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going autonomous

robotics headline
ITM 2011 meeting
T
he plenary session at ION’s International Technical Meeting (ITM 2011)
— held January 24–26 in San Diego,
California — added fuel to the already hot
topic of robotics navigation.
Along the way, attendees learned of
progress manifested in the form of a beerserving robot (it can do other stuff, too)
developed by a Menlo Park design center,
efforts to create swarming platforms for
real-time simultaneous location and mapping (SLAM) applications, floor-cleaning
robots commercially available today, and
U.S. Department of Defense hopes to one
day have insect-sized intelligence-gathering
units that can carry out surveillance and
reconnaissance missions.
In recent years, engineers, manufacturers, and end users have freed the concept
from its origins in science fiction and
fantasy and turned it loose on a growing
range of practical applications.
(Indeed, the term robot stems from
the Slavic word for drudgery or hard labor
and popularized by Czech playwright
Karel C̆apek in his 1920 play R.U.R. —
Rossum’s Universal Robots. However, the
“Three Laws of Robotics” popularized by
American authors Isaac Asimov and
John W. Campbell are probably more
well-known.)
Today, autonomous aerial vehicles
(UAVs), such as the Global Hawk and
Predator, and initiatives like the DARPA

An ice sculpture from the St. Paul’s Winter
Carnival festivities where the first annual
Autonomous Snowplow Competition was held.
See page 22 for story and highlights.
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Grand Challenge on the military side,
along with efforts to design and commercialize domestic robots for tasks such as
household cleaning and elderly care, have
brought a growing amount of attention and
funding to the field.
The Institute of Navigation has gotten
into the action with a trio of educational
programs: the eight-year-old Robotic Lawnmower Competition, the LEGO®-driven
Mini-Urban Challenge (MUC) for highschools launched in 2009, and the Autonomous Snowplow Competition held for
the first time this year. (See page 22 of this
newsletter for highlights.) For the next three
years, the MUC National Competition will be
held at the Smithsonian’s Lemelson Center
for the Study of Invention and Innovation at
the National Museum of American History.
A Military Perspective
Leading off the plenary session, ION President Mike Miller (whose day job is serving
as chief scientist for the Air Force Research
Lab Munitions Directorate) literally sized
the challenges of UAVs as seen from the
AFRL’s perspective: a functioning platform
equivalent to a large bird by 2015 and, by
2030, the dimensions of an insect — say,
a dragonfly or slightly bigger.
The Air Force motivation is driven by
the growing need for effective intelligence,
ITM 2011 continued on page 14
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From the 2009–2010 outgoing ION President

Dr. Mikel Miller

The Wrap Up ... and
Thank You!

I

have been deeply honored to serve as
president of The Institute of Navigation
(ION) – an organization I’ve been passionate
about for more than 20 years. It has been a
privilege to be associated with a professional
society comprised of so many talented members. I feel blessed to have been able to serve
a second term in 2010.
At the beginning of my term as president
I established the following goals for myself
and this organization. ION continues to make
strides in achieving these goals:
1. Increase ION membership by a minimum of 10% with a focus on corporate
membership.
In 2010 ION experienced a five percent
increase in membership; ending the year with
2,665 individual members and 114 corporate
members. This represents 42 percent growth
in membership over the past two years.
2. Increase international participation
in ION activities and increase ION’s
international visibility.
ION has acted as technical co-sponsors of
several international events in Brazil, China,
Poland and the Satellite Division continues to
support an ongoing program in Africa.
3. Actively seek opportunities for the
ION to sponsor or facilitate workshops
that provide a forum for discussion,
debate and the dissemination of information related to PNT.
ION has successfully maintained partnerships with the IEEE, Joint Services Data
Exchange (JSDE) and the Air Force Research
Laboratory (AFRL) in hosting various technical events focused on specific segments of
our membership.
4. Grow the ION’s educational programs for the next generation of PNT
professionals and ION members.
ION has been active nationally and internationally with technical programs, graduate
level programs, high school competitions,
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and support of the Smithsonian’s Navigation
and Time Exhibit, scheduled to open in 2012.
Membership
Continued membership growth can be
attributed to the ION investing staff resources
in membership retention and recruitment
and directly involving the ION Council in
membership recruitment efforts. We recognize that going forward membership growth
is going to become increasingly challenging.
To continue this growth, we will have to
invest more time, attention, and resources
in outreach activities and programs and
re-examine how specialized our organization
wants to remain within the PNT community.
Meetings
The sluggish international economy led
to a decline in registration rates at ION
conferences during 2009. I am happy to
report that in the fall of 2010 we began to
see these numbers rebound at a modest rate.
Registration at both ION GNSS and this past
January’s International Technical Meeting
were up by four percent over the prior year.
For the last 20 years, registration revenues
have been the ION’s “bread and butter.” They
have heavily subsidized ION membership,
awards, outreach and student programs.
Because of this, the Executive Committee
and Strategic Planning Committee have been
working hard to make sure our meeting programs are diversified in topic and promoted
to specific market segments. The goal has
been to fully meet the professional needs of
specific member segments at specific events
and, I am proud to say, we have accomplished this through several strategic partnerships with IEEE, AFRL and JSDE.
Education & Outreach
Education and outreach have become central
to the goals and objectives of the Institute
2
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in our efforts to promote public awareness,
achieve and sustain an international presence, promote young people’s interest in
navigation and promote the ION as the center
of PNT excellence and technical credibility.
To achieve these goals, ION has acted as
technical co-sponsors of several international
events, including the 2009 Mobile Mapping
Technology Symposium in Brazil, CPGPS
(The International Association of Chinese
Professionals in GPS) 2010 Technical Forum
on Satellite Navigation and Positioning in
Shanghai, China and the Civil GPS Interface
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Committee (CGSIC) meeting in during our
GNSS 2010 conference in Portland, Oregon.
We are looking forward to the 2011 Mobile
Mapping Technology Symposium in Cracow,
Poland next June, for which ION is technical
co-sponsor.
In addition, the Satellite Division
continues to sponsor several graduate-level
programs including the Robotic Lawn Mower
Competition, the Autonomous Snowplow
Competition and the Sustainable Development in Navigation, Science & Technology
in Africa Program.
Last year, the ION held its second
Mini-Urban Challenge Competition for
high school students. It challenged them
to design and operate a robotic unmanned
vehicle built from a LEGO® Mindstorms®
kit that could accurately navigate through
a LEGO® city. We are looking forward to
our third year of this competition on May
21, 2011 when the national competition
will take place at the Smithsonian National
Museum of American History in Washington, D.C.
Also during 2010, the ION made an
additional $50,000 donation towards the
Smithsonian’s new “Time and Navigation:
From Chronometers to GPS” exhibit, which
will open in November 2012. ION has
donated $150,000 to the exhibit to date.
Acknowledgments
I want to thank all out-going members of
Council for your efforts this past year and
welcome all in-coming officers. I would
especially like to thank the members of
the Executive Committee for their work
throughout the year and, specifically,
Dr. Todd Walter for the sustaining support
he provided to me throughout my presidency. I am happy to leave the ION in his
capable hands.
I would also like to thank Lisa Beaty,
ION executive director and the ION national
office staff. It is a pleasure to work with an
organization where volunteer resources are
used for PNT programs instead of administration, making volunteer service with the
ION more attractive.

From the 2011 incoming ION President

Dr. todd walter

Strengthening Local
Sections and the Journal

T

he goals that our outgoing president,
Dr. Mikel Miller, set for himself and the
important areas of focus that the ION has
identified will serve as my top priorities as
well. It has been extraordinarily rewarding
working with Mikel these last two years, and
I thank him for the outstanding leadership
and service that he has provided.
I would like to add another goal —
bolstering the ION’s local sections and
strengthening members’ opportunities to
participate in them. Local leadership is
key to the health of ION sections; so, if you
want to be more involved on a local level:
we need you! (To offer assistance to your
local section, please contact Ken Esthus, our
membership and marketing director at the
national office. E-mail: kesthus@ion.org.)
In addition, the Council will continue
to work with Dr. Boris Pervan, editor of
NAVIGATION: The Journal of The Institute
of Navigation, towards the goal of having
our journal listed in The Web of Science, an

online academic citation index provided by
the Thomson Reuters company.
Thomson Reuters is now indexing the
past five years of ION’s conference proceedings, and it is important to achieve this for
the journal as well in order to continue to
attract the high caliber of papers needed to
sustain its publication.
We are investigating having Navigation
published with a large publishing house so as
to ensure greater circulation of NAVIGATION
within academia and academic libraries with
the hope of increasing the number of journal
citations, thereby improving the chances of
the journal being indexed in The Web of
Science at the next available opportunity.
I look forward to serving the Institute
this next year as president and working
with all ION’s capable and dedicated staff
and officers.

Dr. Mikel Miller (R) passes the gavel to incoming ION president, Dr. Todd Walter (L) at the ITM 2011
meeting. See pages 12-13 for highlights.
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LightSquared Seeks FCC Waiver

Telecom Proposal Poses
GPS Interference Risk
C

oncern over a possible new threat
to civil GPS services has led The
Institute of Navigation to urge the Federal
Communications Commission (FCC) to
carefully review a proposal to operate a
high-powered terrestrial telecom service in
immediately adjacent L-band spectrum.
In a January 26 letter sent at the
request of the ION Council to FCC Chairman Julius Genachowski, executive director Lisa Beaty also said that the Institute “is
prepared to work within its membership
in identifying technical experts who might
best assist the FCC in evaluating the risks
and impacts of LightSquared’s proposal.”
(The full letter is reprinted on page 5 of
this issue of the newsletter.)
The letter was sent the same day that
the FCC unanimously approved a conditional waiver allowing LightSquared
Subsidiary LLC to build tens of thousands
of terrestrial transmitters for wireless communications in frequencies on either side
of the GPS L1 band. GPS military signals
are also transmitted in this band.
The transmitters are reportedly authorized to operate at up to 42 dBW (15
kilowatts) of power, causing concern that
out-of-band emissions (OOBEs) could
infiltrate the swath of spectrum centered
at 1575.42 MHz in which GPS and several
other GNSS signals currently operate or
are planned to be transmitted in the future.
Such OOBEs could add spectral noise in
the protected aeronautical radionavigation
system (ARNS) band, causing interference
to GNSS receivers and potentially interrupting positioning capability completely.
In a test simulation, GARMIN Inter-

ION Newsletter

national recently evaluated the effects of
proposed LightSquared broadcasts on two
of its most popular receivers: a general
aviation receiver certified by the Federal
Aviation Administration and a portable navigation device (PND) sold to consumers.
Both lost open-sky positioning capability at
a distance 5.6 to 0.66 miles, respectively.
LightSquared is working to gain access to 20 megahertz or more of L-band
spectrum allocation in which it would offer
wholesale nationwide 4G-LTE wireless
broadband services integrated with satellite
coverage. This would allow its customers
to offer terrestrial-only, satellite-only, or
integrated satellite-terrestrial services to
end users.
The FCC ruling does acknowledge “the
need to address the potential interference
concerns regarding GPS,” and requires
“As a condition of granting this waiver, the
[interference review] process . . . must be
completed to the Commission’s satisfaction
before LightSquared commences offering
commercial service pursuant to this waiver
on its L-band MSS frequencies.”
However, the ruling also requires LightSquared to begin implementing its system
while assuring the availability of user
equipment within a matter of months.
The ION letter followed other requests
to the FCC calling for a more substantive
technical evaluation before allowing LightSquared to proceed, including letters from
the U.S. GPS Industry Council
(USGIC) and the National Telecommunication & Information Administration (NTIA),
a U.S. Department of Commerce agency
that serves as the President’s principal
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adviser on telecommunications and information policy.
With its conditional waiver for LightSquared, the FCC is ostensibly taking its
responsibility seriously to ensure noninterference with existing services.
Agency staff were directed to “work
with NTIA, LightSquared, and the GPS
community, including appropriate Federal
agencies, to establish a working group
to fully study the potential for overload
interference to GPS devices and to identify
any measures necessary to prevent harmful
interference to GPS.”
The rapid emergence and evolution of
the LightSquared initiative — launched in
late November during the holiday season
— clearly caught the GNSS community off
guard, and the accelerated FCC process
has allowed little time for a technical
evaluation of its side effects before the fact.
As Doug Taggart writes in the “Defense
Matters” column in this issue (page 6),
the situation “brings to mind similar events
that energized the GPS community more
than 10 years ago when questions were
first raised about ultra-wideband (UWB)
electromagnetic compatibility with GPS L1
spectrum.”
UWB is a method of transmitting data
via pulses of energy across wide swaths
of spectrum (greater than 1.5 megahertz
in bandwidth), instead of using continuous waves in assigned and regulated radio
bands. Ultimately, after tests revealed the
technology’s potential interference to ARNS
services, the FCC ruled that UWB providers
had to operate outside of the frequencies
used by GPS. 
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January 26, 2011

The InsTITuTe
of navIgaTIon
8551 Rixlew Lane, Suite 360
Manassas, VA 20109-3701
703-366-2723 / 703-366-2724, fax
www.ion.org

The Honorable Julius Genachowski, Chairman
Federal Communication Commission
445 12th Street SW
Washington, DC 20555
Fax: 1-866-418-0232; E-mail: ecfs@fcc.gov

Subject: LightSquared Application Request for Modification of Its Authority for Ancillary Terrestrial
Component (aTC) (fCC file no. saT-MoD-2010111800239)
Dear Mr. Genachowsi:
On behalf of the membership of the Institute of Navigation (ION), and with approval of the ION’s governing
body, I respectfully request that the FCC carefully review the impact of the waiver application of LightSquared.
While ION does not take a stand with regard to LightSquared’s specific waiver request, LightSquared’s request
to modify its authority to operate a terrestrial wireless voice and data broadband service in the L-band frequencies
could interfere with the use of the space-based Global Positioning System (GPS) L1 signal.
The Institute of Navigation is a 60 year old professional scientific society, organized to advance the art and
science of navigation and is comprised of over 2700 professional and 110 corporate members including many of
the world’s experts in the use and manufacturing of positioning, navigation and timing (PNT) technology.
Services dependent on GPS for navigation, positioning and timing reference information are viewed as an engine
for economic growth, enhancing economic development, and improving safety of life. The wide ranges of these
services are key components of multiple sectors of the United State’s critical infrastructure.
The ION is prepared to work within its membership to assist the FCC in identifying technical experts who might
best assist the FCC in evaluating the risks and impacts of LightSquared’s proposal.
We hope that a satisfactory resolution of this matter can be reached such that the vision of LightSquared to
enhance U.S. broadband access can be achieved without impacting critical PNT functionality already operating in
the noted spectrum.
If we can be of further assistance please contact me at 703-366-2723.
Sincerely,

Lisa Beaty
Executive Director
E-mail: Lbeaty@ion.org
Copy: The Honorable Lawrence E. Stickling, Assistant Secretary, National Telecommunications & Information
Administration, Department of Commerce, 1401 Constitution Ave., NW, Washington, D.C. 20230, E-mail:
lstrickling@ntia.doc.gov
Dedicated to the advancement of
the art and science of positioning,
navigation & timing.
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Defense Matters
Protecting Spectrum

Déjà Vu All Over Again

A

Should the ION find a way to get more involved earlier in any future
issues of this type?
As a professional society dedicated to the advancement of the art
and science of PNT, it should be possible to leverage the ION’s diverse
membership comprised of corporations, civil agencies and military
organizations, private scientific and technical institutions, universities,
training academies, and so forth. In the future, should we also be able to
provide technical advocacy input to the NTIA, the FCC, or other agencies
on these sorts of issues?
The ION offers a unique forum from which PNT technical equities are
sure to be adequately considered. Should the ION be able to comment on
new regulations or policies impacting PNT services? Is this something ION
membership would consider? Would it be useful to the ION and its members?
To consider the issue further the ION Bylaws may need to be reviewed
(see http://www.ion.org/council/bylaws.cfm). Article XVI, Miscellaneous
Restrictions. Section 1 provides guidance on Political Activity states, “The
Institute shall not engage in any political activity or lobby for or against
any legislation or ruling by a government agency, nor will it indicate a
stand specifically on any controversial navigation issue which exhibits
predominant political attributes.”
The Council’s action clearly indicates that this language does not
preclude the ION from writing a letter to NTIA or FCC, etc. offering the
ION as a forum to help work through the technical issues presented by
such issues.
Other questions that we might well consider include:
• Does the ION Council’s volunteer structure provide the necessary
response time to meet the fast moving nature of issues like the
LightSquared application?
• Would the process of responding to something like the LightSquared
issue be problematic for any of our membership or for members of
the Council who would vote on whether or not to engage?
These may prove to be tough issues for the ION to address, but as
a first step in deciding if they are worth addressing, I urge you to ask
yourself, would you find footnote number 11 on page 3 of the NTIA
letter to be problematic if it included a reference to a letter written by
The Institute of Navigation?
I believe it is an important question to ask ourselves as ION members.

contentious spectrum issue raised its head at the end of 2010 that
brings to mind similar events that energized the GPS community
more than 10 years ago when questions were first raised about ultrawideband (UWB) electromagnetic compatibility with GPS L1 spectrum.
This new issue is the result of an application filed with the Federal
Communications Commission (FCC) by a company called LightSquared.
They are seeking authority to broadcast a terrestrial wireless service in
the L-band frequencies around GPS L1. These frequencies are typically
reserved for space systems and radio navigation satellite services (RNSS).
In late November 2010, LightSquared asked the FCC for a waiver
to broadcast these L-band frequencies
from terrestrial transmitters to establish a
nationwide, terrestrial broadband service
See the letter on
comprised of thousands of broadcast
page 5 from ION
stations. Such a service has the potential
to overlay the GPS signal and cause
Executive Director
significant interference for the millions
of users relying upon the RNSS signals
Lisa Beaty sent to
transmitted in the L-band.
The waiver request, which was on a
the FCC on behalf
fast-track toward approval at the FCC, was
slowed by a National Telecommunications
of the ION Council.
and Information Administration (NTIA)
letter dated January 12, 2011, (see http://
www.ntia.doc.gov/filings/2011/NTIA_FCCletter_01122011.pdf).
This letter includes references to other letters written to NTIA by
the U.S. GPS Industry Council, the Space-Based Positioning, Navigation
and Timing (PNT) National Coordination Office (NCO), the Office of the
Assistant Secretary of Defense for Network Information Integration (ASD/
NII), National Aeronautics and Space Administration (NASA), Department
of Transportation (DOT), Department of the Interior DOI and the Federal
Aviation Administration (FAA) requesting that “. . . any FCC action on
the LightSquared waiver request be deferred until appropriate technical
and/or regulatory mitigation measures can be developed to protect GPS
operations.”
Well done to the Industry Council and the federal agencies
and departments! Unfortunately, the FCC went ahead approved the
LightSquared waiver on January 26.
Certainly this issue is one that rightly involved the federal agencies
listed above and the GPS Industry Council.
Following the FCC action, the ION subsequently offered the expert
services of the Institute’s members to officials responsible for dealing
with the technical issues raised by LightSquared’s efforts. (See the letter
on page 5 from ION Executive Director Lisa Beaty sent to the FCC on
behalf of the ION Council.)
ION Newsletter

By Doug Taggart

Mr. Douglas Taggart is president of Overlook
Systems Technologies specializing in technical and
engineering services related to GPS and supporting
the Office of the Secretary of Defense. He is a past
ION Congressional Fellow (2005-2006) and is the
currently serving on the ION’s Executive Committee
as the Eastern Regional Vice President.
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from the ion historian, Marvin May

Navigation Controversies

Modern statue on Amalfi of Flavio Gioja, legendary mariner and popularizer of the new, improved magnetic
compass, circa 1300. Photo credit: Wikimedia Commons.

O

ne of the more onerous responsibilities of historians is to ascribe proper
attribution to achievements. It is simply
human nature to desire recognition for one’s
achievements and often human ego drives
man to go to extraordinary lengths to ensure
his perceived credit. This historical responsibility is often confounded by the lack of
credible references, the inability to define the
achievement concisely, conflicting evidence,
multiple nearly simultaneous discoveries,
and fraudulent claims. The art and science of
navigation has had no shortage of controversy
when it comes to deciding which individual
or team deserves credit for an achievement.
In this article, we will briefly delineate a few
of these navigation related controversies.
The Magnetic Compass:
According to acclaimed science writer Amir
D. Aczel, author of Fermat’s Last Theorem and The Riddle of the COMPASS, the
magnetic compass is the most important
technological invention since the wheel. It
is documented definitively that the Chinese
invented the magnetic compass before 1040
ION Newsletter

A.D. Although the first known reference to a
magnetic compass in Europe occurred over
150 years later, it was the Italian maritime
cities that refined and exploited the
use of the compass. In particular, from
1295-1302, along the Italian Amalfi
coast, a true innovation took place.
According to medieval and modern
sources, a “perfection” of the magnetic
compass, transforming it from a needle
floating in water or supported in air into
the compass we know today: a round
box in which a compass card with a
wind rose divided into 360 degrees
rotates, attached to a magnetic element.
Subsequently, enabled by the navigation
capabilities of the magnetic compass,
the Italians became the predominant
European maritime power. Every year,
the citizens of Amalfi have a lavish
celebration memorializing the invention
of the compass. Despite the fact that the
Chinese invented the compass, the Italians consider their refinements of such
significance as to claim principle credit
for its development.
7

The Gyroscope:
The earliest known gyroscope-like
instrument was made by German Johann
Bohnenberger, who first wrote about it in
1817. At first he called it the “Machine”
(refer to ION Virtual Museum article on
Bohnenberger’s Machine). Bohnenberger’s
machine was based on a rotating massive
sphere. In his original publication of 1817,
Bohnenberger indicates at the beginning
that several copies of the first Machine had
been manufactured in Tübingen, and at the
end of the article he names the manufacturer and the price of the Machine. Despite
this hint, all of the initial specimens of
Bohnenberger’s Machine seemed to be
lost. Fortunately, in December 2004 one of
Controversies continued on page 8

Léon Foucault’s gyroscope, built by DumoulinFroment, 1852. Photo taken at National
Conservatory of Arts and Crafts museum, Paris.
Photo credit: Wikimedia Commons.
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Controversies continued from page 7

them was rediscovered during a stocktaking at the Kepler-Gymnasium (high school)
in Tübingen. In 1832, American Walter R.
Johnson developed a similar device that was
based on a rotating disk. The French mathematician Pierre-Simon Laplace, working
at the École Polytechnique, Paris, recommended the machine for use as a teaching
aid, and thus it came to the attention of
Léon Foucault. In 1852, Foucault used it
in an experiment involving the rotation of
the Earth. It was Foucault who gave the
device its modern name, in an experiment
to see (Greek skopeein, to see) the Earth’s
rotation (Greek gyros, circle or rotation),
which was visible in the 8 to 10 minutes
before friction slowed the spinning rotor.
Foucault’s widely demonstrated gyroscope
generally gains him recognition as the
inventor of the gyroscope despite the fact
the Bohnenberger’s sparsely publicized instrument preceded it. In 2002, the Institute
of Navigation celebrated Foucault’s 1852
demonstration as the 150th anniversary of
the invention of the gyroscope.
The Gyrocompass:
It wasn’t until about sixty years after the
invention of the gyroscope that the navigation community found a high value, high

Anschütz Corporation gyrocompass. Photo credit:
Wikimedia Commons.
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volume application for it. The gyrocompass
was truly an example of “necessity is the
mother of invention” as the new iron ships
of the early twentieth century required a
non-magnetic source of heading. The Sperry
Corporation of Brooklyn, N.Y. and the
Anschütz Corporation of Berlin, Germany
both pursued the lucrative market of gyrocompasses for ships during the armament
buildup prior to World War I. The Anschütz
Corporation sued the Sperry Corporation
for patent infringement in a high profile,
high stakes court encounter. Albert Einstein,
who at the time was struggling with the
mind boggling intellectual challenges of
General Relativity, was a consultant on the
case. Eventually the Anschütz Corporation
won the case and is generally given primary
credit for the development of the gyrocompass. Despite the historical attribution and
legal recognition given to Anschütz, the
Sperry Corporation and its successors, has
continued to thrive for almost a century on
its gyroscope related technology.
The Inertial Navigation System:
As a natural evolution of the gyrocompass, practical inertial navigation system
development began during the early years of

World War II. Theoretical and electromechanical advances in Europe and Russia in
the 1920s and 1930s led to the extensive
use of inertial sensors in the German V-2
ballistic missile, a system that achieved
infamy beyond that of almost any military
technology of the period except the atomic
bomb. Although the V-2 had debatable
military effectiveness and did not fully
implement inertial navigation (it was used
to determine a cutoff velocity to begin the
ballistic trajectory phase), its knowledge
base on ballistic missile guidance with
inertial instrumentation was passed on
to the Soviet Union and the United States.
Within the post-World War II burgeoning
U.S. economy, flourished the pioneering
efforts of M.I.T. Instrumentation Laboratory
(subsequently renamed the Charles Stark
Draper Laboratory), the Autonetics Division
of North American Aviation, and Northrop
Corporation. In addition to the formidable
technological challenges conquered by
these organizations, characteristics of the
charismatic personalities of leaders such
as Draper and John Slater of Autonetics
were critical ingredients to the overall
successful recipes. By around 1950, the
black-box navigation work at Autonetics and

The ballistic-missile submarine USS George Washington (SSBN 589) during her launching
ceremony. The sub conducted the first Polaris missile launch while submerged on July 20, 1960.
Photo credit: U.S. Navy.
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the Instrumentation Laboratory resulted,
respectively, in the XN series of inertial navigators for the Navaho missile and the FEBE
(after the sun God, Pheobus) stellar inertial
bomber navigation system. Donald MacKenzie, in his “Inventing Accuracy” chronology
of inertial instrumentation, emphasizes
that the creation of the new technology of
inertial navigation cannot be captured by
the traditional notion of invention, with its
single crucial “eureka moment.” Rather, it
is described as a triumph of “heterogeneous
engineering” encompassing the accomplishments of a vast number of individuals
and organizations. In this context, historical
attribution for the achievement of inertial
navigation cannot readily be given to an
individual or team, but rather to a societal
characteristic-the need for an autonomous
navigation device.
The Global Positioning System:
Because of satellite navigation’s timeliness
and its stature as a worldwide utility, the
dispute as to GPS’s principal early contributors is of particular historical interest and
significance. Indeed, this historian has been
solicited by several parties over the last two
years to “weigh in” on the controversy.
My initial superficial investigation convinced me that this examination would, and
should, necessitate a commitment in time
and resources well beyond my capability.

The dispute fundamentally is focused about
the efforts, during the early 1970’s, of Dr.
Brad Parkinson and his team prior to the
formulation of the GPS Joint Program Office
in 1974, and the related contributions of
Dr. Roger Easton and his team centered at
the U.S. Naval Research Laboratory. At the
crux of the dispute is not only which team
did what first, but also what is the essence
of GPS: Is it the utilization of multiple
satellites simultaneously to obtain a fix? Is
it the employment of pseudorandom codes
to perform ranging? Is it the utilization of
atomic clocks in all the satellites? Is it the
overall Space, Control and User Segment
architecture? Is it the garnering of enough
financial and political support to demonstrate the concept? The expectation is that
future efforts of historians will uncover a
fertile body of references that enables a fair
relative assessment of the contributions of
both of these teams.

World War I Naval battle view from the decks. Photo credit: Dutch
National Archives.
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It is considered that neither Dr. Parkinson’s team, nor Dr. Easton’s team, would
object to the less contentious attribution
of credit for the development of the Navy
Navigation Satellite System (NNSS/TRANSIT) to the John Hopkins’ Applied Physics
Laboratory and its contractors such as Westinghouse, Bunker Ramo and Magnavox Corporations. During the late 1950’s and early
1960’s, the TRANSIT system was developed
at a time when computers were esoteric
electronic wizardry, and phenomena such
as the effects of gravity anomalies, solar
pressure, relativistic effects, tropospheric
and ionospheric disturbances were at the
cutting edge of scientific exploration. 

Marvin B. May is the Chief Scientist of the
Pennsylvania State University’s Applied
Research Laboratory’s Navigation R&D
Center in Warminster, PA.

A rare photo of the first GPS launch, Feb. 22, 1978. Photo credit: courtesy of Space &
Missile Systems Center History Office, Los Angeles AFB. Inset photo: Transit IA satellite.
Photo credit: Patrick AFB heritage files.
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From Vanguard to GPS: Part I

How Space Tracking and
Atomic Clocks Led to GPS
by Richard Easton

T
The Global Positioning System
is an amalgam of conceptual,
engineering, and design
elements drawn from previous

he concept of satellite navigation far predates the space age. In 1870, American author and social
reformer Edward Everett Hale wrote “The Brick Moon” for the Atlantic Monthly in which he
envisioned man-made satellites that would be used as visual aids to determine longitude by traditional
angular measurements. One satellite would pass over the Greenwich meridian and the other over New
Orleans, both at 4,000 mile altitudes.
The sidebar, “Before GPS,” lists this and six other pre-GPS concepts for satellite-based navigation.
Two of the pre-GPS systems relied on the Doppler effect to measure radio signals from different
distances. In 1956, a year before the Soviet Union launched Sputnik, Chrysler’s chief research engineer
Lovell Lawrence conceived of placing satellites in geosynchronous orbits but considered it beyond the
state of technology at the time, instead proposing low-altitude, 600-mile orbits as more feasible.
At Johns Hopkins University Applied Physics Lab, George Weiffenbach and William Guier tracked
Sputnik using its Doppler signature, and then proposed a satellite-based navigation system. This was

systems. This article compares
BEFORE GPS: 7 Space-based Navigation Proposals

and contrasts proposals for
implementing space-based
navigation or satellite
navigation that preceded GPS.
It treats in most detail Roger
Easton’s TIMATION (TIMe
navigATION) proposal, which
the author asserts contributed
the most to the original
conception of GPS in 1973.
Part 2 of the article, which
will appear in the next issue
of the newsletter, presents
primary source materials to
correct inaccuracies regarding
TIMATION and identifies
lesser-known, but significant,
contributors to its success.
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Technology

System

Angle

Edward Everett Hale — "The Brick Moon," 1870

Doppler

Lovell Lawrence, Jr. — "Navigation by Satellites," Missiles and Rockets, 1956
Transit — George Weiffenbach and William Guier, Applied Physics Laboratory - 1958

Range Measurement

TIMATION — Naval Research Laboratory - Roger Easton - 1964
621B — Air Force/Aerospace - 1964
Roy Anderson — GE/NASA - 1964
SECOR — SEquential COllation of Range

the genesis of Transit, also known as the Navy Navigation Satellite System, which used satellites orbiting
at altitudes of about 650 miles.
The third major category includes passive- and active-ranging proposals. The term I will use is range
measurement, although time-of-arrival is a valid alternative for characterizing the technique.
These systems rely on the fact, known since the Michelson-Morely experiment in 1887, that the speed
of light is constant. Thus, knowing the time a radio wave takes to reach a receiver from a satellite reveals its
distance from the satellite.
If the receiver has a clock synchronized with the clocks in the satellites, its three-dimensional position
can be determined when three satellites are in sight and their orbits are accurately known. Removing the
requirement for the receiver to have a synchronized clock reduces the cost of user equipment; however, if
positioning needs to be made in real time, it requires that a fourth satellite be in sight so that the satellite-receiver time bias can be eliminated. This is the fundamental concept underlying GPS and all similar systems.
The four range-measurement systems listed in the sidebar are Roger Easton’s TIMATION, developed at
the Naval Research Laboratory (NRL), Roy Anderson’s NASA/GE proposal, the Air Force/Aerospace Corporation’s 621B program, and the U.S. Army’s SECOR.
Weffenback/Guier, Anderson, and Easton all began by tracking Sputnik, the first human made object to
orbit the earth,before conceiving their own satellite navigation proposals. An accurate estimate of satellite
position is a prerequisite for a satellite-based navigation system.
These researchers made a conceptual leap: instead of using one or more ground stations to track satellites, they used the satellites to help generate a receiver’s position.
The relationship between space tracking and satellite navigation systems, I believe, has not received sufficient treatment in the literature. Two early satellite-tracking systems, Minitrack and Space Surveillance, were
10
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angle of arrival systems; so, Timation did not
on June 20 of that year. Reflecting the
The first full set of stations became
precisely reverse the problem. However, Tifast pace of activities in the post-Sputnik
operational in November 1958 and the
mation did use satellites, rather than ground
era, an initial experimental portion of the
second complex of stations, brought on-line
stations, for position fixing of receivers.
system was completed in July, and the first
in February 1959. An additional station built
In 1955, the Eisenhower Administraobject was detected on August 7, 1958, acin southern Texas allowed for single-pass
tion established the Stewart Committee to
cording to NRL Report 5575 written by C.
orbit prediction and turned the system into
evaluate satellite proposals and select one
E. Cleeton and issued October 30, 1960.
true radar. This was useful as many more
for launch in the 1957-58
satellites were launched
International Geophysical
over time, and occasional
Year (IGY). The Stewart
explosions created many
Committee chose the
small objects in orbit.
Naval Research Lab
However, synchronizproposal for what became
ing the atomic clocks
Project Vanguard.
in the two transmitters
A factor in this
in Texas was critical to
decision was Minitrack,
the system’s accuracy.
a system designed by
Driving an atomic clock
Easton to track the
between the two stations
satellite and prove it had
faced problems. Transmitachieved orbit. An April
ting time codes over the
13, 1955, communicahorizon produced “noisy”
tion (NRL Memorandum
signals that were less accuReport 466) laying out
rate. Then, in September
the NRL proposal, titled
1964, Easton had the idea
“A Scientific Satellite Proof putting the clock into
gram” and co-authored
space where it could be
The Navy Space Surveillance System originally contained three transmitter stations and six receiver
by Easton, included a
observed simultaneously
stations roughly along the 33rd parallel from San Diego to Georgia. The transmitter stations (such
section on geodesy in
as pictured in upper left inset photo) are in red and the receiver stations (upper right-hand photo)
by both stations.
are in blue. The additional station is shown in southern Texas.
which the authors wrote,
The previous spring,
“It would also be possible
Easton had had a conto determine the absolute longitudes and
An on-line article by the Center for
versation with a Naval scientist, which he
latitudes by observation of the satellite. Such
Defense Intelligence in February 2007
recounted in a May 8, 1967, memo:
observations would also yield the height of
described Space Surveillance as follows,
To my knowledge the idea of
the observer above the center of the earth.”
It was formally ushered into
using passive ranging as a navigation
In their 2004 book, The First Space
existence as the Naval Space
technique was a result of a conversation
Race, Matt Bille and Erika Lishock wrote that
Surveillance System (NSSS) in 1961.
between myself and Dr. Arnold Shostak of
“Minitrack could locate a satellite in three
Its nickname, the “Space Fence,”
ONR [Office of Naval Research] in 1964.
dimensions and provide three vectors of
was derived from its system concept,
Dr. Shostak was explaining how the
velocity to describe its motion.”
continuous wave multistatic radar.
hydrogen maser worked and obtained its
The launch of Sputnik 1 on October 4,
Systems of this type use high-power
fantastic time keeping ability. At the time
1957, at the height of the Cold War, hightransmitters to emit a fan-shaped
I remarked that this device appeared to
lighted the coming importance of monitoring
beam of energy, which is known as
make passive ranging worthwhile. He
space assets. The inevitable need to track
a “fence.” The system is composed of
agreed and I spent a week working on
spy satellites, which would not always emit
three transmitters and six receivers
the idea.
signals, was obvious.
interspersed across the southern
Another document, Memo 112, dated
In February 1958, Roger Easton proUnited States at the 33rd parallel. . . .
June 9, 1964, appears to have been the
posed a system (which came to be known
The Space Fence is capable of detecting
result of Easton’s working on the idea.
as the Space Surveillance System) that
nearly 60 percent of the orbiting object
Memo 112 describes using passive ranging
could track such non-emitting satellites by
catalog. The objects it cannot detect
for navigation and almost certainly post-dates
measuring the signal amplitude and angle
are those which do not cross over the
the conversation with Dr. Shostak. 
of arrival versus time of reflected continuUnited States near the 33rd parallel
Part 2: TIMATION and the Origins
ous wave signals. The Advanced Research
and those too small to detect
of GPS,” will continue in the
Projects Agency (ARPA) approved
(smaller than 30 centimeters [cm]
Spring 2011 ION Newsletter.
implementation of Phase I of the program
in diameter).
ION Newsletter
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2011 International Technical Meeting Highlights
This year’s International Technical Meeting, (ITM) held in San Diego, California, focused
on robotics navigation – for surveillance, search and rescue, underground and underwater
robotics, and unmanned air vehicles. The meeting was attended by more than 300
registrants. The ITM 2011 program was led by Dr. Paul Kline, Honeywell Aerospace,
general chair and Dr. Jade Morton, Miami University, Ohio, program chair. The Institute
of Navigation would like to extend its thanks to them for their considerable time and
effort and to all the session chairs and other ION members whose efforts went into
making this meeting a success.
The Institute would also like to acknowledge the following companies that provided
table top displays:

Dr. Jade Morton, Program Chair; Dr. Mikel Miller,
ION President; Dr. Paul Kline, General Chair.

THANK YOU TO OUR EXHIBITORS!

746th Test Squadron

Inside GNSS

Boeing Company

L-3 Communications

Cast Navigation, LLC.

Spirent Federal Systems

GPS World

Congratulations ION Annual Award Recipients
Tycho Brahe Award

Early Achievement Award

Dr. Arthur Bryson

Dr. Juan Blanch

A father of modern optimal control, for versatile
contributions, theoretical AND practical, for aircraft
AND spacecraft – and extraordinary generosity
toward students and colleagues everywhere.

For his significant contributions to the development of
ionospheric and integrity algorithms for WAAS and the
development of ARAIM.

Captain P.V.H. Weems Award
Superior Achievement Award

William A. Feess

Capt. Shane P. Muscato

For critical early developments in the field of
accurate navigation by satellite, and continuous,
sustained improvements to GPS position and timing
accuracy for all users.

For pioneering multiple navigational developments in the
MC-130H, ensuring national command authority response
options at the far end of the political spectrum.

Thomas L. Thurlow Award
Dr. Samuel M. Burka Award

Dr. Dean C. Bruckner,
Dr. Frank van Graas, and
Dr. Trent A. Skidmore
For their paper “Algorithm and Flight Test Results
to Exchange Code Noise and Multipath for
Biases in Dual Frequency Differential GPS for
Precision Approach” published in the Fall 2010
issue of NAVIGATION, Journal of The Institute of
Navigation, Vol. 57, No. 3, pp 213.
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Dr. Frank van Diggelen
For navigation solutions in assisted GPS; coarse
time GPS; Doppler navigation; millisecond
ambiguity; extended ephemeris; long term orbit;
and A-GPS.

Distinguished Service Award

Dr. Mikel M. Miller
In grateful recognition of his leadership and
achievements on behalf of The Institute.
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Welcome ION’s
Newest Fellows

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 www.ion.org.

Dr. David Burch
For sustained contributions to the teaching
and practice of marine navigation and the
development of innovative training materials
used worldwide.

Dr. Dorota A. GrejnerBrzezinska
For her sustained contributions to advancements in
the art and science of navigation, for her excellence
as an academic teacher, and excellence in her
service to The Institute of Navigation.

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.

Dr. Günter W. Hein

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

For Galileo Signal Design since 2001 and paving
the way for the cooperation of Europe with
the U.S. on the integration of GPS and Galileo;
contributions to the Galileo/GPS MBOC signal on
the L1 frequency; and pioneering work in carrier
phase ambiguity resolution.

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
October 15 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.
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Official nomination forms, along
with brochures on the background and
purpose of each award, are available
from the ION National office by phone,
703-366-2723, or via the Web site at
www.ion.org. Nominations must be
received by October 15.
The awards and accompanying
engraved bronze plaques will be
presented at the ION International
Technical Meeting, January 30 –
February 1, 2012, in Newport Beach,
California. 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,
8551 Rixlew Lane, Suite 360, Manassas,
VA 20109, phone: 703-366-2723; fax:
703-366-2724; e-mail: mlewis@ion.org.
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Former members of the ION who
are not currently active members of the
organization may be elected to non-voting
Fellow membership. Election to Honorary
Fellow membership is authorized for nonmembers 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, 8551 Rixlew Lane, Suite 360,
Manassas, VA 20109, fax: 703-366-2724,
e-mail: mlewis@ion.org.
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ITM 2011 continued from page 1

reconnaissance, and surveillance (ISR) for
combat missions in urban settings. “This is
not a target-rich environment,” Miller said.
“There are many things you do not want to
hit or damage.”
According to the Air Force, use of
remotely piloted aircraft (RPA) combat air
patrols increased from six in 2004 to 47
today, with continued growth to 69 patrols
in 2013 — an increase of 1200 percent.
Most of these involved medium-altitude
MQ-1 Predators and MQ-9 Reapers.
The AFRL strategic vision for micro air
vehicles (MAVs) calls for demonstrating
by 2030 “a biomimetic insect-sized UAV
platform with WMD sensing, tracking, and
targeting capability capable of autonomous
and persistent operations,” as well as
demonstrating “the ability of lethal micro
UAVs to detect, track, target, and engage
multiple dynamic targets within an urban
environment, as well as to detect, classify,
and deliver lethal effects both inside and
outside structures.”
Imitating biological forms means that
the UAV designs will need to be able to perform such maneuvers as gliding, soaring,
and perching (to assist both power replenishment and observation) and may involve
fixed, rotary, and flapping wing types.
To achieve this vision, Miller said,
AFRL’s effort will require the convergence
of numerous research, engineering,
and design specialties, including power,
communication, sensors, autonomous
operations, and human system integration,
especially in being able to scale these elements to very small sizes.
Add Vision, Multiple Platforms
Another plenary speaker, Dr. Salah Sukkarieh, an associate professor and the
research director for the Australian Center
for Field Robotics at the University of
Sydney, gave the ION audience an insight
into just how complex the solutions will
be, especially if the effort is expanded
to incorporate multiple platforms into a
single operation.
The research goal is to apply active
SLAM techniques to a swarm of aircraft
ION Newsletter

that are cooperatively searching for,
mapping, tracking, localizing, and
classifying objects. One aspect of this
effort involves building up correlations
between landmarks — the stronger
the correlations, the more reliable and
accurate the information.
With more observations, the process
becomes more data-intensive. “A lot
of attention is being given to improving
data processing,” said Sukkarieh, which
may require decentralizing rather than
fusing data.
That leads to the issue of developing the
optimal “negotiation strategy” for sharing
information among platforms in flight,
incorporating autonomous perception and
in-flight decision-making.
Although a variety of positioning and
navigation technologies — GPS, inertial
measurement units (IMUs), vision-aided
navigation — are used in the robotics
center research, ultimately Sukkarieh and
his colleagues want to figure out how to
“anchor (absolutely position) various sensor platforms without use of GPS.”
The other two plenary speakers
brought the discussion further out of the
realm of theoretical and general research
and into more specific applications.
Robots at Home
Dr. Mario Munich, vice-president of R&D
for Evolution Robotics, discussed his
company’s application of “cost-effective
SLAM” techniques in consumer robotics.
A year ago, the Pasadena, California–
based company introduced Mint, an
automatic floor cleaning appliance
designed exclusively for hard surfaces.
Mint uses a visual SLAM (vSLAM)
technology that uses a camera and
dead reckoning to make visual measurements of the environment, capturing visual landmarks and using these
to build a map of its environment. As
the floor cleaner moves through the
area it has mapped, it navigates based
on recognizing visual landmarks on
its map.
As a commercial company, Munich
said, Evolution Robotics “had to approach decisions with a different point of
14

view than the scientific community.”
For example, recognizing that the production cost of a consumer product typically is 20 to 30 percent of its retail price,
the company’s engineers had to work
within a budget of $60–$100 for Mint,
which had a target price of $300 in the
marketplace. Consequently, they ended up
with a 64-kilobyte processor and a single
low-cost camera with which to implement
the vSLAM mapping and guidance.
Now the company is looking farther
afield for application environments for
which to develop and market roboticsbased products.
“We know how to make SLAM work in
a house,” said Munich, “but how do we
make it work in a warehouse, or a city, or
a very large environment?”
How do you incorporate the large
number of views available in a large
environment, operate more than one platform at a time, and integrate IMUs, visual
odometry, and multiple cameras.
Munich said that his research group’s
current focus is on reducing — choosing/
eliminating — the number of observations in order to simplify the computations
that guide an autonomous platform.
With a Beer Chaser
Perhaps the most entertaining, though
still provocative, plenary session featured
Dr. Steve Cousins, president and CEO of
Willow Garage, a team of experts in robot
design, control, perception, and machine

Mint Floor Cleaning Robot. Photo credit:
Evolution Robotics.
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learning based in Menlo Park,
most of the control effort has to
California.
be off-loaded from the human to
In a presentation enan autonomous swarm controller.
titled “The Dawn of Personal
Coincidentally, the DLR team used
Robotics,” Cousins traced the
ROS in writing the software with
interest in robots through hiswhich the quadrotors swarms
tory, including a chess-playing
are operated.
machine exhibited in 1769 that
A presentation authored by
was actually a fraud perpetuChung-Liang Chang and colleagues
ated by means a person hiding
in the Department of Biomechainside a box on which the chess
tronics Engineering Taiwan’s
table rested, through literNational Pingtung University of
ary figures such as Pinocchio
Science and Technology showed
and the tin woodsman in The
his group’s progress in developing
Wizard of Oz.
a simple autonomous field robot
Developing practical
for agricultural applications.
robots faces “the challenge
The system developers are testof complexity,” he said, and
ing a variety of low-cost sensors
requires the fusion of multiple
for positioning and navigating the
specialties such as mechanirobot: electronic compass, gyrocal, electrical, and software
scope, odometer, accelerometer
engineering, psychology, and
and single-channel GPS. These
design.
link with ultrasonic transducers
Cousins described his firm’s
and infrared proximity sensors to
work developing hardware, indetect the distance between obcluding the PR2 robotics R&D
stacle and vehicle while avoiding
platform, and open source
collisions and maintaining fixed
software — ROS, robotics opdistance from plants. A color senerating system — for personal
sor is used for exploration, and
PR2 robotics R&D platform from Willow Garage combines the mobility to
robotics applications. Videos
microcontrollers
for operating
navigate human environments and the dexterity to grasp and manipulate objects
in
those
environments.
Photo
credit:
Willow
Garage.
showed the PR2 learning how
sprayers or other applicators.
to fold towels, shooting pool,
Among the many papers preand even fetching a beer from a
sented in the meeting’s 17 other
Each PR2 Beta comes with the free and
refrigerator for the Willow Garage crew.
technical session, one that people following
open source ROS robotics framework that
Last year, Willow Garage provided 11
the progress of China’s Compass/BeiDou-2
offers full control of the PR2, including
of the robots to research organizations
program might find particularly interesting
autonomous navigation, manipulation, and
around the world that were chosen from
came from faculty members at Beijing’s
perception libraries.
competing entries in its PR2 Beta DevelopBeihang University.
ment Program, with results from will
Dr. Yanhong Kou, an assistant professor
Make It So
becoming available to the wider ROS comin
the
School of Electronic and Information
A separate ITM 2011 session on autonomunity to adapt to other robot platforms.
Engineering, addressed the issues of implemous robot and vehicle navigation provided
ROS is completely open source
menting a multiplexed binary offset carrier
additional examples of work in the area
software (available through what is known
(MBOC) modulation for the Compass (B1introduced by the plenary speakers.
as a BSD license modeled on the original
C) signal corresponding to the GPS L1C and
Two German Space Agency (DLR)
Berkeley Software Distribution model),
Galileo E1 open service signals planned at
researchers, Michael Lichtenstern and
which allows its free use and modification
the same frequency.
Michael Angermann, reported on the curfor nonprofit or commercial purposes.
The study considered optimum power
rent status of their work to enable a single
Based on Switchyard software written by
sharing
between data and pilot channels,
user to control a swarm of MAVs, in this
Morgan Quigley at Stanford University, ROS
data/symbol rate, and ranging code design
case quadrotors — small helicopter-like
development is an ongoing collaborative
for the Compass B1-C signal, comparing
platforms driven by four vertically mounted
effort within the robotics community.
TMBOC (Time-multiplexed BOC), CBOC
propellers and guided by IMUs and GNSS.
“It takes a community to raise a robot,”
(Composite BOC), and QMBOC (QuadraBecause even moderately sized swarms
said Cousins.
ture multiplexed BOC). 
have several dozens of degrees of freedom,
ION Newsletter
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Notes from Braunschweig

Doherty Represents ION at
by: James Doherty, Institute for Defense Analyses (IDA)
version of the Federal Aviation
Administration’s GPS Wide
Area Augmentation System
(WAAS) for aviation safetyof-life navigation, was now
operational and performing
well over much of Europe.

of presentations on test and measurement
results of initial EGNOS operations had been
withdrawn at the last minute, reportedly by
the European Space Agency.
Conference highlights included the
mayor’s reception in the beautiful old town
hall, The Altstadtrathaus, on Tuesday evening

ENC 2010

James (Jim) Doherty takes the podium at the
European Navigation Conference (ENC)/GNSS
2010, held in Braunschweig, Germany.

I

t was indeed a pleasure to discuss GPS
status in the European venue — with
GPS meeting its promises of modernization
of services, it was easy to simply point out
what is happening every day. And I could
not overemphasize the pride I felt when
discussing the work of the young men and
women of the US Air Force.
I was well prepared with information
from the Civil GPS Service Interface
Committee (CGSIC) meeting I attended
during ION’s 2010 GNSS meeting in
Portland, Oregon, and with information
provided by the National Positioning,
Navigation, and Timing Coordination
Office, GPS Wing, and Second Space
Operations Squadron.
I had followed Edgar Thielmann of the
European Commission, who discussed
the status of EGNOS and Galileo in
Europe. He is head of unit, EU Satellite
Navigation Program Applications,
Security, and International Aspects. He
indicated that EGNOS, the European
ION Newsletter

ION Past President Jim Doherty spoke on the status of GPS at the
European Navigation Conference (ENC)/GNSS 2010 last October 19,
20, and 21 in Braunschweig, Germany. He went as a representative of
the Institute of Navigation and delivered a plenary session speech on
behalf of ION President Dr. Mikel Miller.
The ENC is an annual event hosted by DGON, the German
Institute of Navigation. This year, the host was Professor Dr.-Ing. Peter
Voersmann, DGON President. At the conference banquet, he turned
over the baton — a “certified” 2012 Olympic relay race baton — to
Professor Dr. Hermann Rohling as incoming President.
The event was well attended, with some 300 delegates from 29
countries and about 14 exhibitors, including a few representing local
tourism opportunities.

However, there are still some areas
along the edges of the coverage area where
improvement is needed. Having worked
with the U.S. FAA in the early days of WAAS,
I can well understand these difficulties and
wish him continued success in working
them out.
Galileo continues to move apace in its
development, and Thielmann indicated
that contracts have been awarded that will
bring the system to operational status with
18 satellites on the current schedule.
Later on the first day, however, I was
disappointed to see that an entire session
16

and the formal banquet on Wednesday.
At the latter Dr. Wolfgang Scholze,
biologist and environmental officer of the
Deutscher Aero Club (DAeC), spoke about
the effort to assist the endangered lesser
whitefront goose find a new migratory
route using microlight aircraft. His talk
was a practical example that followed up
a presentation in the plenary by Roswitha
Wiltschko from the University of Frankfurt
on her research into how homing pigeons
navigate.
I have attended a number of navigation
conferences over the years, and on
Winter 2010-2011

ENC 2010
reflection, I find talks such as these are
what I remember most.
In the exhibit area a highlight was a
Volkswagen that had participated in the
2008 DARPA Urban Challenge. It was still
equipped with its full suite of
sensors and instrumentation
used in its autonomous
navigation. In addition to a
video display, members of the
Challenge team were on hand
to discuss their experiences
and discuss the various
technologies integrated into
the vehicle.
As I was picking up
my badge and registration
materials early in the week,
I was asked to attend the
International Association
of Institutes of Navigation
(IAIN) officers’ meeting,
which is generally held in
conjunction annually with the ENC GNSS
meeting. (I was an invited observer, not a
voting officer.)
Dr. Refaat Rashad, president of the
Arab Institute of Navigation (AIN), is also
current president of IAIN, and its next
triennial congress will be hosted by AIN in
Cairo, Egypt, in October 2012. It appears
likely the following IAIN congresses
will be held in Prague, Czech Republic,
in October 2015, hosted by the Czech
Institute of Navigation (CZIN), and near
Tokyo, Japan, in 2018, hosted by the
Japan Institute of Navigation (JIN).
I was amazed to see a fairly small
U.S. representation at the conference.
In fact, I counted just three. Of course,
the International Committee on GNSS
(ICG) was meeting at the same time in
Torino Italy, and many U.S. government
representatives attended that event. Still,
I believe it important to go to the larger
ION Newsletter

Photo top: A technical session. Professor Vidal
Ashkenazi chaired the panel discussion entitled
“GNSS for Business, the Citizens and Government” followed by 23 parallel technical sessions
which offered 95 expert presentations supplemented by more than 25 poster briefings and
23 technical exhibitions from industry, research
institutes and media.
Photo left: The conference banquet was highlighted by the official handover of the presidentship
of the German Institute of Navigation (DGON)
to Professor Dr. Hermann Rohling.

conferences, such as the ENC GNSS,
if for no other reason than to sense
the concerns and activities of system
developers and users around the world.
I want to close by thanking ION
President Dr. Mikel Miller for asking
me to help out by representing him
and the ION at the ENC GNSS 2010 in

Braunschweig, Germany, and also the
ION National Office for help in setting
up my trip. I offer my congratulations to
Professor Dr.-Ing. Peter Voersmann on the
success of this conference and his service
as DGON President, and I offer my best
wishes to Professor Dr. Hermann Rohling
for his term as DGON President. 

Don’t miss the 2011 European Navigation Conference,
November 29–December 1 in London, hosted by the
Royal Institute of Navigation! www.enc2011.org
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Global Positioning System
With a more-than-full constellation (31
operational satellites) in place for several
years, the GPS program has been focusing
less on satellite launches than advancing
work on modernization of the space and
ground segments.
According to the GPS Directorate,
the first GPS IIF satellite — designated
Space Vehicle Number 62 or SVN-62,
launched May 28, 2010, and set healthy
last August 27 — is performing well and
with the best atomic clock performance
ever seen on orbit. Launch of the second IIF
is currently scheduled for June 23 at Cape
Canaveral Air Force Station, Florida.
Another satellite date of note: SVN23, a
GPS IIA satellite launched in 1990, celebrated
20 years of operational life, setting a new
record in longevity for the system and far
exceeding its design life of 7.5 years.
The modernization effort revolves around
design, development, and review processes
being led by the U.S. Air Force and the teams
led by prime contractors for the various modernization initiatives: the GPS Block IIIA space
vehicle program (Lockheed Martin), the
Next-Generation Operational Control Segment
(OCX) program (Raytheon), and the Modernized GPS User Equipment (MGUE) program
(no prime selected yet).
On December 17, the GPS Directorate
(formerly GPS Wing) completed its second
Annual GPS Enterprise Review (AGER), highlighting the major milestones in developing
and deploying modernized GPS capabilities.
Col. Bernard Gruber, GPS program director at the Space and Missile Systems Center
(SMC), Los Angeles Air Force Base, led his
team through a Defense Acquisition Board
(DAB) review chaired by Frank Kendall,
deputy undersecretary of defense for acquisition, technology and logistics, and attended
by other senior Department of Defense
(DoD) officials.
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(During his presentation at the ION ITM
2011 meeting, ION President Dr. Mikel Miller
mentioned that AFRL’s commander, Maj. Gen.
Ellen M. Pawlikowski, would assume command of the SMC this spring.)
The AGER focused on major acquisition
milestones for each of the GPS Enterprise’s
three segments.
GPS IIIA received Milestone C approval
for entry into the production and deployment
(P&D) phase as well as authorization to initiate long-lead parts procurement for the first
two production satellites. A total of eight GPS
IIIA satellites will be built, with first delivery
scheduled for mid-2014.
Meanwhile, the Aerospace Corporation
has completed acceptance testing on the GPS
III Bus Real Time Simulator (BRTS) from the
Lockheed Martin–led team developing the
next-generation satellite program, keeping the
initiative ahead of schedule.
The BRTS is a specialized piece of test
equipment designed to reduce risk and
ensure overall mission success for the lifecycle of the GPS III program. The simulator
will enable Aerospace Corporation to independently validate GPS III bus flight software
for the U.S. Air Force.
OCX is on target for a successful Milestone B — entry into the engineering and
manufacturing development phase of the
program — following a preliminary design
review scheduled for late spring 2011.
Additionally, the program received approval
for a plan to develop and build and deliver a
Launch & Checkout System to fly the first GPS
IIIA satellite before the full OCX capability is
fielded in 2015.
MGUE is primed for a Milestone A decision
— entry into the technology development
phase — following a detailed Office of the
Secretary of Defense review of the program’s
technology development strategy currently
under way.
By June, the United States GPS constella18

tion will attain the most optimal geometry
in its nearly 33-year history. Over time,
that means a more robust signal, more
accuracy and more reliability in GPSchallenged environments.
The 50th Space Wing is in the middle
of maneuvering six GPS satellites into
more favorable positions. The two-phase
operation, called “Expandable-24” and
described in detail in the Fall newsletter, is
halfway to completion.
Phase one began on January 13, almost
exactly one year ago. The 2nd Space
Operations Squadron, the Wing unit that
controls GPS, began maneuvers on three
selected satellites: SVN 24, SVN26 and SVN
49. One took 351 days to nudge into place.
The third satellite completed repositioning
on January 18, 2011.
Phase two of Expandable-24 began in
August 2010 and is expected to be finished
next June. Another three GPS satellites will be
repositioned during the second phase.
“The strategy maximizes the number
of GPS satellites overhead and in view of a
user’s receiver by optimizing the location of
GPS satellites in space. The more satellites
that are overhead or in view of a user at any
given time, the better the navigation accuracy
for that GPS user,” said Lt. Col. Mike Manor,
director of operations for the 2nd Space
Operations Squadron in charge of the GPS
Master Control Station at Schriever Air Force
Base, Colorado.

GLONASS
Okay, what first — good news or bad news?
The bad news, then. . . .
In late 2010, Russia’s GNSS system
appeared on the cusp of full restoration —
with a triple launch of GLONASS-M satellites
and the a demonstration flight of the first
next-generation GLONASS-K expected before
the end of the year.
However, the GLONASS-M launch went
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south, literally, as an overloaded Proton
rocket veered off course and fell into the
Pacific Ocean a hundred miles or so off of
Hawaii. Shortly thereafter, the Russian Space
Agency (Roscosmos) called off the GLONASSK because the Plesetsk facility was not ready.
Following an investigation into the launch
failure, President Dimitry Medvedev fired
Vice-President and First Deputy General
Designer of the S.P. Korolev Rocket and Space
Corporation Energia Vyacheslav Filin and
Deputy Head of the Federal Space Agency
(Roscosmos) Viktor Remishevsky for the
errors made in calculations for refueling the
vehicle’s Block DM-3 upper stage.
On January 25, however, RIA Novosti, the
state news agency, reported that Roscosmos
officials had indicated that another launch
of three GLONASS-Ms will be attempted in
the May-June time frame. Then, on February
9, the Russian defense ministry announced
that the GLONASS-K will launch on February
24 from the Plesetsk space center north of
Moscow.
With 22 healthy satellites already in its
constellation, that should enable the GLONASS
program to declare full operational capability
(FOC) by mid-year.
Meanwhile, numerous companies —
including Qualcomm, Broadcom, and ST
Microelectronics — have announced the
availability of GLONASS/GPS chipsets for the
mass market, anticipating a rapid adoption
of the Russian GNSS technology to bolster
the robustness of positioning mobile consumer devices.

Galileo
The first launch of two Galileo in-orbit
validation (IOV) satellites from the European
Space Agency’s (ESA’s) Kourou, French
Guiana, facility is now expected to take place
in August 2011 on board a modified SoyuzST-B carrier rocket.
According to the Russian the design
bureau’s press service, the planned date is
August 31.
But the program still has major hurdles
to overcome, both before and after the
scheduled launch.
A European Commission (EC) communication sent to the European Parliament and
European Council on January 18 estimated
that completing a fully operational capability
(FOC), 30-satellite Galileo system and the
European Geostationary Navigation Overlay
Service (EGNOS) will cost an additional
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€1.9 billion above the €3.4 billion already
allocated.
The EC report attributes the cost overruns
primarily to the increased cost of the development phase, the increased price of the
launchers, and the lack of competition for
the award of some contracts in the deployment phase.
The commission says that about €500
million of those costs came as a result of the
transition from a public-private partnership

Galileo photo: Galileo dispenser testing with the QUAD
electrodynamic shaker at ESA’s technical center in Noordwijk, The Netherlands. Photo credit: ESA.

(PPP) model to an all-public program,
including renegotiating contracts and the
need to launch a second experimental
satellite (GIOVE-A) in order to retain the
use of RF frequencies allocated by the
International Telecommunication Union
(ITU). Another €500 million stems from
the higher cost of launch services compared
to the original contract.
Moreover, the EC foresees an average annual expense of €800 million to operate the
systems. Assuming that the additional money
is approved, the commission’s Galileo leaders
now expect the FOC system to be completed
in the 2019–2020 time frame.
In October, ESA signed a €194 million
($270.5 million) contract with SpaceOpal to
provide space- and ground-based services to
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operate the Galileo constellation once it has
been fully deployed. SpaceOpal GmbH is a
joint venture between Gesellschaft für Raumfahrtanwendungen (GfR, Space Applications
Company) GmbH established by the German
Aerospace Centre (DLR GfR), and Telespazio
S.p.A. of Italy.
Meanwhile, The European Commission
(EC) has appointed a new deputy director in
the Directorate-General for Enterprise and
Industry, who will have among his responsibilities overseeing the three units responsible
for Galileo and the European Geostationary
Navigation Overlay Service (EGNOS).
Paul Weissenberg, currently director for
Aerospace, Defense and Security Industry,
DG Enterprise and Industry, European
Commission took up his responsibilities on
February 1. The appointment is expected
to elevate the decision-making on Europe’s
GNSS programs, which had previously had
to work out agreements among three separate units at a lower level.
Carlo des Dorides has been named as the
new executive director of the European GNSS
Agency (formerly the Galileo Supervisory
Authority or GSA).
He will succeed Heike Wieland, who leaves
at the end of January to become principal
legal council at the European Patent Office.
Wieland served as GSA acting director following the departure of Pedro Pedreira last June.
Formerly the head of the GSA concessions
department and later the programs department, des Dorides went on to work in the
Galileo Unit of the European Commission.
While at the GSA, he also had lead responsibility for the most recent revised draft of the
Galileo Open Service Signal-in-Space Interface
Control Document (OS-SIS-ICD).

Compass
China successfully launched the seventh
BeiDou-2 satellite — the second inclined
geostationary orbit (IGSO) — on December
18 from the Xichang Satellite Launch Center in
Sichuan province.
In 2010 China added five spacecraft to
its constellation. The most recently launched
satellite is the second of five inclined geosynchronous orbiting (IGSO) spacecraft planned
for the regional version of the system that
China hopes to complete by 2012. The full
(Phase III) constellation will contain only
three IGSOs.
The Compass Phase II constellation
currently has six satellites in orbit. 
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Navigation Novelties

What’s New in the PNT World?
Robots Run the Marathon
(Don’t Tell Pheidippides)
Japanese companies lead the robotics service
market — in fact, the industry expects
this market to increase to 6.2 trillion yen
(US$74.4 billion) by 2025.
They’re using this strength to compensate
for an aging, shrinking population. In 2010,
23 percent of Japan’s population had reached
retirement age and beyond. In 2009, the government promised to deliver commercially
available robot nurses within five years.

Photos top right: Pheidippides; above: Vstone
robot. Photo credit: Vstone.

But Japan’s robotics industry is also
challenging the younger population — those
who, for example, run serious distances.
Vstone, makers of a number of humanoid
and research robots and sensors, is sponsoring the first All-Robot Marathon. Robovie-PC
(pictured here) and his pals will run the
26.2 miles by covering 422 laps around a
100-meter track.
Some of the competitors operate
autonomously; others depend on a human
controller.
The point of the exercise is endurance —
operators will be able to replace worn parts
throughout the race. Repair breaks count
against the final score.
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(Bet Pheidippides — the herald said to
have run to Athens from the battlefield near
Marathon to announce the Greek victory over
Persia before collapsing and dying — would
have loved a pit stop!)
Speaking strictly from the human perspective, why are you guys hanging out on the
track? Don’t you robots have work to do?
Vstone has not announced a time and
place for the event. Watch the very cute robot
go on You Tube at http://www.youtube.com/
watch?v=IM59zmOZcGA. 

BioNav, Robots, DARPA, and
Dung Beetles
How can you possibly resist a conference
with sessions like this? “Ballroom Dancing:
Orientation Behaviour in Dung Beetles.”
It’s only one among many piquant — and
portentous— topics at RIN11, the Royal
Institute of Navigation conference, “Birds,
Humans and Other Animals “ on biological
navigation.
The event takes place from April 6–9 at
the University of Reading, UK.
Note that the conference program includes
us humans among the animals, and one of the
areas of interest is the application of animal
navigation techniques to human plans or
“BioNav.”
Last November, the Defense Advance
Research Projects Agency (DARPA) sent out
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an RFP for just such a BioNav development
— human neural control of robots.
At this point, DARPA seeks “novel
approaches.”
They asked for ideas “to sense and interpret biological signals correlated with human
user intent, and to translate these signals into
actual waypoints or movement commands in
a virtual or physical environment. Relevant
biological signals may include, but are not
limited to, electromagnetic, galvanic, and
behavioral responses.”
DARPA anticipates that healthy, normal
people will use any new tools that arise
from these ideas; consequently, they ask for
“noninvasive” solutions. (In other words, the
Borg* need not apply.)
So, years from now, the finished product
may enable you to, say, oversee your robotic
car’s maneuvers in the dark during a blizzard
using your own neural network while keeping
your hands, legs, and other sense organs free
to play pinochle with your traveling companion, intervene when the kids misbehave in the
back seat, and practice your dance steps.
Or, for some of us who will be very, very
old by the time this happens, maybe we can
just let the neural networks do everything for
our perfectly engineered avatar! 

*A collectively conscious race of cybernetically
enhanced humanoids in “Star Trek: Next Generation” and its movie spinoffs, who sought to assimilate other species under the slogan, “Resistance is
futile.” Photo credit: CBS Studios Inc.

Winter 2010-2011

DUE JUNE 30
Kepler 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, 8551 Rixlew Lane, Suite 360,
Manassas, VA 20109.

NEW ION OFFICERS & COMMITTEE
CHAIRS ANNOUNCED
At the conclusion of the ION 2011 International Technical Meeting, the gavel was officially
passed to the newly elected ION officers and committee chairs. The election results are as
follows: President: Dr. Todd Walter, Stanford University; Executive Vice President: Patricia
Doherty, Boston College; Treasurer: Dr. Frank van Graas, Ohio University; Eastern Vice
President: Douglas Taggart, Overlook Systems Technologies; Western Vice President: Clyde
Edgar, The Aerospace Corporation; Eastern Council Member-At-Large: Dr. Jacob Campbell,
Air Force Research Laboratory; Western Council Member-At-Large: Kevin Rudolph, Raytheon;
Space Representative: Dr. Attila Komjathy, Jet Propulsion Laboratory; Air Representative:
Neeraj Pujara, Air Force Research Laboratory; Land Representative: Dr. James Duckworth,
Worcester Polytechnic Institute; Marine Representative: Charles Schue, UrsaNav Inc.
The following committee chairs were appointed: Nominating Chair: Dr. Mikel Miller,
Air Force Research Laboratory; Finance Chair: John Clark, The Aerospace Corporation;
Membership Chair: Dr. Dorota Grejner-Brzezinska, The Ohio State University; Fellow
Selection Chair: Phillip Ward, Navward GPS Consulting; Technical Committee Chair: Patricia
Doherty, Boston College; Publication Chair: Dr. Boris Pervan, Illinois Institute of Technology;
Meetings Chair: Dr. Sherman Lo, Stanford University; Awards Chair: Dr. Chris Hegarty,
The MITRE Corporation; Bylaws Committee Chair: Charles Bye, Honeywell; Outreach Chair:
Dr. Jade Morton, Miami University.

Corporate
Profile

DUE JUNE 30

Parkinson Award
Nominations
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.

Septentrio Satellite Navigation
The World’s Largest Technical Meeting & Showcase
of GNSS Technology, Products, Services and More!

The Institute of Navigation is pleased
to welcome these new ION corporate
members:

Tubitak Sage

www.sage.tubitak.gov.tr/en/

Petrobras

www.petrobras.com.br/en/
For more information on corporate membership in
The Institute of Navigation, please contact Kenneth P. Esthus
at 703-366-2723, ext 104, or visit us at www.ion.org.
ION Newsletter
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www.septentrio.com
Septentrio Satellite Navigation NV,
designs, manufactures, markets and
supports high‑end dual‑frequency GNSS
receivers. Targeted at original equipment
manufacturers (OEMs), Septentrio’s
core technology is being applied in
precise positioning, timing and attitude
determination applications.
Septentrio Satellite Navigation NV is
a young dynamic company founded to
commercialize the Satellite Navigation
know‑how developed at the InterUniversity
Micro Electronics Centre (IMEC), the
largest independent microelectronics R&D
lab. Septentrio’s headquarters are located
in Leuven, close to Brussels, capital of
Belgium and of the European Union.
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2011 Autonomous
Snowplow Competition
First Annual Autonomous Snowplow Competition Held at St. Paul’s Winter Carnival in St. Paul, Minnesota

F

or a competition designed to take full
advantage of winter, the Saint Paul
Winter Carnival delivered — providing the
perfect setting for The Institute of Navigation
Satellite Division’s First Annual Autonomous
Snowplow Competition held January 27–30
in Saint Paul, Minnesota.

Teams included students, partners from private industry, and faculty advisors from Dunwoody College of Technology (Minnesota),
Miami University (Ohio), Ohio University,
The University of Michigan–Dearborn, The
University of Minnesota, and Wright State
University (Ohio).

limited sky visibility in the downtown area
where buildings blocked satellite signals.
The outdoor competition started on
Friday, January 28, with qualification reviews
and safety inspections. On the following two
days, facing temperatures in the mid-teens,
the teams were challenged to clear two paths

2011 AUTONOMOUS
SNOWPLOW
COMPETITION WINNERS
FIRST PLACE
Ohio University

SECOND PLACE

Second place Miami University’s
“RedBlade” in action.

Miami University (Ohio)

THIRD PLACE
Dunwoody College of
Technology (Minnesota)

The Pit Crew readies the
plowing field for the
competition.

First place was awarded to the Ohio University
Avionics Engineering Center team shown above with
their Monocular Autonomously Controlled Snowplow
(M.A.C.S.).

BEST PRESENTATION AWARD
Ohio University

OTHER TEAMS
University of Minnesota
University of Michigan Dearborn
Wright State University/GIRD
Systems Inc. (Ohio)

Sponsored by the Institute’s Satellite Division and held in cooperation with the ION
North Star Section, the ION Annual Autonomous Snowplow Competition challenges
students to design, build, and operate a fully
autonomous snowplow that can remove
snow from a pre-designated path.
Braving bitterly cold temperatures, six
college/university teams competed in the
four-day competition, each using unique
design approaches for their snowplows.
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The teams were judged based upon their
cumulative scores earned throughout the
competition phases with the plowing competition representing 75 percent of a team’s
total score and its presentation and pre-event
report, 25 percent.
The Science Museum of Minnesota
hosted the student presentations, which took
place on Thursday, January 27. A panel of
nine judges scored the presentations.
Teams employed a variety of navigation and guidance technologies for their
snowplows with several using laser sensors
while others incorporated wheel encoders
and inertial measurement units. One team
even used image processing of the local
visual field.
Only one team used a differential GPS
system, an approach that ended up delaying their ability to survey the field due to the
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of snow. The first, a straight “I”-field was
designed to represent a straight sidewalk for
plowing. The path was one meter wide by 10
meters long and was “scored” every meter
to help judges determine exactly how much
snow had been removed after the vehicle had
completed its run.
The second path was a square “U”-field,
which required vehicles to make a turn during the run. The path was one meter wide by
23 meters long that was also “scored” every
meter. The snow depth was five centimeters.
Snowplow blade designs included a single
blade set at an angle to the vehicle (used by
two teams), and a V-shaped blade (used by
four teams), which conceivably would allow
clearance of the test area in a single pass if
the center of the blade was kept exactly
in the center of the path as the plow moved
along it.
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First place was awarded to Ohio University (OU) students Samantha Craig, Matthew
Miltner, and Derek Fulk and faculty advisors
Dr. Frank van Graas and Dr. Wouter Pelgrum
for their entry: the Monocular Autonomously
Controlled Snowplow (M.A.C.S.) created by
the University’s Avionics Engineering Center.
OU’s four-wheeled snowplow, with independent motors controlling each wheel, used a
LIDAR navigation system with tall, cylindrical,
white posts serving as external reference
beacons. Their angled snowblade ended up
clearing nearly a full 100 percent of both the
“I” and “U” fields.

Dr. Suneel Sheikh, (L)
competition architect
and organizer and
Dr. Mikel Miller (R) at
the competition.

Third place winner “Snow Devil” from
Dunwoody College of Technology.

The first place prize included $2,500 and
the Gold Snow Globe Award. Ohio University
also took home an additional $500 cash
prize for “Best Presentation.” Ohio University
has been invited to display their winning
snowplow at the ION GNSS 2011 conference scheduled September 20–23, 2011, in
Portland, Oregon.
Second place was awarded to Miami
University students Vincent Gatto, Steve Taylor, Aditya Wibowo, Ryan Wolfarth, Brandon
Williams, Harrison Bourne, Mark Carroll,
Jamie Morton, Kyle Rogers and Mark Stratis
with faculty advisors Dr. Yu (Jade) Morton
and Dr. Peter Jamieson for their entry “RedBlade.” The second place prize included
$1,500 and the Silver Snow Globe Award.
Dunwoody College of Technology’s
entry, “Snow Devil,” took third place for a
team that included students Nigel Ystenes,
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Josh Moses, Keith McClelland, Michael
Carnis, James Jorgenson, and Randy Taklo
and faculty advisors E.J. Daigle, John
McShannock, and Tim Flugum. The third
place prize included $500 and the Bronze
Snow Globe Award.
Dr. Suneel Sheikh of Aster Labs, the competition’s architect and organizer, designed
the competition to attract and retain our
next generation of engineers and innovators
and to promote the sciences as an attractive
field of study. Following the competition the
organizers received the following note from
a faculty advisor for one of the teams:
“This competition meant a great
deal to my students. They worked very
hard to get to the competition, but once
they arrived the reality of operating their
snow plow in a real world environment
kicked in. Components were failing one
after another (mostly due to the cold
weather), and they had to come up with
alternative approaches on-the-fly under
time and materials constraints. Yet, they
were able to re-engineer and overcome
the technical difficulties. They have since
reported that this real-world experience
has been more valuable to them than
all their classroom courses. My senior
students have already proposed supervising a team next year. All five of the snow
plow team members are now applying
to graduate programs and plan to work
in the navigation and guidance field.
This challenge brought out the best in my
students and motivated them to want
to do more. This is what education is
supposed to do! Thank you for providing
us with this experience.” Dr. Jade Morton,
Miami University
The competition hit its mark, thanks
to all the dutiful volunteers and organizers
that made it a reality, as well as the event’s
co-sponsors: Lockheed Martin Corporation,
Aster Labs Inc., Honeywell, Inc., Alliant
Techsystems Inc., U.S. Bancorp, and Hitching
Post Motorsports.
Next year’s Snowplow Competition will
be held again in January 2012 at the Saint
Paul Carnival, St. Paul, Minnesota. For more
information on the competition, please visit
www.autosnowplow.com or contact Dr.
Suneel Sheikh at sheikh@asterlabs.com. 
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CALENDAR
MAY 2011
15-20: RTCM Annual Assembly,
St. Pete Beach, FL
Contact: RTCM
Tel: + 1 703-527-2000
Fax: +1 703-351-9932
Web: www.artcm.org
JUNE 2011
28-30: JSDE/ION JNC 2011, Crowne
Plaza Hotel, Colorado Springs,
Colorado
Contact: The ION
Tel: +1 703-366-2723
Fax: +1 703-366-2724
Web: www.ion.org
SEPTEMBER 2011
20-23: ION GNSS 2011, Oregon
Convention Center, Portland, Oregon
Contact: The ION
Tel: +1 703-366-2723
Fax: +1 703-366-2724
Web: www.ion.org
NOVEMBER 2011
NOV. 29- DEC. 1: European Navigation
Conference - Global Navigation Satellite
Systems (ENC GNSS) 2011, Grange
Tower Bridge Hotel, London, UK
Contact: The Royal Institute of Navigation
Tel: +44-20-7591-3135
Fax: +44-20-7591-3131
Web: www.enc2011.org
JANUARY 2012
JAN. 30 - FEB. 1: ION International
Technical Meeting (ITM) 2012,
Marriott Newport Beach Hotel & Spa,
Newport Beach, California
Contact: ION
Tel: +1 703-366-2723
Fax: +1 703-366-2724
Web: www.ion.org
APRIL 2012
24-26: IEEE/ION PLANS 2012, Myrtle
Beach Marriott Resort & Spa, Myrtle
Beach, South Carolina
Contact: ION
Tel: +1 703-366-2723
Fax: +1 703-366-2724
Web: www.ion.org
JUNE 2012
12-14: JSDE/ION JNC 2012, Crowne
Plaza Hotel, Colorado Springs,
Colorado
Contact: The ION
Tel: +1 703-366-2723
Fax: +1 703-366-2724
Web: www.ion.org
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June 27–30, 2011
Tutorials June 27

Crowne Plaza Hotel • Colorado Springs, Colorado
Co-Sponsored by:
Joint Service Data Exchange (JSDE)
and The Institute of Navigation (ION)

“Military Navigation Technology: The Foundation for Military Ops”

SESSION TOPICS:
n Warfighter Requirements & Solutions
n Multi-Sensor Solutions for Guidance,
Navigation, and Control
n Navigating in Challenged Environments
(e.g. Urban, Indoor and Sub-Surface
Navigation)
n Collaborative Navigation Techniques
n Land Applications

n
n
n
n

NEW!
n

NEW!

Alternate Navigation Technologies:
I and II
Marine Applications
Space & Satellite Applications
Aviation Applications
Micro Navigation Applications
Robust Navigation Systems/Solutions
Missile Applications

EXHIBIT SPACE IS AVAILABLE!

NEW! GPS Modernization
NEW! GPS Constellation Performance
n
n
n

Military GPS/Antenna Technologies and
Interference Mitigation
Military GPS Receivers and Military GPS
Receiver Technology
Military GPS Use and Experiences

n
n
n

n

GPS in Military Applications/
Navigation Warfare
Modeling & Simulation
Classified Session Sponsored by:
The Joint Navigation Warfare Center
(classified 4-Eyes)
Cross-Talk Panel (classified 4- Eyes)

www.jointnavigation.org

