport ministers were expected
to take up the issue at a council meeting in
early June.
ESA currently is overseeing development
of the initial Galileo ground and space segION Newsletter

EGNOS Flight Test

ments through a D1 billion in-orbit validation (IOV) contract with European Satellite
Navigation Industries (ESNIS, formerly
Galileo Industries). The contract includes
construction of four satellites, which would
be launched beginning in 2009.
Plans for EGNOS
The EC also calls for “immediate implementation” of the European Geostationary
Overlay Service (EGNOS), a geostationary
satellite–based service similar to the GPS
Wide Area Augmentation System (WAAS)
12

being developed by the U.S. Federal Aviation
Administration. A fully operational EGNOS
would bring improved GPS positioning and
integrity monitoring by early 2008 under the
EC’s current scenario.
Currently in pre-operational service,
EGNOS will be certified in 2008 for safety-oflife applications such as air traffic control.
The system is designed to improve GPS
performance to real-time accuracies of better
than two meters and provide a guarantee as
to the quality of the signals: if a problem is
detected, an alarm will be sent to the pilot.
Spring 2007

With the Galileo program already five
years behind its original schedule, several
factors drove the EC to propose the radical
— but far from unexpected — change of
course. The communication attributes the
current situation to the combined effects of
continuous, unresolved disputes among Galileo’s would-be private partners over shares of
the associated industrial work, a “misjudgment” that market risk could be transferred
to the private sector, an unresolved negotiation with respect to the transfer of system
design risk, the technical complexity of the
program, and insufficiently strong and clear
public governance.
These factors manifested themselves most
noticeably in the failure of the former Galileo
Joint Undertaking (GJU) and a merged consortium of eight aerospace companies, most
recently calling themselves “Euro-GNSS,” to
complete a 20-year concession contract by
the end of last year. Although an agreement
on industrial shares had been reached by the
consortium in December 2005, new differences arose among the Euro-GNSS members
earlier this year, which delayed the incorporation of a Galileo Operating Company and
the appointment of a CEO.
That left the GSA, a new semi-indepen-

dent agency reporting to the EC, facing a
task for which it had not prepared: completing negotiations rather than just overseeing
a concession contract. Instead, the EC is now
recommending the re-evaluation of the GSA’s
structure and role to bring it more closely
under EC management, with a focus on new
EGNOS and Galileo concessions and application market development.

GPS

On June 18, Col. David Madden will take
over at the GPS Wing, succeeding Col. Wesley
(Al) Ballenger, Jr. Madden has served as vice
commander of the wing since July 2006.
The wing is responsible for development,
acquisition, fielding, and sustainment of all
GPS space segment, satellite command and
control (ground) segment, and GPS military
user equipment for the $32 billion GPS program, with its $1 billion annual budget.

The first half of
2007 has been
particularly busy
for the Global
Positioning System
program.
A new comCol. David Madden
mander will take
over at the U.S.
Air Force GPS Wing in the Space and Missile Systems Center at Los Angeles Air Force
Base, final requests for proposal (RFPs) were
scheduled to go to the two teams competing
for contracts to build the GPS III space and
ground control segments, the first request for
federal civil agencies to fund GPS improvements appeared in the president’s 2008
budget proposal, and a prestigious advisory
board has been named for a key GPS group.
ION Newsletter

A Strategic Asset
Although the business case for an early PPP
appears to have dissolved, the EC remains
adamant that implementation of Galileo
must continues in order to secure a critical infrastructure and strategic asset for the
European Union. “Abandoning Galileo
would recreate and significantly increase
the dependency on GPS … and potentially
GLONASS (Russia) and Compass/Beidou
(China),” the communication argues.
In the meantime, work on Galileo continues to move forward. The first anniversary of signal broadcasts from the Galileo
In-Orbit Validation Experiment (GIOVE-A)
satellite took place on January 12 this year.
Early in May, GIOVE-A successfully transmitted its first navigation message, containing
the information needed by user receivers to

GPS III Program
In May, the GPS Wing annuouced it would
release the final (RFP) for the GPS IIIA satellites on May 23. Among other objectives, the
GPS IIIA program will maintain constellation sustainment and introduce a new L1C
civil signal, increased and earth-coverage Mcode power for authorized military users.
Teams led by The Boeing Company and
Lockheed Martin are competing for separate
13

calculate their position. (The navigation
message is being generated for demonstration purposes only — no service guarantee
is provided.)
ESA released the GIOVE-A Signal-inSpace Interface Control Document (SIS-ICD)
in March. Although the signal structure varies substantially from what is expected to be
the operational Galileo signal, the document
gives the technical details of the GIOVE-A
signals and will allow receiver manufacturers
and research institutions to use a real signal
for their research and development. The
SIS-ICD is available at the GIOVE web site:
<http://www.giove.esa.int>.
A second, larger experimental satellite
built by ESNIS, GIOVE-B, will be launched
later this year. ESA has also contracted with
GIOVE-A’s manufacturer, Surrey Satellite
Technology Limited of Guildford, UK, to
build a second version of that satellite.
In April, France’s Direction Générale de
l’Aviation Civile (DGAC) conducted EGNOS
flight trials at Limoges airport using an
ATR42 test aircraft (see photo). According
to ESA, The results of the trials show that
EGNOS signals allow approaches and landings that meet the safety standards that govern international air traffic.

GPS III space and operational control segment (OCX) contracts. The OCX RFP was
released earlier in 2007. Both teams recently
completed GPS Space Segment III system
design reviews. The GPS Wing (former GPS
Joint Program Office) is expected to award
the GPS III space and OCX contracts later
this year.
The U.S. Air Force also awarded Lockheed
Martin a $6 million contract to develop and
integrate a demonstration payload that will
temporarily transmit a third civil signal on a
modernized Global Positioning System Block
IIR (GPS IIR-M) satellite.
This new contract directs Lockheed
Martin and its navigation payload supplier
ITT in Clifton, N.J. to provide an on-orbit
demonstration capability for the new civil
signal, which is located on the L5 frequency
GNSS Updates, continued on p. 14
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GNSS Updates, cont. from page 13
(1176MHz). Plans call for a Block IIR-M
spacecraft with the demonstration payload
to be launched in 2008.
A $7.2 million dollar item in the president’s Fiscal Year 2008 (FY08) Department
of Transportation budget proposal, split
between the Federal Aviation Administration
and the Federal Highway Department, would
pay the first installment on the L1C signal
planned for implementation under the GPS
III program.
Approval of the L1C funding would be the
first civil budgetary allocation for the core
GPS program, which has until now been
financed out of defense department allocations. Civil agencies have long provided budgetary support for GPS augmentation systems
such as WAAS and the Nationwide Differential
GPS network. The total five-year (FY08FY13) civil contribution for the new signal
is expected to be $232.5 million, according
to Mike Shaw, director of the National Coordination Office (NCO) for Space-Based Positioning Navigation and Timing (PNT).
PNT Advisors
Earlier this year, the National PNT
Executive Committee (PNT EXCOM) named
its first advisory board, chaired by Jim
Schlesinger, a former U.S. secretary of the
defense and energy departments and exdirector of the CIA. The group held its first
meeting on March 29–30 with an agenda
focusing on organizational and orientation
items.
The PNT EXCOM is a senior-level federal
government body established by President
Bush’s 2004 national security directive to
advise and coordinate among member
departments and agencies responsible for
the strategic decisions regarding policies,
architectures, requirements, and resource
allocation for maintaining and improving
U.S. space-based PNT infrastructure.
The EXCOM is co-chaired by the Deputy
Secretary of Defense Robert England and
Deputy Secretary of Transportation Thomas
Barrett, a retired U.S. Coast Guard rear admiral, who recently replaced Maria Cino in the
post.
Brad Parkinson, the first director of the
ION Newsletter

Approval of the L1C
funding would be the
first civil budgetary
allocation for the core
GPS program, which
has until now been
financed out of Defense
department allocations.
GPS Joint Program Office and long-time
chairman of ION’s Satellite Division, is vicechair of the advisory group. A number of
other well-known ION members will serve
as advisors, including Tim Murphy, Terry
McGurn, and Per Enge.
The board will operate in accordance
with the Federal Advisory Committee Act,
providing advice about U.S. space-based PNT
policy, services, planning, and program management. The PNT NCO staffs the EXCOM
and advisory board.
The full list of advisors includes Phil
Boyer, Aircraft Owners and Pilots Association;
Captain Joseph Burns, United Airlines; Ann
Ciganer, U.S. GPS Industry Council and vicepresident of government affairs at Trimble
Navigation; Susan Cischke, Ford Motor Company; Per Enge, professor, Stanford University; Martin Faga, Former President and CEO
of MITRE; Keith Hall, Booz-Allen Hamilton;
and Robert Hermann, Global Technology
Partners, LLC.
Other members are Chester Huber, OnStar
Corporation; David Logsdon, U.S. Chamber
of Commerce; General Lance Lord, USAF
(Ret.), Former Commander, Air Force Space
Command; General James McCarthy, USAF
(Ret.), professor, U.S. Air Force Academy;
Terry McGurn, private consultant and a
retired CIA employee; Tim Murphy, The Boeing Company; Ruth Neilan, NASA Jet Propulsion Laboratory; Charles Trimble, chairman,
U.S. GPS Industry Council.
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International members of the advisory
board are the following Gerhard Beutler,
International Association of Geodesy (Switzerland); Arve Dimmen, Norwegian Coastal
Administration (Norway); Suresh V. Kibe,
Indian Space Research Organization (India);
Keith McPherson, Airservices Australia
(Australia); Hiroshi Nishiguchi, Japan GPS
Council (Japan); Captain Richard A. Smith,
Royal Navy (Ret.), International Association
of Institutes of Navigation (U.K.).

GLONASS
Russia is continuing its push to restore
GLONASS to full operational capability by
2011 with modernized spacecraft.
Some 18 operational satellites — a mix
of first-generation and second-generation
GLONASS-M — are expected to be in orbit
by the end of 2007 and 24 in place by 2009.
New launches, each with three GLONASS-M
spacecraft, are scheduled for September and
December this year.
A May 18 decree by Russian President
Vladimir Putin guarantees that “Access to
civilian navigation signals of global navigation satellite system GLONASS is provided
to Russian and foreign consumers free of
charge and without limitations.”
The decree confirms one of the key terms
of a joint statement on GPS/GLONASS cooperation signed by the United States and Russia in December 2004.
Russia has increased its federal budget
allocation for GLONASS to 9.88 billion rubles
($379.7 million) in 2007, more than double
the 4.72 billion ruble ($181.4 million) federal expenditure in 2006.
Meanwhile, a major GNSS conference in
Moscow underlined Russia’s desire to help a
commercial market develop for GLONASS.
More than 600 mostly Russian delegates
attended the International Satellite Navigation Forum in early April, which featured
87 speakers and three tracks of technical
sessions.
At the event, Anatoly Perminov, head of
the Russian Space Agency (Roskosmos) said,
“Development of positioning, navigation,
and timing capabilities is one of the top priorities of the Russian Federation, particularly
through use of GLONASS as a dual-use sysSpring 2007

tem. We have a primary objective of [achieving] compatibility and interoperability with,
first, GPS, and, second, Galileo.”
Yuri Urlichich, director general of the
Russian Institute of Space Device Engineering (RISDE), which designs the GLONASS
space and ground equipment, echoed this
theme, telling the conference plenary audience, “Multiple [GNSS] systems create a
winning situation for consumers,” Urlichich
said, announcing an initiative to create a
GLONASS Forum or what he called “an association of lovers of GLONASS.”
By working to make the various systems
more compatible and interoperable, Urlichich said, Russia will help lay the foundation
for global mass markets. “All together, it will
make it possible for mass consumers to have
GNSS.”
However, a decision on whether to add to
GLONASS a CDMA (code division multiple
access) signal structure similar to that of GPS
and Galileo has still not been made, although
some had hoped it would be announced at
the event. Russia has indicated that the deci-

sion will be made by the end of 2007.
GLONASS currently uses an FDMA (frequency division multiple access) scheme,
which lies in a slightly highly RF band than
GPS and Galileo L1. An FDMA signal also
makes it difficult to create the most seamless and transparent interoperable receiver
designs possible.
The key technical issue may be that
CDMA-based systems can more easily filter
out a common delay in the GNSS time
signals on a common frequency, according
to U.S. Air Force Col. Mark Crews, chief engineer at the GPS Wing in the Space & Missile
Center, Los Angeles Air Force Base.
In a presentation at the conference, Crews
told his audience that with FDMA systems,
“We can calibrate our filtering for multiple
frequencies [and time delays], but it increases costs. That means it’s an issue for making
affordable, mass market equipment.”
The first launch of GLONASS-K spacecraft, a third generation of satellites, will
take place in 2009, bringing a third civil
signal and a longer lifespan to the constella-

tion. Expansion and upgrading of GLONASS
ground monitoring and augmentation stations is under way.
Lt. Gen., Alexander Kvasnikov, deputy
commander of the Russian Space Forces, has
announced that GLONASS-K satellites will
be launched from facilities at Plesetsk space
center in Russia on board the Soyuz-2 carrier rockets rather than from the Baikonur
site that Russia has leased from Kazakhstan
since the break up of the Soviet Union.
“We are planning to gradually transfer
all launches of GLONASS satellites from Baikonur to the Plesetsk space center to ensure
Russia’s independence in launching its own
spacecraft,” Kvasnikov said.
Intersatellite laser terminals and groundbased hydrogen maser atomic clocks will be
introduced to improve the system’s timing
accuracy. By 2010, Russian system operations hope the GLONASS system will have
the capability of providing integrity alerts to
users within seven seconds of a satellite’s signal being detected as “unhealthy” or outside
accuracy limits.

COMPASS
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ing (BPSK(10)+BPSK(2)) in
E5b. At the time of the CNES
observations on April 23, no
transmissions had been monitored at E1.
CNES researchers characterized the Compass inquadrature codes. The primary
codes are one millisecond
long and modulated by a 20millisecond secondary code,
according to CNES.
Several of these signals
GPS, Galileo, and Compass Frequency Plans
overlap Galileo frequencies.
For instance, the Compass
E1 and E2 BPSK(2) signals fall on the
the higher lobe of the Galileo AltBOC(15,10).
main lobes of the Galileo Publicly ReguThis raises concerns about the intercompatlated Service (PRS) binary offset carrier or
ibility of the two systems and recalls the
BOC(15,2,5). The PRS is an encrypted signal
dilemma posed by the EU’s original plan to
intended for security and possibly military
broadcast a PRS signal that would have overuses.
laid the PGS military M-code signal.
The compass E6 BPSK(10) falls on the
An accompanying figure shows the relalower lobe of the Galileo PRS BOC(10,5),
tive locations of the Compass, Galileo, and
while the Compass E5b BPSK(10) falls on
GPS signal spectra. ◆
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China is starting to look like a GNSS provider
in a hurry.
On April 14, the nation launched its
second Compass/Beidou satellite this year
— the first middle Earth orbiting (MEO)
spacecraft in the series — which began
transmitting a couple of days later. The first
four experimental Compass/Beidou satellites all went into geostationary Earth orbit
(GEO).
The system design reportedly calls for at
least 35 satellites, including five GEOs and 30
MEOs. According to Chinese filings with the
International Telecommunications Union
(ITU), Compass satellites will broadcast
signals in four frequency bands: 1561 MHz
(E2), 1589 MHz (E1), 1268 MHz (E6), and
1207 MHz (E5b).
CNES, the French Space Agency, is tracking and analyzing the signals. According
to CNES, the three Compass signals appear
to have balanced quadrature phase-shift
keying (QPSK) structure: QPSK(2) in E2,
QPSK(10) in E6, and binary phase-shift key-

Navigation Novelties

What’s New in the PNT World?
Niigata, Japan,
a northern
seaport city
known for its
rice and its winters, has some of the wettest,
deepest, and heaviest snow in the world. This
is tough on elderly residents who have to
figure out how to shovel it away.
For seven years, five local institutes
worked on an environmentally friendly selfguided snowplow to ease the chores of older
citizens. The result: Yukitaro (“Snow Boy”)
a hefty, autonomous robot. It has GPS and
video cameras embedded in its “eyes.”
The machine searches for snow, inhales
the white stuff through a large mouth, compresses it, and drops giant ice cubes out its
rear end. (Users can store the ice cubes for
summertime use.)
The robot won an award for design for
lead designers NICO (Niigata Industrial
Creation Organization). Engineers are working on reducing its size. But Yukitaro is
extremely cute as is.
And while we’re talking about robots …
Keeping Whales
Safe For Democracy

the water for sounds like the high-pitched
frequency of whale calls. The whales do not
realize they are being watched.
In a May 18 article in Computerworld,
lead CDND scientist James Theriault said the
propeller-less Slocum Diver robot can remain
stationary under water to a maximum depth
of 600 feet without sinking or floating to the
surface.
The Diver’s steering and communications
systems rely on battery power that can last for
up to one month. The robot is equipped with
GPS and runs autonomously once launched.
Its underwater broadband microphone can
detect sounds up to 40KHz, higher than the
human ear can detect.
If the robot detects the presence of a pod
of whales, it rises to the surface and makes
contact via digital radio hardware or a
satellite telephone network, transmitting its
location along with other data. It will then
continue on its way or can be reprogrammed
for another task.
The robot detected hard-to hear highfrequency sounds of beaked whales in the
Bahamas last January, Theriault said. It can
also be used to find a variety of other underwater objects using sound (We see a futuristic
“Hunt for Red October” movie script idea
here … ).
The Slocum Diver is being developed by
Webb Research Corporation of Falmouth,
Massachusetts.
Mirror Mirror …
Who’s The Fastest Of Them All?

Canada’s Department of National Defence
(CDND) is testing a new aquatic robot that
will mark the location of whales using GPS
— and keep ships from running into them.
The quiet, torpedo-shaped robot monitors
ION Newsletter

Want a rear-view mirror that really cares
about you? Consider the GPSMirror.
It fits on top of your automobile’s original mirror and uses a SiRFStar III GPS chipset to check its position against an on-board
database of speed traps, camera locations
and accident “black spots.”
Whenever you get near one of these
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the mirror will warn you. It will chide you
if you’re speeding and show you how fast
you’re going. It has visual, spoken, and audible camera alerts in addition to 10 different
kinds of GPS camera warnings and eight different GPS advisory warnings. You update the
database via an Internet connection.
Scottish company Cheetah Advanced
Technologies Ltd. makes it (and it costs
about as much as a speeding ticket).
Gps Beats Tv In Europe

U.K. Tomorrow Project

Snowboy
To The
Rescue

Sixty-two percent of western European
cell phone users would like GPS built into
their phone - the preference is even more
marked among those who already use GPS
or are regular business drivers.
A slim majority likes the idea of mobile
TV, but content preferences are all over the
map.
So says a study conducted in April
and released on May 16 by British hi-tech
industry consultants Canalys Ltd. Senior
Analyst Pete Cunningham said “For advertising-supported services, the survey showed
higher interest around vehicle and pedestrian
navigation, mobile -e-mail and IM (instant
messaging) than for TV.”
(Looks like the real world becomes much
more compelling when people are driving
around in it.)
The company’s Consumer Mobility survey
was conducted online among more than
2,000 employed, adult mobile phone users
in France, Germany, Italy, Spain, and the
United Kingdom.
Spring 2007

Beyond, continued from page 3
DoD PNT and Civil Pos/Nav Executive Committees, as well as the National Space-Based
PNT Executive Committee (EXCOM).
Some of the near-term decisions in
which the PNT Architecture findings and recommendations may play a role and related
PNT efforts include the following:
◆ future of eLORAN
◆ future of Nationwide DGPS and High
Accuracy NDGPS
◆ backup SATNAV tasking
◆ backup PNT needs (Automatic Dependent
Surveillance-Broadcast, Next Generation
Air Transportation System, timing infrastructure)
◆ GPS III and GPS operational control segment acquisition strategies.
Over the past year, the NSSO/Volpe team
has completed the data gathering, concept
development and analysis, and assessment
phases of the PNT project that will underpin
its PNT “system of systems” architecture recommendations.
PNT Gaps
The “Evolved Baseline” is, in simplistic
terms, the invisible path from the current
“As Is” PNT architecture shown in Figure 1
to the projected 2025 PNT architecture portrayed in Figure 2.
Even with all of the capabilities in Figure
2, according to Brennan and Van Dyke, the
project has identified a number of gaps in
PNT capabilities that will appear between
now and 2025. Development of the national
PNT architecture is largely driven by these
identified PNT gaps.
Most of the “gaps” fall under one or
more of the following categories, according
to the DoD’s PNT Joint Capabilities Document, plus additions and modifications from
parallel civil community documents and
discussions:
◆ physically impeded environments
◆ electromagnetically impeded
environments
◆ higher accuracy with integrity
◆ hazardously misleading information
(integrity)
◆ high altitude/space positioning and
orientation
◆ geospatial information — access to
ION Newsletter

Figure 3. Development of “Should-Be” PNT Architecture

improved geographic information system
(GIS) data (regarding intended path of
travel)
◆ Insufficient modeling capability
For each gap, the architecture effort
sought to identify the users who are affected,
the problem that the gap creates for them,
their needs, and possible technical solutions.
The development path of the “should-be”
architecture to provide greater PNT capability
and address the gaps compared to the EBL is
shown in Figure 3.
Preliminary Findings
The following are preliminary findings from
the national PNT architecture effort to date:
◆ Demand for assured PNT in RF impeded
environments (interference and obscuration) will increase
◆ Current GPS-centric architecture could
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be significantly altered by emergence of
networked or autonomous PNT systems
◆ U.S. PNT preeminence will face increased
challenges at all levels
◆ Commercial PNT investments and services will increase significantly over the
next 20 years
◆ PNT services will become more tightly
integrated with other military missions as
well as civil and commercial applications
After the PNT Architecture team delivers
its recommendations the next steps will be to
develop and coordinate an implementation
plan for the PNT Architecture recommendations, develop a transition plan from the
“As Is” to “Should Be” architecture (which
requires a structured approach for implementation and identification of responsible
agency participants), and tie programs and
plans to each recommendation. ◆
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Birds and Bees, from page 1
BIRDS
The right eye

Migrating birds, on the other hand, use magnetic compass orientation as it seems their
ancestors have done since the Cretaceous
period. The magnetic fields of the earth provide directional information to animals that
can sense it.
But how can they sense it?
Birds have an internal inclination compass that needs a high-intensity geomagnetic
field in order to work. Previous research had
suggested a physical process behind this
ability that depended on light- and directionsensitive chemical reactions in the eye.
Wolfgang and Roswitha Wiltschko of
J.W. Goethe University in Frankfurt Am Main
tested these ideas, and found them to be true.
In particular, they found “a crucial role of
the right eye, and with it, the left hemisphere
of the brain, in obtaining and processing
magnetic directional information.”
They also found a blue-light receptor in
birds — cryptochromes — the same photopigments that affect our mammalian circadian rhythms and a number of functions in
plants. These are made more active by strong
magnetic intensity, and they were found in
the right place in the avian eye — but the
authors are not claiming “Eureka” at this
point.
SEA TURTLES
The explorers

If birds detect directional information, sea
turtles use positional (map) information
from the earth’s magnetic field to locate
themselves and get to the right place. And
they do it extremely well.
Hatchlings leave the beach and head
straight towards the ocean and their far
destination, staying oriented after they lose
sight of land. Then they grow up and return
— again without missing a beat.
Kenneth and Catherine Lohmann of the
University of North Carolina at Chapel Hill,
have studied these animals, and how they
detect both the strength of earth’s magnetic
field, and the angle at which field lines intersect the surface (inclinational angle.)
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According to the Lohmanns, “Although
the magnetic maps of sea turtles lack the
high resolution of human GPS, they provide
an interesting conceptual design for lowresolution systems that can function independently of GPS.”
The Lohmanns are exploring several
ways these maps could be structured, including a version of the human pre-longitude
technique of “sailing the latitude.” Or, they
suggest, turtles could learn to recognize the
few magnetic fields associated with specific
locations — a sort of magnetic waymark
navigation.
But, researchers add, “a search…for a
set of consistent (navigational) rules within
a species may be as fruitless as a search for a
universal set of visual landmarks used by all
humans.”
HOMING PIGEONS
The commuters

sity tracked nine adult homing pigeons from
an urban loft in Frankfurt, Germany using
tiny GPS-loaded flight recorders. (See photo).
Each bird traveled a different route over
the western part of the city, but they were
all quite efficient in getting from Point A to
Point B. Interestingly enough, they did not
improve with practice nor did their tracks

converge over 9 to 13 separate flights.
The birds were not influenced by the
many landmarks and highways along the
way. When they did make loops and detours,
the researchers said, it seemed to be due
to social interactions between the birds.
(Sounds like they have a lot in common with
human city dwellers.)

Sea turtles are longlived animals that
travel the featureless ocean. A less
exotic, but more
COCKROACHES, MOTHS, & ROBOTS
familiar animal
Tracking the plume
navigator is the
Light, landmarks, and the strength of earth’s
homing pigeon,
magnetic field are one thing — odor is quite
thought to use
another. Animals track odors to locate food,
highways and other
avoid predators or find mates, but how they
human landmarks in part to navigate its way
navigate to the source has not been comhome. Until GPS, however, researchers could
pletely understood.
not tell how these birds behaved in the air.
As a chemical disperses through water or
Roswitha Wiltschko, Ingo Schiffner,
andInstitute of Navigation,
air,Inc.
it forms
areserved.
plume — a patchy, turbulent
©2007 The
All rights
Bettina Siegmund from J.W. Goethe Univerdistribution that animals must follow to hit
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paydirt.
Mark A. Willis of Case Western Reserve
University told his ION audience that
animals use two methods as they turn
into the plume and head upstream to the
source. Spatial samplers walk or crawl
slowly, comparing an odor simultaneously at two points in space. Temporal
samplers fly or swim fast, zigzagging in
response to the location of the plume,
and compare the odor at two points in time.
But you no longer have to observe moths
and cockroaches to see how this works
— you can use mobile robots. Willis said his
team’s most recent robot simulates a flying
moth tracking a plume through a laboratory
wind tunnel. Eventually “Robomoth” will
have visual, odor-detecting and wind-detecting sensors, much like a real moth.
Rats and humans use both spatial and
temporal strategies of tracking a plume, by
the way. It turns out that humans can even
follow a trail of chocolate scent laid on the
ground. (Hopefully, the researchers left a real
chocolate bar at the end of the line.)
Papers discussed in this article:
Geomagnetic Navigation and Magnetic
Maps in Sea Turtles, Kenneth J. Lohmann,

Calendar

Catherine M.F. Lohmann, University of North
Carolina
The Desert Ant’s Navigational Toolkit:
Procedural Rather than Positional Knowledge, Rüdiger Wehner, University of Zürich,
Switzerland
Chemical Plume Tracking Behavior in
Animals and Mobile Robots, Mark A. Willis,
Case Western Reserve University
Navigation of Homing Pigeons: An
Analysis of GPS-recorded Tracks, Roswitha
Wiltschko, Ingo Schiffner, Bettina Siegmund,
J.W. Goethe University, Germany
How Birds Perceive and Use Compass
Information from the Geomagnetic Field,
Wolfgang Wiltschko and Roswitha Wiltschko,
J.W. Goethe University, Germany.
Papers available for download at http://
www.ion.org/search/proceedings_list.cfm ◆
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Monterey, California
Contact: The ION
Tel: +1 703-383-9688
Fax: +1 703-383-9689
Web: www.ion.org
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ION GNSS 2007
September 25–28, 2007 ★ Fort Worth, Texas

Co-sponsored FOUO Sessions by JSDE and AFRL: Sept. 25
Tutorials: Sept. 24–25
Early Registration & Advance Hotel
Reservation Deadline: Sept. 3
Exhibit Space Going Fast!
www.ion.org

The 20th International Technical meeting of the Institute of Navigation Satellite Division
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