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A

n interagency team, sponsored by the
Departments of Defense and Transportation and led by the National Security
Space Office, has developed a National
Positioning, Navigation, and Timing (PNT)
Architecture that will substantially affect
future government- and commercially
provided PNT products and services.
The architecture envisions sustained
U.S. leadership in global PNT through a
strategy that makes greater PNT capabilities
more generally available. The strategy is
supported by vectors, or enterprise architecture elements, for using multiple PNTrelated phenomenologies, interchangeable
PNT solutions, PNT and communications
systems synergy, and cooperative organizational structures.
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An Industry Outreach meeting to
consider the study conclusions and
recommendations will take place the
afternoon of September 16, before the
opening session of this year’s ION GNSS
2008 conference in Savannah, Georgia.
The meeting will provide an opportunity
for vendors to become familiar with the
National PNT Architecture, to understand
how it incorporates industry perspectives,
to make company perspectives known to
the government, and to engage in discussion with the government regarding its
plans to transition to the architecture.
The Industry Outreach meeting will
take place from 1 to 4 p.m. in Rooms 105
and 106 at the Savannah International
Trade and Convention Center.

Origins of the Architecture Study
In 2006, the Assistant Secretary of Defense
for Networks and Information Integration (ASD/NII) and the Under Secretary
of Transportation for Policy (OST/P)
launched a study in response to Department of Defense (DoD) and civil agency
recommendations to develop a comprehensive National PNT Architecture as a
framework for developing future PNT
capabilities and supporting infrastructure.
The effort’s purpose was to provide
more effective and efficient PNT capabiliNational PNT continued on page 16
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Summer Break
Summer Break
The dog days of summer are upon us, and
I hope that you have found time to enjoy
the warmer weather with your family and
friends. Although summer is normally a
quieter period for ION, we have a number
of activities to report on.
Student Outreach
The Fifth Annual ION Robotic Lawnmower competition took place June 5–8 in
Beavercreek, Ohio. As reported in an article elsewhere in this issue of the newsletter,
nine university teams participated this year
and competed for $35,000 in prize money.
Congratulations to all the participants, and
thanks to the organizers and to AFRL and
Honeywell for cosponsoring this event.
The ION recently announced the First
Annual ION Mini-Urban Challenge. The
purpose of this competition is to challenge high school students to design and
operate a robotic unmanned car built from
a LEGO® MINDSTORMS® kit that can
accurately navigate through a LEGO® city.
Regional Competitions will be held in May
2009 at two locations with $10,000 in prize
money for the winners. See the ION website
for further details.
The ION Graduate Student Award Program continues with $25,000 budgeted this
year. The program was established primarily to encourage the growth, development,
and involvement of graduate students in
fields of study that support the advancement of the art and science of navigation.
To date, participating institutions include
the University of Calgary, University of Colorado, Ohio University, Ohio State University,
Miami University, California State Poly, and
the Air Force Institute of Technology.
Twenty students were selected in the
GNSS 2008 Student Paper Competition.
This sponsorship provides student authors

an opportunity to attend and present their
papers at the world’s leading international
GNSS conference — the ION’s fall meeting. The sponsorship includes a flat travel
subsidy and complimentary full conference
registration for each student.
Lastly, the ION continues to provide
navigational education materials on our
website that are intended to facilitate the
introduction of navigation in middle school
course work.
Sustainable Technology Development
in Africa
The Council passed a motion at their May
meeting to fund ION member instructors
travel to a 2009 workshop in Trieste, Italy,
which will be held to promote a knowledgeable GNSS workforce in Africa. The
workshop is organized by the International
Partnership for Sustainable Development in
Navigation Science and Technology in Africa.
Summer Issue of the Journal
I reported in the last newsletter that a special Summer Issue of NAVIGATION was being
prepared on the topic of bio-navigation. This
issue is now complete and available on the
ION website. Paper copies of the issue have
been mailed.
Conferences
A reminder that the GNSS 2008 meeting in
Savannah, Georgia, is coming up quickly,
September 16–19, for those that have yet
to register or book travel. Also, abstracts
are due shortly thereafter — on October 3
— for the International Technical Meeting
2009, which will be held on January 26-28,
2009 at Disney’s Paradise Pier Hotel.
Your comments and suggestions can reach
me by e-mail at membership@ion.org. u
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Fly Me To The Moon
(And Don’t Let Me Get Lost!)

This artist’s rendering shows an astronaut’s‑eye view of the lunar navigation system that Ohio State University researchers
and their colleagues are developing. Image by Kevin Gecsi, courtesy of Ohio State University.

W

hen United States astronauts return to
the moon in 12 years or so, they may
depend on a lunar version of GPS to help
them avoid the dangerous spatial disorientation likely to occur on a barren surface
lacking the visual cues earthlings need.
Ohio State University engineer Rongxing
(Ron) Li will lead the three-year project,
funded by NASA to the tune of $1.2 million.
GPS is expected to be part of the mix
of navigation technologies used on the
lunar mission, as discussed in presentations at the January ION technical meeting
(and described in an article in the Winter
2007/2008 newsletter). But at a distance
of 238,857 miles from Earth, the proposed
Lunar Astronaut Spatial Orientation and
Information System (LASOIS) will take over.
LASOIS will use signals from lunar beacons, stereo cameras, and orbital imaging
sensors to map lunar coordinates. Sensors
on the astronaut’s space suits, their lunar
vehicles, and robots roving the surface of
the Moon will pick up the signals during
the country’s first manned space voyage

since the 1970s, now scheduled to occur
by 2020.
The experience, researchers say, will be
like using a GPS personal navigation device
on the Earth.
On July 21 Li, a professor in OSU’s
Civil and Environmental Engineering and
Geodetic Science department, and seven
coauthors presented a paper on LASOIS at
the NASA Lunar Science Institute (NLSI) Lunar Science Conference held at NASA Ames
Research Center in Moffett Field, California.
In their paper, the team talked about a
typical disorientation crisis during Apollo
14’s 1971 lunar mission. Two astronauts
were walking 1,100 meters east of the landing site, heading towards the rim of Cone
Crater. Even though they used a map, the
rolling terrain and lack of points of reference caused them to lose their way. With
oxygen and time running out, they had to
turn back, not knowing that they had come
within just a few yards of their destination.
Engineering professor Li has contributed
to the navigation system aboard NASA’s suc-
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cessful Mars rovers, Spirit and Opportunity,
but his research team includes psychologists and experts in computer-human
interaction as well.
Li said, “We will help with navigation,
but also with astronauts’ health. We want
them to avoid the stress of getting lost, or
getting frustrated with the equipment. Lunar
navigation isn’t just a technology problem,
it’s also biomedical.”
Consequently, the LASOIS project
includes technology and training and will
incorporate psychological and cognitive
research on spatial orientation and navigation into its design.
Orbital sensors will be installed in
navigation, communication, and reconnaissance satellites in orbit around the Moon.
The beacon system will use radio frequency,
microwave, ultrasonic, or visible light
sources to transmit the relative positioning between an object and surface beacon
reference points.
Wheel odometers and engineering navigation cameras will be mounted on roving
vehicles or robots.
Lightweight stereo cameras can be
mounted on the space suit helmet and
will provide real-time visual information.
A user-friendly interface will be mounted
on the astronauts’ arms to provide display
functions for 2D and 3D spatial information
along with necessary interaction functions.

Ohio State University
navigation expert will help
create a Lunar GPS system
for NASA’s 2020 manned
lunar mission
The moon mission will use a new
Apollo-like capsule, Orion, and will begin
testing this year. The current plan calls
for the spacecraft to land near the Moon’s
south pole within the solar system’s largest
impact crater. The area’s moderate temperatures, constant sunshine, flat landing areas
and subterranean resources hopefully will
enable NASA to use it as a long-term base
for further space exploration. u
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Mowing Madness

at the Fifth Annual ION Robotic
Lawn Mower Competition!

D

uring the first week of June this year,
nine teams from across the U.S. and
Canada converged on Siebenthaler’s Garden
Center near Dayton, Ohio. The nine teams,
each equipped with robotic mowers, made
the journey to Dayton with a single mission:
to compete in the Fifth Annual ION Robotic
Lawn Mower Competition.
And what a competition it was — with
sponsorships by the Air Force Research
Laboratory (AFRL) Sensors Directorate,
Honeywell, the Institute of Navigation Satellite Division, and Siebenthaler’s Garden
Center, more than $35,000 in sponsored
prize money was up for grabs. To encourage both returning and new entries, this
year’s event offered two levels of competition (advanced and basic) — but we will
get to that in a moment. First, let’s take a
look at 2008 competitors (in alphabetical
order).
Competing for their first time, Auburn
University arrived with their “Blades of
Glory” mower entered in the basic competition. Also competing for the first time but
opting to challenge the advanced competitors came Case Western Reserve University
(CWRU) with their “CWRU Cut” mower.
Cedarville University brought back “The
Beast” from last year for the basic competition – which truly was a monster of a
mower. L’ Ecole de Technologie Superieure
(ETS) from Canada returned in the advanced competition for their third year in a
row with the “Herbinator.” Miami University
of Ohio was also back in the advanced
competition for their fourth year with the
“Miami Redblade” mower.
A five-time competitor in the advanced
category — and the only team that has not
missed this event since it started — was
Ohio University with their “OU Blades of
Glory” mower. University of Evansville came
back for their second year in the advanced

competition with their mower “UEzMoe2.”
Competing for the first time was
University of Waterloo (also from Canada)
with “TronMower.” And, finally, for their
third consecutive year in the advanced
competition was Wright State University with
“Lawnbot.”
The teams this year had some very
impressive designs, many controlled by
Trimble and NovAtel differential GPS receivers integrated with various inertial, odometer, magnetic, camera, and laser sensors.
With a majority of the teams mowing
over half the grass in the 2007 competition,
the event coordinators faced the challenge
of increasing the realism and difficulty while
keeping the competition “score-able.” To
accomplish these objectives, the advanced
“L”-shaped field included a flowerbed and
fence that needed to be edged around as
well as a motorized stuffed poodle (the kids
loved it) to avoid while mowing the grass.
Six teams chose to take on the challenges of the advanced competition at this year’s
event: CWRU, ETS, Miami University of Ohio,
Ohio University, University of Evansville in
Indiana, and Wright State University (WSU).
The basic competition included a
rectangular mowing field with a stationary
obstacle. As mentioned earlier, two teams
competed in the category this year: Auburn
University and Cedarville University. After
several restarts both teams were able to cut
more than half of the grass in the basic plot.
As in the past, the competition took
place over three days, beginning June 5,
with paper and presentation judging and
qualifying rounds preceding the actual
mowing competition.
Dr. Jacob Campbell, chair of this year’s
competition, kicked off the event with a
competition overview presentation. Each
team then presented the work and designs
they had completed over the past year
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before a panel of guest judges from the Air
Force Institute of Technology (AFIT) and
AFRL, as well as an audience of students
and faculty from competing schools. It was
a great time for the teams to discuss different design strategies as well as network
among each other.
To compete in the mowing competition,
teams were required to qualify by passing
various safety and operational tests. Qualification judging took place on June 6, and
all but one team were able to qualify. After
the qualification round, many of the teams
worked late into the night — and some
through the night — tweaking their equipment in preparation for the actual mowing
competition.
By 9:00 a.m. the morning of the final
event on June 7, the skies had taken on an
ominous appearance. It looked as though
the competition would be threatened by
rainy weather. Nonetheless, Wright State
kicked off the mowing event with a good
run, and as the competition continued, the
rain did indeed become a factor, causing
several delays.
Whether it was the weather or the
increased difficulty of the advanced competition, the mowers seemed especially
challenged, with many of them impacting
obstacles and requiring restarts. But, in the
end, the competition was a success. Several
teams’ mowers managed to cut more than
50 of the grass, and the worst of the heavy
showers passed just south of the competition fields.
The final scores included a combination
of points from the teams’ technical papers,
presentations, and the mowing competition.
Presenting the awards at this year’s competition was Dr. David Jerome, director of the
AFRL Sensors Directorate.
In the advanced competition Wright
State University held on to their title,
Summer 2008

Photos top left and down: Dr. David Jerome presents advanced competition awards
to returning winner Wright State University/$15,000 grand prize; University of
Evansville/$10,000 second place; and Case Western Reserve University/$5,000 third place.
Photos top right and down: Basic competition first place goes to Cedarville University/$2,500;
second place winner Auburn University/$1,500.
Photos below: Scenes from the Fifth Annual ION Robotic Lawn Mover Competition held at
the Sienbenthaler’s Garden Center, Dayton, Ohio. Congratulations to all participants!

winning the $15,000 grand prize. They
were followed by the University of Evansville
taking home the $10,000 second place
prize, and Case Western Reserve University,
receiving the $5,000 third place award.
In the basic competition Cedarville
University took first place, winning $2,500,
and Auburn University, second place and
$1,500.
Next year’s competition will be held
again at the Siebenthaler’s Garden Center
near Dayton, Ohio. Tentative dates are June
11–14, 2009. For more information on the
competition, please visit http://www.ion.
org/satdiv/alc or contact Jacob Campbell at
jacob.campbell@wpafb.af.mil. u
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from the ion historian, Marvin May

The Lost Art of Getting Lost
T

hey say, “Success has a thousand
fathers, but failure is an orphan.”
Our community is enraptured with its
own success of providing precise positioning, navigation, and timing (PNT) to
millions of people worldwide.
This precise PNT has ostensibly benefited society by enabling more efficient
transportation, communication, and
commerce. These, in turn, should lead
to a higher standard of living and more
happiness.
But I’m not so sure!
Whatever happened to getting lost?
The art of getting lost is disappearing!”
Getting lost, in my opinion, engenders
cultural, educational, and even amorous
benefits that are in danger of becoming
extinct.
The situation is getting even worse
because a man is no longer the master in

his own home. With indoor navigation via
low-sensitivity GPS, L2C, RFID, WiFi, and
UWB, we cannot even lose ourselves in
our own houses.
Certainly one of the quintessential
differences between men and women is
their distinctive methods of getting lost.
Maintaining these differences is important for survival of the species.
Men like to get lost. And it’s a good
thing, too. How did Columbus discover
America? He got lost. When the pioneers
settled this country, they were lost before
they even started.
Why do you think men don’t like to
stop and ask directions? Getting lost gives
us the chance to put a little excitement
into our lives, a little spontaneity. It revives our instincts. We get a chance to use
our minds and think on our feet. Every
time we’ve ever been lost, we obviously
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gotten found again or we wouldn’t be
here.
Getting in the car and just driving
without knowing exactly where we’re
going is something lots of guys enjoy. I’ve
named the female behind the voice in my
GPS set Wanda Lost. When Wanda gives
me directions, she reverses the genetic
male and female predispositions, and this
may lead to far more serious consequences to mankind than any claims
of greatness heard at an Institution of
Navigation awards ceremony.
One prideful aspect of being an
expert in navigation has been the dubious
privilege of giving some poor lost soul the
fruits of my decades of navigation education and experience. Now that nobody
gets lost anymore, what little self esteem
I garnered from my marginally useful
repository of navigation information is
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further diminished. Today when someone walks up to me and asks, “Do you
know how to get to Main Street?” I simply
answer, “Yes”.
The act of getting lost is closely
related to issues of personal choice and
independence.
The iconic American poet Robert
Frost would have agreed that getting lost
could be a valuable experience. In his
poem, “The Road Not Taken” he wrote:
I shall be telling this with a sigh
Somewhere ages and ages hence:
Two roads diverged in a wood, and
I—
I took the one less traveled by,
And that has made all the
difference.
The poem can be interpreted as a
declaration of the importance of independence and personal freedom. “The Road
Not Taken” seems to illustrate that once

one takes a certain road, there’s no turning back.
Although one might change paths
later on, it’s not possible to change the
past. It shows that choice is very important, and is a thing to be cherished and
nurtured.
Frost expresses the existentialist’s
anxiety that a choice for one road turns
out to be a choice against another road.
This is true of all choices in life and is
not limited to choices between two inanimate objects. It can also refer to choices
between people, jobs, careers, etc.
So, the fork in the road provides a
metaphor for choices in general. The
early existentialist philosophers tried to
forge all choices into dichotomies. In
life we must often choose between many
alternatives.
Often choosing isn’t just about which
“roads” to take but is actually a choice
about how to choose.

Now the strange thing about choices
is that it is we who make them, and in
that sense no choice can ever be the
wrong one. We, in fact, make it right the
moment we choose it, as long as we have
the courage to act on our choice.
Some of the most memorable
experiences of one’s life may often have
occurred while being lost.
One day in my youth while lost in the
cavernous urban canyons of Manhattan, I
needed to find the historic musical showplace, Carnegie Hall. I asked an elderly,
but classically attired gentlemen, “How
do I get to Carnegie Hall”? He answered
assuredly, “Practice, practice, practice.”
Now that is a direction that Wanda
will never provide. u
— Ideas for this article were extracted
from “Everyday Adventures” by Mary
Fran Bontempo.

The Benefits of Advertising with
the ION Newsletter
www.ion.org
◆ Increase your visibility!
◆ Advertise your latest products and services to the largest audience
of  the world’s leading authorities on global navigation satellite
systems and related art and science of navigation!
◆ Buy 3 consecutive ads and receive 1 free! (same ad must be used for
each publication)
The Institute of Navigation
3975 University Drive, Suite 390
Fairfax, Virginia 22030 USA
703-383-9688, Phone; 703-383-9689, Fax
membership@ion.org • www.ion.org

◆ For more information please visit, http://www.ion.org/newsletter/
newsletter_ad_rates.pdf, or contact the ION Graphic Designer,
Alison Jackson at ajackson@ion.org.
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San Diego, California

Delays in GPS launches, research activity around Galileo’s new satellite signals
GPS

GPS satellites from reaching orbit. Air Force
Faulty components in a Delta II rocket
officials assessed the risk as “medium to
delayed the launch of the final two modernhigh,” for a failure in the $100-million-plus
ized GPS Block IIR (IIR-M) satellites as well
mission, counting the costs of both satellite
as early broadcast of an L5 civil signal that
and launcher.
faces a 2009 deadline for being on the air.
The replacement timers will undergo
However, U.S. Air Force officials hope to
standard production and qualification testreceive replacement parts by late September in time for an October 16
launch of IIR-20(M) which has
the experimental L5 payload.
Another launch is tentatively
scheduled for December 18.
With the GPS satellite
constellation currently well
above the level needed for full
operational capability (FOC),
the problem has not affected the
availability of GPS positioning,
navigation, and timing. Some 31
operational GPS space vehicles
(SVs) are currently on orbit with
only 24 SVs needed to provide
an FOC complement for global
coverage.
According to Air Force officials at the GPS Master Control
Station, Schriever Air Force
Base, Colorado, and Patrick
AFB near the Cape Canaveral
launch site, the questionable
component is a 40-second timer
Artist’s rendering of the GPS III Satellite. Photo credit: Lockheed Martin.
that triggers separation of the
third stage booster from the GPS
space vehicle.
IIR-20(M) is at the Kennedy
ing before the launches can proceed.
Space Center now, where the possible fault
Meanwhile, the USAF is ready to demwas detected in pre-launch testing in late
onstrate the United State’s ability to transmit
May. Separation failure would prevent the
an L5 demonstration signal (1176.45
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MHz) from GPS orbit pending successful
launch of SV-09, according to Air Force
Captain Brian Adcock, Chief of the NAVSTAR
Operations Support Office (NOSO) and Test
Director for the L5 R&D demonstration
payload at Schriever AFB.
Concept of operation, mission support
procedures, and crew training
have been provided to the operational squadron (2 SOPS)
at Schriever AFB. The on-orbit
test plan has been approved
by Air Force Space Command,
and the L5 test procedures
are complete and ready for
implementation.
The L5 signal at 1176.45
MHz is in a protected
aeronautical radionavigation
service (ARNS) band and is
expected to see substantial
use by the civil aviation community. The signal will go
into regular operation on the
follow-on generation of GPS
satellites (IIF) set for launch
beginning next year.
According to Adcock, the
L5 signal needs to be transmitting from satellites in orbit by
August 26, 2009, in order to
meet an International Telecommunications Union (ITU)
deadline for the L5 frequency
allocation.
The first IIF space vehicle is reportedly
doing well in thermal-vac tests in El Segundo, California, with a nominal launch date
Summer 2008

of February 2009. However, that launch may
be postponed to May.
In late June, Boeing announced completion of the latest in a series of environmental
tests of the first of 12 GPS IIF satellites,
which are necessary to confirm the mechanical integrity of the spacecraft.
Most recently, the GPS IIF team
completed a series of acoustic tests that
replicate the noise levels expected during
the spacecraft’s launch into orbit. The tests
are being performed under the supervision
of the Air Force, the Aerospace Corporation,
and the Boeing team at Boeing’s satellite
factory in El Segundo, California.
The GPS IIF program recently completed
a successful mechanical solar array deployment test and delivered upgraded software
for the control segment that will support the
first and subsequent GPS IIF launches.
In July, Boeing also received a threeyear, $153.5-million cost-plus-fixed-fee
contract to continue its efforts to augment
GPS for military applications by exploiting
the Iridium low earth orbit (LEO) communications satellite system.
Awarded by the U.S. Navy’s Naval
Research Laboratory (NRL), the funding
will be used for research, development,
and demonstration of the High Integrity GPS
Technology Concept — known more commonly as iGPS. The program is developing
techniques that enable faster acquisition
(time to first fix or TTFF) of GPS satellite
signals in adverse operating environments,
including those with RF interference or
urban settings.
The i-GPS architecture involves highprecision time transfer of GPS time and
its rebroadcast over the higher powered
Iridium communications channels. Clark
Cohen, a member of Boeing’s iGPS team,
described the project and results of June
2007 field tests at the January 2008 IEEEION PLANS meeting in Monterey, California.
An update the GPS Standard Positioning Service (SPS) performance standard
is nearing completion with release of the
document expected in September. Among
other items, the revised document will bring
the SPS accuracy specification closer to that
actually demonstrated by the system.
On July 16, Thad Allen, U.S. Coast Guard

commandant, sent a letter to the International Maritime Organization (IMO) reaffirming the intention of the United States to
make GPS SPS “available for the foreseeable
future, on a continuous, worldwide basis
and free of direct user fees” and provide
at least six year’s notice prior to any termination of GPS operations or elimination of
GPS SPS.
The statement echoes that made last year
to the International Civil Aviation Organization (ICAO) assembly and provides a basis
for development of operational performance standards by those groups based on
use of GPS.

Galileo
With the second Galileo experimental
satellite (GIOVE-B) on orbit and transmitting a wide array of signals, researchers are
beginning to report the results of observations of the new signals.
Meanwhile, on July 1 the European
Space Agency (ESA) launched the procurement process to build the full Galileo

ESA will act as the procurement and
design agent for the European Commission (EC), which is the program manager
and contracting authority of the publicly
financed project. The process will follow a
distinctively European process that includes
a “competitive dialog” between ESA and the
prospective prime contractors.
Individually, the following estimated
values have been earmarked for the six
work packages:
• WP 1: System Support: $120 million
• WP2: Ground Mission Segment: $270
million
• WP 3: Ground Control Segment: $45
million
• WP 4: Space Segment (satellites):
€$840 million
• WP 5: Launch Services: $700 million
• WP 6: Operations: $170 million
Program leaders hope to have contracts
signed by the end of this year or the beginning of 2009.
The overall program objective for
Galileo is the deployment, by 2013, of a full

Hydrogen maser developed in cooperation with Temex S.A. and the Observatory of Neuchatel, Switzerland, for use on
Galileo satellites. Photo: Finmeccanica

system. The first step came with an invitation to companies to submit requests for
participation as prime contractors for six
work packages (WPs) valued at $2.145
billion (US$3.39 billion).
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operational capability (FOC) GNSS system
comprising 30 satellites and ground facilities. The FOC Galileo system will provide
five main services: Open Service, the Safety
Galileo continued on page 10
Summer 2008

Galileo continued from page 9
of Life Service, the Commercial Service, the
Public Regulated Service, and the Search
and Rescue Service.
On the research front, a team from Delft
University of Technology, the Netherlands,
and Belgian GNSS receiver manufacturer
Septentrio has reported the successful

Security and Defense Policy. The issue of
possible military use of the civil-controlled
Galileo system have provoked controversy
among European nations for years.
Also on July 10, representatives from the
United States and the European Community
convened the second meeting (via video
teleconference) of the Working Group
on Trade and Civil Applications (Working
Group B) in connection with the 2004

test GPS/Galileo receivers and applications
in the context of the provisional Galileo Interface Control Document, which precludes
for-profit commercial developments.

GLONASS
Launches of two sets of three modernized
GLONASS spacecraft (GLONASS-M) are still
planned for late September/October and
December. Meanwhile, the system has 16
operational satellites on orbit, although
four of them have been off-line for several
months for maintenance.

Compass/Beidou

calculation of double-differenced carrier
phase measurements using signals from
GIOVE-B and the first Galileo spacecraft,
GIOVE-A.
In another effort using the GIOVE-B
signals in space, ESA researchers and
Septentrio engineers say they have determined that the multiplexed binary offset
carrier (MBOC) modulation provides an
improvement of 20–25 percent in multipath
(reflected signal) performance compared
to the BOC modulation.
In a resolution on space and security
passed by a large margin on July 10, the
European Parliament endorsed the use of
Galileo, particularly the public regulated
service or PRS, as necessary for autonomous operations under the European
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Chinese officials have not released any new
details about their plans for or progress in
the nation’s GNSS program. Updates may be
forthcoming at this year’s Shanghai Navigation Forum in December or at the International Committee on GNSS meeting in Pasadena, December 8–12. (See accompanying
article in this issue of the Newsletter.)
In May, following the catastrophic
earthquake in Sichuan Province, emergency
teams equipped with Compass (Beidou)
transceivers used the system widely in rescue and relief operations. Because Beidou
includes a short-message (up to 40 words)
data channel, it allowed messaging services
in areas where all other communication
means have been destroyed. According to
China Daily news, although the telecom
infrastructure was completely destroyed in
some areas, the Beidou team was able to
inform its Beijing operation center, which
passed the information onto the Army to
help military units navigate in the region. u

U.S.–E.U. Agreement on the Promotion,
Provision and Use of Galileo and GPS Satellite-Based Navigation Systems and Related
Applications.
The Working Group discussed ideas
for expanding the joint outreach effort initiated last year to
promote the combined benefits
of the two GNSS systems and
exchanged information about
the revised Galileo management
structure.
The Working Group also addressed specific questions about
Galileo raised by U.S. industry
RF Spectrum Allocations for Planned GNSS Signals. Russian Federal Space
and considered proposals for
Agency graphic
enabling global equipment
manufacturers to develop and
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RTCA Corner: RTCA SC-159 January &
April 2008 minutes
Special Committee 159
Minimum Operational Performance
Standards for Airborne Navigation
Equipment Using the Global Positioning
System (GPS)

January 25, 2008, Meeting Summary
Special Committee 159 decides to form an
ad hoc working group to consider possible
development of a new GPS L1-only MOPS to
replace DO-208/TSO-C129A.
Joel Wichgers, Rockwell Collins, will chair the group.
An initial draft of the “one-pager” summary will be
prepared with information on who would support
this effort, the scope of the work, and a proposed
schedule. The proposal would develop a MOPS
requirements baseline that is a subset of DO-229D,
removing all the SBAS requirements. No new
material would be added other than perhaps optional
velocity requirements to support ADS-B based upon
those accepted into the ground-based regional
augmentation system (GRAS) Minimum Operational
Performance Standard (MOPS). WG members believe
the document could be completed in six months from
the time its start is officially approved.
In other discussion, the SC-159 working groups
addressed a variety of issues.
GPS/WAAS (WG-2)
WG-2 is discussing the benefits of dual frequency,
reversionary modes, and GNSS antenna. Due
to the Federal Aviation Administration’s recent
announcement that deployment of GPS dual
frequency (L5) will be delayed, members of the GPS/
WAAS Working Group (WG-2) agreed that motivation
does not exist for the group to push ahead with twofrequency GPS MOPS or for WG-6 (GPS/Interference)
and WG-7 (GPS/Antennas) to develop antenna MOPS
or radio frequency interference (RFI) masks at this
time. Nonetheless, the relevant WGs may perform
preliminary investigations and studies.
GPS/Inertial (WG-2C)
The group is currently trying to determine what role
an inertial system can play and how it can augment
Local Area Augmentation System (LAAS) CAT II/III
(GAST-D) to improve the system continuity and
integrity. WG-2C decided to develop a position paper
that would cover three areas: inertial integration
methods, required tests (to cover all fault modes)
for airframe integrators to perform, and coasting
performance predictions.
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GPS/Precision Landing Guidance (WG-4)
A presentation on the FAA local area augmentation
system (LAAS) program status reported that data
collection and flight test activities have continued
to validate operational benefits. On LAAS MOPS
and ICD maintenance items WG-2 agreed to add
a note stating that the multipath model has been
validated for large, fixed winged aircraft and not
for rotary winged aircraft. Dmax should apply to
differential positioning service, but not to the output
of deviations.
WG-4 will continue to develop a LAAS MOPS
and LAAS ICD (for GPS L1 only) that supports CAT II/III
with a plan to produce “FRAC-able” documents at
least 30 days prior to the SC-159 plenary meeting in
October 2008, assuming that the FAA or International
Civil Aviation Organization (ICAO) Navigation Systems
Panel (NSP) also works Ground Based Augmentation
System (GBAS) CAT II/III ground requirements in
parallel and achieves a similar level of maturity. WG-4
papers are available on web site http://SC159.tc.faa.
gov (click on WG #4).
GPS/Interference (WG-6)
The working group has completed editing of DO-235B
and submitted it to RTCA for Program Management
Committee (PMC) approval in March 2008 and
subsequent publication.
GPS/Antennas (WG-7)
WG-7 will continue to monitor EUROCAE WG62
antenna status at WG-62 meetings. The group
has also determined that no reason exists for an
upgraded L1 antenna MOPS but is still exploring
the issue of the L1/E5 antenna size/thickness and
a possible interface with the Airlines Electronic
Engineering Committee (AEEC).
Review of the European Organization for Civil
Aviation Equipment (EUROCAE) Activities
A report on EUROCAE WG-62 activities revealed that
a formal EGNOS system certification is scheduled for
the summer of 2009, but that no word has come out
yet regarding EGNOS LPV deployment. The Combined
GPS/Galileo Ad-hoc Group has completed a first draft
of a concept of operations for GPS/Galileo receivers
that will be posted on the SC-159 WG-2 web site. The
new EUROCAE website address is www.eurocae.eu.
A user name and password required to access certain
areas of the website may be obtained by contacting
EUROCAE.
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April 18, 2008 Meeting
The committee approved an Errata Sheet for DO229D–MOPS for WAAS. Additionally, the committee
discussed three documents expected to be submitted
for approval at the October 2008 meeting: a revised
LAAS MOPS (DO-253) and LAAS ICD (DO-246), and a
stand-alone GPS MOPS, GPS L1-only standard that
will replace DO-208.
Working Group Reports
WG-2 (GPS/WAAS) began preliminary work on
developing a Signal-In-Space document for SBAS,
L1/L5 receiver/ sensor MOPS, and flight deck MOPS.
WG-2C (GPS/Inertial) continued work on a position
paper that would help airframe manufacturers
understand how an inertial system could be
integrated to enhance system continuity and integrity
for LAAS CAT II/III.
WG-4 (GPS/LAAS) continued revising the LAAS
MOPS and the LAAS ICD. Status presentations were
received from LAAS relevant groups. FRAC documents
for both CAT II/III LAAS MOPS and ICD (both for GPS
L1 C/A only) are planned to be distributed at least 30
days prior to the next SC-159 meeting.
WG-6 (GPS/Interference) is working with SC-135
to develop DO-160 radiated emission test procedures
and limits for installed avionics equipment that
assure compatibility with on-board GNSS operation.
The next meeting of RTCA SC-159 will be during
the week of September 29−October 3, 2008.
The subsequent meeting will be during the
week of 9–13 February 2009.
Co-Chairs: Christopher Hegarty, MITRE/CAASD,
and George Ligler, PMEI
Secretary: Young Lee, The MITRE Corporation
Program Director: Harold Moses, RTCA, Inc.
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Navigation Novelties

What’s New in the PNT World?
Coming Soon to a Rearview
Mirror Near You . . .
It must be an idea whose time has come.
Two separate initiatives on opposite
sides of the globe have announced products that turn a car’s rearview mirror into
an advanced navigation and guidance system by adding GPS and a display system.
In Europe, a German automotive electronic supplier — paragon, and Magna
Donnelly, a large producer of automotive
mirror systems, have incorporated Swiss

GNSS manufacturer u-blox’s LEA-4S GPS
module into the MirrorPilot navigator.
This navigation system simply replaces the
vehicle’s standard rear-view mirror with a
GPS receiver, antenna, and speaker built
into a self-dimming rear-view mirror.
Software features include various
routes and device options, destination
storage for recent destinations and over
800.000 points of interest. Moreover,
the MirrorPilot Navigator automatically
zooms in at crossroad and junctions and
redirects users at traffic jams.
Meanwhile, DSUS Technology of China
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has a new rearview mirror GPS navigation
system called DS-400GB, which Azentek is
introducing in the United States as SmartMirror. In addition to the GPS navigation
system SmartMirror also has a video input
monitor for rear view camera on its fourinch touch screen.
The system comes with a hands-free
Bluetooth module for linking to a mobile
phone, integrated speakers, SD/MMC
memory card expansion slot, and a USB
port. The rear view camera is activated
automatically when in reverse gear.

SmartMirror incorporates a SiRFStarIII
GPS receiver from SiRF Technology with
Navigon Mobile Navigator 6.5 and map
updates from FreshMaps, 2GB SD card,
integrated speakers, Bluetooth for handsfree calls, and two video inputs for rear
view cameras. Lane Assistant and Reality
View feature provide extra guidance,
spoken street names are announced using
text-to-speech software, and DirectHelp
service is available for emergency assistance.
Now, if it can just brew a ready-to-go
cup of espresso . . .
12

Latitude, 90 Degrees North;
Depth, 400 Feet
It’s not news, but 50 years ago, it was both
big news and a navigation novelty: the first
underwater crossing of the North Pole
by the USS Nautilus, guided by an inertial
navigation system.
On Aug. 3, 1958, the country’s first
nuclear-powered submarine, the USS Nautilus, reached the North Pole having departed
14 days earlier from Honolulu, Hawaii. The
ship and its crew spent four days below the
polar ice cap, traveling at 400 feet beneath
it to avoid a collision in the then-uncharted
region. They didn’t know what was under
the ice — and they didn’t know if their
navigation equipment would work.
But it did.
During the polar transit, the sub navigated
by means of what reportedly was the first
inertial navigation system ever installed
on a combat ship: the N6A, designed and
built by the Sperry Gyroscope Corporation. More details on the evolution of the
inertial navigation technology involved can
be found in the ION Virtual Museum on-line
at http://www.ion.org/museum/item_view.
cfm?cid=5&scid=4&iid=4. (See related
article on the Virtual Museum in this newsletter, page 6.)
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ION Member News and Notes

Section News and Notes
Geocaching — Too Much
Fun?
That’s what some local law enforcement
officers may be thinking in the wake of a
spate of bomb scares connected with
GPS-driven treasure-hunting craze that
is taking root around the world.
In July, incidents in at least three widely
separated locales — Ottawa, Canada;
Auckland, New Zealand; and Midland,
Texas — stemmed from the inadvertent
discoveries of containers or packages
planted by local geocachers. Such geocaches, often quite creatively packaged,
are located by players using GPS receivers
and a set coordinates provided the geocachers who has placed the cache.
In Auckland, a busy road was sealed
off after a package was seen being
strapped to fencing. The same drill took
place in Ottawa, as two dozen officers, a
hazmat team, and the police explosives
squad descended on a Transitway suburban rail line where a suspicious package
had been discovered under a bridge.
A major road was closed down for four
hours and police eventually blew up the
package.
In Midland, groundskeepers found an
ammo canister near the a large building
on the University of Texas campus there
and contacted the sheriff’s office, which
dispatch investigaors. As it turns out, it just
contained a box full of toys, which were
all part of a bigger geocaching game.
The take-away: law enforcement officers are suggesting better communications
with geocachers and the use of less suspicious, even transparent packaging. u
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South Eastern Section.
Due to the wide geographic
area of the South Eastern
Section, the section is
holding “virtual” meetings
using telecom and web meeting applications.
Bi-monthly noontime meetings are scheduled
for the third Tuesday of every other month and
last no longer than forty five minutes. Any ION
member is encouraged to participate.
Participants in the May 20, 2008 listened
to 2Lt Caroline New’s presentation on the goals
and objectives of the South Eastern Section.
During the presentation, the newly elected
officers were introduced: Chair, 2Lt Caroline
New, Air Force Research Lab, Eglin AFB, Florida;
Vice Chair, Kevin Shortelle, System Dynamics’
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Integrated Systems Group, Gainesville, Florida;
Secretary, Dr. Ahmed Mohamed, University of
Florida; Treasurer, Eddie Gibbs, Air Vehicle Lead,
SDBII, Eglin AFB.
2Lt New described the new section web site
and discussed the sponsored ION Mini-Urban
Challenge. This national high school competi‑
tion will be held in conjunction with the ION
Robotic Lawnmower competition for university
students in Dayton, Ohio.
The section met again on July 15, 2008
when Kevin Shortelle discussed the develop‑
ment of airborne deployed micro air vehicles
(MAVs), which covered the demonstrated
feasibility of munition-deployed MAVs for
monitoring bomb damage. u
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ICG Plans December Meeting,
Invites Exhibitors and Sponsors

R

epresentatives of the world’s global
navigation satellite system (GNSS)
providers, GNSS augmentation and regional
system providers, and organizations of
important user communities will attend the
third meeting of the International Committee
on GNSS (ICG) scheduled December 8–12
in Pasadena, California.
And, for the first time since the ICG’s
founding in 2006, commercial providers
of GNSS equipment and services are being
invited to exhibit and sponsor events at the
meeting, which will take place at the Westin
Pasadena hotel.
With the encouragement of the United
Nations Office for Outer Space Affairs (UN
OOSA), ICG was established as an informal
body to promote cooperation on matters of
mutual interest related to civilian satellitebased positioning, navigation, and timing, as
well as the compatibility and interoperability
of GNSS systems. UN OOSA’s office in Vienna,
Austria, serves as the ICG secretariat.
Within the ICG is the Providers Forum,
consisting of those countries operating
GNSS systems or with plans to develop one:
the United States (GPS, WAAS), European Community/European Space Agency
(Galileo, EGNOS), the Russian Federation
(GLONASS), and China (Compass/Beidou).
ICG members with regional augmentation
systems are India (GAGAN, IRNSS), Japan
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(MSAS, QZSS), and Nigeria (NIGCOMSAT).
Ten associate members represent key
GNSS user communities, such as International Society for Photogrammetry and
Remote Sensing and the International Earth
Rotation and Reference Systems Service.
The Pasadena meeting will be the third
official gathering of the ICG, which met in
December 2006 in Vienna and last September in Bangalore, India.
At an opening plenary session, GNSS
providers will present the status and future
plans for their systems. All presenters will
identify issues for discussion in the ICG
and/or its four working groups that deal
with compatibility and interoperability, enhancement of performance of GNSS services,
information dissemination, and interactions
with national, regional authorities, and
international organizations.
Later in the week, the Providers Forum
and working groups will meet separately, associate members and observers will provide
updates on recent developments in their
organizations and associations with regard
to GNSS services and applications.
Draft recommendations may be
exchanged between the working groups,
providers, and full ICG, with a final plenary
considering proposals as recommended
by the Providers Forum.
A session on GNSS scientific and tech14

nology applications will introduce issues
and opportunities in user applications and
GNSS technology for consideration by the
ICG or its Working Groups. Among the
topics currently proposed are earthquakerelated and satellite-based applications.
Industry presentations are also being
invited, including one by Google representatives on coordinates and mapping issues.
In the course of their discussions at the
Bangalore ICG meeting, the Providers Forum
participants agreed on the following points:
• Transparency in the provision of open
services is desirable, and requires the
open publication and dissemination of
signal and system characteristics, in due
time, to allow manufacturers to design
and develop GNSS receivers on a nondiscriminatory basis.
• Discussions should emphasize cooperation regarding GNSS infrastructure
(space and ground control/monitoring
segments).
• System providers should strive to monitor
the performance of their open signals
and provide timely updates to users regarding critical performance characteristics such as timing accuracy, positioning
accuracy and service availability.
• The protection of RNSS [radionavigation
satellite service] spectrum is vital to GNSS
service provision. Therefore, adequate
spectrum protection through domestic
and international regulation should be
pursued.
• Physical separation of operational satellite constellations and end-of-life disposal
orbits should also be examined.
Companies interested in exhibiting and/
or sponsoring an event at ICG-3 may contact
the following individuals for further information: Alice Wong, Office of Space & Advanced
Technology, Department of State, telephone
202-663-2388, mobile 202-439-0384, fax
202-663-2402, e-mail wongaa2@state.gov;
or Sindy Cruz, Senior Sales Manager, The
Westin Pasadena, telephone 626-304-1442,
fax 626-795-7669, e-mail Sindy.Cruz@
Westin.com.
More information about the ICG can
be found on-line at http://www.unoosa.
org/oosa/SAP/gnss/icg.html. u
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From Sextants to Digital GPS Receivers: The Virtual
Navigation Museum Invites Submissions
By Chris Bartone, Editor, ION Virtual Navigation Museum

W

ith our busy schedules, cost
of travel, and hectic lifestyles,
visiting a navigation museum has
never been so easy. In fact, it’s just a
couple of clicks away.
Since 2006, visitors to the
ION’s website have been able to
find detailed information about
navigation applications, methods,
and technology in a convenient
online format — courtesy of ION’s
Outreach Committee and the Virtual Navigation Museum’s editorial
advisory board – and with the help
of such “physical” museums as the
Smithsonian, Mariner’s Museum,
and the Monterey Maritime and
History Museum.
Fifty stories – more than half of
them unique to the site – now reside in the ION’s virtual collections.
One of the newest is the AllDigital Receiver Development
performed in the 1977-81 time
frame. This research project
started in 1977 as a single-channel GPS
receiver. While the receiveer never made it
to production, many consider it to be the
first digital (pre-correlation) GPS receiver,
laying the foundation for many of the digital
GPS receivers in use today.
ION VNM would like to tell many, more
stories like this. We are looking for stories
• of national and international historical importance – that is, great impact,
cutting-edge material, or significant
provenance

• that are the best of their kind –developmental milestones, related to leaders in
the field, inspirational.
• About items of contemporary use that
have extraordinary future research
potential.
• About commonplace navigation items
that had a significant impact on how
people navigate.
Our goal is to provide visitors with an
encyclopedia of technical information on

navigation items as well as their
historical significance. Items within
the museum are a combination of
physical artifacts located at actual
physical museums, entries from
private collections around the world,
and items existing only in historical
memory.
The categories and entries continue to grow and evolve. Currently,
major categories include Applications (aviation, marine, land and
space). Methods (inertial, celestial,
and radio navigation (terrestrial and
space), and Technology (systems,
components, and documents).
We especially welcome items
listed in the Collection Development
Plan (see the examples on the accompanying poster.)
Detailed information about the
collection policy and review process,
and submission instructions are
online at the museum web page.
If you have ideas, suggestions, or
questions, please contact any of us
on the editorial board — email addresses
are listed below.
The development of the ION VNM
illustrates the commitment of this organization not only to the advancement of the
art and science of navigation, but also to
the important task of preserving a record
of the progress of navigation over the
centuries. u

ION Virtual Navigation Museum Editorial Board
Editor: Chris G. Bartone, bartone@ohio.edu; Managing Editor: Carl Andren, candren@ion.org; Museum Curator: Marvin May,
mbm16@psu.edu; Rudy Kalafus, rudykalafus@comcast.net; Jack Reichel, jreichel@thegrid.net; David B. Wolfe, david.b.wolfe@uscg.mil;
Carlene Stephens, stephensc@si.edu; Rick Reaser, richard_reaser@raytheon.com
www.ion.org/museum
ION Newsletter
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National PNT continued from page 1
ties focused on the 2025 timeframe, and
an evolutionary path for governmentprovided systems and services. (Earlier
articles on the PNT architecture study
can be found in the Fall 2006 and Spring
2007 issues of The ION Newsletter.)
The PNT Architecture Development
Team (ADT) identified three architectures as shown in Figure 1: an “As-Is”
Architecture describing the current mix
of ad hoc capabilities; an Evolved Baseline (EBL) anticipating future capabilities
based on current planning, programming
documents, and expected technology advances; and a “Should-Be” Architecture
addressing projected future needs and
capability gaps with a long-term enterprise architecture approach.
The PNT Architecture identifies the
vision, strategy, vectors, and recommendations that lead to the “Should Be”
architecture capabilities.

Imagining the Future
The National PNT Architecture provides
a vision for sustained U.S. leadership
in global PNT by promoting a “Greater
Common Denominator” strategy. This
approach emphasizes meeting the core
needs of many users through externally
provided, commonly available solutions
rather than through individually customized systems.
The architecture also embraces the
wide adoption of low-burden (e.g., size,
weight, power, and cost) autonomous
capabilities to mitigate the dependency
of individual users on a largely radio
frequency (RF)-based PNT infrastructure.
Managing the relationship between
common-dependent and autonomous solutions will require continual evaluation
of new material and non-material solutions. Moreover, it will have to balance
the need for a military advantage with the
benefits of providing greater common
capabilities.
The main elements of the PNT Architecture are summarized in Figure 2:
• A vision of sustained U.S. leadership in
global PNT
ION Newsletter

• A “Greater Common Denominator”
strategy, with supporting recommendations, to achieve the vision
• Four architectural vectors, each with
a number of supporting recommendations, that together form the guiding
principles of the National PNT Architecture: use multiple phenomenologies to the maximum extent practical
to ensure robust availability, strive for
interchangeable solutions to enhance
efficiency and exploit source diversity, promote (where appropriate)
fusion of PNT with new and evolving
communications capabilities, and
promote interagency coordination and
cooperation to ensure the necessary
levels of information sharing.

enabling the commercial sector to
innovate and advance PNT through
competitive practices
• providing PNT capabilities in a coordinated manner, sharing information, and presenting a unified view
of national objectives by promoting
interagency cooperation across the
full scope of PNT activities
• maximizing the practical use of
military, civil, commercial and foreign
systems and technologies, and leading
the effort to integrate available signals
to achieve assured, higher-performing
PNT solutions
• judiciously developing and applying
comprehensive standards and best
practices, while encouraging others
to adopt or align with US capabilities.

Shaping an Architecture
The National PNT Architecture’s vision
proposes that the United States sustain
leadership in global PNT by efficiently
developing and fielding effective PNT capabilities that are widely available, based
on the policy foundation set by National
Security Presidential Directive, “National
Space-Based Positioning, Navigation, and
Timing Policy,” December 8, 2004.
The United States can achieve this
vision by implementing the following
practices:
• developing and adhering to stable
policies, building credibility domestically and internationally, thus
16

“Greater Common Denominator”
Strategy
The National PNT Architecture seeks to
fulfill the architectural vision by promoting a “Greater Common Denominator”
strategy to effectively provide standard
solutions that meet the majority of users’
needs. In this strategy, users are predominantly dependent upon external sources
of PNT information where “greater” commonly available capabilities meet a larger
proportion of the population’s needs.
Specialized solutions will continue to
exist where it is either inefficient or inappropriate to make the required capability
Summer 2008

more commonly available, to ensure
robustness for certain applications, or to
meet agency regulatory responsibilities.
This strategy also encourages the wide
adoption of low-burden autonomous
capabilities to mitigate dependency on
the PNT infrastructure.

The National PNT Architecture
leverages users’ increasing
connectivity to communications
systems for use as sources of
PNT, not merely as data
channels for PNT aiding and
augmentation data.
Finally, the United States must continue to balance the need for a national
security advantage as greater capabilities
become more commonly available. The
study makes five architecture recommendations that specifically support the
implementation of this strategy:
1. maintain GPS as a cornerstone of the
National PNT Architecture
2. monitor PNT signals to verify service
levels, observe environmental effects,
detect anomalies, and identify signal
interference for near-real-time dissemination
3. as GPS modernization or other
methods demonstrate new operational capabilities, transition or divest
U.S. GNSS augmentation assets that
are unnecessarily redundant to their
requirements.
4. continue to investigate methods to
provide high-accuracy-with-integrity
solutions for safety-of-life applications
5. develop a national approach to protect military PNT advantage.

Multiple Phenomenologies
Vector
The National PNT Architecture promotes
the use of multiple phenomenologies to
ensure robust availability and address
gaps in the ability to operate in physiION Newsletter

cally and electromagnetically impeded
environments. Multiple phenomenologies
refers to diverse phenomena such as radio frequencies and inertial sensors, and
to employing diverse sources and data
paths that use those physical phenomena
(e.g., multiple radio frequencies and
services).
Six recommendations address the
implementation of this vector (numbering continues from the prior section):
6. Encourage appropriate development
and employment of equipment that
integrates information from diverse
sources and information paths.
7. Assess the potential for the use of
foreign PNT systems for safety-of-life
applications and critical infrastructure
users and, as appropriate, develop
clear standards and criteria for their
use.
8. Continue military PNT exclusive use
policy while studying development of
capabilities to enable military use of
other signals.
9. Promote standards for PNT pseudolites and beacons to facilitate interchangeability and avoid interference.
10. Study evolution of space-based and
terrestrial PNT capabilities to support
diversity in PNT sources and information paths.
11. Ensure critical infrastructure precise
time and time interval users have access to and take advantage of multiple
available sources.

Interchangeable Solutions
Vector
The National PNT Architecture promotes
the interchangeability of solutions to
enhance efficiency and exploit source
diversity. Interchangeable solutions have
a high degree of compatibility and interoperability that allows the combination
of diverse sources to obtain a superior
PNT solution.
Four recommendations concern the
implementation of this vector:
12. use participation in international
PNT-related activities to promote the
interchangeability of PNT sources,
while assuring compatibility
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13. evolve standards, calibration
techniques, and reference frames to
support future accuracy and integrity
needs
14. identify and develop common standards that meet users’ needs for PNT
information exchange, assurance and
protection
15. establish common standards that
meet users’ needs for the depiction
of position information for local and
regional operations.

Synergy of PNT and Communications Vector
The National PNT Architecture leverages
users’ increasing connectivity to communications systems for use as sources of
PNT, not merely as data channels for PNT
aiding and augmentation data. This vector
promotes the fusion of PNT features with
new and evolving communications capabilities, resulting in increased robustness
by offering services outside of traditional
radionavigation spectrum.
The interagency team had one recommendation in this area:
16. identify and evaluate methods, standards, and potential capabilities for
fusion of PNT with communications
systems.

Cooperative Organizational
Structures Vector
The National PNT Architecture will require extensive interagency coordination
and cooperation to ensure necessary
levels of information sharing across the
PNT Enterprise. Consequently, the team
proposed a Cooperative Organizational
Structures Vector that would establish
coordination processes to ensure effective operations, efficient acquisition, and
relevant science and technology applications development.
This vector also incorporates an
enterprise-level PNT modeling and
simulation framework to benefit, for example, mission planning, user equipage
decisions, and subsequent architecture
efforts. Accordingly, associated recomNational PNT continued on page 18
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National PNT continued from page 17
mendations for this vector include:
17. develop a national PNT coordination
process
18. identify and leverage centers of excellence for PNT phenomenology and
applications
19. define, develop, sustain, and manage
a PNT modeling and simulation core
analytical framework.

Conclusion
The National PNT Architecture has been
approved by its cosponsoring organizations, and the U.S. Government is
currently developing a plan to transition
from the “As-Is” to the “Should Be”
architecture by the 2025 timeframe. This
plan will require a structured approach
for the implementation and identification
of responsible agency participants, and
tie programs and plans to each recommendation. The planning process is
targeted to support the Fiscal Year 2011
(FY11) federal budget-build process.

Washington State Project Uses
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A

recent GPS-based pilot project studying the potential for reducing highway
congestion in Washington state’s Puget
Sound area using variable tolling has
concluded that the benefits could exceed
$28 billion over a 30-year period.
“Observed response of drivers to tolls
suggests there is a dramatic opportunity
to significantly reduce traffic congestion
and raise revenues for investment,” the
study’s authors wrote in a summary report
released earlier this year.
The eight-month field demonstration
is an example of the growing interest
worldwide in reducing traffic congestion using financial incentives. Several
European nations, including England, The
Netherlands, and Sweden, are considering the implementation of variable tolling
regimes. Singapore has such a system
already in place.
In the United States, Oregon, Colorado,
California, Georgia, Florida, New Jersey,
New York, Washington, and Texas, are
currently testing the real world appli18

cation of several variable road tolling
approaches. Distance-based road use
charging is also being considered as a
long-term replacement for fuel-based
taxes for both individual states and the
nation.
Increasingly, the use of GPS, or more
broadly, GNSS-based in-vehicle units is favored as a way to avoid the large expense
of the roadside infrastructure required for
traditional tolling systems.
The Traffic Choices project, conducted
by the Puget Sound Regional Council
(PRSC), created a virtual network of toll
roads based on actual highways in the
Seattle area. Vehicles from 275 households were outfitted with an on-board unit
(OBU) or meter containing a GPS receiver
and a display showing the toll rates for
various routes.
The on-board unit matched the
vehicle’s position to a map of the toll-road
network embedded in the meter. The
meter’s display showed toll rates and a
road description. The meter stored the
Summer 2008

Photo credit: Toll Collect GmbH.

GPS to Assess Variable Tolling
GPS-derived coordinates — at a onesecond position update rate — and toll
information, periodically communicating
these to a central computer using cellular
wireless communications.
The rates varied depending on the time
of travel and the routes chosen. The toll
rate structure charged higher rates for
travel during peak travel times on high
demand roads.
Each household received a “travel
budget.” Any funds remaining in the
household allocation at the end of the
pilot project were turned over to study
participants. This provided an incentive
for the participants to drive less, along
less-congested routes, and at less busy
times of the day.
As study participants drove their
vehicles on tolled roads, the appropriate charges were deducted from their
account balance. During a trip, the OBUs,
which had previously been displaying
only the name of roads driven, displayed
the name of the road and the toll rate per
ION Newsletter

mile. The OBUs also displayed the cumulative toll incurred during the current trip,
enabling the participants to gain a better
understanding of the cost of their travel
decisions.
The variable tolling methodology resulted in a number of important changes
in travel behavior of the participating
households. These included:
• 7 percent reduction in all tours of
vehicle trips (tours per week)
• 12 percent reduction in vehicle miles
traveled (miles per week)
• 8 percent reduction in tour drive time
(minutes of driving per week)
• 6 percent reduction in tour segments
(segments of tours per week)
• 13 percent reduction in miles driven
on tolled roads (tolled miles per
week)
Other conclusions of the study included these observations:
• Not all aspects of a road network
tolling system have been fully demonstrated yet. But the core technology
19

for satellite-based (and whole road
network) toll systems is mature and
reliable.
• A large-scale U.S. deployment of a
GPS-based road tolling program will
depend on proven systems, a viable
business model, and public acceptance of underlying concepts.
The study estimated that it would cost
more than $748 million dollars to actually
implement the variable road tolling system
in the Puget Sound region. Most of that
expense, more than $667 million, would
come from equipping all of the locally
owned vehicles with the on-board units.
The $2.35 million study was financed
with grants from the U.S. Department of
Transportation, Federal Transit Administration, Federal Highway Administration,
and Washington State Department of
Transportation. More information about
the project, including various reports, can
be found at the PRSC website: http://www.
psrc.org/projects/trafficchoices/reports.
htm. u
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Annual Award
Nominations
Members are encouraged to submit
nominations for one or more of the
following annual awards given by
The Institute of Navigation for excellence in navigation.
 Early Achievement Award
— for an individual early in his
or her career who has made an
outstanding achievement in the
art and science of navigation.
 Norman P. Hays Award — for
outstanding encouragement,
inspiration and support leading to
the advancement of navigation.
 Superior Achievement
Award—for individuals making
outstanding contributions to the
advancement of navigation.
 Thomas Thurlow Award
— for outstanding contributions
to the science of navigation.
 Tycho Brahe Award—for
outstanding achievement in space
navigation.
 Captain P.V.H. Weems Award
— for continuing contributions to the art and science of
navigation. Official nomination
forms, along with brochures on

the background and purpose of
each award, are available from
the ION National office by phone,
703-383-9688, or via the Web site at
www.ion.org. Nominations must be
received by October 15, 2008.
The awards and accompanying
engraved bronze plaques will be presented at the ION International Technical Meeting, January 26-28, 2009, in
Anaheim, 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, 3975 University Drive, Suite 390,
Fairfax, VA 22030, phone: 703-3839688; fax: 703-383-9689; e-mail:
mlewis@ion.org.

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, 2008, 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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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 non-members
of The Institute of Navigation who are
qualified by their accomplishments
for recognition as a non-voting Fellow
member. Members of other national
institutes of navigation are also considered in this category.
Kindly address any correspondence to Fellow Selection Committee,
The Institute of Navigation, 3975
University Drive, Suite 390, Fairfax, VA
22030, fax: 703-383-9689, e-mail:
mlewis@ion.org.
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ION Facilitates AFRL Workshop on
GNC Technical Challenges

T

he U.S. Air Force Research Lab (AFRL)
Munitions Directorate will sponsor a
workshop on advances in guidance, navigation, and control (GNC) for miniature
autonomous systems, October 20–22 in
Fort Walton Beach, Florida.
Dr. Mikel Miller and Fred Davis, both of
AFRL, will co-chair the workshop. The ION
is facilitating organization of the event.
The workshop seeks to bring the Department of Defense (DoD) technical and
user community, academia, and industry
together to review and discuss advances in
GNC that support development of miniature autonomous systems capable of agile
locomotion or flight in urban, forested, and
indoor (including transitions from outdoor
to indoor) environments.
Military use of miniature systems is
envisioned for such applications as acquiring, tracking, and engaging non-traditional targets. According to the workshop
organizers, miniature systems potentially
offer economies of scale and synergies in
time-space trajectories to compensate for
individual small payloads with subsequent
small chemical and kinetic energies.
However, many fundamental technical gaps
currently exist that prevent the manufacture
of these systems today.
Workshop agenda and registration
information can be found on the ION
website at http://www.ion.org/meetings/
mas2008cfa.cfm.
The first day of the workshop will
feature For Official Use Only (FOUO)
presentations. These will provide perspectives from the operations community and
GNC research challenge talks from senior
research representatives of the Air Force,
Navy, Army, and DARPA. A morning plenary
session will address “Vision Challenges
from the R&D Community.” The afternoon
discussions will focus on FOUO program
status updates.
Attendance at the FOUO sessions requires prior DoD authorization and will be
ION Newsletter

Corporate
Profile
Draper Laboratory,
Cambridge,
Massachusetts

Senior Airman Glenn Gerald prepares to launch
an RQ-11 Raven at Kirkuk Regional Air Base, Iraq.
Despite weighing less than five pounds, these
unmanned aerial vehicles play a vital role in secur‑
ing the base and surrounding neighborhoods. (U.S.
Air Force photo/Senior Master Sgt. Don Senger)

limited to U.S. citizens, DoD personnel,
and support contractors whose attendance
is related to their position or program.
Information on submitting visit requests
can be found at the end of this article.
The second and third days will feature
public-access forum presentations and
discussions revolving around a variety of
topics, including multi-use miniature seekers/sensors, advanced navigation sensors
and techniques, system integration challenges, and multi-vehicle cooperative operations.
Workshop sessions will be presentation
only. Non-FOUO presentations will be made
available to workshop attendees through the
ION’s web site. In order to obtain an electronic copy of the final workshop presentation, attendees must submit a signed release
form to the ION National Office by October
27, 2008.
All visit requests for FOUO sessions must
be received by October 1 and be approved
by the AFRL/RW Security Office. An FOUO
Visit Request Form is available on the ION
website: http://www.ion.org/meetings/
mas2008/GNC_Security_Form.pdf. All nongovernment personnel must also complete
a form DD 2345, which be downloaded
from http://www.ion.org/meetings/mas2008/
DD2345.pdf.
All workshop sessions will be held at the
Holiday Inn Sunspree Resort, 573 Santa Rosa
Blvd., Fort Walton Beach, Florida, 32548. u
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Headquartered in Cambridge,
Massachusetts, Draper Laboratory is a
research and development laboratory,
employing more than 750 engineers,
scientists, and technicians on a broad
array of programs for government and
commercial sponsors among its 1,025
employees.The Laboratory’s unparalleled expertise in the areas of guidance,
navigation, and control systems remains
its greatest resource.
Draper is among the leaders in faulttolerant computing, reliable software
development, modeling and simulation,
and MEMS technology. It applies its
expertise to a broad range of domains,
including autonomous air, land, sea,
and space systems; information integration; distributed sensors and networks;
precision-guided munitions; air traffic
flow management; military logistics; and
biomedical engineering and chemical/
biological defense.
To this end, Draper has nurtured a
highly skilled and motivated work force
supported by a network of exceptional
design, fabrication, and test facilities.
This combination of highly trained
technical talent and state-of-the-art
facilities enables the Laboratory not only
to deliver the design and development
of first-of-a-kind systems incorporating
innovative technology, but also to offer
high-value-added engineering services
to a broad range of government and
commercial sponsors.
These efforts are enhanced by our
robust Independent Research and
Development (IR&D) program through
which we invest more than $20 million
each year, supporting both internal
efforts and collaborative projects with
the country’s leading universities. IR&D
enables us to work on projects focused
on technologies that we anticipate will
meet the future near-term and long-term
requirements of our sponsors, while
allowing us to continuously refresh our
core competencies.
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Calendar
SEPTEMBER 2008
16-19: ION GNSS 2008, Savannah
Convention Center, Savannah
Georgia
Contact: The ION
Tel: +1 703-383-9688
Fax: +1 703-383-9689
Web: www.ion.org
OCTOBER 2008
28-30: NAV08/ILA 36 Conference,
Church House Conference Centre,
Westminster, London, UK
Contact: Royal Institute of Navigation
Tel: +44-20-7591-3130
Fax: +44-20-7591-3131
Web: www.rin.org.uk
JANUARY 2009
26-28: ION International Technical
Meeting (ITM) 2009, Disney’s
Paradise Pier Hotel, Anaheim,
California
Contact: The ION
Tel: +1 703-383-9688
Fax: +1 703-383-9689
Web: www.ion.org
MAY 2009
03-09: RTCM Annual Assembly,
2009 Trade Winds, St. Petersburg,
Florida
Contact: Mr. Robert Markle
Tel: +1 703-527-2000
Fax: + 1 703-351-9932
Web: www.rtcm.org
JUNE 2009
01-04: JNC 2009, Wyndham Orlando
Resort, Orlando, Florida
Contact: The ION
Tel: +1 703-383-9688
Fax: +1 703-383-9689
Web: www.ion.org

GNC Challenges for
Miniature Autonomous
Systems Workshop
October 20-22, 2008
Holiday Inn Sunspree Resort
Fort Walton Beach, FL
Workshop Description:
This workshop is intended to bring the DoD technical and user community,
academia, and industry together to review and discuss advances in guidance,
navigation, and control (GNC) for Miniature Autonomous Systems.

Plenary Session:
“Vision Challenges from the R&D Community”
Keynote: Col. Kirk Kloeppel, AFRL/RW (Invited Speakers)
“Micro-Inertial Navigation Technology (MINT) and Hybrid Insect MEMS
(H/MEMS)”
Dr. Amit Lal, DARPA
“Operations Perspective from the Operations Community”
(Invited Speakers)

Session Topics:
FOUO Program Status Updates
Miniature Multi-Function Seekers/Sensors
Advanced Navigation Techniques
System Integration Challenges

SEPTEMBER 2009
22-25: ION GNSS 2009, Savannah
Convention Center, Savannah
Georgia
Contact: The ION
Tel: +1 703-383-9688
Fax: +1 703-383-9689
Web: www.ion.org

Controlling Miniature Autonomous Systems

OCTOBER 2009
27-30: 13th IAIN World Congress,
Stockholm, Sweden
Contact: Congrex Sweden AB, Attn: IAIN2009
Tel: +46 8 459 66 00
Fax: +46 8 661 91 25
E-mail; iain2009@congrex.se
Web: www.congrex.com/nnf/iain2009

Facilitated By:
The Institute of Navigation
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Sponsored By:
The Air Force Research Lab,
Munitions Directorate

www.ion.org/mas
22
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ION GNSS 2008
Savannah, Georgia • September 16-19, 2008
Savannah Convention Center
Tutorials: September 15-16
FOUO Sessions: September 16
Co-sponsored by JSDE and AFRL

A new venue, a new opportunity
to meet the world’s leading
authorities on global navigation
satellite systems!
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